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Abstract

Background

Raltegravir (Isentress®)(RALT) has demonstrated excellefitaeff in both treatmen
experienced and naive patients with HIV-1 infection, and is thedirand transfer integra
inhibitor to be approved for use in HIV infected adults worldwide. Siheén vivo efficacy
of this class of antiviral drugs depends on their access to efitdac sites where HIV-
replicates, we analyzed the biological effects induced by Ré&thTiuman MDR cell systen
expressing multidrug transporter MDR1-P-glycoprotein (MDR1-Pgp).

Methods

Our study about RALT was performed by using a set of consdiisaéthodologies suitab
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for evaluating the MDR1-Pgp substrate nature of chemical andgimalcagents, namely:

assay of drug efflux function; ii) analysis of MDR reversingpability by using cell
proliferation assays; iii) monoclonal antibody UIC2 (mAb) shifittes a sensitive assay| to

analyze conformational transition associated with MDR1-Pgp funciod;iv) induction o
MDR1-Pgp expression in MDR cell variant subjected to RALT exposure.




Results

11%

Functional assays demonstrated that the presence of RALT doesnmarkably interfer
with the efflux mechanism of CEM-VBL100 and HL60 MDR cells. Adiogly, cell
proliferation assays clearly indicated that RALT does not reM@R phenotype in humgn
MDR1-Pgp expressing cells. Furthermore, exposure of CEM-VBL16 ttelRALT does ng
induce MDR1-Pgp functional conformation intercepted by monoclonal antilna#lig)(UIC2
binding; nor does exposure to RALT increase the expression of thistrdmgporter in
MDR1-Pgp expressing cells.

—+

Conclusions

No evidence of RALT interaction with human MDR1-Pgp was obsenvéidein vitro MDR
cell systems used in the present investigation, this incorporatingets of studies
recommended by the FDA guidelines. Taken in aggregate, tagssufjgest that RALT may
express its curative potential in all sites were HIV-1 patest including the MDR1-Pgp
protected blood/tissue barrier. Moreover RALT, evading MDR1-Pgyg @fflux function,
would not interfere with pharmacokinetic profiles of co-administdviDR1-Pgp substrate
antiretroviral drugs.
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Background

The suboptimal penetration of antiretroviral agents into sanctitesy such as the central
nervous system or into target CD4 cells may contribute to viralgpency. Drug transporters
are viewed as one of the major mechanisms which account for subopissaé
concentrations of antiretroviral agents. MDR1-P-glycoprotein (MDR4,-RCB1), as well
as other ABC family members of structurally and functionadiated proteins, is a plasma
membrane transporter which participates in the transport of avartey of drugs, including
anti-cancer chemotherapeutics [1] and antiretroviral compounds [2].aftidral agent
Raltegravir (Isentress®)(RALT) is the first integrase infoibi(IIN) to be approved for
treatment of HIV infection in adults [3,4]. However, the involvementhafman drug
transporters in RALT absorption, disposition, metabolism and excreADME) has not
been fully investigated. RALT has been described as being dRIMEYp substrate [5,6], but
there are still few data in the public domain, which are not even definitive.

As for all known anti-retrovirals, the emergence of viral mutatiomferring resistance to
antiretroviral agents has been documented for this compound [7]. Howlewgrresistance
may also be caused by the biological activity of MDR1-Pgp aratfeer members of the
ABC transporter family which, through intercepting drugs by medrtke binding transport
sites within the MDR1-Pgp binding pocket, delivers them out of #lks gia an ATP
dependent mechanism [8,9]. MDR1-Pgp was initially studied in thengetf anticancer
treatment; it was identified as the biological entity confgrthe multidrug resistance (MDR)

in tumor cells, this by reducing the level of cytotoxic drug ursidy-lethal concentration
[10]. Invitro andin vivo studies have shown that all protease inhibitors display a high affinity



for MDR1-Pgp [11-13], as well the CCRS5 inhibitor maraviroc [6,14] and qamgdl
diketoacid derivatives (DKA) with anti-integrase activity [15]h€Be latter compounds,
although different in chemical structure from RALT, exertimilar inhibition on strand
transfer activity of HIV-1 integrase. Since vivo efficacy of this class of drugs depends on
their access to intracellular sites where HIV-1 repéisatnd given that limited information
exists on RALT interaction with human MDR1-Pgp expressing celisparformed a set of
well-establishedn vitro studies on the human CD4 positive lymphoblastoid CCRF-CEM cell
line and its derivative MDR variants, in line with FDA concept pape drug interactions
[16]. In order to strengthen the data about the interaction betw&eh &d human MDR1-
Pgp, we incorporated an additional human MDR cell system innbésiigation. In line with
FDA recommendations, we evaluated RALT as substrate, inhibitomander of MDR1-
Pgp by performing the following studies: i) inhibition of drugnisport function by using the
classical efflux assay [17]; ii) down-modulation of multidrug stmice (MDR) phenotype in
cell proliferation assay [18]; iii) up-modulation of the monoclonalbaaty (mAb) UIC2
epitope in MDR cells during MDR1-Pgp-mediated drug transport [dr€d; iv) induction of
MDR1-Pgp expression by exposing MDR CEM-VBL10 cells to MDR1-Pgp subsigfips

Results and discussion

Assessment of MDR1-Pgp expression level in human NRDcell lines

The studies for evaluating the functional and biological interactioRAIT with human

MDR1-Pgp were conducted by using two different human cell systemsisting of : a) the
lymphoblastoid CD4 positive cell line CCRF-CEM and its derivaM@R variants CEM-

VBL10 and CEM-VBL100 expressing increased level of MDR1-Pgp bindites sand

relative resistance; b) the drug sensitive/resistant HL60 ar@DHINR cell pairs of acute
myeloid leukemia (AML) origin. The MDR phenotype of such cellsswasted and
monitored by the highly specific mAb MM4.17 to the external MDR1-&gmain [21]. The
binding profiles shown in Figure 1 confirm the MDR nature of CEM-VBLGEM VBL100

and HL60-DNR cells, while the parental drug sensitive cell I&RF-CEM and HL60
were not recognized by the mAb, thereby indicating the absdndetectable MDR1-Pgp
molecules.

Figure 1 MDR cell lines. MDR1-Pgp expression was determined by the highly specific mAb
MM4.17. Inpanels A the binding profiles obtained by staining the parental drug sensitive
cell line CCRF-CEM and its derivative MDR variants (CEM-VBL10 and CEM-¥BQ) are
shown. InPanel B there are the binding profiles of the AML drug sensitive/resistant cell
pairs HL60 and HL60-DNR.

Drug efflux

Rhodamine 123 (Rh123) is a fluorescent marker substrate for MDR 1hiRmyination of
MDR1-Pgp-positive cells with this drug, followed by washing and further incubat®n’e,
results in a diminished fluorescence profile due to the activg ttansport exerted by the
MDR1-Pgp efflux system expressed in MDR cells. The preseneeMDR1-Pgp inhibitor
such as Verapamil (Vrp) during incubation and/or drug extrusionoress Rh123
fluorescence [17]. As shown in Figure 2, differently from the potdtR1-Pgp drug
transporter inhibitor Vrp, RALT is not capable at the indicated eoinations to inhibit drug
efflux and does not produce Rh123 accumulation in both CEM-VBL100 and HL60-DNR



MDR cells. In order to verify the absence of inhibitory effe€tRALT on MDR1-Pgp
function, additional drug efflux assays were performed with VBL-bodipg Calcein-AM:
these studies showed that the drug does not affect the efflae @fibrescent dye substrate
VBL-bodipy while a little shift involving 5-10% of the Calcein-ANteated cells was
observed (Additional file 1: Figure S1). Therefore, these dataroorthe absence of a
remarkable inhibitory activity of RALT on MDR1-Pgp expressing cells.

Figure 2 Evaluation of Rh123 transport inhibition mediated by RALT. The efflux of the

dye MDR1-Pgp substrate Rh123 in CEM-VBL100 and HL60-DNR MDR cells was
monitored in drug-free conditions (blue histogram), in the presence of the potent MDR1-Pgp
blocker Vrp (2.5ug/mL) (green histogram), and following incubation with RALT (red
histogram) dissolved in DMSO or H20 at the concentrations shown on the right ide of t
panels.

Proliferation assay

To evaluate RALT’s potential ability to down modulate the MDRemotype, standard
proliferation assays were used. The experiments were pedoiny using increasing
concentrations of the potent cytotoxic drug vinblastine (VBL) in preseand absence of
RALT and the MDR reversing agent Vrp. The concentration of RA&fQlial to 12.5ug/mL
used in proliferation assays, is twice that observed in plasmpaténts treated with
conventional RALT dosage [22]. The study was conducted both on drug sensigéwapa
cells and their derivative variants CEM-VBL100 and HL60-DNR. Trewn curves shown
in the Figure 3 demonstrate that RALT does not induce any modulatiDBf phenotype
on CEM-VBL100 and HL60-DNR cell lines; this suggests that #msviral drug does not
interfere with MDR1-Pgp drug transport function. The cell growth pagtef CEM-VBL100
cells (Figure 3, Panel A) obtained in the presence of VBL and MB& RALT are similar as
evidenced by their IC50 values (0.226 = 0.0p§/mL and 0.201 + 0.047.g/mL,
respectively) (Figure 3, Panel B). Likewise, the cell groptbfiles obtained with HL60-
DNR in VBL and VBL plus RALT (Figure 3, Panel A) containing celllture conditions
may be considered comparable in terms of IC50 values (0.062 * @gdhl and 0.067 +
0.010pg/mL, respectively) (Figure 3, Panel B). In contrast, the growthecprofiles of both
CEM-VBL100 and HL60-DNR MDR cells cultured in the presencé&/BL and the MDR
reversing agent Vrp, show a dramatic inhibition of cell proliferatcaused by down
modulation of MDR1-Pgp activity. The IC50 values calculated forG@eEM-VBL100 and
HL60-DNR in the presence of Vrp were 0.0052 + 0.00¢6nL and 0.0050 + 0.004@y/mL,
respectively (Figure 3, Panels A and B). The cell growth cpatterns of the parental drug
sensitive CCRF-CEM and HL60 cell lines show, as expected, artsgbeeptibility to VBL,
while no further biological effect was observed in the presence of the vaoimignations of
drugs (Figure 3, Panels A and B). In order to better elucidate tleat@btinteraction of
RALT with MDR1-Pgp, we exposed the panel of cell lines to ckfié amounts of RALT
ranging from 0.1 to 10Qg/mL. In this case, the parental drug sensitive cells $edra more
susceptible to RALT in respect to their MDR variants (FigureCGhnsidering the small
magnitude of growth inhibition, this phenomenon may simply reflect areiffedrug
susceptibility among the cell types observednrvitro conditions. However, it cannot be
ruled out that RALT may behave as a weak substrate, and thatRDRLgp molecules
expressed on MDR cells act as a drug transporter loweringdrtlie concentration and its
related cytotoxic effect. This result might justify the olaéion of the small fraction of
MDR cell population retaining the dye substrate Calcein-AM in dheg efflux studies
(Additional file 1: Figure S1). Furthermore, this hypothesis m@ayn partial in agreement



with previous published findings showing that a reduction of RALT efflugrdy 32% was
observed when the potent reversing agent Tariquidar was used to AWR®RB1 in CEM
VBL100 cells [5]. To this regard, it should here mentioned as FDA boeserecommend
that a drug should achieve an efflux ratio greater than a 50% m@dwetien an ABCB1
inhibitor is used in order for ABCBL1 transport to be considered nelewavivo [16]. To
further investigate the RALT modulating effect on MDR1-Pgp, thbmJIC2 shift assay
was used. This test is a useful tool for detecting conformatidrasges associated with the
function of MDR1-Pgp and provides a potentially useful diagnostic fastboth the
expression and the function of MDR1-Pgp [19].

Figure 3 MDR chemosensitization.In the upper part of the figure the dose-response growth
curves of drug sensitive parental cell lines (CCRF-CEM and HL60) and thieiatile

MDR variants (CEM-VBL100 and HL60/DNR) are sho{#®anel A). The cells were

cultured for 72 h in medium containing increasing concentrations of VBL alone (open
circles), VBL plus 12.5ug/mL of the IIN RALT (open triangles), and VBL plus 2:§/mL of

the MDR1-Pgp blocker Vrp (open squares). In the lower part of the f{§ares| B) the

IC50 values (concentrations of the compound that inhibits cell growth by 50%) focedhch
culture condition are reported. Values are means of three independent exge@aemidone

in triplicate.

Figure 4 Growth inhibition assay. Concentration-dependent effect of the RALT on
proliferation rate of drug sensitive/resistant cell pairs CCRF-CE/HL60 Panels Aand
B, respectively) after 72 h of culture. The figure depicts one represergapieement, and
data are expressed as% of untreated control cells with each concendistBdrirt triplicate.

UIC2 shift assay

The UIC2 mADb (lgG2a) reacts with the extracellular moietyMiDR1-Pgp and inhibits
MDR1-Pgp-mediated efflux of all tested MDR chemotherapeuticdrlighas been shown
that the reactivity of UIC2 mAb on MDR cells is enhanced in tlesgmce of a large array of
compounds recognized as MDR1-Pgp substrates which include cytotets aggether
with certain classes of MDR reversing agents (Verapauinidine, Cyclosporine-A) [19].
This phenomenon has been used to develop a highly specific and sensitivd toetonfirm
the MDR1-Pgp substrate and MDR reversal agent nature of ketaeraical agents [23,24].
Therefore, to elucidate the RALT/MDR1-Pgp interaction, we took adganof the mAb
UIC2 ability to bind with increased affinity to its target the presence of MDR1-Pgp
modulators due to conformational changes in functioning MDR1-Pgp. In trdeghlight
this phenomenon, we used the cell line CEM-VBL10 as MDR1-Pgp esipgesells instead
of CEM-VBL100 cells, because of the former’s relatively lowember of MDR1-Pgp
binding sites/cell (10,000 binding sites /cell) [M. Cianfriglia, unpted]. In general, cell
lines with a higher level of MDR1-Pgp molecules require higher exanations of MDR1-
Pgp substrates for maximal stimulation [25]. The results of ghidy show a significant
induction of mAb UIC2 binding on CEM-VBL10 cells incubated with VBligure 5, Panel
C), while no UIC2 mAb binding shift was observed in presence of 25 andy/s0L of
RALT (Figure 5, Panel A and B).



Figure 5 Modulation of the UIC2 epitope.In thePanel AandB the binding profiles of the
mAb UIC2 on CEM-VBL10 MDR cells are shown (red histogram); incubation of the cell
with RALT (25 and 5Qug/mL) does not interfere with mAb UIC2 binding (green histogram).
Conversely, a marked shift of mAb binding UIC2 is observed incubating CEM-VBLIK) cel
with VBL (10 pg/mL) (Panel C green histogram). The filled profile represents cells stained
with secondary antibody alone.

Induction of MDR1-Pgp expression in MDR cells

Since the discovery of the simultaneous resistance of tumortoedislarge array of anti-
cancer compounds in the late 1970s, the inhibition of MDR1-Pgp conféhenyIDR has
become an attractive therapeutic strategy in ordedetoovo sensitize tumor cells to
anticancer drugs in cancer patients. [26]. However, drug/drug ¢titera are critical factors
in all therapeutic regimens, the co-administration of MDR modulataits drugs that are
MDR1-Pgp substrates needing to be balanced with lower drug coatemmd to avoid
unpredictable side effects [27]. In this regard, the FDA conceptr mapédrug interactions
recommends that new drug candidates should be evaluated as substrdtésrs, and also
as inducers of MDR1-Pgp [16]. We therefore decided to study thetioduaf MDR1-Pgp
after a prolonged exposure to various concentrations of RALT of CEMtURells, which
are very prone to modulate MDR1-Pgp expression in the presengwtuixic drugs and/or
MDR1-Pgp substrates. In parallel experiments, the cells wal®ired with increasing
amounts of the potent MDR1-Pgp inducer and substrate VBL. The retapasfsSRALT and
VLB concentrations are absolutely empirical, but congruous to deratmstlifferent
induction phenomena exerted by these drugs. In the presence ofCHBL;VBL10 cells
"respond” by increasing the percentage of MDR cells inioglsthip with drug concentration,
as evidenced by the progressive shift of the fluorescencieeprobtained with the MDR1-
Pgp specific antibody MM4.17 (left part of Figure 6). In contragt, Ris totally ineffective
in inducing MDR1-Pgp expression up to the maximum tested concentativ® pg/mL
(right part of Figure 6). By exposing CEM-VBL10 to an additionalrease of drug
concentrations (100 ng/mL of VBL and 1Q8/mL of RALT), a large phenomenon of cell
death in the VBL containing cultures was observed, but no particulagizal effect with
regard to the RALT (data not shown).

Figure 6 MDR1-Pgp drug induction assay.In the left part of the figure, the shift of the
MDR1-Pgp binding profile (shaded histogram) is parallel with the increagBlof
concentration. In the right part of the figure, RALT treatment is ineffeatiadl tested
concentrations in up-modulating the MDR1-Pgp expression (empty histogram). In both
experiments the highly specific mAb MM4.17 was used for staining procedures.

Several clinical trials have shown a sustained antiretrovifatteand a good tolerability of
RALT in naive and treatment-experienced HIV-1 infected p&die[28]. Previous
investigations have already reported that RALT has a low propéiasityzvolvement in
drug—drug interactions [6]. Update studies on pharmacology profile of RALT areldesin
the recently published review article by Brainard et al. [29ictv reports that RALT is not
an inhibitor of the major CYP isozymes, including CYP3A4, UGTs, ardRWPgp.
Additionally, it has been reported that RALT is not an inducer of &MPRNA expression
or CYP3A4-dependent testosterone 6 beta-hydroxylase activity [14].elops studies
conducted by our group, a series of diketoacid-containing derivative&)(iinctioning as
inhibitors of HIV-1 integrase have been described as being MDR1ABgB1 substrates
[15] with strong MDR1-Pgp inhibitory activity. Elvitegravir [4,6], whihas a biochemical



formulation similar to DKA, shows marked drug interaction with MDRgp multi-drug
transporter and acts as a strong MDR reversing agent [15kt@iy performed with human
MDR cell lines clearly shows that the RALT compound does not iniMitR1-Pgp
mediated drug transport function. The different level of cytotoXeceexerted by RALT on
drug sensitive/resistant cell pairs (Figure 4) and the low ghédtsmall fraction of MDR cell
population incubated in presence of Calcein-AM may be cell tydedgie-substrate related,
and not sufficient to establish the existence of an authentic ¢tiravith MDR1-Pgp. In
this context, Zambruski et al. [6], include elvitegravir, vicrivirocl@o a lesser extent RALT
in the list of MDR1-Pgp substrates. However, our own findings caimge RALT seem to
suggest otherwise, a possible explanation being in the differerdystédim used and in the
interpretation of data. Again in this regard, Moss et al. sholwatl RALT has minimal
interactions with known drug transporters, and that the rate of MBpimediated transport
in vitro is so low that the potential for interactions of this enstgxpected to be small [5].
The very low rate of RALT transport by MDR1-Pgp expressintls amay explain the
absence of major drug interactions with known potent MDR1-Pgp inhibFarshermore,
very recently, Tempestilli et al., [30] showed that darunavir, uriiR&T, may modify the
expression and functionality of MDR1-Pgp on human lymphocytes. Tiakaggregate, the
above mentioned studies are consistent with a previous report Where-administration of
low-dose ritonavir had no major effect on RALT pharmacokinetics, andose adjustment
was required for patients [31].

Overall, these findings suggest that, in addition to its well knofwaef) and safety, RALT
may present an advantage in respect to other anti-retroviralarthd1DR1-Pgp substrate.
Indeed, RALT’s biological properties may endow it with a highlgerapeutic potential
against HIV-1 residing in sanctuaries sites pharmacologiqaibtected by MDR1-Pgp
expressed on blood tissue barriers. However, in this context, ipartamt to remember that,
despite MDR1-Pgp is the first discovered and probably the most ywatatied ABC
transporter protein, there are other ABC transporters involvednicaliMDR and in drug
absorption and distribution; these include multidrug resistance proMiRBg, ABCCs) and
breast cancer resistant protein (BCRP, ABCGZ2) [32,33]. In panjddRP1, MRP2, MRP4
and BCRP/ABCG2, together with MDR1-Pgp, are present on manigibaites such as the
blood-brain barrier and on many circulating cells such as lymphocytes, andwenite they
could contribute to reduce antiretroviral agents in sanctuary or HIV-1 &itge{34].

Conclusions

Our investigations demonstrate that RALT is ineffective in inimbitdrug efflux and in
down-modulating the MDR phenotype of human CEM and HL60 MDR cells tocimmte
considered relevamh vivo by FDA guidelines [16]. In addition, exposure of CEM-VBL10 to
RALT does not induce the functional conformation of MDR1-Pgp interdepgethe shift of
UIC2 mAb binding. Furthermore, in contrast to other licensed anti-Htfugs such as the
protease inhibitors, RALT has proved to be ineffective in inducing araserof MDR1-Pgp
expression level in MDR cells in culture conditions. The absencerenfarkable
RALT/MDR1-Pgp interaction may represent a medically relevamperty, although at
present its impact in the clinical setting is not totallgac! Further studies are warranted to
better define i) the mechanisms underlying the profound functionalreliffes of RALT in
comparison with other 1INs which behave as MDR-Pgp substrates BiRirBlversing agents
and, ii) the potential involvement of other ABC drug transportersAhTRabsorption and
disposition.



Methods

Chemicals

The RALT was a kind gift of the Merck company (Pomezia, Rortay)] Verapamil

(Isoptin) was purchased by Abbott (Latina, Italy); Vinblastinelpé) by Eli Lilly (Paris,

France); Rhodamine-123 was purchased from Sigma (St. Louis, M@Ylastine-bodipy
(VBL-bodipy) and Calcein acetoxymethlyl ester (Calcein-AMprev purchased from
Molecular Probes (Eugene, OH).

Cell lines

The multidrug resistant (MDR) variants CEM-VBL10 and CEM-VBLI®@lls were isolated
by stepwise selection of the parental drug sensitive CCRF-GCEEM) in the presence of
increasing concentrations of VBL [up to the final concentration ofad@ 100 ng/mL,
respectively]. Cells were grown under standard conditions for maammazells cultured in
suspension. The basic medium (BM) for cell culturing consisted of RPMI-1640 suppieime
with 10% foetal calf serum (FCS), L-glutamine (2 mM) penmil{1l00 U/mL) and
streptomycin (100 U/mL). All these components were purchased from Hyclogar{LUtah,
USA). Identical culture conditions were adopted for the multidregstant (MDR) variants
HL60-DNR, kindly provided by Dr. Ruoping Tang (Hopitaux de Paris , Paris, France)

MDR efflux assay

CEM-VBL100 and HL60-DNR cell lines (1 xf0were loaded with Rh123 (Bg/mL)(or
with VBL-bodipy, 50 ng/mL, or Calcein-AM, 50 ng/mL) in 1 mL of BM ih& presence of
RALT (concentrations: 50 and 2f/mL) or Vrp (2.5ug/mL) for 1 h at 37°C. The cells were
incubated with Rh123 at the indicated concentrations or with drug tl{BMSO: 0.5%;
H20). At the end of incubation, the cells were washed in seruen#fredium and re-
suspended in BM in the presence of RALT or Vrp (drug diluents adaked in control
samples) for a further 1 h at 37°C. Finally, cells were washie@ twith ice cold phosphate-
buffered saline (PBS)/FACS, and analyzed in a flow cytomet&C@ean, Becton
Dickinson, San Jose, CA).

Cell proliferation assay

The parental drug sensitive and their MDR derivative cell lineexponential phase of
growth were collected, extensively washed with warm RPMI-16#0s&eded (in triplicate)
in 96-well microtiter Costar plates (Costar, Rochester, NY) at a defgiy10 cells/mL.

For MDR chemosensitization studies, the cells were culturedvinc@ntaining increasing
concentrations of VBL ranging from 0 to 5@/mL; in parallel, MDR cell cultures containing
the different concentrations of VBL were grown in the presedcRALT (12.5 pg/mL)
dissolved in water. As a control the MDR reversing agent Vrp wed atsthe concentration
of 2.5ug/mL in an additionally parallel culture. In growth inhibition assRALT was tested
alone at 4 concentrations spread over a range between 0 andy/b@l0. For all above
described experiments cell survival was determined by WSTdly g8seMix WST-1 cell
proliferation kit, Vinci Biochem, Firenze, Italy) after 72 h treant at 37°C in 5% CO2. The
values describing the concentration-response profiles are calcals¥dof appropriated



control and represent the mean of three independent experiments, eadh aglicate. The
GraphPad Prism statistical analysis program was used.

Monoclonal antibodies and UIC-2 Shift assay

The mAb UIC2 [19] was kindly provided by Dr. E. Mechetner (Chemicon Teenecula,
CA). For determination of MDR1-Pgp expression, the mAb MM4.17 reeognian
extracellular MDR1-P-gp epitope on intact/living human MDR cdll was used (data not
shown). Both UIC2 and MM4.17 mAbs were used in a highly purified form. a2 @hift
assay was performed under physiological conditions as previoustyilwkd [19]. CEM-
VBL10 cells (1x16) were resuspended in 1 mL of PBS containing 2% FCS and allowed to
equilibrate at 37°C in a water bath for 10 min. The RALT was addeshmples (final
concentration 25 and 5@/mL) and incubated for additional 15 min at 37°C with purified
UIC2 mADb (final concentration 125g/mL). VBL (10 ug/mL), a well known UIC2 shifting
agent, was used as positive control do detect the conformation of MORdtPigg drug
efflux function. Cells were then washed twice in ice-cold Ri®8taining 2% FCS with
0.01% sodium azide (Shift Stop Buffer, SSB), stained on ice in SS&dftitional 15 min
with 5 ug/mL of fluorescein-conjugated goat-antimouse antibody (FITC-G&&ppel, West
Chester, Pa, USA), washed twice with ice cold PBS/FACS amctairged in ice until flow
cytometry analysis.

Induction of MDR1-Pgp expression in MDR cells

For the evaluation of the induction of MDR phenotype, CEM-VBL10 aellexponential
phase of growth were collected, extensively washed with warll-RB40 and resuspended
at the concentration of 5 x “4@ells/mL in BM alone, or in the presence of different VBL
concentrations (from 100 ng/mL to 12.5 ng /mL) or RALT (from L@0mL to 12.5ug/mL)
and were seeded in 24-wells Costar plates (Costar, Roch¢¥)efigr 96 h. At the end of the
incubation, the cells were harvested, washed with BM alone, and indwhisttel2.5ug/mL

of mAb MM4.17. After 30 min of incubation at 4°C, the cells were waslpetieted,
resuspended and incubated for an additional 30 min at 4°C in the presdhaweascein-
conjugated goat antimouse antibody (FITC-GAM, Cappel). After incumathe cells were
washed, resuspended in PBS and processed for flow cytometry analysis.

Data presentation

All the experiments were repeated at least thrice. Thefisigmce was assessed by Student's
t-test and the criterion for statistical significance was set at P < 0.05.
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Additional file 1: Figure S1 Evaluation of VBL-bodipy and Calcein-AM transport inhibition
mediated by RALT. The efflux of the fluorescent dyes MDR1-Pgp substrateb@Bipy
(upper part of the Figure) and Calcein-AM (lower part of the Figure) on-¥BMLOO MDR
cells was monitored in drug-free conditions (red histogram), in the presencepotéhée
MDR1-Pgp blocker Vrp (2.2g/mL) (green histogram), and following incubation with 50
ug/mL RALT (blue histogram) dissolved in DMSO or H20.
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