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Background: Reverse-transcription polymerase chain reaction [RT-PCR] and quantitative RT-PCR [RQ-PCR] are valuable
tools for investigating CML patients with BCR-ABL fusion gene. Several insertion and deletion mutations can also be
identified.

Objective: To determine frequencies of e14a2 and e13a2 variants and explore existence of intronic ABL mutations in Thai
CML patients.

Materials and Methods: The frequency of e14a2 and e13a2 variants was analyzed in 1,035 CML cases by RT-PCR and/or
RQ-PCR. Cloning of pCRTM4-TOPO plasmid and sequencing were performed to confirm the insertion sequences of
mutations.

Results: Collected samples of blood or bone marrow of CML patients were analyzed by RT-PCR (682 cases) and RQ-PCR
(353 cases). The prevalence of e14a2, e13a2, and both variants in BCR-ABL positive cases were 61.9% (109/176), 32.4%
(57/176), and 5.7% (10/176), respectively. Interestingly, an unexpected band larger than both e13a2 and e14a2 bands was
detected in majority of the cases, which co-expressed both e13a2 and e14a2 sequences by RT-PCR. Sequencing analysis
revealed that the 49-bp insertion was a part of ABL intron 1b. The insertion consisted of a stop codon, leading to only the
BCR part of the fusion gene translated. This particular sequence of insertion had previously been reported only in one
Japanese ALL patient.

Conclusion: The frequencies of e14a2 and e13a2 BCR-ABL variants were similar to those previously reported in Western
and Asian studies. The intron 1b insertion was frequently observed in Thai CML patients carrying both variants in this
study. However, its clinical importance should be further characterized.
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The reciprocal translocation between the long
arm of chromosome 9 and chromosome 22 t (9;22)

(q34;q11) resulting in fusion BCR/ABL gene is a
hallmark of chronic myeloid leukemia [CML](1). The BCR
breakpoint occurred between exon 13 and exon 14 or
between exon 14 and exon 15 brings about e14a2 (b3a2)
or e13a2 (b2a2) variants that can be translated into a
210 kDa (p210) fusion protein. These breakpoints were
the major breakpoint cluster region (M-bcr); whereas,
the minor break point region (m-bcr) of e1a2 variant is
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translated into a 190 kDa (p190) in acute lymphoblastic
leukemia [ALL](2). The membrane tyrosine kinase
domain of ABL can be controlled by tyrosine kinase
inhibitor [TKI] such as imatinib(3,4). In a previous study,
approximately 20% of imatinib treatment patients did
not respond to the drug(5). The kinase domain
mutations were found in 44% of imatinib resistant
patients(6). The second line kinase domain inhibitor
dasatinib and nilotinib are provided for imatinib
resistant patients(7). This mutation could appear as
a point mutation or an insertion or a deletion.
Chromosome analysis, fluorescence in situ
hybridization [FISH], and reverse-transcription
polymerase chain reaction [RT-PCR] are used for the
determination of BCR/ABL in CML patients(8). Both
Reverse-transcription polymerase chain reaction
[RT-PCR](9) and quantitative RT-PCR [RQ-PCR](10) are
sensitive tools for determining fusion gene or
monitoring gene levels during TKI treatment.

In the present study, we determined the
incidence of e14a2 and e13a2 frequencies and identified
the intronic insertion in Thai CML patients.

Materials and Methods
Patient

Bone marrow or blood samples from 682
CML patients and 353 other patients were collected
between 2009 and mid-year 2014 and were diagnosed
by RT-PCR and RQ-PCR, respectively at Cancer
Molecular Diagnostics Laboratory, Chulabhorn
Hospital, Bangkok.

White blood cell collection
Red blood cell from bone marrow or blood

samples were lysed using lysis buffer (NH
4
Cl, KHCO

3

and EDTA) within 24 hours after collection. White
blood cell was resuspended in 1 ml, TRIzol® REAGENT
(Invitrogen, USA).

RNA isolation and cDNA synthesis
Total RNA was extracted from various

dissected tissue using the TRIzol® REAGENT and then
treated with RiboReseveTM RNA storage buffer
(AMESCO, USA). The cDNA was synthesized from 1
μg of total RNA using by SuperScript® VILOTM cDNA
Synthesis Kit (Invitrogen, USA).

RT-PCR for BCR-ABL
The p210 BCR-ABL fusion gene was detected

using BART-F (5’CGGGAGCAGCA GAAGAAGTGT3’)
and BART-R (5’CGAAAAGGTTGGGGTCATTTTC3’)

primers. Beta-actin gene was amplified by using β-actin-
F (5’GTGGGGCGCCCCAGGCACCA3’) and β-actin-R
(5’GTCCTTAATGTCACGCACGATTTC3’) primers for
internal control. The thermocycle condition were 95°C
for five minutes followed by 35 cycles of 94°C for 30
seconds, 55°C for 30 seconds and 72°C for one minute.
The final extension was carried out at 72°C for five
minutes. The PCR product was detected by 2% TBE
agarose gel electrophoresis.

RQ-PCR for BCR-ABL
Quantitative Real-time PCR for BCR-ABL gene

were performed using condition of 95°C for 10 minutes
followed by 60 cycles of 95°C for 10 seconds, 55°C for
20 seconds and 72°C for 20 seconds. Express qPCR
SuperMixes® (invitrogenTM, life technology, USA) was
used together with primers and fluorescent probes for
BCR/ABL and ABL gene amplification and detection.
PCR was achieved using LightCycler® 480 Instrument
(RocheTM, USA).The percentage ratio of BCR-ABL gene
per ABL gene was calculated (BCR-ABL/ABL x100).

Statistical analysis
Mann-Whitney U test was performed for

analysis of the BCR/ABL RT-PCR results; while Kruskal
Wallis Test was used for analyzing BCR/ABL variant
results.

TA cloning and sequencing of RT-PCR product
The PCR products were removed from

agarose gel and cloned into commercial pCRTM 4-
TOPO® plasmid vector (Invitrogen®, USA). The
recombinant plasmid was transformed into Mach1TM-
T1® E. coli stain (Invitrogen®, USA). After recombinant
cell culture, the plasmid was extracted and commercially
sequenced (First BASE Laboratories SdnBhd,
Malaysia).

Sequence analysis
DNA sequences were analyzed using BLAST

programs in the GenBank database. Multiple sequence
aliments of nucleic acids were performed using. The
deduced amino acids were archived using NCBI.

The protocol of this research was reviewed
and approved by the Human research ethics committe
Chulabhorn Research Institute No. 14/2554.

Results
Clinical data of patients with and without BCR/

ABL transcript
Six hundred eight-two CML patients and 353
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unclassified patients were analyzed by RT-PCR and
RQ-PCR, respectively, between 2009 and mid-year 2014.
The data from RT-PCR showed 176 patients (49.9%)
were positive for BCR/ABL fusion gene (Table 1).
Significant difference of white blood cell count (WBC)
was found between positive and negative BCR/ABL
transcripts (138.2 vs. 81.2 x10^9/L, p<0.001), but
Hemoglobin [Hb], Hematocrit [Hct], and Platelet Count
were similar. In addition, e14a2, e13a2 and both variants
were detected in 109 (61.9%), 57 (32.4%), and 10 (5.7%)
samples, respectively (Table 2). There was no difference
of WBC, Hb, Hct, and platelet counts between the
transcript variants. Meanwhile, RQ-PCR data presented
the percentage ratio between <0.01 to 103.23, while the
reducing trend of percentage ratio in TKI treatment

patients was not different from e14a2 and e13a2 patients.
Mutation of ABL kinase domain with co-expressed
e14a2 and e13a2 variants.

We found nine patients with both e13a2 and
e14a2 variants. e14a2 and e13a2 was separately found
in one patient and two patients, respectively, at first
diagnosis. Interestingly, for RT-PCR, all samples with
co-expression of both e13a2 and e14a2 appeared to
have an unexpected band larger than both variants
(Figure 1). After sequencing this PCR product, the
insertion was found between BCR exon 14 (e14) and
ABL exon 2 (a2) in BCR/ABL fusion transcript (Figure
2). This 49-bp insertion was a part of ABL intron 1b.
The insertion consisted of stop codon; therefore, it
could be translated only the BCR part of the fusion

Variables                         BCR/ABL p-value

Positive Negative

No. of patients 176 177
WBC (x109/ L) 138.2+170.7* 81.2+540.7* <0.001

69.5 (1.9 to 997.0)+ 21.5 (0.6 to 7,130)+

Hb (g/dl) 10.2+6.4* 11.0+5.0* 0.043
9.8 (1.8 to 3,233)+ 10.1 (4.8 to 60.4)+

Platelet (x109/ L) 564.6+492.7* 509.6+493.3* 0.038
451.0 (1.8 to 3,233)+ 311 (1.7 to 2,364)+

Hct (%) 29.6+7.5* 33.2+10.1* 0.005
30 (9.1 to 56)+ 31.8 (14.9 to 65)+

Mann-Whitney U test
* Mean + SD; + Median + SD

Table 1. Clinical parameters of patients with positive and negative BCR/ABL fusion gene

Variables BCR/ABL (positive) p-value

e13a2 e14a2 e13a2 and e14a2

No. of patients 57 109 10
WBC (x109/ L) 146.3+205.9* 137.5+155.8* 99.8+92.7* 0.913

38.2 (3.1 to 997)+ 73.3 (2.1 to 808)+ 62.6 (1.9 to 227)+

Hb (g/dl) 11.7+10.8* 9.5+2.4* 9.6+2.1* 0.182
10.2 (4.5 to 86)+ 9.6 (2.8 to 16.0)+ 10.2 (6.4 to 13.3)+

Platelet (x109/ L) 458.2+465.8* 633.6+513* 417.1+208.6* 0.150
303 (1.8 to 2,342)+ 572 (2 to 3,233)+ 451 (141 to 744)+

Hct (%) 30.5+7.8* 29.1+7.4* 30.7+8.2* 0.538
30.5 (13.9 to 46.5)+ 29.5 (9.1 to 56)+ 30.6 (18 to 45.9)+

Kruskal Wallis test
* Mean + SD; + Median + SD

Table 2. Clinical parameters of patients carrying each variant
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protein. Since this translated protein showed no
tyrosine kinase activity, it may not be considered as an
oncoprotein.

Discussion
The qualitative RT-PCR is the technique for

determining BCR/ABL gene that has been used
together with chromosome analysis or FISH in CML
patient(11,12). This report showed that 49.9% of BCR/
ABL fusion gene was detected in CML patient at this

laboratory. The frequency of e14a2 and e13a2 were
found to be 61.9% and 32.4%, respectively. This result
is also similar to the Asian and Thai CML patient’s
data(13-15). Moreover, we found 5.7% of co-expression
e13a2 and e14a2 variant. In the case of RT-PCR with
co-expression, we identified a 49-bp insertion from ABL
intron b1 in e14a2 BCR/ABL fusion gene. Despite not
being the first report due to a previous report on this
sequence of insertion in ALL patients(16). The BCR/
ABL with insertion in this patient did not appeared on

Figure 1 Ethidium-bromide-strained 2% agarose gel electrophoresis presenting the band of BCR-ABL fusion gene by
RT-PCR; lane S1 to S5, co-expression of e13a2 and e14a2 variant with intronic insertion BCR/ABL band.

Figure 2 Diagram show BCR-ABL variant, insertion sequence and deduced amino acid; Blue box, intronic 1b insertion
between exon14 of BCR and exon2 of ABL fusion gene; italic in box, the amino acid sequence encoded;
underneath box show intronic 1b nucleotide sequence.
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the first diagnosis, it only appeared as e1a2 variant.
This fusion gene with intronic insertion occurred
after patient treatment for 8 months. Our report is;
nonetheless, the first time in CML patients with co-
expression of e14a2 and e13a2 BCR/ABL transcripts.
After analyzing the deduced amino acid from this insert
variant, the protein expression may not affect TKI
treatment in patients since this protein does not present
any tyrosine kinase domain. In case of quantitative
RT-PCR detected by Real-time PCR, it may show higher
BCR/ABL value than actual because BCR/ABL with
insertion was also amplified. Moreover, there have been
several reports shown the intronic insertion in CML
patients. Some insertions are between exon18 in BCR
and exon2 in ABL, exon3 in BCR and exon2 in ABL,
exon14 in BCR and exon 2 in ABL exon8 in BCR and
exon 2 in ABL (Table 3). Some insertions cause in-frame
insertion or frame shift insertion. All these BCR/ABL
with insertion were not apparently co-expressed and
these can cause hematologic malignancies(16-20).

This study showed that the three CML TKI
resistant patients have the intronic insertion different
from other reports. These patients were found to have
insertion of intron 8 with in exon 8 of the ABL of fusion
gene. This report presents that some intronic insertion
may lead to TKI resistance if the insertion is in the
tyrosine kinase domain(21). Although the intronic
insertion from this report do not represent any tyrosine
kinase domains, clinical results in this group of patients
should be further studied.

Conclusion
In conclusion, the frequency of e14a2 and

e13a2 BCR-ABL variants was similar to that of
the previously reported Western and Asian studies.
The intron 1b insertion was frequently observed in
Thai CML patients carrying both variants in this
study. Its clinical importance needs to be further
characterized.

What is already known on this topic?
RT-PCR and RQ-PCR are used for BCR/ABL

gene detection. BCR/ABL was found approximately
50% in CML patient. The e14a2 variant had a higher
frequency than the e13a2 variant.

What this study adds?
The intron 1b insertion was found frequently

with e14a2 and e13a2 variant in Thai CML patient. This
BCR/ABL with insertion may not express tyrosine
kinase activity due to a stop codon in the insert
sequence.
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