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P-glycoprotein (Pgp, ABCB1), multidrug resistanssaciated protein 1 (MRP1,
ABCC1) and breast cancer resistance protein (BGHR;G2) are active efflux pumps
that are able to extrude a large variety of lipbphthemotherapeutic drugs from the
cells, causing the phenomenon of multidrug rest&aihe intimate association of the
transporters with the plasma membrane implies thabtay have strong modulatory
effects on their catalytic function.

Rafts are isolated from bulk cellular membrane bgdity gradient centrifugation in the
presence of the non-ionic detergents e.g. TritotO®-TX-100) or Brij 98. It has been proposed
that lipid rafts are composed of a highly order@X-100-insoluable core region, rich in
sphingolipids and cholesterol, which is surrountgd less structured shell (resistant to milder
detergents, e.g. Brij 98) and then pass into a bgilkd disordered membrane pha&gp and
ABCG2 molecules reside in partially different meine territories. Most of the cell
surface ABCG2 molecules (>80 %) reside in the 83ijand TX-100 resistant core region
of the rafts. However, only 10-40 % of Pgp molesudee found in the TX-100 resistant
rafts and/or caveolae in various cell lines inagdNIH 3T3 MDR1, A431 and MDCK
cells, while the rest of Pgps are localized inTXe100 soluble, but Brij 98 resistant shell

region of raft§Goda et al. 2009, Current Cancer Drug Target).

Topological heter ogeneity of cell surface Pgps deter minestheir functional state
P-glycoprotein (Pgp), is present in two subpopatatiin the plasma membrane of
many cell types, distinguished by a conformationsgese antibody: Pool I is recognized
by the UIC2 mADb even in the absence of substratdutators, while pool 1l Pgps bind
this mAb only in their presence. However, when wernpeabilize the cells by
Saphylococcus aureus alpha toxin and wash out their ATP content, orlelepthe ATP
of intact cells by Na-azide and deoxy-glucose,tladl cell surface Pgps become UIC2
mAD reactive. At the same time the catalyticallgdtive double Walker A mutant Pgps
are recognized by the UIC2 mAb in the absence bbtsates/modulators and without
ATP depletion. These data suggest that pool | Rgpsn an ATP-free state. In addition,



we measured strong co-localization between the Sdystrate vinblastine-BPY and
UIC2-bound pool | Pgps in the membrane, suggestiagthe pool | Pgps are in a drug
binding state. The raft associated Pgps have aBotdld lower affinities to ATP
compared to the non-raft Pgps. The two Pgp pooisatso be distinguished in terms of
their membrane microdomain localization and intlata molecular neighbours, since
pool | Pgps are highly associated with the TX-168istant rafts and the cytoskeleton.
Endocytosis of Pgps proceeds mainly from the domiiparaft associated pool | and
involves caveolae and the actin microfilament systBepletion of ATP switches pool Il
Pgps from the UlC2on-reactive conformation to the UIC2 reactive confation, but it
does not affect their raft and cytoskeleton assiocia While restitution of normal
intracellular ATP level switches pool Il Pgps baokthe UIC2 non-reactive state. Thus
we propose that the raft associated pool | Pgpe hew high K, for ATP to become
saturated at physiological ATP concentrations ahdy tpreferentially engaged in
trafficking processes, while pool Il Pgps are sattenl with ATP and involved in substrate

transport. (The manuscript will be submitted soon.)

Molecular interaction partnersof thetransporters

We aimed to identify interaction partners of theamined transporters in co-
immunoprecipitation experiments. The co-precipdapeoteins were separated by SDS
PAGE and the excised protein bands were analysddAlyDI. When we used whole
cell lysates to immunoprecipitate Pgp the majoatythe co-precipitated proteins were
cytoskeleton associated and probably involved & daveolae-mediated endocytosis of
Pgp in addition to some membrane proteins (e.g. IERE3, stiml1, Aspartyl/asparaginyl
beta-hydroxylase, delta-1-pyrroline-5-carboxylatgteetase, synaptotagmin-1) and a
heat sock protein (hsp71).

In further experiments Pgp and ABCG2 proteins wienenunoprecipitated in
RIPA buffer from a plasma-membrane rich fractiorcells. In these experiments hsp71
and myosin-9 were co-immunoprecipitated with botjp Fand ABCG2. Since these
proteins may potentially affect the expressionumction of the examined transporters we

examine this issue by silencing hsp71 and myosin-9.



Interactions of retinoids with P-glycoprotein, ABCG2 and MRP1

We examined the effect of several retinoids (eeginol, all-trans-retinoic acid,
all-trans-4-oxo-retinoic acid, 9-cis-retinoic acfiicis-4-oxo-retinoic acid, 13-cis-retinoic
acid and 13-cis-4-oxo retinoic acid and retinyltat®) on the transport and ATPase
activity of Pgp, ABCG2 and MRPL1. For the measurene#nATPase activity we used
isolated cell membranes derived from MDCK (dog kgepithelia) and Sf9 (Spodoptera
frugiperda) cells expressing human Pgp, ABCG2 oIRt high levels. We found that
only 9-cis-4-oxo-retinoic acid has a weak stimutateffect on the basal ATPase activity
of ABCG2 at high concentrations. Retinol, 13-cisreic acid, 13-cis-4-oxo-retinoic
acid and retinyl-acetate inhibit the basal- andstalte-stimulated ATPase activity of
Pgp, ABCG2 and MRP1 in a micromolar concentratiange. Interestingly, 13-cis-
retinoic acid inhibits the transporters, while 8-cetinoic acid and all-trans-retinoic acid
do not have any effect, besides that they are csismemers, suggesting that stereo-
chemical differences also affect the interactionstwieen the retinoids and the
transporters.

Since the physiological tissue and blood concéntraf the different retinoids is
in the nanomolar range (1-20 nM), it is unlikelaththey interfere with the transport
activity of the examined ABC transporters. Howevegtinoid therapy or retinol
supplementation may cause high enough local retwolcentrations in the intestinal
lumen that inhibits Pgp and ABCG2 expressed in thiestinal epithelium and
consequently may result in intestinal absorption tfeir toxic substrates.
(We have prepared a manuscript from the above teesumd submit it to the Eur. J

Pharmacology)

Elucidation of the catalytic mechanism of P-glycoproten (Pgp):
According to three-dimensional models based ontarystructures of ABC
proteins the TMDs are always in outward facing comfation in the nucleotide-bound
form of the protein, as opposed to the inward faamucleotide-free form, where the
bundle of trans-membrane helices is closed on tke&acellular side. Despite
accumulating structural and functional data, isti#l unknown how ATP binding and

hydrolysis are connected to the conformational gkanthat allow trans-membrane



transport. The discontinuous extracellular epitopehe UIC2 mAb is sensitive to the
switch between the above conformational stateseféected by antibody binding. It was
previously shown by Druley et al. (2001) that notide binding to the ABC domains
decreases the UIC2 reactivity of Pgp in a conceatradependent manner in cells
permeabilized by&taphylococcus aureus alpha toxin. Following the same strategy, we
have studied how substrates, hydrolysable and mdmelysable nucleotides and
phosphate analogues affect the formation of thevebaoatalytic intermediates
discriminated on the basis of UIC2 reactivity. Tocidate partial catalytic reactions, we
studied Pgp variants carrying mutations in the eored Walker A region (K433M and
K1076M) of either the N-terminal or C-terminal ABG@omains or both. Although
mutation of these key residues have been showbdissa ATPase and transport activity,
we found that single mutants possessed a residugledflux activity (the double mutant
variant was indeed inactive).

We have found that nucleotide binding itself iffisient to switch Pgp from the
inward facing (UIC2 binding) to the outward facin@C2-nonbinding) TMD
conformation in both wild-type and single Walkermdutant Pgp variants. Similarly to
wild-type Pgp, single Walker A mutants can alsara@ped in the post-hydrolysis state
in the presence of ATP and vanadatg) (M4 Bek, suggesting that these variants are
capable of ATP hydrolysis. Formation of the B#fapped complex is facilitated by
substrates both in the wild-type and the single RéfalA mutant Pgp variants.
Interestingly, cells expressing single or doublelk&aA mutant Pgp variants accumulate
the Pgp substrate vinblastine-bodipy in their plasmembranes. Based on confocal
microscopic images vinblastine-bodipy staining sglg co-localized with Pgp molecules
and could be prevented by CsA\grtreatmentThe above data support a model in which
Pgp molecules seesaw between the nucleotide-fre@ardn facing conformation
characterized by high drug affinity and the nud®bound outward facing
conformation(s) with low drug affinity. Binding &TP is sufficient to switch Pgps from
the inward facing to the outward facing conformatid®gps trapped in the post-
hydrolysis state by phosphate analogues e,gar¢ still in the low drug affinity
conformation, while release of nucleotides resdtemt to the high drug affinity

conformation.



(Based on these data we presented posters andekeand now we are preparing a

manuscript).

Pgp inhibition by UIC2 antibody can be followed in vitro by using tumor-diagnostic
radiotracers, *"Tc-MIBI and *FDG

Using the UIC2 monoclonal antibody we made sonter@sting observations
which were not included in the project plans. Thes¢éa may promote than vivo
application of the UIC2 mAb for reversal of Pgp-nia#dd drug resistance after
humanization of the antibody.

The UIC2 monoclonal antibody recognizes human Pgg i&ahibits its drug
transport activity. However, this inhibition is paf, since the majority of Pgps are not
accessible to this antibody and they become Ul@2tinee only in the presence of certain
substrates or modulators (e.g. cyclosporine A (EsWe have shown earlier that the
combined application of a class of Pgp modulaterg.(cyclosporine A and SDZ PSC
833) used at low concentrations and UIC2 antibquictically and effectively blocks
the transport activity of Pgpm vitro (Goda et al. 2007). In this project we studied the
UIC2 antibody mediated Pgp inhibition in more detaeasuring the accumulation of
tumor diagnostic radiotracers, PH]fluoro-2-deoxy-D-glucose ¥FDG) and
[*°™Tc]hexakis-2-methoxybutyl isonitrile’{"Tc-MIBI), into Pgg (A2780AD) and Pgp
(A2780) human ovarian carcinoma cells.

Co-incubation of cells with UIC2 and cyclosporifdCSA, 2 uM) increased the
binding of UIC2 more than 3 fold and reverted thedamine 123 (R123), daunorubicin
(DNR) and®*™Tc-MIBI accumulation of the Pg2780AD cells to approx. the same level
as observed in Pgpells. Similarly, 5quM paclitaxel (Pacl) increased UIC2 binding, and
consequently reinstated the uptake of R123, DNR&REc-MIBI into the Pgp cells.
Blocking Pgp by combined treatments with CSA+UIG2Pacl + UIC2 also decreased
the glucose metabolic rate of the A2780AD Pgells measured ifFDG accumulation
experiments suggesting that the maintenance of d&gpity requires a considerable
amount of energy. Similar treatments of the A278@ Rells did not result in significant
change in the R123, DNR®™Tc-MIBI and *®FDG accumulation demonstrating that the
above effects are Pgp-specific. Thus, combinednreat with the UIC2 antibody and
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Pgp modulators can completely block the functiorPgp in human ovarian carcinoma
cells and this effect can be followed vitro by using tumor-diagnostic radiotracers,
99MTc-MIBI and **FDG. (Krasmai ZT et al. 2010 Eur J Pharm).

The strong in vivo anti-tumor effect of the UIC2 monoclonal antibody is the
combined result of Pgp inhibition and antibody dependent -cell-mediated
cytotoxicity

We also tested whether the combined treatment @#A and UIC2 mAb can
potentiate the anti-tumor effect of doxorubicin (ROin Pgp tumors to achieve
clinically relevant reduction in tumor size, applgi SCID mice xenotransplanted with
Pgp and Pgptumors. Tumor growth was followed by weighing thass of the tumors
in sacrificed animals and al$o vivo on the basis of’FDG accumulation. In the latter
case a small-animal Positron Emission TomographyTjPcamera was applied to
visualize tumors on the basis of their increaseté raf glucose metabolism. In
xenotransplanted SCID mice co-treated with DOX, 2JERhd CsA the average weight of
Pgp tumors was only ~10 % of the untreated control Bn80 % of the animals we
could not detect tumors, while DOX treatment alalie not decrease tumor weight.
These data were confirmed by visualizing the tumnoregivo based on their increased
8EDG accumulation. UIC2 + DOX treatment also deaedasimor size compared to the
DOX only treated animals; this result was unexpicsince the UIC2 binding does not
affect the EGp value of DOX significantly. In view of the dataathUIC2 binding itself
does not decrease cell viability, but it triggersll ckilling by peripheral blood
mononuclear cells, it seems likely that its vivo anti-tumor effect is mediated by
antibody-dependent cell-mediated cytotoxicity (ADCResides Pgp inhibition.The

manuscript was submitted to PlosOne.)
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