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The assessment of human organic cation transporter 1 (hOCT1) mRNA expression in patients with chronic myelogenous leukemia is affected by the proportion of different cells types in the analyzed cell population

Imatinib (IMA) uptake is predominantly mediated by human organic cation transporter 1 (hOCT1) [START_REF] Thomas | Active transport of imatinib into and out of cells: implications for drug resistance[END_REF]. Decreased expression or function of this protein can lead to a reduction of the intracellular concentration of IMA and therefore lead to pharmacokinetic resistance to the drug (1, 2). There are several data suggesting a correlation between hOCT1 activity/expression and the therapeutic outcome of CML patients treated with IMA [START_REF] White | 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[END_REF][START_REF] Crossman | hOCT 1 and resistance to imatinib[END_REF][START_REF] Wang | Expression of the uptake drug transporter hOCT1 is an important clinical determinant of the response to imatinib in chronic myeloid leukemia[END_REF].

Unfortunately, this issue has several uncertainties in the literature that may lead to the misinterpretation of previously reported data as well as the interpretation of future studies. First, hOCT1 activity, which is measured by a functional assay [START_REF] Thomas | Active transport of imatinib into and out of cells: implications for drug resistance[END_REF][START_REF] White | 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[END_REF], must be clearly differentiated from mRNA expression monitoring [START_REF] Thomas | Active transport of imatinib into and out of cells: implications for drug resistance[END_REF][START_REF] White | 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[END_REF][START_REF] Crossman | hOCT 1 and resistance to imatinib[END_REF][START_REF] Wang | Expression of the uptake drug transporter hOCT1 is an important clinical determinant of the response to imatinib in chronic myeloid leukemia[END_REF]. Second, the cell populations used for analysis vary widely in cell type, especially in studies that monitor mRNA hOCT1 [START_REF] Thomas | Active transport of imatinib into and out of cells: implications for drug resistance[END_REF][START_REF] White | 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[END_REF][START_REF] Crossman | hOCT 1 and resistance to imatinib[END_REF][START_REF] Wang | Expression of the uptake drug transporter hOCT1 is an important clinical determinant of the response to imatinib in chronic myeloid leukemia[END_REF]. Furthermore, while some studies have monitored a well-defined group of patients with de novo chronic phase CML (3), others make analyses on heterogeneous study populations that contain pre-treated patients [START_REF] Crossman | hOCT 1 and resistance to imatinib[END_REF][START_REF] Wang | Expression of the uptake drug transporter hOCT1 is an important clinical determinant of the response to imatinib in chronic myeloid leukemia[END_REF]. We investigated differences in hOCT1 mRNA expression in different cell populations of PB leukocytes (LEU) from healthy volunteers and patients with de novo CML, a change in hOCT1 mRNA expression during the first 6 months of IMA treatment, and the relationship between hOCT1 mRNA expression and the percentage of immature myeloid cells as well as BCR/ABL transcript levels in PB (as indirect markers of disease burden).

Methods

A total volume of 10 ml of peripheral blood (PB) in ethylenediaminetetraacetic acid (EDTA) was obtained from 66 healthy volunteers and from a cohort of 23 IMA naïve de novo CML patients (month 0 = M0 samples). CML patients were investigated monthly for a period of 6 months from the start of IMA treatment (M1-M6 samples). All volunteers and patients signed an informed consent form and the study was approved by the institutional review board.

The total volume of PB was used for the leukocyte (LEU) separation and for fractionation into polymorphonuclear cells (PMNCs) and mononuclear cells (MNCs) using gradient centrifugation Histopaque ® 1077/1119 (Sigma Diagnostics, St. Louis, USA). The fractionation was performed according to the manufacturer's recommendations. For verification of the composition of leukocyte fractions obtained by separation, microscopic analysis of individual cell groups (PMNC and MNC) was performed. Smears were processed using May-Grünwald and Giemsa-Romanowski solutions. Interestingly, the MNC fraction from CML patients whose PB was collected at the time of diagnosis also contained immature cells (e.g. myelocytes, promyelocytes, metamyelocytes, etc.). Extraction of total RNA from all selected cell fractions (LEU, PMNC, and MNC) was performed using the RNeasy Mini Kit (Qiagen, Hilden, Germany) according to the manufacturer's manual. A cDNA synthesis was performed using random hexamers and MuLV reverse transcriptase (Applied Biosystems, Foster City, USA).

To detect the expression level of hOCT1, GUS, BCR/ABL, and ABL mRNA from selected fractions at different time points of IMA therapy, the TaqMan based real-time reverse transcription PCR (RQ-RT-PCR) with absolute quantification was carried out on an ABI PRISM 7300 (Applied Biosystems Inc, Foster City, USA). The RQ-RT-PCR using the Absolute Q PCR Mix (ABgene, Epsom, UK) was performed at 95ºC for 15 min followed by 50 cycles of denaturation at 95ºC for 15 s and extension at 60ºC for 1 min.

For hOCT1 cDNA amplification, a TaqMan Gene Expression Assay (serial number Hs00427552_m1) (Applied Biosystems Inc, Foster City, USA) was used according to the manufacturer's recommendations. The final hOCT1 mRNA expression level was then calculated using the following formula: hOCT1 (absolute copies) /GUS (absolute copies) * 100%. To detect the expression of the control gene GUS in all selected cell fractions, the primer set and probe from Beillard et al. were used (14).

The BCR/ABL quantification was performed in LEU using standard methodologies with the primer set and probe previously published by Gabert et al. [START_REF] Gabert | Standardization and quality control studies of 'real-time' quantitative reverse transcriptase polymerase chain reaction of fusion gene transcripts for residual disease detection in leukemia -a Europe Against Cancer program[END_REF]. The final BCR/ABL expression was calculated according to BCR/ABL (absolute copies) /ABL (absolute copies) * 100%.

The RQ-RT-PCR product obtained from the hOCT1 TaqMan Gene Expression Assay (Hs00427552_m1; Applied Biosystems Inc, Foster City, USA) was purified using the QIAquick PCR Purification Kit (Qiagen, Hilden, Germany) and ligated into pCR 2.1 vector using the TA Cloning Kit (Invitrogen, Carlsbad, USA). Recombinant plasmids were subsequently used for Escherichia coli transformation. Plasmid DNA was isolated using the QIAprep Spin Miniprep Kit (Qiagen, Hilden, Germany) and used as the standard for hOCT1 6 absolute copy number quantification in 10-fold dilutions (range 10 6 -10 1 copies). Standards for GUS, BCR/ABL, and ABL with serial numbers CGRS-03, FGRS-10, and CGRS-01, respectively (FusionQuant® Standards Kit, Ipsogen, Marseille, France), were used for the absolute quantification of these particular genes. To ensure reproducibility, all samples were performed and analyzed in duplicate. In order to obtain robust results, a cDNA from the KCL-22 cell line (DSMZ, Braunschweig, Germany), which has low hOCT1 mRNA expression, was used as an internal control for hOCT1 and GUS assessment. In addition, cDNA from the K562 cell line (DSMZ, Braunschweig, Germany) was used as an internal control BCR/ABL quantification.

For all statistical analyses, the software Statistica, version 9.0 (StatSoft, Tulsa, USA) and R (R Development Core Team, Auckland, New Zealand) were used.

The hOCT1 mRNA expression was measured in PB LEU (n=66), PB PMNC (n=35), and PB MNC (n=33) from 66 healthy volunteers. Figure 1 summarizes these results and clearly shows a wide range of hOCT1 mRNA expression in total LEU as well as in PMNC and MNC. The hOCT1 mRNA expression was significantly higher in PMNC compared to MNC. Therefore, the total LEU hOCT1 mRNA expression was preferentially determined by the percentage of PMNC in the total LEU. Analogous measurements were performed in 23 patients with IMA naïve de novo CML. Similarly, a large distribution of expression was seen from individual groups of cells (Figure 1). Total hOCT1 mRNA expression in PB LEU was again significantly influenced by the PMNC hOCT1 mRNA expression and PMNC percentage. The large variability in the percentage of PMNC from total LEU in patients with IMA naïve de novo CML (median: 75%; range: 33% -93%), is therefore an important factor in the marked variability seen in hOCT1 mRNA expression in total LEU at the time of CML diagnosis. In addition, the hOCT1 mRNA expression from each analyzed group of cells was always significantly lower in IMA naïve de novo CML patients compared to healthy volunteers (Figure 1). This suggested that CML cells have an additional effect on the observed hOCT1 mRNA expression level.

The hOCT1 mRNA expression was detected in total LEU as well as in MNC at monthly intervals from IMA naïve de novo CML patients from the time of diagnosis until the 6 th month of IMA therapy. The median hOCT1 mRNA expression level from total LEU was significantly lower in the CML patients at the time of diagnosis compared to median expression levels in healthy individuals ( Figure 1; p < 0.001; nonparametric Mann Whitney test). However, after one month of IMA treatment, the median hOCT1 mRNA expression level in total LEU significantly increased (p = 0.031; nonparametric Wilcoxon test) and reached the expression levels from healthy volunteers. Therefore, the previously described difference in expression level disappeared during this observation period (p = 0.769; nonparametric Mann Whitney test) (Figure 2A). The same finding of hOCT1 mRNA expression was seen in the MNC samples from patients under the same criteria (Figure 1 and Figure 2B).

The lower hOCT1 mRNA expression level in LEU from IMA naïve de novo CML patients compared to healthy volunteers as well as its progressive increase after the start of IMA therapy could be explained by the initial presence and subsequent gradual disappearance of tumor cells from the measured cell population. To confirm this hypothesis, we performed an analysis on the relationship of hOCT1 expression with the percentage of immature myeloid cells in the LEU samples (as a marker of disease burden) obtained from IMA naïve de novo CML patients. In addition, due to the fact that a majority of patients did not have immature myeloid cells present in PB LEU samples after the first month of IMA therapy, we analyzed the dependence of LEU hOCT1 mRNA expression on the amount of BCR /ABL transcripts from these samples. We found a statistically significant relationship between hOCT1 mRNA Very limited data concerning hOCT1 mRNA expression in different cell populations exist to date [START_REF] Bazeos | BCR-ABL1 Oncogene Down-regulates the Expression of OCT1 in CML[END_REF][START_REF] Engler | Reduced Activity of the OCT-1 Protein in Primitive CML Cells: A Likely Determinant of Stem Cell Resistance in Imatinib Treated CML Patients[END_REF][START_REF] Jiang | Chronic myeloid leukemia stem cells possess multiple unique features of resistance to BCR-ABL targeted therapies[END_REF]. Bazeos et al. reported a higher hOCT1 mRNA expression level in PB PMNC compared to MNC from healthy individuals [START_REF] Bazeos | BCR-ABL1 Oncogene Down-regulates the Expression of OCT1 in CML[END_REF]. In this study, we have enhanced these findings and described the difference in expression level in IMA naïve de novo CML patients as well.

Our finding of lower hOCT1 mRNA expression in total LEU from IMA naïve de novo CML patients that quickly reached the expression levels of healthy volunteers is in accordance with observations from Bazeos et al. [START_REF] Bazeos | BCR-ABL1 Oncogene Down-regulates the Expression of OCT1 in CML[END_REF]. However, the authors from that study assumed that this finding was related to the achievement of a complete cytogenetic response.

According to our findings, the increase in hOCT1 mRNA expression after the start of IMA treatment was not caused by the suppression of inhibitory effects of the BCR/ABL oncogene, as suggested by Bazeos et al., but rather was due to a significant effect of the lower hOCT1 mRNA expression in immature myeloid cells (mostly CML tumor cells), which rapidly disappeared from the PB within the first month of IMA therapy.

Several studies have monitored hOCT1 mRNA expression in the MNC fraction of the leukocytes [START_REF] White | 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[END_REF][START_REF] Labussiere | Pharmacogenomic Factors Such as the Expression of Imatinib Transporters (OCT-1, ABCB-1 and ABCG-2) at Diagnosis, OCT-1 SNPs, and Steady-State Imatinib and Desmethyl-Imatinib Trough Plasma Levels in De Novo Chronic Phase Chronic Myelogenous Leukemia, May Influence Disease Response to Imatinib[END_REF]. However, the MNC is composed of several types of cells (including immature myeloid precursors, mostly tumor cells in CML patients). Although not analyzed, due to a low number of available samples for hOCT mRNA measurement in MNC (required for statistical significance), we expected that the impact of the cell composition found in total leukocytes on the hOCT mRNA expression results would be similar when measured in MNC. Therefore, it is not surprising that Labussiere et 5) was able to show this relationship, only 16 of the 70 CML patients from this study were not pre-treated. Thus, it is unknown whether the high hOCT1 mRNA expression level seen in Wang et al. could be a real predictor of therapeutic response in the future, or whether patients with a high hOCT1 mRNA expression level had a differential leukocyte and mononuclear count (due to pretreatment) that was close to that of healthy individuals and therefore higher than other patients in the study.

In addition, Wang et al. did not clearly define the cell population in which measurements was carried out, which creates additional uncertainty in their results. Similarly, Crossman et al. demonstrated a relationship between of hOCT1 mRNA expression and the achievement of a complete cytogenetic response (4). However, all patients in that study were pre-treated and this fact could explain why there was no observed difference between expression of hOCT1 mRNA in CML patients and healthy donors. Furthermore, Crossman et al. used bone marrow MNC for monitoring hOCT1 mRNA expression. The influence from the higher percentage of different myeloid precursors in these samples, as well as the greater heterogeneity in hOCT1 mRNA expression, is likely to exceed the influence of the immature cells in the PB samples that we have described in the present study.

In summary, our study has shown that monitoring hOCT1 mRNA expression in total PB leukocytes is controversial. However, we have shown that this level corresponds to the current differential count of leukocytes and the quantity of tumor cells at the time of testing, rather than being a prognostic factor that correlates with the future therapeutic response of patients with CML. Although we did not assess enough patients in this study for unequivocal evidence, it can be assumed that an analogous situation exists in monitoring the hOCT1 mRNA expression level in PB mononuclear cells, since it is also a mixture of cells (although less heterogeneous than the total leukocytes) with different expression levels of hOCT1 mRNA. Finally, the question remains of whether or not the dependencies of hOCT1 mRNA These data would be essential for the evaluation of all studies that assess the importance of this parameter as a marker of therapeutic response to IMA in de novo CML patients. 
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 3 The monitoring of hOCT1 mRNA expression in patients with chronic myelogenous leukemia (CML) was used for predicting the response to imatinib treatment. However, different cell populations from patients who received various degrees of pretreatment were used for this analysis. Therefore, several biases in the results and their interpretation may arise. We investigated hOCT1 mRNA expression in different cell populations of peripheral blood (PB) from healthy volunteers and in imatinib naïve de novo CML patients by analyzing changes in hOCT1 mRNA expression during the first 6 months of imatinib therapy. The hOCT1 mRNA expression was significantly higher in PB polymorphonuclears compared to mononuclears. The hOCT1 mRNA expression in total PB leukocytes is therefore preferentially determined by the percentage of polymorphonuclears. Expression in each analyzed group of cells was always significantly lower in imatinib naïve de novo CML patients compared to healthy volunteers. This difference disappeared after the initiation of imatinib therapy, suggesting that CML tumor burden and the degree of pretreatment at the time of monitoring were both influencing factors.

  the percentage of immature myeloid cells at the time of diagnosis as well as the BCR/ABL transcript level at the first month after the start of IMA treatment (Figure3Aand 3B).

  response[START_REF] White | 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[END_REF][START_REF] Labussiere | Pharmacogenomic Factors Such as the Expression of Imatinib Transporters (OCT-1, ABCB-1 and ABCG-2) at Diagnosis, OCT-1 SNPs, and Steady-State Imatinib and Desmethyl-Imatinib Trough Plasma Levels in De Novo Chronic Phase Chronic Myelogenous Leukemia, May Influence Disease Response to Imatinib[END_REF]. AlthoughWang et al. (

  leukocytes described in this study also apply to functional assays that analyze the activity of the hOCT1 transporter. It would be of great interest to perform analogous analyses to those in this study for monitoring the activity of the hOCT1 transporter.
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