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Stmple quantitative luerescent assay method for determiniag the activity of trans-

port proteins of interest

The invention relates to a simple quantitative fluorescent assay method for determin-
ing the sctivity of transport proteing of inferest, more specifically mmlti-drug resistance as-
sociated proteins (MRPs).

The method of ihe invention 1s performed on & well sealed cutture of polarized cells
oxpressing & tranaport protein of interest grown to confluency on a permeable  support,
said eonfluent cell culture forming welt separated apical and basolateral compartments. The
cells are contacied with a cell permeable non-fluorescent derivative of a fluorescent com-
pound (e.2. caleein AM) in one compartment and, after a certain period of incubstion, the
fluorescence imtensity detected in 2 sample taken from the oppostte compartment 15 indjca-
tive of the activity of the transport protein of interest expressed in the cells.

The invention alse concerns methods for the qualitative and quanitative determina-
tion of inhibitars and activators of transport proteins of interest and methods for assessing
basoclateral and/or apical localization of plasma membrane bound transport proieins of in-
terest in polarized cells.

Backeround of the inyentien

The multi-drug resistance proteins (MDRs) and the mulii-drug resistance associated
proteins, MRP] and MRP2 are members of the APC-transporter superfamily, and may
cause multiple drug resfstance in malignant tumors. By now, at least six MRP-like proteins
bave Deen identified. The physiological role of these proteing may range from elimination of
toxic agents to diverse secretory function, predominantly 1o epitheliai cells. MRP1 is widely
expressed in various fissues, while MRP2 1s pradomunantly expressed in hepatocytes and
epithelial cells of renal proximal tbules, Identifying novel compounds effectively inhibiting
such transport proteins is, therefore, a major interest iv trving to elaborate more effective
chematherapeutical treatment methods for drug resistant type of malignant disorders. 1den-
tifying activators of said transport proteing might also e of interest in other applications
whese the enhancement of thetr activity may help in the elimination of some undesired
physiologieal statee,

Tt has been previously shown thal MRF1 extrudes negatively charged fluorescent
compounds, e.g. calcein free acid, from the cells [Feller er af, FEBS Lett 368, 385-398
(1595); Hollé et 1l, FEBS Lett. 383, 99-104 (1996)] . We have recenily found that this dye
is rapidly _ezpcl!ed from cells also by MRP2. It is also possibie that other members of this

JP 2004-502433 A 2004.1.29
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protein family transport this compound. [n polarized cells, the distribution of these proteins
is nat homogeneous. Expression of MRP] is restricted to the basolateral surface, while
MRP2 is expressed solely in the apical membrane,

Thiz featare mekes possible the assessment of the function of these and other similar
proteios in the gn called vectorial transport assay performed on coptluent culiures of pofar-
ized cells grown on permeabls solid support fe.g. or porous membranes). The vectoria)l
transport asany described go far [Evers, R. et al, J. Clin. Invest 27, 1211-1218 (1996)],
though being suitable to expermentally investigate the localization and activity of transport
proteins like MRP1 and MRP2, suffers from the serious drawback of wsing exchisively
rachoactively labeled substrates for detection whicl, of course, requires the application of
extra laboratory safety equipment and regulations. Another drawback is the previously de-
goribed vectorial transport assay is that certain labeled substrabes used for the assessinent of
the activity of the intracellulas transport proteins of interest might be able o pass the tight
junctions contacting the ceils of the confluent culture used and, therefore, can get to the
opposite compartment even without being transported, thus making very complicated fo
develop a snitable quantitative assey for the exact determination of the activity of the trans-
port proteins of interest.

It is, therefore, an object of the present invention is to provide simple qualitative and
quavtitative vectorial transport assay methods that are sigoificantly easier fo perform and
automate than the previously descabed ones and can also be made quantitative by only de-
tecting the transcellular export (and not the fransport poing possibly through the fight junc-
tions of the polarized culture and thereby aveiding uptake and excretion by the cells). An-
other obiect of the present invention is to provide assay methods for the identification of
inhibitors and activators of transport proteins of interest and, also, assay methods for the
fast and ¢asy assessment of the Joczlization of transport proising of interest in the basolat-
eral andfar apical plasms membrane.

Calcein ts a well known fuorescent substance {commercialized by Molscular Probes,
Ine. USA) and the nos-fluarescent acetoxy-metlyl ester derivative of said compound (cak-
cein AM} is known 1o be cell permeable due io ils hydrophobic character. We have previ-
ously develaped different assay acrangements using cajcein AM for the assessment of the
aotivity of MIDR.I or other trensport proteins which can extrude caloein AM from the cells
but can net extrude caleein itself (US Pat. Ne. 5,872,014; European Yatent No. 0,784,659).
We now have recoguized that calcsin and calcein AM (and ofher compounds of similar be-

-2
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havior) can also be used to elnborate assay methods for the assessment of the activity of
MRF1, MERPZ and similar trapsport proteins which can effectively extrude caicein out from

the cells.

Detailed deseription of the invention
The method of the invention is performed oo a well sealed culture of polarized cells

expresging a iransport protein of interest grown to confluency (with tight junctions having
baon formed) on pormezbie supports (e.g. on perous membranes ar collagen matrixes) and
forming therchy well scparated apical and basolateral compartments. The ol culture is
contacted with & cell permeable non-flucrescent derivative of a fluerescent compound (e.g.
calcein AM) in one compartment, which derivative is then fzken up by and cleaved within
the eells to produce a fluorescent compound {e.g. caloein), which flzoresgent compouvnd s
a Subsirate of the membraae bound transport protein of inferest. The Huorescence Iitengity
detected in a sample taken from the oppudite colmpartrnem. is then indicative of the aciual
activity of the membrane bound transport protein of intsrest excreting said fluorsscent
compound from the cells (see Figure 1). Control experiments can be performed with simitar
cultures not expressing MRPs. The invention alse concerns methads for the quatitative and
quantitative determination of the Jocalization, inhibitors andfor activators of transport pro-
teins of interest. To determine the interaction between certain corpounds and tramsport
protcins of interest, the method of the invention is performed in the presence of the com-
pound to be examined. The studied compound can be added to either the apical or the ba-
solateral or both sides of the cell culture depending ox the question to be answered.

The present invention therefore provides z method for determnining the activity and/er
quantity of a transport protem of interest being localized eittier to the hasoletersl or to the
apicat plasma membrane of polarized cells comprising the steps of:

(a) providing a well sealed confluent cviture of polarized cells supposed ta express
said transport protein of interest grown on & permeable support, ensuring the for-
mation of tight juactions among said cells of said coliure, forming thereby separate
bazolateral and apical compartinents oa the opposite sides of enid confluent cell
cuiture;

(b) adding a cell permesble non-flusrescent derivative of & fluorescent. corpound
inlo one of the compartments, which is opposite to the plasma membrane of said
palarized cells where the transport protein of interest is localized, said derivaiive

-3-

JP 2004-502433 A 2004.1.29



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(13)

WO 0TI66 PCTAUALH00T

3

20

25

30

being cleavable by iniracellular enzymes to torm a flucrescent compound that is a
substrate of said transport protein of interest,

(¢) jucubatiog the cells in the presence of said non-flucrescent derivative;

(d) measuvring the fuerescence intensity of & sample taken from the compartment
apposite to the one where said non-flusrescent derivative was added, said intensity
being indicative of the presence and activity of said transport protein of interest; and
optiozally

{o) calculating the measure of activity and/or guantity of said transpart protein of
interest being present in said cells on the basis of the fluorescence intensity value
measured in step (d) and on calibeation curves and/or empirical sorrelztions estab-
lshed previously,

The invention also provides a method for determining the abikiy of a test compound

of ipterest ta inkibit or enhance the activity of a transpont protein of interest being localized
either io the basolateral or to the apical plasma merobrane of polarized cells comprising the

steps of!

(a} providing a well sealed contluent culture of polerized cells expressing said trans-
port protein of interest grown on a permeablc support, cosuring the formation, of
tight junctions among said cells of said culinre, forming therehy separate basolaterat
anl apical compartments oo the opposite sides of said confluent cell cutture,

(t) adding a cell permeable non-fluorescent derivative of a fluorescent compound
inte ane of the compartments, which is opposite to the plasma membrane of said
polarized cells where the transport protein of interest is localized, said derivative
being cleavable by jntracellular enzymas to form a flucrescent compound that is &
substrate of said fransport protein of interest;

(c) incubating the cells in the presence of said non-flucrescent derivative;

(d) measuring the fluorescence intensity of a sample taken from the compartment
opposite to the one where suid non-fluorescent derivative was added, said intensity
bemg indicative of the presence and activity of said trarsport protein of interest,
and opticnally

{e) calculating the measure of activity of said trausport protein of interest being pre-
sent in said vells on the basis of the Auorescence mtensity value measnred in arcp
(d) and calibration curves and/or empirical corretations established previously;

(f)  Tepeating steps (b)-(e) using the same polarized cell exliare provided in step {2)

-4
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of 2 polerized cefl culturc essentially tdentical to that while ensurng that said test
compound of intercst or any metabolite of interest produced from said test com-
pound of iaterest within said cells be contacted with said tcansport protein of inter-
est in repeatedly executed step {c); and

(g} comparing the fluorescence intensity values measured in step {(d) and in repeat-
cdly exceuted step (d) and/or comparing the activity values caleolated in step (o)
and In repeatedly executed step (&) and determining whether the test compound of

interest mhibits or enhances the activity of said trangport protein of interest.

The inveniion further concerns a meihod for assessing basolateral apd/or apical lo-

calization of a plasma membrane bound fransport protein of interest in polarized cells com-

prising the steps of.

(a) providing a well sealed confluent culiure of polarized cells expressing said trams-
port. protein of iaterest grown on a permeable support, ensuring the formation of
thght junctions among sald cells of sald cubbure, forming thereby separate basolateral
and apical compartments on the ppposite sides of said contluent celi culture;

(b) adding a cell permeable non-flzorescent derivative of a fluorescent compound
inta both the apical xod basolateral compartments, suid desivative being clezvahle
by intraceilular enzymes to form a fluorescent compound that iz a subsirate of said
transport protein of interest;

(c} incubating the cells in the presence of said non-flucrescent derivative,

(d) measuring the fluorescence intensity of a sample taken from both compartments;

(e) vomparing the fluorescence intensity values measured in the different compart-
ment, 3aid comparizson belng indicative of apical andfor basolateral localization of
said transport protein of interest; and optionally

{f) calculating the percentage apical andfor basolateral localization of said transport
protein of interest being present in said celis on the basis of the fluorescence intensity
values measured 1n step (d) and calibraiion curves and/or empirical correlations es-
tablished previously.

Satd fluorescent compovnd used in the method of the invention is advanrageously

calcein and satd non-fluorescent desivative of said fluorescent compound is a cell permeable

non-fluorcscent derfvative of calcein, advantageousty calesin AM.

The method of the invention is advantageously performed on polarized kidney cells,
-5.
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more advantageously MDCK [T cells, with said incubation occurring at about 37 °C for
abont 30 minutes.

Brief deseription of the deawings

Bigura | is the scheme of the transport theasurement assay of the trvention (abbre~
viations: C: fluorescent compound; C-AM: Non fluorescent derivative of C).

Figure 2 shows the inhibitory effect of two MRP2 substrates on the vestorial tran-
scellutar calcein transport as determined by the assay of the invention.

Vigure 3 shows the export of calcein by MIDCK 11 cell monalayers. Caloein AM was
added to both the apical and basolateral medium, end the amount of calcein appearing in
the medium. was meessured, Samples were taken at 1 and 2h Squares: expert to apical
compartment. Circles: export to hasolateral compariment.

Several advaniageous embodiments of the invention will be further fllustrated by the
below-presented expenmental examples which ace not intended to be Limiting as to the
scope of the invention which, in tum, is defined by the appended claims
Exanple
Inhibitovy effect of MRP2 substrates en vectorial calcein transporf

Polatized canine kidney cells (MDCK [} and its dexived cell line stably expressing
the human MRP 2 were sceded anto Traswell-Col rembrane supporta (4 0m in. pore size),
and the owltures were maintained for 7 days in D-MEM medium containing 10 % FBS and
antibiotics. After washing the culiures, 200 ul and 400 ul Ringer’s buffer was added to the
upper and fower compartments, respectively. The cells were bilaterally pre-incubated for 5
minutes with the examined drugs as indivated. The cells were then exposed to 5 UM cal-
cein-AM on the basolaters] side {{ower chamber) for 30 minutes at 37 °C. 100 pJ sample
wag taken from the apical compartment (upper cbamber) and its flucrescence was deter-
mined. In Figure 2, the left columns show the results with parantal cells, while tight col-
umns indicate that was obtzined with cells expressing MRP2. Solid bars depicts the fluo-
tescence in arbitrary units mensured in the absence of any drug, open and gray bars indicate
the results obtained in the prosence of 25 uM benzhromaron and 1 mM probenceid, re-
spectively.

Example 2
Export of caleein by MDCTK 1T cell monolages
Polarized cells were seeded on microporous polycacbonate filters (3 Om pore size,

24.5 mm diameter) and caltursd for 3 days with a daily medium replacement. The experi-
-
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ment was started by replacing ihe medium at either the apical or the basal side of the call
layer. Bxport of caloein was determived by incabating monolagers in HBSS containing cal-
cein AM (1 OM) 2t room temperature. Samgples {200 ml) from each compartment were
taken at the time-points indicated. 200 ml HBSS was added and fluorescence was dejer-
mined. The amount of calcein exported was calculated using a calibration curve made with
free caleen. Resuliz are shown in Figure 3

As demonstrated above via advantageous embodiments of the invention, the methods
of the invention are suitable for the simple qualitative and quantitative assessment of the
activity of MRP lilke transport proteins of interest, for the identification of inhibitors and
activators of said transport proteins and for the fast and easy assessracnt of the Jocalization
of such proteins in the basolateral and/or apical ptasma membrene. Persons skilled in the art
will certainly understand that smmerous variations and modification of the described meth-
ods of the invention can be elaborated by applying alternative solutions equivalent to those
described herein, such variations and modifications, however, will not diverge from the
original spirit of the lavention and, therefore, remain within the scope of the invention. as

defined by the appended claims.
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Claims:

1. A method for determining the activity and/or quantity of a transport protein of in-

terest being localized efther to the basoiateral or 1o the apical plasma membrace of polar-

ized cella comprising the steps oft

(a} praviding 2 well sealed confiwent culiure of polarized callz mpposed to exprass
said transport protein of interest grown on ¢ permeable support, ensusing the for-
mation of tight junctions among said cells of safd eultare, forming thereby separate
basolateral and apical compariments o the opposite sides of said confluent cell
cufture;

(b) adding a cell permeable non-fluorescent derivative of a fluerescent compound
inte one of the compartments, which ig opposite to the plasma membrane of said
palanized cefls where the transport protein of foterest is Jocalized, said devivative
being cleavable by intracellufar enzymes to (orm a fuovescent compound that is 2
substrate of said transport protein of inferest;

{c) incubating the cells in the presence of said non-fluorescent decivative;

(d) measuring the fluorescence intensity of a sample taken from the compartment
oppasite to the one where said non-Huorescent derivative was added, said intensity
being indicative of the presence and activity of said iransport protein of interest;
and optionally

{e) wcalculating the measure of activity and/or quanlty of said transport protein of
interest being present in sald cells on the basis of the fluoreacence intensity value
measured in step (d) and on calibration curves and/or empirical correlations estab-
lished previgusty.

2. A method for determining the ability of a test compound of interest to inhibit or

enhance the activity of & transport protein of interest being localized either o the basoiat-

eral or to the apical plasma membrane of polanized cells comprising ths steps of

{a) providing a well sealed confluend culture of polarized cells expressing said irans-
port protein of interest provm on & permeable suppert, ensuning the formation of
tight junctions among said cells of said culture, forming thereby separate basolateral
and apical compartments on the opposite sides of said confluent cell cultare;

(b) adding a cell permeable non-fluorescent derivetive of a fuorescent compound
into one of the compartments, which s opposite to the plasma membrane of said

B
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polarized cells where the transport protein of interest ig localized, said derivaiive
being cleavable by intraceliuler cnzyimes to form ¢ flucrescent compouad that is =
substrate of said transport protein of interest,

{c) incubating the cells in the presence of said non-fluorescent derivative;

(d) measurmg the fluorescence mtensity of & sample talen from the compartment
opposite to the one where said non-fluorescent derivative was added, said intensity
being indicative of the presence and activity of said transport protein of interest;
and optionsily

(2) calonlating the measure of activity of said transport protein of interest being pre-
sent in said cells on the basis of the fluorescence intensity vahie measured in step
(&) end calibration curves and/or empirical correlations established previously,

{f) repeating steps {b)-{e) usmg the same polarized cell culture provided it step (a)
or a polarized cell culture essentially ndentfical to that while ensuring that said test
compound of Intersst or any metabolite of imterest produced Fom safd test com-
pound of interest within sald cells be contacted with said transport protetn of inter-
sst in repeatedly executed step (c); and

() comparing the lucrescence mtensity values measured in step {d) and iz repoat-
edly executed step {d) andfor somparing the activity values calculated in step (e}
and in repeatedly exeonted step (e) and determining whether the test compound of
interest inkibits or enbances the activity of said transport protein of interest.

3. A method for assessing basolateral and/or apical localization of a plasma niem-

brane bound transport. protein of interest in polarized cells comprising the steps of:

(2} providing 2 well seaied conlluent culture of polarized cells expressing said trans-
port protein of interest grown on a permeable  support, epsuring the formation of
tight junctions among said ealls of said culture, forming thereby separate hasolateral
and apical compartments on the opposite sides of said conflnent cell culture;

(8) adding a cell permeable non-fluorescent derivative of a fluprescent compound
into bath the apical and basolateral compartments, said derivative being cleavable
by intracellular enzymes to form a fluorescent compound that is a substrate of said
transport protein of interest;

(c) incubating the cells in the presence of said non-fluorescent derivative;,

(d) measoring the flucrescence intensity of & sample taken from both compartments;

(&) comparing the fluorescence intensity values measured in the different compart-

-G
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ment, said comparison being indicative of apival and/or basolateral jocabization of
suld transport profein of interest; and optionally

(f) calculating the percentage apical and/or basolateral localization of said transport

protein of interest being present in said cells on the basis of the fluorescence inten-

5 sity values measured m step (d) and velibration curves and/or empisical correlatians
cstablished previously.

4. The method according to anyane of claims 1-3 wherein said fluorescent compound
is caleein and said non-fluorescent derivative of said fluoreseent compound iz 2 celi perme-
able nev-Mucrescent derivative of caleeln, advantageously caleein AM.

10 5. The methed according to aoyone of claims 1-4 wherain said polarized cells are

kidpey cells, advantageously MDCK. 11 cells,

6. The method necording to anyone of claims 1-5 wherein the incubation in step (¢}
takes place at about 37 °C for about 30 minutes.

7. The methad according to anyone of claims [-6 wherein the transport protein of

15 interest is & meraber of the ABC-transporter superfamily.

8. The method according to claim 7 wherein the transport protein of interes is a
mualti-drug transporter of mwulti-dg transporter related progein.

§. The methed according to cleim § wherein the transport pratein of interest is MRP1
or MREZ.
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