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Intensive chemotherapy and bone marrow transplantation have achieve high complete
remission rate (60~80%) and 30-70% long-term survivor in acute myeloid leukemia (AML).
However, many patients still died of relapse eventually. In the past 2 years, we have developed a
real-time quantitative RT-PCR (RQ-PCR) assay that can accurately detect one leukemic cell out
of 10" to 10° normal cells (4-5 Log) with 100% specificity. This assay was highly correlated with
leukemic status and was able to identify high-risk patients before clinical relapse occurred.
However, this technique is applicable to 20-30% of AML patients with specific molecular fusion
genes—AMLI-ETO in t(8;21) and PML-RARa in t(15;17). Recently, WT-1 gene, gene
responsible for Wilms’ tumor, was found to be over-expressed in 60-80% of AML and was
associated with poor survivor. Quantitation of WT-1 RNA level may be a candidate molecular
target useful in monitoring the level of minimal residual leukemia (MRL) after treatment.

The goal of this project is to extend our current technique in using RQ-PCR in therapeutic

monitoring of more than 50% of AML patients which have important clinical utility in detecting
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residual leukemia, selecting high risk patients and predicting leukemic relapse.

In a retrospective study between Jan. 2000 and Apr. 2003, WT1 expression level in 84 adult
AML at diagnosis was performed by a novel one-step multiplex quantitative real time reverse
transcriptase polymerase chain reaction (M-RQ-PCR) technique. WT1 overexpression was
defined as 1% expression level of K562 cell line.

Normal samples collected from 3 BMT and 11 PBSCT donors contained very low or
undetectable levels of WTI, suggesting that normal stem cells expressed very low level of WTI.
WT1 overexpression was detected in 65/84 (77%) AML and 5/7 (71%) ALL and were eligible for
MRD monitoring. There was no association of WT1 expression level with sex, age, initial WBC
counts, CD34%, blast%, and cytogenetics. WT1 overexpression occurred frequently in most FAB
subtypes except for M5 subtype. In 5 AML patients with both t(8;21) and WT1 overexpression,
MRD level was estimated by AML1-ETO RQ-PCR and WT1 RQ-PCR assays respectively and
there was good linear correlation (r2=0.769, N=35). In some cases, WT1 level was useful in
differential diagnosis of early relapse. False negative results may be encountered in poor quality
samples and should be interpreted cautiously. Serial follow-up of WT1 kinetics in 52 patients
showed that WT1-MRD level persistently > 10° after chemotherapy was associated with
leukemic relapse. By contrast, relapse occurred in some patients who initially achieved molecular
remission.

In conclusion, WT1 RQ-PCR assay is potentially useful molecular marker for MRD
monitoring in AML patients. Whether WT1 level after induction and consolidation therapy is

correlated with relapse risk and clinical outcome deserves further study.



1. Introduction

Intensive chemotherapy and bone marrow transplantation have achieve high complete
remission rate (60~80%) and 30-70% long-term survivor in acute myeloid leukemia (AML).
However, many patients still died of relapse eventually. Improvement of better estimates of the
total body leukemic burden would improve clinical management and advance cure rate. Intensive
chemotherapy delivered when the tumor burden is small should increase the likelihood of cure.

Specific translocation markers, such as t(8;21), t(15;17), and inv(16) can be used as molecular

marker for minimal residual disease (MRD) detection in 40-50% of AML. Expression markers
may widen this spectrum to 70-90%. Quantitative PCR (RQ-PCR,) is now as sensitive as
conventional two-step PCR and could improve as well as facilitate clinical decision-making.
RQ-PCR has been applied to a variety of molecular markers, delineating threshold levels early
after induction therapy, for postinduction monitoring, as well as for the detection of relapse. For
most markers, lack of decline of transcript levels by less than 2 logs after chemotherapy has been
established as a poor prognostic sign. Moreover, increases in transcript levels are almost
invariably associated with relapse. However, the predictive value of PCR negativity after
chemotherapy is not as clear.'

Wilms' tumor gene WT-1 encodes a zinc-finger transcription factor that functions as a potent
transcriptional repressor of several growth factors, including insulin-like growth factor-1I and
colony-stimulating factor-1. WT1 has been identified as a tumor suppressor gene involved in
pediatric kidney tumor, Wilms’ tumor. Alterations of WT1 gene have been observed in other
tumor types, such as leukemia, mesothelioma, and small round cell tumor. WT1 is expressed in
stem cells of the bone marrow, but not in normal mature blood cells, indicating that WT1 plays a
role in early hematopoiesis. WT-1 gene is overexpressed in 60-80% of AML patients and is
thought to play a role in maintaining the viability of leukemic cells. High level of WT1 at initial
diagnosis was associated with adverse prognosis.”~ Monitoring of WT1 level after induction and
consolidation chemotherapy was shown to provide helpful information on identifying those
patients with inferior responses. Those patients having < 2-log reduction in MRD after induction
(1-3 months) was predictive of relapse. WT1 assay may be useful for the prediction and
management of relapse following allogeneic stem cell transplantation (SCT).*”

In this project, we have developed a novel multiplex one-step real-time RT-PCR
(M-RQ-PCR) assay that can accurately quantify the WT1 RNA expression amount in bone
marrow or peripheral blood samples. This M-RQ-PCR technique was assessed for its clinical
utility in AML patients to predict chemotherapy response and prediction of leukemic relapse after

achievement of remission and after hematopoietic stem cell transplantation (HSCT).

2. Objectives

The goal of this project is to extend our current real-time quantitative RT-PCR (RQ-PCR)
technique for therapeutic monitoring of MRD in more than 50% of AML patients.
Accomplishment of this goal might have significant clinical utility in detecting residual leukemia,
selecting high-risk patients and predicting leukemic relapse. The specific aims include
establishment of WT1 RQ-PCR methods and assessment of its usefulness in MRD detection in



different subtypes of AML.

3. Patientsand Methods:®

K-562 leukemia cell line was used as WT1 expression standard for establishment of
standard curve for each experiment of MRQ-PCR. GAPDH housekeeping gene was used as
internal control of RNA integrity and normalization of loading RNA amount. Although GAPDH
has 56 pseudogenes in human genome, it does not interfere with the measurement of loaded total
cellular RNA (1,000ng for each sample). Bone marrow or PBSC mononuclear cells was isolated
by Ficoll-Hypaque and lyzed with Trizol-B and stored at -70  until used for RNA extraction by
standard procedure as described previously.

The PCR primers are listed at below for amplification of WT1, GAPDH and AMLI-ETO.

Table 1 Nucleotide sequences of PCR primers and probes

Gene Primer Sequences
WTI1 Sense ACAgggTACgAg AgCgATAACCA

Anti-sense CACACgTCg CACATCCTgAAT

Probe aM-CAACgCCCATCCTCTgCggAgCCCAXTramra
AMLI-ETO AMLI1 TCAAAATCACAGTGGATGGGC

ETO CAGCCTAGATTGCGTCTTCACA

Probe iaM-AACCTCGAAATCGTACTGAGAAGCACTCCAC-tamra

GAPDH Forward GAAGGTGAAGGTCGGAGT
Reverse GAAGATGGTGATGGGATTTC
Probe JOE-CAAGCTTCCCGTTCTCAGCC-TAMRA

One step multiplex quantitative RT-PCR reaction was used to detect the expression of WT1

and GAPDH in the same reaction tube on the ABI Prism 7700 Sequence Detection System
(Applied Biosystems, CA). One ng of total RNA was applied in a final volume of 50A with
TagMan EZ RT-PCR reaction mixture which contained 1x TagMan buffer, 3mM Mn(OAc),,
0.3uM of each d(A,T,C)TP, 0.6uM dUTP, 0.01 units of AmpEraseUNG, 0.1units of rTth, 0.2uM
each primer, and 0.1uM each probe. RT-PCR program started with 2 min incubation at 50  for
UNG activation followed by 30 min at 60 for reverse transcription synthesis of cDNA. The
temperature was elevated to 95  for 5 minutes to inactivate UNG, then proceed for 40 cycles of
PCR reaction consisting of 94  denaturing for 15s and 60 annealing/extension for 1 min. All
experiments were done in duplicates and including no-template control and negative control RNA
to prevent PCR carryover. Fluorescence spectra were continuing monitored and analyzed by 7700
with detection software version 1.6. If results showed any discrepancies, data were repeated or
excluded. K562 RNA was used as the standard in this study and the ratio of WT1/GAPDH was

calculated.

® Definition and Interpretation of MRQ-PCR Results
1. Sensitivity:
Since the variation of Ct value increase dramatically after PCR cycle 36-37 that correspond
to input K562 RNA of 0.1-0.01ng, the sensitivity for WT1 MRD in k562 = 0.001/1000 =
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4,
1)

2)

3)

4)

10°. For practical purpose of MRD monitoring in AML patients, a sensitivity of > 107
should be fulfilled. So, we will define WT1 overexpression as WT1 expression at diagnosis
> 10 level of K562 after normalization of GAPDH housekeeping gene.
2. MRD estimation by standard curve method:*
For each sample, the amount of WT1 and GAPDH level is determined from the standard
curve generated from k562 cell at each experiment. Assuming there was 100% leukemic
cells at diagnosis bone marrow, the MRD value was calculated as:

MRD = (WTlx/GAPDHx )/ (WTlpx/ GAPDHpx )

Results and Discussions:
Sensitivity and accuracy of WT1 mRNA measurement by multiplex RQ-PCR in K562 cell
line:
First, we establish standard curve by serial 10-fold dilution of K562 total RNA from 1,000ng
to 0.1ng and co-amplify WT1 and GAPDH at the same reaction. As shown in Fig. 1, the
Cr.value was inversely correlated with log (input K562 RNA amount) and the sensitivity of
accurate quantitation was at the level of 0.01ng (107). There was good intra-assay between
duplicate sample results and inter-assay reproducibility between separate experiments.
WTTI expression in normal bone marrow or PB stem cell (PBSC) samples:
Since normal hematopoietic progenitor-stem cells may express low level of WT1 gene, we
then perform real-time quantitation of WTI transcript in 14 normal controls who donated
their stem cells either as bone marrow or G-CSF-mobilized PB stem cells. In both types of
cells, there was no overexpression of WT1 detected. In normal bone marrows, there were low
levels of WTT1 expression at Ct level between 33-34, i.e. 0.1% of K562 expression. There was
no detectable WT1 in all PBSC samples.
WTTI expression in AML and ALL patients at newly diagnosis:
WT1-RQ-PCR was performed in 76 AML and 7 ALL at first diagnosis before chemotherapy
and most of them expressed WT1 at wide range of variation. The detection limit can be as
low as 107 for reference line K562, thus we chose only those leukemic samples expressing
WT1 > 1% of K562 WTI1 expression level as overexpression and eligible for MRD
monitoring. By this criteria, there were 60 of 76 AML (79%) and 4 of 7 (57%) ALL having
WT1 overexpression (Table 2). By chi-square test, WT1 overexpression was associated with
younger age < 40 years, FAB subtype other than than M4-M5, and high CD34 expression
(Table 3) and was not correlated with sex, initial WBC count, cytogenetic, and treatment
response.
Comparative study of minimal residual disease (MRD) measurement by RQ-PCR of WT1
and AMLI1-ETO in AML patients:
Five AML patients had t(8;21) and WT1 overexpression and were used to compare the MRD
measurement accuracy by both RQ-PCR assay. In previous study, we had shown that
RQ-PCR of AMLI-ETO had excellent sensitivity (1 in 10%) and specificity (100%) in MRD
monitoring. As shown in Fig 2, there was good correlation of MRD result (R=0.769) by both

methods. However, the regression line was shifted toward left-side at low level of MRD,



5)

6)

probably because of low level of WT1 background expression by hematopoietic progenitor
cells when using bone marrow samples.” The kinetic MRD changes was similar by both
RQ-PCR assays in 4 AML patients (Fig. 3). The measured MRD was generally slightly higher
by WT1 than by AML1-ETO.

Persistent high MRD level after induction therapy was associated with inferior survival in
AML:

We serially followed MRD level in 32 AML patients who didn’t receive hematopoietic stem
cell transplantation (HSCT). After induction therapy (1-3 months after diagnosis), 16 patients
with high MRD level > 0.01 was associated with inferior survival (46% at 2 years) than those
with either intermediate MRD 0.01-0.001 (68%, n=13) and low MRD <0.001 (100%, n=3).
Because of small patient number and short follow-up time, this difference did not reach
statistical significance by Kaplan-Meier analysis (Fig. 4). Those patients with high MRD
level also relapsed earlier than patients with low MRD level (Fig. 5).

Persistent high MRD level after HSCT was associated with leukemic relapse:

HSCT was performed in 31 patients wither at CR1 or after relapse. Persistent high MRD level
> (.01 at 6 months after HSCT was associated with high risk of leukemic relapse (88% at 2
years, n=11) than those with intermediate MRD 0.01-0.001 (18%, n=16) and low MRD
<0.001 (33%, n=4). This difference was statistically highly significant (p < 0.0001 by log
rank test, Fig. 6). Of note, there was one patient relapsed later than 2 years after HSCT
although MRD once dropped to low level, indicating that frequent monitoring of MRD was
required for early detection (Fig. 7).

5. Conclusion

From the preliminary result, we confirmed that:

1) WTI1 overexpression is common in primary AML patients and is a potentially useful
molecular tool for monitoring minimal residual disease (MRD) after chemotherapy or
HSCT;

2) Persistent high WT1- MRD level > 0.01 after induction chemotherapy is poor prognostic
sign and should be treated with more intensive therapy or HSCT;

3) Failure of WT1-MRD to drop to < 0.01 after HSCT is associated high risk of leukemic
relapse and should be treated with early tapering of immunosuppressants and/or donor

lymphocyte infusion to augment graft-versus-leukemic effect.
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Table 2. WT1 overexpression in normal controls and in

AML, ALL patients at first diagnosis

Table 3. Correlation of clinical variables and WT1

overexpression in 76 AML at diagnosis

Group Patient =~ WT1 overexpression™®
No. No. (%)

Normal donor 14 0

- Marrow 3 0

-PB stem cell 11 0

ALL 7 4 (57%)

AML 76 60 (79%)

*Over-expression defined as >0.01 of K562 WT1 value

Real-time M ultiplex RQ-RT-PCR M easurement of
WT1RNA Amount in K562 L eukemic Cell Line
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Fig.1l Standard curve of WT1 MRQ-PCR in K562

leukemia cell line (10 experiments)

Variable No. % of WT1 P value
overexpression
Yes No

Age <40 48 92% 8% 0.006
40-60 18 67%  33%
>60 10 50%  50%

FAB M4-5 20 65%  35% 0.048
Others 56 86% 14%

CD34% <20% 16 56%  44% 0.039
>20% 60 85% 15%

Comparison of Minimal Residual Disease (M RD)
M easur ement by Real-time RT-PCR of AML-ETO
and WT1 mRNA on Same AML Samples

07132

y = 0.8026x

MRD Level by Log(WT1-RNA)

MRD Level by Log(AML-ETO-RNA)

Fig.2 Correlation of MRD measurements by two 2
RQ-PCR methods from same specimens of 5 AML
patients with both  AMLI-ETO and WTI

overexpression (n=36).



Correlation of MRD by Q-RT-PCR of
t(8;21) and WT1 mRNA in 4 AML Patients

Log MRD Level

Solid line — t(8;21)
Broken line -- WT1

10 Months 15 20

Fig.3. Correlation of MRD kinetic changes 4 AML
patients measured by QRT-PCR for AMLI1-ETO (solid
line) and WT1 (broken line) respectively.
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30 AML Patientsafter Chemother apy
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Fig.5 Kinetic changes of WTI-MRD after

chemotherapy in 30 AML patients

MRD Kinetic Changesby WT1 RQ-PCR in
20 AML Patients after HSCT
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Fig. 7 Kinetic changes of WTI-MRD in 20 AML
patients after HSCT
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Fig.4 High MRD level after induction chemotherapy
(1-3 months) was associated with inferior survival in

AML

Association of MRD Level 1-6 Months after HSCT
and Probability of Relapse in 29 AML Patients
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Fig.6 High MRD level 1-6 months after HSCT was
associated with high probability of relapse in 29 AML

patients



