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H2. ABRMESE A2 T 2 ZXEREAEY tyrosine

hydroxylase mRNA RT-PCR oo, 13
#3. 54

ZH R A X9 tyrosine hydroxylase mRNA
nested RT-PCR ¥4 =9 u8&%H9 FAAFo

=
ZHT AL oA AT ATTA o 16
g =
231, Catecholamine AT oo 7
192, Tyrosine hydroxylase mRNA &b T2 e 10

1Y3-5. 3o}lE9 Tyrosine hydroxylase mRNA nested
RT-PCR #A7|9 % ¥ EAWE=
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Ha7| MB2MEZZ0|Al Tyrosine Hydroxylase mRNA2|
RT-PCRS 0|33t O/HZEAMEZ HE2
& H 29

ABZBHEFL Lololq a3 E3tA UAste APFYLEN F¢,
A Fo g YAMHX R HYLE XJTEo| Yol VAHILL oY
X g2y UddE 7313 A47] AZRAEFL 3d BEEo] 10-15%0]
Esict.  F2olE olayt W2 AELE /AN Sty L&F ¥UA
Fo ¥ YXZERAHREE o|A st ol =UX I AEEo] 30-40%714
PAFE| g oL ofF] wEY Yt A EA] RItden, oA Fo w2 A
UEE W o] sAsiojoryd 1Y F HAZ doldrh. AUS FE S
Y ZEEAEI 2T GMHEI th] FUAHLEA dojdtis Zo] 2
A o8 Aol HEAHOE ¢YFEUL, o YMEY 2EE Fole WY
Z9] 3hUE (D34 EARIE o] RERBAXL A=A Fel7t AdEe] Al
Ex3ch ARl AFEAHEZ MM Y GPEE Hole AL
2 &3 tyrosine hydroxylase mRNAS] A& A F A LA uE-E(0]3}
THMR-RT-PCR) 2.2 A ARMIEFE M2 HAHEE st} 515, CD34
BgMEe] Ay Felrt dME 2@ WAl 7= FEE BAY F3
o} 37 gotr 3z} st}

H47] ABBAMREFOE g U 8HY Hol(Ho}: 5o, oo} 3o, B



% 9% 54 /i) E LR stgEd o] EolA 22T AANE 1) A
FAY ZF4E, 2) 3z ¥UA Fo F AN F4E, 3) ¥yEA}
G-CSF Fof ¥ £33 UXPARYZMEFE, 4) (D34 SHYHEE Hgzor
e 3T YXEAZIEMES ot

8ol 3 ME=Y ZAY I ol gddd lde g A IF59
THVMR-RT-PCR ZAld 3043, MEEW HAAMG GAEE B £ Addd 74
% X2 d FolA THVMR-RT-PCRAALZ} 7He ¥t 3o BRFoA o] HAZF 44
22 g3t} THMR-RT-PCR FAI7F AR EMEZ MEE vlay dustA A
28 4 e e E AsEY, 3xHY ¥AA Fo ¥ AR} TL AX
EUHAY 8o BFoA UMEE & + gdul THR-RT-PCR AA} 715
3™ 66l F 5o THMR-RT-PCR ZAHY 2/dolglont unz] 16& o] Aal
2 BRLZ HEgst T NEZWHAMY LAMRI} Holz] ¢rzle ARZR
MEF HxEe] 2@ o7& ¥HUSL7] 213 THMR-RT-PCRE o] &3 AAL Ha
4 Aoz AlgEEHlL olE HIFoZ Hup FHI Yy HAY, g UHE ¥
7}, ZERME|A A7 AR W Apue] ZUUAN [F&stA BLH £ A
& Aoz Az} |

otA] Fo ¥ AxAA W Z4 HAEERY FAM 83 Bsded,
E¥o] ozl THMR-RT-PCR] ZAl FA3x 2doldld 5o 3 16l YA
G-CSF& %o4(7}%3}:mobilization)¥t ¥ W3x ZYRAXolA THMR-RT-PCR
AA} @4 o g ihgste JhEE F MRS VY 4 A o2 AlgH

1= 3

J

HEEY ¥ Y w2 ZYRAES THR-RT-PCR ZAMY 36171 4ol
g, o] & 1= D34 JGHE MeiztA & A2 F THMR-RT-PCR Z A
do2 ARG oL}, 16 CD34 PFAMEe Mejd Bl Folx 2|43



2 g4oledn, (D34 gAMEEe] A X ZYFAHEL THMR-RT-PCR A4
224019 W 50l F 20 (D34 UYHAE He F @A Hk-g-3te] CD34%
dAIEY Ay Felo A&AEE sk M Ee F
2 3 A7 AE]ojol & Zog yzdrl

&3] FUAFA g ZEBRM TG AW 7oy BFE HYZ g
Hazto] JFA oz A g ot oo uUstd R, oF 24 (D34 %4
BHIEL] AH=l3 Fel ¥ THMR-RT-PCR BAMG 78oldAJolz E73tn Ay
2 Qi3 Agsidd vl olAEHE UX ZEBAIEIY AFEMEF M X2
L2@o] glojx ClE ZE2E T3 AU ¥ 7HedS 1Y 4+ UL Ao
AtEEE, =3 FY 7T F¢ AUY FA glol BEI Uk 44 F 24
£ (D34 GgHxe] M3y Fe] ¥ THR-RT-PCR ZAMG FdolofA olAg
L2 ZYBRAHEZU AZRBHAEE HZ @02 Q3 U] Jlsdoe]l &l
ong AEHoR Fof P2 FAHPY Yoy HAog ARHCL
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e
=
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Yise L ARZRARE, oATEY, ZEEAE]HY,
AHrMEL FHRLAHE



H4a7| MZ2MEZZ0fM Tyrosine Hydroxylase mRNA RT
PCRE O| 8¢ D|MTEAMEHE 4=
<A 4 9 3 24>
AMoie chatd ojetz
u £ 3

I.AM4 2

A1 A R M XF (neuroblastoma)E FFAFA FFS A3t 4LofolM o
il ZHE EY 4 FFUYLEA mld Lol WubEY 7-108% ¢
Ao, /AL 40xol oA Atk FA] ojn] A 47]2 UAF o] oF7} uf¢
Eas5t3, 3d FEAEEEo] 10-20%0]3toln, X ® FolALY X&E Fo IZF
Ago] E Aoz BIso Uk’ 1YRE XE F F2 ' Fo T+
o BxP QoM AFRAMEF HEE 27| UAste A2 ALE oA
z7l6) FIZHA NET sHsslel R YA WL 2L & 4 AP
I X8 A LY W F4oA M Ao|(micrometastasis)?] wWZAo] 7}
3 B Hr 2% L AR WFE A W €2 FRE & 7
a3, A 4718 AZRAHAEZAN AREHD Q= WXZHEBA XA ZH¢
ZERME 50 AR AL HAdlY Ad 58 ZFEAHET} o
Aol AHE 7HeRtA] AFE FABsted AARAA ARE AFHE T Ao
olej7} uj¢ Actz shach,

Hal AZEMEFL FoHlE Uty ¢s AH&3sta e Wyl

Z2 w A X3tA wl(histological and cytological methods), 8333 w4t

o

|

fr



H(biochemical method), < #}¥t3 ¥IH (immunohistochemical method)o] ¢}
TH =23t ol EeiA Anksl: A9, dMEe} Z4o ZUME
E BEQLE FEste= Zo] uf¢ osen, 53] AL 4o dAEI UE F
Folle Bx] Bsle 2971 Ao olgjyt AERgo] &3t= Ay
Zgho] o]-&317] o3& whAEo] gl YIUEE PAME ALY WA M
(immunostaining) & ©]-&3le AFRMEF AMEE A&3e= FPole
10°-10°713 28] she] ¢ME 2@e AEY 4 A& "I WHY slelx|
Bt @M Ve W o wel I RIZAEI WY 4 9om, JYHoE uE
St Aude] A2 Y& Ay X E A FUA| Ehe d@o] lrt
5 uido] ZYF AP (polymerase chain reaction : PCR)L BRI &
AXNE FZFAAA 10°-10°71F stute] SHE o ds A&y =2 WA=
Bolx7} ol BFFHAE XTSI o ol utsta FYSIA o] &
g 4 U AL AU Ur. 2P AFRMTEL AAMAHANA LA
3t FUYSEA BE HALOJA catecholamined] ¥Ado] $71E ™, tyrosine
hydroxylase:= catecholamineZ/§A] 3 TiAlo] |osl= AL A, A 2
HEAXELG AFARAREES ZEY 5 U&= WHLeE Algo] sMesicHad

W RZET} B FYALAMNEY AARAZSE HEo BolEsl B2
tyrosine hydroxylase mRNAE ©]&3}o] tyrosine hydroxylase mRNA2] & & A}
HAFHILAHNZ(0]3} THMR-RT-PCR)o] 7RHE A3, o i 4 U
Lo AZFRAREF MEE ZE3IH, AZRAHAEFY nMHolg I
Thsly] 18 el whyel SR O spxv 9"z gl

2 Zoll= Al 4718 AZBAXEFY BEES FHAITII st 1839
getal Fo| ¥ 2YBAR|AG AWst gop? 2Y ZPRME
of X3 UM 2o ) Ado] WY 4 glFo] WA =R

lo
f
fr



e ZYRAETHRE MdYog Hadled ojAst: whdo] AYHAL}H,
=2 & A-FollA CD3MFZMEL] iy Fe] AFY YAME 2E3EE
of 3 H84E vasia A=y Fe] ¥z dMEe 2o A
Q1 &S B33 v} gt 3+Z M T tyrosine hydroxylase mRNA2] RT PCR
S o83l UBEMEF nHAEUAEE HEI1ABH: =82 glode
L Lg% HUA FAE M FHY ZURAE Y CDHMYZAMEY] A
23 Fe] ¥ ZEEAN A oIS UME FEo i E ol Hud
u} gl

olof] AAl= Ax|, AARMES MEE HA&E3e=u tyrosine hydroxylase
mRNAoll  th3t SAAELE FYTAL JPUHS(THMR-RT-PCR @ tyrosine

B
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Ed
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S

hydroxylase mRNA reverse transcriptase polymerase chain reaction)?] ¢4}
H #§84& THstaxl stden, &8, YMRY 2E& &ol7] A AHE
i e ZEEME(CD3M FEARE) oty g =13 Felo] 58&48S
gestiat £ A28 AlMstact



CATECHOLAMINE METABOLISM

| Tyrosine
Tyrosine l
hydroxylase
DOPA >
DOPA l Monoamine oxidase, Homovanillic
decarboxylase catechol-O-methyltransferase Acid-HVA
Dopamine >

Dopamine l
B-hydroxylase

Norepinephrine >
Phenylethanolamine l Monoamine oxidase, Vanillylmandelic
N-methyltransferase catechol-0-methyltransferase Acid-VMA

>

Epinephrine

O 1. Catecholamine?] ¥A2}A. Tyrosine hydroxylase: catecholamine

FEgel A DAl 23Tt



II. Aofe 9wy

1. a7dd 2 3 3
19960 8 H-E 1999 5¥7I3] AAcidR B AEHBIAPY Lo}
2ol Lidste] #4712 AMFRAEFOE HAchi2 83

drl. #|xje] =r)e] ZAAL INSS(international neuroblastoma staging

lo
e
X
i
\a
o
lo
et

system)2] 7|&o] Fdjgcrl. REE #:|alSo|A  CCG(children’s cancer
group)321P4 protocolo] mlzl FAAE Fodtden, AR F FU EXF
& ¥yl 4Bt 3 gaAbd ZHab 9 2443 &
WA(vanillmandelic acid)/HVA(homovanillic acid)%& FAstdom, AU
ofl -] NSE(neuron specific enolase)& &3l X7} Ao FEED,
5 AT #9 e AVIFBIELEAME 0 BAHA U B9E
Q43 #f(clinical remission)E A 2jsgcl.

BAEY At GA9} ¥oA Fof F A F4+F EDTA tubed] 3ml 2|
gso] Aol o] &3td, ULH Usfrle] HUA el 6-CSF(Granulocyte-coloni
stimulating factor, 10ug/kg)E 7153 3t ¥ LY2EAY ) $ HyEIZ47}
3,000/ o] E= AlV|o] U RPYRAMRXE FHsgon, T xj8 o4t
ZERAXE 473ttt ZEBMEL CDHAFHEST} 1x10%/kgo] Aol
+58 o7z A¥sigden, WdEF Fita2 Fenwall €S 3000(Baxter,
Round Lake, IL)o]l} Cobe Spectra separator (Cobe, Lakewood, C0) & A&
stdch. 23 53 REBARE QHEE A ASEI] $18td Avidin-biotin
E32& o] &3 Av|(Ceprate system, CellPro, Bothell, WA)& A}&3}o] CD34
4 MER A-gHoz Fesidcrt. £5H ZIEEAMEX= oA wzix
-230Ce] AN Lo EASIHCE



2. &3 {2

AHE 4 9 UY2PY XY EAEE EDTA tubeo]] 22} 3 wl® 433}
o] 15ml Falcon tubed] ¥-2& I Ficoll Hypague(Pharmacia Biotech, Sweden)
& ¥l 2000rpmof ] 2027t WAEel stgdch YAHFe] F Buffy coat§ £
2|3t F PBS(phosphate buffered saline, Gibco BRL, USA)&} E3¥}3l 3] c}4|
2000rpmof A 2082 |AEeY F IHYHEE $5314ct AZEHAEE Al
EFQ IMRIZE FEURZLE sgon B Y dYTFE SIS
2 stgict

3. 3 RNA E¢

Eg]® M EE RBC lysis buffer(Boehringer Manheim, Germany)& ©]-&3}
ol AYLE AAI T BNA isolation kit(Boehringer Mannheim, Germany)S
AM2Sled & RNAE Ee|steith. RNAS] A3 (concentration) U £4%
(purity)x &3H7](spectrophotometry) & ZA3}iT].

4, cDNA%RIE WU Z2¥H A AHuEE (PCR: polymerase chain reaction)

RNAY cDNA Z2o] 100x£7} E A HAAIHEA(reverse transcriptase,
Gibco BRL, USA)E& A}&3le] AZJAIzcl. 2" RNA 50400 1.25M DNITP,
1.5M DTT, DEPC water, 2UTAAHEIS &%= random 6 mer, RNase
inhibitor W HAAELE Esto] 37CoA 1X2t St A A cDNAE
3tAdstadct. 1x PCR 2 5U%] Taq-DNA-polymerase(Boehringer Mannheim,
Germany)2} 10XPCR 3 )& A}&3led 50 pmoled] primer A (sense:
5’-TGTCAGAGCTGGACAAGT-3', exon 5¢] AtHA)el primer B(antisense:
5’-GATATGTGTCTTCCCGGTAGC-3"; axon 8¢]] AR A )E o] &5l Y 2). $Y



N

AHHHEL  denaturation2 96ColA] 18, annealingZ 55TCoA] 1&,
32]3 extension 72TCoA 28-S 3= 3utAIZ AR A om 303 ¥rE3s}
of Aot} 13} FUHALANNG AHEF 10 E 3o 23 FHAALA
Ht-2(n-PCR , nested PCR)& A|33lgit}t 2x1 ZYUFTALAMuELL 2 502]
Taq polymerase , 10X ¥ FH Au1 &2 1 25aM DNIPE A3 50 pmole
o] Primer C(sense: 5 -GTTOGACCCTGACCTGGACT-3°)2} oprimer D (antisense;
5'-TGTACTGGAAGGCGATCTCA-3 )& o}-83}itt FUTAGAMNIE AL 11} whg2t &

ofr}.

&

exon 1 $3bp ) 3 r] s 3 7 (] = [

12bp $1bp ,A 2vom A
Srmi®

: 5°-TGT CAG AGC TGG ACA AGT-3°
:5°-GAT ATT GTC TTC CCG GTA GC-3°

: 5°-GTT CGA CCC TGA CCT GGA CT-3°
: $°-TGT ACT GGA AGG CGA TCT CA-3”

SOw>»

8l 2. tyrosine hydroxylase mRNA RT PCRE& ¢|3jA AL 4wz},
ABx 7tz R WHzl AL Aubgof o]&slgen D= 44 F HA
FUF LA o] &3}l

5. A7195 W EAAE B

22 FYPILNS AHEL] 20 42} 6X loading dyeE mixdle] 1.2%
Argarose gelofA] A 7] % % (electrophoresis)d}to] 95 base pair(bp)37]e] &
ANWCSE BASETE FUMT/ GHOES FABHL A PHRTI} B
$1X]oll A band7} BHE = A2 Posirt

- 10 -



II1. d 2

1. digBole] A4y 54

882 ABEMEF Bol F ojotst 31, Hopst 5¥eldrt. BE Hole
Frle Al 47143 F Mole deu 2249 Aol fdd 138 A o
Mz 78oM = F4 HEol ULt & F CCG321P4o] &3 FHEtay
 ABUL, YA Fo F FLY 3771 Fo +eo] F&Fol HAA ¥
A& 7] F 6ol FHUE VA HE3Aew, Fgo] AdzbEE WHY 6ol
YA 282 x EASIAUTHE 1).

H

H 1. i B 90 54

HE AF(RE) dE ESES A8 Zel%7]

1 5d97kd o i (2D 3Riey], @Rzs whapdxs
2 S5l (9 Rley, fxE Mpixs
3 54 & 2F R, PARIAE

4 4471d o A (7)) ERiey, SEdE YApdAE
5 sderid ¥ ¥EA% Ried FEEE WhAs
6 6deZid & ¥ (2h) R, $EAE PPRIAR
7 z}

8 5

33

1637k & R (2D ERiey, Sda
237 o () 3Rted, sEAE

i M o ool g g

_11_



2. T4+ QU ZERMXY Tyrosine hydroxylase mRNA RT-PCR Z 2}(3¥2)
T4 AREETL A 254 Fdel Udd 48 de IY B F
T, WA Fof Fo F4, AE 2 JMEH F oUY U ZERAME Y
CD34 YPAXE £5 Fof U2 ZUEAHX RFo|q THMR-RT-PCR A 274
1913, 2t GA] F4olA THMR-RT-PCRE A]¥o] 7Hestdd™ 34(2, 6,74
ol )&= tyrosine hydroxylase(TH) mRNAZ} ZA&(3d)=lglctHad 3) o] & 39

b,

O

[+]

¢

BE 3edA Fo Z 4ol THMR-RT-PCR ZAL7t 7He3td i, Y A&
RFPAY 4o FAFHATHIY4). 28 A ZF4o) A THMR-RT-PCR
A7} B7bsstA ot guA R Fo I o] At Hsdtald 8
ot 443 A A Bl dHstAd, T+ HAEZEY ZAM AR
7t BEEA Yot ¢42A Asjol Y Aoz AZstdoL} A Fo F
9] THMR-RT-PCR ZAld #8422 ZA&FUch

srotAlel G-CSF A& ¥ F A3 UYXZXFEAXE 84 F 30(37.5% 2,
3, 8H dl)ollA tyrosin hydoxylase mRNAZ} ZA&E Z=ul, 24 o 3etA
o ¥ Z4of oyt THYR-RT-PCR HAME 8ol et 3et=lel G-CSsF 7Hs
3 ¥ gz ZPBRARAN JHLoE UVElWI(IE4), 8 de ¥uAY
G-CSF 753} Fol= 2|43 02 THMR-RT-PCR ZH A J*dojdlct.

CD34YEHEE AYH oz Fe|3 Fof RERMRAME 74 F 3dolA
oF/d(42.8%)012 3, 2¥ o CD34YGH X M=y Fe] ¥ THVMR-RT-PCR Z
A S8 dAsdct 3 dls EeldF EF THMR-RT-PCR ZAAMS &4
olgler, 6z 7H ool (D34 4¢3 MR Fe] Hel:= THMR-RT-PCRZA A}

2 ol £ Fole ¥8olariaw5).

i

oY

- 12 -



¥ 2. AARNEE 3ole] T4+ W ZRYBPMIEAN tyrosine hydroxylase mRNA

RT-PCR Z2}
HAPHT  PTBM PCTRM PBSC CTIB4+PRSC
1 NA NA - -
2 + - + -
3 NA NA + .
4 - - - -
5 NA - - -
6 + - - +
7 + - - +
8 NA ¥ + NA

) NA : non-assessible (A]3}31x] B¥t H-¢)
PTBM : pretreatment bone marrow
PCTBM : posttreatment bone marrow
PBSC : peripheral blood stem cells after chemotherapy and G-CSF treatment
CD34+PBSC : CD 34 positive peripheral blood stem cells

a b C d
a7 3. $okse] tyrosine hydroxylase mRNA 2] nested RT-PCR A7| 8%,
a ! Molecular marker b : OPJUji=A|E
c i 2¢ ool gl WAl T4 d : 6H Holo] ikt WAl 4

_13_



a b ¢ d e f g
73] 4. Tyrosine hydroxylase mRNA2] nested RT-PCR H7|d%.

a : Molecular marker b : S}dUjRAx

c, d: 2¥, 6 Hole] 3 XE F IF (RAHYLE FA)

e : 2% Hol2] F3H UXZYRARE

f: 2 Bole] (UMY Fe| ¥ U ZURMX(ZE 0T JAE)

g : 3% Hole] JFsE W ZPRARE (B4 AR Ha| Folle ARy o
BeE AEY)

a b c d

%! 5, Tyrosine hydroxylase mRNA2] nested RT-PCR 7|4 %,
a : Molecular marker b : QAUjRAME

c: TH¥ol] JiEHH W RYBRAE

d: 79 Hole] B4 MY Rl ¥ wx zYURAE

_14_



3. Ux T MR tyrosine hydroxylase mRNA X4 %o} 1-83ke]
A Fol W A7t d2zPRA Fo|A] Aot vl

AEFY A @ A YA AEE T F UXPYRYRAMX oA S
APt 7o) EFoJA o] F 10UolM 169 Atol(BF71T 11d)ol HEF
o] o] FojFn, P43 FAL 15U6A 100U Aol (FF 7] 60d)odl ©]
Folx BE HxjolA HEF L Phto] Bt

olA F 30§i(2, 3, 5 o)elid Argsteny AUAAY AT #Z} 7,
10, 370dojgdch. AU 36 F 204(2, 5H of )&= CDMPFGAMEL] Ay &
2] ¥ XEEM X2 THMR-RT-PCR ZAMG Z7doldort AU Aste Apgs)
A3, CDMYZMEL My Fe Folx AHFHLR Pgolgdd 14(3H
o) Y F FUAE Foiste 221 A Pl WA7pA] FE&3) sich

2713 3o & AT UnA] o= U2 ZHEEAME oY F F37|ZH10
ol A 27709 Ato]l @ FFI| 1270Y) T AU FA glo]l BEsin
Qgom, olA¥ WUXZPTMFEL THMR-RT-PCR HAPZ} FAdolddd 24(6, 7
H o) 7t U ACTHE 3).

- 15 =



¥ 3. o]AH RERMFE] tyrosine hydroxylase mRNAS] QFA 9} o]a] ZA3}e)
JBRA

W ZERARXG ZYERAMREL] tyrosine hydroxylase o)A} Az}

(x10%/kg) mRNA PEE (33712 - 7iY)
1 4.2 - A& (27)
2 6.4 - AAK7), Ab(14)
3 0.76 + ZhuH10), AB&(16)
4 1.98 - AZ(15)
5 2.1 - 2K 3), AF(5)
6 2.4 + AZ(12)
7 1.4 + A2(10)

2) Az ZERMFY : 2.4x10%kg

v. a2 &

AZBAZFLS Lotolln E3IA EAs: APYFFLE AU BA A
7113t Reg dEA il o] FYo] F4HLeE UYPPL FPoles &
A gAAA W FAYaydnie s ¢ ARG E J 4 Aoy, BAY
%ol e 33 BHAZgo] 10-15%2 o ¥7t ujg ESct . ARmAE
2 XNE4FE Y17 ¢lste 1980d ) FtFE 82 VAT
Y AR RM Ro|A o] EFEA YU NBRYHLEHN A¥YE $fom, 1 A
F3Y A8FY $EE B 3d FHAAEEC] 30-40%0] olEA Hrh
B0 gy ol A RPH P B 505 BAlA o] F

_16_



19 ojufoll o] WAt Wl A2 BARes EApc}’,

agFe] ey W AJRERMXE o[y ¥ F4 Aol HMA £}
A 7bdol AAIE S gltt. Mal, talol] A3tgo] & mAH AR FYAME
7t gotglol &3 A Foole BFst ZAIHA] o} UL Ky
A =32, E7, 4 F2 wxEY o] EXite nAIE FIYHMRI} 2
HRME 7H53 ol LEE] oMY o REEANRL Ul FUHLEA
o] WATCI®, D8R AZRAEF] nHA2UARE YA R
At Al Fe] FHRTE BoRIR &3 BAAIY AUl FUE
A Basi=d 2% B ollal £ YA Fo Fo] ZUBAME
olajo] o BH HAloM URXZFEMNE 7HzF(mobilization)A] YHEL] 2
dolut o]AH ZERAXE o] XUH YHEE LAY & U AUARE
Z70o] AFEezM o AEJ BHYH 4 AL FFHLEE BELY
Patoll 7Y Ao Hch o]yt FFo) o3 A A7 dFoA FH2
o YHEE A& A% A el iy st FUs] Ay A
Az e shutE QAALEAL FHAL JHNES(RT-PCR)E o]&3HA X
drP. I BE MABEMEE BA}o| AL catecholamine o] F7IE0jgl
o, tyrosine hydroxylaseX catecholamine BAA] 3 iAo 2LSI= F
2% AT chE AL MRAME 4L Uehiz] gttt mhebA
tyrosine hydroxylase mRNAE XA Oo23t HAAIZA FHIALANPNZ
(THMR-RT-PCR)-Z Zigto] wo] o]&E|o] Burchill §& gt FA| FFHH|
ol 3|=}e] 92%oflA THMR-RT-PCR ZAMY UH Y-S Busigon, LAl 88%
ollA] THMR-RT-PCRo] &M o2 ZH&E 97,
Y o, wxo] £H3E= GMEY UHY
ARANEE AL 270 A3 $ UL

TrolA o] WAL YHoE W
Aol glo] Y4 BHAGIE A
& BIBATE. Az ARolME

-17 -



ACGA] AZ=UYAAE 4 WG HUsIaL o] F4oA THMR-RT-PCRE A}
7} 7Vl Bo} 3¢ RFolA tyrosine hydroxylase mRNAV} o 7
Exdon, NEZUAAY AAHAEE WAYE + A9 lo= THMR-RT-PCR
AAPE &8 2 E UEeR} THMR-RT-PCRE ©]-&3HH kit 4 AHERFE
L A A + e FeE AsHTE EI YA Fo Fo AN
T8 HAEEUAANY SARE LAY +
3 715319 Y 60 3 lol THMR-RT-PCRAANY &4 o2 Jeh} MEzwy
AA AHAEE BA BRE Tl o, Z4 ASE B YA
Aetslr] fiMe AEEY FAL F780lol= THMR-RT-PCR HAME ¥ 3sh=
Zol ey Zlog AmHrL

B A 4719 ABEAMREF L 82 2839 AT U Arpgzxz
HRA XA & AWt o] A7 2] Ha gdon), wd HAL o
Folds YR ZERAHXE o AZEAEE YA ZUSHAUSS B3
3t oul A2 RillES FUH ZYEME U UHEE QA AQde] &
EHE HYoE 4FsArt”. MossE2 AE 3 AE ¥ AYH ¥R
AE oA HMEHAGYS hHE o] &3l T4 B|7} o] Fo|3 HAZREE
TR TR ZEEMEY A 25%2] HAloA UMt HEHE Bt
ATH?. Miyajima$s2 THMR-RT-PCRE ©]&3}o] A47] ARRMEF Bl Z
Follal 66.7%, LEX ZERMENAN 2052 LMETY AEEL Bt
2 dFdAE UM XE F I HMEDUEAM 240loA Al
G-CSF& T3 (7153) HOIRRE £ WX ZPRME 8o F 347}
THMR-RT-PCREAMG Fd o2 wE-gste] 37.5%2] UME HEEE Uehdo]
A2l Al FAIE AXANE oo} it Holrt Ho] ¥ wiaE of
B Zog ™t o] % looas Z4 oA THMR-RT-PCRAAME &

=®

¢l e, THMR-RT-PCRo| A]
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do2 ZA&Eo Fd3] JtEE B @R XERM XS] THMR-RT-PCRE A7}
dog HiEsl, E4EY HEZUZAM AMEZ UASHZA iz
THMR-RT-PCRAALE A3t YME E2A[FFE 3HEY £ 2 EBME £54]
71€ AAstk= Zol uigksielel AlREIL, E C}E lde ¥YA g F
T4¥oA THVMR-RT-PCRAAIA S4dolglon} W ZEDZMTojals gddog
ih-g5lo] THMR-RT-PCRE ¥I3t &4 Brlols ZRAEY 7153 5 ¢
HNE7l 8% 4 Us 7Fsde] U&E o 4 otk olet #AdY
Miyajima $& Yx¥odoll} F2 1Y ZHEMFE o)A THMR-RT-PCR ZH A}
A GEY B FE B o= pFordiy, ZYEAXEAN
THMR-RT-PCROY| thalA ZAAIRF A3} ol Hates G332 44 #As)
7t §AEe Rasiget’. B Azl d3AdelE YXZERANEY 5
3 ¥ dxgoo] AdMEI 2 Jhedol USS BEstFen, oy
S REF Hajol AT AL JHedel 7] wEe] REEAMEL o] A}V
F3ta fAH A MelE AFHLE /257 fME F713HA ulA
EAME] HEo] WUEA] WAy AOE AlgHC]L
YA AFE HiLl To] RERAHE ol XHH YA AFUoE U
o] FUdEH 4 Qe BRIV AEAHLE YFHol niel GHELIES 9l
71 Y13 RERAEWRE AYFo T Fe|ste WHol ¥ustA dxdct
BU NBBAEFNM ZURATL $5A] YMEY 2@ Fol7] 93t
g 712 #hgol AMgEIden, o] F wWol AU HAW A2 UUAE Al
231 UMEE AAIIE A3 RERAE MEEHS D34 U4 & ol &
slof deldos zPRAEYL $5ESE WHoltt M . A47] AARAEE
Bl E dR A TEe /84 U MPAMESL oAl tig A7

7b AT ®. D3P ERRE MuHog Beste RS YMERLY &

R
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HE 7IAE 4 Ao ol o] 3 YMEHL FHRHINE ofF =
e} |7} Qlth TchirkoveE CDMPPAHMRE ey Fejdf 59 ¥
BAXE oilA THMR-RT-PCREALE F3ll UM Ee] ExHE #Udted D34/ Al
¥o Mgy Rzl §84e Hrsiaal st o] A7} 79 Hx
% 53] VAN +5H ZXHEAHE oA dMErt A&Eden, ol&
F 430N (D3P FAEL] 93 Fe| Fo SAMEI HAEEA Yot
CD34 4 M 2] Aeyd Ealz mie F-83 PHde Bustdct® A=) o
FolME D3P EMEY My Fa] Fol GAMERHE THMR-RT-PCRE
A&t ®Astd D, I A} THMR-RT-PCRAAMY 4oz FEFAW 39
3 lofl= DUPPAHE =3 Fe] Af 25 P2 FA&EHAL, UmA
26l CD34YABAHE defie] Aol THMR-RT-PCR HAMY dolgdon) 23]
2] CD34}/gMEe] My {2l Fol He2 AEHATE DHYEAHAE A
03 Ha AF 2F ggdos ASEHAW 1o #xpe wxE o =¥
H UM R o] wo}l CDUREHE MY o 3MxE 2HMEE &
o|Zlol= ¥AIZL ALY Ao B, YFTHMR-RT-PCRY B3 HAML
FUAHTHE UM 2dE o= FE SHUEXE BV 5+ & Je=
ALEHCE CD34PPAHE Ad=ffe] Hols THMR-RT-PCR AHAMY 2/8oldent
2378 (D34PFMEY My Fe] Fol 4o HEHAY 20+= DM ¢
AAE A" 3 £58 ZEEAR] RAYE 23iEHe #E8eE AEEHAS
7Hed 2t CDMYPAE My F2|& AW A|7]71 (D34 FEAXE M) A

521718} 370 o] THo] glo] I VT Y U] niA
TE QAR o] FU3tAS JHedS AR R¥ Zeg Alg¥r}. CD34
FEAMT Mo F 24402 ubgt 4of F 1odoll s CD34PPFHE e Hof
THMR-RT-PCR ZAMY g4 oz whgsiglon} CD34 Y9ME Hey Ba ¥

rr



SH0E JHR o] (D3P PMEL] M Felo] 3 dMEs HAH £
UE 7HsAdo] e RALE AlgHCL

HA ZYRAHEIAE W BxLe] YA Zol iy AFolA gMES]
20| gt RERMEE o]4] U2 HAEo] dFEV U Fom, CD34BEA
¥o| Mely Felof 3t UAE 2 HAZ UM AUEE HE £ AL
€ BRastgcl’. B dFod: 767l RYRM TG wton o|F 3o
oA Austg = AU 30 F 1o YA XL 227} 9J&& THMR-RT-PCR
AAR G ZEBAXE AFYSIFALEE AFUH YAE 23 Ay
8] 7Hs & vlAByIE o343, UmA] 24olA &= THMR-RT-PCR ZHAIE &
A7t ZEHA USE HUAY RYRAXEE T YA 2L Ago] = ¥
Ao Wd& 71 njA BEQG AHXEol 3 A JHedE ULES FHY
= gt A ZRERAME o] Fof Agdo] Hi 7§ 50%2 HAlolA
W Bl ALEE At Y EIA UElus Zeg ®asigty o
YL} B d322 #BaloAE 3¢ BFEIL 4 F9071 ohd 9 FejollAq dof
U A9 RuekeE tlE2A UeidEd ole FYH XEERMX o XA
GMEL] 2ol % Y JHsdS AABIY HotAel iyt A¥go] Wy
28T ozl ¥AH LR HolFE UMENE UepEE FHI AU
fag w3yl A% F7HHA AU "Wey HRoeg ARk wY
THMR-RT-PCRE Al A }d o2 wig3t ZERMEE A5 U2 Hop 29 &=
ol Aol FA glol B2 9lom, ol&Q AGHH FAPY L YR
Y oM dME FEQFIE 248 A4 ARG AFY + e
A2 HCE olEoA F3IZ B FUY {4F Aio] HAFHAE= UYske

U gto 2 #7182 THR-RT-PRAALE ARsta Aug 27l WAL 4 9
2 oolol e YAHA MG 248 FPY 4 o A& BY & UL
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o2 J|chEla, ob&e izt THMR-RT-PCRE ¥ GAME HEIte] H=
B4 g dEsted F7HHU FEE E& 4 g ZLoE ARHCh
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AARAEE Hole] T4 Uit NESUAA Y AT YA ¢
ol 2lx THMR-RT-PCREAAIE AR THH UAME ESX{EE B}l 3] whdy
T g ZALoE Jlu¥ch (D34 YPAHEY MY Fz JPVoE gMX
L8E &ol:= do: VAV = Ao2 AgEL, 3FFTHMR-RT-PCRE B &
A A SEEEE AR 2dE o= FE EHEAE FMY £ 2
& ZeZ gl D34 PR A"y A £53 ZERAHRY
THMR-RT-PCR Z A &/dolttzt (D34 PFAHE M F oFgdutgg B ot
o ol Fe, +5H ZERAMEUY RNAYVE B3liEo] 9138202 HEF
A& 7Hs8 3t (DY PME 3 Felg A Al7]71 D34 FPAHE 4
Bl A fHAITe 370Y o[4S TFo] glo] 1 U B &HURE A
oA FE AME o] FIBIAE 7HedE wiABEA] RI2E olE¥ A
A& Bg3te Wpfo] dFFolol & 202 AREI, (DM FPHE HYF
el ¥ S840 HH o7t slof DM EHEL =3 Felofl 3] oA
27} 4" Jheido]l A ALR AlRHrl ABRAMEFO] UL o £
M @R AR AFYHLEZAN AL M8 & wiAlEy] o8,
EY 2EE UMEY AFY BERE FAUA EBrio] ohjel A UES
713 old ZEQG Mol o3t AU JHedE &S HIY + gddch

2
THMR-RT-PCRZA Aol A o2 ulg3l ZPBMEE z|=¢ we Hol: o}
Aol FA glol BEsIT gloL) o]E2 A& FHAPHo] WY Ao

g
E AZHA, o So tidt dx ¥ dollMe] gME HERTL F713
FoY A3 ARE AFY + ez|et ARHLL
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— Abstract -
Clinical Significance of Minimal residual disease
detection using tyrosine hydroxylase mRNA RT PCR in patients

with stage IV neuroblastoma

Song-Hee Park

Department of Medicine
The Graduate School , Yonsei University

(Directed by Professor Baek-Keun Lim)

A sensitive assay was developed for the detection of neuroblastoma
cell contamination in CD34+ selected and unseparated peripheral blood
stem cells(PBSC) used for autologous transplantation in stage 4
neuroblastoma patients. Ever since detection systems have been improved,
neuroblastoma cells have also been found in  PBSC preparations by
immunocytological method and by immunocytology and clonogenic analysis
used in combination. To overcome tumor cell contamination, CD34+
selection has been proposed as a purging method. Specifically we used a
non-radioactive nested cDNA-RT PCR(nPCR) for detection of tyrosine
hydroxylase(TH) gene expression. We monitored the efficiency of tumor
cell purging following (D34 selection in PBSCs from 8 patients with

advanced neuroblastoma. Eight patients with stage IV neuroblastoma were
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included in this study. Before mobilization of PBSC , patients were
treated with chemotherapy, operation and radiotherapy. CD34+ progenitor
cells were enriched from at least 1x106/kg using the Ceprate SC system
cell concentrator(CellPro, Bothell, WA). Total RNA was extracted using
RNA isolation kit from bone marrow and PBSC. This RNA were reverse
transcribed using SuperScrip reverse transcriptase, After then nested
PCR was performed with tyrosine hydroxylase specific primers from exon 5
and 8. Pretreatment bone marrow analysis by this method were possible
in 4 patients. 3 of these patients were positive for TH mRNA. Bone
marrow sample from 1 patient without cytological bone marrow involvement
was negative for TH mRNA. After chemotherapy, bone marrow analysis from
5 patients who had no cytological bone marrow involvement were negative
for TH mRNA. But bone marrow from 1 patient who had no cytological bone
marrow involvement was positive for TH mRNA, So TH mRNA RT PCR should be
necessary for evaluation of clinical remission in no cytological marrow
involvement cases. Since RT-PCR for TH mRNA was sensitive method to
detect minimal residual neuroblastoma cells, this method can be used to
evaluate initial disease status, response to treatment , time to collect
stem cells for transplantation and to detect relapse early. Before the
CD34 positive cell selection, various number of contaminating cells were
found in leukapheresis of 3 patients. After positive selection,
neuroblastoma cells were detectable in 3 patients. In one patient, PCR
positive PBSCs became PCR negative after selection. In 7 of the 8

patients, high dose chemoradiotherapy was performed. In all these 7
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patients, median time to reach >0.5x10%/L granulocyte was 11 days(range
11-16). 3 patients were relapsed after PBSC infusion and 2 patients died
due to relapse. 4 patients have been survived without relapse. We
suggest that tumor cell contamination may be frequently detected in PBSC
harvests of stage IV neuroblastoma patients by sensitive molecular
analysis, The load of contaminating malignant cells might be reduced
following CD34 positive selection, However strategies to improve the
recovery of the CD34+ cells and purging efficacy of this method should

be evaluated further,

Key words : neuroblastoma, tyrosine hydroxylase, peripheral blood stem

cell, minimal residual disease
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