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HAAZA AP AED F AF A% 2 w93 2d =4 A4

ded F AT A a6 A @ME-3 (IGFBP-3)2 IGFet ZAdste] 1G]
AZELAEZ 2 FAZIAL 7de gAD ¥ ofyEt IGFos HHAHoR
AZIALE  FEFOER vAAEY #Hd AxFo AFds dAgH. o
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7% (46.7%)°)A IGFBP-3 promoter W CpG islands® hypermethylation®]

Zhe k. v &AM EA #Ho AEFNA promoter W CpG islands®] methylation

rd

ZFElE IGFBP-3 fr7zke] vl Bl nRNA 2 gt 2 ARkl on, IGFBP-39]

Hhgo] AU HAAEA Hd AXEFTE T LHolA demethylating kA<l

5-aza-2-deoxycytidine (5'-aza-dC) 2] & 1 Hdo] 3I|&EFHUTt. [GFBP-39

promoter A Lo FQ3 S F= Sp-1/Sp-3 2 84 H A9 CpG islands=

[GFBP-3 w2 uksio] oJx|w W) AAXEA H 9t AlXEFo|A hypermethylation o]

ARNom  o]= Sp-1 HAF Qe ATHS JASEl. ChIP assayolAl IGFBP-3



promotert] CpG islands® hypermethylatione Sp-1/Sp-3 A3 L4 Sp-1,

methyl-CpG binding protein-2 (MeCP2), ZZ¥]3l histone deacetylase (HDAC)2]

Agtoll d&Fs FAeH, o= H-aza-dC APl ofste] AU, Sp-1/Sp-3

AL A gaAHoer ol MeCP2E FAldl HAAAE wl oS A

5-aza—dC g A IEHJATG. o]y ZAAEL B AAEA H oA IGFBP-3

promoter 2] hypermethylation®] IGFBP-3 &S SA|st= 3dFife] 7]de]w, HDACT

NeCP2e] ®Ajo] FEFOEA Sp-1o Al oML tholrl IGRBP-3 fAte]

Hhajo] AAES Hol:= Aoltl, mixwto =z oAb AlEF<l demethylation

kA=A IGFBP-3¢9] WdS F=F & Jdvhe AL IGFBP-39 Axe] Ay}

SaHE % AwAF AF AR, A& F Y A4 AT @RA-3, O

i

islands®] methylation, methyl-CpG A3 @ 2-2 (MeCP2), B AAXA #H <
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AEES] Jgol FLE AZLAEA AA4ZA AEIAE AT B ope

dad & AA QAdxp Ag "W A-3 (IGF binding protein-3; IGFBP-3)<
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71 ot IGFBP-39] MIE ®W FEA7F gold Fom AZE= IGF-]
oo &Rl FSA /AR AE H2 7eS THAaL 9. B IGRBP-3%

transforming growth factor-, retinoic acid, tumor necrosis factor-a,

p53, anti-estrogens, flavonoid antioxidant silibinin, paclitaxel, 18]l

histone deacetylase (HDAC) &A|&9<¢l trichostatin A9} S 2 =259

A oA s wfste ez WEA v A w=dsks 16F-13

IGFBP-3¢] & % 94 s=v A4 Afofol= #@2 AolE Holal glow
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1. NSCLC cell lines and culture. NCI-H1299, H661, H596, A549, H460, H441,

H358, H322, H1944, H292, H226B, SK-MES-1, Calu-6, Calu-1, H157 & AFgre] H]A

A XA H 9 MESF+= American Type Tissue Collection (Manassas, VA, USA)CS =

BEH FASAT. o]52 10% fetal calf serum (FCS) (Life Technologies, Inc.,

Gaithersburg, MD, USA)o] #7}= RPMI-1640 medium= AF-&3Fo] v ds}lSitt.

2. Western blot and northern blot analysis. IGFBP-32] A& 93] 30 nuge o

W2 S sodium dodecyl sulfate (SDS)-polyacrylamide gel AollA 7] g% &3

3T}, Polyvinylidene difluoride membrane (Bio-Rad Laboratories, Inc.

als

Hercules, CA, USA) o2 B3I H umzas 27 3 5% GAFE Xt

facs

TBS-T (Tris-buffered saline-Tween (20 mM Tris-HCl, pH 7.6; 150 mM NaCl; 0.1%

Tween-20))% H]Eo] ¥k w3t tE.  MembraneS-2 goat polyclonal anti-

IGFBP-3 (DSL, Webster, TX, USA) & 4°C oA 16A]7F =<t incubationdt THE

horseradish peroxidase—conjugation® 2%} 3&+A] (Santa Cruz Biotechnology,

KeX
-

Santacruz, CA, USA)Z oA 1 AlZF &<k WkSAATY, WY whg o

ﬂDi

enhanced chemiluminescence (ECL) kit®} Hyperfilm ECL (Amersham Pharmacia

Biotech Inc., Piscataway, NJ, USA)S ©]&3}o] A5t tE. RNAY #El&= kA

2] Aol AEE 1X PBSE 2 ##] A& %, 4 M guanidinium isothiocyanateZE



Hrbste]l A7) H B 4o 7lEEHo]l i vlE RAS st 20 ugol
RNAS #7]9% 3 % Zeta—Probe membrane (Bio-Rad Laboratories) %%l T,
[a-¥P] dCTPE ZEA¥ IGFBP-3 ¥ glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) ] cDNA = ehfratal 9l agh &9z g4 Aesialtt. &3S Prime-
1t® 11 Random Primer Kit (Stratagene, La Jolla, CA, USA)& o]&3le] A3 3
MicroSpin™ S-300 HR Columns (Amersham Pharmacia Biotech Inc.)< ©]-&3dto] A A

bleh,

ol

SFAE.  Membrane 23] Al# % Hyperfilm ECLS ©]-&3fo] 7HA]

A

ggagcaggtg ccCGggCGag tctCGagctg caCGecececeCG agctCGgcecc CGgctgctca
AP2 AP2

gggCGaagca CGggcccCGe agcCGtgect gCGeCGaccC Gececccctecc caacccccac
Sp-1/Sp-3
tcctgggCGC GCGttcCGgg gCGtgtcecctg ggccacccCG gecttctatat aCtggeCGgC
Hhal TATA Hhal
GCGcceCGgge CGeccagatg CGagcactgc (Acc. No. M35878)
b +1

CP(S)> <CP(AS)
us) — <« U(AS)
M(S) —» <« M(AS)

O AT TN RO
At R e T O ]
+1

-900 -600 -300

Fig. 1. Analysis of the IGFBP-3 promoter. A. Genomic sequence analysis of
IGFBP-3 promoter (Accession number, M35878); note the two putative AP-2
biding sites, Sp-1/Sp-3 binding site, TATA box, and two bisulfite PCR-Hhal
restriction sites. B. Schematic diagram of the IGFBP-3 promoter showing CpG
islands (M, methylated; U, Unmethylated) and the location of primers used in

bisulfite-PCR for restriction analysis, bisulfite sequencing, and MSP. Arabic



numbers indicate locations of nucleotides relative to the mRNA cap site.

Vertical lines, position of CpG dinucleotides.

3. Plasmid preparation and in vitro DNVA methylation. 1.9-kb IGFBP-3

promoter 7} luciferase reporter vector ¢ ¥<&< pGL2-basic (Promega Corp.,

Madison, WI, USA)oll 2<l% pGL2-1GFBP-3 % o]e] AbA] w9l pGL2-A1600, Al675,

-A1708, -A1755, 2 -A1795 + Oregon Health Sciences University (Portland, OR,

USA) ¢ o9t waRE AF Wttt . IGFBP-3 promoter ¢ 917] A 49-& Fig.

o

ully
1o

57

o

1A ¢} 2o o ZreFsb A pGL2-A1600 ¥ 10 709 p53 consensus 2%

H-219} 2 719 consensus AP-2 A¥H F-91E ¥

Oll

Fa 9lom | pGL2-A1675 & 5 7] <]

p53 AF F-99 duhe] consensus AP-2 A FE 7FAa k. o] F AP-2

A F9& pGL2-A1708 Al A &= B AAE o] 9lom | pGL2-A1755 ol A& Sp-1/Sp-

3 A3 2 47F AHAE o] th. MeCP2 (Accession No. AF158180)¢] AAE X835}

rr

cDNA = Alghe] A

i)

| ZZ oA L cDNA library (Clontech, Palo Alto, CA,

USHZHH o9 AEAE o8 PR =

ol\

Z 39t  sense primer 5'-
GGGATCCATGGTAGCTGGGATG-3', antisense primer 5'-GGAATTCAGCTAACTCTCTC-3".
ZZ¥ PR A& TA cloning kit (Invitrogen, Carlsbad, CA, USA)E o] &35}
pCR-I1® plasmid o A<}, T7 2 MI3R AlEAE A7]M DS &<d FH, EcoRl
(Roche Molecular Biochemicals, Basel, Switzerland)=® ZA%3}3al DNA polymerase

ul =

[ Klenow fragment (Roche Molecular Biochemicals)® blunt B&S 750 pCMX-



mammalian expression vector o A4St T,  /n vitro DNA methylation < pGL2-
A1708 plasmid & 5 mM S-adenosylmethionine (New England Biolabs, Beverly, MA,
USA)S 233k wkgol &lolA  (methylation) X+

zatel e WS oolA

x|

(unmethylation) SssI methylase (New England Biolab)® @3+ FH HA st

Adrt.  o]# 3t plasmid ¢ methylation o5+ Hhal Ag+ &AL (New England

Biolabs)Z A &gt 5§ #7|d5 dFo] 2

gk

st

4. Luciferase assay and B-Gal assay. NCI-H1299 MXE5S XE33SE H| LM EA

#Hot MEFE 24 well plate o 5X10* cells/well & 53+ F 70% confluency ol

=GRS W 200 ng 9] reporter plasmid DNA ¢} 30 ng 2] CMV-B gal control

vector (GibcoBRL, Gaithersburg, MD, USA)E serum-free ZJEfS] =

A

o A

lipofectamine (GibcoBRL)<= ©]-83}9] transfection < A|33FATE. 6 A7 T 10%

FCS 9] RPMI-1640 viA] = ngksh % 2 48 AlzF ©f v 3 luciferase assay kit

(Promega) & ©]-83}o] luciferase B EE SHIAT. SAHIULS Y A B-

gal assay system < ©]&3Fe] =A% CMV-B gal control vector ¢ FAHEZA

wAg s,

5. Bisulfite-PCR for restriction analysis and sequencing. Herman sl 2]3f

71w He]  wEl DNAES  3bebd WHAAZl F PCR

o|\

g AYsE 5-



methylation® cytosines &elsh = o PCRAl A& AdbAle] Aee

rot
18
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ol
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luciferase assayollA &<20¥ promoter XX T Q

1/Sp-3 23 94 H9= IGFBP-3 promoter’de] 9%+ Fig. 1Be} #t}. Sense

primer 5'-TCGGGTATATTTTGGTTTTTGTAG-3', ant isense primer 5'-

AAACATATAAAATCCAAACAAAAA-3'. o \kg Al SssT methylase=A] 2+ 3]

methylation ¥ DNAZ positive control® AF83}99 2™ annealing €%+ 60C=E

ST, 25 w9 PCR AHE F= AWLS fhal Ad G4 o] &3t Ausl ) 2.5%

acrylamide gelolA A7] & F UV stollA &elstiory Yzl 12.5 w2l PCR

AHEL g4 Wb §lo] 2.5% acrylamide geloll Al A7) & 3ol &<l T QIAquick

Gel Extraction Kit (Qiagen, Valencia, CA, USA) & o]& &g, AAs] 7] A

a BHele] AHg

-

boteh,

ol

6. Methylation-specific PCR. 1 ugo] DNAES 52| salmon sperm DNA (Life
Technologies, Inc.)®t =33t % Herman 5°] 7]<3F = DNA 318 WHAS A3
sdoh.  7heF3ld DNAS 2 M NaOHZ denature & ¥ 10 mM hydroquinone®} 3 M
sodium bisulfite (Sigma, St. Louis, MO, USA)E A &]&}itt. ©&< Wizard SV

Plus kit column (Promega) o & 2] AA|gF F 3 M NaOH= *]&]3}ar 3u) -39

100% ethanol® 1¥] H-39] 10 M NH,0AcE AL A] A AA AT, A AE DNAE 70%

o

o] ethanol® A&7 7 20 we] TFF= &HAI - vhxo] AEA] 235 &

10



1]

O}J

SEeFAT. Methylation® DNA®] T%E&  flalA= Sense 5'-

ol

CGAAGTACGGGTTTCGTAGTCG-3", %! antisense 5-CGACCCGAACGCGCCGACC-3'E AF-&-3F3l L

unmethylation® DNA®] T3%S 9l8l4 = Sense 5-TTGGTTGTTTAGGGTGAAGTATGGGT-3'

2 antisense 5'-CACCCAACCACAATACTCACATC-3'E AF&3FSith. Bisulfite-PCR/A|IgH &

A1 [CP(S) 2] aL CP(AS)] % MSP [M(S), M(AS), U(S), —r&]aL U(AS)]el A&

D
A
J

HoAPEA 232 Fig. 1Bel weof Aok, ) whgAlel= DNAE H7bshAl @&
negative control¥} Aol oA L& DNAE Sssl methylase #3
bisulfite 3}8t WAS A3+ positive controls ESA|H oW HELES
ethidium bromide® A ¥ 2.5% agarose gelolA A7) d& & XA},

7. Electrophoretic mobility-shift assay. ©}ele} o] methylation o] Q1A
A (W.T.), oligomer W 1709 CpG island’} methylation (P.M.), T+ 3749
CpG island’} =% methylation o] d+= (C.M.) 3 *2] double-stranded 25-mer
oligonucleotide (Operon Technology Inc. Alameda, CA, USA)E o] &3} o 1
A7INES g 2. W.T.& 5- TGCGCCGACCCGCCCCCCTCCCAAC-3 =1 ZFx A
A E 747 oligomerolw, P.M. 2 C.M.& Z+zt 5- TGCGCOGACCCYGCCCCCCTCCCAAC-
3" 9 5- TGCUGOCGACCCYGCCCCCCTCCCAAC-3" 2 =1 AR % =AM E 717 oligomerE
AFE3FATE. ©o]213F oligomers= T4 polynucleotide kinase (Promega)E ©] &3}

[ a—*P] ATPZ ERE FA&GY. AAE 3 dd =522 50 ng/ml poly

11



[d(A-T)] (Roche Molecular Biochemicals); 20 mM HEPES (pH 7.6); 1 mM EDTA; 1

mM dithiothreitol; 0.2% Tween-20®; 30 mM KCl & 3Z3Fsk 20 2] WHS-oH 3fof A

l:H

A)H oligomere} A AbolA 15 #ZF WESA|HTY. AR wESol= wild type

o

= mutant type Sp-1 consensus oligomer (Promega)E F7}stitt. ZF WS EE

|

2 0.5 X TBE buffer systems ©o]&3sle] #H7|H9& 3 FH gelss x5}
Hyperfilm ECLOl ZFgAlAH A8kt

8. Chromatin immunoprecipitation analysis. ChIP #2128 Chen o] 7|&3k

oft

M ol gste] AlYSIAT®. refetd W AAEA HY AEE 2% FCSS EFshE

RPMI-1640 wi=|]ell A 5'-aza-dCE 5UIF Attt o]F AEEL2 37 TolA 10

3

2 A

pol

A

FZF formaldehyde (1% final concentration)® *&]3%F % walz

AE EFsta U= &5 H (25 mM Tris, pH 8.1; 10 mM EDTA; 1% SDS) .= &3l s}

G, L3 o] MEES anti-Sp-1 (Santa Cruz Biotechnology, Santa Cruz,

CA, USA), anti-MeCP2, H+ anti-HDAC (Upstate Biotechnology Inc.

Charlottesville, VA, USA) &A= A 2]}l salmon sperm DNA/Protein A agarose

slurry (Upstate Biotechnology Inc.)® WS HAE Aldstgct. wwzx At

ol 2% DNAE LiCl wash buffer ¢F Tris-EDTAZ A& 3+ % elution buffer

ol

(1% SDS, 0.1 N NaHCO3)E F7}35}e] elutione Al 33+ TE.  Cross—linkss= 20 mM

NaCl¥} 1% SDSE 33k &Ho=

e

g 94271 F, phenol/chloroform F& %

12



ethanol FHdH o= DNA FotalA o & AlLAIE ARESRA

ol\
Ak

ke
T

il
o

[ a-*P] dCTPE A9 IGFBP-3 promoter ©3 © & southern blottingS A 3]s}
A3}, (Sense: 5'-CGTGAGCACGAGGAGCAGGTG-3': antisense: 5-
CAGGAGTGGGGGTTGGGAG-3") . A A M3 ¥ ZA-DNA H3HA 5 WY HAdwE o] 29

inputS ¢3F control & AF&-3}3Att.
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m. A3

1. IGFBP-3 expression in NSCLC cell lines. W|Z2AXA ¥ A EFo A IGFBP-3
] AEZE A#=str] 9 IGFBP-3 A9t o-PE FAE IGFBP-3 ©3H&
o] &3}y Western % Northern blot < A 33} cl. IGFBP-32] mRNA:= NCI-H1299,

H661, H441, H322, H226Br, “12]il Calu-6 AMEFo|A e #ZE XA &kom H2268B,

i

SK-MES-1 % H358 AM|AEZFolx = <felA #ZHSATE. ¥bH 0596, A549, H460),

a8la H1944 MEFAAME AsHA FAEAYE. IGFBP-3 f-dxke] waa dky

32
o

Awe AHEE NAAEY A AXFNA e 2@ FEs 2 AA

(Fig. 2A, B).
5

o) Y 9

N 090 O oo LY ¥ I Lo

v O PN O Voo O g & ¥ ©
FELE LIS & &8

A

- -~ - <« IGFBP-3

—-— S —  —— <+— GAPDH

B T “.- syt . L8| « iGFBP-3

— . T — e —— e e <— [3-AcCtin

Fig. 2. IGFBP-3 expression in NSCLC cell lines. The expression of IGFBP-3

in a panel of NSCLC cell lines was examined by A, Northern blot analysis

14



using full-length IGFBP-3, or GAPDH cDNA probe as a control; and by B,

Western analysis using anti-human IGFBP-3 antibody, with expression of -

actin examined as a loading control.

2. Expression of IGFBP-3 Reduced in NSCLC cell lines and restored by 5 —aza—dC.

=z = O

IGFBP-3¢] ddlo] #AZE % &= v AAFEA H AEFELS demethylating oFA|¢1 5'-

B

aza—dC #2] ¥ Northern blot& A]3)35}e] IGFBP-3¢ od o] W3}

[ele]

il

@i,

ri

5'-aza-dCE 1 uM E& 1 oS A 45 ulFE IGFBP-39 Wdo] HdH At

(Fig. 3A, B).

- 01 1 5 (uM 5’-aza-dc)

A
= = | < |GFBP-3
——— e |<— GAPDH
B o “-4_ IGEBP-3
—— — e | <4— GAPDH

Fig. 3. Effect of 5-aza—dC on IGFBP-3 expression. Effect of 5-aza-dC on
IGFBP-3 expression was studied by Northern blot analysis in H1299 NSCLC cells

and H226B treated with 5-aza-dc at concentrations of 0, 0.1, 1, and 5 puM for

15
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ol

il

5 days in RPMI 1640 medium supplemented with 2% FCS. The expression of GAPDH
b Az A3k #9989

3. Sp-1/Sp-3 binding site as an important regulatory element of IGFBP-3
Z] A

was analyzed as a control.

promoter. 1GFBP-3 promoter?] FAHEE ZH3e= F2 A

7] #8ke] pGL2-A1600, -A1675 -A1708, 2 -A1755 52 IGFBP-3 promoter®e] At
o] & H1299, H460, H1944, H596, A549, H292, ¥ Calu-6 AXF°o]| AA] transfection Al
1 5 48 AZ+ 5 luciferase BAHEE SASAT H1299 B H460 AEFlAM pGL2-

A1675 Hi= -A1708% transfection AlZI $ 5743 luciferase &%=+ pGL2-A1600<
ol-gste] A2 gk HlaL Al Zru ofzh Gkt Wb pGL2-A1755% transfection A1
5 AL |yciferase FAEE pGL2-A16002 transfection A|A V& #HTF 67~75% A

&= it} (Fig. 4A, B).
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H1299 H460
pGL2- A 1600
pGL2- A 1675
pGL2- A 1708
pGL2-A1755
pGL2-basic | |
0 50 100 50 100
B
H1944 H596 A549 H292 Calu-6
pGL2- A1708
pGL2- A1755
pGL2-basic ] ] ] ] ] ] ] ] ] ] ] ] ] ] ]
0 50 100 50 100 50 100 50 100 50 100

Fig. 4. IGFBP-3 promoter activity in various NSCLC cell lines. A. H1299
cells, which have methylated IGFBP-3 promoter, and H460 cells, which have
unmethylated IGFBP-3 promoter, were transiently transfected with pGL2-basic,
A1600, -A1675 -A1708, or -Al1755 luciferase reporter plasmids. B. H1944, H596,
and A549 cells, which have unmethylated I[GFBP-3 promoter, and H292 and Calu-6
cells, which have methylated IGFBP-3 promoter, were transiently transfected
with pGL2-basic, —-A1708, and -A1755 luciferase reporter plasmids. Luciferase
activity was measured following incubation for 48 h. There was no difference
in luciferase activity according to endogenous IGFBP-3 promoter methylation
status. Data are shown as means (£S.D.) values of six different wells
relative to cells transfected with pGLZ2-basic vector. The luciferase values

were measured for at least three separate experiments.

17



4. Detection of Hypermethylation of the IGFBP-3 Promoter in NSCLC Cell Lines.

H1299, H661, H441, H322, H226Br, H226B, % Calu-6 A XZF¢} o] & IGFBP-3 %

AS Hol: HAAREA #HY AEAM bisulfite-PCR 2 Hhals A a4 doge
mRNA cap siteZ25FE -66 2 —-16 HA 2] cytosine©] methylation o] A& u] F&EHE=

237 bp, 188 bp H= 78 bp 719 27] o]4¢] AHwt bandsE HIth. 188 bp % 78 bp

3719 bands® A9 mRNA cap siteZ25H —66 2 —-16 HA cytosine®] methylation ®

S #FE 4 2o 188 bp % 315 bp A7]9] bands & 22t FEH o2 HAGHAdAY

AR e A #FE F AJv 49 bpo bandst AWE F7bo] Zop Al Tl

APEA] o] ZAfA oF AR E A ot gHelo] oH ATk (Fig. 5A). ol# g F-912] methylation

FHE gelstr] fstel 7MY A4S H1299, Calu-6, 18] H661 AEZFoNA dofxl

bisulfite—PCR AHE& o] &35le] AllstH ) (Fig. 5B). 2709 putative AP2 A3 9% (

183 % —-145 WA cytosine), Sp—-1/Sp-3 A& ¥= (=96 HA cytosine), 13l 27§19

lez]
o2

et
o
ol
(r

W9 e CpG

Fo

Hhal A YRE ¥351e] promoter A =9 F

islands¥ methylation&] o] ¢ t}h. IGFBP-3 promoterd methylation A E}S theke] A A

ol Fged 4 J==E MSPE A st 129 bp ¥ 158 bp Z7]¢] PCR A&

methylation 2 unmethylation® DNA7} 2535 o] 22 #Z5Fth IGFBP-3 mRNA

transcripts’7} & A FAY o] oFshA #AEEJAE H1299, H661, H441, H322, 2
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Fig. 5. Bisulfite-PCR/restriction, sequencing, and MSP in various NSCLC cell

lines. A. Bisulfite-PCR for /#hal restriction analysis of H1299 cells. When
the methylated DNA was modified by bisulfite, two HAhal restriction sites were
generated in the middle of the 315 bp PCR product. SM = DNA size marker; C =
DNA digested with /Hhal; U = undigested DNA. B. Sequence analysis of
bisulfite-treated genomic DNA from H1299 cells. The PCR products were
generated with outer primers CP (S) and CP (AS) and then sequenced with inner
primer M (AS) that is specific for hypermethylated sequence. All the

cytosines in the CpG islands remained as cytosine. C. MSP analysis of IGFBP-3

19



promoter methylation status in NSCLC cell Ilines. U = PCR products using
primer set specific for unmethylated promoter; M = PCR products using primer

set specific for hypermethylated promoter. SM = DNA size marker.

5. Transcription factor Spl-/Sp-3 binding altered according to methylation status.
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A% BEAE 98] Aoy, Sp-1 A% 95 59 WolAlZl oligonucleotide® A}

ZE A gkt (Fig. 6A).

i

A
WT MT
Competitor: - - - - + +
Probe : S KL
Sp1/Sp3 —»
Sp3 )
B
WT 5’- TGCGCCGACCCGCCCCCCTCCCAAC-3
PM 5'- TGCGCCGACCCMGCCCCCCTCCCAAC-3’
CM 5'- TGCMGCCMGACCCMGCCCCCCTCCCAAC-3

Fig. 6. Binding of transcription factors Sp-1/Sp-3 alters according to
methylation status. A. Gel-shift assays were performed using nuclear
extracts isolated from H1299 cells by using wild-type (WI), partially
methylated (PM), and completed methylated (CM) probes. Two major DNA-protein
complexes were observed in the lane where WT oligomer was used; however,
binding patterns of these two complexes were altered when methylated
oligomers were used. Specificity of binding was verified as each complex was
successfully competed away with increasing concentrations of unlabelled wild-
type Sp—1 consensus oligonucletides, whereas they were not competed away with

unlabelled mutant (Mut) Sp-1 consensus oligonucleotide. B. Schematic showing
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wild—type 25-mer oligonucleotide from -105 to -82 of the IGFBP-3 promoter
containing the consensus binding sequences for Sp-1/Sp-3. Wild-type and 5'-

methylated deoxy-cytosine modified probes were used in gel-shift assays.

6. Sp—1/Sp-3 consensus sequence binding factors in HI1299 cells and effect of

demethylation agent 5-aza-dC. 1GFBP-3 promoter?] methylation®] Sp-1, MeCP2,

18] a1 HDACS] Aol mx]= 938k} demethylation 9FA|Ql 5'-aza-dCe] &S <

olr 7] 98l methylation® IGFBP-3 promoterZ 7}A]3l Y+ H1299 MEFE o] &

3}o] chromatin immunoprecipitation (ChiP) assayZ A]3J3}t}t. methyl-CpG 2+

Ao el MeCP2= Sp-1ol o8l 243t = leukosialin f+37ke] HAMS

promoter 7} methylation!® = HDACS} #& T2 AAAAES 2R3 oZ A HAL

AAE et

rr

Hog A b, MeCP2 ¢} HDACE EAlol Methylation®

IGFBP-3 promoterel] ZA3%r3}™ gel-shift assayoll49] ZA3Axd Sp-19] AgS oA

HAT. 1 uM 9] 5-aza-dC = 5 ¥3F A $ 44§ IGFBP-3 promoterol] Sp-19] 2

ot

Ho A FEF wH MeCP2 7 HDAC ¢ A3 A=At (Fig. 7).
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Fig. 7. Sp-1/Sp-3 binding status of Sp-1, MeCP2, and HDAC and the effect of
demethylating agent 5'—aza-dC. ChIP analysis was performed to examine
whether methylation status and treatment with demethylating agent 5-aza—dC
affected Sp—1, MeCPZ, and HDAC binding on the IGFBP-3 promoter in H1299 NSCLC
cells, which have methylated IGFBP-3 promoter. Methylated promoter
containing the Sp-1/Sp-3 binding element did not recruit Sp-1, while MeCP2
and HDAC were recruited concurrently. After 5 days of treatment with 1 uM of
o'-aza-dC in 2% of fetal bovine serum, the binding affinity of Sp-1 on the
IGFBP-3 promoter was increased, whereas the binding of MeCP2 and HDAC was

significantly decreased.

7. Luciferase activity decreased in Sssl methylase catalyzed IGFBP-3 promoter

and coexpression of human MeCP2 cDNA provides additional repressesion.
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sttt (Fig. 8B)
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pGL2-A1708 oA+ pCMX-MeCP29] cotransfection®] AA} BXHEE °F 37.4% A= 7+

=

23kt (Fig. 80).

A © Y
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Fig. 8. Expression level of MeCP2 in NSCLC cell lines and effect on 7/n vitro
methylated pGL2-A1708 luciferase report plasmid. A. Expression levels of
MeCP2 vary in human NSCLC cell lines. Cell lines that have high IGFBP-3

expression level with unmethylated IGFBP-3 promoter, expressed lower level of
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MeCP2, compared to NSCLC cell lines that have hypermethylated IGFBP-3
promoter . B. 1.4-kb full-length MeCP2 cDNA was cloned in mammalian
expression vector pCMX and transfected into the COS cell line. Note the
strong expression of a 75-kD band in pCMX-MeCP2-transfected cells. C. H1299
NSCLC cells, which have methylated IGFBP-3 promoter, were transiently
transfected with SssI methylase—catalyzed pGL2-A1708 luciferase reporter
plasmid. pCMX-MeCP2 (100 xg) was co-transfected with pCMX empty vector as a
control. The cells were treated twice with 5-aza-dC on the day of
transfection, and 24 h later at the indicated doses. Luciferase activity was
measured following incubation for 48 h. In unmethylated pGL2-A1708 there was
no difference with co-transfection of pCMX-MeCP2 (left). Methylation of all
CpG islands of the IGFBP-3 promoter with SssI methylase had shut down
reporter vector activity, with greater decreases 1in those cells co-
transfected with pCMX-MeCPZ. This suppression of luciferase activity was
partially restored by demethylating agent 5-aza-dC 1in the methylated
reporter gene plasmid. This restoration partially interfered, however, with

co—transfection with the MeCP2 expression vector.
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Abstract

Regulatory mechanism of insulin-like growth factor binding

protein-3 in non-small cell lung cancer

Chang, Yoon Soo

Department of Medical Science

The Graduate School, Yonsei University

(Directed by Professor Kim, Se Kyu)

Insulin-like growth factor (IGF)-binding protein-3 (IGFBP-3) inhibits the

proliferation of non-small cell lung cancer (NSCLC) cells by inducing

apoptosis. We investigated whether hypermethylation of CpG islands in IGFBP-3

promoter play an important role in the loss of IGFBP-3 expression and

regulatory mechanism that mediate the silencing of IGFBP-3 expression in the

NSCLC cell lines. The IGFBP-3 promoter has CpG islands hypermethylation in 7

of 15 (46.7%) NSCLC cell lines. The methylation status correlated with the

level of expression of protein and mRNA in NSCLC cell lines and reduced

expression of IGFBP-3 was restored by the demethylating agent 5'-aza—2-

deoxycytidine (5-aza-dC) in a subset of NSCLC cell lines. The Sp-1/Sp-3
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binding element in the IGFBP-3 promoter, important for promoter activity, was

methylated in a subset of NSCLC cell lines and the methylation of this

element suppressed the binding of the Sp-1 transcription factor. A ChIP

assay showed that the methylation status of the IGFBP-3 promoter influenced

the binding of Sp-1, methyl-CpG binding protein-2 (MeCP2), and histone

deacetylase (HDAC) to Sp-1/Sp-3 binding element, which were reversed by 5'-

aza—dC. /n vitro methylation of the IGFBP-3 promoter containing the Sp—1/Sp-

3 binding element significantly reduced promoter activity, which was further

suppressed by the overexpression of MeCP2 and, however, this reduction in

activity was rescued by 5-aza-dC. These findings indicate that

hypermethylation of the IGFBP-3 promoter is one of the possible mechanisms by

which IGFBP-3 expression is silenced and MeCP2, with recruitment of HDAC, may

play a role in silencing of IGFBP-3 expression. Considering critical biologic

activities of IGFBP-3 on cell growth and apoptosis, demethylation agents,

which recovered repressed IGFBP-3 expression, could be used as a new

therapeutic modality in NSCLC.
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