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Clinical Significance of Quantitation of W71 Gene Expression for Minimal Residual Disease
Monitoring of Acute Myelogenous Leukemia

Hye Ran Kim, M.D.!, Jeong Hwan Shin, M.D.'?, Jeong Nyeo Lee, M.D."?, and Eun Yup Lee, M.D.?

Department of Laboratory Medicine', Busan Paik Hospital, College of Medicine; Paik Institute for Clinical Research? Inje University, Busan;
Department of Laboratory Medicine, Pusan National University School of Medicine?, Busan, Korea

Background : Following induction chemotherapy for AML, a sensitive determination of minimal
residual disease (MRD) in patients achieving complete remission (CR) should enable the detection of
early relapse. This study was designed to verify if quantitative assessment of the Wilms’ tumor (WT1)
gene by real time polymerase chain reaction (RQ-PCR) can be used as a marker for MRD detection
during the monitoring of AML.

Methods : WT1 gene expression was quantified by RQ-PCR in 31 patients with AML at diagnosis
(27 patients) and during follow-up (29 patients) relative to ABL control gene. In four patients, the
WT1 gene expression was analyzed in comparison to a second PCR marker, PML-RARA fusion tran-
script. Prognostic significance of WT1 gene expression was analyzed at diagnosis and at the pri-
mary CR evaluation. Longitudinal WT1 gene analysis was performed in 17 AML patients.

Results : At diagnosis, WT1 gene expression exceeded the control level in all of the patients. Higher
levels of WT1 gene expression were not associated with shorter event free survival or overall sur-
vival at diagnosis. Higher levels of WT1 gene expression were associated with shorter event free
survival after induction chemotherapy. Relapse was observed in eight of 17 patients analysed lon-
gitudinally, and an increase of WT1 gene expression preceded morphologic relapse in four patients
with the fusion transcript negative. Concomitant monitoring of PML-RARA fusion transcript reveals
the lack of a significant correlation withWWT1 gene expression.

Conclusions : Quantitation of WT1 gene expression could be used for MRD monitoring of AML and
for the early detection of relapse, especially in patients lacking specific molecular markers. (Korean J

Lab Med 2007;27:305-12)
Key Words : WT1 gene expression, Real time quantitative PCR, Acute myelogenous leukemia,
Minimal residual disease
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Bl WHE BESE AL V1R S 4YH AN FUE
A3 9HS-(quantitative real-time polymerase chain reaction,
RQ-PCR) ¢ Wl wah I B o] o]Folxti1-3].
RQ-PCRYE o]&8 nAzE | #Agk Ate TAATF3Y

&4 (chronic myelogenous leukemia, CML) 3z} 55 X
GRAE oA T ¥ F71H 0% BCR-ABL §% #7449
T SAste AAs EE ks Algs 270 AT
T Aok Baso] A4, 51 2y AMLAA A ZEH o
et AFE AA R ofF v 7P & olf= AMLe| CML
Hop AlE ey 2 A4 Aol AR tat] vl (6]
T Ste] gRRX BCR-ABL €% #4842 /KT Y&
CML¥= 2] AML 32p9] oF 40% oAl A T mAZEY 5749
40| ¥ AMLI-ETO, CBFB-MYHI1, PML-RARA,
MLL 59 % F42E5 7KL 471 wjolt{7]. CML¢] 7
37] oM EE T AML op 2] /d3&Ert et EAHH e
ALE AT & e A7 g ZoBR o A5 wAzE
W AARE sfof itk Ak AFE ofdA ste €99 shtel

= 1
AML $7¢] ok 40% 7ol 54 8% AL 7 EE §9
TR Gl BAlA HAREY AL 8o e EAEHA
BEX Ao thel A7) Eas] 2% AT Wilms' tumor (WT1)
% ZP] 440] HEJeH8-13]. WT1 +Ax= g4 11
o YA8H zinc-finger AAIEAE 338l GAAR
1719 1L"§”7] AT AZAM & 507 0y
© A%, agtolut wha 5o HA A7) A el A
t{14]. WT1 -.—rﬂx}— Lo Aol Ao HRAl
oke]l Wilms' tumor®] oAz Adw oA At
dAMOY HZo] Al ofshd A9le] CD34 F £EA
TFAZAA drjHoE WHEI[15] CMLY w47] oklEvt
FANEY Ao 2L FFo2 AT YEHT8-13].
WT1 §227F AE4S FRANG 71 8a[9] Wafist
71% gvke 516, 17] Wy AAAA S WT1 732 9]
el o HetelA BeA]A] ?%9}3‘4 S48 84
7h e AML 3229 PIARAES S AEske FARE o8t
de d37F A%ET AUH18, 19]. Ostergaard S[3] 7
#HE F AT WT1 F22 T8 A7 Aol Fojgh
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Table 1. Clinical characteristics in patients with acute myeloge-

nous leukemia

Characteristics N of patients
N of cases 31
Age (yr, median) 20-86 (49)
Male/Female ratio 13:18
FAB subgroup (de novo) 29

MO 3

M1 11

M2 10

M3 4

M4e 1
Secondary AML 2

Cytogenetic prognostic group
Normal karyotype
1(8;21)

t(15;17)

1(16;16)

+8

+11

1(12;18)

-7

del(11)(g23)
Multiple aberrations
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W Aol (14-609), AshA] shetan - g (61-1129),
AR 4 F AL o F AQ(120-6999) & sl B Adst
gom, A% #F 3Fe 373k Ad Gk A B F
AMA A} AMLI-ETO, PML-RARA, CBFA-MYHLL,
MLL ] &% a7l that 41 SFardsues 2xs
393 PML-RARA &% F247F ¢ Asole 2dde
S

3. WI RUEXIS| HA|Zt SEELAMES

TFAAE Ficoll-Hypaque (M5 1.077) & o] &slo] a2
S Ba519lom RNA %3 A7k DMSO £3 3 ZA] -70°C
WEH #3190t RNAE 4E3% RNA Bee2d(TEL-TEST,
Friendswood, TX, USA)<S o]&3led A|ZA] X4 W} F

Z3192 AL WS A3sle] cDNAE Fd39ith RQ-PCR
3} gFeke] 242 ABI Prism 7700 Sequence Detection Sys-
tem (PE Applied Biosystems, Foster City, CA, USA)< A}
39t WT1 Ak A e} A2k Ogawa 51619
WS wekom A= 59 reporter dyeZA 6-car-
boxy fluorescein (FAM)S 3 T%|E= quencher dyeZA 6-
carboxy tetramethy rhodamine (TAMRA)S ZAZA|ZTE B
E A2A| 9 ~472= PE Applied Biosystemsol|4] #2314
v H7IMEE Table 29} Zo] AU, t2FHA4=2E ABL
FAAE AHESIHAL ABL AR APEAI9 A2 AR Gabert
(2319 el Witk WT1 Fx2e] FHEAAN S vhe
A 5 uLe cDNA (100 ng®] RNA®| &%), 1xTagman
Universal PCR Master Mix (PE Applied Biosystems) £} 500
nM| APEA|, 250 nMe] AARE FAG STRTE ol&5t
BF 25 pLE 3t THELANTSE 50T 287§t
SAIZ TRy 95C oA 5EZF BEEAIZAL o] FE 95 CollA] 153,
60°CollA 6028 WHEF71E 453 whaoith Pz FF
FAE A7) 918te] K562 AEFE ARSI K562 Ao

Table 2. Primers and probes

Primers and probes* Sequence ; 5-3

WT1 forward primer ~ GAT AAC CAC ACA ACG CCC ATC
WT1 reverse primer  CAC ACG TCG CAC ATC CTG AAT

WTH probe ACA CCG TGC GTG TGT ATT CTG TAT TGG

ABL forward primer  TGG AGA TAA CAC TCT AAG CAT AAC TAA
AGG

ABL reverse primer  GAT GTA GTT GCT TGG GAC CCA

ABL probe CCATITTTIG GTT TGG GCTTCACAC CATT

ber 3 forward primer  AGC TCT TGC ATC ACC CAG GGG A

ber 1 forward primer  GTC TTC CTG CCC AAC AGC AAC C

common reverse CTC ACA GGC GCT GAC CCC ATAGT
primer

PML-RARA probe CAG CCCTCC CTC GCCACCCCCTCTA

*, All primers and probes were purchased from PE Applied Biosystems,
USA.
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A YHE cDNAE 5 21 WA 94 g4sld S48 4% 10°
HI74A) Z1Zo] 7153asith o] K562 cDNA EF84 oL

of Basiglon sk Axel N WT1 4zt & F43te
Agultt 37 ZZst] A K562 TETH whgt WT1 &
Aol & AR 2GR E ABL +3AHE AM-E)
AL ABL FHAE 722 wWHoR ZAsiglon i AAE
WTL 34249+ ABL 345 gA0 S48t HFHeR
WT1 %ﬂzm ¥ WT1 f44F %S ABL 74719 ko=
UE H$9l WT1/ABLZ %839 24].

Fl

4. PML-RARA 88! RUAL A2t SEEAMES

PML-RARA 3 772 AA7H
ssinat §[25]¢] 71&3 WHUIZ SFHL AlEA| 9} 221 o
719 Table 29} 7to] AU, NB-4 AEFE o] &3}
EFIAS Ao A% XA 1078744 HEo
7Fsetith. iz fdAZE ABL A4 ARSI PML-
RARA/ABL W& PML-RARA §% A7) % wds}

AA

Sate] WEAE Zob WT1 F42 w83 4 2339t
ABAE B4E9TE EAIE MediCale version 9 (MedCalc®,
Mariakerke, Belgium)& AM-SFtE AMLY] zF E£F¥ WT1
AR B89 xo)= Mann-Whitney U testE AREato] 24
At WT1 22 289 &2 Hatel o F9ke AA=
Fisher @5} AAoZ BEAE 0™ Kaplan-Meier HE ©]-2-3)
AEFAE T P 3] 005 19kl Agowt EAFOZ 9
v AoE #HAE

AT

NN ZEF717H
Skl W A FUELLANE 1) ol I 28
3 2 ;Oq 25 Ath K562 cDNA
K562 cDNA F&o 2%

2. ST THUWEY XM JE ZAl2 WT /XL
=]

4 el A g2de] WTL f44= 0019 198& A
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Fig. 1. WT1 amplication plot and standard curve. (A) Amplication
plot of a 10-fold serial dilution of standard K562 cDNA (ranging
from 10° to 10°). The amplication plot shows an increase of reporter
fluorescence during amplication. (x-axis, number of cycle; y-axis,
relative fluorescence intensity). (B) Standard curve of K562 cDNA
dilution for real-time PCR. The standard curve shows a linear cor-
relation between the Ct value (y-axis) and the logarithm of the ini-
tial concentration of the standard K562 cDNA (x-axis).
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0001) 2 TaEo] 024-1734 (FU3% 23.6) 01 Sxltol] H]&ke]
sl SRETHP=001). FAN WT1 $47 B 2
o) W@ A Vol CD31 PYAL vlgHe FoI% *g:
Aol GR0R WTL 47 28 A7t v thoksteln] F

oFdolt §8 FAAE, Tel3 2 ool §8 A4 LH
A okt RES UERITHFig. 2. 3). GAA 9o w
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Fig. 2. WT1 expression at diagnosis (N=27) according to FAB sub-

types.
Abbreviations: NC, Not classifiable by FAB classification.
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Fig. 3. WT1 expression at diagnosis (n=27) according to different
molecular or cytogenetic prognostic subgroups of AML. Favor-
able: 1(15;17), 1(8;21), t(16;16); Intermediate: +8, +11, t(12;18)
and normal karyotype; Adverse: -7, del(11)(g23), and complex
karyotype as the presence of 3 or more abnormalities.
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Table 3. Prognostic significance of WT1 expression above or

below 0.001 following induction chemotherapy (N=25)

WT1 expression

Pvalue
<0.001 >0.001
N of patients 14 11
Median WT1 level 0.001 2
EFS
Median (days) 3725 126
1yr EFS rate (%) 85.7 27.3 0.005
(o8}
Median (days) NR NR
1yr OS rate (%) 929 545 0.056
Relapse rate (%) 14.3 66.7 0.119

Abbreviations: EFS, event free survival; EFS, event free survival; OS,
overall survival; OS, overall survival; NR, not reached.
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0z
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Fig. 4. Kaplan-Meier plot of event free survival of patients with W/T1
expression above or below 0.001.
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Fig. 5. Longitudinal monitoring of WT1 level in four exemplary
patients with relapse. Arrows on the top of the graph indicate the
time points of hematologic relapse.
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