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Mutation Analysis of the WT1 Gene in Myelodysplastic Syndomes
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The WT1 tumor suppressor gene was examined for mutations in a panel of 44 patients wittyelo-
dysplastic syndomes (MDS) including acute myelogenous leukemias (AML) secondary to MDS,
using polymerase chainreaction single-strand conformation polymorphism (PCR-SSCP) analysis
and sequencing analysis. AVT1 mutation was detected in one out of 17 cases of AML secondary
to MDS. This mutation exists upsteam of the zinc fingerregion and is pedicted to poduce a
truncated WT1 protein lacking the zinc finger region. No mutations wee detected in 27 MDS
patients who had not pogressed to AML. This is the firstreport of analysis forWT1 mutations in

a large number of MDS patients, suggesting thaWT1 mutations ae uncommon in MDS. Abnor-
malities in this gene mg, howeve, contribute to a small proportion of cases showing Pgression
from MDS into AML.
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tic syndrome

The tumor suppressor geMél'l on chromosomélpl3 hematopoiesis. There is a tendency for the disease to
was first identified by cytogenetic deletion analysis of develop into acute leukemias by accumulation of heterog-
patients withwilms’ tumors®? It encodes a zindfiger =~ enous mutdons of oncogenes or tumor suppressor genes.
transcription factor that either activates or represses tranifFhe role of WT1 in MDS is unknownTo examine
scription of many taget genes, and has the potential to whethe WT1 mutations could also be identified in MDS,
control cell growth and fferentiation®® WT1 is we have screened 44 cases of MDS including acute myelo-
expressed in tissues of mesodermal origin, including thegenous leukemias (AML) secondary to MDS a1l
kidney, gonads, mesothelial lining of the gut, heart, mutations.We detected &/T1 mutation in only one case
lung, spleen and immature cells in bone marr®VT1  of AML secondary to MDS, and no mutation in any case
mutations have been reported Wilms’ tumors, non-  of MDS that had not progressed to AML.
asbetos-reldaed mesothéma, a juvenile granulosa cell
tumor of the ovay, desmoplastic small round cell tumo MATERIALS AND METHODS
and a secondary leukemia inVHAGR (Wilms’ tumar,
aniridia, genitourinary abnormalities, and mental retardaPatients After informed consent had been obtained from
tion) patientt ” Most recentl, WT1 mutations were found patients, mononuclear ¢glwere isolated from bone mar-
in acute leukemiade now.®® row sampledrom 44 patients with various types of MDS.

WT1 appears to be active in immature hematopoieticThey were 12 cases of refractory anemia (RA), 9 of
cells that are less fdierentiated, with high rates of cell refractory anemia with excess of blasts (RAEB), 2 of
proliferation. WT1 is expressed in normal CD3done refractory anemia with excess of blasts in transformation
marrow stem cells, but is hardly expressed in normalRAEB in T), 4 of chronic myelomonocytic leukemia
mature blood cell¥) It is expressed in the acute phase of (CMMoL), and 17 of AML secondary to MDS. The diag-
leukemias and in hematopoietic cell lif€%) and is nosis of MDS was made according to the French-Ameri-
down-regulated during fferentiation!>® A recent study can-British FAB) classification. Samples were taken at
has suggested th&/T1 may play a rolén apoptosig? the time of diagnosis. Genomic DNAs of these cells were
Although the exact role of WT1 in hematopoiesis and leu-extracted as previously stgibed®
kemogenesis is still uncleathese lines of evidence sug- Poymerase chainreaction single-strand conformation
gest tha WT1 may pay a role in hematopoiesis and polymorphism (PCR-SSCP) analysis Point mutations
leukemogenesis. were soughin 10 exons of thaVT1 gene using PCR-

Myelodysplastic syndromes (MDS) comprise a stemSSCP analysis as previously descriBelCR amplifica-
cell disorder characterized by tri-lineage dysplasia oftions were performedith 50 ng ofDNA samples and 10
peripheral blood and bone marrow cells andffaative pmol of primer pairs, incorpotiag [0-32P]dCTP (Amer-
sham, Buckinghamshire, UK). The primer pairs for each
3To whom requests for reprints should be addressed. exon of theWT1 gene and conditions for PCRs were
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taken from the literatur@.Only the 3 end of exon 1 was 79 83 84 85 86 87 373 458 340 354

amplified, because the exon is extremely GC-fiéhThe
SSCP gels were run at 40 W for 3 to 4 h at 15°C. Auto-
radiography was done by the standard method. Where
abnormally migrating bands were detected, the PCR-
SSCP procedure was repeated to confirm any shifts.

Sequencing analysisMutations in the PCR products that '
showed abnormally migrating bands in SSCP analyses R “

were confirmed by sequencing analyses. The PCR prod

ucts were subcloned into the pCR 2.1 Vector (Invitrogen,

San Diego, CA) and at least four independent clones ;

were sequenced using Sequenase Version 2.0, 7-deaz —

dGTP Kit (Amersham, Buckinghamshire, UK). Direct ” . | —
sequencing of PCR products was also carried out using . . .

Sequenase PCR Product Sequencing Kit (Amersham

Buckinghamshire, UK), according to the manufacturer’s
instructions.

RESULTS Fig. 1. SSCP analysis oWT1 exon 7. Numbers of the lanes
] indicate the patient number. The SSCP patterns in patients 85
All 10 exons ofWT1were analyzed by PCR-SSCP in a and 373 represent the wild-type. The abnormally migrating

total of 44 samples of MDS or AML secondary to MDS. bands of patients 79, 83, 84, 87, 458, 340 and 354 show a con-

One sample of AML secondary to MDS hadVd1 muta- sistent pattern of mobility. All of them were later shown to rep-

tion (Table I). resent a polymorphism of Arg 301 (AG) by sequencing
SSCP analysis of exon 7 showed a complex band pa@_nalyses. On the other hand, patient 86 shows a different pattern

b f th - f | hi in thi f abnormal mobility compared with other patients. No normal
tern because of the existence of a polymorphism in thig,zngs were detected in patient 86. Patient 86 was later shown to

exon (Fig. 1). The SSCP patterns in patient 85 and patierfarry a homozygous 4-base insertion by sequencing analysis.
373 represent the wild-type. Those in patients 79, 84, 87,

340, 458, 354 represent a previously described silent

polymorphism (Arg 301, A-G) (data not showry)

Patient 83 was heterozygous for the polymorphismWT1 sequences were obtained in patient 86, either in
Although the polymorphism (Arg 301, -AG) appears to direct sequencing analysis or in sequencing analyses of 10
be present in the majority of the patients shown in Fig. 1jndependent clones after subcloning (data not shown).

the frequency of the polymorphism was 42.0% in our In the other nine exons, no mutations were detected in
study. On the other hand, one sample (patient 86, a casmy of the 44 samples.

of AML secondary to MDS) showed a different pattern of

abnormal mobility in SSCP compared with the samplespiscussion

carrying the polymorphism (Fig. 1). Direct sequencing

analysis of this PCR product revealed an insertion of This is the first study, to our knowledge, in which a
TCGG after the first base of codon Ala 314 (Fig. 2). Thislarge number of patients with MDS including AML sec-
causes a frameshift, and three novel amino acids are fobndary to MDS has been examined WfT1 mutations.
lowed by a stop codon. The same mutation has beeAs shown in Table I, none of the 27 cases with RA,
described in one case of AMtde novd No wild-type RAEB, RAEB in T, or CMMoL, which have a better
prognosis than AML secondary to MDS, h@dl'l muta-
tions. Although we can not rule out the possibility that
some mutations may have been missed because of the
limitations of the SSCP technique, with which only 90%

. T1 i i .
Table I Frequency oNT1Mutations in MDS of all mutations may be detected, our study suggests that

RA 0/12 WT1mutations occur infrequently in MDS.

RAEB 0/9 On the other hand, one out of 17 cases of AML second-
RAEB-T 0/2 ary to MDS, which has a poor prognosis, carried/al
CMMoL 0/4 mutation. This is the first report of WT1 mutation in a
MDS-AML 117 patient with AML secondary to MDS. TH&T1 mutation
Total 1/44 observed in patient 86 is an insertion of 4 bp after the first
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Fig. 2. Direct sequencing of PCR products from patient 86 and a normal individual, showing \Wart exon 7. The inserted four
nucleotides in patient 86 are lined. A schematic diagram of the resulting truncated WT1 protein in patient 86 is included.

base of codon 314, causing a frameshift termination aproportion of cases showing progression from MDS into
codon 317, resulting in loss of the entire zinc finger AML.
region. This mutation has been previously reported as a However, it should be noted that the frequency\tiFi1
heterozygous mutation in a case of AML (Md§ novd® mutations in our samples from AML secondary to MDS
In our study, more than 95% of the cells processed fopatients (5.9%) is low. Although the previous findings in
DNA isolation from patient 86 were leukemia cells. No acute leukemiasle novoshowed that about 15% of adult
wild-type sequences were obtained either in directAML cases carried inactivating mutations \WT1% 9 the
sequencing analysis or in sequencing analyses of 10 indeele of WT1 in leukemogenesis is still undefined. MDS is
pendent clones, suggesting loss of heterozygosity in thékely to be a heterogenous disease, as regards the molec-
leukemia cells of patient 86. ular mechanisms of development and leukemic transfor-
The majority of the previously report&dT1 mutations  mation. Many other genes, including rbls, p53 cfms
in patients with Wilms’ tumors, Denys-Drash syndromesNF1, Rb p16 EVI-1 andIRF-1, have also been examined
(DDS), and AML de novocause disruption of the zinc to see whether they are involved in the development of
fingers, which abolishes the DNA binding capacity of the MDS and in the progression to AML. However, the full
transcriptional regulator WT1. The zinc finger region con-spectrum of mutational events that occur during the pro-
tains 92% ofWT1 mutations in DDS, 72% of th&T1  gression of MDS has not been elucidated. To clarify the
mutations in Wilms’ tumors, and 80% of the mutations inroles of WT1 and other genes in the development and the
AML.® The majority of other mutations upstream of the progression of MDS, further examination of mutations of
zinc fingers also result in disruption of the zinc fingers.the WT1and other genes in a larger MDS panel would be
The mutation found in our case of AML secondary torequired.
MDS is predicted to inactivate WT1, suggesting that(Received April 30, 1998/Revised June 15, 1998/Accepted June
abnormalities in th&VT1 gene may contribute to a small 18, 1998)
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