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ABSTRACT

Introduction and aim. The occurrence of BCR-ABLI1 fusion transcript in acute-leukemia cases are limited
and is characterized with various subtypes. This study was based on investigation of the BCR-ABLI fusion
transcript in acute-leukemia cases in a tertiary care hospital.

Material and methods. This cross-sectional study was carried out in suspected cases of acute leukemia.
Cases were analyzed for complete blood counts, peripheral smear, bone marrow and flow-cytometry for
the diagnosis of acute-leukemia. Additionally, diagnosed cases were investigated for BCR-ABL1 fusion
transcript by PCR amplification using reverse transcriptase enzyme followed by documentation.

Results. Approximately 55 acute leukemia cases included, diagnosed by flow cytometric analysis. Analysis
of the BCR-ABLI1 fusion-transcript in 55 cases showed its occurrence in only 2 cases, where one case with
the B-ALL was characterized with ela2 subtype and a other case with AML was characterized with the
el3a2 subtype.

Conclusion. The BCR-ABLI1 fusion transcript in acute-leukemia cases was found in 3.64% (2/55) of cases.
The diagnosis of BCR-ABLI1 fusion transcript in acute-leukemia cases is important for its poor prognosis,

as well as calls for the use of ABL tyrosine kinase inhibitors. The diagnosis of BCR-ABL1 fusion-transcript
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in acute leukemia cases in a tertiary health care facility will be helpful for better treatment of patients in the
study area.
Keywords. acute leukemia, acute lymphoblastic leukemia, acute myeloid leukemia, BCR-ABL1fusion

transcript, polymerase chain reaction

Introduction

According to the Global Cancer Project (GLOBOCAN, 2022) report, leukemia ranks 13" as the most
diagnosed cancer and 10™ most common cause of cancer death globally, accounting for 487,294 new cases
and 305,405 cancer deaths.]1 According to the fourth edition of the WHO classification of tumors of
hematopoietic and lymphoid tissues, leukemia can be broadly classified into myeloid or lymphoid lineages.>
In India, the incidence of chronic myeloid leukemia (CML) was 0.8-2.2 among 100,000 males and 0.6-1.6
in 100,000 female subjects respectively; while acute leukemia (AL) including acute lymphoblastic leukemia
(ALL) and acute myeloid leukemia (AML) are 35% and 15% respectively.**

There are several subtypes of leukemia based on its gene alteration and prognosis, including BCR-ABL1
fusion transcript. The BCR-ABL1 transcript is generated by balanced reciprocal translocation between
chromosomes 9 and 22 to generate a short chromosome called the Philadelphia (Ph) chromosome
{t(9;22)(q34.1;q11.2)}. The breakpoint cluster region (Bcr), composed of 23 exons and breakpoint 9 is
present between la,1b and a2, whereas the breakpoint location on the BCR gene occurs between b1-b5
exons, el-e2 and el19-e20, called major breakpoint cluster region (M-bcr) with molecular weight p210
(el3a2or el4a2), minor (m-ber) with molecular weight p190 (ela2) and micro (p-ber) p230 (el9a2)
respectively. Furthermore, atypical BCR breakpoints outside the cluster regions generated by gene
alteration to generate proteins such as e8a2, e15a2, el3a3, el4a3, and e6a2, where clinical significance was
being investigated for the same.>®

Although Ph chromosomes have been used as diagnostic markers in CML cases, there occurrence in AL
cases is rare and limited to case series only. According to the WHO classification 2016, AML with BCR-
ABL1 is rare and termed as subtype 2 contributing to approximately less than 1% of new cases of AML."
There are many reports on the presence of BCR-ABL1 fusion transcripts in ALL cases in India,10-14, while
there is a paucity of report on AML, so this study was designed to determine the frequency of BCR-ABLI1

fusion transcripts in cases diagnosed with AL in a tertiary health care setup in the state of Odisha, India.

Aim
This study was carried out to analyze the BCR-ABL1 fusion transcripts in cases of AL diagnosed in a

tertiary health care setting in the state of Odisha, India.



Material and methods

This was a cross-sectional study carried out in cases suspected with AL, attending the outpatient
Department of Medicine and the Department of Pediatrics in KCG. Medical College and Hospital,
Berhampur, Odisha, from April 2022 to March 2024. After obtaining the proper consent of the patients (in
the case of minors, consent has been obtained from either parents or guardians), 3 ml of venous blood or
bone marrow samples were collected from the subjects in EDTA vials for various investigations including
examination of peripheral smear (PS)/bone marrow (BM), complete blood counts (CBC), flow cytometer
analysis and BCR-ABLI fusion transcript. The complete blood count was performed using a 5-part
differential analyzer (XN-550, Sysmex Europe SE, Hamburg, Germany). The flow cytometer analysis for
the diagnosis of AL was performed using 6 colors BD FACS Canto™-II flow cytometer (BD Biosciences,
2350 Qume Drive, San Jose, CA, USA) using BD FACSDiva™ Software v8.0.2 with a predefined panel
of antibodies (BD Lifesciences) within 24 hours after sample collection (supplementary Tablel).

AL cases of all age groups and both genders were recruited. Taking into account the occurrence of the
BCR-ABLI fusion transcript in AL cases of around 7%,'” population size of 100 (50 AL cases per year in
the study center) with 95% confidence level and absolute error of 5%, the minimum number of samples
required for the study (sample size) was 51 (sample size was calculated using OpenEpi, open source
calculator, SSPropor, Version 3). Along with the AL cases, some known CML cases attending this hospital
during the study period were included for standardization of the molecular investigation of BCR-ABLI
fusion transcript. This study was approved by the Institutional Ethics Committee (IEC) of M.K.C.G Medical
College, Berhampur, Odisha, India. (No. 1381/Chairman-IEC, MKCG Medical College, Brahmapur-4).
All confirmed cases of AL were subjected for analysis of BCR-ABLI1 fusion transcript. Briefly, RNA was
isolated from fresh blood samples using an RNA isolation kit (HiPureA Blood RNA Purification Kit,
HiMedia Laboratories Pvt. Ltd.) according to the manufacturer’s instructions and cDNA was prepared using
the SuperScript TM VILOTM cDNA synthesizer kit (Invitrogen by Thermo Fisher Scientific Inc.) by taking
4 uL of 5X VILO™ Reaction Mix, 2uL 10X Superscript TM enzyme mix, 2.5 pg of isolated RNA and
DEPC treated water to make up the volume to20 puL. The incubation period for the preparation of the cDNA
was at 25°C for 10 minutes, 42°C for 60 minutes, 85°C for 5 minutes followed by 4°C.

The BCR-ABLI fusion transcript was analyzed by PCR using the primers described by Aazad et al. for the
regions ela2, el13a2, and el4a2.'° In detail, a single PCR reaction included 20ng of the cDNA, 25 mM
MgCly, 10 mM of dNTP mix, primer of 10 picomoles each and 5 units of Taq DNA polymerase with a final
volume of 25pL. The reaction condition for the amplification was carried out with denaturation at 94°C for
35 seconds, annealing at 61°C for 30 seconds, and extension at 72°C for 30 seconds for 30 cycles followed
by electrophoresis and documentation. The primers and amplicon size of various BCR-ABL1 fusion
transcripts are depicted in Table 1. Amplified products were resolved in 2% agarose gel with a 100-bp DNA

ladder as a marker (Figure 1).



Data collection and statistical analysis

All patient information, including socio-demographic and laboratory data, was collected in a case format.
The generated data were entered in an excel sheet for further analysis. Descriptive data was presented in
numbers and percentages. The recruited cases were categorized into different groups according to the types
of leukemia (CML, B-ALL, T-ALL and AML) and types of BCR-ABL1 fusion transcripts (normal, ela2,
el3a2 (b2a2) and el14a2 (b3a2).

Results

The study was carried out in 69 cases of leukemia, including 55 suspected cases of AL and 14 cases of
CML. The 55 suspected cases were confirmed to be AL by flow cytometry analysis, including 30 (54.5%)
males and 25 (45.5%) female cases. The mean age of the patients was 26.82+18.94 years (age range of 1
year to 65 years) and 27 (49.1%) being in pediatric population. The age and gender distribution of patients
is depicted in Figure 2.

The flow cytometer analysis of 55 AL cases resulted in 25 ALL cases (14 cases with B-ALL and 11 cases
with T-ALL) and the remaining 30 cases were diagnosed with AML. The molecular analysis of the the
subtypes of BCR-ABLI1 fusion transcript in both CML and AL patients showed the presence of the BCR-
ABLI1 fusion transcript in all CML cases and only 2 (3.64%) cases of AL (1 case each with AML and B-
ALL). The AML case had a BCR-ABLI1 fusion transcript with the el13a2 subtype while the B-ALL case
had a BCR-ABLI fusion transcript with the ela2 subtype. The detailed analysis of the BCR-ABL1 fusion
transcript subtypes in the study cases is depicted in Table 2.

The hematological presentation of both cases, AML with BCR-ABL1 fusion transcript with the el3a2
subtype (case 1) and B-ALL with BCR-ABL1 fusion transcript with ela2 subtype (case 2), are described

in details.



S8 S8 510 S11 512

Fig. 1. Agarose gel electrophoresis (2%) for the BCR-ABLI1 fusion transcript (Lane S2, S3, S6, S8, S10,
S11 and S12 with 808 bp: Normal; Lane S1 with 481 bp: ela2; Lane S4 and S7 with 310 bp: el13a2; Lane
S5 and S9 with 385 bp: el4a2; L: 100bp DNA ladder)
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Fig. 2. Age and sex distribution of patients with AL (n=55)
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Fig. 3. Flow cytometric analysis of AML case with BCR-ABL1 fusion transcript
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Fig. 4. Flow cytometric analysis of ALL case with BCR-ABL1 fusion transcript



Case 1. AML case with BCR-ABLI1 fusion transcript (el3a2)

An 11-year-old boy was admitted with fever, weakness, and a history of weight loss for 15 days without a
relevant medical history. Physical examination revealed pallor and the absence of hepatomegaly as well as
splenomegaly. Furthermore, biochemical examination it was observed, ESR of 170 mm in 1st hour and
CBC bicytopenia (hemoglobin level of 4.7 g/dL, white blood cell count of 10.43x10°/L and platelet count
of 27x10°/L). The peripheral smear showed blast cells and bone marrow aspiration revealed hypercellular
marrow with 40% blast. The blast cells were medium to large in size having round to oval nuclei and some
had irregular nuclear borders with fine chromatin, some blast cells showed 1-2 inconspicuous nucleoli and
scanty granular basophilic cytoplasm. The cytochemistry of the blast cells showed positivity for the MPO
stain and negative for the PAS stain. Thus, PS, bone-marrow study and cytochemistry, the case was
diagnosed as AML. Therefore, the sub-classification of leukemia subclassification was performed by
flowcytometry and the blast cells were positive for CD19, CD38, CD34, CD33, CD117, HLA-DR, CD4,
CD7 and MPO; and negative for CD10, CD20, CD79a, smCD3, cyCD3, CDS5, CD8, CD13 and CD64.
Therefore, the final diagnosis based on flow cytometry was compatible with AML with differentiation and
aberrant expression of CD4, CD7 and CD19 (Figure 3). The bone marrow was not done and subsequently
the molecular analysis of BCR-ABLI fusion transcript revealed the presence of Major subtype (M-bcr)
BCR-ABLI1 fusion transcript.

Case 2. B-ALL case with BCR-ABLI fusion transcript (ela2)

A 19-year-old male patient complained of fever and weakness without any relevant history since 45 days.
On physical examination, it was revealed pallor and absence of hepatomegaly and splenomegaly were
revealed. Additionally, CBC showed bicytopenia (hemoglobin level of 5.5g/dL, white blood cell count of
8.97x 10°/L, and platelet count of 14x10°/L) and bone marrow aspiration revealed hypercellular marrow
with variable-size leukemic blast of 45%. The blasts were small to medium in size, had round to oval nuclei
with coarse chromatin, and had little granular basophilic cytoplasm. The cytochemistry of the blasts is
blocked positive (course positive) with PAS stain and negative for MPO stain. Therefore, the diagnosis
based on morphology was a case of ALL. The flow-cytometric analysis showed, that the blasts population
was positive for CD79a, CD34, CD38, CD10, CD19, CD4, CD13, and HLA-DR, and negative for CD20,
CD5, CD7, CD8, smCD3, cyCD3, CD33, CD64, CD117, MPO, CD14, and CDllc. Therefore, the
diagnosis based on flow cytometry was B-ALL with aberrant expression of CD13 and CD4 (Figure 4). The
bone marrow cytogenetic study was not analyzed. Analysis of the BCR-ABL1 fusion transcript revealed

the presence of a minor subtype (m-bcr) ela2 (p190) BCR- ABL1 fusion transcript.



Table 1. List of primers used for BCR-ABLI1 fusion transcript analysis

Amplicon size

Transcript Primers Primer sequences (5'------- 3"
(base pairs)
Normal ACAGAATTCCGCTGACCATCAATAAG
B2B+C5e 808
BCR ATAGGATCCTTTGCAACCGGGTCTGAA
ACCGCATGTTCCGGGACAAAAG
ela2 BCR-C+CA3 481
TGTTGACTGGCGTGATGTAGTTGCTTGG
el3a2 ACAGAATTCCGCTGACCATCAATAAG
B2B+CA3 310
(b2a2) TGTTGACTGGCGTGATGTAGTTGCTTGG
el4a2 ACAGAATTCCGCTGACCATCAATAAG
B2B+CA3 385
(b3a2) TGTTGACTGGCGTGATGTAGTTGCTTGG

Table 2. BCR-ABLI fusion transcript in different cases of leukemia (n=69) *

Type of leukemia Subtypes of the BCR-ABL1 fusion transcript subtypes
el3a2 el4a2 ela2
CML (n=14) 5 8 1
AML (n=30) 1 0 0
B-ALL (n=14) 0 0 1
T-ALL (n=11) 0 0 0

* chronic myeloid leukemia — CML, acute myeloid leukemia — AML, B-ALL — B-acute lymphoblastic
leukemia, T-ALL — T-acute lymphoblastic leukemia

Discussion

During the study period, a total of 55 patients diagnosed with AL by flow cytometry were included along
with 14 patients with CML for the molecular characterization of the BCR-ABLI1 fusion transcript. Although
the main objective of this study was to observe the presence of the BCR-ABLI1 fusion transcript only in
cases only, the CML cases were included for standardization of molecular analysis of BCR-ABLI1 fusion
transcript in the study center. Of 55 cases with AL, 30 (54.5%), 14 (25.5%) and 11 (20.0%) cases were
diagnosed with AML, B-ALL and T-ALL respectively.

Among the 14 cases with CML, the BCR-ABLI fusion transcript has been characterized in all cases. Most
(8 cases) of cases were diagnosed as e14a2, followed by 5 cases with e13a2 type and one single case with
ela2 type. All CML cases analyzed in the present study were characterized by a typical type of BCR-ABLI
fusion transcript, which is consistence with many previous reports. Along with the typical types, many

atypical types like e13a3 and e14a3 have also been reported from many previous studies.'’?



The BCR-ABL1 fusion transcript was found to be positive in only 2 cases of 55 cases of AL. One case with
AML (out of 30 cases) was of type el3a2 type and another case with B-ALL (out of 14 cases) presented
with ela2 type. Although the BCR-ABLI fusion transcript is the hallmark for CML, cases with ALL or
AML have also been reported with the BCR-ABL1 fusion transcript. It has also been reported that around
2-3% of children and around 20-30% of adults diagnosed with ALL may present with this translocation.?
The presence of AML de novo with BCR-ABLI fusion transcript is rare with an incidence rate of 0.5-
3%.%2%% Both cases of AML and B-ALL cases with BCR-ABLI1 fusion transcript in this present study
presented with a typical type of translocation; while the occurrence of many atypical types has also been
reported in many studies. '

Both the cases with the AML and B-ALL with BCR-ABLI1 fusion transcript in this study showed aberrant
expression of various CD markers. The AML case with the BCR-ABL1 fusion transcript had aberrant
expression of CD4, CD7, and CD19 whereas the B-ALL case with translocation had aberrant expression of
CD4 and CD13. There is no consistency in the expression of various CD markers in both AML and ALL
with respect to the BCR-ABLI fusion transcript. However, most studies have reported with aberrant
expression of CD7 in cases of AML cases with BCR-ABLI1 fusion transcript,”***" and CD13 in ALL cases
with the BCR-ABLI fusion transcript.**>° Aberrant expression of CD markers in AL cases with BCR-ABL1
fusion transcript does not have any clinically significant influence on treatment outcome; but there is a
recommendation for the analysis of other genetic associations for better clinical outcomes.*’

The diagnosis of the BCR-ABLI fusion transcript in AL is important due to its poor prognosis under
conventional therapy in patients with AL, which in turn identified them as high-risk groups. Furthermore,
these patients may have a better prognosis in treatment regimens with ABL tyrosine kinase inhibitors such
as imatinib or dasatinib.****Acute leukemia with BCR-ABLI fusion transcript has been included in the
updated WHO (2016) as a provisional entity.** AML with the BCR-ABLI1 fusion transcript is stratified and
allocated as an intermediate risk group according to the European LeukemiaNet risk stratification and a
poor risk group according to the National Comprehensive Cancer Network.?’*® Thus, it is a need for
molecular characterization of the BCR-ABLI1 fusion transcript in all newly diagnosed cases with AL for
better treatment and survival of the patients.

There are few limitations in this study. First, in this study only 3 typical types of BCR-ABLI fusion
transcript have been considered for the analysis by using conventional PCR methods; the occurrence of
other rare or atypical types of BCR-ABLI fusion transcript in our study population cannot be ignored as
we have not analyzed in this study. Second, as a diagnostic center, there is a paucity of information on
clinical outcomes as well as treatment regimens, or the follow-up data of the patients.

In conclusion, this is a pilot study carried out to initiate the BCR-ABL1 fusion transcript in flow cytometric
confirmed cases with AL in a tertiary health care center in southern Odisha, India. With a low prevalence

(2 out of 55 cases) of BCR-ABL1 fusion transcript in overall AL cases in the study population, warn against



the analysis of other rare translocation types for better treatment, risk stratification and clinical outcomes

of patients.
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