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48 ERRETEEERME $100% $15

SRz IR HIAS VERE 5% 12 B U & A R A U Al - D # 3 &

BILT & OB

ERNFEFEBMES B ERE (EE L I THESE)

a F Ok oz

SEE NS R, MR, ABEITMIRE R L THEL L TV A, SRR EEE I BT 25Tk
FEER L L Tps3# & 'mdm2 (murine double minute2) DR AHE SN T 575, HENITHMMEEEICBI1T 3, ps3,
mdm2 123 L THAREHH ST i, KBTI, EEREMBREEEOEELO A 1 =X L 2B 5023 572012
P53 BT AR, mdm2EEZTFHIRE, INK4a/ARF (inhibitor of cyclin dependent kinase 4a/alterative reading frame) ;#{E T2
THIE 1AM DNA BARESEPCRE, REMWPCREB L UEREY -7 2 AEFAVTRE LA, €512, pS3BHAB L
U’mdmz ERNER T QBB LFIIRE L. FIERX Y B o -EENREIEEEE 216 (RHIIE 105, SHIET

, BREEIEE 200, B 26 2XRE L. 216F 1B1IC BV TpS3BIEF T 7 V U B SERER 230 7. mdmziﬁ
fx%iﬁi 1, 21H3BICRR 7z, ps3EHEIE, Pabl801 (FLp53#ifk) T204H 241, DO7 (Eps3Hifk) T 20%H 15612
HRIEERL, mdm2ZEIE, IF2 (imdm2 P T206% 1681 ERIE %R L 7-. INKda/ARF #{ET-REE, 21{5’]’*‘ 14
PUCHBEIRREFRD b, 1HICEERER RO, INK4a/ARFRETREI1Z, ICMISERE A06FH Bl oFas, IR
HIRGRERE (LB 6l) & Y BRI T B @A % 272 (p=0.09). p53:ET, mdm2:EEF B & ' INKda/ARF B{5F0E
EFROPT, PLRAEDBVEDU EORETICREEZRD D006 1760 TH o7, DELY, EERIEEIGLLIEE
12814 pb3 B L U mdm2 DHEBE L WEET-RE DY — i EEIEMREEE L EULTB Y, WL, Amsesrm—
THs I EHHEE SN, pld™ (pl4 alternative reading fram)-mdm2-p53 FEEHIHIEE I H 2 BETEE 2 SHEITHD 5 =

48 —59 (2000)

Ln, OEEIRERD RESEENEBREEECEELICES LT Z L ATRE SR,

Key words intracranial germ cell tumors, p53, mdm2, INK4a/ARF locus, cell cycle regulator

ALY M B (intracranial germ cell tumors, ICGT)
&, HEMMZEEARSORER CH 5. ENEEDICBIT
LEDFEEBEIZ, BREATIZ03%753.4%, KFFETIFE2.1%
PHI127% EWME SN, RPTHAEEITVOD—D DR
Lo TWBR U™ IR A HBEROIEER L BD T
PogzE L, 208 » 558 [IGMIEE (germinoma), ZF
JEIE (teratoma), JPETENEH (yolk sac tumor), J&JEH:SE
(embryonal carcinoma), #ZE#E (choriocarcinoma)] (24345 &
NTWwBE™, ZhoEEECH L CIEFER, LemiE K
SHRREE U EENBEITO LTV A Y, FOBERIGE
BLUBRRNTHIE, ZOMRBIHIKELTRER>TWV 39,
bbb, BMRECKRM G, (bREES & CREHEREC
TREREME LY, —H CIMBEUSOIEHEEE (&
TEIE, SREEENEE, MMM, SEE) 13, (LERES X U
SRR ISR RTY, Lo L, ICGT OB, StE
ROGFEMFENERICHE L TE, THZEBHPEL, #0585
TEWFE R OHED, WHBLAE L B LS o IEH Tk

FRAI4F11A 26 BRA, FR124E1 A 4 A%HE

EBEMOBERICECES L TwasEERL 605,

EE, BUHEEOSTEYHOMEDEFIZEY, e ilE
BLOBBEMESho0H 5. $IZ, ps3 & plet A 71
KFHX F— ¥ 4alHERF (pl16 inhibitor of cyclin dependent
kinase 4a, p16™%) % (s & L 72 0B JE B3040 K7 o0 Bl S hE
b, TabbHMEES L URTLOBERIEHELTHWE S
EDHL IR o TELD® MBERIZBEIT S GLEAS S
HI~01T1, BEFMMERAYE (retinoblastoma protein,
pRB) O Y LIz, pRB 2 HIEER 7 E2F 254 2 =
LTk o THATT 59, p53, pl6™e i &1, pRBOY > L
ZHIET A CHBBAMERB T, EL oM Tng 90,
S50, pE3FLHENOELNETHAD, FOBRBHIZLY
TR RAEHFERTDILEPHONTVE WD Fpizn
D ple™e & 2 — N9 5 INKda B {EF OBEFEE [9FJefn ikl
B Op) 21] 24, ZOBEBEFOII V2L Y 3% IE
T 5D #{ETF, ARF (alternative reading frame) sB{ZF b 177
THILDPHSLPICR 722D (M1). & MIBWT, ple™

Abbreviations : APRT, adenine phosphoribosyl transferase; ARF, alternative reading frame; DR, dopamine
receptor; ICGT, intracranial germ cell tumors; INK4a, inhibitor of cyclin dependent kinase 4a; mdm2, murine double
minute 2; NGGCT, non-germinomatous germ cell tumors; PG, pure germinomas; pRB, retinoblastoma protein; p14AR¥,
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315607 I /WAL RLEATH Y, ARFBIETFH2— T
5 pl4*¥ (pl4 alternative reading frame) 1213207 3 / F# &
HhAEHTH A, FOHETHIE, INKia/ARF E {5 T-HE & I
HRTBY, $LOHEOIEE BT, Z20REFEDORYE
PEEETHAT EPHE SR TVE Y, Bplait<ry
A pl9*%F (p19 alternative reading frame) @ & bAAFME L LC5
Bahr., ZOBERZpIENN L 3RL L SoE—- ¥ —HEE
HL, FOEEE, mdm2ZH (murine double minute 2) %¥p53
LY FFALL, po3DAREED ZEH LI H I LIz
LY pE3DEHLANE LTI ETHEW Y, Zo—ED
HEBGRE R TR 14 - mdm?2 - p53 pathway) 5 H5E
BILICHELTVAEZLNTVED,

KL TIE, ICGTEHE L LCpS3EAS L U mdm2EH
DB RIEABLEEE IV CRETL, 8512 pb3#ETF,
mdm2EEF B & O INKda/ARFE{ET O RE & HHI09 PCREE,
17 44 DNA kK # 7% £ T (single strand conformation
polymorphism, SSCP) PCR 3 & Vil — 7 v AEE BV
THRET L 72,

WRE L VHE

I.x ®

1988 4E 7 & 1998 4F F TIZ IR KFEMMAEIMFL 22 E THHFE
BIEIRR E N/ ICGT21 Bl 2 2R & L7z, % D iF B ER 24
oW TIE, HERAEER (WHO) WMEESEICHE - 72%. W
FILICHMBIE 1060, SMIE7H, JIEIEEE 20, WEM2H
Thotr. GEMMBCERIZE, 4%3F RV LT VT FIZ
THEAZEEH/ ST 714 VICTEHELT.

. ®EE#RILE

1. EHMEQEICHT HHUE

Pip53#Mk, Himdm2itfkhizid, UMTodoxfviz. #ie
FP53E /) O —FVIAK2TE (v AIgGl, s — >
Pab1801, Oncogene Research Products, Cambridge, USA ¥
XUt 21gG2b, 710 —rDO-7, ¥Fa - Ixr, FHE)
He P mdm2E ./ 70— ik (v A 1gG2b, 7 10—~ IF2,
Oncogene Research Products, Cambridge, USA). #ip53#if#k
1, WER L AT p53 B L U RA p53 D E & iR AT
KTH5.

Exons: 18 Ta 2 3

Fig. 1. The INK4a/ARF locus. Genomic sequences encoding
pl6™&% are defined by completely filled regions within the
boxes designating exonsl, 2 and 3, whereas the segments of
exonsl B and 2 that encode ARF are defined by shaded areas.
Unfilled portions of the exons correspond to noncoding 5’ and
3’ regions. Splicing between the exons is indicated by the
connecting lines, and exonl and 12 are indicated to have
separate promoters.

2. B RE

4% 8T RNV LT VT FTRIEH, /8774 VICEHLT
[ES4umOEFEERL, RY~L—-1 Yy FLME, K
) M2 74 F7r7 2 LI RSl ¥y
Itz 2 HwCl 95 74 > L, 0.IM PBS (pH 7.4) Tt
%, 0.01IM 7 T ¥R (pH 6.0) T 500W, 34E D<A
sEYI—-TEE7TEEDEL, MEEOREILEIT L.
0.3%BEEILAFEMA Y /) —VTHEERL L F 2 F—Erk
G &, PBSTHE#E, JEGRNEBIEOD, 7y F
FHAR (EFE 7Y FILHE) T RRT00MEH S, RIS, 1T
ARG E (DAKO) THik FP53E ./ 21—+ Vi (7
T — > Pab1801) (X 100512, Hik P PS3EJ 71—+ it
(7 B~ DO-7) 2100 HW, e bmdm2E/ 70—
FIOUHLE (7 80— Y IF2) 2085/, Snb—XkPihE R
ET2MEE S, 8512, TRHKkOEFF Ly F
Hi< A 1gGHufk (Vector Lavoratories Inc., Burlingame, USA)
PERTIOSEIGEE, TEDY—EFF -t Fo
¥ — ¥ &1k (avidine-bitin-peroxidase complex) 5 & 0.005 %38
EELAKFENN0.02% ¥ 7 3 /X F ¥ > (Sigma, St. Louis, USA)
Mz E ) BEEE, AT hFY) CTHBRAEToL. ik
FP53E L/ yu—F OB D v e E LT, i
OIEHEREBOEARE AV, #ik b mdm2E ./ 77 —FVHE
Doy bo—L e LT, SEMBRREOERE HV:.
Al SRVl M= A F SRR €5 K g7 ARVAR )RR Py AN

3. RIEMAEA O

FBHARORIERBIER IOV TEEMAE £ &1 2005 DK
BB 3ERATIZ B W CFNLFN100HOMIE P o Bkl ik 4
ML, ZOFHeEHSETEHFMLZ. BIEEIT10% L,
10 %K OER L FFRBME, BELERL-.

. #FIMPCRZES LU 1A DNA SSCP-PCRES & U

BiEY — 7 I AL DEBETREEOEM

1. DNADHH

WA A 5 0 DNA DI IE, Neubauer 5%, Hruza 52
o7, 4% /ST RNV AT VT FTEER, /3774
PAMLAES 4umoOY F HESM L, EEMRESE
NTWBIEFMHELE. VERS D REOEEIH 3T
v, A9 4 F7FALLDVWRERPL, F2LAITHA
574 % L. LiEEETLHEOS%T Y/~ L)
THEIRE S SRR, BESRSEELE (P I, HE)
12T 10000rpm, 553, 4 Co@ELSEF 20 T 72, Lik%g
BTk, 99.8% 7 &t (HEMEE) 2Nz, 10000rpm, 2%
B, 4CTH Lo EELZ. LEEWTRICHRERE, 50CTI0S
MiEHm R X/, o5+ — ¥ K (QIAGEN, Hilden,
Germany) %%, 55°CC3MMIRER, 98 CTI0MRE &
TuFF—YKEREFESE, —HETLY 260nm O %
E L CDNARIELFIR L7,

AR & LT A DNA % V7. DNA®HIE, KR
5ml %R L, 25 T4000rpm, 1053 BHELOH LA, HHEE
() ¥ SERE) %L, QlAamp Tissue Kit (QIAGEN) # Fiv»
TDNAZME L7, —#%28 0 260nm OB FEELHEL T
DNAKEZETHE L.

pl4 alternative reading frame; p16, p16 inhibitor of cyclin dependent kinase 4a; SSCP, single strand conformation

polymorphism; TGT, testicular germ cell tumors
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2. T4 <—DFERK

p53:E(ETF, mdm2EETB & U INK4a/ARF EEFDIEIER
Flx 4 ) L7 — & ~— X (Genome Date Base, Baltimore, USA),
TETEHO S SFH LA, £2PCRT I A v — U
LWBIEL, 794 <—0#&H It Amersham Pharmacia Biotech
() ICBEEL, 7747 —l1ERMHICT~ FIANKRFT
3 ~ (indodicarbocyamine, Cy5, Amersham Pharmacia Biotech, 5
) OBFGEEICCERL. RLCER LT 1~ — 0L,
a5, PCREMOAE 2% —EIZLTRT.

3. FHHPCRED

mdm2 15 F1#IE B X O INKda/ARF B 15T KL DT % 4T
o7 WET Y b= i3, mdm2EETICHLTE, F-o8
3 > Z754K (dopamine receptor, DR) E{&F % F\>, INK4a/ARF
BEFEHSLTE, 77/ VXY VERBEE (adenine phosp-
horibosyltransferase, APRT) #EEFE RV, £7 74—k
v MIEVYATIAT-DHRBEHREETEEL, T FEVA
7T A — LI L L7,

PCRESIZIE, i L7k DNAD S & 2ng & 1 [ D i
OHEME LTHW:, ST, #iBE 5pmol DENWEEF
DTFTAT— AT PO—LBEFOTSA =02y
b, 200 MDETAFL)EX 7 LA F N (dATP, dCTP,

il

dGTP, dTTP), 0.25HALMTag DNAKY X 5 —+ (Perkin-
Elmer Applied Biosystems Division, Norwalk, USA), PCRX
TR [ EE 10mM Tris-HC1 (pH8.3), 50mM KCl, 0.01%
Y55 ] (Perkin-Elmer Applied Biosystems Division) 3 & ¥
1.5mM MgCl; (Perkin-Elmer Applied Biosystems Division) 12,
WHEEEAKZEZMAESELI0LIWCHRAELA., ShIZ15pul0 4T
V# 4 )V (Perkin-Elmer Applied Biosystems Division) % E& &
&, MEERIRERE ¥ 59— <MY 4 7 5 — (Takara Thermal
Cycler) 480 (E£iHxE, KiE#E) TPCREm%{To 7. i,
B CTIHNMOBEKRL, ETIA—ky bOT=Z—) 7
BEIZG LT A 707075 L%, &EIZT2TI00H
OMEREETo7. R2ICENBEFEATHaI> PI-VD
&£TI4<—kty bOMAEDLE, T4 NVEHFEYA I VE
*—BICLTRT. PCREIGH], HIEEY T RILEILHT
(Amersham Pharmacia Biotech) 2 CTH]RL, F#—rd—rxr
#— (ALFred DNA Sequencer, Pharmacia Biotech, Milwaukee,
USA) 2 THAF L7=. ¥ —4 > A% i LongRanger 50 % Gel
Solution (FMC BioProducts, FE{#, HE) LIKFE (amersham
pharmacia biotech) # AW CER L, 7 VHILEREREE
(MultiTemp I, Pharmacia Biotech) (= T45 COEIRIZ L 7.
1 X Tris-7& 7 B-EDTA (TBE) #5112 C 34W E BJECikBh L 7-.

Table 1. Oligonucleotide primers used for the analyses of the p53, mdm2, INK4a/ARF, DR and APRT genes

Gene ‘ Senseprimer sequences Antisenseprimer sequences sI;; Zd&;t)
p53 ex5a 5-TCAACTCTGTCTCCTTCCTC-3' 5'-CTGTGACTGCTTGTAGATGG-3' 155
p33 ex5b 5'-GTGGGTTGATTCCACACCCC-3' 5'-AACCAGCCCTGTCGTCTCTC-3' 162
p53 ex6 5-AGGCCTCTGATTCCTCACTG-3' 5'-AGAGACCCCAGTTGCAAACC-3' 168
p53 ex7 5-GGGCCTCATCTTGGGCCTGTG-3' 5'-AGAGGCTGGGGCACAGCAGGCCAGTG-3' 191
p53 ex8 5-AAATGGGACAGGTAGGACCTG-3' 5'-ACCGCTTCTTGTCCTGCTTG-3' 225
mdm?2 5'-GAGGGCTTTGATGTTCCTGA-3' 5'-GCTACTAGAAGTTGATGGC-3' 143
INK4a/ARF exl «a 5'-GGGAGCAGCATGGAGCCG-3' 5'-AGTCGCCCGCCATCCCCT-3' 204
INK4a/ARF ex2A 5'-AGCTTCCTTTCCGTCATGC-3' 5'-GCAGCACCACCAGCGTG-3' 204
INK4a/ARF ex2B 5'-AGCCCAACTGCGCCGAC-3' 5'-CCAGGTCCACGGGCAGA-3' 147
INK4a/ARF ex2C 5-TGGACGTGCGCGATGC-3' 5'-GGAAGCTCTCAGGGTACAAATTC-3' 189
INK4a/ARF ex3 5'-CCGGTAGGGACGGCAAGAGA-3' 5-CTGTAGGACCCTCGGTGACTGATGA-3' 169
INK4a/ARF ex1 5 A 5'-TCCCAGTCTGCAGTTAAGGG-3' 5'-ACCACGAAAACCCTCACTCG-3' 174
INK4a/ARF ex1 3B 5'-TGCGCAGGTTCTTGGTGACC-3' 5'-GACTTTTCGAGGGCCTTTCC-3' 212
DR 5'-CCACTGAATCTGTCCTGGTATG-3' 5'-GTGTGGCATAGTAGTTGTAGTGG-3' 113
APRT 5'-CAGGGAACACATTCCTTTGC-3' 5'-TGGGAAAGCTGTTTACTGCG-5' 134

mdm?2, murine double minute 2; INK4a/ARF, inhibitor of cyclin dependent kinase 4a/alternative reading frame; DR, dopamine receptor;

APRT, adenine phosphoribosyl transferase; ex, exon.

Table 2, Conditions for differential PCR

Denaturation Annealing Extension
Gene [Temperature (C) [Temperature ('C) [Temperature (C) Cycle
~ /Duration (sec) /Duration (sec) /Duration (sec)
mdm?2 and DR 94/30 57/40 72/40 25
INK4a/ARF ex2A
: 94/30 4 4 28
and APRT / 56/40 72/40

DR, dopamine receptor; ex, exon; APRT, adenine pllosphoﬁboéyl transferase.

:
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mdm2 BIZ T RO HE X, DNAZEY 7 b (Allelinks
version 1.0, Pharmacia Biotech, Milwaukee, USA) &R\ 7:.
mdm2 E{ET B & ODRE(ZF O DNAWTH O ikSh JEsE | 223
LEEMEY — 7 EHMOTEE &4 WEL, PCREEEDE L
L7, % AODNA% WL LT mdm2#{ET & DREEFO
PCRIIBEWE D It (mdm2/DR) OFHE & =0.97) $ & U
F3 SD=022) #ke, T+4SDLLEZRIZTHIESHY & L7

F#:1z, INKda/ARF#ETFREDH T, INKda/ARFER
Fxzv 2k APRTHEETOPCREEBEDEDIL (=7 Vv
9/APRT) DFHIME & =099) B X UEHERFZE (SD=0.18) &K
W, T—4SD LT & BETFCMARNRES Y L Lz, F72, &
EFOMRBREDE T > PO —Vilid, 7)) 4 — <R
T3R5 U251 & F V7.

4. #ISSCP-PCRiE*®

174440 DNA W # DI EEFIZfE > THMBEOZFMEE L
B, I0ko, EETLRZLLOHNE, LEARALE
XODNAWIE THo T, IFEES NV TERKB LTI L &
LARBELRYT. COEBEFFAL Cp3REFB LT
INKAa/ARF B ETFIZEEMDR S B0 &) PelRE L. &7
S4T—ky PEEVRATIAY—, TVFEIVATIL7—
EbIcESERTEM L.

PCRIT /524, #d L 724K DNA® ) B 2ng % LE O KU
DEE L LTHW. NI RIERE A 5pmol D7 7 17—
12y b, 2000MOEFAHFLIRR I LEF F (dATP,
dCTP, dGTP, dTTP), 0.25H¥ " Tag DNAKY 25—+
(Perkin-Elmer Applied Biosystems Division), PCR % &
[ 10mM Tris-HCl (pH8.3), 50mM KCl, 0.01%¥ 7 7 >]
(Perkin-Elmer Applied Biosystems Division) 3 & U°p53 =7/
V5, T VYTBEIVEs Yy 80HEIIRIREL25mM O
MgCl,, p53 L7 vV > 6 & INK4a/ARF RIETF D% & IIHIRIE
1.5mM ® MgClo |2, MEEBKEZMA 2R 10 LIFRELZ.
%72, INKda/ARFEEFOPCRIZH L Tid, #igE10% Y A
FNANFRFT F [dimethyl sulfoxide, DMSO (Fist#i#)] %
MA 7z, TNIZ15x10 34T b % £ )b (Perkin-Elmer Applied

Table 3. Conditions for SSCP-PCR

Biosystems Division) % Efg & ¢, MRERRES # 7 —~
VA A &5 — 480 (EiEE) TPCREE#{To7z. 4T T3S
DBMEWEDS, T 747 —OF == Y FREIZE LT
I NTTT T LEFG, RHEIL72T I05HOMEREZT-
72, BIKLETITAT—DH A 7 VEELTA 7V EE—EIZ
LCHRY. PCREIGH, HIEEY % FIG1IL# (amersham
pharmacia biotech) (= THRL, 95 C5THOBMEMEEIT o7z,
MM HEKKIZTEESHL, +— by —7 22— (ALFred
DNA Sequencer, Pharmacia Biotech) (2 CTH#ffr L7z, ¥ =7~
AXFNVIE, 2%NN-XFLYEYATZIU VT I FEHER
(amersham pharmacia biotech) & 40% 7 2 ) )V 7 X FIEF &
(amersham pharmacia biotech) # HWCEATZ ) VT I P
FHEUYLT I FOEAEIITONE—14% K 72 ) VT I NRE
IR ER L7z, 7VRIGIEIRE SRR MultiTemp II) 12T
16 COERIZL, 1 X TBE Bz T AOW EEE THkEl L 22

5. PCRE#Y —4 ¥ ALK B Y5 B EE 0 P 0

PCREEIC & W 1iE L7 DNAKT A @9 b, #E1AREDNA &
KMEHE ST PCRIET R 5 KB E 2R LM L, PCRE
By —F Y AR L DEERYIORERITo72. DNAY A2
Vi —4 v A¥x v b (Perkin-Elmer Applied Biosystems
Division, California, USA) # VT =4 ¥ AREEITV,
DNA & — 4 » ¥ — 373 (Perkin-Elmer Applied Biosystems
Division, California, USA) IZT#T LAz, =7 YA 754
T —|ZIBPCRTIAV— % FDFEHEAL, HEIZERT
BOPCREIG L Y, w4 703100 (EiEE, BE) 2T
BELTIAT—REERELDORMEH LA USRI
MIEEE Y SH— <A 7 F—480 (FiEE) HEAL,
95 CT3FMOBEDE, EHISTI0H, T=—-) 7
50°C40%, MERIE72TCAHOTO ST LTI0T A2 T o
7otk BBIZT2CSBEOMERICET o7z, KEHIE7 =
J =N/ rauky At THERE R T 47—, BhEEE
L, =¥/ — ViR CRICER 2 BILLz. Y=o
2 #° )L 1% LongRanger (AT Biochem, M#fh#E, R ¢Hv
1 X TBE #1812 T4OW EBETIkEN L 72,

Denaturation
Gene [Temperature (C)
/Duration (sec)

p53 ex5a 94/30
p33 ex5b 94/30
p33 ex6 94/30
pS3ex7 94/30
p53 ex8 94/30
INK4a/ARF exl a 94/30
INK4a/ARF ex2A 94/30
INK4a/ARF ex2B 94/30
INK4a/ARF ex2C 94/30
INK4a/ARF ex3 94/30
INK4a/ARF exl 2 A 94/40
INK4a/ARF ex1 3B 94/40

Annealing Extension
[Temperature (T) [Temperature ('C) Cycle
/Duration (sec) /Duration (sec)
61/40 72/40 35
63/40 72/40 35
61/40 72/40 35
61/40 72/40 35
61/40 72/40 35
60/40 72/40 40
56/40 72/40 40
60/40 72/40 40
52/40 72/40 40
58/40 72/40 40
58/55 72/55 40
56/55 72/55 40

SSCP, single strand conformation polymorphism; sec, second; ex, exon.
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V. #EtEERoigst tumors, NGGCT) B2, MEDLERRE 21707, 2HM
TREMSRURREN Y, ISHIFME (pure germinomas, PG) #E &R DIHWIE T 1 v ¥ v —1E (Fisher's exact probability test) D#E
SO NE DAL o IR A M M4 MBS (non-germinomatous germ cell I, 5% KR EEEDD & L1
Table 4. p53 expression and gene status, mdm2 expression and gene amplification, and INK4a/ARF locus alterations in intracranial
germ cell tumors
Tumor Case ) ) p53 IHC p53 mdm2 mdm? gene INK4a/ARF
Age/Sex/Site Diag. [Pabl1801 gene THC amp. locus
type ID /DO7] status [1IF2] [mdm?2/DR} alteration
2665 16/M/P PG —/+ WT - 0.58 HD
2832 16/F/S PG —/+ WT + 0.22 HD
2853 21/M/S PG -/ WwT + 0.39 HD
2962 16/M/P PG -/— WwT - 0.14 HD
PG 2985 20/M/P PG —/= wT + 1.14 HD
3241 19/M/P PG —/+ WT + 4.35% wT
3408 60/M/P PG —/+ WT + 1.32 HD
3437 18/M/P PG +/+ WT + 2.48% HD :
3477 19/M/P PG —/+ WT - 0.02 HD
3573 7/M/P PG —/+ WT + 2.63* HD
3516 1MP = MT NE WT NE 153 HD
3378 15/M/P MT —/+ WT + 0.21 WT
2626 25/M/P MT —/+ WT + 0.31 HD
2633 15/M/P MT -] WT + 0.34 WT
2630 4/M/P 1T —/+ WT + 0.08 WT
3384 5/M/P IT —/+ WT — 0.29 HD
3413 i4/M/P IT +/+ exons + 1.01 HD
NGGCT c451(C> WT
T)P1515
2577 10/E/P YS —/+ wT + 0.78 HD
3475 18/M/P YS —/+ WT + 1.55 INK4a:
¢226insT/D76x
ARF:
¢293insT/R
98fs->160x
2591 12/M/S CH =/~ WT + 0.83 HD
3234 T/M/P CH —/+ wT + 0.67 WT

PG, pure germinomas; NGGCT, non-germinomatous germ cell tumors;

mdm2, murine doble minute2; INK4a, inhibitor of cyclin dependent kinase 4a;

ARF, alternative reading frame; Diag., diagnosis; amp., amplification; P, pineal regoin;
S, suprasellar region; PG, pure germinoma; MT, matureteratoma;

IT, immature teratoma; YS, yolk sac tumor; CH, choriocarcinoma; NE, not examined;
-, immunonegative; +, immunopositive; DR, dopamine receptor; WT, wild type;
HD, homozygous deletion. *Case of mdm2 gene amplification.

Table 5. Summary of p53 expression and gene status, mdm?2 expression and gene amplification, and
INK4a/ARF locus alterations frequencies in 21 intracranial germ cell tumors

Tumor pS3 THC p53 mdm?2 [HC mdm?2 gene INK4a/ARF
type [Pab1801(%)/D0O7(%)] mutation(%) [TF2(%)] amplification(%) locus alteration(%)
ICGT
(0=21) 10/75 4.8 80 14.3 714
PG
(n=10) 10/70 0 70 30.0 90.0
NGGCT
(n=11) 10/80 9.1 90 0 54.5

ICGT, intracranial germ cell tumors; PG, pure germinomas; NGGCT, non-germinomatous germ cell tumors.
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134 |

#4, FS5ICSEFOGERMILSE, pS3EETESE, mdm2
AET-HIES & T INK4a/ARF B{ETFRE OMITRERERT.

[. feEmies

Fgary ra—e LTps3EHIE, MMOEZNERED
MEHIAEAZIC, mdm2 B EIE, SRR P IE o JE SR A% 12 B
MR R, ICGT BV THEBMRMIC ps3 HADFER
A 5, Pabl801HAETIZ 2049 241 (10%) (EHEFLIE
160, SMmAFHIE L) BEREEO Hh, DO7 TIE 204!
W 150 (75%) (IEHIMRIE 740, #FINE 2060, KMFEME3H,
REAEIE R 26, BUEM LG WCHEERLTRD b,
Pab1801 iRz it 2 7Rk L 7z 2601, DOTHURIZHE VT G
B —J, mdm2&EOFEHIE, FABCIEIRZICEE
B, 20881641 (80 %) (IRMINEIE7HI, MZEHIE3M,
RIMANE 26, NEENTE 251, MM 26) RIS
BHH N7, 2B ps3HiES & UH mdm2 Fuf I Btk RS &
R L EB ORREERT. ICGTIZB VT ps3HEEB LU
mdm2 B EHEICRELTBY, ps3EAB L P mdm2 &

Fig.2. Representative cases of immunoreactivity against anti-
p53 and anti-mdm2 antibodies. (A) Immunostaining of p53
(DO7) in a pure germinoma {case 2665). (B) Immunostaining
of mdm?2 with IF2 in a yolk sac tumor (case 3475).
Immunoreactivity is restricted to the nuclei of the tumor cells
in both cases. The scale bars at the bottom indicate 20 m.

B DRIAS, 20605 12601252 Hh 7245, pS3EHANTYL
Emdm2 BHORBICHEIT AR BER RO bk d o,
BREEBIE O 11 CHER SRR O 72012, SREAR LR
HEMABZ LD TERDPT.

I. p53 BETEENRE

ICGT 2141235 SSCP-PCRE % JAW C ps3 #{RT DER %
M L7z, ICGT 21610 ) &, $ip53#i{Re> Pab1801 & DO7 D
TG % 7R L7 RASFTBIEO LB 4.8%) D&, 17
VUBICRBENY FOE— 2B oz FHEFIIER DY —

A
100 T
Blood
A -+
= 100} Tumor v /
X}
0 ] ) N
300 325 350
Time(min)
B
i
CTGIG GEIMTATTOCRACATCOOC GOOC GGCAC
0 70 80 90
Exon5

Fig.3. A case carrying p53 mutation (case 3413, immature
teratoma). (A) Fluorescence-based single strandconformation
polymorphism both from the same patient shows a different
mobility shift (arrows) in exon5 in the tumor as compared with
blood. ‘The horizontal axis shows electrophoretic time (min).
The vertical axis shows fluorescent intensity (FI) (%). (B) The
sequencing analysis of the tumor DNA reveals a one-base
substitution from C to T.
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IV AECE D BEFEREN v RE L. Romis ik
BLIRENY FOE—-S 53y Y VEDEREY -
ADBFFKEREHIICRLE. pS3EHOISIFHEO T2 ¥
(proline, Pro) # 2 — K45 CCCA k') >~ (serine, Ser) & I —
FTBTCCNEZEEL Tz,

. mdm2 ;&= FIHEEORE

FFIE PCR#EE % AV T mdm2 E{X T B & 47 L 72, ICGT
21D &, PFomdm2HAEICHEERIE% R L 2 166341
(14.3%) (FEMHafE3#] - mdm2/DREDEME (FEFI 3241;
4.35, EM3437; 2.48, fEF3537;2.63) ERL, ZD3FIZ
mdm2 BEFEEL RO, BETHEIEOMITERORENE
44ZR L7, fimdm2 A ICBEERE AR L4641
mdm2BEFEIFEED SN Lo, F72, mdm2E{ZTFiHE
8% 523 7z 361X &FIEps3 Hidk (DOT) BRI ER L7,
LA L, mdm2;&EFIEIEL p53 A DRI F R HE
BRIEBDLNLE D o7, mdm2EHOFEHARD &I EFD
—#BZ mdm2 B{EFIEIRT D 7.

V. INK4a/ARF #{zFREEDRHE

FpR 59 PCRiE B X UFH 5 SSCP-PRC % V> T INK4a/ARF
BIEFEE 2B L. FABPCREI BT, ICGT 2141+
1450 (67.7%) [MEMIAEOFI, ARG HIE LG, KRAGFME

100 +
Blood

DR mdm2
130 145 160

Time(min)

Fig.4. A representative case carrying mdm2 gene
amplification (case 3241, pure germinoma, mdm2/DR=4.35).
Note the data from blood (upper panel) and tumor (lower
panel) were obtained from respective samples of the same
patient that were diluted in different volumes. The horizontal
axis shows electrophoretic time (min). The vertical axis
shows fluorescent intensity (FI) (%).

200, SREENEE 161, BB 161] (AR BIR KN RD bz,
MR REDOBITHERE RS IZR LA, F 728K SSCP-PCRIE
ZBWT, EEEE 16 U8%) TV 2IlRENYFD
V-2 bnl. BEMCIBVWTEREY -7y AEICL
DEEFERES #HRE LR, NEOMmME &Ll -BE/ v
FOE— 27 & INK4a/ARFEET IV Y 20BEES s 2>
ADOENERERGICR LA, 1EETOHRAINED LR,
INK4aBEEH D76 FEH D T A% ¥ VB (asparaginic acid, Asp)
IA—FTBH5GACHA Ny AN 23— FT2TGANLE
HELTw/A, 8512, ARFEHDISFEHO T LF =&
(arginine, Arg) # I— FTAHCGAF 7L —4 ¥ 7ML, BA Y
v (leucine, leu) # 2 — N3 5 CIGNEERL, BEEPLE
CE2B7 I /BEFICEL, ARI12EOT7 I/ EHPLL
HLERD, 160FBHICA MYy a2 a2—- N7 ATAGEET
B5HDNEERREL T

INK4a/ARFEEZEFEFICE L, PGRETIZ 106+ 94
(90 %) ITEETRENZED SN, NGGCTH TIZ115+ 641
(54.5%) W EBETREZFLEIERIRO LN, WMEEICBITS
INK4a/ARFEETFRFE O LEBIZB WV THRET A EEILED
bhiedof (p=0.09). LA L, PGEHOFINGGCTH L b
INK4a/ARF Bz FEE OEE B WEMIZH o 7.

100 T Blood
[
1007 u251
R o]
SN’
T oo Tumor(case, 2665)
0
1001 Tumor(case, 3234)
o APRT INK4a/ARF Exon2
1;30 210 240

Time(min)

Fig.5. Differential PCR-analysis for homozygous deletions of
the INK4a/ARF genes. Representative case with (case 2665,
pure germinoma) or without (case 3234, choriocarcinoma) the
INK4a/ARF genes homozygous deletions with blood as
negative control and u251 glioma cell line of positive control.
Note the data from blood, glioma cell line u251 and two tumors
were obtained from respective samples that were diluted in
different volumes. The horizontal axis shows electrophoretic
time (min). The vertical axis shows fluorescent intensity

(FD (%).
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A
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BQ OwL
L
—_ Tumor
L. 100 1
} {
0 A A A A
200 220 240 260
Time(min)
B

nucleotide insertionT

{

TECOEOOEEATACTY TROEERG

10 20 30 40

INK4a/ARF Exon2

Fig.6. A case carrying INK4a/ARF exon2 mutation (case
3475, yolk sac tumor). (A) Fluorescence-based single strand
conformation polymorphism both from the same patient
showed a different mobility shift (arrows) in INK4a/ARF
exon? in the tumor as compared with blood. The horizontal
axis shows electrophoretic time (min). The vertical axis
shows fluorescent intensity (FI)(%). (B) The squencing
analysis of the tumor DNA revealed a one-base nucleotide
insertion T.
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ZFHIIEIZ12%PEHRE L TWAEEEHEMUL TV, 61
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PS3MIEF RN IR L WHEEICHO L LHEL TS, 20
HEDFOEF DL AIHHRERZRORBLY 7L TO,
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Abstract

Intracranial germ cell tumors (ICGT) are uncommon neoplasms. The histological appearance of an ICGT is
indistinguishable from that of the usual testicular germ cell tumor (TGT). Recently, several reports have related molecular
abnormalities of p53 and mdm?2 in TGT to the malignancy. However, little is known about these molecular abnormalities and
the molecular mechanisms responsible for the development of ICGT. We analyzed a series of 21 ICGTs (germinoma 10,
teratoma 7, yolk sac tumor 2, choriocarcinoma 2) for p53 and mdm?2 gene alterations, protein expression and INK4a/ARF
gene alterations. Fifteen (75%) of 20 ICGT reacted with an anti-p53 antibody (DO7), and 1 (4.8%) of 21 ICGTs carried a
TP53 gene mutation. Sixteen (80%) of 20 ICGT reacted with an anti-mdm?2 antibody (IF2), and 3 (14.3%) of 21 ICGT
exhibited mdm?2 gene amplification. Fifteen (71.4%) of 21 ICGT displayed INK4a/ARF gene alterations, including 14
homozygous deletions and 1 frameshift mutation. The frequency of the alterations was highter in pure germinomas (9 of 10,
90%) than in non-germinomatous germ cell tumors (6 of 11, 54.5%) (p=0.09). Seventeen (80.9%) of 21 ICGT displayed gene
alterations in at least one of the three genes, TPS3, mdm2 and INK4a/ARF. The low frequency of the TP53 gene mutation
compared with the mdm?2 gene amplification, and the frequency of expression of pS3 and mdm2 proteins, are similar to cases
of TGT. It is tempting to speculate that ICGT might have the same cellular origins as TGT with abnormalities in p53 and
mdm?2, and that abrogation of the ARF-mdm2-p53 pathway could play an important role in the tumorigenesis of ICGT.



