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Simple quantitative fluorescent assay method for determining the activity of trans-

port proteins of interest

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

The method of the invention is performed on a well sealed culture of polarized cells
expressing a transport protein of interest grown to confluency on a permeable support,
said confluent cell culture forming well separated apical and basolateral compartments. The
cells are contacted with a cell permeable non-fluorescent derivative of a fluorescent com-
pound (e.g. calcein AM) in one compartment and, after a certain period of incubation, the
fluorescence intensity detected in a sample taken from the opposite compartment 1s 1ndica-
tive of the activity of the transport protein of interest expressed in the cells.

The 1vention also concerns methods for the qualitative and quantitative determina-~
tion of inhibitors and activators of transport proteins of interest and methods for assessing
basolateral and/or apical localization of plasma membrane bound transport proteins of in-
terest in polarized cells.

Background of the invention

The multi-drug resistance proteins (MDRs) and the multi-drug resistance associated
proteins, MRP1 and MRP2 are members of the ABC-transporter superfamily, and may
cause multiple drug resistance in malignant tumors. By now, at least six MRP-like proteins
have been identified. The physiological role of these proteins may range from elimination of
toxic agents to diverse secretory function, predominantly in epithelial cells. MRP1 is widely
expressed in various tissues, while MRP2 is predominantly expressed in hepatocytes and
epithelial cells of renal proximal tubules. Identifying novel compounds effectively inhibiting
such transport proteins is, therefore, a major interest in trying to elaborate more effective
chemotherapeutical treatment methods for drug resistant type of malignant disorders. Iden-
tifying activators of said transport proteins might also be of interest in other applications
where the enhancement of their activity may help in the elimination of some undesired
physiological states.

It has been previously shown that MRP1 extrudes negatively charged fluorescent
compounds, e.g. calcein free acid, from the cells [Feller et al, FEBS Lett. 368, 385-388
(1995); Hollo et al, FEBS Lett. 383, 99-104 (1996)] . We have recently found that this dye

is rapidly expelled from cells also by MRP2. It is also possible that other members of this
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protein family transport this compound. In polarized cells, the distribution of these proteins
is not homogeneous. Expression of MRP1 is restricted to the basolateral surface, while
MRP?2 is expressed solely in the apical membrane.

This feature makes possible the assessment of the function of these and other similar
proteins in the so called vectorial transport assay performed on confluent cultures of polar-
1zed cells grown on permeable solid support (e.g. on porous membranes). The vectorial
transport assay described so far [Evers, R. et al, J. Clin. Invest. 97, 1211-1218 (1996)],
though being suitable to experimentally investigate the localization and activity of transport
proteins like MRP1 and MRP2, suffers from the serious drawback of using exclusively
radioactively labeled substrates for detection which, of course, requires the application of
extra laboratory safety equipment and regulations. Another drawback is the previously de-
scribed vectorial transport assay is that certain labeled substrates used for the assessment of
the activity of the intracellular transport proteins of interest might be able to pass the tight
junctions contacting the cells of the confluent culture used and, therefore, can get to the
opposite compartment even without being transported, thus making very complicated to
develop a suitable quantitative assay for the exact determination of the activity of the trans-
port proteins of interest.

It 18, therefore, an object of the present mnvention is to provide simple qualitative and
quantitative vectorial transport assay methods that are significantly easier to perform and
automate than the previously described ones and can also be made quantitative by only de-
tecting the transcellular export (and not the transport going possibly through the tight junc-
tions of the polarized culture and thereby avoiding uptake and excretion by the cells). An-
other object of the present invention is to provide assay methods for the 1dentification of
inhibitors and activators of transport proteins of interest and, also, assay methods for the
fast and easy assessment of the localization of transport proteins of interest in the basolat-
eral and/or apical plasma membrane.

Calcein 1s a well known fluorescent substance (commercialized by Molecular Probes,
Inc. USA) and the non-fluorescent acetoxy-methyl ester derivative of said compound (cal-
cein AM) 1s known to be cell permeable due to its hydrophobic character. We have previ-
ously developed different assay arrangements using calcein AM for the assessment of the
activity of MDRI1 or other transport proteins which can extrude calcein AM from the cells
but can not extrude calcein itself (US Pat. No. 5,872,014; European Patent No. 0,784,699).

We now have recognized that calcein and calcein AM (and other compounds of similar be-

27 -
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havior) can also be used to elaborate assay methods for the assessment of the activity of
MRP1, MRP2 and similar transport proteins which can effectively extrude calcein out from
the cells.

Detailed description of the invention

The method of the invention 1s performed on a well sealed culture of polarized cells
expressing a transport protein of interest grown to confluency (with tight junctions having
been formed) on permeable supports (e.g. on porous membranes or collagen matrixes) and
forming thereby well separated apical and basolateral compartments. The cell culture is
contacted with a cell permeable non-fluorescent derivative of a fluorescent compound (e.g.
calcein AM) 1n one compartment, which derivative is then taken up by and cleaved within
the cells to produce a fluorescent compound (e.g. calcein), which fluorescent compound 1s
a substrate of the membrane bound transport protein of interest. The fluorescence intensity
detected 1n a sample taken from the opposite co}npartment 1s then indicative of the actual
acttvity of the membrane bound transport protein of interest excreting said fluorescent
compound from the cells (see Figure 1). Control experiments can be performed with similar
cultures not expressing MRPs. The invention also concerns methods for the qualitative and
quantitative determination of the localization, inhibitors and/or activators of transport pro-
teins of interest. To determine the interaction between certain compounds and transport
proteins 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 on the question to be answered.

The present invention therefore provides a method for determining the activity and/or
quantity of a transport protein of interest being localized either to the basolateral or to the
apical plasma membrane of polarized cells comprising the steps of:

(a) providing a well sealed confluent culture of polarized cells supposed to express
said transport protein of interest grown on a permeable support, ensuring the for-
mation of tight junctions among said cells of said culture, forming thereby separate
basolateral and apical compartments on the opposite sides of said confluent cell
culture;

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

polarized cells where the transport protein of interest is localized, said derivative
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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) measuring the fluorescence intensity of a sample taken 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
optionally

(e) calculating the measure of activity and/or quantity of said transport protein of
interest being present in said cells on the basis of the fluorescence intensity value
measured 1n step (d) and on calibration curves and/or empirical correlations estab-
lished previously.

The invention also provides a method for determining the ability of a test compound
of interest to inhibit or enhance the activity of a transport protein of interest being localized
either to the basolateral or to the apical plasma membrane of polarized cells comprising the
steps of:

(a) providing a well sealed confluent culture of polarized cells expressing said trans-
port protein of interest grown on a permeable support, ensuring 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 culture;

(b) adding a cell permeable non-fluorescent derivative of a fluorescent compound
into one 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 intracellular enzymes to form a fluorescent compound that is a
substrate of said transport protein of interest;

(c) 1ncubating the cells in the presence of said non-fluorescent derivative;

(d) measuring the fluorescence intensity of a sample taken from the compartment
oppostte 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 optionally

(e) calculating the measure of activity of said transport protein of interest being pre-
sent in said cells on the basis of the fluorescence intensity value measured in step
(d) and calibration curves and/or empirical correlations established previously;

(f) repeating steps (b)-(e) using the same polarized cell culture provided in step (a)

-4 -
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or a polarized cell culture essentially identical to that while ensuring that said test
compound of interest or any metabolite of interest produced from said test com-
pound of interest within said cells be contacted with said transport protein of inter-
est in repeatedly executed step (¢); and

5 (g) comparing the fluorescence intensity values measured in step (d) and in repeat-
edly executed step (d) and/or comparing the activity values calculated in step (e)
and 1n repeatedly executed step (e) and determining whether the test compound of

interest inhibits or enhances the activity of said transport protein of interest.

10 The invention further concerns a method for assessing basolateral and/or apical lo-
calization of a plasma membrane bound transport protein of interest in polarized cells com-
prising the steps of:

(a) providing a well sealed confluent culture of polarized cells expressing said trans-
port protein of interest grown on a permeable support, ensuring the formation of

15 tight junctions among said cells of said culture, forming thereby separate basolateral

and apical compartments on the opposite sides of said confluent cell culture;

(b) adding a cell permeable non-fluorescent derivative of a fluorescent compound
into both the apical and basolateral compartments, said derivative being cleavable
by intracellular enzymes to form a fluorescent compound that is a substrate of said

20 transport protein of inferest;

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

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

(e) comparing the fluorescence intensity values measured in the different compart-
ment, said comparison being indicative of apical and/or basolateral localization of

25 said transport protein 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 intensity
values measured in step (d) and calibration curves and/or empirical correlations es-
tablished previously.

30 Said fluorescent compound used in the method of the invention is advantageously
calcein and said non-fluorescent derivative of said fluorescent compound is a cell permeable
non-fluorescent derivative of calcein, advantageously calcein AM.

The method of the invention is advantageously performed on polarized kidney cells,
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more advantageously MDCK II cells, with said mcubation occurring at about 37 °C for

about 30 minutes.

Brief description of the drawings
Figure 1 is the scheme of the transport measurement assay of the invention (abbre-

viations: C: fluorescent compound; C-AM: Non fluorescent derivative of C).

Figure 2 shows the mhibitory effect of two MRP2 substrates on the vectorial tran-
scellular calcein transport as determined by the assay of the imvention.

Figure 3 shows the export of calcein by MDCK II cell monolayers. Calcein AM was
added to both the apical and basolateral medium, and the amount of calcein appearing in
the medium was measured. Samples were taken at 1 and 2h. Squares: export to apical
corapartment. Circles: export to basolateral compartment.

Several advantageous embodiments of the invention will be further illustrated by the
below-presented experimental examples which are not intended to be limiting as to the

scope of the mvention which, in turn, is defined by the appended claims.
Example 1

Inhibitory effect of MRP2 substrates on vectorial calcein transport
Polarized camne kidney cells (MDCK 1II) and its derived cell line stably expressing

the human MRP 2 were seeded onto Transwell-Col membrane supports (4 pm in pore size),
and the cultures were maintained for 7 days in D-MEM medium containing 10 % FBS and
antibiotics. After washing the cultures, 200 pul and 400 pl Ringer’s buffer was added to the
upper and lower compartments, respectively. The cells were bilaterally pre-incubated for 5
minutes with the examined drugs as indicated. The cells were then exposed to 5 uM cal-
cein-AM on the basolateral side (Jower chamber) for 30 minutes at 37 °C. 100 ul sample
was taken from the apical compartment (upper chamber) and its fluorescence was deter-
mined. In Figure 2, the left columns show the results with parental cells, while right col-
umns 1ndicate that was obtained with cells expressing MRP2. Solid bars depicts the fluo-
rescence In arbitrary units measured in the absence of any drug, open and gray bars indicate
the results obtained m the presence of 25 pM benzbromaron and 1 mM probenecid, re-
spectively.

Example 2

Export of calcein by MDCK II cell monolayers

Polarized cells were seeded on microporous polycarbonate filters (3 um pore size,

24.5 mm diameter) and cultured for 3 days with a daily medium replacement. The experi-
- 5 -
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ment was started by replacing the medium at either the apical or the basal side of the cell
layer. Export of caicein was determined by mmcubating monolayers in HBSS containing cal-
cein AM (1 pM) at room temperature. Samples (200 ml) from each compartment were
taken at the time-points indicated. 800 mi HBSS was added and fluorescence was deter-
mined. The amount of calcein exported was calculated using a calibration curve made with
free calcein. Results 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 like transport proteins of interest, for the identification of inhibitors and
activators of said transport proteins and for the fast and easy assessment of the localization
of such proteins in the basolateral and/or apical plasma membrane. Persons skilled in the art -
will certainly understand that numerous varnations 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 invention 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 either to the basolateral or to the apical plasma membrane of polar-
ized cells comprising the steps of:

(a) providing a well sealed confluent culture of polarized cells supposed to express
said transport protein of interest grown on a permeable support, ensuring the for-
mation of tight junctions among said cells of said culture, forming thereby separate
basolateral and apical compartments on the opposite sides of said confluent cell
culture;

(b) adding a cell permeable non-fluorescent derivative of a fluorescent compound
into one of the compartments, which is opposite to the plasma membrane of said
polarized cells where the transport protein of interest 1s localized, said derivative
being cleavable by intracellular enzymes to form a fluorescent compound that 1s a
substrate of said transport protein of interest;

(¢) 1ncubating the cells in the presence of said non-fluorescent derivative;

(d) measuring the fluorescence intensity of a sample taken 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 optionally

(e) calculating the measure of activity and/or quantity of said transport protein of
interest being present 1n said cells on the basis of the fluorescence intensity value
measured 1n step (d) and on calibration curves and/or empirical correlations estab-
lished previously.

2. A method for determining the ability of a test compound of interest to inhibit or
enhance the activity of a transport protein of interest being localized either to the basolat-
eral or to the apical plasma membrane of polarized cells comprising the steps of:

(a) providing a well sealed confluent culture of polarized cells expressing said trans-
port protein of interest grown on a permeable support, ensuring the formation of
tight junctions among said cells of said cuiture, forming thereby separate basolateral
and apical compartments on the opposite sides of said confluent cell culture;

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

-8 -
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polarized cells where the transport protein of interest is localized, said derivative
being cleavable by intracellular enzymes to form a fluorescent compound that 1s a
substrate of said transport protein of interest;

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

5 (d) measuring the fluorescence intensity of a sample taken 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 optioﬁally

(e) calculating the measure of activity of said transport protein of interest being pre-

10 sent in said cells on the basis of the fluorescence intensity value measured in step
(d) and calibration curves and/or empirical correlations established previously;

(f) repeating steps (b)-(e) using the same polarized cell culture provided in step (a)
or a polarized cell culture essentially identical to that while ensuring that said test
compound of interest or any metabolite of interest produced from said test com-

15 pound of interest within said cells be contacted with said transport protein of inter-
est in repeatedly executed step (c); and

(g) comparing the fluorescence intensity values measured in step (d) and in repeat-
edly executed step (d) and/or comparing the activity values calculated in step (e)
and in repeatedly executed step (e) and determining whether the test compound of

20 interest inhibits or enhances the activity of said transport protein of interest.

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

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

(a) providing a well sealed confluent culture of polarized cells expressing said trans-
port protein of interest grown on a permeable support, ensuring the formation of

25 tight junctions among said cells of said culture, forming thereby separate basolateral
and apical compartments on the opposite sides of said confluent cell culture;

(b) adding a cell permeable non-fluorescent derivative of a fluorescent compound
into both the apical and basolateral compartments, said derivative being cleavable
by intracellular enzymes to form a fluorescent compound that is a substrate of said

30 transport protein of interest;
(c) incubating the cells in the presence of said non-fluorescent derivative;
(d) measuring the fluorescence intensity of a sample taken from both compartments;

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

0.
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ment, said comparison being indicative of apical and/or basolateral localization of

said transport protein of interest; and optionally
(f) calcolating 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 in step (d) and calibration curves and/or empirical correlations
established previously.

4. The method according to anyone of claims 1-3 wherein said flnorescent compound
is calcem and said non-fluorescent dertvative of said fluorescent compound is a cell perme-
able non-fluorescent derivative of calcein, advantageously calcein AM.

10 5. The method according to anyone of claims 1-4 wherein said polarized cells are

kidney celis.

6. The method according to anyone of claims 1-5 wherein the incubation in step (c)

takes place at about 37 “C for about 30 minutes.
7. The method according to anyone of claims 1-6 wherein the transport protein of
15 interest is a member of the ABC-iransporter superfamily.

8. The method according to claim 7 wherein the transport protein of interest is a

multi-drug transporter or multi-drug transporter related protein.

9. The method according to claim 8 wherein the transport protein of interest is MRP1
or MRPZ.

20 10. The method according to any one of claims 1-4, wherein said polarized cells are
MDCK IT cells.

-~ 10 -
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