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ABSTRACT

Suboptimal responses to imatinib in chronic myeloid leukemia (CML) depend on either Bcr-Abl kinase domain
mautations or varied intra cellular drug concentration. The hOCT1 gene mediates the intake of imatinib and main-
tains intracellular levels. To study the association of hOCT1 expression in newly diagnosed CML patients. One hundred and nine pretreat-
ment CML samples were analyzed for hOCTI mRNA expression using real-time PCR. Patients were grouped into low- and high- hOCT1
expressing groups based on median value as cut off point and correlated with different variables. Patients having high hOCT1 levels are sig-
nificantly associated with chronic phase (p=0.001), low EUTOS risk (p=0.01) and achievement of complete cytogenetic response at 6 months
after imatinib initiation (p=0.03). We could not found any significant association with low hOCT1 levels. Hence the present study suggests that
pretreatment hOCT1 levels might be used as prognostic marker in predicting the clinical response to imatinib in CML patients.

Introduction:

Imatinib is one of the frontline therapies used for chronic my-
eloid leukemia (CML) management. Most of the CML patients
achieve major responses. However, over the course of time, a
substantial number 25-35% acquire resistance to imatinib [1].
The reasons for such suboptimal responses could be several.
While the main cause appears to be kinase domain mutations
in BCR-ABL [2], variable metabolizing enzyme activities [3],
different influx & efflux transporter activities [4], poor medica-
tion compliance [5] and drug-drug interactions [6] could be the
other reasons.

The active transport of imatinib is mediated by the influx pump
(hOCT1 gene) and efflux pump (MDR1 gene) [7,8]. Transporters
play a key role in drug absorption, distribution and elimination
in vivo at the cellular level [9]. Inter-individual variations in ex-
pression patterns or activity of transporter genes may affect
imatinib efficacy, leading to pharmacokinetic drug resistance
and disease progression in CML patients [7,10].

The human organic cation transporter, hOCT1, regulates the in-
take of imatinib. It encodes for a solute carrier family 22 gene
(SLC22A1) on chromosome 6q26 [10]. Alterations in hOCT1
gene may affect the response to IM in CML patients. Earlier
studies reported that CML patients with high pre-therapeutic
hOCT1 expression levels had higher probability of achieving a
cytogenetic or molecular response and better survival [5,11,12].
White et al in 2007 reported that patients with lower hOCT1
activity had less chance of achieving major molecular response
(MMR) [4]. Hence, we aimed to study the pre-treatment hOCT1
expression levels and to explore its association with imatinib re-
sistance in CML patients.

Materials and Methods:

A total of 109 samples from newly diagnosed patients of CML
were included in the study. Patient samples were collected from
department of medical oncology, Nizams Institute of Medical
Sciences, Hyderabad from January to December of 2011. The
study was approved by the institutional ethics committee and an
informed consent was obtained from every patient. The median
age at presentation was 35 years (range 9-80 years). Of the 109
cases, 60 (55.04%) were men and 49 (44.9%) were women.

RNA extraction, cDNA synthesis and Quantitative mRNA analy-
sis: RNA was extracted from 5 ml of peripheral blood, after
the lysis of red blood cells, using TRIzol method (Invitrogen,

Karlsruhe, Germany). Total RNA (1pg) was reverse transcribed
into complementary DNA using high capacity reverse transcrip-
tion kit (Applied Biosystems, Foster city, CA). Commercially
available primers and Tagman probe from Applied Biosystems
(Tagman Pre-Developed Assay Reagents for gene expression)
was used for quantification of hOCT1 mRNA expression (Ap-
plied Biosystems, Foster city, CA). Actin {3 gene as endogenous
control and control cDNA were included in the RT-PCR. The re-
action mixture of 20 pL contains: 0.25uL of primer (250nmol/L)
and probe (150 nmol/L), 10.0 pL of expression assay mix, 7.0uL
nuclease free water and 2pl of cDNA. The thermal cycling con-
ditions were as follows: 2min at 50°C, 5min at 95°C, followed
by 45 cycles 95°C for 15 seconds and 60°C for 1 minute. All the
samples were run in duplicate to minimize handling errors. As-
says included negative controls in all stages of reactions to as-
sess specificity and to rule out contamination. Relative quanti-
fication was performed by the AACT method and fold change of
transcript levels were measured relative to the reference gene in
terms of cycle threshold (CT) [13,14].

Statistical analysis: Two-sided unpaired Student t-test and
ANOVA tests were performed to determine the statistical sig-
nificance of experimental results. Probability (p) values <0.05 are
considered statistically significant. These tests were used to find
out the correlation of hOCT1 mRNA levels with different hema-
tological and clinical variables. All statistical analysis was per-
formed using Graphpad Prism (version 6.0).

Results:

One hundred and nine samples were analysed for hOCT1 mRNA
expression using Real-Time PCR. Patient hematological and
clinical features were presented in Table 1. At the time of analy-
sis 82.56% of patients were in chronic phase and 17.43% were in
advanced phases of disease (accelerated and blast crisis). After
6 months of imatinib therapy, 55.96% achieved complete cytoge-
netic response (CCyR), 20.18% had partial cytogenetic response
(PCyR), 11.0% died and 12.84% lost follow-up (LFU). Among
22 partial responders, 7 had drug toxicity, dose hiked for 10 pa-
tients and 5 were on the same IM dose. The minimum duration
of follow-up was 24 months.

Patients were grouped into low- and high- hOCT1 expression
based on a median expression of 119.50% (range 0 - 4757.79) as
the cut-off value. Out of 109, 50.45% (55/109) of patients had
high expression and 49.54% (54/109) had low expression. The
hOCT1 mRNA expression levels were correlated with different
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hematological and clinical variables, represented in Table 2 &
Table 3.

Correlation of hOCT1 expression levels with hematological
and clinical variables

The mean total leucocyte count and platelet count were signifi-
cantly lower in patients having high hOCT1 levels (P=0.04 and
P=0.03) compared to patients with low hOCT1 levels. No signifi-
cant difference was observed in regard to haemoglobin between
the two groups of patients with either high or low hOCT1 levels
(Table 2).

With respect to phase of disease, among high hOCT1 expression
group, patients in chronic phase had elevated levels compared
to those in advanced phases of CML (p=0.001). No variation was
observed with low expression group and phase of the disease
(p=0.38). Sokal risk scores did not correlated with either high
(p=0.75) or low hOCT1 expression group of patients (p=0.53).
When EUTOS risk was considered, in high hOCT1 expressing
group, patients with low EUTOS risk had significantly higher lev-
els than to high EUTOS risk patients (p=0.01), whereas no signif-
icant correlation was observed between low hOCT1 expression
and EUTOS risk (p=0.26). When duration of symptoms (less than
6 months and more than 6 months) before starting treatment
was compared with expression, no significant difference was
found in both high (p=0.82) or low expression groups (p=0.70).
When cytogenetic response at 6 months after imatinib initia-
tion was considered, in high hOCT1 expression group, patients
having CCyR had higher levels compared to those having PCyR
(p=0.03). Whereas with low hOCT1 expression group, there was
no variation with expression between the patients having either
CCyR or PCyR (p=0.63) (Table 3).

Basing on the median Bcr-Abl levels, patients were grouped into
two categories: less than median and more than median and
compared with hOCT1 expression. In both high and low hOCT1
expression groups, patients having less than median BCR-ABL
levels showed slightly higher hOCT1 expression versus patients
having more than median BCR-ABL levels (p=0.84; p=0.73) (Ta-
ble 3).

Discussion:

Most of the CML patients achieve major cytogenetic responses
to standard dose imatinib. But, a proportion of them develop
resistance. These suboptimal responders may be benefit with
either dose escalation of imatinib or early changeover to sec-
ond generation tyrosine kinase inhibitor therapy [15,16]. Sev-
eral studies had reported that hOCT1lexpression affects intra-
cellular drug concentration and further results in excessive
toxicity or suboptimal anticancer effect [10,12,17]. In some pa-
tients, imatinib resistance depends on intracellular concentra-
tion of the drug; insufficient doses might be due to lower hOCT1
or higher MDR1 expression or variations in metabolizing genes
[10,18]. Several studies have suggested that early achievement of
high imatinib intracellular concentrations may be a crucial de-
terminant of cytogenetic response. McWeeney SK et al. in 2010
demonstrated that gene expression approach is a better predic-
tor of response than morphologic criteria [19]. The present study
revealed that lower mean total leucocyte count & platelet count
were significantly associated with patients having high hOCT1
expression levels, which might reflect preferential activation of
common signaling cascade in those with high hOCT1 levels.

In the present study, patients with high hOCT1expression levels
significantly correlated with CCyR at 6 months after imatinib
initiation (p=0.03). Our results are in accordance with earlier
reports by Wang L et al. reported that high baseline hOCT1
mRNA levels were associated with better cytogenetic response
at 6 months and prolonged progression-free and overall survival
[11]. Crossman LC et al. reported that hOCT1 gene expression is
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a good predictor of clinical outcome and pre-treatment hOCT1
levels were found to be 8 times higher in responders compared
to non-responders [12]. Other earlier studies found no signifi-
cant correlation between the patients with high hOCT1 expres-
sion and response CCyR/CHR [14,20,21]. Leukemic cells with
low hOCT1 expression/activity might lead to poorer outcomes,
as imatinib is transported into the cells by hOCT1 [12].

We found significant association between phase of disease and
high hOCT1 expression group; patients in chronic phase had
higher levels compared to those in advanced phases of CML
(p=0.001). Recent study by Solali S et al. did not find any sig-
nificant difference between the hOCT1 expressions and phase
of CML.? Our results are similar to earlier reports by White DL
et al. who reported that hOCT1 expression levels did not corre-
lated with either high or low Sokal risk score groups, our results
are similar to earlier reports.”! Among high hOCT1 expressing
group, EUTOS low risk was significantly associated with high
levels (p=0.01), as the EUTOS score predicts CCyR at 18 months
after initiation of TKI therapy.*!

Conclusion:

In conclusion we found a significant correlation between pre-
treatment hOCT1 expression levels and complete cytogenetic
response at 6 months of imatinib initiation. Hence pretherapeu-
tic high hOCT1 levels might be helpful in predicting clinical re-
sponse to imatinib in CML patients.
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Tables
Table 1 Basic hematological and clinical features of patients

Total number of patients n=109
Haemoglobin

Mean + SD (gm/dL) 10.11£2.14
Total leucocyte count

Mean + SD (mm?) 166688.77+98094.79
Platelets

Mean = SD (lakh/mm?) 4.32+2.80
Spleen

Mean + SD (cm) 11.00+8.33
Phase

Chronic 90 (82.56%)
Advanced 19 (17.43%)
Sokal risk

High 39 (35.77%)
Intermediate 39 (35.77%)
Low 31 (28.44%)
EUTOS risk

High 33 (30.27%)
Low 76 (69.72%)
Duration of Symptoms before therapy

< 6 months 84 (77.06%)
> 6 months 25 (22.93%)
Cytogenetic Response at 6 months after

IM initiation

CCyR 61 (55.96%)
PCyR 22 (20.18%)
Died 12 (11.0%)
LFU 14 (12.84%)
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EUTOS, European treatment and outcome study; IM, Imatinib;
CCyR, Complete cytogenetic response; PCyR, Partial cytogenetic
response; LFU, Lost Follow-Up

Table 2 Correlation of hOCT1 expression levels with hema-
tological variables

High hOCT1 Low hOCT1 value
group (n=55) group (n=54) |P
Total leucocyte count
1,59,909 + 1,73,728 +
Mean + SD 86,084 1.09.593 0.04
Platelets
Mean + SD 13.81 + 2.39 4.86 + 3.11 0.03
Haemoglobin
Mean + SD 10.44 £ 1.92 9.76 £ 2.31  |0.09
Table 3 Correlation of hOCT1 expression levels with clinical
variables
High hOCT1 Low hOCT1
(no55) Total |p-value (n=54) Total |p-value
Mean + SD Mean + SD
Phase
Chronic 40604649 |46 0001 |2452+4.04 |44 0.38
Advanced 289.9+22.08 |9 1668600 (10
Sokal risk
High 371.1+59.25 |19 0.75 19.83+4.11 |20 053
Intermediate  {332.9+32.81 (19 21741649 |20
Low 32184611 |17 2958791 |14
EUTOS risk
High 371443550 |13 0.01 17.99+4.71 |20 026
Low 367.3+47.60 |42 26.05+476 |34
Duration of
Symptoms
< 6 months 379.0+44.05 |39 0.82 2247+376 |45 0.70
> 6 months 3974+79.19 |16 2601955 |9
Cytogenetic
Response at 6
months after
IM initiation
CCyR 5124+1279 |33 0.03 25581523 |28 0.63
PCyR 4120£1045 |11 24011604 |11
BCR-ABL
expression
< Median 392.7469.11 0.84 20.85+4.95 0.73
> Median 376.3+49.26 18.73£347

EUTOS, European treatment and outcome study; IM, Imatinib;
CCyR, Complete cytogenetic response; PCyR, Partial cytogenetic
response

230 IJSR - INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH




Research Paper

ISSN No 22

ume: 4 | Issue: 3 | M

1. Marin D, Milojkovic D, Olavarria E, et al. European LeukemiaNet criteria for failure or suboptimal response reliably identify patients with CML

in early chronic phase treated with imatinib whose eventual outcome is poor. Blood 2008; 112: 4437-44. | 2. Quintas-Cardama A, Kantarjian HM,
Cortes JE. Mechanisms of primary and secondary resistance to imatinib in chronic myeloid leukemia. Cancer Control 2009; 16: 122-131. | 3. van Erp NP, Gelderblom H, Karlsson MO,
et al. Influence of CYP3A4 inhibition on the steady-state pharmacokinetics of imatinib. Clin Cancer Res 2007; 13: 7394-7400. | 4. White DL, Saunders VA, Dang P, et al. Most CML
patients who have a suboptimal response to imatinib have low OCT-1 activity: Higher doses of imatinib may overcome the negative impact of low OCT-1 activity. Blood 2007; 110:
4064-72. | 5. Marin D, Bazeos A, Mahon FX, et al. Adherence is the critical factor for achieving molecular responses in patients with chronic myeloid leukemia who achieve complete
cytogenetic responses on imatinib. J Clin Oncol 2010; 28: 2381-2388. | 6. Haouala A, Widmer N, Duchosal MA, et al. Drug interactions with the tyrosine kinase inhibitors imatinib,
dasatinib, and nilotinib. Blood 2011; 117: €75-e87. | 7. White DL, Saunders VA, Dang P, et al. OCT-1-mediated influx is a key determinant of the intracellular uptake of imatinib but
not nilotinib [AMN107]: Reduced OCT-1 activity is the cause of low in vitro sensitivity to imatinib. Blood 2006; 108(2): 697-704. | 8. Rodrigues AS, Dinis J, Gromicho M, et al. Genom-
ics and cancer drug resistance. Curr Pharm Biotechnol 2012; 13: 651-73. | 9. Kim RB. Transporters and xenobiotic disposition. Toxicology 2002; 181: 291-97. | 10. Thomas J, Wang L,
Clark RE, Pirmohamed M. Active transport of imatinib into and out of cells: Implications for drug resistance. Blood 2004; 104: 3739-45. | 11. Wang L, Giannoudis A, Lane S, et al.
Expression of the uptake drug transporter hOCT1 is an important clinical of the response to imatinib in chronic myeloid leukemia. Clin Pharmacol Ther 2008; 83: 258-64. | 12. Cross-
man LC, Druker BJ, Deininger MW, et al. hOCT1 and resistance to imatinib. Blood 2005; 106: 1133-34. | 13. White DL, Dang P, Engler J, et al. Functional activity of theOCT-1 protein
is predictive of long-term outcome in patients with chronic -phase chronic myeloid leukemia treated with imatinib. J Clin Oncol 2010; 28: 2761-67. | 14. Nardinelli L, Sanabani SS,
Didone A, et al. Pretherapeutic expression of the hOCT1 gene predicts a complete molecular response to imatinib mesylate in chronic phase chronic myeloid leukemia. Acta Hema-
tol. 2012; 127: 228-34. | 15. Branford S, Rudzki Z, Harper A, et al. Imatinib produces significantly superior molecular responses compared to interferon alfa plus cytarabine in patients
with newly diagnosed chronic myeloid leukemia in chronic phase. Leukemia 2003; 17: 2401-09. | 16. Kantarjian HM, Talpaz M, OBrien S, et al. Dose escalation of imatinib mesylate
can overcome resistance to standard-dose therapy in patients with chronic myelogenous leukemia. Blood 2003; 101: 473-75. | 17. Baccarani M, Cortes J, Pane F, et al. Chronic myeloid
leukemia: an update of concepts and management recommendations of European LeukemiaNet. J Clin Oncol 2009; 27: 6041-51. | 18. Peng B, Lloyd P, Schran H. Clinical pharma-
cokinetics of imatinib. Clin Pharmacokinet 2005; 44: 879-94. | 19. McWeeney SK, Pemberton LC, Loriaux MM, et al. A gene expression signature of CD34-+cells to predict major cy-
togenetic response in chronic phase chronic myeloid leukemia patients treated with imatinib. Blood 2010; 115: 315-25. | 20. Zhang WW, Cortes JE, Yao H, et al. Predictors of primary
imatinib resistance in chronic myelogenous leukemia are distinct from those in secondary imatinib resistance. J Clin Oncol 2009; 27: 3642-49. | 21. Solali S, Kaviani S, Movassaghpour
AA, Aliparasti MR. Real-Time Polymerase Chain Reaction Testing for Quantitative Evaluation of hOCT1 and MDR1 Expression in Patients with Chronic Myeloid Leukemia Resistant
to Imatinib. Lab Medicine 2013; 44: 13-19. | 22. Hasford J, Baccarani M, Hoffmann V, et al. Predicting complete cytogenetic response and subsequent progression free survival in 2060
patients with CML on imatinib treatment: the EUTOS score. Blood 2011; 118: 686-92. |

IJSR - INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH 231




