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Background : Insulin-like growth factor (IGF)-binding protein-3 (IGFBP-3) inhibits the proliferation of
non-small cell lung cancer (NSCLC) cells by inducing apoptosis.

Methods : In this study, we investigated whether hypermethylation of IGFBP-3 promoter play an
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5'-aza-dC, 5'-aza—2'-deoxycytidine; ChIP assay, chromatin immunoprecipitation assay; ECL, enhanced
chemiluminescence; FCS, fetal calf serum; HDAC, histone deacetylase; IGF, insulin-like growth factor;
IGFBP-3, insulin-like growth factor binding protein—3; MBD, methyl CpG binding domain, MeCP2, methyl
CpG binding protein—2; MSP, methylation specific polymerase chain reaction; NSCLC, non—-small cell lung
cancer; PCR, polymerase chain reaction; SDS, sodium dodecyl sulfate.
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mmportant role in the loss of IGFBP-3 expression in NSCLC. We also studied the mechanisms that
mediate the silencing of IGFBP-3 expression in the cell lines which have hypermethylated IGFBP-3
promoter.

Results : The IGFBP-3 promoter has hypermethylation in 7 of 15 (46.7%) NSCLC cell lines and 16
(69.7%) of 23, 7 (77.8%) of 9, 4 (80%) of 5, 4 (66.7 %) of 6, and 6 (100%) of 6 tumor specimens from
patients with stage I, II, IITA, B, and IV NSCLC, respectively. The methylation status correlated with
the level of protein and mRNA in NSCLC cell lines. 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 binding element in the IGFBP-3 promoter, important for promoter activity, was methylated in the
NSCLC cell lines which have reduced IGFBP-3 expression 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 by
5'-aza-dC. In 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.
This reduction in activity was rescued by 5 -aza—-dC.

Conclusion : These findings indicate that hypermethylation of the IGFBP-3 promoter is one mechanism
by which IGFBP-3 expression is silenced and MeCP2, with recruitment of HDAC, may play a role in
silencing of IGFBP-3 expression. The frequency of this abnormality is also associated with advanced
stages among the patients with NSCLC, suggesting that IGFBP-3 plays an important role in lung
carcinogenesis/progression and that the promoter methylation status of IGFBP-3 may be a marker for
early molecular detection and/or for monitoring chemoprevention efforts. (Tuberculosis and Respiratory

Diseases 2004, 56:465-484)

Key words : Insulin-like growth factor (IGF), Insulin-like growth factor binding protein-3
(IGFBP-3), Methylation of CpG islands, Methyl CpG binding protein—2 (MeCP2),
Non-small cell lung cancer(NSCLC).
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transforming growth factor-3, retinoic acid, tu
mor necrosis factor-a, p53, anti-estrogens, flavo-
paclitaxel, Z#]al
histone deacetylase (HDAC) QA& trichostatin
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Cell Cultures and NSCLC specimens. NCI-
H1299, He661, H596, AS49, H460, H441, H358,
H322, H1944, H292, H226B, SK-MES-1, Calu-6,
Calu-1, HI57 & Ar&o] Hl&AMEA He AxsF
+ American Type Tissue Collection (Manassas,
VAL 2HE FY3Th o]E2 10% fetal calf
serum (FCS) (Life Technologies, Inc., Gaither-
sburg, MD)o] 7}d RPMI-1640 mediumS AH&
sto] wjstich 63 wlo] Ay HlAAEA H S
222 wl= "@AbaF9] MD. Anderson Cancer
Centeroll A 1975355 1998 7hA4] A vl AA
X Ao R e AAE AW s %
o7 FAHY e 27 2o rKFE T2
FEH B2E o] &siith ol T 23¥2 171, 9
He 2 < MB7I%em, v
2l 6% IVZIGith 1479 sAEe] gigh B7)=
Se1e 4 gtk tjxwo s HAAEA HY

il b Al x4 (n=14), 117 ALAE
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of Felsti UNY ALARTE 7)HA EHE
A2 71#A AIAE0n=10)2] DNAE A}-&3t
oh 2 ARl ARgE g wlAMEA Ho =
2o ARg B At alld 7]#e] Surveil- lance
Committee °ll4 AAF 5 8]74E whokth

Western Blot and Northern Blot Analysis.
IGFBP-3¢] ©@#e] 7hx& 913 30 pgel @&
sodium dodecyl sulfate (SDS)-polyacrylamide gel
ol A 7] dE T8t Polyvinylidene diflu-
oride membrane(Bio-Rad Laboratories, Inc., Her-
cules, CA) 2.2 E35 e £71 F 5% BA|{
£ ¥3skal glE TBS-T (Tris-buffered saline-
Tween (20 mM Tris-HCl, pH 76; 150 mM
NaCl; 0.1% Tween-20)) & ©v]5o] Wkg-& zcts}
ATl MembraneE< goat polyclonal anti-IGFBP-
3 (DSL, Webster, TX) & 4T oA 16A17F F¢t
incubationd U3 horseradish peroxidase-con-
jugation® 2%} & (Santa Cruz Biotechcnology,
Santacruz, CA)& 294 1A]17F &<t incubation
a9k WY WhE @S enhanced chemilumi-
nescence (ECL) kit®} Hyperfilm ECL (Amer
sham Pharmacia Biotech Inc., Piscataway, NJ)=
o]-g3te ABISTE RNA® EEl&= Al A
A% AXE 1X PBSE 2xd Ad 3 4 M
guanidinium isothiocyanateZ Z7}sle] &A1 7)
5 B 4ol 7l 9= o2 RNAE +d3)
A 20 pgel RNAES A7) 9% & F Zeta
Probe membrane (Bio-Rad Laboratories) %1 T}
%, [a-"P] dCTPZ EA¥ IGFBP-3 E+ glyce
raldehyde-3-phosphate dehydrogenase (GAPDH)
°] ¢cDNA & st gl wgg&dat A A e
a9tk ©32 Prime-It” 11 Random Primer Kit
(Stratagene, La Jolla, CA)S o|&3&}o] FA3
MicroSpin'™  $-300 HR Columns (Amersham
Pharmacia Biotech Inc)& o]&3t AAlatth
Membrane- 23] #1% % Hyperfilm ECLE ©]-&

ato] A sk
Plasmid Preparation and In Vitro DNA Me-
thylation. 1.9-kb IGFBP-3 promoter”’} luciferase
reporter vectord ¥U&F<Q pGL2-basic (Promega
Corp., Madison, WDl 4+¢l®l pGL2-IGFBP-3 %
olo] 2} WMF(deletion mutant)?l pGL2-A1600,
~Al675, ~A1708, ~Al1755, 2 -A1795+ Oregon
Health Sciences University (Portland, OR)¢] 2.
W apREE AT LY olge] 44 qis
W pGL2-A1600 + 1070¢] p53 consensus A%+
ek 270 AP-2 consensus A% F-9& ¥33)
Ao, pGL2-A1675% 5719 p53 consensus 2
299} slite] AP-2 consensus 2% F9E 714
a9k o] F AP-2 ZF F-9+= pGL2-A17084
A BT AHAEe] lom, pGL2-Al75504=
Sp-1/Sp-3 A% 847k ApAlEe] glvh IGFBP-3
promoter®] 9714493 plasmidEe Fig. 1A %
4C9F 2t} MeCP2 (Accession No. AF153180)<]
AAE E3sh= cDNATE AR A4 3 2744
A A& cDNA library (Clontech, Palo Alto, CA)
25H g5 ALAE o8 PCRE F%a3ith
sense primer 5- GGGATCCATGGTAGCTGGGA-
TG-3, antisense primer 5-GGAATTCAGCT-
AACTCTCTC-3. s34 PCR 4t=2 TA clon
ing kit (Invitrogen, Carlsbad, CA)E o]&3}o]
pCR-II® plasmidel 4%}, T7 2 MISRAZAZ
7149E 918 H, EcoRI (Roche Molecular
Biochemicals, Basel, Switzerland) 2. % A tta}alA]
DNA polymerase I Klenow fragment (Roche
Molecular Biochemicals)© & blunt 2¢Hg THE0]
pCMX-mammalian expression vectorel] <13}
t}t. In vitro DNA methylation® pGL2-A1708
plasmidE& 5 mM S-adenosylmethionine (SAM,
New England Biolabs, Beverly, MA)S 3¥3}3l ut
Sl ol A (methylation) ®=+= ¥361A] &S

L oBo| A (unmethylation) SssI methylase(New
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plasmid DNA ¢} 30 ng® CMV-B gal control
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A

ggagcaggt g ccC&ygCGag tct CGagcetg caCtecececcCG aget Cgecce Cct get ca
AP2 AP2

gggCGaagca CCggcccCCc agcCQ gcct gCGcCGaccC Geeeccectcc caacccccac
Sp-1/ Sp-3
tcect gggCEC CCEtcCyg gCG gt cect g ggeccacccCG gettctatat aCGggeC&yC
Hhal TATA Hhal
GCCGccClyge CGcccagat g CGagcactge (Acc. No. M35878)
b+1

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

dmd JEITEIRHIEHI A ||||||||||

-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 binding 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.

England Biolab)2 A 2]g ¥ AAste] A9It) o] A7 Wl & luciferase assay kit (Promega)&
23t plasmid®] methylation %+ Hhal A3+ & o] &3} luciferase SAHEE ZHAT. 4%
Z(New England Biolabs)2 A2 9 H719% < 59 3]Ake] B-gal assay systemS ©]-&3k
st gl =45 CMV-B gal control vector®] X E==A
Luciferase Assay and (-Gal Assay. NCI-H1299 B A4
AEXES ¥8et HAAEY Hd HEFE A4 Bisulfite-PCR for Restriction Analysis and
well plated] 5x10" cells/well2 33k 5 70% Sequencing. Herman 5l 94311 71eH HWhyol wkal
confluencyoll E=93t91S = 200 ng® reporter DNAE 3157 WAzl 3 PCR £Z& A3shd
o

vector (GibcoBRL, Gaithersburg, MD)E serum- of AlE"E AErAe] MY yuciferase assay©ll Al

102 FCSe RPMI-1640 wiA|= wghsh 5 3l 48

Aee] A3kl A lipofectamine (GibcoBRL)
o] &3] transfections A&t 6 A7 H

sol¥ promoter AT F93 IS = B

o2 Mro e

7] e v 2l Sense primer 5-TC-

5-methylation® cytosine 213 4= 9t} PCR

o] Sp-1/Sp-3 A 84 HYolA Feon 1
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GGGTATATTTTGGTTTTTGTAG-3 % anti-
sense primer 5-AAACATATAAAATCCAAAC-
AAAAA-3. ] ¥+ Al Sssl methylase=A £+
3] methylation ¥ DNAZE positive control® A}-&
392 ™ anneling 2% 60°CE AFE3FTH 25
ul PCR 4t& % A& Hhal Ald S4%5 o] &3}
o] A3l 5 25% acrylamide geldld A7) 9%
T UV stelA gelation v 125 e
PCR AHE& &4 WkS §lo] 25% acrylamide gel
oA A7l @F ste] 271 &< ¥ QlAquick Gel
Extraction Kit (Qiagen, Valencia, CA) = o]&
e, AAstaA 971 Ads Fels ARgskith
Methylation-Specific PCR. 1A A&z d&
DNA?] 4% g5d ZE DNAE, AlEFolA o
2 7$ole 1 ug DNAS %9 salmon sperm
DNA (Life Technologies, Inc.)¢} &3
Herman 5°] 7]%3% 2 DNA 3}3F ¥HAS A
Aak ot zheFebd DNAE 2 M NaOHZ denar
ture 3 ¥ 10 mM hydroquinone®} 3 M sodium
bisulfite (Sigma, St. Louis, MO)E 2|} t}.
&Y Wizard SV Plus kit column (Promega) 2.
2 2 4Ag 5 3 M NaOHZ A @] sbar 3n)
3]9] 100% ethanol®} 1¥] F3¢] 10 M NHOAc
2 ALolA HAANZT FAHE DNAE 70%9]
ethanol= A= g 5 20 ul o FFT=E &A1
T oY APRAl 23S olEstd SE5k%
Methylation® DNAS FZ& A& Sense
5-CGAAGTACGGGTTTCGTAGTCG-3, ¥ An-
tisense 5-CGACCCGAACGCGCCGACC-3& A}
£33 1 Unmethylation® DNAS] ZZ& $jajA
+ Sense 5-TTGGTTGTTTAGGGTGAAGTAT-
GGGT-3 % antisense 5-CACCCAACCACAA-
TACTCACATC-3'5 AH&-st3ith. Bisulfite- PCR/
A g4 4 [CP ) 28] CP(AS)] 2 MSP
[M(S), M(AS), ), 283 UAS)]oll AFE-H A
uhA) 23-& Fig. 1B°ﬂ whob ook mf wkg-Alel =

DNAE H7F8tA] &2 negative control® HAHel
o] fET oA A& DNAE Sssl methylase # 2]
% hisulfite 38} M-S A&t positive control S
LA o HHS-E-2 ethidium bromide® 4%
2.5% agarose gelolA A7] 9% & A3tk
Electrophoretic Mobility-Shift Assay. ©}dj<}t
2] methylation ¥ JA LAY (W.T), oli-
gomer W 1709 CpG island”} methylation (P.M.),
= 3709 CpG island’} 25 methylation ¥ 9]
A+=(CM.) 3 %2 double-stranded 25-mer oligo-
nucleotide (Operon Technology Inc. Alameda,
CAE ol&atilon 1 d7MdS va3 2k
W.T.= 5~ TGCGCCGACCCGCCCCCCTCCCAA-
C-3 2 1 4™ FXE 71 oligomero]H,
PM. 2 CM.2 77 5- TGCGCCGACCC'GCC
CCCCTCCCAAC-3 9} 5- TGCMGCCYGACCCY-
GCCCCCCTCCCAAC-3 ¥ 1 4RA +A4E 7}
71 oligomerg A&-3tAtt o]k oligomer+ T4
polynucleotide kinase (Promega)E ©l&3te] [a
-PP] ATPZ Wb s mAsgih. 44w 3 o
W 22850 50 ng/ml poly [d(A-T)] (Roche
Molecular Biochemicals); 20 mM HEPES, (pH
76); 1 mM EDTA; 1 mM dithiothreitol; 0.2%
Tween-20°, 2 30 mM KCl & %38 20 ul9] uh
S Bloll A EAH oligomeret A oA 15
7 whgA T AA HESolE wild type Ee
mutant type Sp-1 consensus oligomer (Promega)
& F71eiath 4 whSEEL 05<TBE buffer
systeme ©]-&3sto] A7|GE 3 H gels X3t
o] Hyperfilm ECLel % %‘/‘1?4 A8 A T
Chromatin Immunoprecipitation Analysis. ChIP
A2 Chen 5°] 7l=d WS o] &3t At
At zrEked B AAFEA FHo ATE 2% FCS
23k RPMI-1640 oA 5'-aza-dC= 541t
Attt o] F AEEL 37°CAA 1027 for
maldehyde (1% final concentration)® &3+ H
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Fig. 2. Analysis of 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 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.

o Zalaa gAAE
(25 mM Tris, pH 81; 10 mM EDTA; 1% SDS)

ettt YT 7o MEZES anti-Sp-1
(Santa Cruz Biotechnology, Santa Cruz, CA),
anti-MeCP2, %=+ anti-HDAC (Upstate Biotech-
nology Inc. Charlottesville, VA) A2 Ag]shal
salmon sperm DNA/Protein A agarose slurry
(Upstate Biotechnology Inc.)®A]
gPatict TA Agtste] JdE DNAE LiCl
wash buffer ¢} Tris-EDTAZ A2 3 5 elution
buffer (1% SDS, 01 N NaHCO3)E F7}3te]
elutiong A&ttt Cross-links 20 mM NaCl
% 1% SDSE 2§ G0 e HAA7 H,
phenol/chloroform 5% % ethanol Ao Z
DNAE F&stiA vt 22 ALAE A3t
o %% % [a-"P] dCTPZ %A ¥ IGFBP-3
promoter® southern blottingS A|#3sle] HA13}
Atk (Sense: 5-CGTGAGCACGAGGAGCAGG-
TG-3: Antisense: 5-CAGGAGTGGGGGTTGGG

Egsa 9= 439

ECIEEERY

AG-3). A AEX Gl-DNA Z3A (2% of inr
munoprecipitated volume)< input<S $13+ con- trol

2 AFES3

2 o

IGFBP-3 expression in NSCLC cell lines. 8|2
A H LA EFAA IGFBP-3 28 HA=E& &
Zal7] 98 IGFBP-3 @At o-"P= A H
IGFBP-3 ©3& o]&3t9] Western 3 Northern
blot & Al&stsict. IGFBP-39] mRNAF NCI-
HI1299, H661, H441, H322, H226Br, 18] 1 Calu-6
AEFA = AFEHA gokon H226B, SK-
MES-1 ¥ H358 AT A& oFsA #aH ATt
HbH H596, AS49, H460, 1232 H1944 Al =0l A
v ZsA #EEodnk IGFBP-3 ©e) wd A
v AREE HAAEA HJY HEFIA mRNA
o ud Aol & dAslen o= IGFBP-3
TR Edo] HAPGAA 2EES AAbekE

Ao g AZHEHFig. 2A, B).

Expression of IGFBP-3 Reduced in NSCLC
cell lines and restored by 5'-aza-dC. 7+t A&
ol IGFBP-3 gene promotert] CpG islands<]
hypermethylation®] 2% om® o]= CpG is-
lands hypermethylation®] IGFBP-3 W& =4 7]

A F9 st 4 F ASE AAERE Aot
IGFBP-39] I&o] #AHA e HAAMEA F
ok Kﬂi—zri demethylating ¢FA121 5'-aza-dC #

2] & Northern blot& Ald)ate] IGFBP-3¢] 3
$del Wsts AFIALE 5-aza-dCE 1 UM E
I ol AR A Wi IGFBP-39] 2
o] BLElon ol CpG islands®] methy-
latione] IGFBP-3 #3d<& At A7 2
4 3= A7elti(Fig. 3A, B).

Sp-1/Sp-3 binding site as an important re-
gulatory element of IGFBP-3 promoter. IGFBP-

e e

— 471 —



— Y. S. Chang, et al —

- 01 1 5 (uM 5'-aza-dc)
A
T | |GFBP-3
— A —4— GAPDH
B - e | IGFBP-3
— ——— |4 GAPDH

Fig. 3. Effect of 5'-aza-dC on IGFBP-3 expression
was studied by Northern blot analysis in
H1299 NSCLC cells(A) and H226B(B) tre-
ated with 5'-aza-dC at concentrations of 0,
01, 1, and 5 upM for 5 days in RPMI-1640
medium supplemented with 2% FCS. The
expression of GAPDH was analyzed as a
control.

3 promoter®] SAEE A= T A} Q1A A
g 915 el f1stel pGL2-A1600, -Al675
-AL708, 2 -A1755 59 IGFBP-3 promoter?]
Aok WolE HI299, H460, H1944, H596, A49,
H292, ¥ Calu-6 A|¥59 transfection A1 F
43 N7t H luciferase @AEE A5 HI1299
9 H460 AIETo A pGL2-A1675 & ~ALT708%
transfection AlZ1 ¥ ZA3% luciferase S ==
pGL2-A1600& o]-&sto] 2 gt Hla Al 27
ub oFzE wigkt}h v pGL2-A1755% transfection
A 3 AL Iuciferase FAEE pGL2-A1600E
transfection AlA -2 FHET} 67~75% A= %
o™ o]= mRNA cap siteZ2FE -8 oA -119
bp Abelell YA = 247} IGFBP-3 promoter &
Arol Fod 935 gt A7 M (Fig.
4A), Walker S°] B 13 Sp-1/Sp-3 A% 84
(-98 to -102 relative to mRNA cap site) 7}

IGFBP-3 -4 @& Fash 9&s slal 9l

Detection of Hypermethylation of the IGFBP-3
Promoter in NSCLC Cell Lines. AAE2 WA
IGFBP-3 promoter W Sp-1/Sp-3 A% 24 F9
9] hypermethylations IGFBP-3¢] @& o] <]
o] & HI209& HIES v AMEA #HY AX
oA bisulfite-PCR % A& &4 Hehy bisu
Ifite-3}3} W4 DNA®] 97] M-S o]&sto] &
Maheleh HI209, H661, H441, H322, H26Br,
H226B, 2 Calu-6 A|2F9 o] v IGFBP-3
S Hols HANEA HY AENA bisuw
lfite-PCR ¥ Hhal& A3 &4 A2 mRNA
cap siteZFE -66 Z -16 ®AY cytosine®]
methylation ¥°] )& W] &%= 237 bp, 188 bp
T 78 bp 2719 27] ©]4F9] Adt bandsE .S
t} 188 bp % 78 bp 2719 bands9 7% mRNA
cap siteZHE -66 %L -16 WA cytosine®]

methylation ¥ 72 #&2 4 o™ 18 bp ¥
paval

L)

N

-

315 bp 2719 bands & Zt7F REH o7 Acty
AAY AdEA] e A

2 ol AlgH AXFE7} methylation ¥ unme-
thylation®¥l IGFBP-3 promoterE 7} A E7-0]
A AeE AAbeE Aotk 49 bpe
bandst= ##3}7] ojE sl o= duw 7o
#FE 7ol AL Ar]olr] Wi o® Azttt
(Fig. 5A). °]#3F #9929 methylation AHS &
3] Yt A7IME A4S HI299, Calu-6, L
23 H661 AEZFolA 2] bisulfite-PCR 4=
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Fig. 4. IGFBP-3 promoter activity in various NSCLC cell lines. A. HI299 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 -A1755 luciferase
reporter plasmids. B. H1944, H596, and A549 cells, which have unmethylated IGFBP-3
promoter, and HZ292 and Calu—6 cells, which have methylated IGFBP-3 promoter, were
transiently transfected with pGL2-basic, -Al1708, and -Al1755 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 (£SD.) values of six different wells relative to cells transfected with
pGL2-basic vector. The luciferase values were measured for at least three separate
experiments. C. Schematic diagram depicting the human IGFBP-3 promoter and pGL2-reporter
vector for luciferase assay. The approximate 1.9kb portion of the human IGFBP-3 promoter
includes a cluster of 11 p53 consensus binding sites and 5 consensus Yin and Yang-1 (YY1)
sites. It also has a sequence cluster approximately 100 bp 5" to a TATA box. This cluster
is comprised of a GC-rich/Sp-1 site and 2 consensus AP2 sites with the more 3 AP2 sites
overlapping a GA-box. Numbering of plasmid is followed to designation of Walker et al. A
Spl/3 binding element is located in IGFBP-3 promoter from position -98 to -87 relative to
mRNA cap site.
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Fig. 5. IGFBP-3 promoter is methylated in a subset of NSCLC cell line A, Bisulfite-PCR for Hhal

158bp 2719l PCR 4H=2 methylation 2 un-

restriction analysis of H1299 cells. When the methylated DNA was modified by bisulfite, two
Hhal 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 HI299 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 promoter methylation status in NSCLC cell lines.
U=PCR products using primer set specific for unmethylated promoter; M=PCR products using
primer set specific for hypermethylated promoter. SM=DNA size marker.
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Table. 1. Incidence of methylation of the IGFBP-3 promoter in NSCLC cell lines, primary
NSCLC specimens, and control samples

No. of methylated

Samples No samples(%)
Tumor tissues Stage 1 23 16 (69.5)
Stage I 9 7 (778)
Stage IMA 5 4 (80.0)
Stage MB 6 4 (66.7)
NSCLE Stage N 6 6 (100.0)
Unknown 14 10 (71.4)
Cell lines 15 7 (46.7)
Total NSCLC samples 77 54 (70.1)
Peripheral blood lymphocytes” 15 0 (0
Nonmalignant tissues Bronchial epithelial cells 10 0
Paraffin-embedded lung tissues 14 1(71)
Total nonmalignant samples 39 1 (2.6)
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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 HI1299 cells
by using wild-type(W.T.), partially methy-
lated(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 concen-
trations of unlabelled wild-type Sp-1 con-
sensus oligonucletides, whereas they were
not competed away with unlabelled mutant
(MT) Sp-1 consensus oligonucleotide.
B. Schematic showing wild type 25-mer
oligonucleotide from -108 to -84 of the
IGFBP-3 promoter containing the con-
sensus binding sequences for Sp-1/Sp-3.
Wild type and 5-methylated deoxy-cyto-
sine modified probes were used in gel shift
assays.
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MeCP2 | =

HDAC |~

Input

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 per-
formed to examine whether methylation
status and treatment with demethylating
agent 5'-aza-dC affected Sp-1, MeCP2, and
HDAC binding on the IGFBP-3 promoter
in H1299 NSCLC cells, which have methy-
lated IGFBP-3 promoter. Methylated pro-
moter containing the Sp-1/Sp-3 hinding
element did not recruit Sp-1, while MeCP2
and HDAC were recruited concurrently.
After 5 days of treatment with 1 uM of
5'-aza-dC in 2% of fetal calf serum, the
binding affinity of Sp-1 on the IGFBP-3
promoter was increased, whereas the
binding of MeCP2 and HDAC was signi-
ficantly decreased.
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Fig. 8. Expression level of MeCP2 in NSCLC cell lines and effect on in vitro methylated pGL2-A1708

luciferase reporter 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 MeCPZ2, compared to NSCLC cell lines that have hypermethylated
IGFBP-3 promoter. B. 1.4kb full-length MeCP2 c¢cDNA was cloned in mammalian expression
vector pCMX and transfected into the COS cell line. Note the strong expression of a 75kD
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 pg 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 24h 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 in those cells
co-transfected with pCMX-MeCP2. This suppression of luciferase activity was partially
restored by demethylating agent 5'-aza—dC in the methylated reporter gene plasmid. This
restoration partially interfered, however, with co-transfection with the MeCP2 expression
vector.
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