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Abstract

Background: Different BCR-ABL fusion transcripts occur more or less frequently, in three different types of leukemia
Objectives: This study was done to determine the frequencies of BCR-ABL fusion transcripts in leukemia patients from Iran.
Methods: This experimental study was carried out from 2001 to 2015 in Pasteur Institute of Iran. The leukemia patients containing
348 chronic myeloid leukemia (CML), 72 acute lymphoblastic leukemia (ALL), and 34 acute myeloid leukemia (AML) were studied. To-
tal RNA was extracted from peripheral blood samples and analyzed by multiplex RT-PCR in 486 leukemia patients to detect different
types of BCR-ABL transcripts. Fisher’s exact test was used in comparing qualitative variables in the case control study. Associations
with a P value < 0.05 were considered significant.
Results: The BCR-ABL transcript frequencies for CML, ALL and AML patients were 92.0%, 12.5% and 14.7% respectively for all transcripts.
The majority of CML patients with positive BCR-ABL expressed one of the p210BCR-ABL transcripts (86.6%) while the remaining showed
other transcripts (p190BCR-ABL 25 (7.8%)) and p230BCR-ABL 2 (0.6%)). The rate of co-expression of the p190/p210 transcripts were 16 (5%).
In other types of leukemia patients the rates of expression of those transcripts were different.
Conclusions: For the first time, we reported co-expression of p210/p190 which may be caused by alternative splicing in Iranian pa-
tients. This study we showed no significant correlation between BCR-ABL1 variants, age, sex type, and WBC count of studied leukemia
patients.
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1. Background

The Philadelphia chromosome is basically caused by
reciprocal translocation between chromosomes 9 and 22: t
(9; 22)(q34;q11). This translocation causes the formation of
BCR-ABL fusion gene, and is associated often with chronic
myeloid leukemia (CML) [1]. More than 95% of patients
with CML are positive for a BCR-ABL gene in their leukemia
cells [2].

However, the BCR-ABL gene is just not limited to CML
type. It is also reported in 10% to 20% of adults and in 2%
to 5% of children with acute lymphoblastic leukemia (ALL),
and in very rarely cases of acute myeloid leukemia (AML) [1,
3].

In the majority of CML patients (95%) the breakpoint in
the BCR gene falls within the major breakpoint cluster re-
gion (Mbcr), and the resultant BCR-ABL mRNA molecules
with a b2a2 (40%) or b3a2 (55%) junction encode a 210 kDa
fusion protein (p210BCR-ABL) [1]. In 5% of CML patients, both
b3a2 and b2a2 transcripts can be made as a result of al-
ternative splicing [1, 3]. In approximately 60% of Philadel-
phia chromosome positive ALL patients and in some cases
of CML and AML the BCR breakpoint falls within the minor

breakpoint cluster region (mbcr ) that causes hybrid tran-
script containing an e1a2 junction, which is translated into
a 190 kDa fusion protein (p190BCR-ABL) [4, 5]. In the remain-
ing Ph positive ALL patients (40%), the breakpoint occurs in
the Mbcr region [1, 6]. The micro breakpoint cluster region
(µ-bcr) between BCR exon 19 and 20, result in the joining
of exon 19 (e19) of bcr with a2, e19a2, coding for a 230-kDa
(p230) protein has been report in rare cases of CML [7].

2. Objectives

This study was done to define the frequency BCR-ABL
transcript variants among Iranian patients with different
type of leukemia. This is the first report of the frequency of
BCR-ABL transcript variants among ALL and AML patients
from Iran.

3. Methods

This study was carried out in Pasteur Institute of Iran.
The type of BCR-ABL rearrangement was studied in 348
chronic myloid leukemia (CML), 72 acute lymphoblastic
leukemia (ALL) and 34 acute myeloid leukemia (AML) from
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2001 to 2015. Written informed consent was obtained from
all the patients or their family members. Initial diagno-
sis was carried out based on clinical presentation and mor-
phological criteria of blood and bone marrow.

Peripheral blood (10 mL) in EDTA tubes was collected.
Buffy coat was isolated by density gradient centrifugation
on Ficol-Hypaque. Total RNA was extracted by Trizol (In-
vitrogen). One microgram of total RNA was reverse tran-
scribed with random hexamer primers and Super-Script III
Reverse Transcriptase (Invitrogen, Carlsbad, CA). The con-
centration of cDNA was determined by a Nanodrop ND-
1000 spectrophotometer (Nanodrop Technologies, Rock-
land, DE) at 260 /280 nm.

The BCR/ABL transcript was amplified using multiplex
RT-PCR. The primers were designed based on a previous
study [8, 9], which are adapted to detect the following fu-
sion transcripts: p190 (e1a2), p210 (b2a2, b3a2), p230 (e19a2)
and p203 (b3a3, b2a3).

The following sequence of primers were used in mul-
tiplex RT-PCR for BCR-ABL fusion transcripts: C5e 5’ATAG-
GATCCTTTGCAACCGGGTCTGAA 3’, B2B 5’ACAGAATTC-
CGCTGACCATCAATAAG3’, BCR-C 5’ ACCGCATGTTCCGGGA-
CAAAAG 3’ and CA3 5’TGTTGACTGGCGTGATGTAGTTGCTTG
G3’. The multiplex RT- PCR program was 4 minutes at 95°C
for initial denaturation followed by three steps, including
94°C for 30 seconds, 64°C for 50 seconds and 72°C for 50
seconds with 32 cycles later than a final 10 minutes at 73°C
in the thermocycler 9700 (Applied Biosystems, Foster City,
CA, USA).

In statistical analysis quantitative variables were ex-
pressed as mean ± SD, while qualitative variables were
shown as percentages. Fisher’s exact test was used in com-
paring qualitative variables. P values lower than 0.05 were
considered as statistically significant.

4. Results

The BCR-ABL transcript frequencies for CML, ALL and
AML patients were 92.0%, 12.5% and 14.7% respectively
for all different of transcript. The majority of CML
patients with BCR-ABL positive expressed one of the
p210BCR-ABL transcripts (86.6%) while the rest had other tran-
scripts (p190BCR-ABL 25 (7.8%)) and p230BCR-ABL 2 (0.6%)) or co-
expression of p210BCR-ABL and p190BCR-ABL (16 (5%)). The b3a2
and b2a2 transcripts were detected in 173 (62.5%) and 104
(37.5%) of the BCR-ABL transcript positive CML patients re-
spectively. In 66.7% of all patients with Philadelphia chro-
mosome positive ALL were produced the shorter isotype
p190 BCR-ABL1 from the e1a2 type mRNA. Table 1 shows BCR-
ABL transcript types, age, gender and WBC count data for
the patients according to leukemia types.

We didn’t find any correlation between the obtained
BCR-ABL1 variants, sex type, age and WBC count of studied
leukemia patients.

5. Discussion

The frequencies of BCR-ABL gene in CML patients ob-
tained by this study is consistent with frequencies re-
ported in related studies [1]. The transcript distribution in
CML has been reported in European and some other popu-
lations with frequencies for b2a2 and b3a2 transcripts be-
ing nearly of the order of 40% and 55% [10-13], which is
relatively close to the previous from Iran report [8] and
our study. However, a study on an Ecuadorian population,
showed very different frequencies: 5% for b3a2 and 95% for
b2a2 [6]. This difference in frequencies may possibly be due
to the genetic background of the populations. Moreover,
it was found that CML patients at diagnosis expressed low
e1a2 transcript frequency, besides the usual BCR-ABL1 p210
[14, 15] or only 5% [16], or no co-expression whatsoever in
previous Iranian study [8]. In this study, co-expression of
p210 and p190 in 5%, which is closed to Mexican study, was
detected [16].

There are rare reports about frequency of BCR-ABL1 vari-
ants in ALL type. In 49 patients diagnosed with ALL in
Ecuadorian patients, 42.8% presented BCR-ABL fusion tran-
script, from these; all of them presented the e1/a2 rear-
rangement [6]. Moreover, it is found in 10% to 20% of
adults and in 2% to 5% of children which two thirds of
ALLs had e1/a2 transcript in Caucasian patients [1]. In this
study, the frequencies of BCR-ABL gene were 12.5% which
p190BCR-ABL was predominantly associated with ALL (66.7%).
This may indicate a preferential functional involvement of
this form of hybrid product in metabolic pathways of the
lymphoid lineage progenitors.

There were very rare reported of BCR-ABL rearrange-
ment in AML, which is reported in this investigation for the
first time [1] (Table 1).

We didn’t find correlation between BCR-ABL1 variants,
sex type, age and WBC count of studied leukemia patients
significantly. As a final point, the frequencies study of dif-
ferent BCR-ABL transcript variants involved in leukemia
in ethnic groups valuable to approach for a better under-
standing of the causes that lead to different BCR-ABL tran-
script variants in different types of leukemia.
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Table 1. BCR-ABL Transcript Frequencies and Clinical Data in Iranian Leukemia Patients

Disease BCR-ABL Positivea Protein Variant, kDa Casea Age, yb Gender, M/F WBC Count (109 /L) in

BCR-ABL Positiveb
WBC Count (109 /L) in

BCR-ABL Negativeb

CML, (n = 348) 320 (92)

p210 277 (86.6)

45.9 ± 16.9 185/163

303 ± 250

247 ± 237

p190 25 (7.8) 141 ± 183

p210/p190 16 (5) 43 ± 46

p230 2 (0.6) 560

Total: 277 ± 249

ALL, (n = 72) 9 (12.5)
p210 3 (33.3)

31.8 ± 15.6 48/24 227 ± 224 193 ± 199

p190 6 (66.7)

AML, (n = 34) 5 (14.7)
p210 2 (40)

39.7 ± 13.3 15/19 349 ± 419 219 ± 190

p190 3 (60)

a Values are expressed as No. (%).
b Values are expressed as maen ± SD.

Footnotes

Authors’ Contribution: Mohammad Hamid, designed
the study and wrote the manuscript; Hanieh Bokharaei
performed the experiments and analyzed the data.

Conflict of Interest: No conflict of interest

References

1. Rostami G, Hamid M, Yaran M, Khani M, Karimipoor M. Incidence and
clinical importance of BCR-ABL1 mutations in Iranian patients with
chronic myeloid leukemia on imatinib. J Hum Genet. 2015;60(5):253–
8. doi: 10.1038/jhg.2015.11. [PubMed: 25740611].

2. Luatti S, Baldazzi C, Marzocchi G, Ameli G, Bochicchio MT, Soverini
S, et al. Cryptic BCR-ABL fusion gene as variant rearrangement in
chronic myeloid leukemia: molecular cytogenetic characterization
and influence on TKIs therapy. Oncotarget. 2017;8(18):29906–13. doi:
10.18632/oncotarget.15369. [PubMed: 28404889].

3. Sugapriya D, Preethi S, Shanthi P, Chandra N, Jeyaraman G, Sach-
danandam P, et al. BCR-ABL Translocation in Pediatric Acute Lym-
phoblastic Leukemia in Southern India. Indian J Hematol Blood
Transfus. 2012;28(1):37–41. doi: 10.1007/s12288-011-0096-9. [PubMed:
23449388].

4. Jabbour E, Kantarjian H. Chronic myeloid leukemia: 2012 up-
date on diagnosis, monitoring, and management. Am J Hematol.
2012;87(11):1037–45. doi: 10.1002/ajh.23282. [PubMed: 23090888].

5. Osman EA, Hamad K, Elmula IM, Ibrahim ME. Frequencies of BCR-ABL1
fusion transcripts among Sudanese chronic myeloid leukaemia
patients. Genet Mol Biol. 2010;33(2):229–31. doi: 10.1590/S1415-
47572010005000037. [PubMed: 21637474].

6. Bjorkholm M, Ohm L, Eloranta S, Derolf A, Hultcrantz M, Sjoberg J, et
al. Success story of targeted therapy in chronic myeloid leukemia: a
population-based study of patients diagnosed in Sweden from 1973
to 2008. J Clin Oncol. 2011;29(18):2514–20. doi: 10.1200/JCO.2011.34.7146.
[PubMed: 21576640].

7. Goh HG, Hwang JY, Kim SH, Lee YH, Kim YL, Kim DW. Comprehensive
analysis of BCR-ABL transcript types in Korean CML patients using a
newly developed multiplex RT-PCR. Transl Res. 2006;148(5):249–56.
doi: 10.1016/j.trsl.2006.07.002. [PubMed: 17145570].

8. Yaghmaie M, Ghaffari SH, Ghavamzadeh A, Alimoghaddam K, Ja-
hani M, Mousavi SA, et al. Frequency of BCR-ABL fusion transcripts
in Iranian patients with chronic myeloid leukemia. Arch Iran Med.
2008;11(3):247–51. [PubMed: 18426313].

9. Burmeister T, Reinhardt R. A multiplex PCR for improved de-
tection of typical and atypical BCR-ABL fusion transcripts. Leuk
Res. 2008;32(4):579–85. doi: 10.1016/j.leukres.2007.08.017. [PubMed:
17928051].

10. Ferreira DC, de Oliveira JS, Parisio K, Ramalho FM. Pericardial ef-
fusion and cardiac tamponade: clinical manifestation of chronic
graft-versus-host disease after allogeneic hematopoietic stem cell
transplantation. Rev Bras Hematol Hemoter. 2014;36(2):159–61. doi:
10.5581/1516-8484.20140034. [PubMed: 24790543].

11. Burmeister T, Groger D, Kuhn A, Hoelzer D, Thiel E, Reinhardt
R. Fine structure of translocation breakpoints within the ma-
jor breakpoint region in BCR-ABL1-positive leukemias. DNA Repair
(Amst). 2011;10(11):1131–7. doi: 10.1016/j.dnarep.2011.08.010. [PubMed:
21944569].

12. Bennour A, Ouahchi I, Achour B, Zaier M, Youssef YB, Khelif A, et
al. Analysis of the clinico-hematological relevance of the breakpoint
location within M-BCR in chronic myeloid leukemia. Med Oncol.
2013;30(1):348. doi: 10.1007/s12032-012-0348-z. [PubMed: 23269583].

13. Park KJ, Woo YM, Kim K, Lee ST, Ki CS, Kim HJ, et al. Clinical application
of catalytically cleavable fluorescence probe technology for multi-
plexing quantification of BCR-ABL1 fusion transcripts. Clin Chim Acta.
2013 doi: 10.1016/j.cca.2013.10.016. [PubMed: 24513328].

14. Scrideli CA, de Oliveira FM, Brassesco MS, de Paula Queiroz R,
Bernardes JE, Valera ET, et al. Is p190 bcr-abl rearrangement neces-
sary for acute transformation in some p210 CML of childhood? Leuk
Res. 2009;33(3):495–9. doi: 10.1016/j.leukres.2008.04.007. [PubMed:
18495245].

15. Han JY, Theil KS. The Philadelphia chromosome as a secondary ab-
normality in inv(3)(q21q26) acute myeloid leukemia at diagnosis:
confirmation of p190 BCR-ABL mRNA by real-time quantitative poly-
merase chain reaction. Cancer Genet Cytogenet. 2006;165(1):70–4. doi:
10.1016/j.cancergencyto.2005.07.015. [PubMed: 16490599].

16. Uchida N, Hanawa H, Dan K, Inokuchi K, Shimada T. Leukemogenesis
of b2a2-type p210 BCR/ABL in a bone marrow transplantation mouse
model using a lentiviral vector. J Nippon Med Sch. 2009;76(3):134–47.
doi: 10.1272/jnms.76.134. [PubMed: 19602820].

Zahedan J Res Med Sci. 2017; 19(7):e10197. 3

http://dx.doi.org/10.1038/jhg.2015.11
http://www.ncbi.nlm.nih.gov/pubmed/25740611
http://dx.doi.org/10.18632/oncotarget.15369
http://www.ncbi.nlm.nih.gov/pubmed/28404889
http://dx.doi.org/10.1007/s12288-011-0096-9
http://www.ncbi.nlm.nih.gov/pubmed/23449388
http://dx.doi.org/10.1002/ajh.23282
http://www.ncbi.nlm.nih.gov/pubmed/23090888
http://dx.doi.org/10.1590/S1415-47572010005000037
http://dx.doi.org/10.1590/S1415-47572010005000037
http://www.ncbi.nlm.nih.gov/pubmed/21637474
http://dx.doi.org/10.1200/JCO.2011.34.7146
http://www.ncbi.nlm.nih.gov/pubmed/21576640
http://dx.doi.org/10.1016/j.trsl.2006.07.002
http://www.ncbi.nlm.nih.gov/pubmed/17145570
http://www.ncbi.nlm.nih.gov/pubmed/18426313
http://dx.doi.org/10.1016/j.leukres.2007.08.017
http://www.ncbi.nlm.nih.gov/pubmed/17928051
http://dx.doi.org/10.5581/1516-8484.20140034
http://www.ncbi.nlm.nih.gov/pubmed/24790543
http://dx.doi.org/10.1016/j.dnarep.2011.08.010
http://www.ncbi.nlm.nih.gov/pubmed/21944569
http://dx.doi.org/10.1007/s12032-012-0348-z
http://www.ncbi.nlm.nih.gov/pubmed/23269583
http://dx.doi.org/10.1016/j.cca.2013.10.016
http://www.ncbi.nlm.nih.gov/pubmed/24513328
http://dx.doi.org/10.1016/j.leukres.2008.04.007
http://www.ncbi.nlm.nih.gov/pubmed/18495245
http://dx.doi.org/10.1016/j.cancergencyto.2005.07.015
http://www.ncbi.nlm.nih.gov/pubmed/16490599
http://dx.doi.org/10.1272/jnms.76.134
http://www.ncbi.nlm.nih.gov/pubmed/19602820
http://zjrms.com

	Abstract
	1. Background
	2. Objectives
	3. Methods
	4. Results
	Table 1

	5. Discussion
	Acknowledgments
	Footnotes
	Authors' Contribution
	Conflict of Interest

	References

