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Functional Fluo-3/AM Assay on P-Glycoprotein Transport
Activity in L1210/VCR Cells by Confocal Microscopy
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Abstract. Multidrug resistance (MDR) phenotype of L1210/VCR cell line, ac-
quired by selection for vincristine (VCR), is predominantly mediated by P-glyco-
protein (Pgp). Calcein/AM (Cal) was recently described as a fluorescent substrate
for Pgp and may be used for measuring of transport activity of Pgp. Expression
of Pgp in the cells prevents them to be loaded with the fluorescent marker. To
detect the activity of Pgp, verapamil (Ver) or cyclosporine A (CsA) has to be used
as Pgp inhibitors. Multidrug resistance protein (MRP), another drug efflux pump,
may be inhibited by probenecid (Pro), i.e, the inhibitor of a wide variety of anion
transporters. Ver, but not Pro, is able to induce the loading of L.1210/CR cells by
Cal that is measurable by fluorescence-activated cell sorter (FACS). Another dye,
fluo-3/AM (F-3), has a similar behaviour like Cal. Using confocal microscopy we
have proved that L1210/VCR cells, in contrast to parental sensitive cells, are not
loaded with F-3. Marking of cells with the dye can be achieved using inhibitors of
Pgp like Ver or CsA but not by Pro. These results indicate that F-3 is usable for
detection of Pgp function in various MDR tissue cells.
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Introduction

Overexpression of Pgp (plasma membrane glycoprotein that functions as an ATP-
driven drug efflux pump) in neoplastic cells is generally known to induce the MDR
that represents the real obstacle in chemotherapy of neoplastic diseases. Pgp is a
member of superfamily of ABC membrane transporters with large specificity for
diverse spectrum of different lipophilic substances (for a review see Kvackajova-
Kisucka et al. 2001). Function of Pgp in MDR cells could be studied using several
fluorescent substrates of Pgp like doxorubicin (Weaver et al. 1991; Breier et al. 1998;
Drobné et al. 2002; Fu et al. 2002), rhodamine 123 (Tapiero et al. 1984; Weaver et al.
1991), fura-2/AM (Fu et al. 1997, 2002), calcein/AM (Eneroth et al. 2001; Karaszi
et al. 2001). Last two substances represent esterified analogues of fura-2 and calcein
that were originally developed for measurement of intracellular free concentration
of calcium in animal cells. Another intracellular calcium indicator, F-3, was also
used for the measurement of transport activity of organic anion transporter in
human colon carcinoma cells HT29 clone 19A (Abrahamse and Rechkemmer 2001)
or transport activity of multidrug resistance protein (MRP1, MRP2 and MRP4,
i.e., another drug efflux transport pump with ABC consensus) in several cell models
(Cantz et al. 2000; Prechtl et al. 2000; Cui et al. 2001; Masereeuw et al. 2003).

L1210/VCR cell line represents a Pgp positive (Fiala et al. 2003) MDR cell
model selected from parental cells by repeated cultivation in sublethal concentra-
tion of VCR (Polekova et al. 1992). These cells exert crossresistance to actinomycin
D, mitomycin C, doxorubicin, cyclophosphamide, dexamethasone (Bohac¢ova et al.
2000; Breier et al. 2000) and resistance may be reversed by several known chemosen-
sitisers like Ver (Barancik et al. 1994) but also by blockers of mitogen activated
protein kinases cascades (Barancik et al. 2001; Kisucka et al. 2001) or derivatives of
pentoxifylline (Drobné et al. 2002; Kupsakova et al. 2002, 2004). Several differences
in ultrastructure between L1210 and L1210/VCR cells under normal and hypoxic
conditions have recently been described (El-Saggan and Uhrik 2002; El-Saggan et
al. 2003; Fiala et al. 2003)

The aim of the present study is to test if F-3 may be used for the measurement
of Pgp transport activity in L1210/VCR cells using confocal microscopy.

Materials and Methods

Reagents

Components of cell cultivation RPMI 1640 medium, L-glutamine, gentamycin and
foetal bovine serum were purchased from Life Technologies (Scotland). VCR was
obtained from Gedeon Richter Co., F3 — 4-(6-acetoxymethoxy-2,7-dichloro-3-oxo-
9-xanthenyl)-4’-methyl-2,2' (ethylene dioxy)dianiline-N,N,N’ N’-tetra-acetic acid
tetrakis(acetoxymethyl) ester and Cal — calcein O,0'-diacetate tetrakis(acetoxy-
methyl) ester were purchased by Sigma-Aldrich Co., Ltd. (USA). All other chemi-
cals were supplied from Sigma-Aldrich Co.
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Cell culture

L1210 and L1210/VCR cells were cultivated 3 days in RPMI 1640 medium sup-
plemented by L-glutamine (1 mg/ml), 4% foetal bovine serum and gentamycin
(1 pg/ml) in the humidified atmosphere by CO3 to 5% at 37°C. Resistance of cells
was tested by cultivation of cells in the presence of VCR or other cytostatics or by
estimation of content of mRNA encoding Pgp (Fiala et al. 2003). After cultivation
period cells were counted in haematocytometer and used for experiments with F-3
or Cal.

Calcein/AM assay

Cells (5 x 10°) were washed two times in PBS containing 0.2% of bovine serum
albumin adjusted on 200 pl in the same buffer and were incubated with 10 pmol/1
Ver or 5 mmol/l Pro (disolved using dimethyl sulfoxide (DMSO) at final concen-
tration of 0.5%) for 30 min at 37°C. Cal (200 pmol per sample) was added directly
to the incubation medium after incubation period. After next 20 min lasting incu-
bation at 37°C, cells were washed two times in PBS containing 0.2% BSA cooled
to 4°C. Fluorescent measurements were made in the FACS Calibur fluorescent flow
cytometer (Becton-Dickinson). The samples were measured using excitation at 488
nm. Emission at 520 nm was detected on FL1 channel for each 10* cells.

Fluo-8/AM assay

Cells (5 x 10°) were incubated in 0.5 ml RPMI medium (without bovine foetal
serum) in the humidified atmosphere with 5% COz at 37°C in the absence or
presence of Ver (10 pmol/1), CsA (0.83 umol/1) or Pro (2.5 mmol/] disolved using
DMSO at a final concentration of 0.5%). Directly to this medium, 1.8 pmol/l
F-3 and 0.02% pluronic acid F127 (to dissolve the F-3 and to prevent against
aggregation; Drummond et al. 1987) were added and the mixtures were incubated
for additional 30 min of the same condition. Samples were washed two times with
isotonic MOPS saline medium at pH 7.0. Finally, samples were evaluated in the
confocal microscope Leica TCS SP-2 AOBS using excitation at 488 nm. Emission
at the range 493-620 nm was detected. Cells incubated without F-3 but with Ver,
CsA or Pro were used in control experiments.

Results

Pgp was proved to be dominating in MDR phenotype of L1210/VCR cells (Bo-
hécova et al. 2000). This drug pump prevents cells to be loaded by Cal (Fig. 1).
In contrast, sensitive L1210 cells were extensively loaded by this fluorescent dye.
Presence of Ver but not Pro induced loading of L1210/VCR cells by Cal to the
similar extent as it was observed for sensitive L1210 cells (Fig. 1).

Sensitive cells were extensively stained also by fluo-3 (Fig. 2). Presence of CsA
and Pro showed a trend for an increased staining of 1.1210 cells by fluo-3. Resistant
L1210/VCR cells were unstained by this fluorescent dye (Fig. 3). Presence of Pro
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Figure 1. Representative FACS histograms of L1210 and L1210/VCR cells after loading with Cal superimposed according increased
calcein fluorescence. Exponents Ver or Pro indicates that cells were loaded with Cal in the presence of Ver or Pro (for details see
chapters Materials and Methods). The proportion of cells with fluorescence exceeding and non exceeding fluorescence relative
intensity 100 were summarised on pie diagrams for the respective experimental groups. Similar results were obtained for cells from

three independent cultivations.
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Figure 2. Confocal microscopy of L1210 cells after loading with F-3. Micrographs were obtained by registration of fluo-3 fluorescence
(upper panel), the same samples registered using transmitted light (lower panel). Exponents CsA, Ver, DMSO or Pro indicates that
cells were loaded with F-3 in the presence of CsA, Ver, DMSO or Pro (for details see chapters Materials and Methods).
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Figure 3. Confocal microscopy of L1210/VCR cells after loading with F-3. Description of figure is same as in Fig. 2.
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was not effective and resistant cells remained unstained. In contrast, presence of Pgp
antagonizing agents like CsA or Ver caused an extensive staining of L1210/VCR
cells. In the presence of CsA, staining of L1210/VCR cells was more pronounced
as in the presence of Ver (Fig 3).

Discussion

L1210/VCR cells represent the Pgp-mediated MDR cell model exerting high and
stable expression of Pgp (Fiala et al. 2003). Pgp was described to be dominating
system that secures MDR phenotype of the above cells (Bohadova et al. 2000).
These facts agree with elevating effects of Pgp inhibitors (Ver and CsA; Silbermann
et al. 1989; Lincke et al. 1990) on staining of resistant L1210/VCR cells by Cal
or F-3. Ineffectivity of Pro, i.e., inhibitor of diverse group of anion transporters
(Cunningham et al. 1981; Di Virgilio et al. 1988), on staining of cells by F-3 and
Cal, indicates that these trasporters do not play a role in prevention of L1210/VCR
cells to be stained by both fluorescent dyes. Cal as fluorescent substrate of Pgp has
already been described (Eneroth et al. 2001; Karaszi et al. 2001). On the other
hand, fluo-3 is known as a substrate of several anion transporters (Cantz et al.
2000; Prechtl et al. 2000; Abrahamse and Rechkemmer 2001; Cui et al. 2001).
Demethylated stain, i.e., fluo-3, has to be a substrate for these anion transporters.
In contrast, Pgp probably prefers methylated analogue F-3 because it is known as a
transporter for hydrophobic neutral substances very often without charge (Sharom
1997; Ferté 2000). Demethylated fluo-3 is retained in cells also after wash out of
Pgp inhibitors Ver and CsA, i.e., it is not effluxed by Pgp from the cells.

Fluo-3 fluorescence depends on concentration of free Ca?T (Kao et al. 1989;
Minta et al. 1989). Calcium entry blocker — Ver may induce a decrease of intracel-
lular Ca?* content in L1210/VCR cells that probably explains why lower level of
cell staining was observed in the presence of Ver than in the presence of CsA.

Our data clearly show, that F-3 represents a substrate of Pgp in L1210/VCR
cells. Thus, this substance, similarly as Cal, may be used for measurement of Pgp
transport activity.

Acknowledgements. Authors are grateful to Mario Sere$ and Lenka Gibalova, students
of Faculty of Natural Sciences (Commenius University, Bratislava, Slovakia), for excelent
technical assistance. This work was supported from Slovak Science and Technology As-
sistance Agency (grant APVT-51-013802) and Slovak Grant Agency for Science VEGA
(grants No: 2/3188, 2/4155, 2/3122).

References

Abrahamse S. L., Rechkemmer G. (2001): Identification of an organic anion transport
system in the human colon carcinoma cell line HT29 clone 19A. Pfliigers Arch.
441, 529—537



364 Orlicky et al.

Baranéik M., Bohacova V., Kvackajova J., Hudecova S., Krizanova O., Breier A. (2001):
SB203580, a specific inhibitor of p38-MAPK pathway, is a new reversal agent of
P-glycoprotein-mediated multidrug resistance. Eur. J. Pharm. Sci. 14, 29—36

Baranéik M., Polekova L., Mrazova T., Breier A., Stankovicova T., Slezdk J. (1994) Re-
versal effects of several Ca?T-entry blockers, neuroleptics and local anaesthetics on
P-glycoprotein-mediated vincristine resistance of L1210/VCR mouse leukemic cell
line. Drugs Exp. Clin. Res. 20, 13—18

Bohac¢ova V., Kvackajovéd J., Baranéik M., Drobna Z., Breier A. (2000): Glutathione S-
transferase does not play a role in multidrug resistance of L1210/VCR cell line.
Physiol. Res. (Prague) 49, 447—453

Breier A., Drobna Z., Baran¢ik M. (1998): Direct interaction between verapamil and dox-
orubicin causes the lack of reversal effect of verapamil on P-glycoprotein mediated
resistance to doxorubicin in vitro using L1210/VCR cells. Neoplasma 45, 248—253

Breier A., Drobna Z., Do¢olomansky P., Baran¢ik M. (2000): Cytotoxic activity of several
unrelated drugs on L1210 mouse leukemic cell sublines with P-glycoprotein (PGP)
mediated multidrug resistance (MDR) phenotype. A QSAR study. Neoplasma 47,
100—106

Cantz T., Nies A. T., Brom M., Hofmann A. F., Keppler D. (2000): MRP2, a human
conjugate export pump, is present and transports fluo 3 into apical vacuoles of
Hep G2 cells. Am. J. Physiol. — Gastrointest. Liver Physiol. 278, G522—531

Cui Y., Konig J., Keppler D. (2001): Vectorial transport by double-transfected cells ex-
pressing the human uptake transporter SLC21A8 and the apical export pump
ABCC2. Mol Pharmacol. 60, 934—943

Cunningham R. F., Israili Z. H., Dayton P. G. (1981): Clinical pharmacokinetics of
probenecid. Clin. Pharmacokinet. 6, 135—151

Di Virgilio F., Fasolato C., Steinberg T. H. (1988): Inhibitors of membrane transport sys-
tem for organic anions block fura-2 excretion from PC12 and N2A cells. Biochem.
J. 256, 959—963

Drobn4 Z., Stein U., Walther W., Barancik M., Breier A. (2002): Pentoxifylline influences
drug transport activity of P-glycoprotein and decreases mdrl gene expression in
multidrug resistant mouse leukemic L1210/VCR cells. Gen. Physiol. Biophys. 21,
103—109

Drummond I. A., Lee A. S., Resendez E. Jr., Steinhardt R. A. (1987): Depletion of
intracellular calcium stores by calcium ionophore A23187 induces the genes for
glucose-regulated proteins in hamster fibroblasts. J. Biol. Chem. 262, 12801—
12805

El-Saggan A. H., Dovinova 1., Sulova Z., Baran¢ik M., Hunékova L., Breier A., Uhrik
B. (2003): Hypoxia increases cell death in multidrug-resistant leukemia cells. Dif-
ferences in viability and ultrastructure between sensitive and multidrug-resistant
L1210 mouse leukemic cells under hypoxia. Gen. Physiol. Biophys. 22, 265—273

El-Saggan A. H., Uhrik B. (2002): Improved staining of negative binding sites with ruthe-
nium red on cryosections of frozen cells. Gen. Physiol. Biophys. 21, 457—461

Eneroth A., Astrom E., Hoogstraate J., Schrenk D., Conrad S., Kauffmann H. M., Gjellan
K. (2001): Evaluation of a vincristine resistant Caco-2 cell line for use in a cal-
cein/AM extrusion screening assay for P-glycoprotein interaction. Eur. J. Pharm.
Sci. 12, 205—214

Ferté J. (2000): Analysis of the tangled relationships between P-glycoprotein-mediated-
multidrug resistance and the lipid phase of the cell membrane. Eur. J. Biochem.
267, 277—294

Fiala R., Sulova Z., El-Saggan A. H., Uhrik B., Liptaj T., Dovinova I., HanuSovska E.,
Drobnd Z., Baran¢ik M., Breier A. (2003): P-glycoprotein-mediated multidrug re-



Fluo-3/AM Assay on P-Glycoprotein Activity 365

sistance phenotype of L1210/VCR cells is associated with decreases of oligo- and /or
polysaccharide contents. Biochim. Biophys. Acta 1639, 213—224

FuL. W., Pan Q. C., Lin G. Y. (1997): Compared study on Fura-2/AM assay and MTT
assay for screening multidrug resistant modulators. Yao Xue Xue Bao 32, 401—405
(Chinese)

Fu L. W., Zhang Y. M., Liang Y. J., Yang X. P, Pan Q. C. (2002): The multidrug
resistance of tumour cells was reversed by tetrandrine in vitro and in xenografts
derived from human breast adenocarcinoma MCF-7/adr cells. Eur. J. Cancer 38,
418—426

Kao J. P., Harootunian A. T., Tsien R. Y. (1989): Photochemically generated cytosolic
calcium pulses and their detection by fluo-3. J. Biol. Chem. 264, 8179—8184

Karaszi E., Jakab K., Homolya L., Szakacs G., Hollo Z., Telek B., Kiss A., Rejto L.,
Nahajevszky S., Sarkadi B., Kappelmayer J. (2001): Calcein assay for multidrug
resistance reliably predicts therapy response and survival rate in acute myeloid
leukaemia. Br. J. Haematol. 112, 308—314

Kisucka J., Baranc¢ik M., Bohacovd V., Breier A. (2001): Reversal effect of specific in-
hibitors of extracellular-signal regulated protein kinase pathway on P-glycoprotein
mediated vincristine resistance of L1210 cells. Gen. Physiol. Biophys. 20, 439—444

Kupsdkova I., Doéolomansky P., Rybar A., Baranc¢ik M., Breier A. (2002): Carbonyl
group of aliphatic side chain of pentoxifylline does not play role for P-glycoprotein
antagonizing effect of pentoxifylline. Gen. Physiol. Biophys. 21, 471—478

Kupsakova 1., Rybar A., Docolomansky P., Drobna Z., Stein U., Walther W., Baran¢ik
M, Breier A. (2004): Reversal of P-glycoprotein mediated vincristine resistance of
L1210/VCR cells by analogues of pentoxifylline. A QSAR study. Eur. J. Pharm.
Sci. 21, 283—293

Kvackajova-Kisucka J., Baran¢ik M., Breier A. (2001): Drug transporters and their role
in multidrug resistance of neoplastic cells. Gen. Physiol. Biophys. 20, 215—237

Lincke C. R., van der Bliek A. M., Schuurhuis G. J., van der Velde-Koerts T., Smit J. J.,
Borst P. (1990): Multidrug resistance phenotype of human BRO melanoma cells
transfected with a wild-type human mdrl complementary DNA. Cancer Res. 50,
1779—1785

Masereeuw R., Notenboom S., Smeets P. H., Wouterse A. C., Russel F. G. (2003): Im-
paired renal secretion of substrates for the multidrug resistance protein 2 in mutant
transport-deficient (TR-) rats. J. Am. Soc. Nephrol. 14, 2741—2749

Minta A., Kao J. P., Tsien R. Y. (1989): Fluorescent indicators for cytosolic calcium based
on rhodamine and fluorescein chromophores. J. Biol. Chem. 264, 8171—8178

Polekové L., Baran¢ik M., Mrazova T., Pirker R., Wallner J., Sulova Z., Breier A. (1992):
Adaptation of mouse leukemia cells L1210 to vincristine. Evidence for expression
of P-glycoprotein. Neoplasma 39, 73—77

Prechtl S., Roellinghoff M., Scheper R., Cole S. P., Deeley R. G., Lohoff M. (2000):
The multidrug resistance protein 1: a functionally important activation marker for
murine Th1 cells. J. Immunol. 164, 754—761

Sharom F. J. (1997): The P-glycoprotein eflux pump: How does it transport drugs? J.
Membrane Biol. 160, 161—175

Silbermann M. H., Boersma A. W., Janssen A. L., Scheper R. J., Herweijer H., Nooter K.
(1989): Effects of cyclosporin A and verapamil on the intracellular daunorubicin ac-
cumulation in Chinese hamster ovary cells with increasing levels of drug-resistance.
Int. J. Cancer 44, 722—726

Tapiero H., Munck J. N., Fourcade A., Lampidis T. J. (1984): Cross-resistance to rho-
damine 123 in adriamycin- and daunorubicin-resistant Friend leukemia cell vari-
ants. Cancer Res. 44, 5544—5549



366 Orlicky et al.

Weaver J. L., Pine P. S.; Aszalos A., Schoenlein P. V., Currier S. J., Padmanabhan R.,
Gottesman M. M. (1991): Laser scanning and confocal microscopy of daunorubicin,
doxorubicin, and rhodamine 123 in multidrug-resistant cells. Exp. Cell. Res. 196,
323—329

Final version accepted: June 22, 2004



