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<ABSTRACT>

Effect of insulin-like growth factor-1 on gamma HZAnduced bycis-
diamminedichloroplatinum Il in NSCLC

Jeong Hee Jeon

Department of Medical Science
The Graduate School, Yonsei University

(Directed by Yoon Soo Chang)

Because insulin-like growth factor-1 (IGF-1) couatds the antineoplastic

effect of cisplatin that induces DNA damage and death through the

formation of several platinum-DNA adducts, we inigated the effects of

IGF-1 on DNA double-strand breaks (DSBs) repaiteysinduced bycis-

diamminedichloroplatinum Il (cisplatin). NCI-H1298nd H460 non-small

cell lung cancer (NSCLC) cells treated with IGFetavered from inhibited

cell proliferation and apoptosis derived by cisplaComet assay revealed

that cotreatment with IGF-1 decreased tail length movement indicating

activation of the IGF system attenuates DNA dam&g@aodal expression of



p*3yamma H2AX {H2AX) was suppressed by IGF-1, followed by
diminished expression of*{*®Ataxia-telangiectasia mutated (ATM), and
p*“?ATM-Rad3-related (ATR). Phosphorylation of chk2 asitk1, activated
by ATM and ATR respectively, also dwindled by catireent of IGF-1.
Phosphorylation of p53 by DNA-dependent proteinakim catalytic sybunit
(DNA-PKcs) after cisplatin and/or IGF-1 cotreatmeras weak compared to
chkl and chk2 response. AG 1024, IGF-1R inhibitow SRNA of insulin
receptor substrate-1 (IRS-1) augmented cisplatinged PFP*33H2AX
compared to cisplatin treatment alone. Cisplatauaed translocation of IRS-
1 into the nucleus with*g"*®*ATM was inhibited by IGF-1. In conclusion,
cisplatin-inducedyH2AX formation followed by DSBs repair system is
inhibited by IGF-1 and reversed by suppressionhef IGF system. So, we
suggest that targeting agents against the IGFrmaystay be a supplementary

modality to conventional chemotherapy.



Key words : Non-small cell lung cancer; Cisplatimsulin-like growth factor-1; DNA

repair system; Ataxia-telangiectasia mutated; ATRHR-related; DNA-dependent

protein kinase catalytic subunyti2AX



Effect of insulin-like growth factor-1 on gamma HZAnduced bycis-
diamminedichloroplatinum Il in NSCLC

Jeong Hee Jeon

Department of Medical Science
The Graduate School, Yonsei University

(Directed by Yoon Soo Chang)

I . Introduction

More than 1 million new cases of lung cancer aaguibsed worldwide
each year and it is the leading cause of cancategldeath in men and
women globally* 2 Only 15-25% of NSCLC (non-small cell lung cancer)
patients can be treated by pulmonary resection euithtive intent at the time
of diagnosis and the others are treated with cheenapy and/or radiotherapy
% Despite intensive efforts to control lung canceortality with surgery,

radiation, and chemotherapy, the 5-year lung capagent survival rate of



7% in 1970 has only recently improved to 14%
Cis-diamminedichloroplatinumIlI ~ (cisplatinl of the most commonly
used chemotherapeutic agents for treatment of NS®b@ds with DNA to
form at least 6 adducts, including intrastrand s#loss that exist as a large
percentage of whole adducts, such as 1,2d (CpG)la88di (GpXpG), and
interstrand G-G cross-links, minor adducts thatresp approximately 5-10%
8 Distorting DNA structure, platinum-DNA adducts i DNA double-
strand breaks (DSBs), which are 1 of the most dangeforms of DNA
damage and inhibit DNA replication and transcriptiteading to irreversible
DNA damage and cell death®. DSBs activate molecules for DNA repair,
such as Ataxia-telangiectasia mutated (ATM), ATMdRaelated (ATR), and
DNA-dependent protein kinase catalytic subunit (DRKcs) of the
phosphatidylinositol 3-kinase (PIKK) family *°. ATM-mediated chk2 and
ATR-activated chkl lead to arrest cell cycle andADigpair in response to

DNA damage'. They are implicated in theé¥*gamma H2AX {H2AX) of



the carboxyl terminal region, leading formation wf**¥H2AX in DNA

damage sites. The recruitment of DNA repair proteind damage signal
components within a few minutes and then, activdtemologous
recombination-directed DNA repair (HRR) and non-labrgous end joining
(NHEJ)**** Insulin-like growth factor-1 (IGF-1), a polypeg growth factor
hormone, promotes mitosis and metastasis, incluti&gCLC, leading to
long-term regulation programs, such as cell pradiien and differentiatior™

8 Moreover, IGF-1 may influence the maintenance@ietic integrity and
cell viability via DNA repair mechanisnY’. It is known that insulin-like
growth factor-1 receptor (IGF-1R) activated by tigaprotects cells from
massive apoptosis and develops drug resistancedriety of ways. However,
the signaling pathway for cell survival has not geen clearly describeld.

The mechanism against DNA damage divides into HR&RNHEJ. In HRR,

it is generated by newly replicated DNA strandspioliferating cells but

quiescent cells protect damaged DNA by binding e end of DSBs.



Recently, it has been reported that cells activaietiGF-1 promote HRR by
joining insulin receptor substrate-1 (IRS-1), ltloé major substrates of IGF-
1R, and Rad51 in DSBs sité$ In addition, IGF-1R initiates antiapoptic
program through the IRS-1 pathway. AutophosphoegatiGF-1R in
association with the binding of IGF-1 interactshwiiRS-1. It leads to survival
signaling pathway, namely, IRS-1 phosphorylatiod a@rine phosphorylation
of BAD, a Bcl-2 family protein by activated Akt/PKBirough in with or
without PI3 kinase, to inactivate the cell deatlogoam ** ?° Although
cisplatin is frequently used for solid tumors, ligsponse rate is limited and
the molecular mechanism of chemoresistance isuligt éxplained. NSCLC
and other cancers are related to IGF-1 concemntrafithe interior of the body
'® Therefore, we investigated the molecular meciasisn the relevancy of
the IGF system of IGF-1 that indicates antagonisth WNA damage repair

mechanisms induced by cisplatin in NSCLC.



II. MATERIALSAND METHODS

1. Cdll culture and chemical agents

Non-small cell lung cancer NCI-H460, H1299, and 854ere grown in
RPMI 1640 (American Type Culture Collection, Marass VA, USA)
supplemented with 5% fetal bovine serum (FBS), @ad7 was maintained in
10% Dulbecco’s Modified Eagle’s Medium (DMEM; Ameain Type Culture
Collection, Manassas, VA, USA) containing peninilaind streptomycin in a
humidified atmosphere with 5% G@t 37C . AnttATR (N-19), -DNA-PKcs
(C-19), goat anti-mouse IgG HRP, goat anti-rabp@-HRP, mouse anti-goat
IgG—HRP (Santa Cruz Biotechnology, Inc., Santa Cfi&, USA), and —
ATM (clone AM9), -yH2AX (Ser*®) (Millipore, Charlottesville, VA, USA), -
PATR (Sef?¥), -Chkl, pChkl (Set'’), -Chk2, pChk2 (Thf®), -p53, pp53
(Sef’) (Cell Signaling Technology, Inc., Danvers, MA, A)S peroxide
labeled anti-mouse, peroxide labeled anti-rabbi {@althcare Bio-Sciences

Corp., Piscataway, NJ, USA), andpATM (Ser®® (Rockland



Immunochemicals, Inc., Gilbertsville, PA, USA) wersed.

2. Céll proliferation assay

Cells were placed into 96-well plates in culturedinen. The next day,
IGF-1 (EMD Chemicals Inc., San Diego, CA, USA) vetisnulated for 48 hr
and cisplatin (Sigma-Aldrich Co., St. Louis, MO, A)Svas treated for 24 hr
in 1% medium. Proliferation of cells stimulated digplatin 35uM and IGF-1
50 ng/mL  was reacted to 3-(4,5—dimethylthiazol-p-2yb-
diphenbyltetrazolium bromide (MTT; AMRESCO, Incgl8n, OH, USA) for

4 hr and measured by absorbance at 550 nm.

3. Apoptic assay
Apoptosis was discovered by using annexin V-FITC(Reckman Coulter,
Inc., Fullerton, CA, USA). The 2 X %@ells were stimulated by cisplatin 100

uM and/or IGF-1 50 ng/mL. After collecting and wastitwice with cold



PBS, cells were resuspended in 1 X binding bufi@nexin V-FITC, and
propidium iodide. Cell preparations were incubavadice for 15 min in the
dark. The samples were added to ice-cold bindinfeband analyzed by

Beckman Coulter FC500 (Beckman Coulter, Inc., Ftdle CA, USA).

4, Comet assay

Comet assay was performed using Trevigen's ComesayAkit (Trevigen,
Inc., Gaithersburg, MD, USA). The cells grown iwé# plate were induced
by cisplatin 35uM and/or IGF-1 50 ng/mL.. After trypsinized celélfet
was washed by 1 X PBS (€and Md" free), 75 ul of resuspended cells with
molten LMAgarose were fixed onto pre-coated gldstesCells were lysed
by ice-cold lysis solution and immersed alkalinduson. The slides were
subjected to electrophoresis in 1 X TBE buffer. Blides were immersed in
70% ethanol prior to staing, and DNA of dried sagsplvere stained with

SYBR®Green | staining solution. Fluorescently stainedleotide images

10



were captured using Nikon ECLIPSE 80i (Nikon Phd®ooducts Inc.,

Azumabashi, Japan) at 494 nm.

5. Transfection of small interfering RNA (SRNA)

For silencing of IRS-1 expression, oligonucleotio&irs were designed
sense 5'-CGGUCACUACAUUUUGUCUtt-3’, and antisense - 5’
AGACAAAAUGUAGUGACCGHt-3' of pre-designediRNA (Ambion, Inc.,
Austin, TX, USA) and sense 5-GGCUACAUGAUGAUGUC@Et-and
antisense 5'-GGACAUCAUCAUGUAGCCALt-3' of custoslRNA (Ambion,
Inc., Austin, TX, USA). Cells were cultured in medi containing 5% FBS
without penicillin and streptomycin. Cells in 10Gvmdishes at 30-50%
cofluence were replaced with opti—M@N] (Gibco BRL, Carlsbad, CA,
USA) and transfected. Before transfection, lipadednd™ 2000 (Invitrogen
Corporation, Carlsbad, CA, USA), pre-designed, andtomsiRNA in a

dose-dependent manner were diluted with Opti-MEMAfter 5min,

11



lipofectaminé™ 2000 andsiRNA were mixed for 20min in room temperature

and cells transfected by combined mixtures werahated at 37 in a CQ

incubator for 24 hr.

6. Western blotting

The 50-70% confluent NSCLC cells were treated by A@®4 0.4uM
(Sigma-Aldrich Co., St. Louis, MO, USA), cispla®® uM, IGF-1 50 ng/mL,
andsiRNA 40 nM. Whole cell lysates were prepared modifiRIPA buffer.
For Western blotting, equal amounts of protein weeparated on sodium
dodecyl sulfate-polyacrylamide gel (SDS-PAGE gedhd transferred to
nitrocellulose membrane. The blocked membrane onski¥h milk for 1hr
was probed with primary antibody atC4overnight and then detected with
horseradish peroxidase-conjugated secondary amtitg@@ for 1hr at room
temperature. The membranes were visualized by rihareed ECL kit (GE

Healthcare Bio-Sciences Corp, Piscataway, NJ, USA).

12



7. Immunopr ecipitation

For immunoprecipitation, stimulated and unstimuatells were harvested by
modified RIPA buffer. All protein samples were déd with PBS to 1 mg/mL,
added 7-1Qul of IRS-1 antibody, and then incubated &t 4vernight. The
mixtures were captured by adding agarose-conjugatedein A (EMD
Chemicals, Inc., San Diego, CA, USA) afC4 After 1h all immune
complexes were washed with modified RIPA buffer aeduspended 2 X
sample buffer. The beads were dissociated by lgoftin 5 min at 95-100 .
The supernatant fractions transferred to freshstulere analyzed by Western

blotting as indicated above.

8. Immunocytochemistry
Coverslips (BD, Franklin Lakes, NJ, USA) were usedrow 1 X 10 cells.
Before immunostaining, cells were maintained atuB® cisplatin and 50

ng/mL IGF-1 for 8 hr. PBS-washed cells were fixaddbb formaldehyde for

13



20 min, permeabilizied in 0.1% triton X-100 for &@n, and blocked by 1%

bovine serum albumin (BSA; GE Healthcare Bio-Sogsn€orp, Piscataway,

NJ, USA) for 1 hr at room temperature. Cells indgaldaby primary antibody

at 4C overnight were detected by Alexa fluor 488 tgaatimouse

(Molecular Probes Inc., Eugene, OR, USA) and ga#t-rabbit TRITC

secondary antibody (Santa Cruz Biotechnology, I18anta Cruz, CA, USA)

for 1 hr at room temperature. Cells were countarsthby 4', 6'-Diamidino-2-

phenylindole dihydrochloride (DAPI; Sigma-AldrichoG St. Louis, MO,

USA) at a dilution of 1:3000, mounted, and analybgdZEISS LSM 510

META (Carl Zeiss Microlmaging, Inc., Thornwood, NYSA).
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[11. RESULTS

1. Antineoplastic effects of cisplatin are counteracted by I1GF-1.

For 24 hr treatment cisplatin inhibited cell prefétion in a dose-

dependent manner and IC50 in NCI-H1299, H460, Aand Cos7

cells were estimated about 33.3, 33.7, 36.0 andl |82, respectively.

Treatment of IGF-1 facilitated proliferation thaached a plateau at a

concentration 100 ng/mL in NSCLC cells. (data naivah). The cells

treated with cisplatin for 24 hr exhibited suppessgroliferation that

was amplified by 48 hr treatment. H1299 cells digpd prompt

recovery of proliferation by IGF-1 treatment, showia higher

recovery rate at 24 hr than 48 hr; however, H46@&aked a higher

recovery rate at 48 hr than 24 hr, and A549 cealinsdd weak recovery

of proliferation by IGF-1 treatment. These findingsdicate that

although there is a difference in the degree opoerse to IGF-1, it

plays an important role in recovery of proliferatigrom damage

15



induced by cisplatirfFig. 1).

NCI-H460 NCI-H1299

A549 Cos7

100
80
60
40
20

0
Cisplatin 0 35353535 0 353535 35
IGF-1 0 0 8 1050 0 O 8 1050

B 24 hr Treatment ™48 hr Treatment

Cell proliferation (%)
N
o

Fig. 1. Cisplatin-induced cell growth inhibition iecovered by IGF-1 in a

dose-dependent manner. NSCLC cells were treatecispjatin and various

doses of IGF-1 and proliferation assay was perfdcnie H460, H1299, and

Cos7, 35uM of cisplatin-inhibited cell proliferation by abb®0% and the

addition of 50 ng/mL of IGF-1 restored cell groviyh about 20% at 24 hr and

40% at 48 hr. In A549 cells, cell proliferation wasovered by about 10% at

24 hr and minimal change was observed at 48 hr g1 treatment.
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2. Apoptosis and DNA damage derived from cisplatin are diminished by

| GF-1 treatment.

The effect of IGF-1 on cisplatin-induced apoptagere evaluated by FACS

analysis using annexin V-FITC and propidium iodiddSCLC cells were

treated with 50 ng/mL of IGF-1 and 1QM of cisplatin and incubated

overnight. In H460 cells, cisplatin treatment inddcabout 25% of early

apoptosis, but pretreatment with IGF-1 recovereduabl0% of early

apoptosis (Fig. 2A). To quantify DNA damage, cometay was performed.

In H460, H1299, and A549 NCLC cells, DNA contenfsontrol and IGF-1-

treated cells remained in range of the nucleus edwithose in the cells

exposed by 3aM cisplatin showed significant tail length and mii which

were partially suppressed by cotreatment of 50 hd@#-1 (Fig. 2B).
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16 Control ~ IGF-1 Cisplatin  Cisplatin+IGF-1
504  2.48[6.464  4.47[0.41  10.88[6.0] 9.83

19.65 ba.1s

b 2.54 | [ ' 26.84 [l 16.23
100101102103 100101102103 10°10'10710°  10°10- 107 10°
Annexin VFITC

Clsplatin

Control IGF-1 Clsplatln

Fig. 2. IGF-1 protects from apoptosis and DNA damiageced by cisplatin.

A. The cells treated with cisplatin and/or IGF-1 westimated by FACS

analysis. Cisplatin 10QM triggered apoptosis in a quarter of H460 celld an

cotreatment of IGF-1 50 ng/mL decreased by abo¥t 0 cisplatin-induced

apoptosisB. Comet assay shows decreased DNA damage with togetof

IGF-1. In H1299 cells, overnight treatment with 38l cisplatin prolonged

tail length and movement that were partially restidoy IGF-1.
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3. IGF-1 attenuates cisplatin-induced yH2AX formation.

Phosphorylation of the histone H2A variant H2AX at $39 is the marker
of cellular response to DSBs resulting in discrg®2AX (phosphorylated
H2AX) foci at DNA damage sites. Cisplatin treatmesitowed bimodal
expression ofyH2AX, which showed early peak at 10 min and gradual
increments of expression as time passed. Compaitbdcisplatin treatment
alone, IGF-1 treatment markedly suppresgd@AX formation at 10 min in
cisplatin-treated cells followed by relatively deased expression gH2AX
at other times as time passed. Phosphorylation & AT ser 1981, 1 of the
molecules involved in the generationdi2AX, took place at 10 min with
cisplatin treatment and showed gradual incrementd @4 hr. Cisplatin-
induced p9¥ATM expression was also repressed by the additfolGB-1
until 8 hr and peaked at 16 hr. Phosphorylated AT$en428, another marker
for activation of HRR against cisplatin-induced DSBsas gradually

expressed with time by cisplatin in 10 min. IGF-adhlittle effect on the

19



degree and rate of its expression following cisplatduced DNA damage.

Expression of DNA-PKcs, whose phosphorylation shigsDSBs have not

been established, was confirmed by total proteid,its protein level was not

affected by cisplatin and/or IGF-1 (Fig. 3).
Cisplatir Cisplatin + IGF-1
ctrl0.171 4 8 16 240.171 4 8 16 24 (hr)
S - - e e PYH2AX
- e ® e H2AX
Py ew ‘ ‘L" Y _"‘.‘Pserl%%\TM

F.m.w.\mw“ S e s e | ATM
- IR RRRE R

TR - -- AR

- - -y #= - | DNA-PKCS

Fig. 3. IGF-1 blocks cisplatin inducedH2AX formation. IGF-1 treatment
suppressed bimodal expression yf2AX and subsequent HRR pathway.
Time sequences of f*ATM and p*"*#ATR expression corresponded to that
of yH2AX. The active form of DNA-PKcs was not availatded was not

included in this study.
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4. 1GF-1represses cisplatin-mediated HRR pathway activation.

Activation of ATM, ATR, and DNA-PKcs influences phasorylation of
downstream molecules chk2, chkl, and p53, respdgtiand were appraised
by Western blotting(Fig. 4). Phosphorylation of chk2 at thr 68, which is
mediated by ATM activation, appeared as early asmil® after cisplatin
treatment and became stronger as time passed wrmrgaatment with IGF-

1 suppressed expression of"®fchk2. Cisplatin treatment also changed
expression of $'thkl, a target molecule of ATR. It appeared as akwe
band in 10 min and became evident in 8 hr of expotu cisplatin but IGF-1
treatment delayed and weakengt*bchkl expression in 16 hr exposure to
cisplatin. In DSBs, phosphorylation of p53 at sem&& mediated by DNA-
PKcs, which mainly involved in NHEJ.*##p53 had a weak but similar
expression pattern toyH2AX showing bimodal expression that was

suppressed by IGF-1 treatment.

21



Cisplatir Cisplatin + IGI-1
ctrl0.171 4 8 16 240.171 4 8 16 24 (hr)

Bl e e
EESESEE BEE=EE oo

emmemmmSaaa=-

Fig. 4. Phospholation of chkl and chk2 is affectedI®f-1 in cisplatin

treated NSCLC cellsChk2, chkl, and p53, which are downstream molecules

of ATM, ATR, and DNA-PKcs, respectively, were phbspylated by cisplatin

treatment. Although phosphorylation of all downatremolecules was also

derived in IGF-1-cotreated cells, the level of egsion was weaker and

delayed than that of cisplatin alone. Equal loadivas confirmed using R3-

actin.
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5. IGF-axisinhibitors enhance cisplatin-induced yH2AX formation.

To scrutinize the role of the IGF system on cisptaiduced DSBs, the
effect of AG 1024 (IGF-1R inhibitor) andRNA against IRS-1, a major
docking molecule for IGF signaling, were investighten DSB repair
molecules by Western blotting. Treatment duringh24vith custom and pre-
designedsiRNA against IRS-1 successfully suppressed IRS-tesgn in the
range of 40-60 nM in the cells used in this stuéyg. 5A). Under the
influence of cisplatin, 40 nM of IRS-&§RNA and 0.4uM of AG 1024

promoted F™*YH2AX compared to cisplain treatment (Fig. 5B).
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Fig. 5. Inhibitors of IGF-axis load abundait2AX formation and activaté.

To assess the effect 8RNA against IRS-1 formation, cells were transfected
with 40-60 nM pre-designed and custaiRNA for 24 hr. Pre-designed and
customsiRNA 40nM was enough to repress IRS-1 expressiorpaoed with
RNAI control. B. H1299 cells treated withRNA for 24 hr or 0.4uM of AG
1024 for 30 min and expression gfi2AX, p*9¥ATM, and p?ATR was
assessed by Western blotting. Compared with ciggiatated and untreated
cells, cells treated witliRNA or AG 1024 expressed increased level of

yYH2AX and ge"9¥ATM and pe?ATR.
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6. |GF-1 supresses activation of ATM and IRS-1 induced by cisplatin
Interactions between DSBs and IRS-1 were evaluatesingu
Immunocytochemistry and Immunoprecipitation. Reagtgtate cells showed
perinuclear localization ofSg***ATM and cytoplasmic expression of IRS-1.
IGF-1 treatment had little influence on their exgmien and location.
Cisplatin-induced strong Sp'*®ATM expression in the nucleus with
colocalization of IRS-1 was interrupted by IGF-1 iglF 6A).
Immunopreciptation showed interaction with IRS-1dafATM, ATR, and
DNA-PKcs with treatment of cisplatin, which was enbed by IGF-1R
inhibitors. The interaction of IRS-1 with ATR andNB-PKcs was also
prompted by IRS-BIRNA treatment compared to cisplatin treatment alone
When the cells were treated with IGF-1 and cispJadTM, ATR, and DNA-
PKcs did not bind with IRS-1, but IGF-1 alone infwed interaction with

IRS-1/ATR and DNA-PKcs (Fig. 6B).
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Fig. 6. IGF-1 represses nuclear translocation amerantion.A. For 8 hr
double immunostaining with Sp'®ATM and IRS-1 were performed by
treatment with 35uM of cisplatin and/or 50 ng/mL of IGF-1. There were
peculiar colocalizations of IRS-1 and®P®ATM within the nucleus in
cisplatin-treated H1299 cells that were suppressecbtreatment of IGF-1B.
The cells were treated with 38V of cisplatin, 40nM siRNA, 0.4M AG
1024, and/or 50 ng/mL of IGF-1. ATM interacted IRSn cells treated by
cisplatin. DNA-PKcs indicated interation with IRS-bn IGF-1 and

siRNA/cisplatin cotreatment, similar to ATR, whiclsalshowed interactions

in cisplatin treatment.
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V. DISCUSSION

Although cisplatin-based chemotherapy is widelydufs standard first-
line treatment in NSCLC cell§", the effect of cisplatin is reduced by
decreased intracellular accumulation, drug inatibwa and activation of
damaged DNA repair systeth? The IGF system promotes not only mitosis,
cancer cell survival and growth but also conferSagptotic properties in
cellular stressful conditions. Therefore, this mpgmimed to investigate the
role of the IGF system in cisplatin chemoresistand¢SCLC cells.

Our data reaffirmed that IGF-1 protected apoptasid recovered cell
proliferation in cisplatin-treated NSCLC cells. Wis@a detected that IGF-1
decreased DNA damage from cisplatin in individugllscusing comet assay
performed in neutral conditions, showing decreda#dength and movement.
These findings suggest that IGF-1 may play a rolerdsistance against
chemotherapeutic effects and the DNA damage respaaithway of cisplatin.

Among the several platinum-DNA adducts, the oneegatied from interstrand

27



G-G cross-links induces DSBs, which is critical &l éate determination and
leads expression of P*¥H2AX 2. Kinetic studies ogH2AX clearance after
DNA damaging agents showed a strong correlatiowdsst increasegH2AX
expression and unrepaired DNA damage and cell d@atbnlike earlier
reports showing gradual accumulation of platinumAD&tiducts in cells with
the passage of tim&, yH2AX showed peculiar bimodal expression with
cisplatin treatment. Overall expressionybf2AX within 24 hr was inhibited
by IGF-1 whereas inhibitors of the IGF system angudiyH2AX expression
and activated the HRR system.

Furthermore, the early peak gfi2AX at 10 min was strongly suppressed
by IGF-1. These findings are incongruous with eartieports showing that
PP2A inhibitors such as insulin, IGF-1, epitheliabwth factor, and okadaic
acid 2 ?® hinder dephosphorylation off*¥H2AX through the blocking of
PP2A activity. Our data revealed that IGF-1 had ampoptotic effect and

suppressedH2AX formation induced by cisplatin, especially ihe early

28



time favor the findings from Adamt al. that its function might originate from
activation of lipid raft resident myristoylated ARt Cells confronted with
DSBs activate of ATM/chk2 pathway while those faceith bulky DNA

damage and replication folk collapse during S phagevate ATR/chkl
cascade®. Our Western blotting results coincided with earliindings that
DSBs acquired from cisplatin treatment triggeredivatibn of response
moleculesyH2AX, ATM, and ATM-dependent chkZor repair signaling
cascade. ATM plays an important role in histones,loshich occurs in
nucleosomal change during DSBs repair at DNA damsites *'. We,

therefore, regard accumulated platinum-DNA adduotse strongly activate
the ATM pathway than that of ATR and/or DNA-PKcsisi@atin treatment
phosphorylated downstream molecules chk2, chkl, BBd, which was
delayed or suppressed by IGF-1. Together with diheings, different time
sequences in the appearance 8f%hk2 and {#*'thkl between IGF-1-

treated and untreated cells leaded us to investgadther interface between
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the IGF system and damaged DNA repair system. IRSdl major adaptor
molecule in the IGF signaling pathway and possessadgtiple tyrosine and
serine/threonine phosphorylation sites that contedlular response against
environmental stress® ** Its total cellular expression as well as its
translocation into the nucleus is influenced byiaas factors, including
osmotic stress, hyperglycemia, high IGF-1, and toyic agents. Through
Immunoprecipitation and Immunocytochemical studig®g could confirm
interactions between IRS-1 and molecules in the H&®Rtem. Binding
between IRS-1 and ATM/ATR that coincide witfiH2AX expression was
reinforced by the treatment of IGF-1 inhibitors. ther studies are needed to
investigate the effect of inhibition on the intdfan between the IGF and

HRR systems on cell fate that confronts genotoxiss.
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V. CONCLUSION

Taken together, IGF-1 overcomed antineoplastic nodpoptotic effects

of cisplatin in NSCLC cells. It also decreased DNa#wrthge and attenuated

damaged DNA repair system activation. Cisplatindicet interactions

between IRS-1 and HRR molecules were inhibited Gf-1 treatment.

Currently, numerous IGF system inhibitors, DNA reppathway system

inhibitors, and chk inhibitors are being developElis study may help to the

application of these agents to treat NSCLC. Elugigathe underlying

mechanism of decreased interaction between thesfermg after IGF-1

treatment may also be of help for the developmdnfudher treatment

modalities and therapeutic targets.
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<ABSTRACT (IN KOREAN)>

B &AM XA Dol cr/s-diamminedichloroplatinum 11 oI
3 G=9 gamma H2AX o] P X|&= Q&d g A1 9

3 5

O

N &=AYF &A= cis—diamminedichloroplatinum I1
(cisplatin)o] ¢]3+ DNA-®HEA HI7F AAdEo] DNA &4

A=k

-

Ho

ANEZALE ZEA7I= 7150 o] cisplatin &2 FEd
S = s | P B s R B S o I S B A B £ =
H M EA H MEF H1299, H460, A549 9} Cos7 o <Q1&EAYf
qApelzte]l A= cisplatin o 9F dA®E AE =23}
AZzAME S 3EAHE FAedaL,  Comet assay = H-F

cisplatin o 93 E4o] IEHAFS BEL F AT

o,

Cisplatin &5 Aol nla A&EHF AAAAxte} W A ZA



p*"™lataxia telangiectasia mutated (ATM),  p**""*ATM-rad3

related (ATR)S] #4® & wet p* gammal2AX (y H2AX) &

ZaEon A F ATR 9] &AL p'®chk2 9} p?Vchkl

2
(2

dE 7ZAHATE. DNA-dependent protein kinase catalytic
sybunit  (DNA-PKcs)e] &&= pp53 & kAl A PA
p*#chk2 o} p*lchkl T} W@ o] BHlRIPoY, T ARE
v QI TE. S IGF-1R A AIQl AG 1024 <9} Insulin receptor

substrate-1 (IRS-1)¢] s/RNA & cispaltin ¥} FAJo] AR

|

W, cisplatin ¥F A& ol wlal psr¥y H2AX o] A3}

AR Wy Mo RT  cisplatin =

of\

)

d )
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Aetde wW, AIM I} IRS-1 & AFFgsta, 3 W o]Fo

FA5Y, Jdaedd AAdAe] Agls olE dAdE dEL

=
=

, cisplatin & yH2AX ¢ YAE HFEdh} AdedY

Azl ols AF I, dedF FFAA AA A o)



itk o AvpsRRH, A%

O

Hore] 7o 7|EA aZ Algd

2488 FAe £ A%
AR AATE vl aHEA

S e Ao daHEn
LBEICREEE EN E2E R D
53,

cisplatin, &AL A4 AA, FFHX

protein kinase catalytic subunit, y H2AX
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Ataxia—telangiectasia mutated, ATM-Rad3-related, DNA-dependent



	TABLE OF CONTENTS
	ABSTRACT
	I. INTRODUCTION
	II. MATERIALS AND METHODS
	1. Cell culture and chemical agents
	2. Cell proliferation assay
	3. Apoptic assay
	4. Comet assay
	5. Transfection of Small interfering RNA (siRNA)
	6. Western blotting
	7. Immunoprecipitation
	8. Immunocytochemistry

	III. RESULTS
	1. Antineoplatic effects of cisplatin are counteracted by IGF-1
	2. Apoptosis and DNA damage derived from cisplatin are diminished by IGF-1 treatment.
	3. IGF-1 attenuates cisplatin-induced γH2AX formation
	4. IGF-1 represses cisplatin-mediated HRR pathway activation
	5. IGF-axis inhibitors enhance cisplatin-induced γH2AX formation
	6. IGF-1 supresses activation of ATM and IRS-1 induced by cisplatin

	IV. DISCUSSION
	V. CONCLUSION
	REFERENCES
	ABSTRACT (IN KOREAN)



