AR BEAEZ A MBFH FHaLANTS2 o] &3

1

Q) okahhdl, ‘AT Jagel et *aAel dopaketna,
JoHFSlul otate ), Relolul Lofaten, “neiolu) dotste
savelo) ZobabstAl, AR el Aoatetadl, ‘ol shelupyel dols),
*Alele) slsketzal, HEe el #lsketad, Aol el szl

50 0|HE - RAF - wss - AN - AR
ESTVOR 0|3§5-gg4a*" gl - A5 2R

2UF - HEE - 599”9
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Purpose: The N-myc amplification is one of well known poor prognostic markers in
neurblastoma. Because the traditional detection method, Southern blot, is expensive,
labor-intensive and time-consuming, the detection of N-myc amplification is not routinely
performed in Korea. The purposes of this study are to develop polymerase chain reaction
(PCR) for detecting N-myc amplification in neuroblastoma tumor tissue, and to elucidate
the clinical significance of N-myc amplification. Methods: The clinical data and paraffin
embedded tumor specimen of 54 neuroblastoma cases were collected from 10 medical
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centers in Korea. We have developed semiquantitative method of estimating gene copy
number that uses differential PCR. N-myc gene primers (RC N-myc, N-myc 7-1) are
amplified together with primers from a single-copy internal control gene (beta-globin).
After ethidium bromide-stained agarose gel electrophoresis, the ratio of the two PCR
products, which stands for N-myc amplification, is determined. Kaplan-Meier survival
analysis was performed to evaluate the prognostic significance of N-myc amplification.
Results: The differential PCR was very effective, less expensive, less labor-intensive,
and simple detection method for N-myc amplification. The percentage of N-myc
amplification was higher in the patients older than 1 year old (34.1%: 14/41), when they
were compared to the patients younger than 1 year old (16.7%: 2/12). The percentage
of N-mye amplification was higher in the patients who have primary tumor at adrenal
gland (40.9%: 9/22) than who have primary tumor at retroperitoneum (17.6%: 3/17) or
at mediastinum (16.7%: 2/12). In Stage I, II, and III patients, the mean survival time
of N-myc amplified group was 18 months and that of N-myc umamplified group was
64 months (Log Rank 4.35, P=0.037). Conclusion: The differential PCR was very
effective, less expensive, less labor-intensive, and simple detection method for N-myc
amplification. The N-myc amplification is one of poor prognostic indicators in Neuro-
blastoma. (Korean J Pediatr Hematol Oncol 2001; 8: 42~50)
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N-mye §A7} ZEe| QA ole] 2 grolry] 9

grolct.

CHat 50 He
1) CHa

N-myc f-2AZ7F 1 copyel S4 dz=Fozs
QA wxaoleld £E% DNA, PAYEZ
gape] FopzAol4 35T DNA, LAN-6 417
RAEF AEFoA %3 DNAE A-&3l%le
W, Nemye §FRA7F SH5 dA d=does
N-myc 5272 20 copy2] IMR 32 417 2 A| EE A
F 32} N-myc f4 4} 40 copy2] KCNR 417 &4
EF AEFolA F38 DNAZ A-gelgivh

AP Fo g 1984 5E] 1999742 A 10
M g slell Al el lyd s4el|e] 417 BAE

AR - o) - AT 5

TCC CTG AGC GTG AGA AA-3)Z} N-myc 7-1
(5°-GAT GAA GAT GAA GAG GAA-3)S A|Zrs}k
i, 1 copy internal standard S-H2}E A& 3-
globin §-#}2] AJubxl= 269 bp A FFHA]
7]+ GH20 (5-GAA GAG CCA AGG ACA GGT
AC-3)3} PC04 (5°-TGG TCC CTG AGC GTG
AGA AA-3")Z A|#s}lo] reverse phase HPLCRE 7
Akl et

(2 SEEAMESE 0|8E N-mye FAX
SEO| £ AU wx¥YN, AHRLANEF

Table 1. Age Distribution of N-myc Unamplified and
Amplified 54 Neuroblastoma Cases

Age  N-myc unamplified N-myc amplified Total
(Year) cases cases

<1 10 2 12
& SAA HE3F AR BANES =72 paraffin 1 8 4 12
embedded 7 Al|ol| 4] 238+ DNAS A-8-319c}. 2 1 3 4
A 54 o] 3ka} F dol= 297 0]9la, 24 3 4 : 3
4 4 1 5
o[ W7} 24vg o] glrk(Table 1). P FF2] X 5 2 1 3
F-Alo] 229, FHut7to] 168l %) 2w (Table 2), ¢ 6 2 2 4
4 Wrle Al 4 W77 48R TP Wk 8 2 1 3
(Table 3). 9 2 0 2
12 1 0 1
2) ahy 14 1 0 1
17 0 1 1
(1) AletA||(primer)Q| A|ZE}: Biosearch 8750 DNA Age unknown 1 0 1
; izers o] 8% - g 7] z}e] 39
synthesizerZ o]-&lo] N-myc f-%2}2] 38 exon Total 23 16 54
©] 428 bp AL ZEA]F]= RC N-myc (5°-TGG
Table 2. Primary Sites of N-mye Unamplified and Amplified 54 Neuroblastoma Cases
Primary site N-myc unamplified cases N-myc amplified cases Total
Adrenal gland 13 9 22
Retroperitoneum 14 3 17
Mediastinum 10 2 12
Head & neck 1 0 1
Paraspinal 0 1 1
Olfactory bulb 0 1 1
Total 38 16 54
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Table 3. Clinical Stages of N-myc Unamplified and Amplified 54 Neuroblastoma Cases

Clinical stages N-myc unamplified cases N-myc amplified cases Total
Stage | 3 1 4
Stage Ila 5 2 7
Stage IIb 2 1 3
Stage III 12 4 16
Stage IV 16 8 24

Total 38 16 54

A ETF, hApollAA A &3t FF=A 9 paraffin
embedded Z#] AHolA] Goelz 7] v o @ xy-
lene . % paraffing- #|# g+ % phenol/chloroform*
o7 DNAES ZZ39r}.

71X DNA 5 41 (200~400 ng), N-myc %2} A|
Hkx|el RC N-mye2} N-mye 7-1 Z+z} 10 pM, S-
globin g4 z}e] Aukxel GH203} PCO4 ZH7} 20
pM, dNTP z}7z} 0.25 mM, 10x buffer 5pl, Taq
polymerase 0.5 g1 (2.5 U), D/W A 2k3- 4o] 50 xl
2 ukEednl Aol a3 95°CollA] 45%
55°Col| 4] 18, 72°Coll 4] 1.55-S 1 cycle® 35 cy-
cles AASF

F A bS] AES 1.5% agarose gelol]
A A 7)ed5sko] ethidium bromide 2 348+ ¥ A
A& #Fodslo] Nomye 34 SEAEE F
s} ek
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Fig. 1. Agarose gel electrophoresis
PCR detection of

amplification in neuroblastoma tissue.

differential N-myc

A4 2ES AHYE, AN FREANAE
N-myc 32 FZ& #9138 4 9lglv}
(Fig. 1).

2) Nomye SEX SE2| QAN oo

(1) N-myc HAF} N-mye SXF0| AMH &
M: 1A o)A 9] At 129 F 29 (16.7%)ol 4] N-
myc FA 2} Z2Zo0] 9wl vhH,| 14 o]Ake] 3k}
417 F 1499 (34.1%)oll Al N-myc §AA ZEo]
Qo] 14] o] Ael Aol A N-mye FAA7} F3
%l 797} Es}drHP <0.05)(Table 1). F-Alo]|A]
%%ﬂ%ltﬂ 22e)] & 921(40.9%)0ll A N-myc 3%

2F FFo] 9el, 17.6% (3/17)€] N-mye |42 5
o wydul FHEulzlell} 16.7% (2/12)2] N-mye
S ZEL WYW FAE Hlsle] =L oF
AES HYrHP <0.05)(Table 2). A 1, 2, 3 ¢J4
7ol 4] 26.7% (8/30)ellA] N-mye 474 F%

o] 9lglwl ubml A 4 W7]e] 739 33.3% (8/24)0l]
AR FEo] QU rHTable 3). %
= %— Fe 9 AAlAL A9 SARA 7
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Table 4. Clinical Characteristics of N-myc Unamplified and Amplified 54 Neuroblastoma Cases

Clinical characteristics

N-myc unamplified cases

N-myc amplified cases

Complete or near complete resection 26/38 (68.4%) 11/16 (68.8%)
Complete or partial response 27/36 (75%) 11/13 (84.6%)
Follow-up duration (Months, Mean * SD) 26.97 £ 18.26% 12.38 +8.58*
*P<0.05
§ 68.4% (26/38)A3L, N-myc §82 SFo] A FAA TFHe] glon, 8= Nomye §71449]
7% 68.8% (11/16)03A4 72 vl ar, X1 g FFo| s, Nmye 84 FFo] glodwd
o] SHANrS o BE ubgelgdul 9% Nomye 79 HF AE7| 7S 647 Lo laL, Nomye F4

TR FHol YU A+ 75% (27/36)% 3L, N-
myc §A2 FEol AUAR ¢ 84.6% (11/13)%]
A fol% Aol giglork, 24717e] AE N-
myc R FFo] qldwl A% 26.97+18.2671%
o] 3L, N-myc FAA F3Fo] AW 79- 12.38+
8.587l o]0l 4] N-mye F-412F S3Ho] AW 751
t} e#lEel FF o] 7153l cHP <0.05)(Table 4).
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Fig. 2. Kaplan-Meier curve of N-myc unamplified and
amplified stage 1, 2, 3 neuroblastoma cases (No.
of cases=30)(Log rank=4.35, P=0.037).

A FEo| vl o] HF AWEI S 1814

o]0 4] Log Rank 4.35 (P=0.037)& N-myc 547}
Z¥ol slgw 2] olFr) uig- Fhoh(Fig. 2).
24¢012] Al 4 W7] 3AF 168 N-mye §H#
Z%o] glslemn, 82l N-myc 2] FFo]
2=, Nomye §82 FFo] gladdd 9 %
T AEZNZ 4071 el R 3, Nomye 44 535
o] Ul o H AEVE 2671Y o]0l A
Log Rank 0.08 (P=0.78)% N-myc 32 Z=3Zo]
A T AU 7ol F-of gk o] $2] Ho]
= slleh(Fig. 3).
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Fig. 3. Kaplan-Meier survival curve of N-myc unampli-
fied and amplified stage 4 neuroblastoma cases

(No. of cases=24)(Log rank=0.08, P=0.78).
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N-myc A AE= 2p23-240] ZEAslaL, 3719
exono. & o|Folx 9glow, AAzA A= 1
copyt ZAATY, AATALEES v Ee olg]
AR ZYlA olE) copyR ZEL 4 Ao
N-myc 577217} S%5 730l %= 1 copy®] N-myc
o] 2p23-240ll EANsIE Zle@ E u] N-myco]
2p23-240l14 ZE5 ¥ wojx v}s}'”, double mi-
nutes (DMs)2] el 2 34| 2]ol] EAJ&FALE, ho-
mogenous staining regions (HSRs)2] ez o]
A9} Qlel 2 ZHgtste] AN}

N-myc 77 7bol] 2lato] A% = myeN w4
2 Z=do] #al, L carboxy terminalol] nuclear
localization signal (N)o] 9lo] &) ol Ezfs}m'”,
DNAol| Z s} basic region (BR)S 7}A 319)0]
DNA®} 73 4 Sl 8¢ e we o
£ ghulA v st o AH2E] = helix-loop-helix
(HLH)®} leucine zipper domain (Zip)'®-& 7}#)H,
N-terminaloll= A4S A 7 Sl 7s
& 7HA myc-boxE 7pH1H"”.

AEA olE] A AR AFE
mycN gk Aot} 2 BR-HLH-Zip gk <]l max
¢} HLH-Zip domain7|g] Z¥slo] heterodimerZ
B Ask3”, o] myc-max ©] & H A= DNA2
CACGTGE] 714 doll Agtstol™ £2 §44
o] AAE Z7}A1 71} vldoll max/max homodimer
B AAE AAANG?. AR R EFI A N-mye
FAAZE S5 myeN2| <fo] F7Fslo] mycN
7} maxzhe] F¥o] 7fA 3L myeN whuiR o] F A
A whge] nAdHew Frlste] Alixe]
A W Eehabg S Bk A A BAEFS]
Wol| Toddtc}. c-myce] 73-9- ECA39, p53, omithine
decarboxylase (ODC), ¢ -prothymosin, Cdc25A &
9 FA FAAE 2As A Jou) AP EAEE
oA Nomyes] £4 fA4E olAnch WA o
Aapshrh o, 22 ATl ook S%w
N-myc -4 27} 291 DMsi} HSRsoll MDM2 -
AA DDX1 FAA7E @A FFH]o] Qo]
o] & ol $of g v]H k. 3 Nomye 4174
o] FFo| Y= APEAEZF AETIA Fde] 3

vl oo
— 1

E

% 53l Folsl= membrane-bound type 1 matrix-
degrading metalloproteinase 5% 25 #4314 7]
& EIAF AAQIAR: FoletAne? AEe] 3%
=¥l o]l Bl integrin?} neural cell adhe-
sion molecule (NCAM)2] uF&lo] 7hisl= 7170
& & o, Nmye 847} S35 A5 ARG RA
EF2] A5 87 Aozt Fvksle] Fiel ¢
o}Ad s}hxl e}

N-mye A2 T5& 7158 + A= Pl
Southern blot, F%F3 41242 fluorescent in situ
hybridization (FISH) G- 37}A|7} il H ol F-of|4]
285 FRtE A od s Wk-E-2 paraffinel] g =
A Agstng eisl AAE A4S 7 U,
AAE d5 B3 oyt glke AHE 7HA
3L Q1S ¥ ojue}, FISHe|| u|sfo] u]-&3} =o]
1Al £} Southern blot-2- = g2 DNAZ} HQ
sk, wlgo] gho] 53 1259 A|7re] £9¥]
© Hh, B dTFellA] AERE SRS
“ ng®| DNA7} D e3}5, u]§o] HA] 551 1-2
do] A|7re] Lgw]o], AAE o2 F AU, H
£ 9l o] AA Fol uff- Helst o g A
gl FHZolE Nemye ghAol] o3l A=
nkEo] o] & o]g3to] Nemye bz o] whglof it
& #staa ol ARE g

N-myc A= QDAL =2 Aol Z
o WiEs} ¥ Fohe Bavt e, B ay
olA X Al 1, 2, 3 W7 Hrk= Al 4 W7ol F¥x
© WE7t ke, A3t FL Aeg dHA
LA oAl 14] o]l ¥ FHE & W=7t
EXI, AFIt FL FHE DY FF AUt
Ak FoFol FAlelA A%k 73-9-K} Nomye
AAFE2] WE7t okt

Al 1, 2, 3 ¥W7]2] Kaplan-Meier -§Z5-4 723},
N-mye 5824 F-3%o] AW FHr}l Nomye §4
A FFol gl o of|¥7} vl%- Fokeul, ol
© Al L 2,3 W79 AR RAEZF kel Al FAY
Al 3 9l X E= Nemye 42 S350] e
wellgk F3a3E 2o g Agxe], &% Nmyc
AR F¥Eo] A& ol gk MF 723 A8
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A 4 ¥7])2] Kaplan-Meier A8&5-4] A3}, N-myc
FAz ZEo] gl 3 Sdddd kel §-9]
gk ol F2] Zol= AL, F - BAollA] o] 7}
sl el, ol N-mye FFHFo] ulFFHol
ulste] o] 37} vpukels 93] Ra*e ok A
T Eolch A% 5 ' ol EE ¥ FelE
A nge ﬁwwol SEERIEE

et wgeka, A FellE A7zl #37
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TeoF 2 d T2 AdE Fge & wll, Nomye §41
Apel FEL S AaE At AR RAES
o] Fag 5RFl *Molvi dog Ak
Alell N-mye §-3749] 5 & R3] o 2

ol whe} o} RIE‘%}*‘ = /ﬂl
Aoz Az=Erch

AA7HA R AR RAEF] A FJAAEE
A7, 444 w7, &¥u VMA (vanillylmandelic
acid)/HVA (homovanillic acid)2] 8], ¥ ferritin
%], &% LDHX|, N-myc 5572 Z%, DNAZ]
#i A4 (ploidy), 181 <34 gkgke] 734, TRK A
A we Fol 9lrk Nemye 3749 S%
o] & ""7‘5’-'?—*115%“]/‘1{‘: = oE 5% ¥
IRl Al 1 ¥l odAAe] gheke] AAR e}
= 3457t E‘LEPL L olu] el AKE gz

P, ol5 F AA e fAH WHHE B

t 7ol Bey

Lepe ol Aol Sdgledt Y, olF
F A wbh A qlgkslo] MAsEA, A%
BAglel Yolth HYHA B3k o F14AA

t ob4 g egto] 3tk =4 Bowman 52 %
A A Bt AR EAESE 7 ool
4] DNA A<=, N-myc Z%olX, &2 Lactate
Dehydrogenase =2 o|FE o|F8 4 o
k913", Christiansen 5%l 25}l N-mye -2

Al S, DNA A7, Al 1 ¥ gA] ghgke] 2
A, CD44 gl o] el &z zxe] ol o& A s
B A3 o]y BFUL olFAAEA ooE e

Agnl - o)w - FHF S
wh, ohidsE 4 A Nemye 42 S5
ofsjrla Haslgict. 1 29 §HA} oo R
Al 2w A sk, Al 9 W A ghsk, A 11
W ood A Ash, Al 14 W A gk, Al 14 W
A Agke] Aol 9lom ol 5F Al 9 W °é
A 7ske] ZdAdnte] Ne-mye f4AF 5353} 5'*-%4:
oA BekFat o3zt e 283’ CDa4zl F
A 735 Nemye F3Fo] glar, o571 Frhe <
5 Q. Brodeur S-S DNA2| uljA|4d, A 1
Wl g AfAle] ghgke] A4, N-myc 5%, TRK A
Az e] whslo g AARMEZS EFsle, 3 u)
A A (triploid)o] 3 Al 1 ¥ o Axl|o] ghske] A4
T} N-myc F¥o] glen] TRK A §3A7F ol
s AS AT da A% Fol 90%
old X & 7F&dk Folar, & 2 wiAl4d (near dip—
loid) 52 4 wllA)A] (tetraploid)o] 3L N-myc Z3%o|
o Al 1w A ] ghske] Z Aol 149
QA AAske] A4 T o] FHkE| L, TRK A -4
A7F AA wreE 7S A 3, 4 Wi7]e] o7 §
< 3AEEH Fde] Aol el FHEES]
oAl FE Ko 25~50%2] 2| &S Kol :l"°lm]
Al WA 72 N-mye S%o] & 4.25 o -
= 26l F2 4uiA|Adola A 1 °S"—‘121l-«|
chgke] 74lo] 9la, TRK A 212}7} 7] wral
H AV WA gk, HE 1Al A 5419 <14
WH717F 52 AEE FAAH SHXE 5% v|uke]
F7F opF vpi Folgka ®Wmeslm glek”. &
F FHAE o]d] ofE] 7tA 9 EAEESH
g A Gl FJQAES ol &% ol AFI 7
ool b= X825 MNdslaasts =8 o)

wrol &

glojol & Aoz AgH
2 ¢

8 H: ¥ A7) AL A, FHELAN

& olgetel Nmye A48 FES Aok

e Aeln, B, ol ol gvtel A

EFoA Nomye 474 ZF] Q44 219 g &

obx7] $1%Folc.
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BF B 19841 BE] 1999W7kA] A 107 u)e}
WA ZAelstdnd s4ele] AHRAEE shAlol
A A28 AZARAEZ 229 paraffin embedded
Aol 4] 3238 DNAE A-&39lch Nomye £-4
AF= RC N-myc®} N-myc 7-1 A%FA|Z-, internal
standard@] S-globin -9 21= GH207} PCO4 2]k
E o] &slo] FRrAAd4NEE-S AAJs}ol, agarose
geloll Al A 7| ed53lo] N-mye A7 ZFEAE
5 FAte] 2 1H e B4l

4 I} FEAPHNESS AR RAES 23
oAl Nemye 414 S5 F4% F e w5
83k Whjol it 14 o]H 9 kAl 129 F 29
ol A N-myc FZAF ZZo] 9wl ¥H(16.7%), 1
Al ol4el #xt 419 F 14l A N-mye F72}
T¥o] 9lo](34.1%) 14] o] Aol A Nomye
FAATE FHR A7 E3AehP <0.05). F-Al
ol 4] fiuksldd 222 F 9ol Al N-mye 54}
Z3*o| 910](40.9%), 17.6% (3/17)29) N-myc 8- 2}
S5 Boldd FEutitelut 167% (2/12)2] N-myc
A SE%E BAY T4l vlsl] & &
AES BYhP<0.05). A 1, 2, 3 9144 7))
26.7% (8/30)0ll4] N-myc Az}l ZFo] Qe
Himl A 4 wiz)e] A9 33.3% (8/24)ell 4] N-myc
AR FHol glodek. Nemye §472k FFol
MAT FhAtoll A 26.97+18.26709G7F F4 o] 7k
Y3, Nomye FAA SFo]l AR A§ 12.38+
8.58/N L7k 3 o] 75 chP <0.05).
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