
| 982 | haematologica/the hematology journal | 2005; 90(7)

cell line establishment. Abnormalities of 12p are relative-
ly common in adverse risk AML.8 These abnormalities
might have some effects on disease progression. Finally,
since SKK-1 cells probably contain undetected genetic
alterations which could influence the progression of
MDS to AML, analyzing this cell line may reveal alter-
ations and their role in leukemogenesis. 

Hiroshi Matsuoka,* Tohru Murayama,* Tamio Koizumi,°
Ryuichiro Nishimura,° Ryuji Kawaguchi,# Toshitaro Nakagawa*

*Hematology/Oncology Division, Department of Medicine, Hyogo
Medical Center for Adults, Akashi, °Hyogo Institute

of Clinical Research, #Center for Molecular Biology and
Cytogenetics, SRL, Tokyo, Japan

Acknowledgments: we thank the medical, nursing and laboratory
staff of the Hyogo Medical Center for Adults for their excellent
cooperation. We are also grateful to Mr. Yoshihiko Mimura and
Mrs. Kuniko Numata for photographic work and technical
assistance.
Key words: trisomy 8, myeloid cell line, SKK-1, leukemogenesis
AML, MDS,
Correspondence: Tohru Murayama, Hematology/Oncology
Division, Department of Medicine, Hyogo Medical Center
for Adults, 13-70, Kita-Oji, Akashi, Hyogo, 673-8558, Japan.
Phone: international +81.78.9291151. Fax: international
+81.78.9292387. E-mail: tmurayam@hp.pref.hyogo.jp

References

1. Mitelman F. Catalog of Chromosome Aberrations in Cancer.
New York: Wiley-Liss. 1992.  

2. Rowley AD, Golomb HM. The Fourth International
Workshop on Chromosomes in Leukemia: a prospective study
of acute nonlymphocytic leukemia. Cancer Genet Cytogenet
1984;11:249-360.

3. Fenaux P, Preudhomme C, Lai JL, Morel P, Beuscart R, Bauters
F. Cytogenetics and their prognostic value in de novo acute
myeloid leukaemia: a report on 283 cases. Br J Haematol 1989;
72:61-7.

4. Heim S, Mitelman F. Secondary chromosome aberrations in
the acute leukemias. Cancer Genet Cytogenet 1986;22:331-8.

5. Yunis JJ, Brunning RD, Howe RB, Lobell M. High-resolution
chromosomes as an independent prognostic indicator in adult
acute nonlymphocytic leukemia. N Engl J Med 1984;311:812-
8.

6. Paulsson K, Sall T, Fioretos T, Mitelman F, Johansson B. The
incidence of trisomy 8 as a sole chromosomal aberration in
myeloid malignancies varies in relation to gender, age, prior
iatrogenic genotoxic exposure, and morphology. Cancer
Genet Cytogenet 2001;130:160-5.

7. Jacobs RH, Cornbleet MA, Ardiman JW, Larson RA, Le-Beau
MM, Rowley JD. Prognostic implications of morphology and
karyotype in primary myelodysplastic syndromes. Blood
1986;67:1765-72.

8. Greer JP, Baer MR, Kinney MC. Acute myeloid leukemia in
adults. In: Greer JP, Foerster J, Lukens JN, Rodgers GM,
Paraskevas F, Glader B, editors. Wintrobe’s Clinical
Hematology. 11th edition. Philadelphia: Lippincott Williams &
Wilkins; 2004. p. 2097-142. 

9. Diaz MO, Le-Beau MM, Harden A, Rowley JD. Trisomy 8 in
human hematologic neoplasia and the c-myc and c-mos onco-
genes. Leuk Res 1985;9:1437-42.

10. Matsuo Y, MacLeod RA, Uphoff CC, Drexler HG, Nishizaki
C, Katayama Y, et al. Two acute monocytic leukemia (AML-
M5a) cell lines (MOLM-13 and MOLM-14) with interclonal
phenotypic heterogeneity showing MLL-AF9 fusion resulting
from an occult chromosome insertion, ins(11;9)(q23;p22p23).
Leukemia 1997;11:1469-77.

Acute Myeloid Leukemia

The CYP1A1*2a allele is an independent
prognostic factor for acute myeloid leukemia 

Polymorphisms in carcinogen- and drug-metabo-
lizing enzymes may increase the risk of acute
myeloid leukemia (AML) and may influence prog-
nosis. We report that the polymorphic variant of
the cytochrome P450 CYP1A1*2A, present in
11.3% of patients, is an independent unfavorable
prognostic factor for failure-free and overall sur-
vival in patients with AML. 
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CYP1A1 belongs to the cytochrome P450 family and is
a phase I detoxification enzyme involved in the bioacti-
vation of several chemical carcinogens, including cyto-
toxic drugs. Cytochrome P450 enzymes transfer elec-
trons onto toxicants to create highly reactive intermedi-
ates which are usually coupled to glutathione or other
groups, producing water-soluble compounds, but can
also interact with DNA, resulting in the formation of
DNA adducts.1 The CYP1A1 polymorphic variants *2A
and *2B have increased enzymatic activity and/or
inducibility, while the biological significance of the *4
allele is still unknown.1 We have shown that the
CYP1A1*2B and *4 alleles may increase the risk of acute
myeloid leukemia (AML), particularly when combined
with the glutathione-S transferase (GST) T1 null geno-
type.2 On the other hand, polymorphisms of xenobiotic
metabolizing enzymes may influence the prognosis of
AML and Hodgkin’s lymphoma, as previously shown by
our group for deletions of GSTM1 and/or T1 genes and
for the GSTP1 Ile105Val polymorphism.3-5 We were inter-
ested in the prognostic role of polymorphisms of
CYP1A1*2A, *2B and *4 and in possible interactions with
established prognostic factors, including age, white blood
cell counts (WBC), karyotype and the fms-like tyrosine
kinase 3 (FLT3) internal tandem duplications (ITD).6

Our analysis included 97 patients (48 females, 49
males, median age 58 years, range 16–70), diagnosed
with AML between April 1997 and April 2004. Eleven
patients had had a previous cancer: 8 of them had
received previous radio/chemotherapy. Patients were
treated according to protocols of the GIMEMA group
using standard chemotherapy regimens (EORTC-
GIMEMA AML 12 and 13, GIMEMA-AIDA 0493,
www.gimema.org). Complete remission, partial remission
and resistance to induction treatment were assessed by
bone marrow evaluation on day +28 in 90 patients
according to standard criteria. Death due to treatment
toxicity precluded evaluation in the other 7 patients. 

CYP1A1 polymorphisms T6235C, A4889G and
C4887A were characterized by a polymerase chain reac-
tion-restriction fragment length polymorphism (PCR-
RFLP) approach.7 The presence of the T6235C alone
identifies the *2A allele, while the combination of
T6235C and A4889G identifies the *2B allele. C4887A
corresponds to the *4 allele.2,7 The frequencies of CYP1A1
alleles *2A, *2B and *4 were 11.3% (11/97), 3.1% (3/97)
and 22.7% (22/97), respectively. Patients with alleles
CYP1A1*2A and *2B were all heterozygous, while 1 of 22
patients with allele *4 was homozygous. The
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CYP1A1*2A variant allele identified a prognostically
unfavorable group of patients, with a shorter failure-free
(FFS) and overall survival (OS) (Figure 1), than patients
with the wild type. The CYP1A1*2B and *4 alleles did
not have any prognostic relevance. Age over 60 years and
WBC > 30¥109/L were negative prognostic factors (FFS
and OS: p=0.0005 and 0.0005 for age and p=0.07 and
0.04, for WBC, respectively). Karyotype was available for
81 patients and had a negative prognostic value, with a
significant difference in FFS and OS for patients with
favorable (n=26), intermediate (n=43) and adverse (n=12)
karyotype (p=0.0001 and p=0.0002), as defined by
Grimwade et al.8

FLT3-ITD, analyzed by PCR,9 were present in 16
(16.5%) patients and these patients had a significantly
shorter FFS and OS than did patients without FLT3-ITD
(p=0.0003 for both). 

Multivariate analysis using the Cox regression model
and including the CYP1A1*2A allele, FLT3-ITD, age,
WBC and cytogenetic risk groups, showed that
CYP1A1*2A and age were independent prognostic fac-
tors for survival (Table 1). Probably due to the limited
number of patients analyzed, karyotype, FLT3-ITD and
WBC were not prognostic factors. To our knowledge,
this is the first study assessing the prognostic value of

cytochrome P450 polymorphisms in AML. Since the
CYP1A1 variants *2A and *2B have increased activity
and/or inducibility, the increased production of elec-
trophilic agents may contribute to the accumulation of
genetic changes. Bowen et al. showed that the
CYP1A1*2B variant is common in a group of AML char-
acterized by RAS mutations and complex karyotype, but
not in those with FLT3-ITD.10 Data on CYP1A1*2A were
not reported.10 We did not find any associations between
FLT3–ITD and CYP1A1 detoxification enzymes polymor-
phisms (data not shown). Similarly, GST polymorphisms
(GSTM1/GSTT1 deletions and the GSTP1 Ile105Val
mutation), previously determined for this cohort of
patients,3 were also not associated with FLT3-ITD (data
not shown). 

Genotyping of detoxification polymorphisms might
complement diagnostic cytogenetics and FLT3 mutation
analysis, and may ultimately permit an individualized
treatment approach in patients with AML.     

Maria Teresa Voso, Francesco D’Alò, Daniela Gumiero,
Francesco Guidi, Stefan Hohaus, Giuseppe Leone

Istituto di Ematologia, Università Cattolica S. Cuore, Rome, Italy
Funding: this work was supported by grants from M.U.R.S.T
(Ministero dell’ Universita’ e della Ricerca Scientifica e Tecnologica)
and A.I.R.C. (Associazione Italiana per la Ricerca sul Cancro). 
Key words: acute myeloid leukemia, CYP1A1 polymorphisms,
P450, prognosis.
Correspondence: Dr. Maria Teresa Voso, Istituto di Ematologia,
Università Cattolica S. Cuore, largo A. Gemelli 1, 00168 Rome,
Italy. Phone: international +39.06.30154180. Fax: international
+39.06.35503777. E-mail: mtvoso@rm.unicatt.it

References

1. Ingelman-Sundberg M. Genetic susceptibility to adverse
effects of drugs and environmental toxicants. The role of the
CYP family of enzymes. Mutat Res 2001;482:11-9.

2. D'Alo F, Voso MT, Guidi F, Scardocci A, Massini G, Sica S, et
al.  Polymorphisms of CYP1A1 and glutathione S-transferase
and susceptibility to adult acute myeloid leukemia. Haema-
tologica 2004;89:664-70. 

3. Voso MT, D’Alò F, Putzulu R, Mele L, Scardocci A, Chiusolo P,
et al. Negative prognostic value of glutathione S-transferase
(GSTM1 and GSTT1) deletions in adult acute myeloid
leukemia. Blood 2002;100:2703-7.

Figure 1. The CYP1A1*2A allele predicts for poor outcome.
Outcome of patients who were carriers of the CYP1A1*2A allele
(n=11) was compared to that of patients who did not present this
polymorphism (n= 86). Survival curves were estimated using the
Kaplan-Meier product limit method. Differences in the survival
curves were evaluated using the log-rank test. A. Failure-free sur-
vival. B. Overall survival.

Table 1. Multivariate analysis of factors predicting survival. 

Failure-free Overall
Survival Survival      

p Hazard p Hazard
Ratio Ratio

(95% C.I.) (95% C.I.)

CYP1A1*2A 0.013 2.7, 0.03 2.7
(1.2 – 5.9) (1.1 – 6.4)

FLT3-ITD 0.47 0.3

Cytogenetic risk group 0.9 0.7

Age 0.001 3.1, 0.009 2.6
(1.6 – 5.9) (1.3 – 5.4)

WBC count 0.06 0.1

p=0.003

p=0.01
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Multiplex reverse transcription polymerase chain
reaction screening in acute myeloid leukemia
detects cytogenetically unrevealed abnormalities
of prognostic significance

A commercial multiplex reverse transcription
polymerase chain reaction screening assay, cover-
ing 28 leukemic fusion transcripts, was applied in
143 samples obtained from patients with acute
myeloid leukemia at primary diagnosis. In five
patients, a cytogenetically unrevealed fusion gene
of prognostic importance was detected, while the
assay failed to detect one case of t(15;17).

haematologica 2005; 90:984-986
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Current prognostic stratification of acute myeloid
leukemia (AML) at diagnosis is based on conventional
cytogenetics. Recognition of patients with the abnormal-
ities t(8;21), t(15;17) and inv(16) is of particular interest in
AML prognostication because these abnormalities are
associated with a relatively favorable prognosis.1-4

Conventional karyotyping may be hampered by insuffi-
cient quality or number of metaphases, low sensitivity or
selective outgrowth. Furthermore, translocations of prog-
nostic significance may be cytogenetically undetected if
they involve regions with similar band patterns.5-8 The
aim of this study was to evaluate the additional prognos-
tic information obtained by multiplex reverse transcrip-
tion polymerase chain reaction (RT-PCR) screening for
leukemia-associated genes with a commercially available
assay. Multiplex RT-PCR screening for translocations is
independent of dividing cells, has a high level of sensitiv-
ity, and may identify translocations that are not detected
by conventional karyotyping. The HemaVision®

Multiplex-RT-PCR Screen Test (DNA Technology,
Aarhus, Denmark) detects 28 of the most common
leukemic fusion genes and more than 80 splice vari-

ants7,9,10 (Table 1). In brief, reverse transcription is per-
formed with a mixture of translocation-specific primers.
PCR amplification is performed in two steps: a master
PCR amplification followed by nested PCR which screens
for the presence of fusion transcripts and a split-out PCR
amplification followed by nested PCR which identifies
the specific fusion transcript(s). Each of the 8 parallel
nested multiplex master PCR reactions contains a mix-
ture of primer pairs for the detection of several fusion
transcripts and two primer pairs for an internal control
gene product of 911 base pairs. When the presence of one
or more fusion transcripts is detected by one or more
master PCR reactions, the corresponding split-out reac-
tions with individual primer pairs are performed.

To assess the additional prognostic information
obtained by the multiplex RT-PCR screening test, we per-
formed a retrospective study of 143 patients with a medi-
an age of 63 years (range 0-85)(132 adults, 11 children).
Inclusion criteria were:  (i) adults diagnosed with AML at
Herlev Hospital, Denmark, during a 12-year period from

Table 1. Fusion transcripts detected in 143 samples by the multi-
plex RT-PCR screen test. 

Balanced translocations 
covered by the 
multiplex RT-PCR No. of fusion transcript positive cases
screen test

Translocation Fusion Adults Children
transcript (N=132) (N=11)

t(1;11)(p32;q23) MLL1/AF1p 0 0
t(1;11)(q21;q23) MLL1/AF1q 0 0
t(1;19)(q23;p13) E2A/PBX1 0 0
t(3;21)(q26;q22) AML1/EAP/MDS1/EVI1 0 0
t(3;5)(q25.1;q34) NPM/MLF1 0 0
t(4;11)(q21;q23) MLL1/AF4 0 0
t(5;12)(q33;p13) TEL/PDGFRb 0 0
t(5;17)(q35;q21) NPM/RARa 0 0
/(q34;q21)
t(6;11)(q27;q23) MLL1/AF6 1 0
t(6;9)(p23;q34) DEK/CAN 0 0
t(8;21)(q22;q22) AML1/MGT8 3 1
t(9;11)(q22;q23) MLL1/AF9 2 0
t(9;9)(q34;q34) SET/CAN 0 0
t(9;12)(q34;p13) TEL/ABL 0 0
t(9;22)(q34;q11)* BCR/ABL* 4** 0
t(10;11)(p12;q23) MLL1/AF10 0 2
t(11;17)(q23;q21) MLL1/AF17 0 0
t(11;17)(q23;q21) PLZF/RARa 0 0
t(11;19)(q23;p13.1) MLL1/ELL 0 0
t(11;19)(q23;p13.3) MLL1/ENL 0 1
t(12;21)(p13;q22) TEL/AML1 0 0
t(12;22)(p13;q11) TEL/MN1 0 0
t(15;17)(q21;q22) PML/RARa 3 1
t(16;21)(p11;q22) TLS/ERG 0 0
t(17;19)(q22;p13) E2A/HLF 0 0
inv(16)(p13;q22) CBFb/MYH11(A) or (B) 2*** 1
t(X;11)(q13;23) MLL1/AFX1 0 0
TAL1deletion(p34) SIL/TAL1 0 0
Total 15 6

*The screening test covers the BCR/ABL variants: b2ab, b3a2, c3a2, b2a3, b3a3,
e1a2, e6a2, e1a3. **t(9;22)(q34;q11) BCR/ABLb3a2 and
t(9;22)(q34;q11)BCR/ABLe1a2 were detected in one case,
t(9;22)(q34;q11)BCR/ABLb2a2 and t(9;22)(q34;q11) BCR/ABL e1a2 were
detected in one case , and t(9;22)(q34;q11)BCR/ABLb3a3 and
t(9;22)(q34;q11) BCR/ABL e1a2 were detected in one case.
***CBFa/MYH11(A) and CBFb/MYH11 (B) were detected in one case.




