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Impact of ABCB11236C >
T-2677G >T-3435C>T
polymorphisms on the anti-
e proliferative activity of imatinib,
I nilotinib, dasatinib and ponatinib

. Géraldine Dessilly’, Nadtha Panin?, Laure Elens?, Vincent Haufroid™*" &
- Jean-Baptiste Demoulin*”

Overexpression of ABCB1 (also called P-glycoprotein) confers resistance to multiple anticancer drugs,

. including tyrosine kinase inhibitors (TKIs). Several ABCB1 single nucleotide polymorphisms affect the

transporter activity. The most common ABCB1 variants are 1236C >T, 2677G >T, 3435C >T and have

. been associated with clinical response to imatinib in chronic myelogenous leukaemia (CML) in some
studies. We evaluated the impact of these polymorphisms on the anti-proliferative effect and the
intracellular accumulation of TKls (imatinib, nilotinib, dasatinib and ponatinib) in transfected HEK293

. and K562 cells. ABCB1 overexpression increased the resistance of cells to doxorubicin, vinblastine and

© TKIs. Imatinib anti-proliferative effect and accumulation were decreased to a larger extent in cells

. expressing the ABCB1 wild-type protein compared with the 1236 T-2677T-3435T variant relatively to
control cells. By contrast, ABCB1 polymorphisms influenced the activity of nilotinib, dasatinib and
ponatinib to a much lesser extent. In conclusion, our data suggest that wild-type ABCB1 exports

. imatinib more efficiently than the 1236T-2677T-3435T variant protein, providing a molecular basis for

. the reported association between ABCBI polymorphisms and the response to imatinib in CML. Our

: results also point to a weaker impact of ABCB1 polymorphisms on the activity of nilotinib, dasatinib and
ponatinib.

Tyrosine kinase inhibitors (TKIs) have been approved for the treatment of various cancers driven by kinase onco-
. genes such as EGF receptors, ALK, KIT and BCR-ABLI. In this study, we have focused on clinically approved TKIs
. targeting BCR-ABL, a fusion protein which results from the reciprocal translocation between BCR (breakpoint

cluster region) on chromosome 22 and ABLI (Abelson kinase) on chromosome 9. These drugs, namely, imati-
. nib, nilotinib, dasatinib and ponatinib have spectacularly improved the survival of patients with chronic myeloid
. leukaemia (CML)?-. Imatinib (STI571) was approved by the Food and Drug Administration (FDA) in 2001%7.
* Nilotinib (AMN107) and dasatinib (BMS-354825) are second generation TKIs that were developed to overcome
: imatinib resistance or intolerance, which occurs in approximatively 20 to 30% of CML patients®. Acquisition of
: mutations within the kinase domain of ABL is a major cause of resistance to TKIs but additional mechanisms
© have also been incriminated including overexpression of ABC efflux protein®>'°. First and second generation
* TKIs are ineffective against the BCR-ABL T315I “gatekeeper” mutation, which blocks the access of the drug to the
. ATP-binding site of the enzyme. To solve this issue, the third generation TKI ponatinib was developed.
: ABC transporters use ATP to actively transport substrates, across biological membranes!'. The overexpres-

sion of ABCBI confers resistance to a wide variety of chemotherapeutic substrates including vinca alkaloids (e.g.

Louvain centre for Toxicology and Applied Pharmacology, Institut de Recherche Expérimentale et Clinique,

Université catholique de Louvain, Brussels, Belgium. 2Louvain Drug Research Institute, Université catholique

de Louvain, Brussels, Belgium. 3Department of Clinical Chemistry, Cliniques Universitaires Saint-Luc, Université

catholique de Louvain, Brussels, Belgium. “De Duve Institute, Université catholique de Louvain, Brussels, Belgium.
. "These authors contributed equally to this work. Correspondence and requests for materials should be addressed to
: J.-B.D. (email: JB.Demoulin@uclouvain.be)

SCIENTIFICREPORTS | 6:29559| DOI: 10.1038/srep29559 1


mailto:JB.Demoulin@uclouvain.be

www.nature.com/scientificreports/

vinblastine) and anthracyclines (e.g. doxorubicin)'?. They were also suggested to play a role in the development
of resistance against TKIs (i.e. imatinib, nilotinib and dasatinib)'*-!>. Beside the expression level of ABCBI, pol-
ymorphisms may also modulate ABCB1 activity and by consequence drug efficiency. More than 60 coding sin-
gle nucleotide polymorphisms (SNPs) have been reported in the ABCBI gene (www.pharmgkb.org)!¢-'°. The
three most common variants in the ABCBI coding region are rs1128503 (1236C > T, Gly412Gly), rs2032582
(2677G > T/A, Ala893Ser/Thr) and rs1045642 (3435C > T, Ile1145]le). They present a Minor Allele Frequency
(MAF) of approximatively 50% in the Caucasian population and are in linkage disequilibrium. Several clinical tri-
als have studied the impact of these three SNPs on the clinical response to imatinib. In one study, it was shown that
the 1236C-2677G-3435C wild-type haplotype is associated with a decreased rate of major molecular response to
imatinib (decreased frequency from 70% to 44.6%). In the same report, homozygous patients for the allele 1236T
presented the best molecular response and the highest imatinib plasma concentrations®’. Another study also
showed that the 1236C-2677G-3435C haplotype was associated with higher resistance to imatinib?'. However,
other reports, including two meta-analyses, failed to confirm the impact of this haplotype either on the molec-
ular response or on drug resistance in patients treated with imatinib**?*. Consequently, the effect of these SNPs
towards imatinib remains controversial. However, results based on population studies are sometimes indecisive
mainly because of the presence of numerous uncontrolled confounding factors. As a complement to population
studies, recombinant cell lines are very useful to test the functional impact of genetic variants. Along this idea, two
studies have analysed the TKIs transport activity of ABCBI in transfected cultured cells. However, they did not
confirm the involvement of the 1236T-2677T-3435T variant in imatinib transport or anti-proliferative effect**?°.

To further analyse the impact of ABCBI polymorphisms, we set up two different cell models using HEK293
(human embryonic kidney) and K562 (human erythroleukemic) cell lines, as previously described?**. HEK293
is a commonly used model to test ABC transporter variants whereas K562 is derived from a human myeloid leu-
kaemia carrying the BCR-ABLI fusion and is therefore particularly suitable for testing the activity of TKIs. In this
report, we have evaluated the influence of these SNPs on ABCBI activity towards imatinib. We have also tested
other TKIs, nilotinib, dasatinib and ponatinib, which are reported ABCB1 substrates?®-*’. Little information is
available regarding the impact of ABCBI polymorphisms on these three drugs.

Results
Generation of ABCB11236C >T-2677G >T-3435C > T recombinant cell lines.  After transfection
of HEK293 and K562 cells with pcDNA3.1 and pEF-myc-cyto vectors (ABCBI¢.g.c; ABCBl¢ g.1s ABCBl py
or ABCBIy.1.7) respectively, recombinant cell lines expressing ABCBI (thereafter called HEK ¢ .c, HEK ¢ 6.1
HEK ¢ 1.y HEK pp 01 K562 g.c, K562¢ .1 K562 1.1y K562 1.7) or cell lines transfected with the empty vector
(called HEK cpas 1 Or K562,5r) were selected in the presence of G418. Similar ABCBI surface expression was
ensured by sorting recombinant cells by fluorescence activated cell sorting (FACS) with fluorescence parame-
ters gated on the same level of intensity. As depicted in Fig. 1a,b, comparable surface protein expression levels
were demonstrated by analytic flow cytometry in recombinant models. No fluorescence signal was detected in
HEK ,cpnas1 or K562,5 cell lines, suggesting negligible endogenous expression.

The subcellular localization of wild-type and variant ABCBI proteins was evaluated by immunofluores-
cence staining of HEK293 cell lines (Fig. 2). A circular fluorescent staining was observed in recombinant models
(Fig. 2b-e) and indicated a membrane localization of ABCBI.

Impact of ABCB11236C >T-2677G >T-3435C >T polymorphisms on the intracellular accumu-
lation of rhodamine 123.  We evaluated the ability of 1236C > T-2677G > T-3435C > T variants to export
rhodamine (Rh) 123, a well characterized fluorescent substrate of ABCB1%. After incubation in the presence
of Rh123, fluorescence levels were lower in all recombinant HEK293 cell lines compared to controls (Fig. 3a,
p <0.001), indicating a higher Rh123 efflux in ABCBI transfected cells. LY335979, a specific ABCBL1 inhibitor,
restored Rh123 intracellular fluorescence in transfected cell lines (Fig. 3a, p < 0.001), indicating that the dif-
ferences in fluorescence intensity can be ascribed to ABCB1 expression in HEK ¢ ., HEK ¢ g.1» HEK ¢ .p and
HEKr .11 There was no significant difference between the variants.

The same results were obtained in K562 cells. Indeed, we observed a lower fluorescence level in the ABCB1
transfected cell lines compared to control cell lines (Fig. 3b, p < 0.001) and these differences were abolished when
ABCBI1-mediated efflux was inhibited by LY335979 (Fig. 3b, p < 0.001).

Impact of ABCB11236C >T-2677G >T-3435C > T polymorphisms on the cytotoxicity of dox-
orubicin and vinblastine. Since ABCB1 has been reported to transport doxorubicin and vinblastine, we
assessed the influence of ABCBI variant expression on K562 cell proliferation in the presence of these drugs to
further characterize our model. We demonstrated that recombinant cells were more resistant to these anticancer
drugs, compared to control cell lines (Fig. 4a [10 to 270 nM], p < 0.001; Fig. 4b, p < 0.001). The effect was particu-
larly spectacular for low doses of doxorubicin. Furthermore, we observed no consistent difference in resistance
between K562 .1, K562¢ 1.t and K562 1. 1.t compared to K562 ¢ (Fig. 4, p > 0.05). These observations suggest
that variants do not alter the ABCB1 efflux activity towards these two specific substrates.

Impact of ABCB11236C >T-2677G >T-3435C > T polymorphisms on anti-proliferative effects
of tyrosine kinase inhibitors. Since ABCB1 has been reported to transport TKIs, we investigated the
impact of ABCBI variant expression on K562 cell proliferation in the presence of TKIs that target BCR-ABL
namely imatinib, nilotinib, dasatinib and ponatinib. We observed that recombinant cells were more resistant
to imatinib, compared to control cell lines (Fig. 5a), confirming that imatinib is a substrate of ABCB1. We next
compared the four ABCBI variants. The most striking effect was the resistance of K562 . to imatinib com-
pared with K562 ., K562 1.r and K562 .11 (Fig. 5a). These results were confirmed by calculating half maximal
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Figure 1. ABCBI cell surface expression. Histograms created from a flow cytometry analysis of (a) HEK293
stably transfected with the empty pcDNA3.1 (vector) and HEK293 cells transfected with ABCBI 1.1, ABCBl 1.1,
ABCBI.g.rand ABCBI ¢.c (median fluorescence intensity, arbitrary units (AI): 15384, 12381, 16290 and
16521, respectively) and (b) K562 cells stably transfected with the empty pEF (vector), and with K562 cells
transfected with ABCBI 1.1, ABCBI 1.1, ABCBI g.r and ABCBI ¢ (median fluorescence: 10271, 9577,
8993 and 9577, respectively). Cells were incubated with an FITC-conjugated anti-ABCB1 antibody (blue line)
or a matched isotypic control (red line).

Figure 2. ABCBI1 expression analysis by fluorescence microscopy. (a) HEK293 transfected with empty
plasmid pcDNA3.1 (vector) and HEK293 transfected with (b) ABCBI 1.1, (¢) ABCBlc 1.1, (d) ABCBl .1
(e) ABCBI_g.¢ cells were stained with anti-ABCBI antibody (green fluorescence). DAPI was used to stain

nuclei (blue).

inhibitory concentration (ICs) for each cell line (Table 1). This effect was observed at concentrations that are clin-
ically relevant. Our data suggest an increased activity of the wild-type protein (encoded by the CGC haplotype)
towards imatinib compared with variant proteins.

ABCBI expression also increased cell proliferation in the presence of nilotinib, dasatinib and ponatinib
(Fig. 5). This increase was consistently observed in three independent experiments, although it was statistically
significant only for dasatinib (Table 1). K562¢ q.c, K562 .1; K562 1.t and K562 1.1 cells exhibited similar sensi-
tivity to nilotinib (Fig. 5b), dasatinib (Fig. 5¢) and ponatinib (Fig. 5d), even though K562 . were slightly more
resistant to nilotinib compared to K562 1.1 and other cell lines (ICs, of 25.0 vs 21.2nM, respectively; Table 1).
These observations suggest that these polymorphisms have a much weaker impact on the transport of nilotinib,
dasatinib and ponatinib by ABCB1, compared to imatinib.

Impact of ABCB11236C >T-2677G >T-3435C >T polymorphisms on the intracellular accumu-
lation of imatinib and nilotinib.  We next sought to determine whether these polymorphisms affect the
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Figure 3. Intracellular accumulation of rhodamine 123 is not influenced by ABCBI

1236C > T-2677G > T-3435C > T polymorphisms. Intracellular accumulation of Rh123 (5uM)

in presence (0.1 and 0.2 M) or absence of ABCB1 inhibitor (LY335979) (N =6) in (a) HEK ,cpnas.1»

HEK 1336¢ > T-2677G > T-3435¢ > 7 a0 (b) K562pna3.1 K562136¢ > 126776 > T-3a3s¢ > - “Compared to vector *p < 0.05
#p < 0.01 **p < 0.001, *compared without inhibitor *p < 0.05 **p < 0.01 ***p < 0.001. This experiment was
performed as previously reported®.
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Figure 4. ABCB11236C > T-2677G > T-3435C > T polymorphisms do not affect the cytotoxicity of
doxorubicin and vinblastine. Cell proliferation after treatment with different concentrations of (a) doxorubicin
or (b) vinblastine for 24h (N = 3). The relative proliferation of treated cells compared to control cells is shown.

intracellular accumulation of TKIs in transfected cell lines. We obtained radiolabelled imatinib and nilotinib
(dasatinib and ponatinb were not available). As depicted in Fig. 6a,b, imatinib or nilotinib intracellular concentra-
tions were strongly decreased in HEK293 transfected cell lines expressing the ABCB1 protein when compared to
control cells (Fig. 6a, p < 0.05; Fig. 6b [0.125 to 1 uM], p < 0.05). Expression of the ABCBI.1.; variant haplotype
increased accumulation of imatinib when compared to ABCBI .. (Fig. 6a [1.25 to 5pM], p < 0.05), suggest-
ing that this variant affects imatinib efflux. Inconclusive results were obtained with the intermediate haplotypes
ABCBI .t and ABCBI 1.1. Expression of ABCBI variants had similar effects on nilotinib accumulation (Fig. 6b,
p > 0.05), suggesting that the variants do not alter the transport of nilotinib.

Discussion

In this study, we show that ABCBI 1236C > T-2677G > T-3435C > T polymorphisms affect the sensitivity of
human leukemic cells expressing BCR-ABL to TKIs, providing a molecular basis for the previously reported
associations between this ABCBI haplotype and the patient response to imatinib?*2!.

First, HEK293 and K562 recombinant cell lines expressing the ABCBI.g.c, ABCBl¢c g.1; ABCBlc.r.1 Or
ABCBI 1.1 haplotype were generated and carefully validated. As a control, we showed that the four variants
decreased Rh123 concentration in a similar manner, in agreement with published data®'. We also showed that all
variants conferred a similar resistance to doxorubicin and vinblastine in concordance to a previous report show-
ing that the efflux of vinblastine is not affected by these ABCBI polymorphisms?!.

We next used these validated models to assess the impact of ABCBI variation on TKIs anti-proliferative activ-
ity. Our results confirmed that imatinib is a good ABCBI substrate, as previously described!**?-*. Indeed, ABCB1
expression decreased K562 cell sensitivity to imatinib as well as the intracellular accumulation of radiolabelled
imatinib in HEK293. Furthermore, we showed that the wild-type protein (ABCB1_¢.¢) conferred higher imatinib
resistance compared to the variant protein (ABCB1.1.1). Consistently, imatinib intracellular concentrations in
cells expressing this variant protein were also significantly higher than in cells expressing the wild-type. These
observations suggest that the variant haplotype decreases imatinib transport by ABCB1 and provide an explana-
tion for previous in vivo studies that associated the wild-type haplotype (CGC) to imatinib resistance?*-%.
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Figure 5. Impact of ABCBI 1236C > T-2677G > T-3435C > T polymorphisms on anti-proliferative effects
of TKIs. K562 cell proliferation after treatment with different concentrations of (a) imatinib, (b) nilotinib,

(c) dasatinib or (d) ponatinib for 24h (N > 3). The relative proliferation of treated cells compared to control cells
is shown. IC;, (nM) are shown in Table 1.

vector 257 +£34
TTT 459 +95%*
Imatinib CTT 419+70*
CGT 435+ 84*
CGC 732 +£95%
vector 13.7+3.0
TTT 21.2£3.0
Nilotinib CTT 189422
CGT 19.5+2,4
CGC 25.0£2.6*
vector 0.33£0.05
TTT 1.314+0.11%**
Dasatinib CTT 1.06 £ 0.04%#*
CGT 1.08 £0.05%#*
CGC 1.43 £0.03 %% #
vector 0.8340.08
TTT 1.154+0.26
Ponatinib CTT 1.18+0.25
CGT 1.414+0.39
CGC 1.174+0.22

Table 1. Impact of ABCB1 1236C > T-2677G > T-3435C > T polymorphisms on anti-proliferative
effects of TKIs. Experiments were performed as in Fig. 5. Mean ICy, were calculated from three independent
experiments. *p < 0.05; **p < 0.01; ***p < 0.001 when compared to empty vector. *Significantly different

(p <0.05) from all other ABCBI variants; *significantly different from K562 and K562¢rr.

Nilotinib, dasatinib and ponatinib are also reported as ABCBI substrates but have been less studied than
imatinib in this context'*?-3%34 In our assays, nilotinib intracellular accumulation was much reduced upon
ABCBI expression. The cytotoxicity induced by nilotinib, dasatinib and ponatinib was also decreased, albeit
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Figure 6. Impact of ABCB1 1236C > T-2677G > T-3435C > T polymorphisms on the intracellular
accumulation of imatinib and nilotinib. Intracellular accumulation after 120 min of incubation (N = 3) at
different concentrations of (a) '*C-imatinib or (b) '*C-nilotinib in HEKcpnas.1» HEK 236c 5 726776 > 134350 > T
The intracellular accumulation of imatinib or nilotinib in each cell line was normalized by reporting the
absolute radioactivity on the total amount of proteins in cell extracts (DPM per mg of protein).

to a variable extent, in cells expressing ABCB1. Moreover, polymorphisms did not affect nilotinib intracellular
concentrations and had limited influence on the anti-proliferative effect of these three drugs, in contrast with
imatinib. This observation suggests that the studied ABCBI polymorphisms significantly affect the cell response
to imatinib but not, or to a much lesser extent, to nilotinib, dasatinib, ponatinib, doxorubicin and vinblastine. This
was reminiscent of our previous study on ABCBI 1199G > A SNP, which had also demonstrated a differential
effect of ABCBI for various substrates®.

Among the three investigated coding SNPs, rs1128503 (1236C > T, Gly412Gly), rs2032582 (2677G > T/A,
Ala893Ser/Thr), and rs1045642 (3435C > T, Ile1145]le), only the 2677G > T SNP is associated to an amino
acid substitution. Interestingly, in our study, we observed an impact of the 3435C > T synonymous SNP on the
anti-proliferative activity of imatinib (see above) but not of the 2677G > T non-synonymous SNP. The functional
impact of ABCBI 3435C > T synonymous SNP has been clarified in several studies®*~*. Indeed, despite the fact
that this is a synonymous SNP, this variant was shown to alter the kinetics of translation of the protein via the
insertion of a rare codon. More precisely, this SNP was suggested to create a translational pause, which could
slowdown translation by the ribosome and modify the kinetics of protein folding by chaperones®. We could
however not confirm the importance of this particular polymorphism in the imatinib intracellular accumulation
assay, possibly because this test is less sensitive and more prone to experimental variations.

Although the resistance to TKIs conferred by ABCB1 expression was not as striking as for doxorubicin, adapt-
ing imatinib dose according to ABCBI genotype might be interesting for CML patients. Moreover, we showed that
2" generation TKIs are less dependent on the studied ABCBI genetic polymorphisms, which are very frequent
in the Caucasian population. Future studies should establish whether ABCBI genotype affects the inter-patient
variability of the response to TKI.

In summary, our in vitro results show that the ABCBI 1236C > T-2677G > T-3435C > T polymorphisms affect
the anti-proliferative activity and the intracellular accumulation of imatinib.

Material and Methods

Material. Imatinib, nilotinib and dasatinib were purchased from LC Laboratories (Woburn, United States).
Ponatinib was purchased from Selleckchem (Munich, Germany). Radioactive '“C-imatinib (specific activ-
ity 0.14 mCi/mmol) and *C-nilotinib (specific activity 52 mCi/mmol) were a kind gift from Novartis Pharma
(Vilvoorde, Belgium). LY335979 (Zosuquidar 3HCL) was purchased from Bio-connect (Huissen, Netherlands).
Rhodamine 123 (Rh123) was obtained from Sigma-Aldrich (St-Louis, United States). Doxorubicin and vinblas-
tine were purchased from Pfizer (Brussels, Belgium) and Teva (Wilrijk, Belgium), respectively.

Generation of ABCB1 plasmids. The expression vector pcDNA3.1 containing ABCBI 5312677134357
cDNA (thereafter called ABCBIy.1.1) was a kind gift from Dr Rodney Ho (University of Washington). The plas-
mids designated ABCBI¢ 1.1, ABCBI.g.r and ABCBI ¢ were generated by site-directed mutagenesis using
the QuickChange II XL Site-directed mutagenesis kit (Agilent Technologies). The mutated plasmid designated
ABCBI 5362677134357 Was generated with the mismatched primers 5/-GTT AAG ATC TTG AAG GGC CTG AAC
CTG AAG GTG CA-3’ (forward) and 5'-TGC ACC TTC AGC TTC AGG CCC TTG ATC TTA AC-3’ (reverse).
The mutated plasmid designated ABCBI,36c.26776-34350 Was generated by the mismatched primers 5'-AAG AAA
GAA CTA GAA GGT GCT GGG AAG ATC GCT ACT-3' (forward) and 5-CAG TAG CGA TCT TCC CAG
CAC CTT CTA GTT CTT TCT T-3/ (reverse). The plasmid designated ABCBI ,34¢.2677G-34356 Was generated
by the mismatched primers 5'-GTG GTG TCA CAG GAA GAG ATC GTG AGG GCA GC-3’ (forward) and
5/-GCT GCC CTC ACG ATC TCT TCC TGT GAC ACC AC-3' (reverse).

ABCBI ¢ g.c was then subcloned into the pEF-myc-cyto vector using the Xho1l and Not1 restriction sites and
mutagenesis was performed as described above.

The mutated plasmid designated ABCBI 534c.26776-3435r With the mismatched primers 5'-CAG GAA GAG ATT
GTG AGG GCA-3' (forward) and 5'-GCT GCC CTC ACA ATC TCT TCC-3' (reverse). The mutated plasmid
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designated ABCBIy34c.26771-34350 Was generated by the mismatched primers 5-AAG AAA GAA CTA GAA GGT
TCT GGG AAG ATC GCT ACT G-3’ (forward) and 5'-CAG TAG CGA TCT TCC CAG AAC CTT CTA GTT
CTT TCT T-3/ (reverse). The mutated plasmid designated ABCBI,347.56777.34357 Was generated by the mismatched
primers 5-GTT AAG ATC TTG AAG GGT CTG AAC CTG AAG GTG CA-3/ (forward) and 5'-TGC ACC TTC
AGCTTC AGA CCCTTG ATC TTA AC-3’ (reverse).

ABCBI was fully sequenced after each mutagenesis to confirm the presence of the desired mutation.

Generation of stable recombinant cell lines. HEK293 and K562 cell lines were obtained from
ATCC and grown as previously described?. HEK293 and K562 cell lines were transfected with pcDNA3.1
and pEF-myc-cyto vectors, respectively and further selected in the presence of G418 (pcDNA3.1, 1 mg/ml and
pEF-myc-cyto, 1.5 mg/ml) according to our previously published method?*. Cells were then sorted as described
below.

Characterization of ABCB1 expression. Flow cytometry. This experiment was performed as previously
described?® with minor changes. For each experiment, 5 x 10° cells (HEK293 and K562) were harvested by cen-
trifugation. Cells were washed with ice-cold HAFA solution [filtrated (0.22 pm) Hank’s buffer with 3% decom-
plemented FBS and NaN; (20 mmol/1)]. Then, cells were resuspended in HAFA solution containing the primary
FITC mouse anti-P-glycoprotein antibody diluted 1:10 (clonel7F9 557002, BD Pharmingen) or its matched iso-
typic control diluted 1:10 (FITC mouse IgG 2bk, clone27-35 555742, BD) and incubated 45 min on ice in the
dark. Cells were further washed with HAFA solution, centrifuged and finally fixed in 1:1 HAFA/paraformalde-
hyde (4% in PBS, Affymetrix). Samples were analysed on a Fluorescence-activated cell sorting (FACS) Canto II
(BD). Life cell sorting was performed using the same protocol without NaN; and paraformaldehyde.

Immunofluorescence. This assay was performed as previously reported?, with slight modifications. One day
before the experiment, HEK293 cells were plated at a density of 5 x 10* cells/well in complete medium. The next
day, cells were washed with PBS/0.1% BSA, fixed with paraformaldehyde 4% during 15 min and rinsed with
PBS/0.1% BSA. Cell membranes were subsequently permeabilized with 0.1% Triton X100 during 5min. After a
washing step with PBS/0.1% BSA, cells were incubated with the primary monoclonal antibody Ab4E3 (ab10333,
Abcam, 5 pg/ml, diluted with PBS/0.1% BSA) or with its isotopic control (Mouse Ig2a kappa Monoclonal,
ab10353, Abcam, 25 pg/ml) for 90 min in the dark. Cells were washed twice and incubated for 60 min with
goat anti-mouse IgG coupled to FITC (ab6785, Abcam, 1 ug/ml) and with DAPI (Hoechst 33258 pentahydrate
(bis-benzimide), H3569, Invitrogen). Finally, cells were fixed a second time with paraformaldehyde 4% during
5min. Fluorescence was analysed in fluorescent mounting medium (Dako) with a digital Evos microscope (AMG,
Westburg).

Thymidine incorporation assay. K562 cells were seeded at 10* cells/well (96 well plate) in complete
medium and incubated for 24 h at 37 °C with doxorubicin, vinblastine, imatinib, nilotinib, dasatinib or ponatinib
at different concentrations. One pCi of *H-thymidine (2 Ci/mmole) was then added to each well and further incu-
bated for 24 h. The radioactivity was measured with a TopCount NXT liquid scintillation counter (PerkinElmer).
Proliferation in the presence of drugs was divided by the proliferation of control cells to obtain the relative prolif-
eration rate. To obtain dose-inhibition curve and for determination of ICs,, we fitted our data into Hill equation:

1
H
€)'
1+ (42)
where y is the percentage of inhibition of proliferation compared to untreated cells, IC, is the concentration that
is supposed to produce 50% inhibition, x is the drug concentration in logarithm and nH is the Hill coefficient. The

coefficients where estimated by nonlinear adjustment with the use of JMP Pro version12 statistical Software based
on the maximum likelihood estimation.

y:

TKI accumulation. One day before the experiment, 3.5 x 10° transfected HEK293 cells were seeded in
poly-L-lysine-coated 24-well plates in complete medium. '*C-imatinib or "*C-nilotinib were diluted with an equal
amount of cold compound and added at five different total concentrations (from 0.3 to 5pM and from 0.0625 to
1 pM, respectively) and cells were incubated for 120 min at 37 °C, 5% of CO,. After incubation with imatinib or
nilotinib, the cells were washed two times in cold PBS. After centrifugation, the supernatant was discarded and
cells were detached with ice-cold lysis buffer (0.1% triton X100 and 0.1% sodium deoxycholate). Radioactive
imatinib or nilotinib were quantified in cell lysis using a Tri-Carb liquid scintillation Bcounter (Perkin Elmer),
after addition of 4ml of Ultima Gold liquid scintillation cocktail. The absolute amount of drug present in cell
extracts was normalized to the amount of protein as quantified using the BCA kit (Thermo Scientific).

Statistical analysis. Experiment results are presented as mean with standard deviation. GraphPad InStat
(Version 3.05) was used for statistical analyses (Fig. 3 and Table 1). Analyses of variance were used under the null
hypothesis that the means of the compared groups were equal. Student-Newman-Keuls tests were performed
when the differences between means were significant. JMP Pro (Version 11) was used for statistical analyses
(Figs 4-6). Drug concentrations (in DPM per mg protein) and relative cell proliferation (%) of different cell
lines were compared with a mixed-model analysis. The model was built on the maximum likelihood ratio, with
cell line as the fixed factor, the replicate as the subject analysed and tested drug concentration as the repeated
measurement. No particular structure was imposed on the variances and covariances between and within the
tested concentrations of the repeated measurements. To test the overall effect of the haplotype, Dunnett post-Hoc
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comparison was used with empty vector transfected control sets as the reference. When indicated (see results),
we restricted the statistical analyses over a range of tested concentrations (nM or pM) for which ABCB1 effect
was noticeable and not saturated.
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