Title: Targeted therapy for CML patients on Imatinib: Role of novel variants of Human
Organic Cationic Transporter 1 (hOCT1)

Abstract: SLC22A1 is the gene responsible for encoding Human Organic Cationic Transporter 1
(hOCT1), which is among a group of three similar transporters facilitating. the uptake of
numerous organic cations from the bloodstream into epithelial cells.hOCT1 shows a‘tendency
towards several natural substances like dopamine, along with some medications like metformin,
cimetidine, imatinib, etc.The expression of the hOCT1 geneis a:reliable indicator of treatment
response and clinical outcomes in patients before starting therapy. Furthermore, the expression of
the hOCT1 gene has been known to influence the efficacy of imatinib therapy, with higher
expression levels correlating with improved hematological and molecular responses. This chapter
proposes that evaluating the expression levels of the hOCT1 gene can be a useful method for
predicting the effectiveness of imatinib treatment in recently diagnosed chronic myeloid
leukemia (CML) patients. Understanding the expression patterns and polymorphisms of the
hOCT1 gene could thus inform the design of personalized therapeutic strategies tailored to
individual patients at diagnosis. This knowledge could potentially optimize treatment outcomes

and enhance the overall management of CML patients undergoing imatinib therapy.

Introduction: CML is a form of cancer that arises from abnormal growth of blood cells starting
from hematopoietic stem cells. The development of CML is associated with a specific genetic
anomaly called the translocation of chromosomes 9 and 22, also known as t(9;22) (q34;911).This
genetic event gives rise to the Philadelphia (Ph) chromosome, characterized by a shortened
chromosome 22. The consequence of this translocation is the formation of a fusion oncogene

called BCR-ABL. The BCR-ABL oncogene produces a hybrid protein, the 210 kDBcr-Abl



protein, comprised of an active Abl tyrosine kinase domain. This fusion protein plays a central
role in the pathogenesis of CML, driving the uncontrolled proliferation and survival of leukemic
cells(1). CML demonstrates a slight male predominance, with males being affected more
commonly than females. Estimates suggest that the male-to-female ratio in CML incidence
ranges from 1.3 to.4 to 1. This gender difference in prevalence underscores potential underlying
biological or environmental factors contributing to the development of CML(2).The majority of
patients are initially diagnosed during the chronic phase (CP). However, due to genetic
instability, the disease can progress to a less defined and unstable accelerated phase (AP), and
eventually the more severe blastic crisis phase (BP) as time goes on. This progression leads to
increased resistance to treatment. The discovery of the BCR-ABL oncogene and its associated
protein paved the way for the development of targeted small-molecule drugs that aim to disrupt
the activation of the BCR-ABL tyrosine kinase. Imatinib was the first tyrosine kinase inhibitor
(TKI) to be used and is generally well-tolerated, targeting the tyrosine kinase function of BCR-
ABL. (4).TKIs resistance is a process involving Becr-Abl dependent and independent resistance
mechanisms. BCR-ABL independent mechanisms include non-compliance, poor intestinal
absorption, drug interactions, altered levels of transporters, clonal evolution, SRC over-
expression, etc. BCR-ABL-dependent mechanisms include mutations in the ABL-kinase

domain.(3)

Soverini et al reported Researchers examined the occurrence of mutations in the BCR-ABL
kinase domain based on the stage of disease at initial diagnosis. They discovered that 52% of
patients with accelerated phase (AP), 75% with blast phase (BP), and 27% with chronic phase
(CP) CML had mutations. This suggests that the frequency of mutations may contribute to

resistance to imatinib and the progression from CP to BP. The primary biological consequence of



these mutations is that they render imatinib ineffective in inhibiting BCR-ABL kinase activity by
preventing the protein from assuming an inactive state. Additionally, these mutations can disrupt
BCR-ABL function, leading to cell death without detection, followed by the restoration of BCR-

ABL function and the proliferation of mutated cells with reduced kinase activity (5).

Sokal and EUTQOS scores are prognostic scores used for predicting response to-therapy. Factors
such as the patient's age, spleen size, percentage of certain blood cells; and plateletcount are
considered when assessing the risk level. Patients are then classified into high-risk or low-risk

groups based on these criteria.

The hOCT 1 as pharmacogenetic: The human organic cation transporter 1 (hOCT1), also
known as SLC22A1, is integral to the hepatic uptake of structurally diversified endogenous and
exogenous organic cations, influencing both metabolism and drug pharmacokinetics. hOCT1 has
been implicated in the therapeutic dynamics of many drugs, making interactions with hOCT1 a
key consideration in novel drug development and drug—drug interactions. hOCT1 architecture
conforms to the canonical two-fold pseudo-symmetry typical of the MFS transporters [14]. The
protein can be divided into several different regions, with the N-terminal domain (NTD)
comprising transmembrane helices 1-6 (TMs 1-6), and the C-terminal domain (CTD), consisting
of transmembrane segments 7-12 (TMs 7-12). An extracellular domain (ECD) is delineated by a
loop encompassing residues 44-142, situated between TM1 and TM2. On the intracellular side,
helices form. the intracellular helix (ICH) domain. Across all four characterized states — outward
open, outward occluded, inward occluded, and inward open — the electron density maps of the
transmembrane helices are resolved well enough to enable accurate model building. The
predictive modelling of Alpha Fold2 further enhances this clarity (6). hOCT1 functions to

transport a variety of diverse organic cations. Previous studies have established that genetic



polymorphisms influencing OCT1 activity can modulate the pharmacokinetics of drugs that are
organic cations, affecting therapeutic efficacy and the likelihood of potential adverse effects(7).
SLC22A1 is responsible for coding the Organic Cationic Transporter 1 (OCT1), among three
closely related cationic transporters that facilitate the transfer of numerous organic cations from
the bloodstream into epithelial cells. This transporter exhibits selectivity for various endogenous
compounds and cationic medications. Imatinib has emerged as the primary treatment option for
CML due to its notable effectiveness, minimal toxicity, and ability to sustain lasting
hematological and cytogenetic responses. (8) Despite the initial success of imatinib in treating
CML, challenges such as disease persistence and relapse have been reported, stemming from
various mechanisms. While imatinib has shown high rates of hematologic and cytogenetic
responses, around 25% of patients receiving imatinib as a monotherapy exhibit primary
resistance or develop drug resistance, primarily due to mutations in the BCR-ABL kinase domain

that hinder imatinib's binding ability.

Role of Imatinib drug and CML

Imatinib, a medication that inhibits tyrosine kinase, is now considered the gold standard for
treating chronic.phase CML: The majority of patients experience a complete cytogenetic
response (CCR) withabout half achieving a major molecular response (MMR) after three years
of treatment. However, there are still some patients who do not reach CCR and some who lose
their initial response. It is estimated that around 30%-40% of patients develop resistance or
intolerance to imatinib. Various factors can contribute to this, such as mutations in the kinase
domain and amplification of the BCR-ABL gene. The expression and activity level of hOCT1
have been identified as crucial factors in determining the response to imatinib, with low

expression or activity indicating resistance to the medication. Studies have primarily focused on



imatinib uptake in the presence or absence of inhibitors to assess hOCT1 function and levels.
However, there is limited data on how single nucleotide polymorphisms (SNPs) can affect the

function of hOCT1 in CML. (9)

Recent studies have demonstrated patients with low expression or activity of hOCT1 had a lower
probability of achieving a cytogenetic or molecular remission to CML. Improved progression-
free and overall survival were also observed in patients with higher hOCT1 expression.(10).In a
study by Giannoudis et al., the effect of polymorphisms rs628031 (Met408Val) and rs35191146
(420Del) on imatinib uptake and clinical efficacy was investigated. (9)..In " CML cell lines
transfected with the M420del and/or rs628031 (M408V), ‘M420del significantly decreased
imatinib uptake. Several papers find the uptake of Imatinib via hOCT1 controversial. For
example, through transport and inhibition. studies, Ann Nies and colleagues showed that
overexpression of functional hOCT1 did not lead to increased accumulation of Imatinib. They go
on to conclude that cellular uptake ofiimatinib is independent of hOCT1 and therefore hOCT1 is
not a valid biomarker for imatinib resistance (11). In a separate study, the hOCT1 M420 deletion
(rs35191146) was linked to the“clinical outcome of imatinib-treated CML. Patients with this
polymorphism demonstrated an increased probability of imatinib treatment failure. In a separate
study, patients carrying the GG genotype for SNP rs683369 had a higher risk of losing response

or treatment failure to,imatinib therapy in CML patients (12).

hOCT1 gene expression:

Research on the activity of hOCT1 has mainly been centred around the absorption of imatinib,
both with and without inhibitors. Limited information is available on how single nucleotide

polymorphisms (SNPs) can impact the functionality of hOCT1 in CML. hOCT1 contains various



nonsynonymous SNPs that can influence the transportation of hOCT1 substrates. Numerous
studies have explored the link between hOCT1 SNPs and the patient's response to imatinib,

yielding conflicting findings.

Studies determined that variations in the hOCT1 gene known as M420del and M408V can
impact the absorption of imatinib and influence the effectiveness of treatment in patients with
CML. These specific genetic mutations, M420del and M408V (also known as rs628031), were
identified with a frequency of around 18.5% and 59.8% in individuals of European-American
descent, as reported by the National Center for Biotechnology Information (NCBI). According to
their findings, M420del mutation has been linked to resistance to imatinib therapy. This was
further validated through a study on imatinib absorption, revealing that the presence of M408V
mutation could potentially reverse this resistance. (9) Wang L et al, reported that expression of
hOCT1 is an important clinical determinant of the response to imatinib in CML. They found that
imatinib uptake into a CML cell line with high hOCT1 expression was greater than those with

modest or low expression (13).

Following previous studies,. it can be concluded that hOCT1 gene expression alters the response
to imatinib and high gene expression is associated with a better hematological and molecular
response astcompared. to low gene expression. hOCT1 is an influx transporter that causes
increased entry of imatinib into the cells. This could be the possible underlying mechanism by

which response is altered.

Conclusion: Given these findings, it can be concluded that hOCT1 serves as a reliable biomarker

for predicting response to imatinib therapy. Additionally, the SLC22A1 gene, which encodes



OCT1, plays a crucial role in the uptake of many commonly prescribed medications in the liver.

Certain genetic variations in SLC22A1 may have important implications for clinical outcomes.
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