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A rare case of Philadelphia chromosome-positive
chronic myelogenous leukemia with inversion
in chromosome 9 and t(10;17)
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Abstract. The reciprocal translocation t(9;22)(q34:qll),
leading to the formation of two fusion genes, BCR/ABL and
ABL/BCR, is found in 90-95% of cases with chronic myeloid
leukemia (CML). ABL-BCR expression does not correlate with
prognosis, as assessed by cytogenetic response, since the ABL/
BCR gene is expressed in only a proportion of CML patients.
This study examined an exceptional BCR/ABL-positive CML
case with inversion in 9q22q34 leading to the absence of
ABL/BCR. Moreover, an unbalanced translocation between
chromosomes 10 and 17 which caused deletion of the TP53
gene was identified. The TP53 gene plays a potential role in
CML progression, and loss of TP53 may be regarded as a poor
prognostic factor.

Introduction

Chronic myeloid leukemia (CML) is a clonal myeloproliferative
disorder of pluripotent hematopoieitic stem cells characterized
by the BCR and ABL somatic gene rearrangement. In 90-95%
of cases with CML, the BCR/ABL fusion gene is the result of the
reciprocal translocation between chromosomes 9 and 22, with
cytogenetically observable small derivative chromosome 22,
which is known as the Philadelphia (Ph) chromosome (1,2).
Expression of the BCR/ABL chimeric protein with an increased
tyrosine kinase activity plays an essential role in the pathogenesis
of CML (3). However, little is known about the corresponding
reciprocal translocation product ABL/BCR. The fusion gene
ABL/BCR is transcriptionally active in only one-third of CML
patients (4). A deletion involving the arginosuccinate synthase
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(ASS) and ABL genes, located on the derivative chromosome
9, is found in 10-15% of CML patients and is associated with
a shortened chronic phase and a decrease in survival in the
absence of imatinib treatment (5). Even when deletion of these
genes directly leads to loss of ABL/BCR, ABL-BCR expres-
sion does not correlate with poor prognosis (6). The progression
of CML from the chronic phase (CP) to blast crisis (BC) is
frequently associated with non-random secondary chromosomal
aberrations, such as +8, i(17q), +19 and an extra Ph (7). At the
molecular level, mutation of the tumor suppressor gene TP53
located at 17p13 (8) is detected in 25-30% of CML-myeloid BC.
However, no mutation of the remaining TP53 allele in CML
cases with i(17q) has been noted (9).

This study examined a rare case of CML with inverted
chromosome 9 and unbalanced translocation between chro-
mosomes 10 and 17.

Materials and methods

Case report. A 39-year-old woman was referred to our
laboratory in December 2005, due to an occasional blood
test showing moderate leukocytosis [the white blood count
(WBC) was 113.5x10%1 (74% neutrophils, 25% lymphocytes
and 1% eosinophils)]. The platelet count was 144.5x10%1 and
the hemoglobin level was 11.9 g/dl. A physical examination
showed splenomegaly. The WBC differential, as well as the
bone marrow aspirate, were consistent with CP of CML. The
patient had not received any treatment prior to the date of the
test. Additionally, patient consent was obtained for this study.

Chromosome analysis. Chromosome analysis using GTG-
banding was conducted according to standard procedures (10). A
total of 20 metaphases, derived from unstimulated bone marrow
of the patient, were analyzed. Karyotypes were described
according to the International System for Human Cytogenetic
Nomenclature (11).

Fluorescence in situ hybridization analysis. Fluorescence
in situ hybridization (FISH) using the LSI BCR/ABL+9q34
Tricolor dual fusion translocation probe (Abbott Molecular/
Vysis, USA) and 17pl3(p53)/alpha-satellite 17, dual color
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Figure 1. GTG-banding reveals a complex karyotype, involving two further chromosomes besides 9 and 22. The derivative chromosomes are marked by

arrowheads.
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Figure 2. Karyotype and chromosomal aberrations were confirmed using molecular cytogenetic approaches. (A) BCR/ABL rearrangement and inversion
of chromosome 9 involved in the translocation with chromosome 22 were detected using the LSI BCR/ABL+9q34 Tricolor dual fusion translocation probe.
(B) The application of MCB 9 shows the chromosomal breakpoints of inversion, inv (9)(q22q34). (C) M-FISH confirms the complexity of the karyotype
46,XX,t(9;22),t(10;17). (D) The deletion of TP53 on der(17)(p13.1) was identified using 17p13(p53)/Alpha-satellite 17, dual color. #, chromosome; der, deriva-

tive chromosome; Ph, Philadelphia chromosome.

(Q-Biogene, USA) were applied according to the manu- chromosome 9, was applied as previously described (12,13). A
facturer's instructions. A multicolor banding probe (MCB), total of 20 metaphase spreads were analyzed, each using a
based on microdissection-derived region-specific libraries for ~ fluorescence microscope (Axio Imager.Zl mot; Zeiss)
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equipped with the appropriate filter sets to discriminate
between a maximum of five fluorochromes and the counter-
stain DAPI (4',6-diamino-2-phenylindole). Image capturing
and processing were carried out using an ISIS imaging
system (MetaSystems, Altlussheim, Germany) for the MCB
evaluation.

Results

A complex karyotype, 46,XX,t(9;22),t(10;17), was determined
in the GTG-banding (Fig. 1) and was further studied by molec-
ular cytogenetics (Fig. 2). Tri-color FISH using a probe specific
for BCR, ABL and the ASS gene revealed a typical Ph with the
BCR/ABL fusion gene. However, the ASS gene was localized
more proximal to the centromere, as 3'BCR was in the terminal
part of the derivative chromosome 9 (Fig. 2A). Inversion of
9q22q34 was detected using MCB 9 (Fig. 2B). Thus, M-FISH
was applied to confirm the GTG-banding results (Fig. 2C).
The locus-specific probe 17p13(p53)/alpha-satellite 17 demon-
strated the absence of 17p13 (Fig. 2D). The result obtained was:
46,XX,der(9)t(9;22)(q34;q11)inv(9)(q22q34),der(10)t(10;17)
(922.3;p13.1),der(17)t(10;17)(q22.3;p13.1)del(17)(p13.1),der(22)
t(9;22)(q34;q11).

Discussion

The present study identified two additional chromosomal
alterations, inv(9)(q22q34) and t(10;17)(q22.3;p13.1)del(17)
(p13.1), in Ph* CML-CP. To our knowledge, the translocation
between 10g22.3 and 17pl3.1 was previously described in
clear-cell sarcoma (2 cases) and endometrial stroma sarcoma
(3 cases). Thus, this translocation has never been observed in
CML, and the breakpoint 10g22 has been shown to be a partner
in the variant translocation t(9;22;V) (14). Although 3'BCR was
localized on derivative chromosome 9, the ABL/BCR fusion
gene was absent due to inv(9)(q22q34). Therefore, we suggest
that the derivative chromosome 9 was formed in a two-event
rearrangement. The first step was the reciprocal translocation
between chromosome 9 and 22, resulting in subsequent inver-
sion. Reid et al described two CML cases with variant t(9;22;V),
where 5ABL and 3'BCR signals remained present on the long
arm of the derivative chromosome 9, but were separated by
additional material of a third partner (15). The breakpoint 9922
was previously shown to be involved in the formation of variant
translocation t(9;22;V) in 2 cases with CML (14).

The unbalanced translocation on t(10;17)(q22.3;p13.1)
resulted in the loss of a region of the chromosome 17p13.1,
including the TP53 gene. During CML progression, isochro-
mosome (17)(ql0) is one of the non-random changes. This
aberration is associated with loss of the tumor suppressor gene
TP53 and mostly with poor prognosis (16). Several relevant
genes are affected due to the deletion of 17p and simultaneous
formation i(17q). Point mutation and/or deletion of the TP53
gene are regarded as potentially important steps in the devel-
opment of various hematological malignances (17).

We reported on a novel, unique case of Ph* CML with a
paracentric inversion of the derivative chromosome 9 resulted
in the absence of the ABL/BCR fusion gene and the unbal-
anced translocation of chromosomes 10 and 17 with deletion
of the TP53 gene.
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