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Background and Objectives. Around 5% of chronic
myeloid leukemias (CML) are characterized by com-
plex variant Philadelphia (Ph) translocations involving
one or more chromosomal regions in addition to 9
and 22. The BCR/ABL1 fusion gene is usually found
on der(22). The additional gene(s) involved in com-
plex variant Ph rearrangements have not been char-
acterized.

Design and Methods. We performed fluorescent in
situ hybridization (FISH) in three complex variant Ph
translocations involving the short arm of chromosome
6 in addition to 9 and 22. The BCR/ABL1 D-FISH
probe was applied to localize the BCR/ABL1 fusion
gene as well as the 5’ABL1 and the 3’BCR. Locus-spe-
cific probes were used to narrow the 6p breakpoint.

Results. In all cases the BCR/ABL1 fusion gene was
located on the Ph chromosome whereas the recipro-
cal ABL1/BCR gene was detected only in patient #2.
On 6p, breakpoints were narrowed to three different
regions: centromeric to the human major histocom-
patibility complex (MHC), between PAC 524E15 and
PAC162J16, in the first patient, and telomeric to the
MHC, between PAC 329A5 and PAC 145H9, and
between PAC 136B1 and PAC 206F19, in the second
and third patients, respectively. In patients #2 and 3
a chromosomal rearrangement different from a true
complex variant was discovered. In both cases, a clas-
sical t(9;22) was associated with an additional
translocation involving the der(9)t(9;22).

Interpretation and Conclusions. Rearrangements at
6p in complex Ph aberrations involve more than one
gene/locus. Classical t(9;22), masked by addition-
al chromosomal rearrangements, can resemble com-

plex variant Ph translocations, and can be detected
only using appropriate FISH probes.
©2002, Ferrata Storti Foundation
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Masked or variant Philadelphia (Ph) re-
arrangements characterize 5-8% of chron-
ic myeloid leukemia (CML).1 Masked Ph

chromosomes can be found in cases with a normal
karyotype, as a result of a cryptic rearrangement, or
in cases with a complex karyotype in which the typ-
ical t(9;22) is not detectable at karyotypic level.
Variant Ph translocations are cytogenetically clas-
sified as simple variants, involving chromosome 22
and a chromosome other than 9, and complex vari-
ants, involving chromosomes 9, 22, and one or more
other chromosomes. The common molecular event
underlying classical, masked, and variant Ph
translocations, is the production of the BCR/ABL1
fusion gene. This chimeric gene is located on der(22)
or, less frequently, in one of the other chromosomes
participating in the translocation.

Evaluation of prognostic features in a limited
number of CMLs with classical or variant Ph
rearrangements gave controversial results.2,3 Cyto-
genetically, a higher frequency of additional struc-
tural abnormalities have been shown in patients
carrying variant Ph.4 Whether variant Ph translo-
cations originate from sequential events, or from
a one-step mechanism with multiple chromosomal
breaks, at once, has not been definitively estab-
lished. Data supporting both hypotheses have been
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reported.1
We performed a fluorescent in situ hybridization

(FISH) study in three CML patients with complex
changes involving a 6p region with the aim of iden-
tifying the molecular events underlying the
BCR/ABL1 fusion, and of narrowing the 6p break-
point participating in the variant Ph.

Design and Methods

Patients
Three patients with a diagnosis of CML and vari-

ant Ph translocations involving the short arm of
chromosome 6 were selected. The following Insti-
tutions participated in the study: the Hematology
and Oncology Department of the University of
Bologna, the Laboratoire de Cytogénétique Héma-
tologique, Institute of Paoli Calmettes, in Marseille,
and the Hematology Unit of the University of Peru-
gia.

Cytogenetics and reverse transcription
polymerase chain reaction (RT-PCR)

Cytogenetic studies were done on bone marrow
samples in blastic phase in patient #1, and in
chronic phase, during treatment with α-inter-
pheron (α-IFN), in patients #2 and 3. Chromosomes
were G-banded after short-term cultures (24 or 48
hours). Karyotypes were described according to the
International System for Human Cytogenetic No-
menclature.5 Mononuclear cells from bone marrow
were obtained by Ficoll-Hypaque density gradient
centrifugation and stored at –80°C in guanidium
thiocyanate. Total cellular RNA extraction and
qualitative RT-PCR were performed at diagnosis as
previously described.6,7

FISH
FISH was performed as already described else-

where.8 The BCR/ABL1 rearrangement was studied
by applying the BCR/ABL1 D-FISH probe (BCR, 500
Kb in red, and ABL1 600 Kb in green, Oncor,
Gaithersburg, MD, USA). Paintings for chromosomes
6p, 20, and 22 (ListarFish, Milan, Italy; Oncor,
Gaithersburg, MD, USA), labeled with biotin or
digoxigenin, were used in patient #2. Breakpoints
at 6p were narrowed with BAC (b) and PAC (p)
clones, labeled with biotin, mapped from telomere
to centromere as follows: p409K9-p476O18-
b82M9-p206F19-p136B1-p145H9-p90J20-
p430A16-p153G14-p329A5-p162J16-p524E15-
p50J22-p1043E3. A centromeric probe for chromo-
some 6 (D6Z1, kindly provided by Dr. M. Stul, Uni-
versity of Leuven), labeled with digoxigenin was
added in the experiments with 6p locus-specific
probes. At least seven abnormal cells were analyzed

by FISH plus G-banding. Data were collected on a
fluorescence microscope Olympus (Provis) equipped
with a CCD camera (Sensys) run by PathVysion soft-
ware (Vysis).

Results
Patient #1 was a 56-year old female who refused

α-IFN therapy and underwent treatment with
hydroxyurea until she died, in blastic phase, 39
months after diagnosis. Patient #2 was a 49-year
old female who underwent α-IFN treatment from
diagnosis. She was alive at last follow-up 9 years
after diagnosis. Patient #3 was a 68-year old man
who was treated with α-IFN achieving complete
cytogenetic remission 16 months after diagnosis.
After 24 months, following discontinuation of α-
IFN, Ph-positive cells reappeared. He is still in
chronic phase, treated with hydroxyurea, 5 years
from diagnosis.

Cytogenetics and RT-PCR
In patient #1 all the analyzed cells were abnor-

mal, showing the following karyotype:
46,XX,t(6;9;22)(p21;q34;q11)[3/42]; 47,XX,t(6;9;22)
(p21;q34;q11),+8,i(17)(q10) [39/42]. In patient #2,
the karyotype was: 46,XX[11/25]/46,XX,t(6;9;22)
(p21;q34;q11), add(20)(p)[14/25]; in patient #3: the
karyotype was: 46,XY[19/26]/45,X,-Y,t(6;9;22)
(p24;q34;q11)[7/26]. Patients #1 and #3 showed a
b3a2 transcript, whereas patient #2 had a b2a2
transcript.

FISH
The BCR/ABL1 D-FISH probe9 in metaphases with

t(9;22)(q34;q11) gives a BCR/ABL1 fusion signal on
the Ph chromosome, an ABL1/BCR fusion signal on
the der(9)(q34), a BCR signal (red) on the normal
22, and an ABL1 signal (green) on the normal
chromosome 9. In patient #1, the BCR/ABL1 fusion
signal was located on the Ph chromosome, an ABL1
signal was present on the normal 9 and on the
der(9), and a BCR signal was present on the nor-
mal 22 and on the der(6) (Figure 1A). In patient
#2, the BCR/ABL1 fusion signal was located on the
Ph chromosome and the ABL1/BCR fusion signal
was detected on the der(9)(q34). An ABL1 signal
was present on the normal 9, and a BCR signal on
the normal 22, as expected (Figure 1B). In patient
#3, the BCR/ABL1 fusion signal was located on the
Ph chromosome. An ABL1 signal was present on
the normal 9 and on the der(6). A BCR signal was
present on the normal 22, while the other BCR sig-
nal was missing (Figure 1C).  

In patient #2, painting 6p labeled the short arm
of the normal 6, partially the der(6), and the
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add(20)(p). Painting 20 labeled the normal 20, the
der(20), and the most telomeric part of the long
arm of der(9). Painting 22 marked the normal 22
and the der(22), as expected, as well as the der(9)
and the der(6). Breakpoints on 6p were narrowed
down to three different regions: in patient #1, the
breakpoint fell between PAC 524E22 and
PAC162J16, which was the first pac translocated to
the der(9); in patient #2 it was between PAC 329A5
and PAC 145H9, which moved to the add(20)(p); in
patient #3 it was between PAC 136B1, kept on
der(6), and PAC 206f19, translocated to der(9).

Discussion
Cytogenetic, molecular, and FISH studies in three

CML cases with complex Ph translocations involv-

ing the short arm of chromosome 6 are reported. 
This FISH study showed that chromosomal

changes in patients #2 and #3 did not fit the def-
inition of complex variant Ph translocation as
derived from conventional cytogenetics. In both
cases, a classical t(9;22) with the fusion gene
between 5'BCR and 3'ABL1 on der(22) was associ-
ated with a second exchange involving an addi-
tional breakpoint on the der(9), derived from the
t(9;22). Moreover, while in patient #2 a reciprocal
chimeric gene ABL1/BCR was present on chromo-
some 9, in patient #3, the 3’BCR was lost. Alto-
gether, these data, plus results from specific paint-
ings, showed that exchange of material between
chromosome 9, 6, and 20, likely followed the Ph
translocation in the second patient (Pt #2 of Fig-
ure 2), with an additional breakpoint occurring
within the 22 material translocated, as usual, next
to the 5'ABL1 on der(9). This case was the only one
in this series with a chimeric 5'ABL1/3'BCR fusion
gene on the der(9). This event was found in around
70% of CML cases by Melo et al.10 In patient #3,
there was an independent translocation between
the same chromosome 9 involved in the Ph
rearrangement and chromosome 6. The second
breakpoint on 9q fell upstream of the 5'ABL1 gene
which moved to the 6p arm (Pt #3 of Figure 2).
Whether all breaks occurred simultaneously, or at
different times, during the origin of Ph in this
patient, cannot be determined at present. In our
series, despite the cytogenetic appearance, only
case #1 resulted to be a true variant Ph with three
chromosomal breakpoints leading to the BCR/ABL1
fusion on der(22), translocation of the 3’BCR to 6p,
rather than to the der(9), and juxtaposition of 6p
material to the 5' of ABL1 gene on der(9) (Pt #1 of
Figure 2).

We wish to emphasize that, without application
of a double color FISH probe capable of detecting
both the BCR/ABL1 and the ABL1/BCR fusion
genes, complex Ph translocations may not be dis-
tinguished from complex changes superimposing a
simple t(9;22).

Deletions at the t(9;22) breakpoints, involving
the 5'ABL1 and/or the 3'BCR locus on derivative 9,
represent an independent negative prognostic fac-
tor.11,12 A significant correlation with variant Ph-
chromosomes has been reported, and deletions
have been hypothesized to be the consequence of
complex recombination events.11 In our series, dele-
tion of the 3'BCR locus was detected only in
patient #3 with a classical t(9;22) followed by an
additional rearrangement of the der(9). The CML in
this case responded well to α-IFN as documented

FISH studies of complex variant Philadelphia translocations

Figure 1. Examples
of FISH experi-
ments with a dou-
ble color
BCR/ABL1 D-FISH
probe. In all three
patients the
BCR/ABL1 fusion
is located on
der(22) (arrow).
A) In patient #1, a
BCR signal (red) is
present on the nor-
mal 22 and on
der(6) (arrow-
head), and an
ABL1 signal
(green) is present
on the normal 9
and on der(9). 
B) In patient #2, a
fusion signal corre-
sponding to the
ABL1/BCR fusion
gene is present on
der (9) (asterisk),
a BCR signal on
the normal 22, and
an ABL1 signal on
the normal 9. 
C) In patient #3, a
BCR signal is pre-
sent on the normal
22, and an ABL1
signal is present
on the normal 9,
and translocated
to der(6) (arrow-
head). The signal
corresponding to
the 3’BCR is
missing.
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by a long-term follow-up. So far, involvement of
6p in Ph translocations has been found in three CML
cases with a three-way variant, i.e., t(6;9;22), and in
two CML with four-way variants involving either
chromosome 12q or 11q.13-16 In four out of five pub-
lished cases and in our patients #1 and #2, the
breakpoint on 6p was assigned to band 6p21. The
6p21 breakpoint in our true variant Ph mapped cen-
tromeric to the MHC and was flanked by PAC
524E15 and PAC 162J16 in a segment of DNA of
about 150 kb, containing two genes encoding for
two kinases, i.e., MAPK14 and MAPK13. Unfortu-
nately, material was not available to investigate
whether one of these genes was fused to the 3’ of
BCR. As far as we know, this is the third case in
which molecular information is available on the
chromosomal breakpoint involved in a true variant.
Dierlamm et al.17 reported on one case of CML with

a t(Y;9;22)(q12;q34;q11) variant, in which the
breakpoint on chromosome Yq12 was located, by
FISH, centromerically to the SYBL1 gene. Koduru et
al.18 in a case of CML with a Ph variant involving
chromosome 11q13, i.e., t(9;22;11) (q34;q11;q13),
showed that the 3'-half of the glutathione S-trans-
ferase Pi (GST-Pi) gene, at 11q13, was fused to the
3'-part of BCR. However, mRNA from fusion
between GST-Pi and BCR was not identified. 

With respect to 6p involvement in Ph-positive
leukemic cells, we found a spreading of chromoso-
mal breakpoints in two bands: at 6p21, namely at
the centromeric (patient #1) or telomeric (patient
#2) side of the MHC, and at 6p24, in a region of
around 400Kb, between PAC 136B1 and PAC
206F19 (patient #3).

In conclusion, the present study shows that more
than one locus/gene is involved in 6p rearrange-
ments occurring in Ph-positive cells. Moreover, for
the first time, a clear distinction emerged between
true variant translocations and classical Ph masked
by additional structural anomalies. While in the
former group of changes breakpoints at ABL1, BCR,
and additional loci occur simultaneously, in the lat-
ter group the typical Ph rearrangement is inde-
pendent and likely precedes the other changes. In
order to elucidate the biological and clinical sig-
nificance(s) of different types of complex changes
in Ph-positive leukemic cells, a FISH approach is
strongly recommended to identify classical Ph
translocations plus additional anomalies among
variant Ph involving either 6p or other chromoso-
mal regions.
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Figure 2. Schematic representation of chromosomal
changes occurring in patients (Pt) #1, 2, and 3  based on
FISH results. Pt #1: FISH with the BCR/ABL1 D-FISH probe
was consistent with a true complex variant Ph-translocation
showing the BCR/ABL1 fusion gene on the der(22), the
5'ABL1 kept on der(9), and the 3'BCR translocated to the
der(6). Pt #2: The BCR/ABL1 D-FISH probe detected two
fusion signals on der(22) and on der(9). Paintings for the
short arm of chromosome 6, for chromosome 20, and 22
revealed a reciprocal exchange between chromosomes 6, 9,
and 20. Pt #3: The BCR/ABL1 probe showed a fusion sig-
nal on der(22), the 5'ABL translocated to the der(6), while
the 3'BCR was missing. Translocation of the 5'ABL1 to the
der(6) is the result of a reciprocal exchange between chro-
mosome 6 and der(9) in which the breakpoint was cen-
tromeric to the ABL1 gene.



147

haematologica vol. 87(2):february 2002

References

1. Fitzgerald PH, Morris CM. Complex chromosomal translo-
cations in the Philadelphia chromosome leukemias. Ser-
ial translocations or a concerted genomic rearrange-
ment? Cancer Genet Cytogenet 1991; 57:143-51.

2. Potter AM, Watmore AE, Cooke P, Lilleyman JS, Sokol RJ.
Significance of non-standard Philadelphia chromosomes
in chronic granulocytic leukaemia. Br J Cancer 1981; 44:
51-4.

3. O'Brien S, Thall PF, Siciliano MJ. Cytogenetics of chron-
ic myelogenous leukaemia. Baillieres Clin Haematol
1997; 10:259-76.

4. Sessarego M, Fugazza G, Bruzzone R, Patrone F. Variant
Philadelphia chromosome translocations are frequently
associated with additional structural abnormalities. Can-
cer Genet Cytogenet 1994; 73:57-9.

5. Mitelman F. An International System for Human Cyto-
genetic Nomenclature. ISCN. Basel: Karger Publishers;
1995.

6. Chomczynski P, Sacchi N. Single-step method of RNA
isolation by acid guanidium thiocyanate-phenol-chloro-
form extraction. Anal Biochem 1987; 162:156-9.

7. Martinelli G, Testoni N, Montefusco V, Amabile M, Saglio
G, Ottaviani E, et al. Detection of bcr-abl transcript in
chronic myelogenous leukemia patients by reverse-tran-
scription-polymerase chain reaction and capillary elec-
trophoresis. Haematologica 1998; 83:593-601.

8. Dierlamm J, Wlodarska I, Michaux L, La Starza R, Zeller
W, Mecucci C, et al. Successful use of the same slide for
consecutive fluorescence in situ hybridization experi-
ments. Genes Chromosomes Cancer 1996; 16:261-4.

9. Dewald GW, Wyatt WA, Juneau AL, Carlson RO, Zins-
meister AR, Jalal SM, et al. Highly sensitive fluorescence
in situ hybridization method to detect double BCR/ABL
fusion and monitor response to therapy in chronic
myeloid leukemia. Blood 1998; 91:3357-65.

10. Melo JV, Gordon DE, Cross NC, Goldman JM. The ABL-
BCR fusion gene is expressed in chronic myeloid
leukemia. Blood 1993; 81:158-65.

11. Sinclair PB, Nacheva EP, Leversha M, Telford N, Chang J,
Reid A, et al. Large deletions at the t(9;22) breakpoint are
common and may identify a poor-prognosis subgroup of
patients with chronic myeloid leukemia. Blood 2000;
95:738-43.

12. Huntly BJ, Reid AG, Bench AJ, Campbell LJ, Telford N,
Shepherd P, et al. Deletions of the derivative chromo-
some 9 occur at the time of the Philadelphia transloca-
tion and provide a powerful and independent prognostic
indicator in chronic myeloid leukemia. Blood 2001;
98:1732-8.

13. Sessarego M, Ajmar F, Bianchi Scarra GL, Ravazzolo R,
Garre C, Boccaccio P. Unusual Ph translocations in CML:
four new cases. Cancer Genet Cytogenet 1985; 15:199-
207.

14. Ramirez GM, Macera MJ, Verma RS. Two new chro-
mosomal abnormalities in chronic myelogenous
leukemia 46, XY, t(9;15;22)(q34;q22;q11) and 46, XY,
t(6;9;12;22)(p21;q34;q24;q11). Cancer Genet Cyto-

genet 1989; 38:115-9.
15. Yehuda O, Abeliovich D, Ben-Neriah S, Sverdlin I, Cohen R,

Varadi G, et al. Clinical implications of fluorescence in situ
hybridization analysis in 13 chronic myeloid leukemia cas-
es: Ph-negative and variant Ph-positive. Cancer Genet
Cytogenet 1999; 114:100-7.

16. Reddy KS, Sulcova V. A FISH study of variant Philadelphia
rearrangements. Cancer Genet Cytogenet 2000; 118:121-
31.

17. Dierlamm J, Michaux L, Stefanova M, Eggert J, Leberecht
P, Seeger D, et al. Novel Philadelphia variant t(Y;9;22)
(q12;q34;q11) in a case of chronic myeloid leukemia.
Cancer Genet Cytogenet 1999; 114:150-3.

18. Koduru PR, Goh JC, Pergolizzi RG, Lichtman SM, Broome
JD. Molecular characterization of a variant Ph1 translo-
cation t(9;22;11)(q34;q11;q13) in chronic myelogenous
leukemia (CML) reveals the translocation of the 3'-part
of BCR gene to the chromosome band 11q13. Oncogene
1993; 8:3239-47.

FISH studies of complex variant Philadelphia translocations

Peer Review Outcomes

What is already known on this topic
There are 4 types of chromosomal aberrations associ-
ated with CML. The first class which occurs in nearly all
CML patients is the Philadelphia chromosome (Ph)
which is associated with the translocation t(9;22)
(q34;q11). The second class which occurs in the minor-
ity of patients, is a variant Ph-translocation. In the vari-
ant translocation, the Ph-chromosome can be recog-
nized, and the reversed translocation segment
22q11>qter is translocated to a third chromosome,
which in turn translocates its segment to  9q34. The
third class of CML patients are those with Ph-negativity
and the fourth class are the complex aberrations which
represent clonal evolution. 

What this study adds
Starza et al. describe 3 cases of variant translocation
involving the short arm of chromosome 6. 
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Potential implications for clinical practice
FISH analysis should be used to distinguish between
variant and complex translocations, the latter repre-
senting clonal evolution. Patients with a proven true vari-
ant translocation at diagnosis have the same prognos-
tic features as patients with simple Ph-translocation.
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