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ABSTRACT \

Chronic myeloid leukemia is a myeloproliferative neoplasm characterized
by Philadelphia chromosome showing translocation 9:22(q34;q11). Many
exogenous and endogenous substances lead to genetic alterations and
result in development of cancer including chronic myeloid leukemia.
Metabolizing Enzymes (phasel, 2 and 3) offer the first line of defense but
multiple polymorphisms seen in these affect the ability of these enzymes to
metabolize the carcinogens thereby increasing the individual's chance of
suffering from cancer. Major gene polymorphisms are seen in Glutathione-
S-Transferase family, Multi Drug Resistance Gene, Cytochrome P450
family, and recently reported Natural Killer Group Receptors Gene Polymorphism in Chronic myeloid leukemia. These
gene polymorphisms also have been seen to affect individual's response totherapy. Hence it has now become essential to
study this phenomenon of gene polymorphisms as it will show light on the fact as to how some individuals are more
susceptible to develop cancer and why every individual has difference response to therapy in CML. This prospective will
help in the treatment and follow up of these patients and give a broader picture of importance of these polymorphism in
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cancers like Chronic myeloid leukemia.
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INTRODUCTION

Chronic myeloid leukemia is one of most commonest
myeloproliferative neoplasm associated with a
hallmark rearrangement known as the Philadelphia
chromosome formed by presence of translocation t
(9;22) (q34; q11) leading to a fusion of the Abelson
gene (ABL1) from chromosome 9q34 with the
breakpoint cluster region (BCR) gene present on
chromosome 22q11.2. The molecular consequence of
this translocation is the generation of a BCRIJABLI1
fusion oncogene, which in turn translates into a
BCRIJABL1 oncoprotein. It accounts for
approximately 15% of newly diagnosed cases of
leukemia in adults(1). Being one of the commonest
adult leukemia CML accounts for 30% to 60% of all

adult leukemias(2). The disease mostly presents with
increased leucocyte count, splenomegaly, myeloid
hyperplasia in bone marrow and abnormally high level
of mature myeloid cells in peripheral blood smear(3).
Even though good documentation has been done
regarding clinical and biological aspects of this disease
still the aspect of individual susceptibility has been less
known(4). It is proposed that genetic alterations occur
on exposure to endogenous or exogenous toxic
substances and hence result in development of cancers
(5). One of the first line of defence against these
carcinogens are the xenobiotic metabolizing enzymes
which play a role in the metabolism, elimination and
detoxification of the dangerous compounds which
have taken entry into thebody (6).
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Fig I: The Translocation Characterised By Insertion Of Abl Gene Into The Bcr Gene Leading To Fusion Of
Both Genes Resulting In Defective Function Of Gene,ultimately Resulting In CML
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GENE POLYMORPHISM

Genetic polymorphism can be defined as presence of
two or more phenotypes which are genetically
determined, in a specified population (in proportions
that the rarest of the characteristics cannot be
maintained just by recurrent mutation). Polymorphism
promotes diversity and persists over many generations
because no single form has an overall advantage or
disadvantage over the others in terms of natural
selection. Such gene polymorphism is also seen in
many disease including Diabetes Mellitus, Parkinson
Disease, Acute myeloid leukemia, Chronic Myeloid
Leukemia and also involve the enzymes included in
drug metabolism many others (7). Polymorphisms in
coding genes of drug-metabolizing enzymes lead to
alterations of the metabolism function, affect drug
response, and contribute to susceptibility to cancers.
These genes encode enzymes capable of catalyzing
oxidative metabolism of most drugs, toxic chemicals,
and other lipophilic xenobiotic (8).

Major Common Gene Polymorphisms in Chronic
Myeloid Leukemia

Major Gene Polymorphisms in
Chronic Myeloid Leukemia
e The Glutathione-S-Transferase family

e The Multidrug Resistance Gene
e The Cytochrome P450 family
e Natural Killer Group Receptor Gene

The Glutathione-S-Transferase Family

Glutathione-S-Transferases are a family of enzymes
constituting the Phase 2 enzymes. They play major
role in detoxification of xenobiotics such as pesticides,
antitumoragents and environmental carcinogens.
They are divided into two distinct super families: the
soluble or cytosolic GSTs and microsomal GSTs. On
the grounds of diversity the cytosolic GSTS are further
classified as Kappa (K), Theta (8), Omega (O), Sigma
(¢),Mu (1), Pi (1), and Zeta (Z) and as Alpha (a), (9).

Multiple polymorphisms seen in GST enzyme family
changes drastically the ability of these enzymes to
metabolize the chemical carcinogens and mutagens
and hence the individual's chance of having cancer
increases (10). A-G polymorphism at nucleotide 313
in exon 5 of GSTP1 gene was the first polymorphism
to be identified which leads to an amino acid
substitution of isoleucine (Ile) by valine (Val) at 105
amino acid position (Ile105Val). This polymorphism
resulted in threeGSTP1 genotypes comprising of
isoleucine/isoleucine (Ile/Ile) homozygous wild type,

isoleucine/valine (Ile/Val) heterozygote and
valine/valine (Val/Val) homozygous variant. This
GSTP1 codon 105 polymorphism resulted in
increased DNA damage and mutation, playing a
crucial role in development of cancer as it alters
protein function, diminishing its detoxification ability
for certain mutagens and carcinogens (11).

Nahla A. et al (2016) in their study indicated that
GSTP1 mutant allele may contribute significantly to
susceptibility to CML in sample of Egyptian patients
(12). In a study done in Moroccan patients(M), Yaya
Kassuogue et al (2015) have concluded that the
GSTT1 null genotype is associated with the
development of CML in males but not in females (13).
In patients of Argentina, Weich N et al (2016) came to
conclusion that GSTM1 is significantly linked to poor
molecular response to treatment of CML. Not many
studies have been done in Indian population (14).
Prachi et al(2007) in their case control study done in
North Indian population suggested that GSTT1 null
genotype projects a 2.67 fold increased risk of CML
and also signify that heritable GST status may
influence the risk of developing CML (15).

Multidrug Resistance Gene

Imatinib mesylate is a first generation tyrosine kinase
inhibitor which has made a paradigm shift in the
treatment of CML patients (16). Second generation
TKIs nilotinib, dasatinib and bosutinib are usually
indicated when resistance or intolerance develops to 1"
generation TKIs (16). ABCB1 multidrug resistance 1
gene(MDR1) encodes a drug efflux transmembrane
protein called P-glycoprotein (P-gp) which has a
major role in extruding drugs from the cells. Organs
like intestine, liver, kidneys and circulating leucocytes
of CML patients express the ABCB1 gene (16). MDR1
gene polymorphism isassociated to major molecular
response to standard dose imatinib. However, the
functional relationship between the efflux transporters
and nilotinib is highly controversial and needs further
studies (17).

Approximately 100 single-nucleotide polymorphisms
(SNPs) are located in the coding regions of MDR1
(18). The C3435T polymorphism located in exon 26 is
the most SNPs studied in various field of diseases
although its frequencydepends on the ethnicities and
race (19). It has been seen that the mutated allele of the
haplotypes express as major structural modifications
leading to conformational change in binding sites and
hence the P-glycoprotein activity is diminished and
altered (20).Harivansh N etal (2017) in their study
suggested that C1236T and C3435T polymorphisms
in MDRI1 gene and trough levels significantly
influence the risk of cytogenetic relapse (21). Omar
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Ghallab et al (2015) came to a conclusion that C3435T
and G2677T MDR1 polymorphisms might be helpful
in planning individualized treatment in CML patients
based on the genotype (22). Zu B et al (2014) in their
study in Asian CML patients showed that MDRI
C1236T polymorphism might be a risk factor for
clinical response to imatinib (23).

Cytochrome P450

Cytochrome P450 is one of the major drug
metabolizing enzyme families and plays a significant
role in causation as well as response to therapy
incancer. Cytochrome P450, family 1, Subfamily A,
polypeptide 1 (CYPIAI), a polymorphic gene which
codes for the important Phase-I XME aryl
hydrocarbon hydroxylase has been shown to be
involved in drug metabolism and activation of a
number of exogenous procarcinogens (24) into highly
reactive electrophilic carcinogenic molecules. These
electrophiles lead to mutation in tumour suppressor
genes and oncogene and if not repaired leads to
development of malignancies. Hence this gene plays a
vital role in the development of cancerand influences
theresponse of therapy. Hence, this gene may play an
important role in both the etiology of cancers and as a
determinant of cancer therapy response (24, 25).

Presence of A4889G in CYP1AI initiates enhanced
catalytic activity leading to increase in DNA adduct
formation leading to tumour formation by causing
mutations in tumour suppressor genes. This leads to
uncontrolled hematopoietic cell proliferation.
Individuals with sequence changes in CYPIAI have
higher risk to develop CML and other malignancies (26).

Taspinar et al (2008)(26) reported a higher distribution
of CYPIA41 lle/Val heterozygous genotype in the
Turkish CML patients (P<0.001) as compared with the
controls, suggesting that carriers of CYPIAI lle/Val
(AG) genotype had an increased risk of developing
CML. Whereas no association between the
CYPIAI*2C polymorphism and CML risk was
reported in the Iranian population (27). Also four-fold
risk was seen for ALL in Indian children (28). The
differences are supposedly due to differences in
ethnicity, environmentalexposure, life style and
habits. Samyukta et al (2015) suggested the AG
genotype of CYPIAI*2C polymorphism may play a
protective role against CML and is a good predictor to
observe the response to imatinib therapy (29).

Natural Killer Group Receptor Gene

Most recent gene polymorphism suggested regarding
CML is in the natural killer group 2D receptor
NKG2D; also known as killer cell lectin like receptor
K1 (KLRK1)gene. The translocation in CML affects

the dendritic cells,hence activating NK cells by
increasing the expression of NKG2D ligands(30). The
expression of NKG2DL is controlled by the BCR-
ABL gene. The anticancer role NK cells is directly
dependent on the quantity of NKG2DL on the cellular
surface with MICA being the most expressed (31, 31,
and 33). Hence in CML, it is by means of the
NKG2D/MICA interaction that NK cells exercise
their cytotoxic role against tumor cells.

Hara R. et al (2017) in their analysis reported that
NKG2D gene polymorphisms may represent patient
biomarkers for the prediction of treatment free remission
followingdasatinib (new TKI-2) treatment (34).

CONCLUSION

Presence of major gene polymorphisms in
Glutathione-S-Transferase family, MultiDrug
Resistance Gene, Cytochrome P450 family, and
recently reported Natural Killer Group Receptor Gene
have been seen to drastically change the susceptibility
of an individual to develop Chronic myeloid leukemia.
They also to much extent affect the response to
therapy. It has now become imperative and
challenging to study this phenomenon in larger
number of CML patients from wide and varied ethnic
and geographical groups (35). A better and more
detailed study will be beneficial tounderstand why
some individuals develop the risk of CML and also
will be amajor help in deciding individualized therapy
in patients with CML.
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