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Calcein acetoxymethyl ester (calcein/AM) and some re-
lated cellular dyes with a cytoplasmic distribution were
investigated with respect to cellular hydrolysis, accumu-
lation, efflux and cytotoxicity in a panel of established
human cell lines, including multidrug resistant (MDR)
phenotypes. At 0.1-1 ug/mi, calcein/AM was highly cyto-
toxic against several cell lines, even after short-term
exposure (30 min). Calcein/AM induced no Immediate
loss (3 h) of membrane integrity and the drug was more
active against low compared with high density plated
cells. In cell lines with the MDR phenotype and in the
renal carcinoma cell line ACHN, the drug was consider-
ably less active. Non-esterified calcein had no effect and
calcein/AM was significantly more potent than other
structurally related fluorescein analogs and AM esters
tested. Ailthough MDR cell lines showed a decreased
cellular hydrolysis and accumulation of the dye, there
was no strict relationship between cytoplasmic calcein
exposure and cytotoxic activity. The rate of efflux was low
in the two most sensitive cell lines, the human lymphoma
U-937-GTB and its vincristine (vecr) resistant subline U-
937/ver10, while the remaining cell lines showed similar
biphasic efflux patterns, including cell lines of the MDR
phenotype. The results show that calcein/AM has cyto-
toxic activity against human tumor cell lines at low con-
centrations. The effect appears dependent on the
intracellular trapping of the drug, although the specific
cellular target remains unknown. Due to its cytotoxic
efficacy and unique principle of cellular drug delivery,
further Investigation of calcein/AM and related com-
pounds as potentially new anticancer agents seems war-
ranted.

Key words: Calcein/AM, cytotoxicity, humantumorcelllines.

Introduction

4'5'-Bis(N,N-bis  (carboxymethyl) aminomethyl
fluorescein acetoxymethyl ester (calcein/AM) is
a non-fluorescent fluorescein analog which can
rapidly enter cells where it is hydrolyzed to free,
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strongly fluorescent calcein by cytoplasmic estera-
ses. Due to its high negative charge, de-esterfied
calcein is well retained by viable cells with intact
plasma membranes.'# Calcein/AM has been widely
used as a cytoplasmic marker and viability
probe >33

Recently we and others showed that the AM ester
of calcein is probably a substrate for multidrug re-
sistance (MDR) related efflux 170 kDa permeability
glycoprotein (Pgp) and the dye may be used as a
convenient functional fluorescent probe for this
transport protein.®® Due to its non-nuclear cellular
localization and its unusual principle for cellular
drug delivery (esterase-dependent trapping), this
and related compounds seem worthy of further in-
vestigation of their antitumor properties and cellular
pharmacology. The fact that calcium chelators ad-
ministered as AM esters and delivered to neuronal
cells by intracellular trapping were recently demon-
strated to have neuroprotective effects in rats indi-
cates a potential for in vivo application for this
group of agents.’

Therefore, as part of an ongoing effort to identify
new pharmacological principles for antitumor ther-
apy, we have investigated the cytotoxic potential
and cellular pharmacology of calcein/AM and some
structurally related compounds on a panel of human
tumor established cell lines. The results show that
calcein/AM is accumulated inside cells by esterase-
dependent intracellular trapping and it is cytotoxic
against several cell lines at relatively low concen-
trations.

Materials and methods

Cells and cell culture
The human myeloma cell line RPMI 8226/S and its

doxorubicin (dox) resistance subline RPMI 8226/
dox40' were kindly provided by Dr WS Dalton
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(Department of Medicine, Cancer Center Division,
University of Arizona, Tuscon, AZ). The human kid-
ney carcinoma cell line ACHN'! was obtained from
ATCC (Rockville, MD). The human histiocytic lym-
phoma U-937 and erythroleukemia K562 cell lines
were established as described previously.'%'> The
cell lines were cultured in 250 ml flasks (Falcon;
Becton Dickinson, Plymouth, UK) in RPMI 1640
medium (Northumbria Biologicals, Cramlington,
UK) supplemented with 10% heat-inactivated fetal
calf serum (FCS; Northumbria), 2 mM glutamine,
50 ug/ml streptomycin and 60 ug/ml penicillin
(Northumbria). The dox resistant subline RPMI
8226/dox40 was treated with 100 ug/ml dox (Adria-
mycin; Farmitalia Carlo Erba, Milano, Italy) once a
month. The dox40 subline shows a high level of Pgp
expression as determined by immunohistochemis-
try and Western blot.’® The U-937/vcr10 and U-937/
vcrl00 sublines were continuously cultured in the
presence of 10 and 100 ng/ml of vincristine (vcr),
respectively. The former cell type lacks Pgp expres-
sion as recently described,'® whereas the U-937/
vcrl00, on the other hand, shows high levels of Pgp
expression and a cross-resistance pattern typical of
classical MDR (not shown). All cultures were incu-
bated at 37°C in a humidified atmosphere contain-
ing 95% air and 5% CO,, with medium change and
subcultivation two to three times a week. The gen-
eral characteristics of the cell lines are shown in
Table 1.

Drugs and reagents

Calcein/AM, calcein, calcein blue/AM, carboxy-
fluorescein diacetate and carboxyfluorescein diace-
tate/AM (Molecular Probes, Eugene, OR) were
dissolved in dimethyl sulfoxide (DMSO; Merck,
Darmstadt, Germany) to a stock solution of
1 mg/ml and kept at —20°C until use at indicated

Table 1. Characteristics of investigated cell lines

Cytotoxic activity in vitro of calcein acetoxymethyl ester

concentrations. Fluorescein diacetate (FDA; Sigma,
St Louis, MO) was dissolved in DMSO and stored at
—20°C. Structural formulas for the different dyes are
depicted in Figure 1. The cyclosporin SDZ PSC 833
(PSC) with Pgp blocksing properties was a kind gift
from Sandoz (Basel, Switzerland). All other reagents
were of analytical grade. Microtiter plates (Nunc,
Roskilde, Denmark) were prepared with test
substances in advance and stored at —70°C until
use.'®

Measurement of cytotoxicity

The principal steps of the fluorometric microculture
cytotoxicity assay (FMCA) procedure have been
described previously.ls’16 On day 1, 180 ul of the
tumor cell preparation (0.5-2 x 10> cells/ml culture
medium) was seeded into the wells of V-shaped 96-
well experimental microtiter plates (Nunc) pre-
pared as described above. Six blank wells received
only culture medium and six wells with cells but
without drugs served as control. The culture plates
were then incubated at 37°C in humidified atmo-
sphere containing 95% air and 5% CO,. At the end of
the incubation period, the plates were centrifuged
(200 g, 7 min) and the medium removed by aspira-
tion in a microtiter plate washer (Dynatech Labora-
tories, Chantilly, VA). After one wash with
phosphate buffered saline (PBS), 200 ul of PBS con-
taining FDA (10 pg/ml) was added columnwise to
control, experimental and blank wells. Subsequent-
ly the plates were incubated for 1 h before reading
the fluorescence (ex 480 nm, em 530 nm) in the
microtiter plate fluorometer Fluoroscan II (Labsys-
tems OY, Helsinki, Finland). The fluorometer was
blanked against wells containing PBS including the
fluorescent dye but without cells. The results ob-
tained are presented as survival index (SI), defined
as fluorescence in per cent of control cultures, with

Cell line designation Type Selecting Resistance Pgp 170 Reference
agent factor (RF)

RPMI 8226/S myeloma — — 10

RPMI 8226/dox40 myeloma doxorubicin >40 + 10

ACHN renal carcinoma — — - 11

U-937 GTB histiocytic lymphoma — — — 12
U-937/ver 10 histiocytic lymphoma vincristine 150 14
U-937/ver100 histiocytic lymphoma vincristine 200 + —2

K562 erythroleukemia — —a 13

RF =ICso in resistant subline/ICs, in parental cell line for selecting agent.

2 Data to be published
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a. b.

Calcein/AM Fluorescein
R1,R4 = -O0CCH3 R1==0
R2,R3 = -CH2N(CH2COOCH200CCH3)? R2,R3 = -H
Rs,Rg =-H R4 = -OH
Rs5.Rg =-H
CFDA
(5-and&6-carboxyfluorescein diacetate mixed isomers) FDA
Ri1,R4 = -OOCH3 R1,R4 = -O0CCH3
R2,R3 =-H R3,R3,R5,Rg =-H

Rs = -COOH, R¢ = -H
or Rs = -H, Rg =-COOH

Calcein
CFDA/AM Ry ==0
R1.R4 = -OOCH3 R2,R3 = -CH2N(CH2COOH)
R2,R3 =-H
Rs5 = -COOCH200CCH3 Carboxyfluorescein
Rg =-H R1==0
R2,R3,R¢ =-H
R4 =-OH
Rs = -COOH
C.
N(CH,COO-R),
H,
HO 0O
P

Calcein Blue/AM R = -CH0O0CCH3
Calcein Blue R=-H

Figure 1. Molecular structure of calcein/AM and the structurally related dyes tested.
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blank values subtracted. Senzitization ratio (SR) was
defined as ICsy for calcein/AM in the absence of
SDZ PSC 833/ICsq for calcein/AM in the presence
of PSC. In separate experiments it was verified that
the influence of calcein/AM on the FDA signal at the
highest calcein/AM concentration was less than 5%.
In addition, wells containing calcein/AM were rou-
tinely evaluated for morphological evidence of cyto-
toxicity using the differential staining cytotoxicity
(DiSC) assay'”'® to verify the accuracy of the fluor-
escent readings.

Measurement of hydrolysis and cellular
accumulation

Measurement of calcein/AM hydrolysis and uptake
was performed as described previously.® A 96-well
microtiter plate (Nunc) was prepared with quadri-
plicate wells of 20 ul of 5 mM glucose in PBS with or
without 10 ug/ml of PSC. Cells were washed and
diluted in PBS containing 5 mM glucose to a final
concentration of 390 000/ml and 160 ul of the cell
suspension was dispensed into each well of the
microtiter plate. Subsequently, calcein/AM was dis-
pensed to the wells to a final concentration of
2.5 ug/ml. The fluorescence (ex 480 nm, em
530 nm) was immediately read in the Fluoroscan
IT (Labsystems), with the temperature mode set to
37°C. The fluorescent signal generated was then
measured every 5 min up to 30 min, and subse-
quently every 15 min up to 120 min. Finally the
fluorescence accumulated was also measured at
approximately 2 h after two washes with PBS to
remove all extracellular dye.

Cytotoxic activity in vitro of calcein acetoxymethyl ester

Measurement of cellular efflux

Cell suspensions of the investigated cell lines were
diluted in PBS t0 0.6-1.2 x 10> cells/ml. Calcein/AM
at a final concentration of 2.5 pug/ml was added to
each cell suspension. The suspensions were incu-
bated for 2 h at 37°C and 5% CO,. After the incu-
bation the suspensions were centrifuged for 5 min
at 200 g and then resuspended in fresh RPMI 1640
medium. The cells were then dispensed as quad-
riplicates into 10 replicate V-shaped microtiter
plates (Nunc). One plate was immediately washed
twice with PBS and fluoresence was measured in the
Fluoroscan II. The other plates were incubated at
37°C and 5% CO;, and were measured the same way
at 1, 3, 6, 12, 24, 30, 36, 48 and 72 h.

Results
Cytotoxicity

The ICs for calcein/AM in all cell lines after 72 h
exposure is shown in Table 2. The U-937 GTB cell
line was the most sensitive one followed by U-937/
verl0, RPMI 8226/S and K562 cells, and with the
MDR sublines and ACHN being the least sensitive.
Compared with calcein/AM, carboxyfluorescein
diacetate and its AM ester as well as calcein blue
and FDA showed considerably less activity and non-
esterified calcein lacked cytotoxic effects in U-937
GTB cells (Figure 2). A similar pattern of cytotoxic
activity was found for those compounds also in the
other calcein sensitive cell lines (not shown). Add-
ing the Pgp-blocking cyclosporin PSC (3 ug/ml) to

Table 2. IC5so, sensitization ratio (SR) and area under the curve
(AUC) for calcein/AM in different cell lines

Cell type IC 50® (SEM) SR AUC° (Fxh~")
RPMI 8226/S 0.77 (0.20) 1.1 913
RPMI 8226/dox40 9.5 (0.68) 5.6 61
ACHN 11.3  (0.90) 1.5 813
U-937 GTB 0.25 (0.02) 0.9 608
U-937/ver10 0.32 (0.03) 1.2 420
U-937/ver100 22 (0.33) 188 51
K562 1.1 (0.22) 1.0 876

# Inhibitory concentration 50% (ICss) was determined in five to seven in-
dividual experiments after 72 h of incubation.

® SR was defined as the ratio of ICs, in the absence and in the presence of
3 ug/ml PSC 833 and expressed as mean values from at least two separate

experiments.

¢ AUC was calculated after exposure to 2.5 ug/m! calcein/AM for 2 h from
0-12 h post-washing using the trapezoidal method, see Figure 3.

F =fluorescence intensity.
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Figure 2. Effect of calcein/AM, free calcein, calcein blue/
AM, FDA, carboxyfluorescein diacetate and carboxy-
fluorescein diacetate/AM on Sl in U-937 GTB after 72 h
incubation. One typical experiment is presented.

the cultures potentiated the effect of calcein/AM
only in the two MDR cell lines and marginally in
ACHN (Table 2). When the time dependency of the
effect was investigated, little or no effect was ob-
served after 3 h exposure, whereas profound con-
centration-dependent cytotoxicity was observed at
72 h (Figure 3A). When exposing U-937 GTB cells
to calcein/AM for different periods of time (30 min-
72 h) with a total assay time of 72 h there were no
major differences in the concentration-response
relationship (Figure 3B). Similar results was
observed also in RPMI 8226/S (not shown). Finally,
when U-937 GTB cells were incubated with differ-
ent concentrations of calcein/AM for 30 min at the
same cell density and plated in microtiter plates at
high (10° cells/ml) and low (10> cells/ml) density,
an increased cytotoxic activity was observed at the
lower seeding density (Figure 3C).

Calcein hydrolysis and cellular
accumulation

There was a time-dependent increase in the gen-
eration of fluorescent calcein with the highest
values reached for U-937 GTB, U937/vcrlQ and
RPMI 8226/S cells (Figure 4A). The Pgp 170 over-
expressing RPMI 8226/dox40 and U-937/vcrl00
cells, on the other hand, showed a low rate of cal-
cein/AM hydrolysis. After washing away extracellu-
lar calcein and calcein/AM, the cellular calcein
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Figure 3. Effect of calcein/AM on Sl in U937-GTB cells
after 3 or 72 h of incubation (A), after indicated exposure
times and 72 h of incubation (B), and after exposure for
30 min at 10°® cells/ml followed by plating at high (10°
cells/ml) and low (10° cells/ml) cell density (C). The results
are presented as one representative experiment.
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Figure 4. Time-dependent calcein/AM hydrolysis (A) and

cellular accumulation after 2 h exposure (B) in the indi-

cated cell lines. In (B) the effect of 3 ug/ml of SDZ PSC
833 is also shown. See Materials and methods.

ACHN

8226S

accumulation was found highest for RPMI 8226/S,
K562 and ACHN whereas for the U937 GTB and
verl0 cells the proportion of hydrolyzed calcein
confined intracellularly was somewhat lower
(Figure 4A and B). Both the MDR cell lines showed
very low accumulation of the dye. When 3 ug/ml
PSC was added the cellular accumulation of calcein
increased in the Pgp expressing cell lines, ap-
proaching the levels observed in the parental cell
lines. PSC had no effect on accumulation in non-
MDR cell lines (Figure 4B).

Calcein efflux

In Figure 5 the efflux of calcein from cells preloaded
with 2.5 ug/ml calcein/AM for 2 h is shown. There

Cytotoxic activity in vitro of calcein acetoxymethyl ester
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Figure 5. Time-dependent efflux of calcein/AM from the
indicated cell lines after 2 h incubation at 2.5 ug/mi. The
graph shows one of two experiments.

was a very slow rate of calcein efflux from U-937
GTB and vcrl0 cells over the first 12 h compared
with the other cell lines. At the next timepoint in-
vestigated (22 h), membrane integrity was lost with
clear morphological evidence of cell death preclud-
ing further study of dye efflux. The remaining cell
lines showed efflux curves with a rapid first phase
up to 12 h, which for ACHN and the MDR cell lines
was followed by a slower phase (12-72 h). These
cell lines did not show evidence of significant cell
death at later timepoints. The second slower efflux
phase could also be discerned for RPMI 8226/S and
K562 although significant cell death was observed
before 72 h. When the exposure for the first 12 h
was calculated as area under the fluorescence in-
tensity—time curve (AUC) normalized for cell num-
ber, RPMI 8226/S, K562 and ACHN showed the
highest AUC, with U-937 GTB and vcrl0 showing
intermediate levels, and the MDR cell lines showing
the lowest level of exposure (Table 2).

Discussion

In the present paper we demonstrate a significant
cytotoxic activity, not shared by other closely rela-
ted fluorescein derivatives, of calcein/AM alone at
relatively low concentrations. The effect was clearly
dependent on the cytoplasmic hydrolysis of the AM
ester to free calcein since the latter compound had
no effect. Indeed, the MDR lines which showed the
lowest degree of hydrolysis and accumulation were
also less sensitive to the cytotoxic effect of calcein.
This observation together with the fact that sensi-
tivity could be restored by the addition of PSC is
consistent with calcein/AM being a substrate for
Pgp.”® However, there was no absolute relation-
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ship between cellular calcein accumulation and
cytotoxicity since ACHN, which showed a high
degree of calcein accumulation, was resistant to
the cytotoxic effects of calcein. This was the case
also when total exposure during the first 12 h was
calculated revealing higher exposure in ACHN
compared with calcein sensitive U-937 GTB cells.
This differential pattern may indicate that other
factors, like target expression and/or sensitiv-
ity, may play a role in determining calcein/AM
sensitivity.

The cytotoxic effects of calcein in the sensitive
cell lines also showed no apparent schedule depen-
dency since similar concentration-response curves
were obtained irrespective of the exposure times
from 30 min to 72 h. This may be a potential
pharmacokinetic advantage if calcein/AM is to be
evaluated in vivo, allowing for quick distribution
and cellular retention from a single bolus adminis-
tration. The delivery by esterase-dependent trap-
ping may also provide some protection for the
normal hematological precursor cells which have
a reported low non-specific esterase activity.'®
There may also be some selectivity for tumor cells
from solid tumors since, at least on a per cell basis,
many solid tumor samples show a higher esterase
activity compared to their hematological counter-
parts.?® Calcein/AM also show density-dependent
effects which may explain why the use of the agent
as a cytoplastic viability dye has been feasible with-
out apparent cytotoxicity.?! The recommended den-
sity of cells/ml loading media in these applications
is very much higher (about 100 times) than used in
the present paper.?!

What is then the primary cellular target for cal-
cein/AM? The major part of the intracellularly accu-
mulated dye is probably distributed in the
cytoplasm.! However, a non-cytoplasmic localiza-
tion for at least a fraction of the dye cannot be
excluded and this issue requires techniques like
confocal imaging to be completely resolved. In-
deed, for cell lines tested the efflux of calcein is
apparently biphasic. The persistant fluorescence
may be due to covalent association with intracellu-
lar macromolecules with long half-life, as suggested
by others.? U-937 GTB and vcrl0 cells are an ex-
ception from this efflux pattern by showing unu-
sually high initial retention. However, it cannot
be excluded that the initial rapid phase was missed
by the present sampling scheme. Indeed, in the U-
937 GTB and vcrl0 cells, only approximately 50% of
the hydolyzed calcein was retained after washing,
which should be compared with 80-90% for the
other cell lines. Irrespective of this, the stable cy-
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toplasmic dye retention in the U-937 GTB cell line
during the first 12 h makes this cell line especially
interesting in the search for specific cytoplasmic
molecules with high affinity for calcein/AM.

One potential target for calcein/AM may be cyto-
plasmic tubulin. However, the Vcr resistant U-
937/ver 10 for which tubulin alterations has been
implicated as a possible resistance mechanism'*
showed similar degree of calcein/AM sensitivity,
uptake and efflux characteristics as the parental cell
line. Moreover, preliminary results using primary
cultures of tumor cells from patients show no high
degree of cross-resistance with tubulin active drugs,
including vinca alkaloids and paclitaxel.

The mechanism for calcein/AM induced cell
death is also not clear. However, the fact that the
loss of membrane integrity is delayed to 12-48 h in
the various calcein/AM sensitive cell lines indicates
the potential involvement of programmed cell death
(apoptosis).?> Morphological and biochemical evi-
dence on this point is clearly needed.

The reason for the difference between calcein/
AM and the other structurally similar fluorescein
derivatives tested with respect to cytotoxic activity
is also not clear. All compounds possess planar aro-
matic domains which are the characteristic feature
of Pgp blocking agents.”> However, only the calcein
molecule contains a basic nitrogen atom and exten-
ded carbon side chains which are additional struc-
tural requirements associated with Pgp-blocking
efficacy.?> The structure-activity relationships for
calcein/AM and related compounds for cytotoxicity
remains to be determined.

Conclusion

Calcein/AM show cytotoxic activity at relatively low
concentrations in several human tumor cell lines.
The cellular target appears to be located in the
cytoplasm to which the drug is delivered by
esterase-dependent intracellular trapping. These
observations warrant further preclinical investiga-
tion of the antitumor activity of calcein/AM and re-
lated compounds on in vitro and in vivo tumor
models. Evaluation of calcein/AM antitumor effica-
¢y on primary cultures of tumor cells from patients is
currently underway.

References

1. Morris S. Real-time multi-wavelength fluorescence ima-
ging of living cells. BioTechniques 1990; 8: 296-312.



10.

11.

12.

13.

14.

. Weston S, Parish C. New fluorescent dyes for lymphocyte

migration studies. J Immunol Metbods 1990, 133: 87-97.

. Bozyczko-Coyne D, Mckenna BW, Connors TJ, et al. A

rapid fluorometric assay to measure neuronal survival in
vitro. J Neurosci Methods 1993; 50: 205-16.

. Radcliff G, Waite R, Lefevre J, et al. Quantification of

effector/target conjugation involving natural killer (NK)
and lymphokine activated killer (LAK) cells by two-color
flow cytometry. J Immunol Meth 1991; 139: 281-92,

. Wang X, Teraski P, Rankin GJ, et al. A new microcellular

cytotoxicity test based on calcein AM release. Hum Im-
munol 1993; 37: 264-70.

. Hollo Z. Calcein accumulation as a fluorimetric func-

tional assay of the multidrug transporter. Biochim Bio-
bhys Acta 1994; 384: 1191-8.

. Homolya L, Hollo Z, Germann U, et al. Fluorescent

cellular indicators are extruded by the multidrug resis-
tance protein. J Biol Chem 1993; 268: 21493-6.

. Liminga G, Nygren P, Larsson R. Microfluorometric eva-

luation of calcein axetoxymethyl ester as a probe for P-
glycoprotein-mediated resistance: effect of cyclosprin A
and its non-immunosuppressive analogue SDZ PSC 833,
Exp Cell Res 1994; 212: 291-6.

. Tymianski M, Wallace M, Spiegelman I, et al. Cell

permeant Ca’” chelators reduce early excitotoxic and
ischemic neuronal injury in vitro and in vivo. Neuron
1993; 11: 221-35.

Dalton W, Grogan T, Rybski J, et al. Immunohistochem-
ical detection and quantification of P-glycoprotein in
multiple drug-resistant human myeloma cells: associa-
tion with level of drug resistance and drug accumulation.
Blood 1989; 73: 747-52.

Borden EC, Hogan TF, Voelkel JG. Comparative antipro-
liferative activity in vitro of natural interferons « and g
for diploid and transformed cells. Cancer Res 1982; 42:
4948-53.

Sundstrom C, Nilsson K. Establishment and character-
ization of a histiocytic lymphoma cell line (U-937). Int J
Cancer 1976; 17: 565-77.

Lozzio C, Lozzio B. Human chronic myelogeneous leu-
kemia cell line with positive Philadelphia chromosome.
Blood 1975; 45: 321-34.

Botling J. Liminga G, Larsson R, et al. Development of
vincristine resistance and increased sensitivity to cyclos-

Cytotoxic activity in vitro of calcein acetoxymethyl ester

15.

16.

17.

18.

19.

20.

21.

22.

23.

porin A and verapamil in the human U-937 lymphoma
cell line without over expression of the 170 KDa P-
glycoprotein. Int J Cancer 1994; §8: 269-74.

Larsson R, Kristensen ], Sandberg C, et al. Laboratory
determination of chemotherapeutic drug resistance in
tumor cells from patients with leukemia using a fluoro-
metric microculture cytotoxicity assay (FMCA). IntJ Can-
cer 1992; §50: 177-85.

Larsson R, Nygren P. Pharamcological modification of
multi-drug resistance (MDR) in vitro detected by a novel
fluorometric microculture cytotoxicity assay. Reversal of
resistance and selective cytotoxic actions of cyclosporin
A and verapamil on MDR leukemia T-cells. Int J Cancer
1990; 46: 67-72.

Weisenthal L, Marsden J, Dill P, et al. A novel dye ex-
clusion method for testing in vitro chemosensitivity of
human tumors. Cancer Res 1983; 43: 749-57.

Nygren P, Kristensen J, Sundstrém C, et al. Feasibility of
the fluorometric microculture cytotoxicity assay (FMCA)
for cytotoxic drug sensitivity testing of tumor cells from
patients with acute lymphoblastic leukemia. Leukemia
1992; 6: 1121-8.

Elizalde A. Cytologic studies of enzymes in malignant
tissues. Cancer 1967; 20: 423-33.

Nygren P, Fridborg H, Csoka K, et al. Detection of tumor
specific cytotoxic drug activity in wvitro using fluoro-
metric microculture cytotoxicity assay and primary cul-
tures of tumor cells from patients. Int J Cancer 1994; 56:
715-20.

De Clerck L, Bridts C, Mertens A, et al. Use of fluorescent
dyes in the determination of adherence of human leu-
kocytes to endothelial cells and the effect of fluoro-
chromes on cellular function. J Immunol Methods
1994; 172: 115-24.

Dive C, Hickman J. Drug interactions: only the first step
in the comittment to a programmed cell death. Br J
Cancer. 1991; 64: 192-6.

Zamora J, Pearce H, Beck W. Physical-chemical proper-
ties shared by compounds that modulate multidrug re-
sistance in human leukemic cells. Mol Pharmacol 1988;
33: 454-62.

(Received 8 March 1995; accepted 18 May 1995)

Vol 6 - 1995 585

Anti-Cancer Drugs -



