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Abstract

Reverse transcription-polymerase chain reaction (RT-PCR) was used to study 34 patients
with chronic myelogenous leukemia (CML) associated with negative Philadelphia (Ph) chromo-
some. This report showed evidence of a chimeric BCR/ABL transcript in 18 (52.9%) and 28 (82.4%)
cases by first PCR and seminested PCR, respectively. In these BCR/ABL transcript positive cases,
the incidence of BCR exon3/ABL exon2 (B3A2) and BCR exon 2/ABL exon2 rearrangement was
25 (89.3%) and 3 (10.7%) cases, respectively. The other 6 Ph negative patients showed no evi-
dence of reciprocal translocation of BCR to chromosome 9. This data demonstrates that seminested
PCR is sufficiently sensitive to detect BCR/ABL fusion transcript in Ph chromosome negative
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Chronic myelogenous leukemia (CML) is a
clonal disease resulting in an expansion of a subset
of myeloid progenitor cells genetically characterized
by fusion of the BCR and ABL genes, which in-
volves the reciprocal translocation t(9;22) (q 34;
q11)(1-3). This translocation results in the cytoge-
netically distinct Philadelphia (Ph) chromosome,

observed by cytogenetic analysis in 90 per cent to
95 per cent of CML patients(1.4.5). As a conse-
quence of the translocation, part of the ABL proto-
oncogene moves from chromosome 9 to the break-
point cluster region (BCR) on chromosome 22.
leading to the formation of two types of hybrid
mRNAs, which codify for abnormal proteins bear-
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ing a tyrosine kinase activity(6). There are 2 types
of hybrid transcripts, BCR exon 2 fused to ABL
exon2 (B2A2 type) and in the other, BCR exon 3
fused to ABL exon2 (B3A2 type). Ph positive CML
is a progressive multistep disease that usually
begins with a chronic phase of variable duration
which can be easily controlled with therapy(7). The
disease terminates in an acute phase called blastic
crisis with decreased responsiveness to chemo-
therapy. However, it is difficult to monitor the
BCR/ABL rearrangement in Ph negative CML.

Although the presence of Ph chromosome
has traditionally been documented by cytogenetics
other techniques such as Southern blotting and
reverse transcription-polymerase chain reaction
(RT-PCR) are also widely used to identify the trans-
location at the molecular level(8). In this report,
we present the detection of the chimeric BCR/ABL
rearrangement unique to Ph chromosome by RT-
PCR technique in CML patients with negative Ph
chromosome.

MATERIAL AND METHOD
Specimen

Heparinized bone marrow or peripheral
blood were obtained from 34 CML patients whose
samples were sent for chromosomal analysis at the
Human Genetics Unit, Department of Pathology,
Ramathibodi Hospital from December 1992 to June
1997. K562 Ph chromosome positive cell line was
used as a positive control for BCR/ABL amplified
products.

Chromosome preparation

Heparinized blood or bone marrow sam-
ples were washed twice with Hank’s balanced salt
solution. One to two million cells were cultured in
20 per cent FCS/RPMI-1640 in CO,-incubator
overnight. The cells were harvested by adding col-
chicine solution. Finally, metaphase cells were
dropped onto microscopic glass slides. GTG-banded
chromosomes were prepared and analyzed.

RNA preparation
RNA was isolated from peripheral blood

and bone marrow cells as decribed by Groffen
et al(6),

Reverse transcription and PCR (RT-PCR)
RT-PCR was followed from a previously
published protocol(9). Briefly, cDNA was synthe-
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sized from 250 ng of RNA in a 20 pl reaction
volume using 200 U RNAsin (Promega, Madison,
WI), 1 mM of each dNTP (Promega), and 100 pmol
of random hexamer (Promega). After incubation for
1 hour at 37°C, reaction mixture was denatured by
heating at 95°C for 5 minutes and plunged imme-
diately on ice. Reaction mixture was diluted with
30 ul of RT-PCR reaction buffer [SO mM KCI, 10
mM Tris-HCI (pH9.0), 0.1 per cent Triton X-100,
I mM MgCl,] followed by the addition of the 5'
and 3' specific amplification primers and 0.25 U
Taq DNA Polymerase (Perkin Elmer/Cetus)(5).
Cycles of PCR consisted of denaturing by heating
at 94°C for 30 seconds, annealing of primers at
55°C for 30 seconds and primer extension at 72°C
for 30 seconds. The cycle was repeated 25 times by
using a programmable heat block (Perkin Elmer/
Cetus). Numerous precautions were taken to avoid
false positive results due to contamination of re-
agents with genomic DNA, mRNA or PCR pro-
ducts.

Seminested PCR

Five microliters of RT-PCR products were
used as templates for seminested PCR. Primers for
the steps were upstream primer (5GGAGCTGCA
GATGCTGACCAAC 3') the sequence locations of
which were BCR 587-608 and ABL 251-228, res-
pectively. The amplified products were fractionated
by Nusieve : agarose gel electrophoresis, stained
with ethidium bromide and visualized by a UV -
transilluminator.

RESULT

Karyotype of 27 samples, from bone mar-
row and peripheral blood samples of 34 CML
patients were normal (46, XX for female, and 46,
XY for male), whereas, one case of bone marrow
analysis showed abnormal karyotype of 46, XX,
t(1;9). Six samples of bone marrow and peripheral
blood samples had no cytogenetic data. Then, the
RNA from bone marrow and peripheral blood was
isolated and in vitro amplification was performed
to detect BCR/ABL rearrangement. The PCR based
assay for the detection of BCR/ABL rearrangement
at the genomic level could define two mRNA
species which differed based upon the BCR exons
included by the translocation (Fig. 1). The PCR
results of 34 patients are shown in Table 1. In
27 patients with normal karyotype, BCR/ABL re-
arrangement were detected in 13 and 21 cases by
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first and seminested PCR, respectively. No re-
arrangement was detected in the remaining 6 cases.

BCR 5’ ABL ¥’ A patient with abnormal karyotype of 46, XXt
(1;9) did not show BCR/ABL rearrangement by
A. BCR BCR ABL ABL first PCR but by seminested PCR the BCR/ABL
EXON2 EXON3 EXON2 EXON3 rearrangement was present. The other 6 patients
who had no cytogenetic information were found
D — to have BCR/ABL rearrangemetnt for 5 and all 6
First PCR products patients by first and seminested PCR, respectively.
(200 bp) Therefore, from a total of 34 Ph negative CML
patients, first PCR assay was sufficiently sensitive
T > to detect the BCR/ABL rearrangement in 18
Seminested PCR products patients (52.9%) and in addition, the seminested
(178 bp) PCR technique could detect such rearrangement in
28 patients (82.4%), whereas, 6 patients (17.6%)
BCR &’ ABL ¥ had no evidence of the rearrangement detected by
both first PCR and seminested PCR assay.
B BCR ABL ABL The subspecies of BCR/ABL rearrange-
) EXON2 EXonz EXON3 ment could be distinguished by a different size of
amplified products (Fig. 1). In our 34 Ph negative
First PCR products CML patients, the incidence of B3A2 and B2A2
(125 bp) rearrangement was 25 (89.3%) and 3 (10.7%) cases,
respectively (Table 2). The predominant hybrid
‘- transcripts were observed in patients No. 1-6 gene-
Seminested PCR products
(103 bp)
Table 2 BCR/ABL rearrangement in Ph negative
CML patients.
Fig. 1. Schematic diagram illustrating the chimeric
BCR/ABL transcripts unique to Ph chro- DCR/ABL reaangement No. of patients
moso.me. The BCR/ABL rearrangement and B3A2 25
amplified products generated by first and ;49 3
seminested PCR products from (A) BCR
exon3/ABL exon2 or B3A2, and (B) BCR  B3A2=BCR exon3/ABL exon2 rearrangement
exon2/ABL exon2 or B2A2. B2A2 = BCR exon2/ABL exon2 rearrangement
Table 1. The in vitro amplification of BCR/ABL rearrangement in 34 Ph negative CML patients.
Karyotype analysis PCR detection
Karyotype No. of No. of positive patient by No. of negative patient
patient first PCR seminested PCR
normal 27 13 21 6
abnormal* 1 1
no result 6 5 6 -
total 34 18 28 6
(% of total) (100%) (52.9%) (82.4%) (17.6%)

* 46, XX, t(1;9)
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Seminested PCR

1 23 456 789 10 111213141516 17

200 bp —p
100 bp —p

Fig. 2.

Agarose gel electrophoresis of amplified products generated by first and seminested PCR from

6 Ph negative CML patients. K562, human Ph positive cell line carrying B3A2 transcripts, was
positive control, and H»O was negative control. The amplified products of B3A2 generated by
first and seminested PCR were 200 and 178 bp, respectively, while those of B2A2 were 125 and 103
bp by first and seminested PCR, respectively. Lane 1, molecular weight marker. Lane 2-9, first
PCR products from patients No. 1-6, K562 and H,O, respectively. Lane 10-17, seminested PCR
products from patients No. 1-6, K562 and H,O, respectively.

rating either B3A2 or B2A2 chimera (Fig. 2). The
first PCR products of B3A2 were observed in
patient No. 2 and positive control K562 cell line,
while seminested PCR products of those were seen
in patients No. 2, 4 and K562 cells. The first and
seminested PCR products of B2A2 were generated
in patient No. 6. The amplified products of
patients No. 1, 3, 5 and HyO negative control are
underobservation.

DISCUSSION

The Ph chromosome is a cytogenetic hall-
mark of CML, although 5-10 per cent of cases do
not have it(10), At cytogenetic level, variant Ph
translocation, involving chromosome 22 and some
chromosomes other than 9 (simple variant Ph
translocations) or one or more chromosomes in
addition to chromosomes 9 and 22 (complex variant
translocations), have been described in a small pro-
portion (3-8%) of CML patients(11). In this report,
we investigated whether RT-PCR was a viable
alternative for karyotype analysis in the diagnosis
and therapeutic monitoring of the condition of
CML patients.

The BCR/ABL chimeric gene was detected
by first PCR analysis in 52.9 per cent of Ph nega-
tive CML patients, while by seminested PCR ana-
lysis, the chimeric gene was found in 82.4 per cent
of the same patient group. Our study showed that
the RT-PCR technique could detect BCR/ABL
mRNA in 52.9-82.4 per cent of Ph negative CML
cases with the incidence of B3A2 and B2A2 re-
arrangement of 89.3 per cent and 10.7 per cent, res-
pectively. In addition, the detection by seminested
PCR is more sensitive to detect BCR/ABL trans-
cript than by first PCR. On the other hand, the true
BCR/ABL fusion negative patients were found to
be only 17.6 per cent of all Ph chromosome nega-
tive CML cases. The reasons for the latter group
may be that (i) the presence of rare variants of BCR/
ABL transcripts and of methodologic drawbacks
linked to the PCR procedure might result in false
diagnosis(12.13), (ii) these patients probably were
suffering from a different hematologic disease, i.e.
myelodysplastic syndrome(14), and (iii) the failure
of RT-PCT procedure resulting from the highly
degradable nature of the mRNA so that the samples
must be carefully processed and stored, and the lack
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of the specific band may imply failure to amplify
the chimeric transcript (false-negative result)(13),
Another report of 2 Ph negative CML patients, one
showing a normal karyotype and the other having
inv (3) (q21q26) demonstrated the presence of BCR
rearrangemant by Southern blot analysis(16). In at
least 14 CML cases having normal karyotype,
molecular studies revealed rearrangement of the
BCR/ABL fusion mRNA(17-20),

According to the widespread application
of the PCR method for diagnostic purposes, we,
therefore, suggest the following : (i) frequent cross-
comparison of the PCR procedure among labora-
tories; (ii) great care to avoid contamination in all
steps ; (iil) in case of doubt, performing a PCR
directly on an RNA sample without reverse trans-
cription so that cDNA contamination could be ruled
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out; (iv) harvesting and storing a back-up sample
(at least for patients who will be given high-dose
chemotherapy), a simple and useful method to reveal
any contamination and to set up an internal quality
control procedure(15).

We suggest that RT-PCR is one of the
viable alternatives to karyotyping analysis in the
detection of BCR/ABL fusion and its transcribed
mRNA. Nevertheless, karyotyping is still important
because it detects additional nonrandom chromo-
somal aberrations.

ACKNOWLEDGEMENTS

The authors wish to thank Mr. Monod
Petploy, Pathology Illustration Unit, Department of
Pathology, Faclty of Medicine, Ramathobodi Hos-
pital for photograph preparation.

(Received for publication

REFERENCES

1. Rowley JD. A new consistent chromosomal abnor-
mality in chronic myelogenous leukemia iden-
tified by quinacrine fluorescence and Giemsa
staining. Nature 1973; 243: 290-1.

2. Seong DC, Song My, Henske EP, et al. Analysis
of interphase cells for Philadelphia translocation
using painting probe made by inter-alu-poly-
merase chain reaction from a radiation hybrid.
Blood 1994 83: 2268-73.

3 Amiel A, Yarkoni S, Savin S, et al. Detection of
minimal residual disease state in chronic myelo-
genous leukemia patients using fluorescence in
situ hybridization. Cancer Genet Cytogenet 1994;
76:59-64.

4, Nowell PC, Hungerford DA. A minute chromo-
some in human chronic myelogenous leukemia.
Science 1960; 132: 1497-9.

5. Kawasaki ES, Clark SS, Coyne MY, et al. Diag-
nosis of chronic myeloid and acute lymphocytic
leukemias by detection of leukemia-specific
mRNA sequences amplified in vitro. Proc Natl
Acad Sci USA 1988; 85: 5698-702.

6. Groffen J, Stephenson JR, Heisterkamp N, et al.
Philadelphia chromosomal breakpoints are clus-
tered within a limited region, bcr, on chromosome
22. Cell 1984; 36: 93-9.

7. Fialkow PF, Martin PJ, Najifeld V, et al. Evi-
denced of multistep pathogenesis of chronic
myelogenous leukemia. Blood 1981; 58: 158-63.

8. Chase A, Grand F, Zhang JG, et al. Factors in-

on December 1, 1999)

fluencing the false positive and negative rates of
BCR-ABL fluorescence in situ hybidization.
Gene Chromosom Cancer 1997; 18: 246-53.

9. Rerkamnuaychoke, B, Kangwanpong D, Jootar S,
et al. Detection of BCR/ABL fused gene in CML:
a preliminary report. Thai Cancer J 1993; 19: 1-6.

10. Villegas A, Anguita F, Gonzalez FA, et al. Occur-
rence of BCR-ABL rearrangement in a Phila-
delphia chromosome-negative patient with 5q
and 13q deletions and myeloproliferative syn-
drome. Cancer Genet Cytogenet 1998; 100: 1-4.

1. Morris CM, Rosman I, Archer SA, et al. A cytoge-
netic and molecular analysis of five variant
Philadelphia translocations in chronic myeloid
leukemia. Cancer Genet Cytogenet 1988; 35: 179-
97.

12. Melo JV. The diversity of BCR-ABL fusion pro-
teins and their leukemic phenotype. Blood 1996;
88: 2375-84.

13. Saglio G, Guerrasio A, Rosco C, et al. New type
of ber/abl junction in Philadelphia chromosome
positive chronic myelogenous leukemia. Blood
1990; 76: 1819-25.

14. Morris CM, Reeve AE, Fitzgerald PH, et al. Geno-
mic diversity correlates with clinical variation in
Ph'-negative chronic myeloid leukemia. Nature
1986; 320: 281-3.

15. Cox MC, Maffei L, Buffolino S, et al. A compara-
tive analysis of FISH, RT-PCR, and cytogenetics
for the diagnosis of bcr-abl-positive leukemias.



Vol. 83 Suppl. 1

16.

17.

18.

Am J Clin Pathol 1998; 109: 24-31.

Inazawa J, Nishigaki H, Takahira H, et al. Rejoin-
ing between 9g+ and Philadelphia chromosomes
results in normal -looking chromosomes 9 and 22

BCR/ABL REARRANGEMENT IN Ph CHROMOSOME NEGATIVE CML PATIENTS

S§75

delphia-negative chronic myeloid leukemia:
detection by FISH of BCR-ABL tusion gene
localized either to chromosome 9 or chromosome
22. Br J Haematol 1993; 87: 409-12.

in Ph-negative chronic myelocytic leukemia. 19. Lazaridou A, Chase A, Garicochea B, et al. Lack
Human Genet 1989; 83: 115-8. of reciprocal translocation in BCR-ABL positive
Hagemeijer A, Buijis A, Smit E, et al. Transloca- Ph-negative CML. Blood 1993; 82, (Suppl.1) : 41 a.
tion of BCR to chromosome 9: a new cytogenetic  20. Estop AM, Sherer C, Ciephy K, et al. A Ph nega-

variant detected by FISH in two Ph-negative,
BCR-positive patients with chronic myeloid leu-

tive chronic myeloid leukemia patient with a
non-classical BCR-ABL rearrangement characte-

kemia. Gene Chromosom Cancer 1993; 8: 237-45.
Nacheva E, Holloway T, Brown K, et al. Phila-

rized by fluorescence in situ hybridization. Can-
cer Genet Cytogenet 1997; 96: 174-6.

minTamiugnuan BCR/ABL ludihelianzSuilnlafinn oia CML
TadlaslulonRawnaiie

ywn gnesIslen, DMSc.”, pUasHY DNEIAR, MU
UANITIO NEIAS, INU*, DnwI) DARHBATR, MUY, UUNWS WRILANG, WEILIa

msAnmymeagiuganansludihslsanziadalaimmeids oML Fbidlashdonfiawnads 9w
34 g lagwafia RT-PCR wugthedwiu 18 9o (52.9 wasidus) uas 28 11 (82.4 Wasidues) Haugnnan
BCR/ABL lasm3mi2338 PCR gausn uaz PCR 9@ seminested eN&IAU MInsIamfugnian BCR/ABL
Iap38 PCR 4o seminested 1Tu3BAINTAE PCR qausn lugthenguiwuighsinou 25 8 (893
WodFush) fifu BCR exon3 Wanferiufiy ABL exon2 uazgtsdnuiu 3 598 (10.7 wafidus) fifu BOR exon2
dandariufu ABL exon2 dmiudihengufiaasinaug 6 8 analinuiugnuan BOR/ABL azfumIniai
gnuen BCR/ABL #e38 PCR g seminested 1wismmiksilmaiazldnamuandeusuilalasiulay
sewihasdnadidu BOR vulasiulosuriedl 22 uaziu ABL uulaslulouuriedl o

MRt - Bugnuan BCR/ABL, Uifi3en RT-PCR, nuSusialafiney wda CML

yn gneswaslye  ussen
WVHNBIAYNIUNNE 4 2543; 83 (Suppl. 1): S7T0-S75

* MAdnWenBInen, auzuwnsmans IRweuannBud, amineideniiea, nsunw 4 10400






