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Multivariate Cox proportional hazards models & il
oA 1p/19q &2 1p 1A FAA, F4, 2L 2 pledy 23

< EVAEFY F2 odF AANUT 1p/19q &2 1p olFHFA

rob
i)

1pe] 5705k 19q 4708 Av|REAl EAR FolA o @HF F57H
=d DI1S186, D1S2734, D1S508 22] a1 D19S412, D19S2197}F k=
Q9] HEINAEE o FPTL Al AT AvIRA EA A

1 A zhakglt,

AdEE T eI, AAA 1, AAA 199, oldH T4,
G

I x2388t 9 O°-methylguanine-DNA-methyltransferase, @]



SEAEES 1p/19q 5L 1p ol P FLA RS o=t
CQ)E}X_JI H g stz o]zt J

.M B

3] = 7] M| 3 F (oligodendroglioma)-< FEty o= 3 =7 AME
(oligodendrocyte) @} FAFSE FFo 2 F2 o E9 dixutgto A T4
b B EV)MEFS 192639 Bailey9t Cushing®e] #& 7189
3L, 192939 Bailey 2} Bucy”} “glial neoplasm composed of round,
uniform cells with minimal process formation, thus resembling its
presumed cell of origin, the oligodendrocyte”2}al x}A|8FA] 7] 43+
0 et A mEe HEVNATEES 453 FEVA R
A FrEEdna AEd oy FEAE Dol H(myelin)S F A3
A gow, A=t E7|MEY AR
AR Z AN = B &7 A Ee] 5
S WA ¥ (astrocyte) 22 £33} o]
P ABHAFAZAA fFAletdtte o] &0l AAHAT. 53] F
NA FHEINAEY A28 HANEZZ B3t 75 O-A24 X4 U3
AdHAHA, I Z7|MEFC] ol2ld O-A24| oA FHHAS Aol
2= 7pAdo] AAHA oM ok olg g ATFAMETL Aol A EA

E R A= &, A9
o
=
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I E RIS

S|EVIAEFS dAnAY AW ‘T ddd FTEAE", A
g &7, 8 F9e] T FHe AlE A (perinuclear halo), “HgE Y
o] mAEH %A (chicken wire capillary network), =221l 2]3]3}

[e]
T4 Ty uAdE sdoa ) 249

# WA (swelling)o] oste] TRAEY 8 Fgo] Fo
A

2
rr

dpx

-{m
2 of =zl
r

Alzgdo]l yebdt o2l JAFHQl AbE(artifact) ol v ko] wjS$-
=90l B Aot JENAEFY SFAAE AEHeE 35H
e 45w AAE AFEstR oy, A EZF(astrocytoma) ] &5 A A

b

ol
-

of wlgte] Aol HolA L BT AEE] AolE HoFA X
Aok gz =z 2000 WHO EHoAE “sE7AL2"s “93

SENAEES 250 BRAAESE ANEAL, 434 E/HMEF

oZ:

< “an oligodendroglioma with focal or diffuse histologic features

of malignancy, such as increased -cellularity, marked cytologic
atypia, and high mitotic activity. Microvascular proliferation and
necrosis may be present.”olgti Aottt £3 FE | EANEE
(mixed oligoastocytoma)-> 2000 WHO ®FolAe= sE7]Ax2SH
HAEZS] PJEe3 5SS BF Hole TFoE A3, =
ZNAEF HAEE Fx7F A2 FE5+= olF 3 (biphasic,
compact) ¥} A= 4o ¢)¥ E A ¥ (intermingled, diffuse) & &3}
Atk SFAAE AENAEEDN 22 25F AAS A

1995\ vl CBTRUS(Central Brain Tumor Registry of the
United  States)'] o] slH AHA 8] & 7] Ml 3£ & (anaplastic
oligodendroglioma)S ¥33F 3| =7|MxFe HAHLS 1098 " 0.3
o Husgr”? e FAENANE WA ¥ 5 F(intracranial
glioma)®] 5~18% Axela w1 o]k P gl = A4
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A FY¥ 34% JtFow A Qv HENAMEEFY &
& 40~50t]0] 3L HAgoll Al oFxE wol AIEtH ) oF 6% T
Hol A By JENANEEH PN FEINNEF
Fe 98~11.0d % 35~39d 02 &4 o™ 23 357
o] MAge Ay Fo] BEd s@uig 2y’ Say
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198843, Cairncross S2& Atk

E
Procarbazine, lomustine(CCNU), 12| 3 Vincristine &¢HA] H-E8 QW

12

g4 F=71A

it

0} Atk ZL jr %‘ja“é S A §]E7]/‘i]4}—2226 R
A ZE N AeF HE/NMESTE PCV F9A 4
Al 747 (chemosensitive)& HWEFAT AL e vt o] g3t A5+ 3o
A B EVINESTS EAEF Hete] o5t Fa, 535 Az

S YeER, HJuFd] A E7MEES FgstA
e Aol mjg Fasi Y gy o} A kA Abere] BB IAE
Fol Soldoz wHsE wAAF LA QA kol Wl oate

514 0

- -
Bol GHjetAel JFon Aol o Folme Wl oAzt 2

19984, Cairncross 70l A&o= 94 FHE7AMEFS] PCV
gdAl HE o Hod dig Al 74 (chemosensitive) ¥ AE&9] &
7h7F AAA 1H e @ek(1p)et FAA 19 9] AFek(19g)9] ol F 4
A (loss of heterozygosity)d A¥e] Juii B iustdrh I & o
ATAIAA 1p/19q 2 1p ol ado] As JE7AETS
dF71 Fow, FeAgtEAel Ak Aol FHAHATGIFP A

S E7| N EZNA 1pdAE 40~92% 713, 1831 19gel A= 50~
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80% 7FFOF N o) g aae] vt A Yok A9 g
AAAE Al ol HFTAN S Hol=d|, o3t W} FTU
A A (selective growth)ol F8]e Aolgts 7HAd o] A A ¥ ALt

E3 R Ip AA 19q AAF 2dEgn A Aot e
U 1polAE 1p36.3  (DIS763 DI1S253AFe]), 1@l i  1p34~1p35
(D1S4829F D1S27434F0]) 9] & 9], 19qel A& 19q13.3 (D19S4129}
D19S596AF0]) 9] & F-9o ZAFHA7E EAE Aolgtar F53
ok Ipell M= 1p36.6 F¢lol A8k TP73, 1p34~1p35el &

N 2
Az
e

5=  human eukaryotic initiation factor gene (EIF2CI),
polypyrimidine tract-binding protein—associated splicing factor gene
Sol BARAA FuE AREY o}dA S 2P Ho q
TAste] elshd 19q1Th Ipel AT fAAT HE AL A
3o el glvkn gelA Ark! EF SE/MALES BANE
JHoz WALES NB/NAEEY F@ Ame] 53L& mon,
1p/19q 5& Ip ol FPF2ael nge 30~70% Freta deid 9l
o} 19

T

S E7|MEF dIFJAARE FEAY dol, T fA, T F
Karnofsky score, WA 29 F7 A FEA] 4 dA oF Feo
AdH Arg, WElsd 55, Ki-67, Proliferative Cell Nuclear
Antigen (PCNA), Epidermal Growth Factor Receptor (EGFR),
Vascular Endothelial Growth Factor (VEGF), COX, DNA
topoisomerase Ila, Bcl2, p27, CD44H 59 WA XA 3 st ZAAE
123l TP53 E9We], CDKN2A 44, PTEN &3] 5o 2ah
A4 W3l ol A Ak aeyg 1p/19q Fe 1p olFH T
2 R AY FLF dF Axn AZHET g oF
AAEL Ki-67 labelling index9} 7ol 1p/19q < 1p °F AT A
Aol mE FAAFFY A= dagle]l HHAOR Ao FF
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=
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hybridization; FISH), 2|3 B] 1A A 539 (comparative genomic
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22 AW2 Buffer 50005 ] 14000rpmoll Al 3&7F A4 E8 3
t}. columnel &= s 2937 98 FAE columns A%
sk 16me PALA RS FERY %713, AE &5 200uE Ho 1+
F BAF F8000rpmol A 183 AR sttt Eeld DNAE
UV spectrophotometerE ©]-&3to] A5t FFaLAATSES Al

3l7] A7A] -20Tl A w3 )

5. Tissue microarray 2] A2}

Ao x4 3e dAs Adetr] ekl ZF FaEle] dEA<Q Teka
59 FgxAoA  xZA  Alltissue core)E  FHEFe]  tissue
microarray & Al &tstArE. 22 Ao A4S 3m= sk ] Thetd
E50] 3070 224 Alo] XIHEE AASth(Fig. 1) 5 24
(sampling error)E& #HA3}sl7] 9t ok S8 9, 7Fssk 371 o]
o] =4 A& FHoslth
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Fig. 1. Construction of tissue microarray & tissue microarray slide.
A : Tissue cores from each representative donor block were
obtained for tissue microarray. More than three cores were taken
from each case. B : For pathologic and immunohistochemical
examination, 4pm-thick tissue array sections were obtained from
each block.
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g‘q_ﬁL o Al
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e

@4l promotere] HwEstrt S E7IAEFS 1p/19q §2 1p
olgdH gt PHol Juxm By FAAEFFHAAA MGMT,
MDR, GST-nell ¢Jste] wa® MGMT®, P-glycoprotein (P-gp),
GST-nt, 37| MEFS] TA7] A3 Bdd pledH, pb3dhy,
Ao AFAEe Tdha gl Musashi-1 (Msi-1)era) % =

ot
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g7 SE= Lz oo By ot @ CDAMHT MY o st

W o] x A58k o AS tissue microarray & Efo]=E A O ®E A8 &}
o TS FY FASY #A™ e Ki-679¥WI DNA

topoisomerase Ila¥h¥je] tfst Wz slst A= Al gPslA Tt

Al g ZAA G Ak vhg3k ZH(Table 1).

Table 1. Immunohistochemical markers

Immunohistochemical

Company Dilution Ag Retrieval Technique
markers
MGMT DAKO, Copenhagen, Denmark 1:100 Miicrowave 10min
P-gp Novocastra, Newcastle, UK 1:50 Miicrowave 10min
GST-1t Novocastra, Newcastle, UK 1:200 None
DNA topoisomerase lla. Novocastra, Newcastle, UK 1:30 Miicrowave 10min
pl16 Novocastra, Newcastle, UK 1:30 Miicrowave 10min
p53 Novocastra, Newcastle, UK 1:100 Miicrowave 10min
Musashi-1 Courtesy by Dr. Hideyuki Okano 1:400 Miicrowave 10min
CD44H Novocastra, Newcastle, UK 1:50 Miicrowave 10min
Ki-67 Novocastra, Newcastle, UK 1:100 Miicrowave 10min
Ag : Antigen

Musashi—=1 : Courtesy by Dr. Hideyuki Okano Keio Univ., Tokyo, Japan

Ev¥ tissue microarray blockS 4pm T4 % A& w4

%

e

o} ol
sto] A& %A HHAS  silane coating EEFo]=(Muto Pure
Chemicals, Tokyo, Japan)ol] FZtalo] W %A 3518 AMS Als)al9]
o} ‘:'Oﬂ A AR g s 59 F ARddoes fEds ds] A

o

ARG, GST-netle] tjg Welzxshet o
2 AAE pH 6.0 10mMe] F+AA 5o Fr7F =
Aelm, AedA A7 = dued @

_

=
gkl A A ¥ (Antigen retrieval teachnique)®] ©AIES A Fth v Eo

)
W8-S wWAlstr] flste] A Ad $EAH(DAKO, Copenhagen,

R

2
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Denmark) & 15~30&3F dAAgatsitt. ol gAd dx A<
s MGMT, P-gp, GST-n, DNA topoisomerase Ila, pl6, p53, Msi-1,
CD44H, Ki-67 #AE &2 37CelA o 247 WAzl F
Cap—Plus detection Kit® (Zymed Laboratories Inc., South San
Francisco, CA, US.A.)ZE o]&3}o] biotinylated ©]z+ &A <} Ak}
a7t 229 streptaviding  AFA 7t NovaRED® (VECTOR
Laboratories, Burlingame, CA, US.A)ZE WA S 7% & 3nE
Ad YA (Biomeda, Foster, CA, US.A)C 2 thxzdMM3e] Crystal
mount® (Biomeda, Foster, CA, US.A)Z 233 SAgzTto

2 Az A4 A A FEAS A

MGMT%9  DNA topoisomerase IlatH#}, pb3ehd) 17
de s FHelA AAom dAE FE PR Th

p? Msi-19-# 2 AlEde)], CD44HTH - Alzute] A yPFosw
7
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7} DNA topoisomerase [Ma©#o] Wd-2 FdMxe] I

~570¢] 4008} Alofel Al 1,00070¢] ELFAME FA FAA AE]

& Aol WMEeEs ekt 1 we MGMTH¥, GST-nehd,

—gp, pl6E po3er® Msi-19#, 18] 32 CD44HEH o] b
= 74

-]

e

rob

1pe )P AFAAAAE  935le]  Reifenberger S0 A

DI1S508 (1p36.23), DIS199 (1p36.13), DI1S2734 (1p36.11) 1@l
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Burger %7°] 4% AME#@Y DIS312 (1p31~p32), DIS1SH
(1p34.3), B 5719 dn A 2225 A9 oh(Fig. 2). 199
olPHF AN AAE A= 19ql39] $1XgF D19S219, D19S112,
D19S412, D19S596, 47he] @w A A 2E A9 st th(Fig. 2).
ZF En|EFA A Ae] primer (sense & antisense)el| 3k Aldke

o237 ZtH(Table 2).

36.3 OMb ==
362 - D]5508 -4 D/95219
36.1 - D]SI199
- [} [8§2734

as - D]951I2
4.3 A— 15186 1 Mb =
ui - DI95412
3
33
323
21 4 DIS31Z 2Mb
33
3.2
EIN| b
223
i -4 D/9559%
o 4Mb -
13.3
13.2 _\
13.1 5Mb

Ip 5.5Mb ==

Fig. 2. Maps of chromosome 1p & 19 show loci of each
microsatellite markers. used to determine the loss of heterozygosity

status in each tumor (modified from reference 31 and 50).
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Table 2. Microsatellite markers & PCR primers

Het

Locus Score Size Forward primer sequence Reverse primer sequence
D18508 0.81 73-85 AGCTGGGGAATATATGTNTCATAT TGTGGAAGGCCAACTC
D1S199 0.84 94-116  GGTGACAGAGTGAGACCCTG CAAAGACCATGTGCTCCGTA
D182734 0.85 108-134 GGTTCAAGGGATTCTCCTG TGGCACTCAGACCTCAA
D1S186 0.83 81-106  CCCCTCCTTCCTGCCGCT TAGCTCATCCCCCCCTTTCT
D18312 0.90+ 147 CAGCCTTCCCCACAACTTTA TTCCAAACAGCAGGGGAG
D1S219 0.77 160-190 GTGAGCCAAGATTGTGCC GACTATTTCTGAGACAGATTCCCA
D1S112 0.86 120 GCCAGCCATTCAGTCATTTGAAG  CTGAAAGACACGTCACACTGGT
D18412 0.80 89-113  TGAGCGACAGAATGAGACT ACATCTTACTGAATGCTTGC
D15596 0.52 213-221 GAATCCGAGAGGTGGG GCCAGAGCCACTGTGT

Het score : heterozygosity score, Size : expected size range (nucleotides)
Reference : 62, 63 * : Reference 50

97N FEO 1ul (100ng)e] #+2l¥l DNAE i, 7 BXAAE=Z
3to]l AW primer ((FAM¥ NEDZ ¥ A) 4u0 (sense, antisense

Z} 10pmoles)S Yo At 1 v 5u09 HotStarTag Master Mix
® (QIAGEN, Hilden, Germany)& 2o]Z & # 2o]F . A5t
GeneAmp PCR system 2700% (Applied Biosystems, Foster, CA,
US.A)el g&ate], 95Tl A 1587 w83k F, 94Coll A 1%, 55T
o A 1%, 72ColA 1#7F 30 cycless WA 7)1, miAlEto &2 72T
o A 5EZE WEEAZTH RWEgo] 4 A=l GeneScan-500 ROX
Size Standard® (Applied Biosystems, Foster, CA, US.A.) 1ul¢}
Hi-Di Formamide® (Applied Biosystems, Foster, CA, U.S.A.) 1040
5 ¥o] A& F 95T 5E7F vEA AL Dol o] A st
Atk A @ ABEE 96 well plated] %71 ¥, 3100 Genetic
Analyzer® (Applied Biosystems, Foster, CA, US.A)d| #2H3}o]
fragment analysis® AA3FATH EXo] W AIEL GeneScan
softwareE ol-&3dto] A=At 7 A EAAER QG
I FFeA Do Az 5 He] v HE d(allele)®] peak Bl &S HI

wske] FFe A AdxA ol Hete] peak HlEo] 06 W A¢E
old A2 (loss of heterozygosity: LOH), F+ W H3 29 peakd]
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&o] AdxA vlaste] 06 ool AL Wt §
23 d A (retention of heterozygosity), dttte] @ dAwt 725
of olFHFARA AFE & F e A5E FFHF(homozygous :
uninformative), 23%Z & 7]o] PCR product’} "rEAHA & AL

2 PCR failo]ghar 25 8bgi e} %o

8. &

£

A 4

Adojx A= SPSS 11.0 program® (SPSS Inc., Chicago, Illinois,
US.A)S ol&st] EAadth S AEF Y 1p/19q ol - T4
A ooRel 7 A, WEeA dAE, "HgxAsTdN Ade
chi-square 7474 T+ Fisher's exact AR o & H| &L, Logistic
3| EAE o] &3t v E FAS AldstAh 7 A, WeldhA
s, AgxAstst A A3, 293 1p/19q 52 1p ol EH A
A o] Fo wE AEL e W= Kaplan-Meier method?] log-rank
HAS o] &3l wH=® BA8% 3, Multivariate Cox proportional
hazards models ©]-&3te] b A sATh AEE& 3442 Prism
4 for Windows® (GraphPad Software, Inc., San Diego, CA, U.S.A.)
£ ol&3ste] A, AT FoaT 0.05%= skt
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S|E7AxET &3 SEVIEAESTS XS F 5679 AL
Hat vol= 39.9+126A1(11~654) % A J (60.1%),
o] /g o] 229 (39.9%)°1Att. T4 A= olwkd (frontal lobe) 305
d](53.6%), A (temporal lobe) 195 d1(33.9%), w9 (parietal
lobe) 65 #1(10.7%), 183 % &% (occipital lobe) 15 d(1.8%) %A
th 569 & 99l #AE A9 47 (83.9%)2 FAVF e F HE
WS wopEd, AR X EY e Fx= 304 (636%), FUAE
< A= 19(1.8%), 12al WA A RS FUHARE B

e
2 3= 167 (28.6%)©] }\E]' WAPI A 5 9] &% 5040 ~5940cGy S

< "ol M4

—r

=
A HEaHd Tl FdA HEagor Jd4H e WALAE
Aoz Aurwo]l gelwl Skxjol| A 112 # x| H(palliative therapy)

ar
=
Art 4 A AKX Z QW (neoadjuvant theapy)S W& 3z}t

= AT He FA 71 559437719 (29~149.67E) ol AT 56
ol skxb T 18 (32.1%)°] A=l L 5 3 e 23] Ajtet
ATk 5678 9] At Foll A 89 (14.3%)°] AREstAar AREEE 8% ol

3W2 ETIAETY Fd gl APgolATHAFLAL 1o 4 26; 3T

24: 54 27, 8 53). 5 =& 87.1% U0 ol A+
of Wil AAl et sErIAEE £ SEV|EAEET] A=
=3 dFAHEE v 2ohFig. 3 & Table 3).
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Fig. 3. A. Five-year overall survival of the patients (n=56). B.
Survival curves of the patients with oligodendrogliomas (n=44) and

mixed oligoastrocytomas (n=12).

2 A

2. 84

£

s6sdlel dvd &= A5 Ay, 3
(51.8%), 9d4 3=7

= 9%34](16.1%), 1%257_ A A I HE7|HENEES

E7IAEES 295
£% HE/ IS
[e)

35 4(5.3%)

—
>
==

< 01{4 AR FFH LI S sHe T, A

ZFoky}l Auby Eoko] o] ¥ &y
g FolA 25dE ASAd FYdo
g 45). S|EUIMETH EF S EVEAEZY

I ZH(Fig. 4 & Table 4).

_20_



Table 3. Clinical
oligoastrocytomas

profiles of oligodendrogliomas and mixed

Oligodendroglioma ' Mixed Qligodéndroglioma &
(n=44) oligoastrocytoma  mixed oligoastrocytoma
(n=12) (n=56)
Mean age(years) 40.5+13.7 39.3+8.1 39.9+12.6
(range) (11~65) (22~52) (11~65)
Gender(%)
Male 28(63.6) 6(50.0 34(60.7)
Female 16(36.3) 6(50.0 22(39.3)
Location(%)
Frontal 22(50.0) 8(66.7) 30(53.6)
Temporal 16(36.3) 3(25.0) 19(33.9)
Parietal 5(11.4) 1(8.3) 6(10.7)
Occipital 1(2.3) 0(0.0) 1(1.8)
Adjuvant therapy(%)
RT only 24(54.5) 6(50.0) 30(53.6)
CTx only 0(0.0) 1(8.3) 1(1.8)
RT+CTx 14(31.8) 2(16.7) 16(28.6)
No 6(14.6) 3(25.0) 9(16.1)
Follow-up
duration(months)
Mean 55.6+36.9 56.8+42.2 55.9+37.7
Median 52.3 40.5 51.1
Range 2.9~149.6 4.1~135.7 2.9~149.6
No. of recurrence(%)
No recur 31(70.5 7(58.3) 38(67.9)
recur 13(29.5) 5(41.7) 18(32.1)
Survival status(%)
Alive 38(86.4) 10(83.3) 48(85.7)
Death 4(9.1) 1(8.3) 5(8.9)
Disease
unrelated 2(4.5) 1(8.3) 3(5.4)
death
Survival rate (%)
(5 years) 86.1 88.3 86.6
RT : Radiotherapy, CTx : Chemotherapy
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Fig. 4 Pathologic features of mixed oligoastrocytomas (A~C) and
oligodendrogliomas (D~L). A. Mixed oligoastrocytoma are
composed of astrocytoma (left side) and oligodendroglioma (right
side) (case 46. H&E, x40). B. High power view of the astrocytoma
(case 46. H&E, x200). C. The high power view of the
oligodendroglioma component shows moderate cellularity, even
distribution and prominent “chicken wire capillary pattern” (case
46. H&E, x200). The following (D~L) are features of

oligodendrogliomas. D. Oligodendroglial tumor cells show round
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nuclei and marked perinuclear halos (case 6. H&E, x400). E. Many
minigemistocytes are shown (case 27. H&E, x400). F. Microcystic
changes (case 4. H&E, x200). G. Low cellularity with perinuclear
halos (case 38. H&E, x200). H. High cellularity (case 34. H&E,
x200). I. Nuclear atypia (case 22. H&E, x400). J. Mitosis (arrow)
(case 34. H&E, x400). K. Necrosis (case 28. H&E, x200). L.
Microvascular proliferation (case 41. H&E, x200).

MGMTEH & FFA ] 33 3 o 9 A E(endothelium) ¢ &9
A= A oH(Fig. 5A). vt Wo Al Z 9 dovt G FEANEL=
=8¢ FTHEE AJTHFig. 5B). P-gpv BT FHEHolA FIAHE
Abolell EAfsk= WA Alzdowt AAES L FFAENE=
AE % 9T (Fig. 50). GST-nghue
A (Fig. bD)ell A=A e, Axets wep o
2 vt gAY = H9(Fig. 5F) & oYt #d $4s ®mArh
plowtil & FFAE] AEHo e AN AAT F2 o] ZapA 4
A E I TH(Fig. 5H). Msi-19h¥ 2 FgAE o] Mxde 3+ dd(Fig.
PO, 713 CDAMHE & FFAEe] Axee weh o
(Fig, 5K). pb3eul(Fig. 5I), DNA topoisomerase Ila(Fig. 5G) 12| il
Ki-67ct9 (Fig. 5L) FFAE2] o] stAl A= A=d, DNA
topoisomerase Ia¥} Ki-67¢t¥le] W+ whe &2 Zhz) 1.74+2.75%,
3.834580% At 7t ST wWozAsgstgA Ay vy gr
(Table 5).
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Table 4. Clinical

and pathologic

features of oligodendrogliomas and

mixed  oligoastrocytomas
Clinical Pathological LOH
CaseNo. Dx  lsyend Gem Ace Loo AT CTx  Halo Gemi Cyst Cal Wre C7%°C Gel NA MI MVP Nee 1p 18 Recur """ Srams
histology {months)

Oligodendroglioma
1 (o} 1 M 38 F = = it = o S N o = = = = L | = 8.4 Alive
2 [0} 1 M 82 T + = ++ - = - + N £ 5 = - = = | + 377 Alive
3 AD 1 M 40 T + s ++ . = ++ o+t Y ++ o+ + + s & | i 2.4 Alive
4 AD 1 M B F o+ = ++ & + o+t Y + o+ - N LS - 29.1 Alive
L5 o 1 M 32 P o %8 ek = 3 g * ¥ % e B . = s E o 138.4 Alive
8 [0} 1 F T st = ++ = + -+ Y = = - = L L # 138.8  Alive
7 (o} 1 E 37 'R af = chte = e 2 o+ N £ - = = | s 59.5 Dead
8 AC 1 M 34 T 7 = * L Ao it & % + + o * i & £ 7 1.4 Alive
9 AD 1 F 42 F + + ++ - - + *= N + 4+ gt - - I I - 8023 Alive
10 (o} 1 M 50 F it e ++ = S = *+ N £ = = = e L, L, N3 Alive
1 (3] 1 M 44 8] e i 2 B e % - N g e - A L | = 83.6 Alive
12 o 1 = 6 F it h E= + e & ik N £ s = - = & = = 731 Alive
13 (o} 1 M 8 T o+ = ++ = * e ke X S - = L | = 8.0 Alive
14 @] 1 M 40 P G . ++ = + - 5 Y. + + - - = E E . 49.0 Alive
15 o 1 M 14 F + + ++ - - - = N = - - - L | = 0.5 Alive
16 (o} 1 M 37T + = +t+ = + = = N = = = = L L = 8.8 Alive
T o 1 M 37 B * o ek - + £ e 3 ok oF L - - i | # 2.9 Alive
18 o 1 M 46 E = = i = = = = N S = - = L L = 63.9 Alive
19 (o} 1 M 55 F * = + + + = * Y = = = = L L = 59.1 Alive
20 o] 1 M 56 F ] s ++ i B = H b .- .- e = = L | s 578 Alive
21 o 2 M 33 P = ++ + B = o Y G 5 - = L L i+ 148.6  Alive
22 AD 1 M 35 B %k *: ot bk R ke Y e o R = = L L = 2.3 Alive
23 AC 1 M 48 T = - £ L s et e X ok o A = s L L = 52 Alive
24 AD 1 F 64 F it = At & = bk ¥ ik, i o g & | & 50.0 Alive
25 (o} 1 M e T % + ++ = = = N = = - = L L = 476 Alive
26 o 1 F 59 P % 58 i = S & % M . = B . = L L. b 14.0 puD1
27 AD 2 M 36 E i i +: + + o #* X + F o - +: L L i 1230.3 pubp2
28 AD 1 F 36 E = L i = = = o . Aoty ok i b i L | = 35 Alive
29 A0 2 Moo T o+ o+ -+ - - -+ Y + o+ -+ o+ L L + 1073 Alve
30 o} 1 F &6 F + - g = = em g N + - - - - L oL - 181 Alve
31 o 1 F 40 T - - -+ o+ Y o+ - - - LoL - 275 Alve
32 AD 1 [2 51 F+ = + = + -+ ¥ ++ o+ o+ + o+ L L = 4.8 Alive
3 o 1 M % T i = At = = = sk Y A i = - = & = = 2.9 Alive
34 AO 1 F 27 F it o e + B 7 uhk A G it Es e B s i 675 Alive
35 AC 1 M 55 T G i ++ = - - 5 Y. + + + - = pL | i 37.4 Dead
38 (o] 1 F 423 F o+ = ++ = - -+ N - - = pL | = 5.3 Alive
a7 AD 1 F 48 F + + ++ + + + o+t ¥ ke o ik ES *: pL L = 18.4 Alive
38 (o} 1 E 12 R = = + = N + + N £+ o+ = - = N pL = 346 Alive
29 [0} 1 F T + = + - E = = N = i - = N N & 206 Dead
40 o 1 M 37T - - ++ - - - 5 N o= - - - N N - 18.4 Alive
41 AD 1 E 14 P+ s i = = £ ] N H oy = E N L i+ 286 Dead
42 [0} 1 M 1 T + = + - & - + N £ = = - . N L = 705 Alive
43 o 1 M 48 (2 i ke = e = ok N = S = - = N | s B2i% Alive
44 (5] 2 M 15 F o+ - + L e 2 e N o s - s N N = 3.1 Alive

Wixed oligoastrocytoma
45 OA 1 F 3T * = ++ = + = + Y = = - = L | Tt 118.1 Alive
46 OA 1 = 3 F = = ++ = S Y. S - = L L = B9 Alive
47 AOA 1 M 41 P + e ek + LS 2 B 34 oF, o, 24 - %% {5 | 8 1.2 Alive
48 OA 2 = 42 E = = i + =i = £ N £ = - = L N i 2.1 Dead
49 OA 1 F B F o+ = ++ + + -+t Y + - - - & [LES + 135.7  Alive
%0 QA 1 M 82 F + . + - ++ = = N ke - - = L | = 85.1 Alive
51 AOA 1 M 42 F sk = ++ = = = =+ N ++ o+ = - = L L = 676 Alive
52 OA 1 M 8 T + -+ *: + i = ¥ S = = L N -+ 35.4 Alive
53 OA 2 M 45 ] = E $ + b 23 - N o 4 - - L L Ee 219 DuD3
54 AOA 1 F 8 F - - b+ - Y o+ o+ o+ o+ e L - 41 Alive
55 OA 1 M 2 T % = = = ik = = N £ H = = = pL | = ealvg Alive
56 0A 1 E_ 4 F + + I N + - - - - N - 421 Alive

O : Qligodendroglioma, AQ : Anaplastic oligedendroglioma, OA

1st/2nd : primary or recurrent tumor sample, Gen : Gender, Loc

+ Oligoastrocytoma, AOA : Anaplastic cligoastrocytoma

: Location, F : Frontal, T : Temporal, P : Parietal, O : Occipital, RT : Radiotherapy

CTx i Chemotherapy, Halo : Perinuclear halo. Gemi : Minogemistocyte. Cyst : Micocystic change. Cal & Calcification, Wire : Chicken wire capillary pattern

Cell = Cellularity, NA : Nuclear atypia, Ml Mitogis, MVP : Microvascular proliferation, Nec : Necrosis, Recur : Recurrence

L : LOH. pL = Partial LOH. N : Normal. | : Indetermined.
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Fig. 5 Expression of immunohistochemical markers in
oligodendrogliomas and mixed oligoastrocytomas.

A. Nuclear MGMT expression in the tumor cells and endothelial
cells (arrows) (case 42. x400). B. Nuclear MGMT expression in the
endothelial cells, only (arrow) (case 20. x400). C. Cytoplasmic P-gp
expression in the endothelial cells, only (case 39. x400). D, E, & F.
Nuclear and cytoplasmic GST-n expression in the tumor cells (D.
case 54. x400), membranous cytoplasmic GST-n expression (E.

case 3. x400) and nuclear GST-n expression, only (F. case 39.
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x400). G. Nuclear DNA topoisomerase Ila expression in the tumor
cells (case 21. x400). H. Nuclear and cytoplasmic pl6 expression in
the tumor cells (case 26. x400). I. Nuclear p53 expression in the
tumor cells (case 54. x400). ]J. Granular cytoplasmic Musashi-1
expression in the tumor cells (case 12. x400). K. Cytoplasmic
CD44H expression in the tumor cells (case 41. x400). L. Nuclear

Ki-67 expression in the tumor cells (case 41. x400).
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Table 5. Immunohistochemical staining results of oligodendrogliomas &
mixed oligoastrocytomas

Immunohistochemical markers LOH

Nuclear  Cellular Topo-Il  Ki—-67

Case No.  MGMT GST-1  GST-1 p53 Msi=1  CD44H (%)

o
@
o
O
a

=

1 - + + = + = = 05 2.0 L |
2 + £ + £ + £ = 0.3 2.0 L |
3 = = Fizh £ ek o+ = 0.7 5.1 L |
4 = sk otk = o = = 1.5 3.2 L L
5 + = + ++ ++ + = 0.0 0.0 L L
8 - = ++ ++ ot = - 3.8 6.3 L L
7 + £ + - + £ + 1.2 1.3 L |
E = + ++ + ++ + = 0.0 16.5 L L
9 = ++ + * + + + 0.0 0.0 L L
10 ++ o + + =+ * * 7.5 7.8 L L
1 + & + +7k Fik + = 1.1 1.2 L |
12 + = * + + + * 0.2 0.9 L L
13 = + + Tk £k E:o = 0.0 0.0 L |
14 + - + - + = + 8.1 8.2 L L
15 ++ - + * ++ + - 39 14.8 = |
16 = ] + B + + = 0.2 0.0 L |
17 - - ++ + ++ £ + 4.1 0.5 L 5
18 + = Fik o + & o+ 0.2 1.6 L L
19 = = = £ & = = 6.7 15.6 L L
20 = £ ok + ok * * 5.1 2.7 L |
21 + = g + ok e = 10.5 13.7 L L
22 + + b + et b ] 0.0 0.3 L L
23 - + ++ - ++ ® - 2.7 6.6 L L
24 + B g % ++ o = 09 0.7 L |
25 - + ++ - ++ &= - 0.0 4.7 [z e
26 + ek ik ++ ek . & 0.0 0.0 L L
27 + + ok + + = + 79 12.4 L L
28 = = + * + = - 0.8 9.8 L |
29 + = o + = &= = 0.1 0.7 L L
30 = + + ++ o =] = 0.0 0.0 L. L.
31 + = = B B = = 0.0 0.3 L |
32 + ++ ++ - ++ + - 1.8 6.9 L 5
33 & & & & & & ] 52 0.0 L L
34 + & + +k & + = 32 7.0 L |
35 ++ & & & £ £ * 0.0 0.0 pL |
36 + = = + = o+ + 0.0 0.0 pL |
37 + - + ++ + + - 1.6 0.0 pL L:
38 + B £ * + £ + 0.0 0.0 N pL
39 ++ + = o + + = 0.0 0.0 N N
40 + + = * ++ + - 0.4 2.6 N N
41 + & ik = ok = A+ 8.4 28.9 N L
42 ++ + = + = = + 0.0 1.5 N L
43 + = = £ i + £ 0.0 8.6 N |
44 ++ + & + = = = 0.0 0.0 N N
45 + §oa Her + ot + = 0.0 0.1 L. |
46 - ++ ++ - E= E £ 1 13.1 = e
47 - + + b + S - 0.0 0.0 L |
48 - £ + + + + + 0.0 0.0 L N
49 + £ + + ok = + 0.8 0.0 L L
50 + £ & ++ ik & + 0.0 3.0 L |
51 = i & ++ i o+ = 0.0 0.0 L L
52 + = + = + + HF 0.2 3.7 L N
53 ++ = + = = ] & 0.0 0.0 L L
54 - ++ ++ ++ ++ + - 6.5 0.0 L L
55 + & il ++ = = 0.0 0.0 pL |
56 = = - = = - 0.0 0.0 N |

MGMT : O&—methylguanine—DNA-methyltransferase, GST—x : glutathione S-transferase pi, Msi—1 : Musashi—1
Topo-Il : DNA topoisomerase Ila, LOH : Loss of heterozygosity
L : Total LOH, pL : Partial LOH, N @ Normal. | : Indetermined
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Fig. 6. Representative capillary electropherograms of three

PCR-amplified microsatellite markers from an oligodendroglioma
(Case 36.).
A : Two alleles are noted (arrows) in normal and tumor tissue

(heterozygosity). The allelic ratio of tumor tissue is nearly identical
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to that of normal tissue (retention of heterozygosity).

B. : Two alleles are noted (black and open arrows) in normal and
tumor tissue (heterozygosity). In comparison to the allelic ratio of
normal tissue, the allelic ratio of tumor tissue (open arrow/black
arrow) is less than 0.6 (loss of heterozygosity).

C : One allele is seen (black arrow) in normal and tumor tissue
(homozygous ; uninformative). Because the expected nucleotides of
PCR product of DIS508 are 73~85 base pairs, the smaller peak

(arrow head) is out of range (nonspecific peak).

olg e AA HAF AFdA 2 FEHEZE 1pY 57K, 199 470 %
AAFANA T (homozygous)ol AY  AI}ES A7jo]  PCR

product’} TFrE2AH % S AL(PCR fai)E A3 F MY hEy
o [e)

A (heterozygous)S HQ HAAFq A BT o]gdH3Axo] 9o
“AA ol G AA” (total LOH), FE&4 oldHFade] o
“RE olgdHT LA (partial LOH), ol H Aol s glow

“QAF (normal), T18]3 BE Hu|F5A EA A} 2] 155
A¥E 47l PCR product7}t ¥F£2~92 42 A9+ “olPdHFgA
A AR s A4 4 §lS7 (indetermined) 2.2 G| o] P H A
(chromosomal LOH) oJ%-& =53l th(Table 6). %3k 1po] 571 %
A Abgol A olF -G H7F =2 379 EAAHDIS1I’G, D1S2734,
D1S508) —1#]aL 19q9] 470 ZAATOlA olFHF A7k =2 2
el ®AZHD19S219, D19S412)5 A€ ste] o] A
A AA ARE nt"oRL: GAA o]y

1

Y
dEagnh 74 FdAd ANA IR ¥

O
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Table 6. The results of PCR based LOH test

19g LOH

18a microsatellite markers

1p LOH

1p microsatellite markers

5 markers 3 markers  D185219 D195112 D195412 D18S596 4 markers 2 markers

D15508 D15199 D152734 D15186 D15312

Dx

Case No.

O [ O . O N T ORI T P G P S P L pa——

e it A G W e e A G R G il e e s s i e g

XXOBOXKXOXXX XXX XXOOX XXX KOXOX X XBOXOXBBOIOX XX XBOX XXX XBEXXXKOO XXX XX

Ox0Oeeeleeex00ex000000000000<000x000C000000x0xx000000000000=000800xx

O00Ox88x80xxQ0O00000XOXX@OXXXXBBOXB0000Xxx0xx@xx00xxxx00000000®<x0x=xO0

XXOPOXXXXXXOOXXXOOOXBGOOXXOXBOXBOOXOWGOIOXOOXXPOX XX XPOOX XXX OO & O X XX X

T S S S R R b e N S N R R SRR g

| il ey el
ABABZ=zzZzga=z=z=z JJ IRt AR RS Jdda =290 0 00 g z=2 g

XOOXX@x00x00x00x@x00XxOXOXxXxOXx000 0000008000000 <00000C00000X%X0000xx<00

000000000 <000 X0000000000000000000C0000000000008000000000X<X00000000008

XXO0WBXXxBO SO0 SXV00 008800000 <88 <0080000xXX00000xXXP0XXXBV00CIIXXVBBBOO XX

XxxXxxx00088800880800808800008CONNNIBNIBIRIINIIXKXXPSO000O<x000008000000xxxx000808xx0(

XX X008 xXx0000000000000000000Co<0Xx08000xX00000xx00XX00<x00000000000009

cacasfdiadccacsIiaacacac IS cacaa
OommDoommOOOOOOOOOOoommmOommmoOmommomOOOOOOOOOOOMMOOOoommoooommoooo

32

12

21

32 44 24
12

29

31

1T

28
25

20

17
12

13
14

45

32

19

18

0.33 0.70 0.50

0.69

Q.69 0.82 0.89 0.58

0.76

Het score

LOH : Loss of heterozygosity, O : Oligodendroglioma, AO : Anaplastic oligodendroglioma, OA : Oligoastrocytoma,

: Diagnosis,

Dx

AOA : Anaplastic oligoastrocytoma. @: Loss of heterozygosity. @ : Retention of heterozygosity. O : Uninformative. X : PCR fail

L : Total LOH, pL = Partial LOH, N : Mormal, |

: Heterozygoslty score

* Indetermined, Het score
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Table 7. Analysis of 1p and 19g LOH status using all microsatellite
markers and selective markers with high heterozygosity score

1o

Analysis of LOH status by 5 markers

Total LOH Partial LOH Normal Total

Analysis of
LOH status Total LOH 47 4 51
by 3 markers

Partial LOH 6 6

Normal 1 9 10

Total 47 11 9 67

19a

Analysis of LOH status by 4 markers

Total LOH Partial LOH Normal Indetermined Total
Analysis of
LOH status Total LOH 35 1 36
by 2 markers
Partial LOH 1 1
Normal 1 5 6
Indetermined 1 23 24
Total 36 3 5 23 67

LOH : loss of heterozygosity
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olsh 7ol 1pe] 579} 19q9] 4709l ARF5A EAAZ BEGH o
b

1=
AA) ol G ga Ao} ww A7

AAF. ol ATANE Be oFHT A4 m 1pd 3,

HAZEE T8 A3 S E7AET A olFHA LA ofF
E oldAY AUt =ob AHEgk 1pe 37he] A AHDISISS,
D152734, D1S508)¢F 19q9] 270¢] %A 2HD195219, D19S412)¢] ©] &
AEAaE 435 ntgo 2 AAA oL AR5 dA&std 1p
oAM= 445 dlol A total LOH(78.6%), 45 @A partial LOH(7.1%)
5 B 8FdldAe dA oldHdadel gle B314.3%)°1A
o 19gol M= 195 EHlA oldddad oAFE AAT 5 gldlx
(indetermined)(33.9%), 31Z5#lolA  total LOH(55.4%), 13 A
partial LOH(1.8%)E H i, S35 doAs AHAAoAtH8.9%)(Table

8).

Table 8. Results of chromosomal LOH study by selective microsatellite
markers with high heterozygosity score

Numbers(%) Numbers(%)
1p 199
LOH 44(85.7%) LOH 32(57.1%)
Total 40(78.6%) Total 31(55.4%)
Partial 4(7.1%) Partial 1(1.8%)
Normal 8(14.3%) Normal 5(8.9%)
Indetermined 19(33.9%)
Total 56(100.0%) 56(100.0%)

LOH : loss of heterozygosity
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T ETIHAEE 115 SEVAES Folo HAEE F

A AAF AFE vusEE, 1plAE 8% (72.7%) o A
S| E7INES T HAEZT 799 olFHFAA A 2R,
35d(273%) MM = A= 23t 19l 1158 ZFolA 3 E7)
AEZE F-9ok BAEF F99 oldHFAY Z37F 2 3100.0%).

5. SE/)AEEe 1p/19q 123 1p o RATaA sl A, 3
e

A HA, J=7AEFY 19q olFHTFALY AN
d 195HEE AL 375HE 1p9 19q ol FBHFA A B
(2954, 784%)(1p/19q LOH)¥} =1 wre] @835 d;, 21.6%)p
LOH/19qg Normal : 3%d, 1p Normal/19q Normal : 3%d#|, 1p
Normal/19q LOH : 25 #)2o & U1, & WA, #A 5658 = 1p ©]
AHF A e 445 HE; 85.7%)(1p LOH) ¥ 1p7t A2 + (8%
#; 14.3%)(1p Normal) o2 o] zhzt oAbz wWeshd A&

Hlaetnt was 94 dAsRE sty S, 44, #ae
Pt o], ol (<40A/=404 o), FXe] X (BAH/1 9, 1
2o WEetd A Folth WEetd a FolA ‘3] F9l9 T
e AEAE HRRg] EA¥® e FEAE HAe
50% mlwH(s, +)3} 50% o] (++) o2, vl AWhAE, FAN}, A8 5
T RER Uro] nasgh AP Ad 2HAAE fFEE ol
Maskleh. dgAgel AxE Jehe Hedd a7 Fold Az
TE B2 IEINAEF skl B A5(H)el, Ee) FEIA
EF F5E FPATLE, & £ A9+, +0)E o] Hmatg)
oh oo AEEA oA, fAEY, MAdREA 2 AAs
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i

o)

WA, vk 375 FolA 1p/19q 1B AT A do] Ht
42.28+10.294), VYA & 2613149442 1p/19 o1 P H T
o it volrp At Ao ® ou Al Btk (p=0.041). F HA
v g 5658 TolA 1p old T A Fo Fit ol 43.23+10.78
Aola, 1p B4 T2 2588+14.364 2 EAstH o= oul llA
AAAY Az GA 1p olFHFAN Fo Hyr oyt Bkt
(p=0.076). 204 w]¥re] b= 375d FolAs 49, 5658 TolAM &
57edE 1 F oFHTARY FdE 44 03d0.0%)9 15
(20.0%)1 4 AA olFHF A4 Hit W= (784~857%)°F v st
g vk "M TH(Table 10). 28y 40ME 7122 Yol o]
Hgadd oFeo vusgs v AT ogu= %i‘”EHp=O.246
& p=0.137). 7} AA, WA AxEs FolAl 1p/19g 52 1p ©1F
AFEAE 72 T8 oY TAxE 25, “Y F99 s FHI

AZQ", 223 “AEA 2AL2°0 BAGAoR ouge B
o

i

rr

o]
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Table 9. Comparisons of
according to 1p/19g LOH and 1p LOH status

clinicopathologic parameters of

patients

1p/19g LOH vs. Others

1p LOH vs. 1p Normal

(n=37) (n=56)
1p/19a LOH Others p-value 1p LOH 1p Normal p-value
Clinical Grade(%) low 17(45.9) 7(18.9) 31(55.4) 7(12.5)
features anaplastic 12(32.4) 1(2.7) 0.216 17(30.4) 1(1.8) 0.414
Gender(%) M 17(45.9) 4(10.8) 30(54.6) 18(32.1)
F 12(32.4) 4(10.8) 0.705 47.1) 47.1) 0.698
mean 42.28+10.29 26.13£14.94 0.041x  43.23£10.78 25.88+14.36  0.076
Age(%) <40 14(37.8) 6(16.2) 21(37.5) 6(10.7)
=40 15(40.5) 2(5.4) 0.246 27(48.2) 2(3.6) 0.137
Location(%) Temporal 8(21.6) 5(13.5) 15(26.8) 4(7.1)
Other 21(56.8) 3(8.1) 0.100 33(58.9) 4(7.1) 0.423
Patho less
-00iC perinyciear | POMINENt 10(27.0) 7(18.9) 16(28.6) 6(10.7)
features pajo(%) e
E’lir)”'”em 19(51.4) 1(2.7) 0.014* 32(57.1) 2(3.6) 0.047+
Mini absent 19(51.4) 6(16.2) 35(62.5) 8(14.3)
. 5
gemistooyte(%) | o cent 10(27.0) 2(5.4) 1.000 13(23.2) 0(0.0) 0.177
Microcyst absent 11(29.7) 6(16.2) 28(50.0) 1(1.8)
formation(®%) o ocent 18(48.6) 2(5.4) 0.109 20(35.7) 7(12.5) 0.023+
calcificaiion 205eNt 18(48.6) 6(16.2) 30(53.6) 6(10.7)
(%) present 11(29.7) 2(5.4) 0.685 18(32.1) 2(3.6) 0.697
less
, _ prominent 15(40.5) 6(16.2) 27(48.2) 7(12.5)
Chicken wire (£, +)
pattern(%) prominent
) 14(37.8) 2(5.4) 0.423 21(37.5) 1(1.8) 0.130
Classic No 10(27.0) 7(18.9) 19(33.9) 8(14.3)
histology(%) v g 19(51.4) 127 0.014x 29(51.8) 0(0.0) 0.002+
low() 7(18.9) 6(16.2) 16(28.6) 7(12.5)
Cellularity (%) moderate(+)
i 22(59.4) 2(5.4) 0.013+ 32(57.1) 1(1.8) 0.006%
& high(++)
Nuclear absent 13(35.1) 6(16.2) 25(44.6) 5(8.9)
atypia(%) present 16(43.2) 2(5.4) 0.232 23(41.1) 3(5.4) 0.712
absent 20(54.1) 8(21.6) 35(62.5) 8(14.3)
Mitosis(%)
present 9(24.3) 0(0.0) 0.159 13(23.2) 0(0.0) 0.177
Microvascular  205€nt 22(59.5) 7(18.9) 38(67.9) 7(12.5)
proliferation(%) esent 7(18.9) 1(2.7) 0.655 10(17.9) 101.8) 1.000
absent 23(62.2) 7(18.9) 39(69.6) 7(12.5)
Necrosis(%)
present 6(16.2) 1(2.7) 1.000 9(16.1) 1(1.8) 1.000

* p—value < 0.05
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Table 10. Correlation of patient age with 1p/19g LOH and 1p LOH
status

1p/19g LOH vs. Others 1p LOH vs. 1p Normal
(n=37) (n=56)
Age
1p/19a LOH(%) Others(%) 1p LOH(%) 1p Normal(%)

(years)

10~19 4(10.8%) 1(1.8%) 4(7.1%)
20~29 1(2.7%) 2(3.6%)

30~39 13(35.1%) 2(5.4%) 18(32.1%) 2(3.6%)
40~49 8(21.6%) 2(5.4%) 15(26.8%) 2(3.6%)
50~59 5(13.5%) 9(16.1%)

60~69 2(5.4%) 3(5.4%)

Total 29(78.4%) 8(21.6%) 48(85.7%) 8(14.3%)

LOH : loss of heterozygosity

6. Sl=7IAEZF] 1p/19q 283l 1p o|FHFRAE ook Wfx4
R !

1p/19g 1331 1p ol BHF2A ook Meizsiel 4 dshe
Bl ul, Wl x4 g8 g_x]x Zoll A P-gpe TdLFY Aol 7t
B gk (-,
ZHS Yol v, MGMTw

2
f
X
R
AL
-3
>,
2
fo
gL
F-.-4 _E‘
(o)
()]
(Je)
(i
1=
rlo
o\
o
Y
el
o,
a1
(@)
X

+, 4 50% o] d(++) LT
W GST-nehd) plee¥, Msi-19h9, CD44T e FFAE L] 5% 7]
(-, 23 5% o] (+, ++) TAS FElE o] ¥
cule 7b7E dla Axd UHd AdE gz b
topoisomerase Ila©@¥ ¥} Ki-67¢W 2 wE&2 3 TAE&Y Pt
S Hlasar, e HdE 3% 5%E Vo ® Uro] Mgl

. AAIRE A2 &3 2e(Table 11).

a
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Table 11. Expression of immunohistochemical markers with 1p/19g LOH
and 1p LOH status

1p/19g LOH vs. Others 1p LOH vs. 1p Normal
(n=37) (n=56)
1p/19q
Others p-value 1p LOH 1p Normal p-value
LOH
MGMT(%) <5% 18(48.6) 1(2.7) 30(53.6) 1(1.8)
=5% 11(29.7) 7(18.9) 0.019* 18(32.1) 7(12.5) 0.017x
Nuclear <5% 15(40.5) 3(8.1) 27(48.2) 3(5.4)
GST-1(%) =5% 14(37.8) 5(13.5) 0.693 21(37.5) 5(8.9) 0.451
Cellular <5% 4(10.8) 5(13.5) 8(14.3) 7(12.5)
GST-1t(%) =5% 25(67.6) 3(8.1) 0.012* 20(35.7) 1(1.8) <0.001=*
p16(%) <5% 13(35.1) 5(13.5) 21(37.5) 5(8.9)
=5% 16(43.2) 3(8.1) 0.447 27(48.2) 3(5.4) 0.451
p53(%) <50% 16(43.1) 6(16.2) 25(44.6) 6(10.7)
=50% 13(35.1) 2(5.4) 0.431 23(41.1) 2(3.6) 0.277
Musashi-1(%) <5% 16(43.2) 5(13.5) 25(44.6) 6(10.7)
=5% 13(35.1) 3(8.1) 1.000 23(41.1) 2(3.6) 0.277
CD44H(%) <5% 22(59.5) 3(8.1) 35(62.5) 5(8.9)
=5% 7(18.9) 5(13.5) 0.083 13(23.2) 3 0.676
Topo lla (%) mMean 2.43%+3.20 1.13%+2.94  0.246 1.84%+2.73 1.10%%2.95 0.645
<3% 15(40.5) 7(18.9) 29(51.8) 7(12.5)
=3% 14(37.8) 1(2.7) 0.108 19(33.9) 1(1.8) 0.236
Ki-67(%) mean  4.11%%5.46 4.59%+9.93  0.789 3.60%+4.91 5.20%+10.01  0.048*
<5% 19(51.4) 7(18.9) 34(60.7) 6(10.7)
=5% 10(27.0) 1(2.7) 0.391 14(25.0) 2(3.6) 1.000

MGMT : O°-methylguanine—-DNA-methyltransferase
GST-1 : glutathione S—transferase pi,
Topo lla : DNA topoisomerase lla
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7. SEAMESY 1p/19q 2T 1p FATLA RS dZat

ol A1y 372y

WE, FPAES ‘¥ F9 FFn TP AXD, AFH =
A%, e MGMTEH]

off
=

o +ol e FYAE A, +o] B s FHI AEAT, 1
2lal +olide] “HARGE HAEY FdTolnm ghxpe] yo] A
Al 224", MGMTS® 23, 83 cellular GST-neh® 23

o

of 477 A= 375 Elet 565 EE Yo R o 2| ~E IR
A& 72 Adedth(Table 12). o3& ZA 2 37245 AP
A3, 1p/19q °lBRFLE AFE dFste dHole a9 o
(p=0.03D)¢} “HPFH 2HAZA"(p=0.029)°] FAFHoR on|gl=
AT ol2d QIAER 1p/19q olFHd LA L2 295 T 29
Ze(100.0%), WA & 8%

A Al 91.9%)(Table 13). 1p @ QA2 o2 o Zat= dol=
kel el (p=0.063), “HF Al =H4£2"(p=0.879) 1|1
GST-net¥ o] & (p=0.018)°] <v gl A=, L T cellular
GST-nete] wrddo] EASH 0z ougilim, Fxbe] ol 7|
o] oum7k ek oleld 37k AAE 1p o|FHFAH T 48F
d 5 465 #(95.8%), Ip A4 + 8% F 65d(755%)5 A5 &
AATHAA 92.9%)(Table 13).

ofN
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Table 12. Logistic regression of clinicopathologic parameters for
prediction of 1p/19 LOH and 1p LOH status

1p/19g LOH vs. Others 1p LOH vs. 1p Normal
(n=37) (n=56)
p-value Odds ratio 95% ClI p-value Odds ratio 95% ClI
unconditional

Age 0.149 1.093 0.969-1.234 0.151 1.085 0.971-1.214
Classic
. 0.060 12.776 0.898-181.745 0.873 55547.642  0.000-6.841E+62
histology
MGMT 0.416 0.324 0.021-4.887 0.219 0.121 0.004-3.510
Cellular

0.362 3.941 0.206-75.368 0.018 52.834 1.977-1411.644
GST-n

conditional
Age 0.031 1.136 1.012-1.275 0.063 1.109 0.995-1.236
Classic
; 0.029 15.868 1.329-189.428 0.879 55288.032  0.000-3.77E+65
histology
Cellular
0.018 41.588 1.894-913.315

GST-n

* p-value < 0.05 MGMT : O°-methylguanine—-DNA-methyltransferase
GST-1 : glutathione S—transferase pi, LOH : loss of heterozygosity

Table 13. Results of classification using conditional logistic regression
model

1p/19g LOH vs. Others 1p LOH vs. 1p Normal
(n=37) (n=56)
Expected Percent Expected Percent
1p/19q correct correct
LOH Others (%) 1p LOH 1p Normal (%)
Observed Observed
1p/19 1
pr1ea 29 0 100.0 P 46 2 95.8
LOH LOH
1p
Others 3 5 62.5 2 6 75.0
Normal
Overall 91.9 92.9
* The cut value was 0.5 LOH: loss of heterozygosity
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3 sEvIEAEFT FAEE oo ogt &S wiAlstr] 9
sto 19q olFJFARA AAFE & F AME 375} AA 5654
solA £ JETEAETES AT =7 JETIANEFT 05
UTes o= 747 A, Hestd A, dgxAste g4y
A3, el EAFASA FA42H1p/19q LOH, 1p LOH)o m& 4
£8 9 #Fo]= Kaplan-Meier method®] log-rank A o2 Wi F &
Astdh A AFEE o33 2 TH(Fig. 7 and Table 14).
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Fig. 7. Overall survival of pure oligodendrogliomas according to
prognostic factors. A. 1p status (p=0.0056), B. gender(p=0.041), C.
pl6 expression(p=0.018), D. MGMT expression(p=0.025).

_40_



Table 14. Univariate survival analysis of clinicopathologic and molecular
factors for pure oligodendrogliomas

1p/19g LOH/Others 1p LOH/1p Normal
n=30 n=44
Clinical factors
Grade 0.796 0.507
Gender 0.037~ 0.041~
Age(<40yrs/ =40yrs) 0.309 0.431
Age( < 20yrs/=20yrs) 0.135 0.334
Location(temporal/others) 0.685 0.532
RT 0.539 0.494
CTx 0.690 0.622
Pathologic factors
Perinuclear halo 0.120 0.569
Minigemistocyte 0.386 0.325
Microcyst formation 0.139 0.300
Calcificaition 0.949 0.733
Chicken wire pattern 0.333 0.166
Classic histology 0.105 0.288
Cellularity 0.525 0.670
Nuclear atypia 0.845 0.829
Mitosis 0.386 0.929
Microvascular proliferation 0.358 0.838
Necrosis 0.244 0.741
Immunohistochemical markers
MGMT 0.120 0.025%
Nuclear GST-1 0.105 0.079
Cellular GST-n 0.466 0.833
p16 0.156 0.018*
p53 0.796 0.393
Musashi-1 0.333 0.082
CD44H 0.796 0.128
DNA topoisomerase lla 0.899 0.738
Ki-67 0.796 0.631
Molecular factors
1p/19g LOH 0.0011%
1p LOH 0.0056+*

* p—value<0.05 RT :Radiotherapy, CTx :Chemotherapy, yrs : years
LOH : loss of heterozygosity

MGMT : O°-methylguanine-DNA-methyltransferase

GST-1 : glutathione S—transferase pi
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Table 15. Multivariate survival analysis of clinicopathologic and
molecular factors for pure oligodendrogliomas

1p/19g LOH vs. Others 1p LOH vs. 1p Normal
(n=30) (n=44)
Odds )
p-value ratio 95% Cl p-value Odds ratio 95% Cl

unconditional

1p/19g LOH 0.688  0.001 0.000-9.659€E+11 1p LOH 0.916 0.000 0.000-1.305E+83

Gender 0.592 37.906 0.000-22867114 Gender 0.922 0.866 0.049-15.381

MGMT  0.932 0.000 0.000-4.630+201

p16 0.935 556077798 0.000-2.159+219
conditional

1p/19g LOH 0.673  0.000 0.000-1.544E+13 1p LOH 0.051 0.085 0.007-1.014

p16 0.966 0.000 0.000-2.634+262

Cox proportional hazard model was used
LOH : loss of heterozygosity
MGMT : O°-methylguanine-DNA-methyltransferase
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Abstract

Analysis of Clinicopathologic Factors Predicting 1p/19q or 1p
Loss of Heterozygosity status of Oligodendroglial Tumors

Se Hoon Kim

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Tai Seung Kim)

It is well known that oligodendrogliomas can be divided into two
groups according to 1p/19qg or 1p loss of heterozygosity (LOH)
status because oligodendrogliomas with 1p/19q LOH or 1p LOH
have better prognosis and chemosensitivity. In this study, we
investigated clinicopathologic factors which could predict 1p/19q
LOH or 1p LOH status of oligodendrogliomas. Several clinical,
pathological and immunohistochemical factors were analyzed to
compare the two groups. We performed PCR based LOH test with
1p and 19q microsatellite markers by microdissection of paraffin
embedded tissue blocks of 56 cases.

The PCR based LOH analysis revealed 1p/19q LOH in 29 cases
(29/37; 784%) and 1p LOH in 48 cases (48/56; &85.7%) of
oligodendrogliomas. Comparative analysis of several
clinicopathologic factors and immunohistochemical results indicated
that oligodendrogliomas with 1p/19q LOH or 1p LOH were
correlated with “tumor cellularity”, as well as “perinuclear halo”
and “chicken wire capillary patterns” which known parameters of
“classic histology”. Also oligodendrogliomas with 1p/19q LOH or 1p

LOH were correlated with older age, lower MGMT expression and
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higher cytoplasmic GST-T expression. With these factors, we could
predict 1p/19q or 1p status of oligodendrogliomas about 90%
accuracy.

The incidence of 1p/19q LOH or 1p LOH was especially low
(about 0~20%) in patients less than 20 years old, suggesting that
different genetic pathway are likely to be involved in the
pathogenesis of young age oligodendrogliomas.

Oligodendroglioma patients with 1p/19q LOH or 1p LOH, male
gender, higher pl6 expression and lower MGMT expression had
better prognosis. Multivariate analysis through Multivariate Cox
proportional hazards model revealed that 1p/19q or 1p status,
gender and pl6 expression are independent prognostic factors. By
univariate analysis, MGMT expression was found to be another a
prognostic factor in the oligodendrogliomas. Since MGMT
expression is a predictive factor of 1p/19q or 1p status as well, we
suggest that immunohistochemical staining for MGMT could be a
practical marker determining the chemosensitivity of
oligodendrogliomas. On the other hand, pl6 expression 1S an
independent prognostic factor regardless of the 1p/19g or 1p status.

Microsatellite markers with high heterozygosity score, D1S186,
D1S2734, D1S508 and D19S412, D19S219 are adequate microsatellite
markers for PCR based LOH test of oligodendrogliomas in Korean

patients.

Key Words : oligodendroglioma, chromosomes human pair 1,
chromosomes human pair 19, loss of  heterozygosity,
immunohistochemistry, OG—methylguanine—DNA—methyltransferase,

markers microsatellite
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