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Abstract
The tyrosine kinase inhibitor (TKI) therapy has a high response rate in chronic myeloid leukemia (CML).
However majority of patients relapse due to high mutation susceptibility of tyrosine kinase domain (TKD)
of BCR/ABL fusion gene. We report a case of CML which was diagnosed and monitored for 10 years as
per the ELN guidelines. Mutational analysis using Sanger sequencing (SS) and Next generation
sequencing (NGS) and In-silico study was performed. The present case describes the acquisition pattern
of TKD mutation against the TKIs (Imatinib, Dasatinib and Nilotinib) at different time points. Interestingly,
NGS identi�ed a dormant mutant clone with p.G250E mutation in 2019 which was �rst detected by SS in
2011 along with one novel mutation p. Ala287Thr, which likely explain the dormant nature of these
mutant clones. Bioinformatics analysis (Modelling and docking) of novel variant revealed that mutation
detected through deep sequencing technique reducing the IM e�cacy by increasing inhibition constant
and suggests higher concentration of IM to overcome such mutations. The study highlights the
importance of NGS in CML, as it can detects clinically relevant low level mutant clones in CML patients.

Introduction
The mutant clone and their allele burden are proved to be an important prognostic indicator in
haematological disorder. However knowledge about the dormant mutant clone and its association with
tyrosine kinase inhibitors (TKIs) resistance in chronic myeloid leukemia (CML) is limited and only few
studies are reported in the literature [1, 2]. The low level dormant clone can only be detected by high
sensitivity technique such as NGS [3, 4]. Recent studies have reported interesting data on CML and
suggested that the high sensitivity techniques like NGS can help in detection of mutant clones which can
be low in numbers but can undergo selective expansion if the TKI is not changed or an inappropriate TKI
or TKI dose is chosen [1, 5, 6]. Here, we report a case of CML-CP who acquired mutations in sequential
manner and progressed to accelerated phase and blast crisis due to presence of low level of mutant
clone(s) (without additional chromosome abnormalities) during the TKI therapy.

Case Presentation
A female in late adolescent age referred to haematology clinic at KEM hospital, Mumbai, India with the
complaints of easy fatigability and abdomen pain. On clinical examination, complete haemogram
showed haemoglobin level of 12.3g/dl, WBC count of 314X103/µl and platelets were in normal range.
Ultrasonography showed mild splenomegaly. Complete haemogram suggestive of CML-chronic phase
(CP) later it was con�rmed by bone marrow analysis. Cytogenetic study using GTG-banding revealed
46,XX,t(9;22)(q34;q22.1) and �uorescence in- situ hybridisation (FISH) using dual colour dual fusion
BCR/ABL probe (Vysis) showed double BCR/ABL fusion (3G3RDF) pattern in 91% of analysed cells.
Further, molecular analysis using reverse transcription based pcr (RT-PCR) revealed presence of b3a2
transcript (p210). The Sokal score was calculated and the standard dose (400 mg) of Imatinib
(Gleevec®) was started as a �rst line therapy [7]. The patient was monitored according to European
leukemia net (ELN) guidelines [8]. She achieved complete haematological, cytogenetic and major
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molecular response at 3, 12 and 18 months respectively. However the patient lost the major molecular
response (MMR) at 36 months of IM treatment. Further the dose of IM was increased up to 600 mg and
then 800 mg on subsequent follow-up, still she did not achieved MMR (Transcript level in international
scale BCR/ABL 1 IS% >0.1%) and considered as non- responder. The TKD mutation analysis was
performed using SS and revealed presence of p.G250E mutation. As per the standard treatment
guidelines the patient was shifted to Dasatinib (140mg/day) and the response was monitored according
ELN guidelines. After 18 months, patient failed to achieve MMR and was detected with p.F359I (mosaic)
mutation using SS. Further the patient was shifted to Nilotinib at standard doses and the response was
monitored. However during the subsequent follow-up patient lost the response and progressed to CML-
AP and mutational analysis using direct sequencing showed p.T315I mutation in mosaic condition. The
patient was counselled for bone marrow transplantation; however patient was not given the consent for
the transplantation. As p.T315I mutation is reported to be resistant for �rst and second generation TKI,
the TKI therapy was stopped and Interferon alpha 100mg/week (with SOS Hydroxyurea 500mg) was
prescribed [9]. But the patient’s condition continued to be deteriorated and she progressed to CML-BC.
Further the blood sample was collected and subjected to deep sequencing (NGS). Interestingly, we have
identi�ed the p- loop mutation p.G250E by NGS which was �rst detected by SS in 2011. In addition to p-
loop mutation (p.G250E) we have identi�ed one novel variation p.Ala287Thr in the tyrosine kinase
domain. All the mutations detected in our case are presented in �gure 1 according to their order of
detection.

Further we have carried out bioinformatics analysis of these mutations (G250E and p.Ala287Thr) to
identify the best TKI with better binding a�nity after these mutations. The potential template of ABL1
protein was searched from BLAST-PDB (query coverage of 43% and an identity of 99.18%) and
considering this as a template, the wild and the mutants models (mutant 1-Glu250, mutant 2-Tyr287and
mutant 3 (combination of both mutant1 and 2) were generated [10]. The selected models were
considered for docking studies [11–14]. The ABL1-wildtype when docked with Imatinib showed a binding
energy of -7.24 kcal/mol with a least inhibitory constant. Although mutant 1, 2 and 3 showed better
binding energy, still there was an upsurge in inhibitory constant value. With respect to Dasatinib, they bind
with wild ABL1 with a binding a�nity of -6.32 and an inhibitory constant value of 23.25 (nM). Most
importantly, there were no hydrogen bond formation observed with mutant1, mutant2 and mutant3.
Similar case was observed for drug Nilotinib with wild and the mutant ABL1 proteins (Table 1). Mostly
Imatinib preferred to interact with charged and polar amino acids which were quite evident from the
docking studies (Fig. 2A-D). The molecular modelling and docking studies revealed that mutation
detected through deep sequencing technique reducing the IM e�cacy by increasing inhibition constant
and suggests higher concentration of IM to overcome such mutations. Further docking analysis of 2GTKI
showed better binding a�nity and reduce inhibition constant in mutant clone. However, due to lack of
hydrogen bond formation the binding a�nity has no value in these proteins.
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Table 1
Wild and the mutant proteins with their binding energy, inhibitory constant values and number of

hydrogen bonds.
Protein-drug complex Binding energy (kcal/mol) Inhibitory constant(nM) Hydrogen bonds

ABL1wild-Imatinib -7.24 4.93 3

ABL1mut1- Imatinib -9.09 215.78 3

ABL1mut2- Imatinib -8.99 259.02 1

ABL1mut3- Imatinib -9.39 131.06 2

ABL1wild-Dasatinib -6.32 23.25 1

ABL1mut1-Dasatinib -5.72 64.58 No hydrogen bonds

ABL1mut2-Dasatinib -7.63 2.57 No hydrogen bonds

ABL1mut3-Dasatinib -6.58 15.12 No hydrogen bonds

ABL1wild-Nilotinib -6.97 7.76 No hydrogen bonds

ABL1mut1-Nilotinib -7.07 6.61 No hydrogen bonds

ABL1mut2-Nilotinib -6.59 14.83 No hydrogen bonds

ABL1mut3-Nilotinib -7.06 6.69 No hydrogen bonds

Material And Methods
RNA extraction and cDNA conversion

Total RNA was extracted from the peripheral blood samples and was reverse transcribed to cDNA using
commercial available cDNA synthesis kit (Qiagen mini blood RNA extraction kit; Cat. No. 52304 and Verso
cDNA synthesis kit; Cat. No. AB1453/A). The RNA extraction and cDNA preparation was performed
according to the manufacturer’s instructions.

PCR ampli�cation of BCR/ABL gene, Direct (Sanger) and Next generation sequencing

Semi nested pcr was performed to amplify kinase domain of BCR/ABL fusion gene. Direct sequencing
was performed on ampli�ed product using Big Dye Terminator chemistry (Applied biosystem, USA) in ABI
3130 automated DNA analyser [9]. For Next generation sequencing sample was out sourced and it was
performed by Medgenome India Pvt. Ltd.

Homology modelling

The potential template for human ABL1 protein sequence was identi�ed using BLAST-PDB search [10].
Models were generated using commands like align2d.py and model-single.py wherein the former aligns
the ABL1 protein sequence with the template structure and the latter helps in modelling the 3D structures
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based on the query-template combo alignment. Of the ten generated models, the structure with least
Discrete Optimized Protein Energy (DOPE) was selected and considered for energy minimization using
GROMACS [11]. The ligand Imatinib was obtained from Protein Data Bank with a PDB id of 6HD4 and
were separated from the protein using Swisspdbviewer[12,13]. Modelled structure was validated using
ProSA-Web and Procheck-Ramachandran plot and later considered for docking studies [14]. Two
mutations at position 250 and 287 (residues got renumbered after modelling) were introduced within the
wild type protein to generate three mutants. After mutations, they were termed as mut1 (Gly250Glu), mut2
(Ala287Tyr) and mut3 (gly250glu and Ala287Tyr). All three mutants were energy minimized using
GROMACS.

Protein-ligand Docking

Kollman charges were added to the modelled wild and mutant ABL1 protein and saved as .pdbqt �le
which were considered for docking with drugs like Imatinib, Dasatinib and Nilotinib. The prepared
proteins and the ligand structures were considered for docking for which the grid box need to be
generated. For the same, the active sites were much required which was obtained from the 3D structures
available from Protein Data Bank. As per the PDB ids: 6HD4 and 6HD6 amino acids like Asp355, Glu260,
Ile334, Thr289, Met 292, His335 (residues renumbered based on the modelled structures) interacts with
imatinib drug molecule. Based on the drug binding site, the grid size was set to 82x 96x56 xyz points with
grid spacing of 0.364 Å and grid center was designated at dimensions (x, y, and z): 5.367, 9.173 and
12.966.

Discussion
Early identi�cation of mutation (s) helps in deciding effective treatment in CML. However detection of low
level clone is challenging as it can be missed out by low sensitivity technique and expand in absence of
appropriate TKI therapy in CML patients. If, any reason TKI treatment is discontinued or delayed, the low
level mutant clones undergoes in selective expansion and contributes in disease progression [1]. We
hypothesized that in our case the dormant clone (p.G250E) which was picked up with NGS, started
expansion in selective manner and contributed in disease progression in the absence of TKI therapy.
However the mechanism of speci�c mutant expansion and time for the disease progression is not clear.
Recent study also showed importance of NGS in identifying dormant clone which supports our �ndings
[4]. Many clinical trials based on the combinational therapy (TKI and non- TKI drug) are going on to
overcome the disadvantages of TKI monotherapy [15–17]. Recent studies also highlighted the
importance of NGS and combinational TKI therapy in such patients [6, 18]. Further our study highlighted
that the disease progression in CML patients becomes faster after mutation but may show residual
sensitivity to existing therapy due to presence of low level of mutant clones. This �nding in agreement
with an in vitro study conducted by Robert C. Bauer and his colleagues that shows sequential acquisition
of BCR/ABL drug resistance mutations in CML might be underestimated and suggests close monitoring
for the same [2].
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Further molecular modelling and docking studies revealed that mutation detected through deep
sequencing technique reducing the IM e�cacy by increasing inhibition constant and suggests higher
concentration of IM to overcome such mutations (Fig. 2A-D). The docking analysis of 2GTKI showed
better binding a�nity and reduce inhibition constant in mutant clone (Table 1). However, due to lack of
hydrogen bond formation, the binding a�nity has no value in these proteins. Hence based on the
affordability of the patient, treatment with Bosutinib (2GTKI) or Ponatinib (3GTKI) may help in further
management of such patients.

In conclusion the detection of clinically relevant low level mutant clones is challenging as it can expand
in absence of TKI therapy in CML patients. Though the mechanism of speci�c mutant expansion and
time is not clear. The NGS-in-CML is important to identify IM resistance dormant clone for proper
management of the disease.
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Figures

Figure 1

Chromatogram showing acquired mutations in their order of appearance with respective TKI (Top to
bottom) (left) and mutations detected by next generation sequencing (right).
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Figure 2

Molecular modelling of Wild type and mutant protein and their docking with TKIs  a Interaction of ABL1-
wildtype with Imatinib b Interaction of ABL1-mutant1 with Imatinib c Interaction of ABL1-mutant 2 with
Imatinib d Interaction of ABL1-mutant3 with Imatinib 


