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Abstract. We report the case of an 89-year-old male
diagnosed with chronic-phase CML and expressing a rare
el3a3 BCR-ABLI fusion transcript. His cytogenetic analysis
showed the 1(9,22) translocation generating the Philadelphia
chromosome (Ph), with a multiplex RT-PCR detecting an
atypical fragment. Using two primers complementary to exon
10 of BCR and exon 4 of ABLI, a larger PCR product was
observed, where after Sanger sequencing, an el3a3 BCR-
ABLI transcript was revealed. Given the diagnosis, the patient
received 100 mg of dasatinib every other day and was then
monitored by measuring both hematological and cytogenetic
parameters, while his BCR-ABLI transcripts were examined
by PCR and semi-nested-PCR. According to the 2013
European Leukemia Network criteria, after six months of
dasatinib the patient’s response was classified as warning as
he displayed 20% of Philadelphia-positive metaphases.
Sequencing of the ABLI catalytic domain did not detect point
mutations. A complete cytogenetic response was achieved after
one year of dasatinib. However, semi-nested-PCR confirmed
the presence of the el3a3 BCR-ABLI fusion transcript that
has persisted up to the latest follow-up visit.

The Philadelphia Chromosome (Ph) is generated by a
reciprocal translocation t(9;22) (1, 2) leading to the assembly
of a chimeric BCR-ABLI oncogene that modulates the
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proliferation, apoptotic rate, cytoskeletal dynamics and
microenvironment interaction of the hematopoietic stem cell,
thereby giving rise to chronic myeloid leukemia (CML) (3-
7). Usually, the BCR-ABLI fusion encompasses exon 2 of the
ABLI gene that is fused in frame with one of three different
breakpoints on the BCR gene: i) major (M-BCR), ii) minor
(m-BCR) and iii) micro (u-BCR). M-BCR includes the fusion
transcripts in proximity of exons 13 or 14 of BCR, generating
the more common el3a2 or el4a2 BCR-ABLI variants. The
remaining m-BCR and p-BCR breakpoint clusters involve
less common rearrangements affecting exons 1 or 19 of BCR
that generate the ela2 (8) or e19a2 fusions, respectively (9).
Moreover, additional uncommon breakpoints have been
previously described involving BCR exons 6 and 8 or ABLI
exon 3 (10). Interestingly, BCR-ABLI isoforms involving
exon 3 of ABLI (el3a3, el4a3 and el9a3) have been
described both in CML patients (11-13), with contrasting
clinical outcomes, and in individuals diagnosed with Ph+
acute lymphoblastic leukemia (14). In the present study we
report the case of a very elderly CML patient expressing a
rare el3a3 BCR-ABLI transcript displaying a partially
satisfactory response to dasatinib (DAS) treatment.

Case Report

An 89-year-old male, with a history of neutrophilic
leukocytosis was subjected to a bone marrow aspirate in
order to perform a karyotype analysis by G-banding (Table
I) that showed 45, X, -Y, t (9;22) in 20/20 analyzed
metaphases (Ph+100%) (Figure 1A). Subsequently, total
RNA was extracted from his peripheral white blood cells
(WBCs) and reverse transcribed using Superscript III
according to the manufacturer’s instructions (ThermoFisher,
Waltham, MA, USA). The obtained cDNA was then used to
perform multiplex polymerase chain reaction (PCR) in order
to detect the expressed BCR-ABLI fusion transcript as
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previously described (15). This procedure revealed an
atypical band of approximately 160 bp (Figure 1B) that was
not amplified in a control Real-Time quantitative PCR
carried out as previously described (16, 17). To investigate
this amplification product, we performed a new PCR
reaction using the platinum Pfx DNA polymerase
(ThermoFisher) with forward (BCR-10: 5’-TATGACTG
CAAATGGTACATTCC-3’) and reverse (ABLI-4: 5’-
TCGTAGTTGGGGGACACACC-3’) primers recognizing
exon 10 and 4 of the BCR and ABLI genes, respectively. A
band of approximately 909 bp was obtained (Figure 1C) and
cloned into the pcr4-TOPO-TA vector according to the
manufacturer’s protocol (ThermoFisher). After Sanger
sequencing, plasmid DNA derived from ten individual
bacterial colonies detected an el3a3 fusion transcript
generated by a rearrangement involving BCR exon 13 and
ABLI exon 3 (Figure 1D). Hence, the patient was diagnosed
with chronic-phase CML expressing an uncommon e13a3
BCR-ABLI fusion. His Sokal and Hasford risk scores were
0.97 (intermediate) and 2020 (high), respectively (Table I).
Given the patient’s age, he initially received 2000 mg/die
hydroxyurea (HU), rapidly achieving a complete
hematological response. He was then switched to a TKI
(October 2013) and, considering his mild renal insufficiency
and the previously reported reductions in glomerular
filtration rates observed with standard dose imatinib (18),
was prescribed dasatinib (DAS). Given his age, the tyrosine
kinase inhibitor (TKI) was given at 100 mg every other day.
At this time, we began to monitor his molecular response by
semi-nested-PCR (SN-PCR) (Figure 2A).

After 6 months of treatment, a cytogenetic analysis
showed 20% Philadelphia-positive metaphases. Thus,
according to the 2013 European Leukemia Network (ELN)
recommendations (19), the patient was included in the
warning category. In order to establish if his response to
DAS was dependent on point mutations in the drug-binding
site, we sequenced the ABLI kinase domain (KD). To this
end, we amplified cDNA from total RNA extracted from
peripheral WBCs using the following primers: forward 5’-
CGCAACAAGCCCACTGTCT-3’ and reverse 5’-TCCACT
TCGTCTGAGATACTGGATT-3’ (20). An ~840 bp amplicon
was then cloned into the pcr4-TOPO-TA vector and the
resulting plasmid DNA was subjected to Sanger sequencing
failing to detect any point mutations. Hence, the patient
remained on DAS treatment and, in September 2014 (after
12 months of therapy), he achieved a complete cytogenetic
response (CCyR; Figure 2B). At this time, a semi-nested-
PCR (SN-PCR) performed using the indicated forward BCR-
12 (5’-GTGCAGAGTGGAGGGAGAACA-3’) and reverse
ABLI-4 (5’-TCGTAGTTGGGGGACACACC-3’) primers
recognized a 589 bp cDNA fragment between exon 12 of
BCR and exon 4 of ABLI (Figure 2C). During the following
years we repeated both cytogenetic and SN-PCR analyses as
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Table 1. Patient characteristics at diagnosis.

Male 92-year-old
Peripheral blood cell counts
Platelets 69.000
WBCs/ul 77.450%x103
Neutrophils 65%
Eosinophils 4.1%
Basophils 0.3%
Lymphocytes 10.9%
Monocytes 4.7%
Metamyelocytes 3%
Myelocytes 7%
Promyelocytes 3%
Myeloblasts 2%
Cytogenetic
Karyotype 46, X, -Y,
100% metaphases (9;22)
(q34:q11)
Fusion transcript detected
BCR-ABL el3a3
Relative risk
Sokal 0.97 (Intermediate)
Hasford 2020 (High)

WBCs: White blood cells.

indicated in Figure 2A and C, and found that the patient
maintained a CCyR with persistence - albeit at progressively
lower levels - of the e13a3 BCR-ABLI transcript. At the last
follow-up in February 2019, the patient - currently 94-years
old - is in fair general conditions (Performance Status
according to ECOG 2) and continues 100 mg DAS every
other day with a remarkable lack of any meaningful toxicity.
His CCyR is stable and the e13a3 BCR-ABLI fusion is still
detectable in SN-PCR (Figure 2).

Discussion

In the present report we describe the clinical history of a
very elderly CML patient with the t(9;22) reciprocal
translocation detected by G-banding encoding for a rare
el3a3 BCR-ABLI transcript. Although individual accounts of
single patients exhibiting BCR-ABLI transcripts lacking exon
2 of ABLI have been previously published (21-23), to the
best of our knowledge this is the first case reporting the
occurrence of this unusual fusion in a very elderly individual
treated with a second-generation TKI. Uncommon BCR-
ABL] isoforms can go undetected since the classical RT-PCR
multiplex employed to diagnose the disease can sometimes
generate atypical PCR fragments often interpreted as
nonspecific products. In this study, the use of primers
recognizing exons distant from the common BCR-ABLI
breakpoint region allowed the identification of an atypical
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Figure 1. Cytogenetic, multiplex PCR and Sanger sequencing of the el3a3 BCR-ABLI fusion transcript. A. Image showing the G-banded karyotype.
Circles indicate the 1(9;22) translocation. B. Multiplex RT-PCR of different BCR-ABLI fusion transcripts was performed on total RNA extracted
[from the indicated immortalized cell lines, used as a positive control. Ctrl- refers to the RNA derived from a healthy donor and Pt-el3a3 shows the
atypical el3a3 breakpoint measuring 160 bp. The 808 bp BCR band represents an internal control that is amplified when the sample is negative
for BCR-ABLI expression. C. RT-PCR showing a ~909 bp band obtained using BCR-10 and ABL-4 primers, amplifying the el3a3 fusion. Ctrl- and
the immortalized cell line BV-173 were used as negative and positive controls, respectively. D. Schematic representation of the el3a3 BCR-ABLI
transcript and a representative pherogram obtained by Sanger sequencing showing the BCRel3-ABLIa3 exons fusion.

BCRel3 and ABLIa3. Although imatinib often represents the
compound of choice for the first-line treatment of chronic-
phase CML (24-27), extensive data demonstrate that, in
some cases, IM may prove ineffective because of BCR-

ABL-dependent or -independent resistance mechanisms
requiring alternative therapeutic approaches (28-30).
Furthermore, multiple parameters including the size of the
BCR portion retained in the oncogenic fusion protein,
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Figure 2. Hematological, cytogenetic, and molecular responses during DAS treatment. A. The graph indicates the WBC counts from diagnosis to
the last follow-up and reports the time points in which both cytogenetic and molecular analyses were performed. B. Representative image of the
G-banded karyotype showing achievement and maintenance of CCyR at the indicated time points. Circles indicate normal chromosomes 9 and 22.
C. PCR and SN-PCR of the el3a3 BCR-ABLI transcript at the indicated time points. Ctrl+ and Ptel3a3 indicate the cDNA obtained from the
BV173 cell line and the WBCs of the patient at diagnosis, respectively. Ctrl- represents the negative control in which cDNA was missing in the PCR
reaction mix. Ctrl+: Positive control; WBCs: white blood cells; DAS: dasatinib; Ph+: Philadelphia-positive metaphases; SN: semi-nested-PCR;
BA: BCR-ABLI; HU: hydroxyurea; PCR: polymerase chain reaction; CCyR: complete cytogenetic response.

presence of hyperdiploidy, complex variant translocations as
well as intron-derived insertions/truncations in the BCR-
ABL]I kinase domain, have been associated to unfavorable
clinical outcomes and poor response to IM (1, 11, 31-35).
The a2 exon of ABLI encodes for a Src homology domain
3 (SH3) that plays a critical role both as negative regulator
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of ABLI kinase activity and as a modifier of its tertiary
structure that affects drug response (14, 22, 36). Based on
these data and on the limited indications for IM in patients
with renal insufficiency, we prescribed reduced dose DAS to
our patient and attained a slow but steady decrease in Ph+
metaphases, achieving a CCyR after one year of treatment.
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The SN-PCR method employed to monitor his BCR-ABLI
mRNA detected a persistent el3a3 transcript even after 5
years of treatment, indicating that - at this dosage - DAS did
not eradicate the leukemic clone but was able to maintain a
complete cytogenetic remission.

In summary, CML patients expressing el3a3 BCR-ABLI
fusions may be misdiagnosed because an atypical PCR
product can be erroneously interpreted as a non-specific
amplicon when the control real-time PCR is negative. In
these cases, the cytogenetic analysis is critical, as
identification of the Ph chromosome indicates the need to
investigate the presence of alternative BCR-ABLI transcripts.
Moreover, our data suggest that patients diagnosed with
chronic-phase CML expressing the el3a3 BCR-ABLI may
fail to rapidly achieve the expected treatment outcomes,
although in our case the lack of a deep molecular response
may be partially explained by the reduced dosage of the
second-generation TKI prescribed to this very elderly
patient.

Ethics Approval and Consent to Participate

The patient provided written informed consent allowing us to anony-
mously report his clinical case. The study adheres to the declaration of
Helsinki and the biological samples were collected following an
institutionally approved protocol at the Azienda Ospedaliero
Universitaria “Policlinico - Vittorio Emanuele”, Catania, Italy.

Conflicts of Interest

The Authors declare that they have no competing interests.
Author’s Contributions

MM drafted the manuscript; MM, ET and SS were responsible of
study concept, designed and performed the experiments; MM, ET,
SS, MP, AP, SRV and CR analyzed and interpreted the data; FS and
VZ made a critical revision of the paper and managed the patient;
FDR supervised the project; LM conceived the original idea and
supervised the project. All Authors have seen and approved the final
version of the manuscript.

References

1 Stagno F, Vigneri P, Del Fabro V, Stella S, Cupri A, Massimino
M, Consoli C, Tambe L, Consoli ML, Antolino A and Di
Raimondo F: Influence of complex variant chromosomal
translocations in chronic myeloid leukemia patients treated with
tyrosine kinase inhibitors. Acta Oncol 49(4): 506-508, 2010.
PMID: 20331405. DOI: 10.3109/02841861003660031

2 Tirro E, Stella S, Massimino M, Zammit V, Pennisi MS, Vitale
SR, Romano C, Di Gregorio S, Puma A, Di Raimondo F, Stagno
F and Manzella L: Colony-forming cell assay detecting the co-
expression of jak2v617f and ber-abll in the same clone: A case
report. Acta Haematol 7141(4): 261-267,2019. PMID: 30965317.
DOI: 10.1159/000496821

3 Giallongo C, Tibullo D, La Cava P, Branca A, Parrinello N,
Spina P, Stagno F, Conticello C, Chiarenza A, Vigneri P,
Palumbo GA and Di Raimondo F: Britl/mcphl expression in
chronic myeloid leukemia and its regulation of the g2/m
checkpoint. Acta Haematol 726(4): 205-210, 2011. PMID:
21934293. DOI: 10.1159/000329911

4 Preyer M, Vigneri P and Wang JY: Interplay between kinase
domain autophosphorylation and f-actin binding domain in
regulating imatinib sensitivity and nuclear import of bcr-abl.
PLoS One 6(2): €17020, 2011. PMID: 21347248. DOI: 10.1371/
journal.pone.0017020

5 Stella S, Tirro E, Conte E, Stagno F, Di Raimondo F, Manzella
L and Vigneri P: Suppression of survivin induced by a bcr-
abl/jak2/stat3 pathway sensitizes imatinib-resistant cml cells to
different cytotoxic drugs. Mol Cancer Ther /2(6): 1085-1098,
2013. PMID: 23536723. DOI: 10.1158/1535-7163.MCT-12-0550

6 Ishii Y, Nhiayi MK, Tse E, Cheng J, Massimino M, Durden DL,
Vigneri P and Wang JY: Knockout serum replacement promotes
cell survival by preventing bim from inducing mitochondrial
cytochrome c release. PLoS One 70(10): e0140585, 2015.
PMID: 26473951. DOI: 10.1371/journal.pone.0140585

7 Manzella L, Tirro E, Pennisi MS, Massimino M, Stella S,
Romano C, Vitale SR and Vigneri P: Roles of interferon
regulatory factors in chronic myeloid leukemia. Curr Cancer
Drug Targets 16(7): 594-605, 2016. PMID: 26728039.

8 Stella S, Massimino M, Tirro E, Vitale SR, Scalise L, Leotta S,
Pennisi MS, Puma A, Romano C, Stagno F, Sapienza G, Milone
G and Manzella L: B-all relapses after autologous stem cell
transplantation associated with a shift from ela2 to el4a2 ber-
abl transcripts: A case report. Anticancer Res 39(1): 431-435,
2019. PMID: 30591491. DOI: 10.21873/anticanres.13130

9 Laurent E, Talpaz M, Kantarjian H and Kurzrock R: The bcr
gene and philadelphia chromosome-positive leukemogenesis.
Cancer Res 61(6): 2343-2355,2001. PMID: 11289094.

10 Burmeister T and Reinhardt R: A multiplex pcr for improved
detection of typical and atypical ber-abl fusion transcripts. Leuk
Res 32(4): 579-585, 2008. PMID: 17928051. DOI: 10.1016/
j-leukres.2007.08.017

11 Jinawath N, Norris-Kirby A, Smith BD, Gocke CD, Batista DA,
Griffin CA and Murphy KM: A rare el4a3 (b3a3) bcr-abl fusion
transcript in chronic myeloid leukemia: Diagnostic challenges in
clinical laboratory practice. J Mol Diagn 11(4): 359-363, 2009.
PMID: 19497989. DOI: 10.2353/jmoldx.2009.090008

12 Chasseriau J, Rivet J, Bilan F, Chomel JC, Guilhot F, Bourmeyster
N and Kitzis A: Characterization of the different ber-abl transcripts
with a single multiplex rt-pcr. ] Mol Diagn 6(4): 343-347, 2004.
PMID: 15507673. DOI: 10.1016/S1525-1578(10)60530-2

13 Qin YZ, Jiang Q, Jiang H, Lai Y'Y, Shi HX, Chen WM, Yu L and
Huang XJ: Prevalence and outcomes of uncommon bcr-abll
fusion transcripts in patients with chronic myeloid leukaemia:
Data from a single centre. Br J Haematol /82(5): 693-700, 2018.
PMID: 29974949. DOI: 10.1111/bjh.15453

14 Fujisawa S, Nakamura S, Naito K, Kobayashi M and Ohnishi K:
A variant transcript, ela3, of the minor ber-abl fusion gene in
acute lymphoblastic leukemia: Case report and review of the
literature. Int J Hematol 87(2): 184-188, 2008. PMID: 18253707.
DOI: 10.1007/s12185-008-0031-5

15 Cross NCP: Detection of ber-abl in hematological malignancies
by RT-PCR. Methods Mol Med 13: 25-36, 1996. PMID:
21380694. DOI: 10.1385/0-89603-341-4:25

3953



ANTICANCER RESEARCH 39: 3949-3954 (2019)

16 Vigneri P, Stagno F, Stella S, Cupri A, Forte S, Massimino M,
Antolino A, Siragusa S, Mannina D, Impera SS, Musolino C,
Malato A, Mineo G, Tomaselli C, Murgano P, Musso M, Morabito
F, Molica S, Martino B, Manzella L, Muller MC, Hochhaus A and
Raimondo FD: High bcr-abl/gus(is) levels at diagnosis of chronic
phase cml are associated with unfavorable responses to standard-
dose imatinib. Clin Cancer Res 23(23): 7189-7198, 2017. PMID:
28928163. DOI: 10.1158/1078-0432.CCR-17-0962

17 Vella V, Puppin C, Damante G, Vigneri R, Sanfilippo M, Vigneri
P, Tell G and Frasca F: Deltanp73alpha inhibits pten expression
in thyroid cancer cells. Int J Cancer 124(11): 2539-2548, 2009.
PMID: 19173293. DOI: 10.1002/ijc.24221

18 Marcolino MS, Boersma E, Clementino NC, Macedo AV, Marx-
Neto AD, Silva MH, van Gelder T, Akkerhuis KM and Ribeiro
AL: Imatinib treatment duration is related to decreased estimated
glomerular filtration rate in chronic myeloid leukemia patients.
Ann Oncol 22(9): 2073-2079, 2011. PMID: 21310760. DOI:
10.1093/annonc/mdq715

19 Baccarani M, Deininger MW, Rosti G, Hochhaus A, Soverini S,
Apperley JF, Cervantes F, Clark RE, Cortes JE, Guilhot F, Hjorth-
Hansen H, Hughes TP, Kantarjian HM, Kim DW, Larson RA,
Lipton JH, Mahon FX, Martinelli G, Mayer J, Muller MC,
Niederwieser D, Pane F, Radich JP, Rousselot P, Saglio G, Saussele
S, Schiffer C, Silver R, Simonsson B, Steegmann JL., Goldman JM
and Hehlmann R: European leukemianet recommendations for the
management of chronic myeloid leukemia: 2013. Blood 722(6): 872-
884,2013. PMID: 23803709. DOI: 10.1182/blood-2013-05-501569

20 Branford S, Rudzki Z, Walsh S, Grigg A, Arthur C, Taylor K,
Herrmann R, Lynch KP and Hughes TP: High frequency of point
mutations clustered within the adenosine triphosphate-binding
region of ber/abl in patients with chronic myeloid leukemia or
ph-positive acute lymphoblastic leukemia who develop imatinib
(sti571) resistance. Blood 99(9): 3472-3475, 2002. PMID:
11964322.

21 Liu B, Zhang W and Ma H: Complete cytogenetic response to
nilotinib in a chronic myeloid leukemia case with a rare
el3a3(b2a3) ber-abl fusion transcript: A case report. Mol Med
Rep 73(3): 2635-2638, 2016. PMID: 26847385. DOI: 10.3892/
mmr.2016.4826

22 Snyder DS, McMahon R, Cohen SR and Slovak ML: Chronic
myeloid leukemia with an el13a3 bcer-abl fusion: Benign course
responsive to imatinib with an rt-pcr advisory. Am J Hematol
75(2): 92-95, 2004. PMID: 14755375. DOI: 10.1002/ajh.10456

23 Cai H, Yang L, Shen K, Zhang W, Xiong J, Zhang M, Mao X,
Wang Y and Xiao M: A rare el4a3 bcr/abl fusion transcript in
acute lymphoblastic leukemia patient treated with car-modified
t-cell therapy. Oncol Lett 75(2): 2491-2494, 2018. PMID:
29434963. DOI: 10.3892/01.2017.7611

24 Stagno F, Vigneri P, Cupri A, Stella S and Di Raimondo F:
Personalized strategies for cml patients considering discontinuation
of tyrosine kinase inhibitors treatment. Leuk Res 36(9): 1208-1209,
2012. PMID: 22726921. DOI: 10.1016/ j.leukres.2012.05.024

25 Stagno F, Vigneri P, Del Fabro V, Stella S, Massimino M, Berretta
S, Messina A and Di Raimondo F: Imatinib dose escalation to
achieve molecular responses in patients with chronic myeloid
leukemia in late chronic phase. Leuk Res 33(6): e17,2009. PMID:
19036439. DOI: 10.1016/j.leukres.2008. 10.015

26 Stagno F, Stella S, Spitaleri A, Pennisi MS, Di Raimondo F and
Vigneri P: Imatinib mesylate in chronic myeloid leukemia:
Frontline treatment and long-term outcomes. Expert Rev

3954

Anticancer Ther /6(3): 273-278, 2016. PMID: 26852913. DOI:
10.1586/14737140.2016.1151356

27 Hochhaus A, Larson RA, Guilhot F, Radich JP, Branford S,
Hughes TP, Baccarani M, Deininger MW, Cervantes F, Fujihara
S, Ortmann CE, Menssen HD, Kantarjian H, O’Brien SG, Druker
BJ and Investigators I: Long-term outcomes of imatinib treatment
for chronic myeloid leukemia. N Engl J Med 376(10): 917-927,
2017. PMID: 28273028. DOI: 10.1056/NEJMoal609324

28 Massimino M, Stella S, Tirro E, Romano C, Pennisi MS, Puma
A, Manzella L, Zanghi A, Stagno F, Di Raimondo F and Vigneri
P: Non abl-directed inhibitors as alternative treatment strategies
for chronic myeloid leukemia. Mol Cancer /7(1): 56, 2018.
PMID: 29455672. DOI: 10.1186/s12943-018-0805-1

29 Buffa P, Romano C, Pandini A, Massimino M, Tirro E, Di
Raimondo F, Manzella L, Fraternali F and Vigneri PG: Bcr-abl
residues interacting with ponatinib are critical to preserve the
tumorigenic potential of the oncoprotein. FASEB J 28(3): 1221-
1236, 2014. PMID: 24297701. DOI: 10.1096/£j.13-236992

30 Stagno F, Vigneri P, Del Fabro V, Stella S, Restuccia N,
Giallongo C, Massimino M, Berretta S, Pennisi MS, Tibullo D,
Tirro E, Buscarino C, Messina A and Di Raimondo F:
Concomitant and feasible treatment with dasatinib and the anti-
egfr antibody cetuximab plus radiotherapy in a cml patient with
multiple squamous neoplasias. Acta Oncol 49(7): 109-110, 2010.
PMID: 19842797. DOI: 10.3109/02841860903302913

31 Yao J, Douer D, Wang L, Arcila ME, Nafa K and Chiu A: A case
of acute myeloid leukemia with e6a2 bcr-abl fusion transcript
acquired after progressing from chronic myelomonocytic
leukemia. Leuk Res Rep 7: 7-19, 2017. PMID: 28275539. DOI:
10.1016/j.1rr.2017.01.003

32 Cayuela JM, Rousselot P, Nicolini F, Espinouse D, Ollagnier C,
Bui-Thi MH, Chabane K, Raffoux E, Callet-Bauchu E, Tigaud
I, Magaud JP and Hayette S: Identification of a rare e8a2 bcr-
abl fusion gene in three novel chronic myeloid leukemia patients
treated with imatinib. Leukemia 79(12): 2334-2336, 2005.
PMID: 16224485. DOI: 10.1038/sj.leu.2403986

33 Gui X, Zhang Y, Pan J, Qiu H, Cen J, Xue Y, Chen S, Shen H,
Yao L, Zhang J, Wu Y and Chen Y: Chronic myeloid leukemia
with el4a3 ber-abl transcript: Analysis of characteristics and
prognostic significance. Leuk Lymphoma 56(12): 3343-3347,
2015. PMID: 25962435. DOI: 10.3109/10428194.2015.1037751

34 Stagno F, Vigneri P, Del Fabro V, Stella S, Massimino M,
Berretta S, Cupri A, Consoli C, Messina L, Tirro E, Messina A
and Di Raimondo F: Successful nilotinib therapy in an imatinib-
resistant chronic myeloid leukemia patient displaying an intron-
derived insertion/truncation mutation in the bcr-abl kinase
domain. Leuk Res 33(9): e157-158, 2009. PMID: 19406471.
DOI: 10.1016/j.leukres.2009.03.040

35 Stagno F, Vigneri P, Consoli ML, Cupri A, Stella S, Tambe L,
Massimino M, Manzella L and Di Raimondo F: Hyperdiploidy
associated with a high ber-abl transcript level may identify patients
at risk of progression in chronic myeloid leukemia. Acta Haematol
127(1): 7-9, 2012. PMID: 21986290. DOI: 10.1159/00 0330607

36 Smith KM, Yacobi R and Van Etten RA: Autoinhibition of bcr-
abl through its sh3 domain. Mol Cell /2(1): 27-37, 2003. PMID:
12887890.

Received April 11, 2019
Revised May 14, 2019
Accepted May 15, 2019



