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Neuroepithelial Tumor Relevant Genes
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Cancer may be a disease of genes, arising from genetic damage of diverse sorts-recessive
and dominant mutations, large rearrangement of DNA and gene translocation on chromosomes,
all leading to distorsions of either the expression or biochemical function of genes. The search
for these genetic damage in neoplastic cells now is the most important in cancer resea-
rch.

It has been found that the cancer relevant genes were located on the specific regions of
chromosomes.

To determine whether epidermal growth factor receptor(EGFR), P and ber genes located
in chromosomes 7, 17 and 22 are altered, we examined 12 neuroepithelial tumor with Southern
blot analysis(five low grade astrocytoma, two high grade astrocytoma, two medulioblastoma,
one oligodendroglioma, one ependymoma, one choroid plexus papilloma).

The loss of heterozygosity(LOH) of EGFR gene was detected in two cases of medulloblas-
toma. The rearrangement of EGFR gene was detected in a case of ependymoma. The LOH
of P53 gene was found in a case of choroid plexus papilloma and low grade astrocytoma.
The rearrangement of P3 gene was found in a case of oligodendroglioma. The LOH of ber
gene was observed in two cases of medulloblastoma and low grade astrocytoma. The rearrange-
ment of bcr gene was observed in two cases of high grade astrocytoma.

These results suggééted that tumorigenesis and tumor development in the neuroepithelial
tumor may involve specific gene changes in chromosomes 7, 17 and 22.

KEY WORDS : Neuroepithelial tumor - Southern blot - Loss of heterozygosity - Relevant
gene.
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A =

N34 H%%E World Health Organization
(WHO) &7l ot} 4173 9 (neuronal) M X, 2173 3
(gliaD A X, 28]3 A 7oA X Z& ol ¥ (neu-
roblastic or glioblastic elements)ellA] 719§t F%
o2 U AU HFFY oF 50~60%E AA
B3 ShD,

HEFe) LA Bt ME o}F waEAA
¥ Jovt HT ME FA%I 2 FAS
dgz ge 47/t AYEn Uk e AE
4R &3 FL HlolE L, M v 3
83 Ut EFE A3 MEW fHA o)Fe]
AP 2N BPAEI HHEZ ¥ Ho] e
B UAAEN AE 4] Aoolnd FE {3
A8 o) e A FAUAR Yo AR F U
ARE FF vtolaizy AFE FA WIHI &
+ 2 &} (oncogene) 24 ©]E9] oL@ A¥=
dAA A 2 gd¥ol T A A% ¢
AR €43 Fgoln, EAE & ®HA A
e w9 /AU FEFHAF B A (tumor sup-
presor gene) 2 XA ZE B Sl 4%
B @A 3le] Zxjo|th)1N0),

EAE HZ G Solg At 248 ¥
FE& 3 F3e AR Y FaH FFAA
$ A A (tumor suppresor gene)7t AAE G4 o)
FAgohe AMdE AT Ao d4H ol
2719 AESAS A2 XY F Jou),
44 PYAF S A 24 L restricion
fragment length polymorphism(RFLP) ¥4 3} 2
< 5% EAriyezAt #xdEs o
RFLPEAN L FFAARAA} 2HE 4894 ¥
9 e 984 EADNAE PAe Aog,
ol 4 HADNAE AZZHNME ol 8HYY
g YgAz EA3 Southern blotA] THE band
E2 Jehln o] & 373 RFLPE} 30} o S0l
AR AR A42 FEHAS de AAFER
o} AZH Ad BAFAA(maker gene) = ZE
5lo] Southern blotA] band9] A4 o] RolEd o=
¥/ RFLPEZ @ ¥ A9 o]F HEA £4-(oss
of heterozygosity, LOH)©|2} #t}1D2),

AR HF53 FHE AXFAEH HAL
BIE AHRE AZnFANA FAEQA A HA
7R §5 a3 G4 10, 228 2 Y £40]
Bugy glon oAl AL £Hol ez G
7,19, 2082 57 G4 10, 228 R Y9 &
Aol Z & o]l A oF 50% A double minutes
(DMs) 9} homogeneous staining region(HSR) & X
333 ol# FA P2 Al (maker chromosome)
olx}A oz uvehts GAA o]do R epidermal
growth factor receptor(EGFR), C-myc, erb-B % gli
59 o HAA ARdHe] 2 Y9 R ELR
U3A glon ofd FAA o}ge] vehid &
apol A FFe 271U Adejol] #A fUol AF7
FA LW ol A B YPolE ARIGT
galA YY) kg NG mFNA G4
178 3R 240 10% 14 2ot E4A 108
FAR £4e Qo3 RuEHT o). £ 44
AR BFA A 108 3 G4 17d G
FHAL 2de] RIUFT Q3 AANEE JAA
1089 39 or84 ol MXFoNA 53~97% 0l
d¥4 APATZAME 2 1xrt Fob 0~15
% PO, =g GA1 17ddME B4
Aol MEZE 934 ZBAEF] & Zo] 8ol
33~50%ol4] LH@hn Rugam Yopo,

a2y JAAEZ ol HA AAFRFoY
BAAEZ) M E ol H7tA] @ GHAHL R
a2 A ded, §ANZZZ] 3¢ d4A 173
AR 24E JamesT'We S 63 BRIHAR
A A 108 FHA 442 Rasheeds'¥2 13 o)A
B339 X7 Ventersd Thomas?& 368
AN ZRZHR AR FAEFTANA FAA 17
H fAdz 248 24 RIAUGT.ES FAMESF
e A 9, 17 R 2299 A4o] BuE:
Aoy dgF FFFIUE RuEs obF AU
%3 Thomas$t Raffel?? & FolAHEEF YAA
A7l FFAA S84 179 @2 /AR
Aol 7 3wdly $4 42 AP L Frde
2 F&ol G4A 174 glvix B o

olo) £ dTE AFUTE FHgEY 4739
#8 RPN FE2 GG AR HATSF 12
glo] el MEFASH FHoz GAA o]y
nWsgn 4ejd 44 7, 17 2 220 zZ
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Table 1. Clinical Materials

Case Sex/Age Pathologic diagnosis Site
CpP M 17 Choroid plexus papilloma 4th V
E M 4 Ependymoma Cbll
M-l M 10 Medulloblastoma Cbll
M2 F 1 Medulloblastoma Cbll
O M 5 Oligodendroglioma Cbll
AS1 F 24 LGA Cbll
AS2 F 24 LGA Lt-F
AS-3 F 20 LGA Rt-T
AS4 F 26 LGA Li-P
AS5 M 56 HGA Re-T
AS-6 M 63 HGA Rt-P
AS7 F 55 LGA Cbll

Abbreviation : CP=Choroid plexus papilloma ;
E=Ependymoma ;
M=Medulloblastoma ;
O=0Oligodendroglioma 3
AS=Astocytoma ; V=Ventridle ;
Cbll=Cerebellum ; F=Frontal ;
T=Temporal ; P=Parietal ;
LGA=Low grade astrocytoma ;
HGA=High grade astrocytoma

#91¢ EGR, P, ba # A4S W8E L4
A5 A7l Bagch

M= o Uy

1. HENE

1) MEAE HEY XX

B A 488 HZF% 5 WHO £/ &
AR5 E% 128 (Table 1) 9} 2 §xpe] T2
o o] 83QTh F, A AZAMELE 59, 44
HARAHNEF 23, FrAEF 28, AFF /57T,
BAAEE, §ANERF ZZ 1|k 4%, A
W, SR g HazAE AGL Table 19
L9434

2) REX probe
% DNA £4¢ 98] Eet2 0= (plasmid)

o 4Y€ el EGFR, P53, ba FAAE &
(elution) 3t o] 834 . °]& B4 | A& (gene
probe)9] @A HAZE EGFRE F4A 79
gk, PR 44 1738 g bad G444 229
Zgo|v 4% DNA A7|E 747} 24, 2.0, 1.95kbp
(kilobase pair) ¥t}. Z ©A %A A9] doning o]
e AAE JEHl= Table 20§ f9F3isiT).

1. Ayar

1) DNA &3} Southemn blot &4

—80C deep freezero} R&F A3 HFY
ZA S lysis buffer WA A 2 @2 22
EA(omDAN TEZ DNAE phenol?t chloro-
form *2}$} sodium acetate$} isopropanol2 A
AlA TE bufferd] 3o AM8-3ti.

3% 7 (EGFR, P, ba) fHAE ¢ RFLPY
FAA ol #Fo] ol APAL Sph 1, Xba
1, Bam HI% Hind 112 10pge] ¥} DNAE 22}
43 AA} 43¥ DNAE 08% agarose geld
o]8-3t 16 V/anZ 18Xt A7|4F F gel&
g2 AAA ZAEE Joz ydenez
231 DNAE &7 80T 241 F<t YdEaGE
Ael3td DNAE YdE%d] 3F AU

A EEd EARAAEE megaprime
DNA labelling kit(Amersham)2 a-32P2 EA| Al
Atk 4R A 23¥ DNAZE AFE Y
Aoy o2p2 EXE FARAAE AHE3A
68C 271l L Fo| FFHU DNAE]
Nz AgsA @F vEoldoez 3RE Ae
AFoz AAY o A7PAE 28 2Ad0)
Z2E cassene oA XK-5 BE(Kodak) S o] &
3t} —80ColAN 3~15UT FF AT B3}
RFLPS} &A% Wol& #43AY.

& ot

1. EGFR RXX}e| M2}
AN 7H G HE HA = EGFR B4

Table 2. Cloned genes used in analysis of tumor DNA

Genes Chromosomal locus  Name of cdone Veaor  Size of inserted DNA  Cloning site
EGFR 7p18-p12 pE7 PBR 382 24 kb Cla I

) od 17p13 php53B PBR 323 2.0 kb Bam HI
bar 22q11 pber puC 12 1.95 kb Hind 111
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Fig. 1. Loss of constitutional heterozygosity on chromo-
some 7 in medulloblastoma tissues(M-1, M-2)
by RFLP of Sph I/EGFR. N. DNA from nommal
tissues(peripheral leukocytes) : T. DNA from
medulloblastoma tumor tissues. 1 and 2 repre-
sent allelic fragments. Abbreviations are same
as in Table 1.

FAAE Sph 1 AT HAE AHS-51o] RFLP £4
A9 FYAZEAME 3709 band 7} Holut S0}
AEZ 238F M-194% AR, M2dAE EH
band®] 44o] HoluZ HAA o] YH A Lo
A€ ¢ F AAK(Fig. 1.

Hind 111 2 ¥3AY FAHMEZF DNAC| i
EGFR §-Az2] Southern blot #4423} 6.55 kbp
2719 band7} 3lY ¥ Yl o2 F EGFR
FARS] e 948 & AR (Fig 2).

adeg A3 H3F 128 F 98 (75% ) ol A
EGFR #3x ¥zt #FHA g% A 38
(25% )4 H3E BAYTL. o]F FoLHEF 28
oM AMAH o] HAHPA £2A(LOH) S, AAATFE
18l M F3A Avl < (rearrangment) ©] VHeRRL
c}(Table 3).

Kbp
94

655 ” -

Fig. 2. Rearrangement of EGFR gene in ependymoma
tissue(E) by using of Hind IIVEGFR. Arrow indi-
cates extraband(6.565 kbp) Abbrevations are
same as in Table 1 and Fig. 1.

Table 3. Alterations of EGFR gene in neuroepithelial

tumors

Normal Abnormal

Pathology(case) LOH Rearrangement
LGa  (5) 5 - -~
HGA (2) p) - -
M €)) - 2 -
E ¢)) - - 1
s 1¢)) 1 - -
CP 6] 1 - -
(12) 9 p) 1

Abbreviations are same as in Table 1

2. P53 RTX} H3E}

A 179 o F9E HA e PP FA #
ZAE Hind III A3 EAE AFE-3}] RFLP £4
23 AgF §F5F 189 N BAAES 19
A AAA HAYA 24& BAYFAUn(Fig
8), Bam HI 2 2 #33 ¥ X417 % DNAd| tj g
P53 §-#A 29 Southern blot B4 A3 FAFZ32 9
DNA= P% #22}7} 23.1 kbps}t 9.4 kbp Aol &
U9 band2 YEhY T ZFoAE 12.5 kbp
2719 extraband?} 3t © JEgoDnE PO
A Mg g4 5 AAH(Fig. 4).

ageg A734 HFF 128 F 92 (75%) A A
P33 fAA Wste #FHA G oA 33 (25
%) A HIE B} o|F HEF 57 18
F BRAXZ 1894 AMAA ol FHFFA L4
€, BANZEFE 1HdMs A% Avige &
g £ AAH(Table 4).

N CP E M1

O AS-1 AS-2 AS-3 AS4 AS-5 AS6

Fig. 3. Loss and retention of constitutional heterozygo-
sity on chromosome 17 in neuroepithelial tissues
(CP. E. M-1, O, AS-1, AS-2, AS-3, AS-4AS-5,
and AS-6 in order lanes) by RFLP of Hind lI/P
53 Abbreviation and numbers are same as in
Table 1 and Fig. 1.
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Fig. 4. Reamangement of P33 gene in oligodendrog-
lioma(0) by using of Bam HI/P3. Arrow indica-
tes extraband(12.5 kbp). Abbreviations are
same as in Table 1 and Fg. 1.

Table 4. Alterations of P53 gene in neuroepithelial

tumors

Normal Abnormal
Pathology(case) LOH Rearrangement

LGA (5) 4 1 -
HGA (2 2 - -
M (2) 2 - -
E €y 1 - -
o) ¢)) — — 1
CP ) - 1 -
(12) 9 2 1

Abbreviatons are same as in Table 1

CcP E M1 M2 AS-1 AS-2 AS-3 AS-5 AS-6 AS-7
- o o
H

e
.‘...‘..J.‘

Fig. 5. Loss and retention of constitutional heterozygo-
sity on chromosome 22 in neuroepithelial tissues
(CP, E. M-1, M-2, AS-1, AS-2, AS-3, AS-5, AS-
6 and AS-7 in order lanes) and rearrangement
of ber gene in high astrocytoma(AS-5, AS-6)
by RFLP of Xba I/ber. Arrow indicates extraband
(4.0 kbp). Abbreviation and numbers are same
as in Table 1 and Fig. 1.

3. ber FNAL HE}

AAA 229 F¢ ¥ E EANE ba VA &
HALE Xba 1 1§ A4 F AH§-3H] RFLP #4237
FOLMEF 289} F43 BRAEF 2doM AMEA

Table 5. Alterations of bcr gene in neuroepithelial

tumors

Normal Abnormal

Pathology(case) LOH Rearrangement
LGA (5 3 2 -
HGA (2 - - 2
M (2) - 2 -
E (1) - - -
o (1) 1 - -
CP ¢)) 1 — -
(12) 6 4 p)

Abbreviations are same as in Table 1

OlYHTA 24¢ BAF T UUen, 4 4%
AXZ 28|94 4.0 kbp 2719 extraband 7} Y
BUt ba #3AAY AudS FFE + ARG
(Fig. 5.

IYEZ ba FAA Wse A HYHEE 2
#, oA XZ 23 BAHJUL, I AEYY
HEFAME 63 F 289 ¥ QFALFAAT
#& = AcH(Table 5).

| 1

A3 HF%e] ¢3RS GE FridA%
A7t E 402 43t BAMEE P
2 FFAAJNIE A Q4o FE3id
FAAZL GAY 715 FHE oA MXI BN
AR 2atn 2F ¢o 2 o)A = FAAVL
#odste Aoz LA YT,

19753 Southemo] A F{EL Y GAFAGE-AL
$38le] TEADNAZRE E3F 99 DNA U E
2E3AY &£ UdE F8F EANES JYPS
GAFo 2 HEY AT EAYERH FHIol
s HTH?.

G ol e AEfAYH oz WY F ey
A dEPIFT REAY f3Z 24de
RFLPEN Y 2L 553 EA7PHozAYL &
Ag 4 Utk RFLPEANE 7i4ke] JA] A9}
23" 4484 794 le 934 HADNAE
Ay Aog, o] 04 FXDNAE F4x3F
AAEe AT APVAZ EA3t Southern
blotA] & bandE2 UEYH ol & A RFLPE
S}, ol | T o] A FAAS] 242 FEHAS
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He JARFAASE AAA Jd EAFAAE 2
&5 AT A dHWAT AMHe=z
Southern blotA] bande] Aol Roled ol d)
A RFLPZ WP AR JAFTPAN 242 05
B, ol FFA 240l ArAE A4
Hate] 71- g3t B WA YA oy o
T AYA dojvhe A3l g FFAHQA
AEZEE AIed G844 24 fg8dn
ot G2 Be U9 DNAYA FAHE cyto-
sine methylation®] Z&E RAMEGAl G4 9 %
(pan¥4& WA FoHY. RFLPEH L 1
HEE9 AN ZERHE GUFH HF3SA
AeE & e FHY YYolt. o] AE /RHE
AL L2 FAA/NE # Se gAd4AH
A7 WEHO A1 HFHIL Yo o] ¥HY
ANrde B Lol @t ofel, HatsA4F,
H5gE, AFEF FANE ¢AFT oy,
€ AFdMe 12819 AR EFTR
RFLPE 43t 289 FolAxF AN
FAA 79 Dol 93 EGFR BARHa}, ¢
AA 228 g AT baBA AR FF
DNAS] o]¥FFA 24o] Rixn @ Az
5% 139t F4 ZFAXFS 58F 1804
FAA 1798 FH9F PESEA AR FF
DNAS] o|ZFHEH A4le] #FHAUT
Thomas$} Raffel?? & 2385 148]9] Fo}lH ¥ S
oA FAA 179 I, 6 Fg 1x 16W F
&o] o] YA Ado] YEIEGE B3P, ol
T EF Bz £FFFH EAY ol
3t99t}h. Venter$t Thomas?®E YA BEAE
A 179 D, 189 )HHYA Ldol AUA
I, A BFAAE A4 1089 olFHFFA
Z4deo] AN TEHA molAEEd e
os A8 44 FLdle EGFREHA WalE
FUHE HE T4 AT ERPELA ¥
2o} gdo] ALE FAAY. £F & A7)
A FotHES 23] 2R I HAHNES 5
HF 28l FFHoZ QAA 221 F&9] of
BHPA L4o] JelgEd ol ZL YA
AR 4ol FolMEZ AARF] WA
33 ZAE¢e AAME ATV AEIT s
Bol A tebdeize] FAM/L GHAR Frpg

o2 TS, Southemn blot HAMA) XA ¢
2 & (proto-oncogene) ! N-myc# EGFRo] A7
MM EFF ¥ RN EF) FFAA] FF
{amplification) 3 A ¥} A (rearrangement) 2 el g
T3 Y eens),

¥ @7oA FF DNAS f3z Aujde &
28 Aed FAHAES 1894 EGFRFAHA, ¥
ANBRF 181904 P2 RAA, o YAAEF
28N barfrdZte AWME S 47 UYegie &
] %t extrabandZ} 11t} EGFRE tyrosine kinase &
g2 FFHRY F 22 yrosineFdFEo ThE
gy el AstE FXEL ol T3 FAEY
AT E FPAA AZFYE FESE 7150] 9
V. obgd AALF] 40% N A o] fARe] Aujgol]
BEHY ol FF¥4Y 4oz Boe ¢
39] B¥ ¥ (phenotype) 22 ZHF &1, £ 60
% ¥ Ao EFA Auidel Ye olfE
HEF WA YL AR |Ae] B
e AL GABATGO). MacGregorst Ziff! &
FoMEF 9] 20~40% A C-myc Fchdo] 9]
2 AA glial fibrillary acidic protein(GFAP) H@ 3}
AU S Holi AFotAEE, AL, FidolA
Y B 3o v gt sl &
A ERH AAANA, AA 3 454 T3
EE 1y 2L ¢{AA, $¢HAR 2
A E3st B3 gaAd dsteg Ao
ST, S EFAME CmycFFAZLe 7
i GA8% 178 g F4E FFIAH
A olHAFA 200, ¥ @M EF
dxe d4F 1089 o|FFYFAM 243} EGFR
FAASEH] FF] TAF AYPd FHEgn
BEgos.

£ E@7NAR AR HEFS 2497 239
A 73, 179 T3 220 0) BAF QPR
YA BEBe FHAARARY oldFY
# Aol Y Aoz YzEn olo] W A
£3 A77F .Y Rog A

g 9

7339 42 % 128 (A AFMES 53, oA
FRAEZ 28, FolHEE 13, YANARE 1
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#, FAMEF 18, 4FFE F5F 1:A)E G
oz A 7,17 L 2289 47 #9]¢ EGRR,
P53 bar §-3A9] ¥3E 27193 Southern blot
£4& AP

ZH}o| A EGFR fAAS] o]HHYPA 24 2
o] FolAXF T2 Auid L 1389 FAAX
FolA FAHUL, PP FAAY o|FHPA &
Ae 189 AFF {553 139 I BAA
EZoA, AL 1319 PANEZLZNAN A
HAow ba FEZY FHFA 24 289
FotH X534 289 YA HAMEZANA agn
Av]EL 239 ot AAHMTFAA FFHAUD.

A9 ATz AFAY HFY9 dsARPY
ago] GAA 7, 17 2 289 Eo)¥ FAA
H3ll #o3le Fog ARAUG.
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