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Adequate Microsatellite Markers for 1p/19q Loss of Heterozygosity
of Oligodendroglial Tumors in Korean Patients

Se Hoon Kim, Hoguen Kim and Tai Seung Kim

Department of Pathology, College of Medicine, Yonsei University, Seoul, Korea

Background : Itis well known that oligodendrogliomas can be divided into two groups accord-
ing to the 1p/19q or 1p loss of heterozygosity (LOH) status because oligodendrogliomas with
the 1p/19q LOH or the 1p LOH have a better prognosis and chemosensitivity. In this study,
we investigated the adequate microsatellite markers for 1p/19q LOH of oligodendroglial tumors
in Korean patients. Methods : We performed PCR that was based on the LOH test with the
1p (D1S508, D1S199, D1S2734, D1S186 & D1S312) and 199 (D19S219, D19S112, D19S412
& D19S596) microsatellite markers; these were the markers that were recommended by other
researchers. We performed this PCR on microdissected paraffin embedded tissue blocks of
67 tumors from 56 cases. Results : The PCR based LOH analysis revealed that 3 microsatel-
lite markers (D1S508, D1S2734 & D1S186) of 1p and 2 markers (D19S219 & D19S412) of
19q had higher heterozygosity scores than other markers. In addition, chromosomal LOH sta-
tus using these selective markers showed a statistically significant difference of prognosis for
oligodendroglial tumors. Conclusions : We can suggest that the microsatellite markers with
high heterozygosity scores (D1S508, D1S2734, D1S186, D19S219 and D19S412) would be
adequate microsatellite markers for a PCR based LOH test of oligodendroglial tumors in Korean
patients.

Key Words : Oligodendroglioma; Chromosomes human pair 1; Chromosomes human pair 19;
Loss of heterozygosity; Markers microsatellite
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Fig. 1. Pathologic features of oligodendrogliomas (A-C) and mixed oligoastrocytomas (D-F). (A) Oligodendroglial tumor cells show round
nuclei and marked perinuclear halos (case 6). (B) Many minigemistocytes are shown (case 27). (C) Microcystic changes (case 4). (D) Mixed
oligoastrocytoma are composed of astrocytoma (left side) and oligodendroglioma (right side) (case 46). (E) High power view of the astro-

cytoma (case 46). (F) The high power view of the oligodendroglioma component shows moderate cellularity, even distribution and promi-
nent “chicken wire” capillary pattern (case 46).
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Fig. 2. Maps of chromosome 1p&19 show loci of each microsatel-
lite markers, used to determine the loss of heterozygosity status
in each tumor (modified from reference 14 and 16).

Table 1. Microsatellite markers & PCR primers
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o o &Eo] AAl T4 WA 10% oS AT A=
A 9J 3 tH(Fig. 1).

DNA =&
7t Zao) BiEHQ) shek) Eo) 2HE 10 um A 2
s, Welsta Z41S Bae] B T AT M gl E

S Bojo) 2oko] AWMFA LS A 237 HoE NeHo
2 v A ZA (microdissection) 3tATE £ S AE7|EAH EZ9]
7%, EAEE R vAEAST QAamp DNA mini
Kit® (QIAGEN, Hilden, Germany)Z ARS-sle] njA @A = v}

2 o) Z’“"ﬂ*ﬁ DNAE FZ39th 43 A4S v
A YQAEE FH (microcentrifuge tube)ol bz} ¥, gha S

AAs7] Y8 180 pLe ATL =3} 20 uL 9 proteinase

KE YolF %, vortexmgOb_ 56°CollA 23] =L wj7px] vt
2k A w2 To] AL 2 200 ulLE ¥ vortex-
ingted 70°C ol A 10T7l HHSAIA T T o 200 #L2) 100%
A FF2e H7kete] 1587 vortexingdhr, 4313] 4191 &4
< Kite] Z3tE QlAamp spin column® (QIAGEN, Hilden,
Germany)°ll ¥ %, 8000 rpmolA] 187 Y4E2sdeh &
AZASZ columnol] 500 pLe] AW1 =& ¥ 8000 rpm
oA 127F ARSI, 232 AW2 Buffer 500 L& 4
o] 14,000 rpmolA 387+ QAEZEITE columndl] Eolgle
DNAE Eg37] 93] A% columns 71323 1.5 mL 7]A]
AQAEY FHO 2T 182 AE 959 200 uLE ol 1
w7F BAg %, 8,000 rpmell A 1E7F A4EE] shsich we¥
DNAE UV spectrophotometer& ©]-8-3] Aaksl, FHEA
A REE A8 3] A7HA] -20°C oA Bastsith

F‘

S MEISE 0188t 1p/19q OISEEAY HAL

1p9 )FHFANAAE 93t Reifenberger S'o] F313
DIS508 (1p36.23), DIS199 (1p36.13), D1S2734 (1p36.11),
18]3 Burger £'%] A3 AMFE DI1S312 (1p31-p32) 9t
D1S186 (1p34.3) EF 5719 dnRyA TAAES Aes9ith

Locus Reported Het score Size Forward primer sequence Reverse primer sequence
D1S508 0.81 73-85 AGCTGGGGAATATATGTNTCATAT TGTGGAAGGCCAACTC

D1S199 0.84 94-116 GGTGACAGAGTGAGACCCTG CAAAGACCATGTGCTCCGTA
D1S2734 0.85 108-134 GGTTCAAGGGATTCTCCTG TGGCACTCAGACCTCAA

D1S186 0.83 81-106 CCCCTCCTTCCTGCCGCT TAGCTCATCCCCCCCTTTCT
D1S312 0.90 147 CAGCCTTCCCCACAACTTTA TTCCAAACAGCAGGGGAG
D19S219 0.77 160-190 GTGAGCCAAGATTGTGCC GACTATTTCTGAGACAGATTCCCA
D19S112 0.86 120 GCCAGCCATTCAGTCATTTGAAG CTGAAAGACACGTCACACTGGT
D19S412 0.80 89-113 TGAGCGACAGAATGAGACT ACATCTTACTGAATGCTTGC
D19S596 0.52 213-221 GAATCCGAGAGGTGGG GCCAGAGCCACTGTGT

Het score, heterozygosity score; Size, expected size range (nucleotides).
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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).
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Table 2. Clinical profiles of oligodendrogliomas and mixed oligo-
astrocytomas

. Oligodendro-
) Mixed . .
Oligodend- . glioma & mixed
: oligoastrocytoma
roglioma (n=44) (n=12) oligoastrocytoma
(n=56)
Mean age (years) 40.5+13.7 39.3+8.1 39.9+12.6
(range) (11-85) (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 23 (52.3) 6 (50.0) 29 (51.8)
CTx only 0(0.0) 1(8.3) 1(1.8)
RT+CTx 15 (34.1) 2(16.7) 17 (30.4)
No 6 (14.6) 3(25.0) 9(16.1)
Follow-up
duration (months)
Mean 62.7+37.4 63.4+43.2 62.9+38.4
Median 59.9 485 58.6
Range 10.9-157.6 12.1-143.7 10.9-157.6
Disease-free
duration (months)
Mean 53.8+28.4 445+32.0 51.8+29.2
Median 55.0 322 49.6
Range 10.9-116.1 12.1-98.7 10.9-116.1
No. of recurrence (%)
No recur 30(68.2) 6 (50.0) 36 (64.3)
recur 14(31.8) 6 (50.0) 20 (35.7)
Survival status (%)
Alive 38(86.4) 10(83.3) 48(85.7)
Death 4(9.1) 1(8.3) 5(8.9)
Disease 2(4.5) 1(8.3) 3(5.4)
unrelated death
Survival rate (%) 88.1 88.9 88.2
(5 years)

RT, Radiotherapy; CTx, Chemotherapy.
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Fig. 4. 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
to that of normal tissue (retention of heterozygosity). (B) Two alleles
are noted (black and open arrows) in normal and tumor tissue (het-
erozygosity). 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 nor-
mal and tumor tissue (homozygous; uninformative). Because the
expected nucleotides of PCR product of D1S508 are 73-85 base
pairs, the smaller peak (arrow head) is out of range (nonspecific
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Table 3. Clinical features & LOH status of oligodendrogliomas and mixed oligoastrocytomas

1p 199
Case o 18V Gen "% e AT O LOH oh 2 Recur AU Status
No. 2nd (yrs) 508 199 2734 186 312 ———~ 219 112 412 596 —— (M)
5 5 3
Oligodendroglioma
1 1 M 38 F - - X X X X L L X [¢) o X | | 56.4 - 56.4 Alive
2 (0] 1 M 5 T + - X X X o L L X o X X | | 19.0 + 457 Alive
3 AO 1 M 0 T + - X X o L L o o o o | | 39.4 + 504 Alive
4 AO 1 M 36 F + - X X L L X L L 37.1 - 37.1  Alive
5 (0] 1 M 32 F - - o X L L o L L 89.1 + 1464 Alive
6 (0] 1 F 30 T + - o L L X X L L 36.2 + 1478 Alive
7 (0] 1 F 37 P + - X X X L L X X o X | | 59.5 + 595 Dead
8 AO 1 M 34 T + X X L L X o L L 99.4 - 994 Alive
9 AO 1 F 49 F + + L L X o X L L 88.3 - 883 Alve
10 (0] 1 M 50 F + - o X X L L X X X L L 99.3 - 993 Alive
11 (0] 1 M 44 0O + + o o L L X X X X | | 91.6 - 916 Alive
12 (0] 1 F 36 F + + L L o o X L L 81.1 - 811 Alive
13 (0] 1 M 6 T + - o X L L o o o X | | 76.0 - 760 Alive
14 (0] 1 M 40 P + - o X o L L X o X L L 49.0 - 490 Alive
15 (0] 1 M 14 F + + o o X o L L X o X X | | 785 - 785 Alive
16 (0] 1 M 37 T + X L L X o X L L 76.8 - 768 Alive
17 (0] 1 M 37 F + - L L o o o X | | 10.9 - 10.9 Alive
18 (0] 1 M 46 F + - X L L o o o L L 719 - 719 Alive
19 (0] 1 M 55 F + - o o L L X o o L L 67.1 - 67.1  Alive
20 (0] 1 M 56 F + - o o L L X o o X | | 65.8 - 658 Alive
21 o 2 M 33 P + - X L L X X L L 96.5 + 1576 Alive
22 AO 1 M 35 F + + ¢} o L L X o L L 60.3 - 603 Alive
23 AO 1 M 48 T - o o X L L X L L 60.2 - 602 Alive
24 AO 1 F 64 F + - o o o o L L o o o X | | 58.0 - 580 Alive
25 (0] 1 M 62 T + + X L L X X X L L 53.6 + 556 Alive
26 (0] 1 F 59 F + - o X L L X X X L L 22.0 - 220 DUD*
27 AO 2 M 36 F o+ o+ o o L L X L L 1161 + 1383 DUD'
28 AO 1 F 36 F + + o o X X L L X X X X | | 415 - 415  Alive
29 AO 2 M 31 T + + o o L L o L L 83.5 + 1153 Alive
30 (0] 1 F 65 F + - o L L o X L L 241 - 241  Alive
31 (0] 1 F 0 T - - X X o L L X X L L 355 - 355 Alive
32 AO 1 F 51 F + - o L L X X X L L 12.8 - 12.8  Alive
33 (0] 1 M 56 T + + X ¢} L L L L 10.9 - 10.9 Alive
34 AO 1 F 27 F + + ° o o pL L o o o L L 389 + 755 Alive
35 AO 1 M 55 T + + ° o pL pL X o o X | | 37.4 + 374 Dead
36 o 1 F 43 F + - o ° ° pL pL o o o L | 60.3 - 603 Alive
37 AO 1 F 46 F + + ° pL pL X L L 26.4 - 264 Alive
38 (0] 1 F 12 F - - X X X ° [ ] N N o ) ® pL pL 426 - 426 Alive
39 (0] 1 F 30 T + - X X X ° ° N N ) X o pL N 20.6 + 206 Dead
40 (0] 1 M 37 T - - ° X ° ° o N N ° X ) e N N 26.4 - 264 Alive
41 AO 1 F 14 P + + ) ) ) ) pL N X L L 16.5 + 286 Dead
42 (0] 1 M 11 T + - ) o ) ) o N N X X X L L 785 - 785 Alive
43 (0] 1 M 46 P + + o o ° ° o N N o X X X | | 405 + 607 Alive
44 o 2 M 5 T + - ) o ° ¢} e N N ) ) ) e N N 11.1 - 111 Alive
Mixed oligoastrocytoma
45 OA 1 F 3 T + - 0 X o X X L L X X X | | 68,5 ++ 124.1 Alive
A X X X X L L X X X | |
46 OA 1 F 30 F - - 0 o ¢} L L o L L 41.9 + 469 Alive
A ) o pL L o) L L
47 ACA 1 M 41 P + - 0 X X L L X X o X | | 19.2 - 19.2  Alive
A X o X pL L X X o X |
48 OA 2 F 42 F - - 0 ) X pL L X X ° X N N 225 + 321 Dead
A . e o pLpb X X e X N N
49 OA 1 F 38 F + - 0 X o L L o X L L 20.7 + 1437 Alive
A o L L o L L
50 OA 1 M 52 F + - 0 o o o L L o o o X | | 93.1 - 931 Alive
51 ACA 1 M 42 F + - 0 X o L L X o X L L 75.6 - 756 Alive
A e ° ) X o N N X o X L L
52 OA 1 M 48 T + + 0O o X X X L L X o ° X N N 13.4 + 434 Alive
A o X X X L L X o X X |
53 OA 2 M 45 F - + O L L o L L 17.9 + 219 DUD3
A L L ) o) pL L
54 ACA 1 F 37 F - - 0 L L X X L L 12.1 - 12.1  Alive
A L L X L L
55 OA 1 M 2 T + - 0 e X ° X pL pL X X o X | | 98.7 - 987 Alive
A e X o e X N N X X o X |
56 OA 1 F 42 F + + O e [¢) X e e N N X o X X | 50.1 - 501 Alive
A o X e pL pL X ©o X X | I




3|4E7|OMESS 1p/19q OIZTRIAM ZA] Hgfet #01FH| EXIA

Table 4. Microsatellite markers and heterozygosity score

29

1p 199
D1S508  D1S199  D1S2734  D1S186 D1S312  D19S219 D19S112 D19S412 D19S596
Loss of heterozygosity 31 29 33 44 24 21 12 33 8
Retention of heterozygosity @ 9 9 7 12 4 3 2 6 3
Uninformative @) 13 17 9 7 20 11 28 17 11
PCR fail X 14 12 18 4 19 32 25 11 45
Heteozygosity score 0.76 0.69 0.82 0.89 0.58 0.69 0.33 0.70 0.50

Heterozygosity score : (No. of heterozygosity)/[No. of total cases (67)-(PCR fail)].

Table 5. Analysis of 1p and 19q LOH status of 67 tumors using all microsatellite markers and selective markers with high heterozygosity

score
1p 199
Analysis of LOH status by 5 markers Analysis of LOH status by 4 markers
Total  Partial Total Partial Indeter-
N | Total N | Total
LOH LOH orma LOH  LOH O™ rinable
Analysis of LOH status by 3 markers Analysis of LOH status by 2 markers
Total LOH 47 4 51 35 1 36
Partial LOH 6 6 1 1
Normal 1 9 10 1 5 6
Indetermined 1 23 24
Total 47 11 9 67 36 3 5 23 67

LOH, loss of heterozygosity.

Table 6. Chromosomal LOH stutus of oligodendroglial tumors
by selective microsatellite markers with high heterozygosity score

Numbers (%)
1p 199

LOH 48 (85.7%) 32(57.1%)

Total 44 (78.6%) 31(55.4%)

Partial 4(71%) 1(1.8%)
Normal 8(14.3%) 5(8.9%)
Indeterminable 19 (33.9%)
Total 56 (100.0%) 56 (100.0%)

LOH, loss of heterozygosity.
ATEES A42H, G571k TS 19T AZE B9
o4 DNAS #&3j3lct 2% 67708 Sl thted 97 @
H3R4A BAR I, S70: 19, 1) E AMEse} SRELAY
WSS 043 oFHHLA HAE AYSIATHFig. 4, Table
3). WA AE wo 2 7 Zapd A o F PP o
Bt 2 v ZAAPE ol HY M (heterozygosity
score) & TR O FNT W T AN )PP Lo] A8

FAALS] 4(No. of heterozygosity) /[ AA E%ke] S2H(67)-

PCR product7} ¥E=A8%] £l 4
tH(Table 4).
olFTaA AL Al 2zt ZEMEE 1p9] 57, 19q9] 4
N FAA ZAM F8H T (homozygous) © )| AY AAE A7)0
PCR product’} 95297 ok& ZA$-(PCR fail) & A9 F
712 g2 (heterozygous) S HSl FA A} Fo| A, BF o] F
Aol slow “HA o] a4 (total LOH), F24<l
844" (partial LOH), ©]
= 312”3 A4 (normal), 18]3 BE &n)
Jolﬂur AFE A7)l PCR product
“o|HAGAA JRE AAT 4

H1-=2

$(PCR fail) 12 A

H}\
2" (mdetermmable 2 FAA ]aﬂi}i"é(chromosomal
LOH) %2 A=319tH Table 3). &3 1p2] 57 XA S
A ol8HT A4t T 3719 BAAHDISISE, D1S2734, DIS-
8) < 1999 47H4 FAA FAA ol A7 =& 2709
A AH(D19S219, D19S412) & A3t o] HelE A&
OJFFALY A AAE wHOEE FAA ol T o
£ =Sk 74 Sl GAA oI o

7} Zth(Table 3)

F

rir
do

L—lﬂi—ﬂ:l%

(Table 3 Abbreviations) O, Oligodendroglioma; AO, Anaplastic oligodendroglioma; OA, Oligoastrocytoma; AOA, Anaplastic oligoastrocytoma; Gen,
Gender; yrs, years; LOC, Location (F: frontal, P: Parietal, T: Temporal, O: Occipital); RT, radiotherapy; CTx, Chemotherapy; 508, D1S508; 199, D15199,
2734, D1S2734; 186, D1S186; 312, D1S312; 219, D19S219; 112, D19S112; 412, D19S412; 596, D195596; 5, 37, 4” & 2", LOH by 5, 3, 4,& 2 markers;

DFS, disease free survival; m, months; F/U, Follow up; DUD, disease unrelated death;
formative; X, PCR fail; L, LOH; N, Normal; pL, partial LOH; I, Indetermined.

, Loss of heterozygosity; @, Retention of heterozygosity; o, Unin-
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Fig. 5. Overall survival of oligodendroglial tumors according to 1p LOH & 1p/19qg LOH status. (A) 1p status (p=0.03), (B) 1p/19q status (p<

0.01).

1pollAl 5709 A A} o] - M7t =2 7He] EAAE
qeste] A=5d GAA P FFALA AFE vsty, HAE
= —‘vj—-"r]g e 67719 FF T 6271(925%) 2] F A LA
qoll A1 470¢] EAA} ol A7t w2 2749
4‘_ st} A=g A P HAAY A, 6749 F
°ok 6471(955%) & FFlA YAt TH Table 5). o<} 7
o] 1p2] 571} 19q9] 47H¢] @Av|ipA] EXAZ A5 A
oY FEAA A o|FHY A7t =& 1p] 37/H% 1999
270] dn|ReA] ZAAZE A5 FAA ol H I At
79| YA|stSiT
olg A A7t wot AEIg 1pe] 370¢] FAZHDISI186, D1-
S2734, D1S508) 9} 19q9] 2719] BAAHD19S219, D19S412) &)
OlYFIAA ANE HiEoE HAEF -‘vj—-rli A9 gig
71 A EF A o|FHFAY RS A5 AF, 1pd
A= 44694 total LOH (78.6%), 4 ] oA partial LOH
(71%) 5 Btk 183 8ol dAA olFH Aol ol
= 4H14.3%) 1tk g, 19qollxlE 19964 o1 a4
e AAE = §I30T (indeterminable) (33.9%), 31d|A]
total LOH (554%), 1¢]9|A] partial LOH (18%)S H$om,

l:L:I

Selol A& Aol ATHB.9% ) (Table 6).

K ES 7]‘@‘—%1#5 11e]9] 3AE7|tuA XS F-919
WA EE 919 o)FHIAA AAF AE HEi R, 1plA
= 8al(72.7%) A FrE7)oluMES F9 wAES 59
o] o|FHFAA AFT} 2UA, 34(27.3%) AN T HE LRI
19goIME 11e] EFolA BAaE7olusEE FSl9 xS
H29] o]gH T Ay} 79kTH100.0%).

3| 2E7|0twM =S| 1p/19q 12|11 1p OIFHEAM Of

Bl ag7)okuA 2] 244 FH(p=063), ZaE7okL

HEFI T B|as7BAEFTHPp=099) 9] dF Aol gk
o olgHR Havh wob AdEd 1p9] 3719 EAZHD1S186,
D1S2734, D1S508) 9} 19q9] 270¢] EA2H(D19S219, D19S412)
9 01?‘%@&@ AAE viEo R GAA o]FHTLL R E
H5sted, 1) 1p olgHARHe] A= T(4del: 85.7%) (1p
LOH) # 1p7} 24 el (8¢]: 14.3%)(1p Normal), 2) 19q
T ARE AT 4 AR 19915 A 370X
A 1p/19q oG- TR0l A= (2990 784%) 3 1w
(8l 21.6%) 22 vprol Hluesle W, 47 o] T
TollA T2 dFE HIL FATHCE frofstdth(p=0.03,
p<0.01) (Fig. 5).
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HAI7A HaEe] BFE 192039 Bailey 9t Cushing'®o)
1344 Fej o WA E(glia) o] 2 WAE F4 Haste]
BRI R oS FHgH o MAEES
oA, FaE7ItuHEFS FAFT] ok EA A frefat
lolgkal Azbstgich J2lal ojH gt o] o o] =
WA o] 9] A E (precursor cell) 9 AR AlolEkar
slod, A2 H98A WM E=(anaplastic astrocytoma) <
AN EZ (astroblastoma) ]2} WH3sAt &4 20008 WHO
FHOME HuES FustHoz YA EE, 32E7|o}
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Uepdth= Apdo] w18y BAAst o7 wRA
EFE TP53 A BRIt dojue oaf WA EFH
EGFR 34 T%o] dojue YA} A RAEZOE 17T &
ATk LEA ATk ol A ARAQ] AESE FAA}
o 9%t HuFe 7 7FeE AFOE AAEE Aol
A AFE uke} 7ro] S AEV|Ol WM EFS 1p/19g F2
Ip olZHTaA0 AUE Fo] 37t o1 1p/19g &2 1p
O|FH AL 9p, 10g, 17p] ©1FHTAA T8]3 CDKN2A,
PTEN, TP53 fx#ke] wiste}l o daaAzte Abdo] a4l
o 53] 1p/19q & 1p olFdgAae] oA zhd'e &
o] gtk Abdo] WA WA, SAe] o F B oh} A
HA7A G v A= NEE BAFAGE HuF ol
g 7s/3 2 A H Atk

A Mukasa 578 84E71OMAEES Ip JlFHTL
o] gt F3} gl FO & o], DNA chipl & 2F 12,000
ZAxke] WS HwSATh T AtolollA] 20970 A

2

T O

Frtl

o oz
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o i

g5t 3 Aolg Boledl, I FolA 1p olFHTAA A
86719) SAAE =& wrE 123709 FAAE e wES BY
o W2 HdS B 123709 §31AF F 50%< 1 G,
10%% 199 G0 EAstsle], o2 247E ngoz
1p/19q 1EHTALA e FHzle] £40] giasr|ofaA
3O AYAQ A frEfsiths M-S AT 1384
gk o] Al UHA e AATA frEAte BE 2ol
FEiakA] ok, ANl JFe F= 5% A KA
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9] $1%], % & Karnofsky score, WA =7}
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p27, CD44H 9| WAz sets g4 18]l TP53 &4
#o], CDKN2A 44, PTEN Eduo] 59 Ba447 w3}
ol gA ATEHEH Ty Roluh gAY A
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M. H
7 B2g0Y, FHRAANISS 0188 o FYTLAIA
Wste} HHsa17] AL 4ol A7kl Bol AUTHe W)
Lk W] FFALANNLE o1& ol FFR2A Hrhe
437 43 AA AAAS 24 olRE & & gonk B4
24 T 89 S 44 DNAZL 9% a3l k. 1e)x
A 8257k EFS] ol B YA DA 0§ &

S AA heE M0 AL Reifen-
berger & < Zo) 1polA 370(D1S2734,
D1S199, D1S508), 19qoll A 47](D19S219, D19S112, D19S412,
D19S596) €] Al BAAE 3lAE7 ok M EF ol -
2 S 3 ZF AvRA FAAR AT o5
OJFHY H7E80% ol FAAE Adlste] A=,
o]l AglolA] gl A3} DIS199, D19S112, D19S596- ©|F
A7 80%0 PIAA] Zatsich. ol2|eh fuliA| FA2
7h Eol B AMn o] P AgTh v AL A A
ole] 93t Ao Azt 53], T tRRIF w7t Hlsto] ]
A FRHOE BT Tk o] B d=91 Agele o=
o] Hel| wste] o] PG M7t W AvRrA 2AA} %
S Aog dAEh 1pollXE Burger %] #AIE DIS312,
DIS186< F7Fstel ZAAbsIAE=E, o] EAAES F7FslH 1pf]
D1S186, D1S2734, D1S508, 183 19q2] D19S219, D1S4127}
0% °13e] olFHY A5 BArh 234 PCR based LOH
HARE SIEIAE ol 2o 7hs s olg /Y A4t =2 A
£ Adh= Zlo] uit A Zojot H3k ol Aol M A xS
1p9] AuR5A BAAEL SaE7|otwHEF9] BHFAA7t
ZAE Aolga AAAE 1p36.39] D1S7634 D1S253 Aol 1
2] 2L 1p34-1p359] D1S4829} D1S2743 Atol139] F+ H98 &
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