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3 to 5% of CML patients show complex translocation involving chromosomes 9, 22 and third chromosome. We
analyzed metaphases from fifteen CML patients with complex translocation and three CML patients with normal
karyotype by two colors FISH using whole chromosome painting probes, BCR and ABL probe, and several cosmid
probes locating near BCR and ABL locus. Thirteen of the 18 patients showed two step translocation (chromosomes
9 to 22 and second translocation between derivative 9 [der(9)] chromosome and third chromosome). Remaining
five patients were represented either by one step translocation (chromosomes 9 � 22 � third chromosome) or by
insertion of chromosomal segment containing BCR-ABL chimeric gene and second translocation between chromo-
somes 9 and 22 and third chromosome. Out of the 13 patients, 3 patients had second breakpoint at 9q12, 9q22 and
9q32 on der(9) chromosome, and 9 patients had second breakpoint at telomeric site from the 3¢-ABL locus, and
6 patient at telomeric sites at vicinity of the breakpoint of der(22) chromosome between BCR and EWS locus. In
4 patients, loss of 17p13 or 9p12 region was observed on chromosomes 17 and 9 as a third chromosome for
formation of complex 9;22 translocation. Loss of the critical region seems to be related to transformation of blastic
crisis phase. These results suggest that two step mechanisms are mostly associated with formation of complex 9;22
translocation and the vicinity regions around the breakpoints on both der(9) and der(22) chromosomes have higher
genetic instability and are prone to acquire second chromosome aberrations.
Key Words: CML, complex 9;22 translocation, Philadelphia chromosome, loss of heterozygosity, FISH, genetic
instability, recombination.

Ó 3% áîëüíûõ ÕÌË îáíàðóæèâàëè ñëîæíóþ òðàíñëîêàöèþ ñ ó÷àñòèåì òðåòüåé õðîìîñîìû, ïîìèìî õðîìîñîì
9 è 22. Ìåòàôàçíûå ïëàñòèíêè 15 áîëüíûõ ÕÌË ñî ñëîæíûìè òðàíñëîêàöèÿìè è 3 áîëüíûõ ÕÌË ñ íîðìàëü-
íûì êàðèîòèïîì áûëè ïðîàíàëèçèðîâàíû ñ ïîìîùüþ äâóõöâåòíîé ôëóîðåñöåíòíîé ãèáðèäèçàöèè in situ ñ
èñïîëüçîâàíèåì çîíäîâ äëÿ îêðàøèâàíèÿ âñåé õðîìîñîìû, çîíäîâ BCR è ABL è êîñìèäíûõ çîíäîâ ñ ïîñëåäî-
âàòåëüíîñòÿìè, ëîêàëèçîâàííûìè âáëèçè ëîêóñîâ BCR è ABL. Ó 13 èç 18 áîëüíûõ áûëà âûÿâëåíà äâóõýòàïíàÿ
òðàíñëîêàöèÿ (9;22 è âòîðè÷íàÿ òðàíñëîêàöèÿ ìåæäó äåðèâàòîì õðîìîñîìû 9 è òðåòüåé õðîìîñîìîé). Ó îñ-
òàëüíûõ 5 áîëüíûõ îáíàðóæèâàëè ëèáî îäíîýòàïíóþ òðàíñëîêàöèþ (õðîìîñîìà 9 � õðîìîñîìà 22 � òðåòüÿ
õðîìîñîìà), ëèáî èíñåðöèþ ñåãìåíòà õðîìîñîìû, ñîäåðæàùåãî õèìåðíûé ãåí BCR-ABL, ñ âòîðè÷íîé òðàíñ-
ëîêàöèåé ìåæäó õðîìîñîìàìè 9, 22 è òðåòüåé õðîìîñîìîé. Èç 13 áîëüíûõ ó 3 íàáëþäàëè âòîðè÷íûå ðàçðûâû
â  9q12, 9q22 and 9q32 íà äåðèâàòå õðîìîñîìû 9, ó 9 áîëüíûõ � âòîðè÷íûå ðàçðûâû â òåëîìåðíûõ ó÷àñòêàõ
âáëèçè ëîêóñà 3¢-ABL è åùå ó 6 áîëüíûõ � âòîðè÷íûå ðàçðûâû â òåëîìåðíûõ ó÷àñòêàõ âáëèçè ðàçðûâà â
äåðèâàòå õðîìîñîìû 22 ìåæäó ëîêóñàìè BCR è EWS. Ó 4 áîëüíûõ ïîòåðÿ ó÷àñòêîâ 17p13 èëè 9p12 íàáëþäà-
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As a result of reciprocal translocation between chro-
mosomes 9 and 22, CML cells contain chimeric gene of
BCR-ABL and express p210 fusion proteins. The BCR-
ABL chimeric gene is considered to have an important role
in the pathogenesis of CML. Over 95% of CML patients
have a characteristic chromosome aberration, Philadelphia
(Ph) chromosome, which arises from a translocation be-
tween chromosomes 9 and 22. The ABL oncogene, which
is normally located at band 9q34 moves to the sites of the
BCR gene at band 22q11 on chromosome 22 as a conse-
quence of the translocation [1]. By conventional banding
analysis, about 3�5% of the patients show complex trans-
location, which involves third or fourth chromosomes in
addition to chromosomes 9 and 22 for the formation of 9;22
translocation [2]. About 1% of CML patients, who have gene
rearrangement in BCR locus and express M-BCR-ABL
chimeric RNA show normal karyotype [3, 4]. No clinical dif-
ferences have been noted between patients with standard
9;22 translocation and those with complex translocation [5].
So far several in situ hybridization studies done by tritium-
or fluorescence-labeled probe suggested that the com-
plex translocation might occurred by more than one mecha-
nism [6�8]. On the other hand, another molecular biologi-
cal study indicated that the complex 9;22 translocation and
normal karyotype in CML occurred by one step transloca-
tion or insertion of ABL gene [9, 10]. These results promp-
ted us to debate on the subject. To investigate second
breakpoints involved in complex 9;22 translocations, we
observed 15 patients with complex 9;22 translocation and
3 patients with normal karyotype by FISH method repre-
senting a powerful tool to identify precisely chromosome
aberrations. Second breakpoint always occurred at the re-
gions around first breakpoints in BCR gene translocated to
der(9) chromosome and at the regions near ABL gene on
der(22) chromosome.

PATIENTS AND METHODS
Patients. 18 patients (15 males and 3 females) with

typical clinical and hematological features of CML were
enrolled in present study. 15 CML patients had com-
plex 9;22 translocation and 3 had normal karyotype.

Chromosome analysis. Chromosome analyses were
performed in 18 CML patients with diagnosis of CML at
the onset, during chronic phase and blastic crisis phase.
Bone marrow cells were separated by Ficoll hypaque sedi-
mentation and mononuclear cells were cultured for 24 h.
Chromosome preparations were prepared by standard
technique and were pretreated according to trypsin
G-banding method [11, 12]. Karyotypes were determined
according to the International System for Human Cyto-
genetic Nomenclature (ISCN, 1995) [13].

DNA/RNA analysis. Southern blotting using 3¢ and
5¢ BCR probes was performed to detect the rearrange-

ment of M-BCR region in 13 CML patients. Eight CML
patients were analyzed by both Southern blotting method
and RT-PCR method [14]. RNA was analyzed by
RT-PCR method using primers locating bcr exon 2 and
ABL exon 2 and hybridized with oligonucleotide probes
locating in the junction regions of 9;22 translocation [14].

FISH analysis. Samples of all the 18 CML patients were
analyzed cytogenetically within the last ten years. Both sam-
ples stored in fixative solutions (3 : 1 methanol and acetic
acid) and fresh samples immediately treated with fixative
solution were used for FISH analysis on metaphase and
interphase cells. Prepared slides were treated with RNAase
(100 µg/ml) for 1 h and then with pepsin (10 mg/ml) for
10 min and were fixed with formaldehide before hybridiza-
tion. Each labeled 150-300 ng probe was mixed, dena-
tured for 5 min and hybridized with 70% formamide solu-
tion in moisture chamber for 48�72 h. The slides were ex-
amined and photographed (Fujichrome 400 film adjusted
as ASA 800) under fluorescence microscope (Olympus,
Tokyo, Japan). 100�250 interphase cells were scored to
estimate the frequencies of Ph-positive leukemic cells.

The following probes were employed for precise iden-
tification of secondary occurred breakpoint regions on either
chromosome 9 and 22 for the complex 9;22 translocations:
9;22 translocation probe (Oncor Science, Gaitherberg, MD,
USA), in which digoxigenin-labeled BCR probe and bi-
otin-labeled ABL probe were mixed, and BCR YAC probe
(HR-8, HR-6) (courtesy from Dr. M. Taniwaki, Kyoto Pre-
fectural Medical University), D9S7 (obtained from Japan
Gene Resource Bank), and one cosmid probes (CHKAD-4)
locating on 22q11 (obtained from Japan Gene Resource
Bank), EWS cosmid probe locating on 22q12 (courtesy from
Dr. G. Thomas, Institute of Curie), D22S75 and m-BCR,
and D22S35 locating on 22q11 and 22q13, respectively
(obtained from Oncor Science). Biotin labeled ABL probe
was detected by avidin-fluorescein (FITC) (Vector Labo-
ratories, Mannheim, Germany) and anti-digoxigenin-
TRITC (Boerlinger, Manheim, Germany) after hybridiza-
tion to view as green and red signals. In separate experi-
ment, WCP probes of chromosome 9 (WCP9) (Vysis,
Naperville, IL, USA) and chromosome 22 (WCP22) (Oncor
Science) were also used in mixture conditions for the analy-
sis of chromosome translocation. Painted chromosomes
9 and 22 were directly observed as red and as green by
staining with avidin-FITC (Vector Laboratories, Mannheim,
Germany), under the fluorescence microscope, respec-
tively. Painted chromosomes 9 and 22 were washed slightly
by 2 x SSC solution for 10 min. DAPI solution (Sigma,
St. Louis, MO, USA) was used for the counterstaining. The
interphase nucleus with overlapping or touching of green
and red signals was classified as 9;22 translocation posi-
tive. For four patients, two with t(9;22;17), one with
t(9;22)(p13;q11) and one with der(1)t(1;9), loss of heterozy-

ëàñü íà õðîìîñîìàõ 17 è 9 êàê òðåòüåé õðîìîñîìå äëÿ ôîðìèðîâàíèÿ ñëîæíîé òðàíñëîêàöèè 9;22. Ïîòåðÿ
êðèòè÷åñêèõ ó÷àñòêîâ, âåðîÿòíî, èìååò îòíîøåíèå ê ðàçâèòèþ ôàçû áëàñòíîãî êðèçà. Ïîëó÷åííûå ðåçóëüòàòû
ïðåäïîëàãàþò, ÷òî îáðàçîâàíèå ñëîæíîé òðàíñëîêàöèè 9;22 â áîëüøèíñòâå ñëó÷àåâ ïðîèñõîäèò ïî äâóõñòóïåí-
÷àòîìó ìåõàíèçìó. Ó÷àñòêè âáëèçè ðàçðûâîâ â äåðèâàòàõ õðîìîñîì 9 è 22 îáëàäàþò ïîâûøåííîé ãåíåòè÷åñêîé
íåñòàáèëüíîñòüþ, ÷òî ìîæåò ñïîñîáñòâîâàòü ôîðìèðîâàíèþ âòîðè÷íûõ õðîìîñîìíûõ àáåððàöèé.
Êëþ÷åâûå ñëîâà: ÕÌË, ñëîæíàÿ òðàíñëîêàöèÿ 9;22, ôèëàäåëüôèéñêàÿ õðîìîñîìà, ïîòåðÿ ãåòåðîçèãîòíîñòè,
ôëóîðåñöåíòíàÿ ãèáðèäèçàöèÿ in situ, ãåíåòè÷åñêàÿ íåñòàáèëüíîñòü, ðåêîìáèíàöèè.
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gosity on 17p13 and 9p12 region was precisely analyzed
using seven cosmid probes mapped on 17p13 (D17S34,
cCl17-624, cCl17-453, D17S379, cCl17-636, cCl17-732,
TP53) and two cosmid probes for 9p12 (p15, p16) by
metaphase and interphase FISH analysis.

RESULTS
Chromosome and DNA/RNA analysis.  Summary of

chromosome analysis is shown in Table 1, in addition to
the results of DNA/RNA analysis and FISH results. Cyto-
genetical analysis revealed that 13 patients (No. 1�8 and
No. 11�15) had more than three chromosomes involved in
complex 9; 22 translocation. Two patients (No. 13 and 14)
had two normally looking chromosomes 9. One patient
(No. 9) had der(9) chromosome only and three patients
(No. 10, 17 and 18) showed normal karyotype. Represen-
tative karyotypes from two patients (No. 3 and 9) with com-
plex 9;22 translocation and one patient (No. 10) with nor-
mal karyotype are shown in Fig. 1. Fifteen patients (all pa-
tients except No. 6, 7 and 16) were analyzed by either
RT-PCR or Southern blotting method. They had gene re-
arrangement at M-BCR region and/or expression of
M-BCR-ABL chimeric gene, which showed typical gene-
tic features of CML, except one patient (No. 15) who had
m-BCR-ABL chimeric RNA expression. Three patients
(No. 10, 17 and 18) showed normal karyotype, in which
M-BCR-ABL chimeric gene always located on normally
looking chromosome 9 in all three patients and not chromo-
some 22. They had expression of BCR-ABL chimeric gene,
revealed by RT-PCR method. The types of BCR-ABL
chimeric expression in each patient are listed in Table 1.

BCR-ABL chimeric signal detected by FISH ana-
lysis. One patient (No. 15) showed m-BCR-ABL ex-
pression. FISH results also confirmed that the patient
had breakpoint of t(9;22) at m-BCR region. Three pa-
tients (No. 6, 7 and 16) were analyzed by FISH only.
Analysis by BCR/ABL probe on the interphase nucleus
and chromosome painting probe of WCP9 and WCP22
on spreading metaphases showed that 7 patients had
breakpoint at M-BCR region. This molecular biological
analysis indicates that all of the 18 patients had M- or
m-BCR-ABL chimeric gene and the diagnosis was CML.

Interphase FISH analysis performed in 15 CML pa-
tients with complex 9;22 translocation and normal karyo-
type using BCR and ABL gene probes showed 67.9% to
98.1% of M-BCR-ABL chimeric signals on interphase
nuclei. In standard 9;22 translocation, ABL and BCR gene
signals were localized on normal chromosomes 9 and
22, and BCR-ABL chimeric gene localized on the
Ph chromosome. WCP probes (WCP9 and WCP22)
painted normal chromosomes 9 and 22 as red and green,
respectively, and terminal portion of der(9) chromosome
was painted in green, but the terminal portion of Ph chro-
mosome contained segment of a part of chromosome 9
but the place was not seen in green color because the
end of painted chromosome 9 can not be usually pain-
ted. The results obtained from standard 9;22 transloca-
tion are shown in the bottom of Fig. 2. Summary of FISH
results using whole painting probes, BCR, and ABL in
ten patients (No. 1�10) is shown schematically in Fig. 2.
Representative FISH stained metaphases in patients
No. 4, 6 and 10 are shown in Fig. 3, a, b, c.
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Two step translocation for formation of complex
t(9;22). Patient No. 1 had complex 9;22 translocation, in
which derivative chromosome 9 was shorter than usual
der(9) chromosome in standard type of 9;22 transloca-
tion and telomeric part of long arm of derivative chromo-
some 19 was stained by green color. Eight patients (No. 1,
2, 3, 5, 7, 8, 11 and 12) showed the same pattern, in
which der(9) chromosome and one normal chromosome
9 were stained as red and der(22) chromosome (Ph chro-
mosome), normal chromosome 22 and third chromo-
somes associated with complex 9;22 translocation were
stained in green, although the third chromosome associ-
ated with complex 9;22 translocation was variable.
ABL and BCR gene probe located usually on normal chro-
mosomes 9 and 22, respectively and BCR-ABL chimeric
gene usually located on der(22) chromosome. Further
FISH experiment with D22S75, EWS and D22S35 probes,
which are located on regions 22q11, 22q12 and 22q13,
respectively, revealed that D22S75 located usually on
proximal site from BCR/ABL chimeric gene on der(22)
chromosome and both of EWS and D22S35 probes lo-
cated on the third chromosome in five patients (No. 2, 3,
5, 11 and 12) (Table 2). In these five patients their second
breakpoints occurred between BCR and EWS, but it is
not clear whether either mechanisms of one step translo-
cation or two step translocation were associated with the
formation of complex 9;22 translocation. Remaining three
patients (No. 1, 7 and 8) had EWS signal on der(9) chro-
mosome (see Table 2), in which second breakpoints oc-
curred between EWS and D22S35. These patients dem-
onstrated that this type of translocations occurred by two
step translocation, e.g. two translocations between chro-
mosome 9 and 22, and der(9) and third chromosome.

Three patients (No. 4, 6 and 15) showed interesting
results, in which chromosome regions painted by both red
and green were tandemly rearranged on third chromo-
some, e.g. der(1) in patient No. 4 and 15, and der(5) in
patient No. 6 (Fig. 2). Chimeric M-BCR-ABL genes were
located on Ph chromosome in both patients No. 4 and 6.
Conventional G-banding analysis revealed that patient
No. 6 had both abnormalities of standard t(9;22) translo-
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Fig. 1. G-banded karyotypes from three patients. a: t(4;9;22) in
patient No. 3, b: add(9) or der(9)t(9;22) in patient No. 9, c: normal
karyotype in patient No. 10. Arrow shows abnormal chromosome
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cation and complex t(9;22;5) translocation in bone mar-
row cells in 22 and 4 metaphases respectively. Sequen-
tial analysis also revealed that mixture of two kinds of 9;22
translocation was consistently observed in the series of
three observations at one chronic phase and two blastic
crisis phases. In patient No. 15 the complex aberrations
of der(1)t(9;22) were observed for the first time at blastic
phase. He showed standard t(9;22) with m-BCR rear-
rangement at chronic phase. These FISH results strongly
indicated that the complex 9;22 translocation occurred
secondary after formation of standard t(9;22) transloca-
tion. Therefore, the three patients had second breakpoints
at 9q32, 9q22 and 9q12, respectively.

In seven patients (No. 9, 12, 13, 14, 16, 17, and
18), FISH results were more complex and it seems that
insertion mechanism could be involved in the first step
for formation of complex 9;22 translocation. It seems
that BCR gene itself moved to chromosome 9 by in-
sertion mechanism in four patients. In these patients
(No. 9, 12, 13 and 14) ABL gene, originally located on
normal chromosome 9, moved to either normally look-
ing chromosome 22 or der(22) chromosome and in-
serted into BCR gene originating M-BCR-ABL chimeric
gene. After the insertion, translocation between der(9)
chromosome and third chromosome could be devel-
oped in two patients (No. 9 and 16), and translocation

Fig. 2. Summary of FISH results in 10 complex Ph-positive CML pa-
tients. Whole chromosome 9 (WCP9) and whole chromosome 22
(WCP22) are shown schematically in black and gray. BCR and ABL
signals are also schematically shown by black and gray small circles,
respectively. FISH result found in standard 9;22 translocation is shown
at the bottom of this figure
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between der (22) chromosome and third chromosome
in two patients (No. 13 and 14). EWS signal located on
third chromosome in two patients (No. 13 and 14) and
CHKAD-4 cosmid probe signal also moved to third
chromosome in the 4 patients. These results strongly
suggested that this type of complex translocation de-
veloped by two step mechanism with insertion in these
patients. FISH analysis using several cosmid probes
locating on either 9q34 or 22q11, 22q12 and 22q13 in
three patients (No. 10, 17 and 18) revealed that this
normal karyotype also occurred by two step transloca-
tion without insertion mechanism.

Second breakpoint was identified precisely in each
patient by FISH using several cosmid probes. They are
classified in four types as A, B, C, and D on the basis of
two step translocation model, which is designated in Fig. 4.

A and B types had second breakpoint on der(9) at either
centromeric or telomeric site from 3¢-ABL gene, respec-
tively, and C and D types had on der (22) chromosome at
either centromeric or telomeric site from 5¢-BCR gene,
respectively. FISH results of the 18 patients are summa-
rized in Table 2. As D22S35 and D9S7 signals were usu-
ally located on third chromosome and der(22), respec-
tively, and CHKAD-4 signal located on der(9) chromo-
some in most of the patients, the second breakpoint site
located on the region between BCR and EWS on der(9)
chromosome. However in five patients we were not able
to identify whether two step or one step mechanisms were
associated with formation of complex translocation. Three
patients (No. 1, 7 and 8) had second breakpoint in A re-
gion and 3 patients (No. 4, 6 and 15) in B, 3 patients (No. 9,
13 and 14) in both A and C, and 3 patients (No. 10, 17
and 18) in both A and D. These results again strongly
indicated that complex translocation developed by two step
translocation model. Insertion of ABL or BCR gene to chro-
mosome der(9) or der(22) for the first event and three
way translocation among three chromosomes 9, 22 and
third chromosome for the second event had been postu-
lated previously, however, the insertion mechanism is
neglected by our present FISH analysis in these eight
patients, although the possibility for associating with an
insertion of small chromosomal region involving ABL/BCR
gene is remaining [15].

Deletion of 17p13.3 and 9p12 in complex 9;22
translocation. Two patients (No. 7 and 11) with t(9;22;17),
who had breakpoint at 17p13 of chromosome 17, were
precisely analyzed by FISH in both metaphase and inter-
phase. First patient had loss of allele at cCl17-453 and
D17S379 on 17p13.3 locus, and second patient had loss
of allele at D17S34, cCl17-624 and cCl17-453 on
17p13.3.TP53 was not deleted in both patients. Two pa-
tients (No. 8 and 16) with third breakpoint at 9p12 of chro-
mosome 9 had deletion of both p15 and p16, which was
detected by FISH. Both of the two patients with abnor-
mality at 17p13.3 developed blastic crisis several months
after FISH observation with acquiring trisomy 8 only in the
first patient and without additional chromosome aberra-
tions in the second one. The patient with second abnor-
mality at 9p12 had simple complex translocation of
t(9p; 22) at chronic phase and acquired several addition-
al complex aberrations such as der(12), trisomy 15, mono-
somies 19 and 22 at blastic crisis phase.

DISCUSSION
FISH analysis using WCP probes, BCR/ABL cosmid

and several cosmid probes locating near BCR and ABL
genes was performed to identify the mechanism re-
sponsible for the formation of complex 9;22 transloca-
tion. Six cases had second breakpoint at der(9) chro-
mosome only, six had at both der(9) and der(22) (Ph)
chromosome, and in five cases we were not able to
identify the second breakpoint.

Three different mechanisms could explain the forma-
tion of complex 9;22 translocation: (1) One step transloca-
tion involving three chromosomes (chromosomes 9, 22 and
third chromosome) at the same time, where chromosome

Fig. 4. The breakpoint regions in 13 patients were classified as
A, B, C and D types according to localization on der(9) and der(22)
chromosomes. Two step translocation model was used for this
analysis. Large and small arrows show first and second break-
points, respectively. a indicates a third chromosome consisting
of complex t(9:22). Two derivative chromosomes of either der(9)
and der(a) or der(22) and der(a) formed after second transloca-
tion are shown

Fig. 5. Two step translocation and one step translocation mo-
dels for formation of complex t(9;22;5) translocation, which was
found in patient No. 6. When second breakpoint occurred at the
region close to BCR gene, it will be difficult to identify which
mechanisms of one step and two step translocation were asso-
ciated with formation of complex t(9;22) translocation. This pos-
sibility is shown in dotted line in this figure
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9 moved to chromosome 22, and chromosome 22 moved
to third chromosome, serially [16, 17]. (2) Insertion of the
relevant ABL segment from chromosome 9 next to the BCR
gene on chromosome 22, followed by t(9;a); or insertion of
the relevant BCR segment from chromosome 22 move to
ABL region on chromosome 9, followed by t(a;22) [10, 18].
(3) A three-step translocation, i.e. first a typical Ph translo-
cation occurred between chromosomes 9 and 22, con-
sisting of BCR-ABL fusion gene on chromosome 22, fol-
lowed by the second translocation between the aberrant
chromosome 9 or 22 and the third chromosome (a). Two
step translocation model is shown in Fig. 5 together with
one step translocation. In one step translocation complex
9;22 translocation developed at the same time in which the
part of chromosome 9 moves to chromosome 22 and the
part of chromosome 22 moves to third chromosome, and
the part of the third chromosome backs to the breakpoint
end of chromosome 9, where the translocated chromo-
some segments are circulated. At this point we could not
identify which mechanism could be associated with these
translocations.

In all of the fifteen cases with complex Ph, one chro-
mosome 9 was always devoid of normal ABL signal [19].
Regardless of the mechanisms generating the localiza-
tion of BCR and ABL genes on chromosome 9, the break-
point on chromosome 9 resulting in translocation of t(9; a)
and t(9;22; a) must be 3¢ side of ABL gene. Of course it
remains unclear whether the t(9; a) and t(9;22; a) oc-
curred at the same time of developing standard 9;22 trans-
location or after the chromosomal rearrangement gener-
ating the co-localization of BCR and ABL. Sequentially
analyzed three cases with both chronic phase and blastic
phase in present study clearly suggested that complex
karyotype was acquired secondary.

However, in remaining five cases, we were not able
to determine whether the complex translocations have
been resulted from one step translocation or two step
translocation, probably because first and second break-
points were very closely spaced, this part of chromo-
some segment being too small to be analyzed by FISH
using WCP and cosmid probes. Recent three molecu-
lar cloning data indicated that breakpoint occurred at
the same regions [7]. In these cases it could not be
identified which of either one or two step translocations
were involved. All of the cloned gene fragments from
der(9), der(22) and der(á) isolated by gene cloning
showed fused gene consisting in each other segment
derived from partner chromosome [7, 20, 21]. In some
percentage of the complex Ph-positive patients, one
step 9;22 translocation seems to be involved.

Three cases showing normal karyotype had BCR/ABL
chimeric gene localized on one normally looking chro-
mosome 9. It was postulated that this BCR-ABL fusion
on chromosome 9 might be a frequent phenomena in Ph
negative patients and that the patient with BCR-ABL fu-
sion on chromosome 9 did not show worth prognosis than
those with regular BCR-ABL fusion on chromosome 22
[22]. However our three patients did not have poor prog-
nosis. The incidence of the patients with the reverse
BCR-ABL was up to 25% [23], but it was only 16.6%

(3 out of 18 patients) in our population. So far this type of
aberrations was reported in four patients [24, 25].

Another fifteen patients had BCR/ABL chimeric sig-
nals on der(22) chromosome. This type of rearrangement
could be evolved by two step translocation, with two suc-
cessive translocations, first a classic t(9;22) transloca-
tion, followed by the second translocation between der(9)
and third chromosome, and among der(9), der(22) and
third chromosomal, or alternatively interstitial insertion of
ABL to BCR on chromosome 22. The possibility of one
step translocation has been described in CML in several
cases with complex karyotype [26, 27]. Another mecha-
nism of relocating DNA within the cells such as an inter-
stitial insertion has been reported. These data confirm the
view that Ph negative CML results from insertion of
ABL-containing DNA sequence into a normally appear-
ing chromosome 22 in stead of reciprocal translocation of
chromosomes 22 and 9. But the possibility may be very
rare according to our present precise FISH data.

We have obtained similar finding also in complex
8;21 translocation (manuscript in preparation). Both
sides of breakpoint regions of der(8) and der(21) had
higher genetic instabilities and acquired second
chromosome translocations. These complex translo-
cation developed from genetic instability of these sites.
The vicinities of the first breakpoint regions might be in
more unstable conditions. Translocational activity has
been shown to provoke increased recombination fre-
quencies at particular loci in vitro [28, 29], and also sim-
ilar findings has been postulated in radiation-induced
delayed chromosome instability [30, 31]. However the
molecular mechanisms for retaining the instability have
not been clarified. These rearrangements are there-
fore thought to arise because of misrejoining and mis-
repair by a recombinase, which is similar to that in-
volved in the formation of IgH fusion gene in the lym-
phoid neoplasms. However, most myeloid leukemia
show no recombination sites, and other factors are pro-
posed to mediate breakage and misrejoining. Loosed
chromatin structure after initial break may be associat-
ed with long-term activity for recombination.

 It is interesting that the cells with variant translocation
of t(9;22;17) had loss of heterozygosity at 17p13 region
on chromosome 17 as third chromosome. We have de-
tected similar findings in complex 8;21;17 translocation
(manuscript in preparation). Most of AML and MDS pa-
tients with translocations associated with breakpoint at
17p13 had deletions at the same critical region on 17p13.3
[32]. Many chromosomal breakpoints have been report-
ed as third or forth chromosome for variant t(8;21) and
t(9;22) translocation like 1p34, 1q23, 4p14, 8q24, 11q13,
12q22 and so on, these sites corresponding to fragile sites
[2]. The breakpoint on a third chromosome occurred at
repeated sequence like Alu [33]. These sites have higher
chance for being associated with chromosomal rearrange-
ment [2]. We identified commonly deleted region on chro-
mosome 17p13 [32]. There is a possibility that other break-
point regions for a third chromosome have also commonly
deleted locus. Inhibitor genes for cell cycle, which are
mostly associated with recessive genes for carcinogene-
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sis, p78, p15, p16, p19, p57 and p27 are mapped on 1p34,
9p12, 19p13,11p15 and 12p13, respectively. We exam-
ined loss of allele of cyclin D1 at 11q13, D21S315 at 21q11,
prostaglandin gene at 19p13 in other patients with com-
plex 9;22 translocation by interphase FISH, but we could
not find any deletion of the locus at these sites so far.
Interestingly, two CML patients with variant translocation
of t(9;22;17) did not acquire any additional chromosome
aberrations at blastic crisis phase, which means that the
deleted region on 17p13.3 will be associated with trans-
formation to blastic crisis in CML. The two patients with
complex 9;22 translocation in present study had shorter
duration of chronic phase (3 months in patient No. 7 and
5 months in patient No.11). Although there are no reports
about poor survival rate of CML patients with complex
karyotype, an unknown gene located on deleted region of
third chromosome may have an important role for patho-
genesis of blastic transformation in some complex Ph
positive CML patients.

 The vicinities of the first breakpoint of t(9;22) will
acquire higher genetic instability, which induces com-
plex 9;22 translocation.
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