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MREBERE I BT A R 128 K 1292223 D
AT OEAEOTES L Apaf-1 DANEAL

SIRK R RS R FE RN B2 35 SRR e il 1
(IFVGREE @ B HhAESIRLE)
(EME 1 ITHEER)

& B W

FHFERIENE (glioblastoma) (238 Tid pS3BIETF D MR ER, LEKERTFZEE (epidermal growth factor receptor,
EGFR) M{ZT-HIE=, JBaK10FRHONT THEMNMSE (oss of heterozygosity, LOH) % & D4 L BETREVHE S
N, FRENOBRETRECHET2MEBERNTOT 77V — FTOEEFRE SN TH S, B, H2HEOEEICBNT
L7 HRF— 2 ADEELREITETFCTH 5 Apaf-l (apoptotic protease activating factor-1) D1EFI & Apaf1 A BT 5 fetaff
12q22-23LOH MG O TEMHE L BT 5 Z L ARE STV A, LA LARIBIENEIC 81T 5 §eta ik 12qLOH *° Apaf1 D EETUC
M 28GR, KNS CIRMERBIEREIC 5 1T 5§tk 12922-23L0H & Apaf-1l O BHOME £ R 5729, Apaftl#ix
FOfET 5 R E12q22-23LOHIZE LT 4 2 UH 7 5 4 MEF £V, —FH Apaf-l DREIFUTO W THIEE (reverse
transcription, RT)-PCRIES & URIEHAMLSEIEIC L OFFM L /2. & HICHRIBER B 2 RARNLBIETERE TH 5 po3
BIEFRY & EGFRIM{ET-HED T & Yt i 12q22-23L0H & o M#E #4R5 L7z, FATESRIZ L &S N BIFmE 33 fl
? 3 bRtk 12q22-23LOH (£ 1451 42%) EHEIZED HiL. ZD14FID ) b Apafl mRNADERFIZIF 69%),
S AL IT B W T Apab L IBHER G R R L7 0121250 86%) TH h, Hefk12q22-23L0H & Apafl mRNAH L U'EHO
BFSER LA R L7 (p<0.05, p<0.001). p563MIETFERITIIH (39%), EGFREZTHIEIZEH 24%) I2BDHON, W
FRFERME SN TVD L) IWEVICHELL VS (mutually exclusive) Tdh - 7o, Befifk12q22-23LOH &, ps3 B L U
EGFRBZTEE L OIS b I PRI D o 1A, p53, EGFREETREEIMELOEFLLEVLDOOHRT, #
B612922-23 DT LV ERAE S =98I 66 (67%) IZLOH 2@ 7. HiZ, ps3BETERH b idfEK12q22-
BLOHDWFRAEEHTH S O 33HIH23F] (70%) 1= o7, BlEE ) AiEMIFIEIC S W itttk 12q22-23LOH AR5 5
(42%) Th Y, HERHE SR TG psIREFRE L EGFREFETHIEIZL » THT o N2 BEBFEONRN 222007
4 TIEBE v, Befik12q2223L0H 2 BT AH BT 7 5 4 TOFENEDbNI. £ BB 12q22-23LOH 27 Apafl
DERBIIES LTWA I EASREN. B, MEBFEEICSVTE [p53-Apatl] 78 b — 2 ARBAHEL T2
PEASTREE S 7.

Key words chromosome 12¢22-23 LOH, apoptotic protease activating factor-1 (Apaf-1), p53, EGEFR,

glioblastoma

HIRIBHENE (glioblastoma) |& WHO RMIEHE BB SMENEIC
SEEND. ZORBECRET AL ) &MHITED T
HEETH ), MIPEEL LTIThbR B BEHREE S & LR
B L CRGWIREE 2R 402, EEOMRETE, MBS
IEDEELLERL I IEHOREZFEEEECES LTy
BIEMHBLTEY, tORENLRETFRELLT, EE
BIEFE LTHLNA EEREEFZEME (epidermal growth
factor receptor, EGFR) EEF0EiE<, HMEEAMRSLTH b—
ANZBET B p53BIEFDEEFHIFoND. FOMICH ﬁ‘ﬁ}iﬁ

Fru144 11 A 18 B &M, FHRISF1IAIARH

IEHIASEE (vetinoblastoma, Rb) SE{EFDRE, 1 7 VIKHF
4% F — 4a (cyclin dependent kinase 4a, CDK4a) B{ZF D%
&, MDM2 (murine double minute 2) E{ZFDIEIE, PTEN
(phosphatase and tensin homology) ETFOEH % L1 HE 2
NTHBEMWY R L FE0RETEEOMICY, REdk
En~FoBgetnEs (oss of heterozygosity, LOH) A%
HEsNTW2, RaE1EER Up), 10FEK (0p), 10%
£ 10q), 11%Ek (Llp), 17FEH (17p), 19FER (199,
2EER 229 LBV THEEICROONLY, PTHHR

Abbreviations : Apaf-1, apoptotic protease activating factor-1; EGFR, epidermal growth factor receptor; IFNG,
interferon gamma; IHC, immunohistochemistry; LOH, loss of heterozygosity; p1448pl4 alternative reading frame;
pl6MNK& p16 inhibitor of cyclin dependent kinase 4a; PFS, progression free survival; RT, reverse transcription; Rb,
retinoblastoma; SSCP, single strand conformation polymorphism; TBE, tris-borate EDTA
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Fig. 1. Schematic drawings of chromosome 12q. Positions of
the microsatellite markers used are located on both ends of
Apaf-1locus (bar).

bics

27 B TRMEMERIBIEME (secondary glioblastoma) 1R @4
T4 TIZBL, MERWREL LICRET 5 FEREMEmEIRERE
(primary glioblastoma) B FIZE T 5 & ) BiFEM IS
R, MBRBEEICENREEFTISVILFHALIE R T
Va3 ORIIG g | 2 A5 5 WIRIB IR OSSR T 53 #1E
FEH L EGFRBEFHIBIZEDKT TS 4 TOENILBF
BRBBENILIER EOZERBBATE—EORBIELATY
7;: [ 1217~ 19)'

Apaf-1 (apoptotic protease activating factor-1) £ 3 b2 > )
ThbEEhF b a—-LCR )T Ve L TRADRE
EH A)S—¥ (caspase) kiEMALT AT ¥ 7Y 5T THha,
Wl SHILE E CHAEBA TRESNA TR -2 AFHE
BB BIT A EERTFE LTI97EICME S h2®, Apaflit
Hetr 4R 12 FRME 1292223 WM L, 27027V 1R &
B FoSEHIEB AR, M, F, NG, B, GRiM, Ak
EEROH LD BHEHTRDHONL O (F1). T2, ps3xAd
B7HE =¥ ZEBICTBWTIE, p53 &) b THISHSE L
FEBRIETF & L THEEL TV AT HEEATRIE ST 5250
(B2). & BMOIEHFIZBV TIERtn 4 12q22-23L0H & Apaf-1
DEEFIEAEEICE L, 20 Apafl DB HRT 5 7R
b= AR OB & D IR R R v
FIMEN R ENTWBI R U L2 S REmic sy
% p53 & Apaf-l DEGEIZ DWW TIZIZE A LIS L TB S ¢,
¥ 7= Apaf-1 AT MO FEE S 5 etk 12 F i LOHICE L
TLDL T RMENFTEDLLNEDATH B0,

p14ARF sl MDM2 s p53 wuip-  Bax wa»-  Mitchondria
Bcl-2 el
-gpmm Caspase s | —ep—
Cell Death Aetivation Apaf-1 Cytochrome C
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Fig. 2.

Apaf1 mediated cell death pathway. Closed arrow indicates activating effect to the following target and closed bar indicates

inactivating effect. pl4 A%F, p14 alternative reading frame; MDM2, murine double minute 2; Bax, bcl-2-associated X protein; Bcl-2, B cell

lymphoma/leukemia-2; Apaf-1, apoptotic protease activating factor-1.

Table 1. Oligonucleotide primers used for the analysis

Gene Sense primer sequences Antisense primer sequences Product size (bp)
SHGC-17541 (D12S393) 5'-ATTAATGCCAGGACATTAAACG-3' 5'-CCTCACACAATGTTGTAAGGG-3' 249
AFMb293ye5 (D1251657) S'-TCCTAAAGATGGTGTGCAT-3' 5'-AAGTTCCAATGTTAGTGAACC-3' 150-160
p53 Exon Sa 5“TCAACTCTGTCTCCTTCCTC-3' 5-CTGTGACTGCTTGTAGATGG-3' 155
p53 Exon 5b 5-GTGGGTTGATTCCACACCCC-3' 5-AACCAGCCCTGTCGTCTCTC-3' 162
p53 Exon 6 5'-AGGCCTCTGATTCCTCACTG-3' 5'-AGAGACCCCAGTTGCAAACC-3' 168
p53 Exon7 5“GGCCTCATCTTGGGCCTGTG-3'  5-GAGGCTGGGGCACAGCAGGCCAGTG-3' 191
p53 Exon 8 5'-AATGGGACAGGTAGGACCTG-3' 5-ACCGCTTCTTGTCCTGCTTG-3' 225
EGFR 5'-AGCCATGCCCGCATTAGCTC-3" 5-AAAGGAATGCAACTTCCCAA-3' 110
IFNG 5'-GCAGAGCCAAATTGTCTCCT-3' 5-GGTCTCCACACTCTTTTGGA-3' 85
Apaf-1 (for RT-PCR) 5'-GATGGAACAGTGAAGGTATGG-3' 5'-CTCCAGATCTTTGCAGTCTTGTC-3' 149
Beta Actin 5-TCATGAGGTAGTCAGTCAGG-3' 5'-AGCCATGTACGTTGCTATCC-3' 182

EGFR, epidermal growth factor receptor; IFNG, interferon gamma; Apaf-1, apoptotic protease activating factor-1.



TREIBIFIE (2 8817 % Apaf-1: & (5T MO LOH

ABFFETIIARBIER BT 23K 12FRR (12922-23)
DLOB & Apaf-l DG 2 RHT B0 4 7095754 b=
—# =12 & 5 LOH AT %17\, Apaf-l mRNA D BH O,
B L Apafl EHDOHEBOREZ N EFNHIEE PCREE, B &
UM RER b2 % v TR L7z A CHEIBSFIE <
DY AR 12q22-23L0H & p53 RIZTFRE & OBHEME % EGFRE
EFREZSOTRIT L.

WERELVHE

1. #B#HEx

1986 £ & 2002 48 F T o S IR KL EEEEHR I IR 975 e I A s
BB & UMM TR U R S - 33 Bl O pAR IR 3EIE &
Wl L7, SIS A 98I WHO ORMIES S48 (2000) 2
o 7=%, BEAREIIAT ALLITIMEEFICTHE L, —130T
TR L RNASH It L 72, DNARHS & ORI LS
FAICIE, 4%3F KNV AT VTR FICTERFEERSTT 1
MENCE R AR
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I. $&512q22-23 () LOH &

1. DNADHIH

HBIEARD 5 ODNADOHM X, Neubauer 53, Hruza b ®
OF BT o, 4%/ 8T RNMAT LT FCHEER, /857
4B LAES4mOYF * HES:E L, EEHRESS
BOFECETFRTWET L2 LE. 1ERDL ) RED
HEED R A, REOUFERT A FTIR LDbEEM
ETICESMESZHNLT, SV ryERVTHA ST 71>
EiTofz. LiERETRE, 95% T 7 —b (FIXHE, K
) 2MmsA TEBEIE, BBETo8%, MERIFHELDS
P8 (P 34T, BR) 2fEM L, 10,000rpm, 54, 4To
BT MR 2T o7, EEER Tk, 998% T (R
FeAiE) MNZ, 10,000rpm, 240, 4ACTELSEL:. L
HEETRMICKRER, S0CTISMERERS L. 70T
+—+¥K (QIAGEN, Hilden, Germany) #/M%, 55T T3K/EIR
BRISTCLHMIRESET o5 +—FRKEZRIFS L.
#HEEDNA X, BEMIE200.1 & Y QlAamp DNA Blood Mini Kit

Table 2. Clinical, genetic and immunohistochemical findings in patients with glioblastoma

12q22-23 Apaf-1 EGFR p53 mutation
No. Age Gender Site Region 8393  S1657 RT-PCR IHC Amplification Exon Codon Nucleotidle Amino Acid
1 34 M L F - NI - + - -
2 78 M R orr NI - + + - Mut 6 218 CTG->GCG Val->Ala
3 52 M L F - NI + - - Mut  5a 137 CTG->CAG Leu->Gln
4 51 F R o - - + + Amp Mut  Sa 137 CTG->CAG Leu->Gln
5 8 F L BG NI NI + - - Mut 8 267 CGG->TGG Arg->Trp
6 25 M L ofT NI LOH NE - - -
7 57 M R F NI - + + Amp -
8 50 F L F - - NE + - -
9 34 M L P/T LOH NI + - - -
10 43 F L F LOH - - - Amp -
11 50 M R T/F - - + + - Mut Sa 151 CCC->TCC  Pro->Ser
12 51 F R T - - + + Amp -
13 66 M L T/F - - + + - -
14 74 M L F - - NE + Amp -
15 56 F R T - NI NE + - -
16 44 F R T/O NI LOH - + Amp -
17 76 F L P/O NI LOH + + - Mut 6 198 GGA->TGA Gln->stop
18 57 F L BG/T - LOH - - Amp -
19 69 F R T - - + + - Mut 8 273 CGT->CAT Arg->His
20 78 M L F/P - - + + - -
21 59 M L T - NI + + - Mut Sa 146 TGG->TGA  Trp->stop
22 24 F R T LOH - - - - Mut 8 274 GTT->GCC Val->Ala
23 43 M R F/P LOH - - - - Mut Sa 149 TCC->ACC  Ser->Thr
24 29 M L F/P - LOH - - Amp -
25 44 F L F LOH - + - - -
26 34 M L F - NI NE + - Mut 6 213 CGA->CGG Arg->Arg
27 46 F L T NI LOH - - - -
28 33 M L T - NI - - - Mut 7 249 AGG->AAG Arg->Lys
29 24 F L F LOH NI - - - Mut 7 248 CGG->CAG Arg->Gln
30 30 M R F NI LOH + - - -
31 32 F R F - NI - - - -
32 39 M L F - - + + - -
33 74 F L F/P LOH - - - - -

Apaf-1, apoptotic protease activating factor-1; IHC, immunohistochemistry; EGFR, epidermal growth factor receptor; M, male; F, female; L, left;
R, right; F, frontal lobe; O, occipital lobe; T, temporal lobe; P, parietal lobe; NI, not informative; LOH, loss of heterozygosity; NE, not examined;

Amp, ampification; Mut, mutation.
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(QIAGEN) % B\ THiH, F 3 FMmsicHm L EERE
EEARE L 0 fhd L7,

2. LOHEH

Hetn 51292223 D LOHIE <A 204754 rv—A—%H
WUBF LA, ERLAY A 2705774 bv—0—1
D128393 8 L IFD12S1657 C (¥ /v ¥ x J Y AV v 8y, dtif
), #hFNApafl @EFENT T A 7H (D12S393), &>
b oA 7 (D1251657) ICBEET A (DY, PCRICIHIES B &
TRMLHE & b il L7-DNABIED ) bEEF 1kl (9 10ng) §
o —EOREOFHER L L CHV: 2. KI5 pmol DE LA
FCy5ER TS5 4 <v—1tv b, 10X PCREIGHEE (Perkin-
Elmer Applied Biosystem Division) 1,1, A% 2004M D%
FAF YRR U FF ¥ (QATP, dCTP, dGTP, dTTP),
0.25 8470 Tag DNAKRY 27—+, 2.0mM O MgCly | i
HRFACTEE0LLICRE LA, e HVERRIEIEEE
GeneAmp PCR system 9700 (Applied Biosystems, Foster city,
USA) TPCR* 7o 7:. 95CC3REDEALEMM, £H5T3I0
B, T=—Ur760TCH0HR, BMERIET2CLOHOTO TS L
T304 4 7 ViTo2%, BBICT2CLSHOMEREZIT-
7=. PCRIG#:, MREH z KIELR (Tv—Yv4 77
VIYT NA4FTFo, BHR) KLTHERL, 4A—-bo—sx>
4 — (ALFred DNA sequencer, Pharmacia Biotech, Milwaukee,
USA) 12 TR L. ¥ — %2 A5 )i Long Ranger 50% Gel
Solution (FMC BioProducts, ZEifi#%, HH) iK% (Amersham
Pharmacia Biotech) # FHWTIERE L, # VI EIRIGHRME
(MultiTemp [, Pharmacia Biotech) 2T 27 COERIZ L 7=,
TBEBE I CIMWEEBETHkE L 72,

3. HE

LOH®# %I DNAZEE Y 7 b (Allelinks version 1.0,
Pharmacia Biotech) % F\:7z. &7 L)L ® DNAWH O kB R
BECHM T ERMEY - s HROEEE &4 ilE L, PCRIY
BEYEL L. BEOHDNAD2DMOT LIV PCRIZIERE
MEXNL N2L L, BEDNAOFNETL, T2& L&
7 L vik (allelic rate, AR = N1 X T2/N2 X T1) DEA0.75 ki
HBHVE1BEBLAHAELOHS ) LM L2089,

Il. ¥##%E (reverse transcription, RT) RT-PCR %

1. #RNADZEEB L U cDNAD &K

HAEREARD L ORRNAOHH, #HHd RNeasy Mini Kit
(QIAGEN) % Fiv:T{To7:. RT ! First strand cDNA synthesis
kit (Amersham) % F\>T{To7z. 60ng D#ERNA % $45 }; [,
FITANFFT - T4 L LTHEBEEREC
cDNAZ &R L 7=,

2. 774 —OfERB LUPCRRIE

Apaf-1 BEFOIEEENIZS /) 45— ¥ X—2Z (Genome

Apaf-1

Beta . o o

Actin

Data Base, Baltimore, USA) 8 & U'X#k2 S5 B L7 (ED2.
MEha >y ba—V& LTB T2 F > (beta actin, BA) BET#
Fvr7z. RT-PCRICIE cDNABED 141 (¥ 10ng) # —[E D Kk
DML LTHWA, RIERIZS pmol D7 F4v—2+y b,
10 X PCRE I #% %87 i (Perkin-Elmer Applied Biosystem
Division) 1x1, FERE200uMOEFF XL )RR LT
F (dATP, dCTP, dGTP, dTTP), 0.25HifL? Tag DNAKRY A
7=+, 2.5mM O MgCLIZHBEETKEH TR0 IZH
L7, % HERIEIELE GeneAmp PCR system 9700
(Applied Biosystems) TPCR%4T»7z. 95 C T34 Dz
%, BHIST30H, 7=—1)r755CT40%, MERET2T
OFOTOT T LTI2T A7 VTo 72k, RKiHIZT2TL05H
DHEERIGFITo72. F0#, PCRIIBEN % 2% 7 Ho—2
v (FIGHEEE) 12, IR~ —P— &L LTpUCMix (¥ <V x
JI AT xIY) J:iib:iﬂ(EﬁJJL'Cl%*‘/“'?A?‘D74 Rz TH
i) Ll&ﬁh REMEL
M

ﬁ%fﬁ%@ﬁFASH CREERE, W) TRRLALTAI—=A7 L
EFYINEGEE LTI AR, TyvFr by aasa—
= LT 7TY) vy KAL) 7 :NIH Image (NIH, USA,
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Fig.3. LOH analysis for two microsatellite markers.
Representative samples of case 27 (A) and case 29 (B)
showing LOH at D12S1657 and D12S393, respectively. Note
the data from blood (upper panel) and tumor (lower panel)
were obtained from the same patient. The horizontal axis
shows electrophoretic time (min). The vertical axis shows
fluorescent intensity (F) (%).
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Fig. 4. Differential RT-PCR analysis shows deletion or low expression of Apaf-1. Arrows (case 1, 10, 16, 18, 22, 23, 24, 27, 28, 29, 31, 33)

indicate the case with Apaf-1 inactivation. NB, normal brain
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http://rsb.info.nih.gov/nih-image/) % fl\» Tor#r L7-. JEHl&E
DHEZESE RT-PCREY & a0 > O — VEEY & D550
(Apaf-1/BA) =8I L, IEHM GRS (B 2 S5
B L TEDEAT30 %Ki D b D% mRNA DORFEH & )
% L f: 44)45).
V. ®EHfE
1. Apaf-llZx9 5 itk
ik k Apaf-1€/ 70—+ itk (5 v b I1gG2a, Silenus,
Australia) % v 7z,
2. SEAARGt
4% /87 RVLT VT STREER, X774 0L T
B 4ymOYFHFRL, ¥ F5>a—FLEAFA T TR
(Fa - TNy, HH) LIRS EL FvL Y
(FOEASE) % HWChis$5 74 >~ L, 0.1M PBS (pH 7.4) Tt
ik, 0.3 % WERILAREARD A & 7 — b THLEL L R~V
FUY—EREIG S RN E RV TO0.0IM 7 = B R
i (pH 6.0) 112120 C T 25 - MlR#% < &, PUEMEOMIEIL % 1T
272, 0.IM PBS (pH 7.4) Tk L%, FE4FEM ISR 72
S7ayFrSHEMEE RS S 72, Bk b Apaf-1Hifk % Hifk
AU #EME i (DAKO, Glostrup, Denmark) T 1004512778 L,
FMT UL S 72, A F V@RI T v b IgG & S &
®hth, TEYY - EFF v - R+ FL¥—EHEHLK
(Vecstain ABC kit, Vector Laboratories) % J\>, ##120.02%
WEEALAREMY 7 3/ XY F Y 2 (3-3-diaminobenzidine)
(Sigma, St. Louis, USA) |2 THt%E T-7:. Bta v bo—
e LTERBEH, £B%ar bo—vid—kiufkxik
Wbk L7,
3. SRIEMER Gt O RRA
SIEMAAEA IO W ClEB ML B & & € 200 15 O SEAE AL EF 3
fEPTIZ BV TERZ 11001 O ML o o B e E % e L,
Z DY & HETEN L7z, BtEEAT20 % LI E, 20 % A i
DIFERZ ZNENHE, BELE®kL 7.
V. —A§EDNASKIEEZE (single strand conformation
polymorphism, SSCP)-PCR%, BEiEY -7 I &
IC& B ps3 B FREDENS LS UFRBNPCRAIC K
% EGFR &1z THERO&H
1. 4% SSCP-PCR
PSS BT DERBITIERDENT L7 ) v 5~8 %
L7219, Cy512 & % #GHE# 75 1 ~ — OVEHid Amersham
Pharmacia Biotech (ZZ56 L 72 (£1). PCRIZIZHhH L 72 DNA
BHD ) B 1pl 10 Z—RIORKIBOHFR L L THW .
SUBHE1E5 pmol D7 I 4 <—1+ v k, 10 X PCR SUGFE1E ik
(Perkin-Elmer Applied Biosystem Division) 1p1, f#%igE
200 MDETHF L )KRX 7 LAF K (dATP, dCTP, dGTP,
dTTP), 0.25 5470 Tag DNAK') 27—+, 1.5mM ® MgCl,
WK ZAE K VW TER 10 ISHE L 72, 2 h e HEEIE
%1% GeneAmp PCR system 9700 (Applied Biosystems) T PCR %
f1o72. 95CT3NHOMENR, &7 74 ~— LA
INTOT T AR, RZIZT2TC105 B o MERIE % 17 -
7-. PCRICIG &, ¥UE W % K45 1k (Amersham
Pharmacia Biotech) (2 CAM L, 95C55 M OBEM %17 72,
B PEROKKIC TEEGH L, +— ¥ —2 T 4% — (ALFred
DNA sequencer, Pharmacia Biotech) | Cfg#r L7z, ¥ — 27 T
AT NVIE, 2%NN-AFLYEATZYNLT I FEWR

(Amersham Pharmacia Biotech) ¥ 40% 7 7 1) )V 7 3 FIEF#
i (Amersham Pharmacia Biotech) Z ll\ " TE X7 2 1)L 7 3
FETZULT IFDOWA13F99DE8~14%K) 77 )L T
INREARISVEER L. FAURIGEBERE SR
(MultiTemp II) {2T27 CO®ERIZ L7, TBE#&E i 2 T40W
TEBILCikE) L 72,

2. PCREIEY — 7 T 0 AP & I O e

# SSCP-PCRE TH 72 % ik By E % 7% L 72EBI 2% L T,
PCRIEH Y — 7 L A L BRI OPE 47 o7, F o
7 )14 Big Dye Terminator Cycle Sequensing FS Ready Reaction
Kit (Applied Biosystems) # W\ Ci#i% L, 3100 Genetic
Analyzer (Applied Biosystem) (2 Cl#r L7z, ¥ — 27 2 275
A~ —IZIZPCREIEM 77 4 v — %A L, #1385 7%
TIAv—REERFELLPCREGHEEHH LA, v~z

| L ane . , ey e &

Fig.5. Representative cases of immunoreactivity

Apaf-1 antibody. (A) Immunoreactivity is restricted to the

cytosol of the tumor cells (case 13). (B) Immunoreactivity is

not seen (case 6). (C) positive control (colon). The scale bars
at the bottom indicate 20 . m.
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Y ARIEIZ95 C T H B osEEE, BHEBSTIN, 7=—
) F50C5%, MERETCTAFO IO T LT2Y47
MTol:.
3. FFRIEIPCREE
FBIEY PCRIEIC & 5 EGFRE{EZFHIBOM I 1E Waha 5 712
o7z, Az ba—Mid4 ¥ ¥ —7=x0 ¥y (interferon
gamma, IFNG) # v/, 8754 <—+y MIt¥ 2774
T—DAEEEETERL, 7oFEr A7 4 v —3IER
& L7z (321). PCRIZIZHH L= DNABHED I B 1.1 (57 10ng)
P—EORICOERE LTHW. BUBHEIL5 pmol DENERE
FOERBECHERTTA~—L, 10 pmol DAF I > F 1
—VEEFOTIAT—D2+ky b+, 10X PCREIEHEH K
(Perkin-Elmer Applied Biosystem Division) 1x1, H#&i&E
200 MDETHFLURX 7 LAF F (dATP, dCTP, dGTP,
dTTP), 02587 Tag DNAKR) 25—+, 1.5mM D MgCl;
WHEEGAERVTER 10, LICAR L2 Th & ZEHIR
% & GeneAmp PCR system 9700 (Applied Biosystems) T PCR %
Tof. 95CTIHEOEE MR, BHEISTINOH, 7=—1
> 7 58C58, MERIRT2TLOHDTT T T AT264 42
WAT o 72, BBICT2CIOSBOMEREZT 7. PCRK
[of%, HEIEREW % KIEZIET (Amersham Pharmacia Biotech)
THFRL, #— F>—2 x4 — (ALFred DNA sequencer,
Pharmacia Biotech, Milwaukee, USA) (T L7z. > —7%
I A4 it Long Ranger 50%Gel Solution (FMC BioProducts,
Eifizk, ®X), RZE (Amersham Pharmacia Biotech) % T
fER L, Y VIKIZEREREE MultiTemp I, Pharmacia
Biotech) (2 T27 COERIZ L7z, TBERHE I THWEEL
TikBI L7z, EGFREIZFHIEDOHZEIXIDNAEE Y 7 b
(Allelinks version 1.0, Pharmacia Biotech) # Fi\>7z. EGFR#&
{ZF B LU IFNGE{ZT O DNAWT A O kB BEEE\CF Y ¥ 5 88

&

HMEY - 7EBOEEES4HEL, PCRIBIEEYE L L7,
feE AL DNAS6 Bl % 3+ BB & L T EGFRE&{EF & IFNG#1%
FoH (EGFR/ IFNG) OFHE (x=1.015) B X (E#EF=
(SD=0.115) # K, x+3SDLL L% BIETFHIEDH H & HIMF L 7=

V. MEEtEEavRad

REFERMREE, LOHBELIELOHEEICAT, Fh2hico
RS RES L PRT-PCROFEROILEHRF 2T o 72, 2
TR o L iz 1 Fisher R EEORE LTV, 5% kifi%
HE#EHY L L7z, EGFREGTHIBOHE, p53:8zFRE
DEEIZOVT S RO LLEIRE 21T - 7-.
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32 I EB OB 51K 12q22-23LOH f#4T, Apaf-1 mRNA D53,
RIEMRLE, pSIRIZT-RY, EGFRBIZETHMIBOREER
1.

1. LOH&4F

S 33 FEFNIINT L et fl 12q22-23 1281 52200 4 7 047
F4 b=—H— (D125393 3 & UFD12S1657) (22 TEHEN
TR ITF o 72, T L VEHRIZ66HED ) & 46 FE (46/66, 70%)
THELN, PhLdEEL012ICLOHERED- LD
1481 (14/33, 42%) TH -7 (U3). 4P 0OFIYERIT 4245
ThHY, FOHEEDAIL12q22-23L0H D 4 W 1961 (EHER
S5L1RE) &b L CTHE4ENEMZ o /2 (p=0.169) (382, $£34).

1. Apaf-1 mRNA DI

I BEAR D RAEIRAE & ) mRNA %5l T & 72 b 01 2850
THY, Fh6I23 L TRT-PCR%1T» 7. Apaf-l mRNADIE
R HE LB 126 (12/28, 43%) Th o7 (M4).
412q22-23LOH % E.H 72 141D 5 5 RT-PCR# 4T - 72 b DI
13FTHN, D5 L mRNADEREL & HE EN-H1L9H
(9/13, 69%) TH 7=,

A B
ol p53exon Sa 146 TGG—TGA
v
CTGTGNGTTG?
Blood 60
g oL
T 100
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0 .
%0 360
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Fig.6. &) Regresentative case carrying p53 mutation (case 21). Fluorescence-based single strand conformation polymorphism both from
the same patient shov.m a dlfferenjc mobility shift in exon 5a in the tumor as compared with blood. The horizontal axis shows
electrophoretic time (min). The vertical axis shows fluorescent intensity (FT) (%). (B) The sequence analysis of the tumor DNA reveals a

one-base substitution from G to A.
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Table 3. Chromosome 12q22-23 LOH and Apaf-1 expression in glioblastomas
Apaf-1 mRNA** Apaf-1 protein*¥*

12q22-23 Average age* RT-PRC(-) RT-PRC(+) THC(-) IHC(+)

LOH(+) 42.361+16.97 9 4 12 2

LOH(-) 51.11%18.14 3 12 4 15
LOH, loss of heterozygosity; Apaf-1, apoptotic protease activating factor -1;JHC, immunohistochemistry.

*p=0.169, **p<0.05, ***p<0.01.
Table 4. Chromosome 12922-23 LOH,p53 and EGFR analysis in glioblastomas

p53* EGFR**

12q22-23 Mut Wt Amp Not amp
LOH(+) 4 10 4 10
LOH(-) 9 10 4 15

LOH, loss of heterozygosity; EGFR, epidermal growth factor receptor; Mut, mutation; Wt, wild type; Amp, amplification.

*p=0.310, **p=0.695.

IFNG EGFR
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Fig. 7. Differential PCR-analysis for EGFR/IFNG genes.

Representative case from a glioblastoma carrying EGFR
amplification (case 7, lower panel). The horizontal axis shows
electrophoretic time (min). The vertical axis shows
fluorescent intensity (FI) (%). IFNG, interferon gamma;
EGFR, epidermal growth factor receptor.

If. Apaf-1 ERNDHHE

33 EFNCH LAREMMBLE 2T o7, BEREEELL
BUE 1760 (17/33, 52%) ThY, BERLETELLATED
+ Apafl BHOESI & HIE L-FlIZ 1661 (16/33, 48%) TH
o7 BRI EE M OMBE B sk (H5). LOH
RO UG0S bREMBILE I TRERDZE L6l
1240 (12/14, 86%) TH - 7-.

V. ps3RIEFERENBRH

£33 FEBI X LH L SSCP-PCRIEF 1T o 7. pS3 MIZTFESE
ZERD-BIIL 136 (13/33, 39%) THo7:. EEBME T
V5, 6, 7, 8lzoWTERENSH, 361, 261, 3HTHN,
IHHEDIFIIZOVTIREREY —7 2y AKICL ) RIETFE
BEMERL: (X6).

V. EGFR:&{=Fi8IEDRH

£ 33EFNHS LA BB PCRIEZ 1T o /2. EGFRIBIZT IR

RO -BUL8H (8/33, 24%) THho 1 (H7).

V. #EStpaisR

Yt {5 12¢22-23L.0H & Apaf-1 mRNA & X UFApaf-1 & H O &%
BFIIWMELIAE 2 HBERERO L (£ Ehp<0.05,
p<0.001) (#3B,C). p53MIETRE, EGFREETHIEIIIZIT
EWIHAEN R VEE (mutually exclusive) T - 72 (p=0.053).
12q22-23LOH & p53#IET B HE, EGFRBEFHREE I3V
NLEBERTRD L P o - (FN ¥ p=0.310, p=0.695)
(3844, B, C).

# &=

DO TEWFEGRETCL O REFEREORETER
SV TLoPOT T4 TICHETELI LHhhoT
7, RTOREBMLET T I A THPSSBRIZTREEHTHD
EGFREETHIR*F Ll L, 53 RIETFREEE SRV
MEGFRBETHIE*ETIHTH L. ThENMERFED
F1/3ITHYT 29, e T s [ FIRERRIICS Bk
AHEEAL, WHERMICEERCEL, FEREMLC
L OHRBER L ko BEIZE W, FLEBEIRICATE L
HRE#HEIcSd, BERL)MRBFEECH - BH IS
VNI iR R T BT, FOMORERNLEEZTR
HOH 2L ple™NKk4a (p16 inhibitor of cyclin dependent kinase
4a)/p144%F (pl4 alternative reading frame) B{RTOHAERY K%
P ROBEFORED & I 2 p53 BIZT-RE ° EGFR RIZ TR
LSS OMEMBAEE 0L OFRE IR TSR WPTR, 5
b HBIEEMEITICES CHEBFEEOSEE, ThENE
EYBMETF Ay M7~ OEYENHEEL R L, BRI
BMOCHBALEEE Y IbeELXLNE. 4EFEA 1L, pb3
BEROTRICMETAT R~ AOFEERTF Apaf-1127EH
L, #OB/EFETHDH01MHK12q2223 D FE (LOH) Ltk
DFTIA4TEDEEEERE T2 L b, WREBFECS
172 Apafl DI %E mRNAB L U EB LRV TR L 7.

MBI BT 2 Ra k2B RO LOHICE Y 2 MEd
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47 <, von Deimling 5 DR V/zv4 704754 bv—%h—
CXZLOHOEREIIS ~6% EBEETHLY. LrLidok
We TRV 7z Apaf- 1 B {E TR 5T 2 #k12q2223 D7 4
TaFFIA v —H— L BB CIILOH DIEEN42% &
ERIIBH LN, $eBmiR12q22-23L0H 2 EIBIEIE < & 2 1
DEFIISCTERNLBEETFRETH L LI DPETHETS
B, TREHEIE L EE, RERMICHEERREEZ NS
EBEOENEEEBII BV TIERICHESHT2¥, #tk
RESNTWAREEI2QLOHOEE (5~6%) LDHEICD
WTiE, ZOHBFOLOEPBOCRELALOTH ) Rk
REERSEICRESEY /) A74 FhbOTRBEWVZDD, 5
Wi, BAORWAELETI /- TERSNEIYE Y
=TI IR T A HEFRERD L DL BENRL L
EEhHBELTELONS., EBYESEAEIIBWTIE
Yeta {5 12q22-23L0H % 7R3 P13 B 3B EFEE D Apaf-1 B 1{5
FO A FMALIZ & B Apafl ORGELZ > TV B, R4 0
EBEFEN VY —ZXIIBWTH B 12q2223L0H AT 551

& Apaf-l DmRNA B L CEHOBREFIIAE L HBEBELTRL
7o, BEBFEICBWTOHILRETO 2 F LI L ) Apafl
PRFLENBEDE ) MCE L TRBERE S THE. 3360
FHEIREED 2 ) — 2BV Tt 12922 23LOH % &
#17 H T 34142 Apaf-1 mRNA DRI, 40112 Apafl H[H DI
BEEEDL. IRLOFIIBVWTIR 22D ERIZETF O
DAFMLEEDIAT L DO Y = 7 F 4 v ¥ L5
S LTy aTWiErEL b, £, ffafk12q22-
23LOH 2 R0 7 146D 5 & 1510 A Apaf-1 mRNA, HHE b
IERBLHMCE LD ok, REICBW CIEILRETFED
Apafl D XA FIUALBRN TV BTSN DH V), F AP T
A L7-mRNA, EEZEROFMIEH T CHMWEMTHS 2
EREFERELTELON.

MEBFEII B 5 RBOLINEREF TH 5 plehkae
PI4ARF Y N & DBIZTFRE FFIIREK) &2 FM LI L 25
BFHHBHBIHE SN TuE™, Apafl 24O T, ko
5 DBEEOEEFIVEERRICB W TEEE ICRIETFORED
EREXFMLERBICE TS OB L 2 TEL VA, CpG
T 47 F (CpGerich island) 2 & T 5 #ETFD A FVLRE
&, BEFORTELL OBICIEEEL B HE ST
5. TabHMEEFEEOREBRIZE T Apafl O RIE
FEECHENERD A F VLT EVEETORREMAEH
ah, RBERLOBENER (12q22-23L0H) #SHHE XN
BEESEZ 5N B9,

Fx DOBHIOWHRBIFED ) —XI2BWTII, ps3-IETF
EEPB L UEGFREGETHIBRFOTWE L b Apatl OFRE %
9 Bt {h12q2223L0H L 3 E ELEBEMGE L RO R h o 7.
LnLGH D, ps3BIZFRE B LV EGFREEFHIEOTME
EDEDRVR2HIIBNTIE, 7TLLIEHRIEON-9flHme
Bl (66.7%) = %eta{k12q22-23L0H 5 & UF Apaf-1 DAIE(L AT
HoNTz., ThbLHBBFECBIA0 L2097 4T
LTps3BIETFRE L EGFREETFHIEE A L& v'A%, Apafl
OFRTELE M) Refath12q22-23LOH 2 H T 5 7V — 7 OIFED
RSN £z, #EE120228L0HEET AV —TOFE
BEERIL424BTH ), LOHZE S L WI Vv — TOEHER
511 & 0 b HEEDEAMER L (p=0.169). ZORER L p53 1k
EFEELTETHLDREEZIIZ NI 13 = s

i

BIZEZ B E, HFICEEEOHBEBIEEO T p5BETR
BEEHT SO L Apaf-l DGR &L J@ M 12q2223L0H %
ETHLDD200 7 NV—THHEETLI LI EDRE. L
L’w’t%ﬁﬁimﬁ EE b o TRTEDIZRENE LD

FEHOERPLETHE. T, HL4DBFPDN L) — X Drh
L@,M%M%ﬁibﬁ%m RUEMIRBIEE L E X S50
PHEE L. IS OFIIHEROREE ) FHRIZp53BETFER
%KL, EGFREFGZTFHIREEbLhr o7, % f:::}t'réffmﬁ
TB3ENE 6614~ Tz Heta ik 12922-23LOH # 820 7=, ek,
HHRBFIEILEEFIIES VL V) 2 EDHRIH ) P00
$M%T@%ﬁﬁﬁﬂ%ﬂDH#%$%ygﬁcﬁtwvb&
HZDRNICEEEZRIZLZbDEEZ LN,

TR b= AR OWSEEMERER L S04 RIEBO%
HIZHETA2EERRTO—~DTH 23000 [p14areps3.
Apaf-l] EBENTETHE M=V RAIZBWT, pl4A, p53NFR
i1k & FI4%IC Apaf-l DG A NERF B G- 5 & & 258Ris
SN T 3 300 i 3R IE M AR T, Apaflis L U
ANR=EIDT 7T 7 A NVAERWIBEEANCLY, BEMN
o7 R N — S A FET LI ENREIN TS, LB
FFEIRIENE T 0 Apaf-1 DBYHE 2 BT B HAE 13D 7 O, prgans,
PESIETE & b IARIBIEITIZ BV CERICHED bR B RET
BEDS =4y N TH) VD0 F 2 p gk AR R &
PEIMIZTRFIEEVICHAN VRIS 2050 oy
PI4ARF/p 164 0 A [ f) % 52 \d EGFR &ML & 3642 L THo
THREREEOREIIEETE I b o TELS, ho,
EGFRBAGTFHING % A 3 5 b D13 pI14ARF/p 16Vk4a ) HH [F]f /1 26
FEHEICNES LSS THWEY, Fhbh, WRIRIENE
KBTI ps3#ETFRETET L7V — T L EGFREETH
BEETDZIN—F, S5ILFSEFKLDPERLZREE
12922-23L0H % % L Apaf-l DRIFE\L 2 R 7V — T AT S
&, BEAEDBNZEBWT [pl4ARFip53-Apafl| O 7K+ —
ARBEONTNUPICEREEHFTALZ LA Ebh D, KBEICE
Wb Betaff 12q22-23L0H, p53BETFRE, OVFnir il
W 7= fERIIE 33 B 2361 (69.7%) LEHETHY, inEam
BIZTFHIEE &0 5 & 336206 (87.9%) LD THET
Hol:.

DL & 0 mifRIBSENE 1o BV CHEEHRICHE®D 5N B Apafl DA
L& BHECRRE L T v 5 Jefa K 12q22-23LOH O RHET-RE 1
WEROBIET-REOF TNV —TIZRBEES, T Apafl OFR
L7 R b — o A EBOMHEE N L CHIRIBSEMORED B
WIEAICHES T AEERRT OV EDTH L LEZ LN

P53 BIZT-RE R EGFRBIET RS &0 BETFREISESR
FRIZED L REE % RITT LDV TIIRE—EO R
BoONTELTINO SRR BT B ERCERRE
BFI—h—ZBEBATREEL V. Z0HaK12q22-
23LOH 2% & O BETF < — 7 — OBEE Rl hizonT
AR (overall survival) 3 & UEFZEIHM (progression free
survival, PFS) #% Kaplan-Meier &= fF i # % Fl v CHET L7 (77—
FIITRLT W), Befafi12q2223L0H & L { 1dp53BIETF
BEOS L LHEL L% S DI I — 7 Tld PFS AT MEIH
13388 72 (Wilcoxon #R%E, p=0.183) = & £ 1, p533 & UFApaf
LN 57 R b— ¥ ZARBAFRIEFIE O HEETECES
LTWwATiEEEETE L. HERBFEOFRIIHT 25
BrB—DEETREOAIRODLI LI, EFITLICRELS
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BB, BEBRRCOEEOKE 2R, FH & EHICHEY
BHERMD LY, BT TELVWERLEZHE I N A0
WEEZONE. LA LAEYWELASHREhHIEEY R EETFE
B EPERENEEITE, Z0LI X L0OHNFECLYE
LABEDRYECRETFT—A =405 50d Lk,
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TR ZENT 33 5112 B 1T B Ye (i 1222-23LOH, Apafl mRNA
B LU Apafl BEEDORE, p53RIETFEY, EGFREETHIE
# ZFNZNLOH AT, RT-PCR, SyEHliiibasiE, #5ESSCP-
PCRi#:, HEH#Y —27 v R, FRRIMPCRE:, %AV THRE
L, NTofimE R,

1. MRBIHFEGIC S W THABME12922-23 D LOH 2 #140%
(14/33) BB ICEE . O LOH 4R IC & W Em % R
L7

2. Hefafk 12q22-23 ? LOH (& Apaf-1 ® mRNA % X UFApaf-1
BHOKRE, v LERBIZES LTWS I EARE NI,

3. MEBEEIC BT A2 0NEELBEFRETH S 53
WETFRYE & EGFRMZTHIRIZ 2 W TR E W ISH AL W
BTHorlr. Feth12¢22-23LOH i ps3 MIEFREB L O
EGFRBIETHIMOWTILOREL SHMPEL Ld o7z, MRE
FEWEOHTp53, EGFR VTN OMET N b F & ¥4tk
12q22-28LOH 2 BT A4 7% 4 7OEIEARB S iz,

4. Hefik12q22-23 D LOH & 7213 p83lE TR E DA% <
L EL L= ORYEEED BEFRIEHT0% 20 B A
KERG OB IENE TIZ Apafl B L UpS3 2 AT A7 R M-
AEBOVT AT & 0 ATTREMAT W2 £ A% 2 b,
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Abstract

Glioblastoma (GB), a deadly intracranial neoplasm, can be divided into a few genetic subsets based both on structural
alteration of specific genes, including p53 and EGFR, and on chromosomal instability such as loss of heterozygosity (LOH).
Although the LOHs on several chromosomes, such as 1p, 10p, 10q, 11p, 19q and 22q occur frequently, details of the 12q state
are still unknown. Apoptotic protease activating factor-1 (Apaf-1), located at chromosome 12g22-23, is a major effector of
the p53 mediated apoptosis pathway, and Apaf-1 inactivation due to both chromosorme 12q22-23 LOH and hypermethylation
would be involved in some neoplasms in their malignancy. However, little is known about the frequency of 12q22-23 LLOH
and the state of Apaf-1in GB. To elucidate their involvement in GB, we analyzed a series of 33 GBs for chromosome 12q22-
23 LOH, Apaf-1 mRNA expression and Apaf-1 protein expression, using microsatellite analysis, reverse transcription (RT)-
PCR analysis and immunohistochemical (THC) analysis. Additionally we evaluated correlations between 12q22-23 LOH and
both p53 gene mutation and EGFR gene amplification. Chromosome 12q22-23LOH was detected in 14 of 33 cases (42%).
Low expression of Apaf-1 mRNA was detected in 9 (69%) of 13cases, and low expression of Apaf-1 protein was detected in
12 (86%) of 14 cases. The 12q22-23 LOH was significantly correlated with low expression of mRNA and protein (p<0.05,
p<0.001 respectively). P53 gene mutation and EGFR gene amplification were found in 13 cases (39%) and 8 cases (24%),
respectively, and these gene alterations were mutually exclusive. However 12q22-23 LOH showed no correlation with p53
gene mutation or EGFR gene amplification. Six of 9 GBs (67%) with neither p53 gene mutation nor EGFR gene
amplification had 12¢22-23 LOH. It is thus likely that these GBs belong to another subset independent from the common two
subsets (one with p53 gene mutation and without EGFR gene amplification, and the other with EGFR gene amplification and
without p53 gene mutation). The number of GBs carrying 12q22-23 LOH with Apaf-1 inactivation or p53 gene mutation
reached to 23 of 33 cases (70%). This high frequency of alterations in the apoptosis-associated factors leads to a speculation
that abrogation of the Apaf-1 and p53 mediated apoptosis pathway could play an important role in the tumorigenesis of GB.



