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Abstract

Colchicine has been proposed as a treatment to alleviate chronic lung inflammation in cystic fibrosis patients and clinical trials are
ongoing. Our aim was to investigate whether chronic exposure of cystic fibrosis cells to colchicine can affect their ability to transport
chloride in response to cAMP. Colchicine-resistant cells were selected by growing in medium containing nanomolar concentrations of the
drug. While microtubuli were affected by acute exposure to colchicine, they appeared normal in colchicine-resistant cells. Colchicine-
resistant clones had higher expression of multidrug resistance proteins compared to untreated cells. Cystic fibrosis transmembrane
conductance regulator (CFTR) labelling by immunocytochemistry showed no significant changes. The intracellular chloride concentra-
tion and basal chloride efflux of the cystic fibrosis treated cells increased significantly compared with untreated cells, while for the cAMP-
stimulated Cl-efflux there was no significant change. The results suggest that colchicine promotes chloride efflux via alternative chloride
channels. Since this is an accepted strategy for pharmacological treatment of cystic fibrosis, the results strengthen the notion that

colchicine would be beneficial to these patients.
© 2004 Elsevier Inc. All rights reserved.
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1. Introduction

Cystic fibrosis (CF) is the most common autosomal
recessive lethal inherited disease, affecting 1 in 3000
Caucasians, and is characterised clinically by chronic
obstructive lung disease, pancreatic insufficiency, male
infertility and high levels of salt in the sweat, which is a
diagnostic feature. The disease is caused by mutations in
the gene coding for the cystic fibrosis transmembrane
conductance regulator (CFTR), a chloride and bicarbonate
channel regulated by cAMP, localised in the apical mem-
brane of epithelial cells. In addition, CFTR regulates other
ion channels. So far, over 1000 mutations of CFTR have
been described, and a single mutation (AF508) accounts
for more than 70% of all cases [1].

Abbreviations: Calu-3, normal submucosal epithelial cells; CF, cystic
fibrosis; CFBE, cystic fibrosis bronchial epithelial cells; CFSME, cystic
fibrosis submucosal epithelial cells; CFTR, cystic fibrosis transmembrane
conductance regulator; IBMX, 3-isobutyl-1-methylxanthine; MDR, multi-
drug resistance proteins; MRP, multidrug-related proteins
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In the airways, the defective or absent CFTR leads to a
defective chloride secretion of the epithelial cells in
response to cAMP elevating signals, as well as to an
increased absorption of sodium through the respiratory
epithelia. This results in dehydrated mucus, defective
ciliary clearance, pathognomonic colonisation with patho-
gens such as Pseudomonas aeruginosa, chronic inflamma-
tion and infection.

Colchicine has long been known for its anti-inflamma-
tory effects in several diseases such as acute gouty arthritis,
familial Mediterranean fever, and other rheumatic and non-
rheumatic conditions [2]. The interest for colchicine in
cystic fibrosis is double-sided. On one hand, its anti-
inflammatory and anti-fibrotic effects may be useful in
the treatment of the chronic inflammation characteristic for
the lung disease. Indeed, a clinical trial of chronic admin-
istration of colchicine in a small number of patients has
shown improvements in the lung condition [3,4]. On the
other hand, colchicine, as other chemotherapeutic drugs,
induces a multidrug resistance phenotype characterised by
the up-regulation of several proteins such as multidrug
resistance protein (MDR) and multidrug-related protein
(MRP). These proteins are active pumps, belong to the
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same family of protein as CFTR, the ATP-Binding Cassette
(ABC) proteins and are involved indirectly in the move-
ments of ions across membranes [5].

The physiological function of the MDR1 protein may
include modulation of pH-dependent Cl™ transport (pos-
sibly also volume and intracellular pH regulation) in
proximal tubule cells of the kidney [6]. MDRI1 is inhibited
by glibenclamide and related compounds, as is CFTR [7].
A CF patient treated with chemotherapeutic drugs for a
fibrosarcoma was reported to show potent and persistent
improvement of the lung function [8], and it was suggested
that this was correlated with the multidrug resistance
phenotype compensating for the non-functional CFTR.

There is an abundance of studies on the effect of the
MDR protein overexpression and multidrug resistance
phenotype on ion transport (directly or indirectly) in various
cells [9-13], but very little is known about the effect of
colchicine on the airway cells relevant for cystic fibrosis. In
this study, we addressed the question whether colchicine in
the nanomolar range concentration can induce a multidrug
resistance phenotype and whether it can improve the
chloride transport in three airway epithelial cell lines.

2. Materials and methods
2.1. Cells

Cystic fibrosis human bronchial epithelial cells
CFBE41o- (CFBE, homozygous for the AF508 mutation)
and the cystic fibrosis submucosal epithelial cell line
CFSMEo- (CFSME, genotype AF508/unknown), both kind
gifts of Dr. D. Gruenert (San Francisco, USA) were cultured
in adherent flasks (Sarstedt) in Eagle’s minimal essential
medium with Glutamax (SVA) supplemented with 10%
foetal calf serum, 100 IU/ml penicillin and 100 pg/ml strep-
tomycin sulphate. The normal human serous cell line Calu-3
(ATCC) was grown in a similar medium, containing 1 mM
sodium pyruvate and 1% non-essential amino acids (both
from Sigma). The human colonic adenocarcinoma cell line
T84 was grown in DMEM:Ham’s F-12 (SVA) supplemented
with 6% foetal calf serum, 15 mM HEPES, 100 IU/ml
penicillin and 100 pg/ml streptomycin sulphate.

All cells were cultured at 37 °C in a humidified atmo-
sphere of 5% CO,/95% air, and the medium was changed
twice weekly. Colchicine-resistant cells were obtained by
culturing the original cells until confluence in medium
containing 0.5 nM colchicine (Sigma), the maximal con-
centration without significant cytotoxic effects. The drug
concentration was incrementally increased by 0.5 nM after
each confluent passage, up to 6 nM colchicine in the case of
Calu-3 and 4 nM for CFBE and CFSME cells. Colchicine
was present in the medium at all times except during the
chloride efflux experiments (which lasted on average
30 min). Thus, the colchicine-resistant cells were a popula-
tion of selected cells. During the course of the experiments,

several series of colchicine-resistant cells were obtained,
starting from different passages of the untreated cells. Their
appearance and responses were homogenous, with no dif-
ferences among series. As controls we used cells from the
same passage number as those resistant to colchicine.

2.2. Cytoskeleton

For immunostaining of the cytoskeleton, untreated and
colchicine-resistant cells were grown on glass coverslips
until confluent and rinsed with 37 °C warm phosphate
buffer saline (PBS, from SVA). In order to study the effect
of acute exposure to colchicine, untreated cells were grown
on glass coverslips until 70% confluent and then treated
with 3 nM colchicine for 48 h. Cells were fixed in 37 °C
warm cytoskeleton stabilising buffer (10 mM HEPES pH
6.9, 138 mM KCIl, 3mM MgCl,, 2mM EGTA, 0.2%
Triton X-100) with 4% paraformaldehyde for 20 min.
Then, unspecific epitopes were blocked with 1% bovine
serum albumin (BSA) in TBS (150 mM NaCl, 10 mM
Tris—HCl pH 8.0) containing 0.05% Tween-20 (TBST-
BSA) for 30 min. The glass slides were incubated for
1 h with the monoclonal mouse antibody anti-o-tubulin
(Sigma) diluted 1:200 in TBST-BSA.

After rinsing, the cells were incubated for 1 h in the goat
anti-mouse rhodamine-conjugated secondary antibody
(Southern Biotechnology Associates Inc.) diluted 1:50 in
TBST-BSA and 5 pg/ml Phalloidin-FITC (Sigma). The
coverslips were rinsed and mounted in 90% glycerol,
2% N-propyl-gallate, pH 9 containing 1 pg/ml 4’,6-diami-
dino-2-phenylindole-dihydrochloride hydrate (DAPI), and
sealed with transparent nail polish.

Pictures were taken with a fluorescence microscope
equipped with a digital camera (Leica Microsystems Ltd.)
using identical settings and appropriate filters for the collec-
tion of fluorescence. Illumination was obtained from a xenon
lamp; the green fluorescence of actin was produced with
excitation light of 480 £ 15 nm, and emitted light collected
at 535 + 20 nm. The red fluorescence of tubulin was pro-
duced with excitation light of 535 &+ 20 nm and the emitted
light collected through a 590 nm LP filter. The exposure and
compensation parameters of the digital camera were saved
and used at different times such that pictures were taken
under identical conditions.

2.3. CFTR immunodetection

For immunostaining of CFTR, cells were grown on glass
coverslips until confluent and rinsed with cold PBS. The
cells were fixed in methanol at —20 °C for 5 min, rinsed
with TBS, permeabilised with 0.2% saponin for 5 min,
then incubated with the mouse monoclonal MATG-1061
anti-CFTR antibody (Transgene) diluted 1:500 in TBS-
BSA, for 1 h at room temperature. After rinsing, the cells
were incubated with an HRP/Fab polymer conjugate fol-
lowed by 3-amino-9-ethyl-carbazole (AEC) chromogen
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detection (Zymed Laboratories Inc.). The nuclei were
counterstained with haematoxylin for 1-2 min and the
coverslips were mounted in aqueous medium (Aquatex,
from Merck). Pictures were taken with an optic microscope
equipped with a digital camera (Leica).

2.4. MDR immunodetection

For immunodetection of the MDR protein, the cells were
grown to confluence on adherent plastic flasks and col-
lected by trypsinisation. The cell line T84 was used as
positive control. Proteins were extracted with a lysis buffer
containing 50 mM Tris—HCI pH 7.4, 10 mM EDTA, 1%
SDS and 10 pg/ml proteinase inhibitor cocktail (Sigma) for
30 min on ice, followed by brief sonication. After centri-
fugation (10 min at 10,000 x g), the total protein concen-
tration was determined by a modified Pierce method (Bio-
Rad DC Protein Assay, Bio-Rad Laboratories).

Protein samples were diluted in denaturating buffer
(100 mM Tris—HCl pH 6.8, 20% glycerol, 15% B-mercap-
toethanol, 6% SDS, 0.001% bromophenol blue), incubated
for 30 min at 37 °C and 10 pg protein/sample run on a
7.5% SDS—polyacrylamide gel. The proteins were trans-
ferred to a nitrocellulose membrane (Schleicher & Schnell
GmbH) by electroblotting (1 h at 100 V) and the transfer
efficiency was checked by non-specific staining with Pon-
ceau S (Sigma). The blots were blocked (16 h at 4 °C) with
TBST containing 2% BSA, and incubated for 2 h with a
rabbit anti-hMDR polyclonal antibody (H-241 from Santa
Cruz Biotechnology) diluted 1:400 in TBST-BSA.

Specific immunocomplexes were detected using a sec-
ondary donkey anti-rabbit biotin-conjugated antibody
(Amersham Pharmacia Biotech Ltd.) diluted 1:400 in
TBST-BSA followed by incubation with streptavidin—horse-
radish peroxidase conjugate (Amersham) diluted 1:2000 in
TBST-BSA, extensive washing in TBST and autoradiogra-
phy with the enhanced chemiluminiscent reagent (ECL,
Amersham). The molecular weights were estimated with
the help of a prestained protein marker (New England
Biolabs). Semi-quantitative assessment of MDR expression
was done by densitometry of immunoblots radiographs
using the ImagePro 4.5 software (Media Cybernetics Inc.).

2.5. Chloride measurements

For the experiments cells were grown to confluence on
glass coverslips and loaded with 10 mM MQAE (NV-(ethox-
ycarbonylmethyl)-6-methoxyquinolinium bromide, from
Molecular Probes) in medium, for 2—4 h at 37 °C. The
coverslips were placed at the bottom of a perfusion cham-
ber on the stage of an inverted microscope (Nikon Dia-
phot). The temperature was kept at 37 °C by heating the
chamber holder and the objective separately. The cells
were perfused continually with buffer pre-warmed at 37 °C
with the help of a peristaltic pump (Ismatec). The exchange
volume was 30 mm® and the buffer flow 1 ml/min.

The chloride efflux experiments were performed by
sequential exposure of the cells to a chloride buffer con-
taining of 140 mM NaCl, 5 mM KCl, 5 mM 4-(2-hydro-
xyethyl)-1-piperazine ethanesulfonic acid (HEPES), 1 mM
MgCl,, and 5 mM glucose pH 7.4, followed by exposure to
a chloride-free buffer of similar composition, but with
NO;™~ as the substituting anion. The cells were allowed
to recover by perfusing them with the chloride buffer and
the cAMP-stimulated chloride efflux was determined by
exposure to chloride-free buffer containing 5 M forskolin
and 100 pM IBMX (both from Sigma). The agonists were
present in the chloride buffer for 5 min before the efflux.

For the intracellular calibration, a K" -rich buffer con-
taining 120 mM K", 5 mM HEPES, 5 mM glucose, | mM
Mg®" and various concentrations of C1~ and NO;~ was
used at pH 7.2, in the presence of nigericin (10 uM) and
tributyltin (10 uM) [14]. Double-point in situ calibration
was performed. The experiment was ended by recording of
the autofluorescence of the cells in a quenching solution
containing 150 mM KSCN and 10 mM HEPES, pH 7.2.

A Quanticell 2000 image-processing system (VisiTech
International) provided excitation light at 355 nm wave-
length (20 nm bandwidth). The emission was measured at
460 nm (30 nm bandwidth). Cells were exposed to excita-
tion light for 16 ms at an interval of 3—10 s and the digitised
image was recorded. The fluorescence was displayed as
arbitrary units.

The fluorescence was transformed into chloride concen-
tration using the results of the intracellular calibration, as
described by Chen et al. [15]. For each experiment, all cells
in the optic field were analysed (20—40 cells) and their
averaged response was counted as one experimental data
point.

Due to the electroneutral characteristics of the chloride
efflux in non-excitable cells, the changes in intracellular
chloride concentration during the efflux can be approxi-
mated by an exponential function. GraphPad Prism 3.0
software (GraphPad Software) was used to determine the
parameters of the exponential function fitting the data and
the maximal value of the chloride efflux rate. For each
colchicine concentration tested, 4—12 measurements were
performed and results followed a normal distribution. For the
statistics, one-way ANOVA was used, followed by Dunnet’s
post test for multiple comparison of selected means.

3. Results
3.1. Cytoskeleton

Colchicine is known to have a specific effect on the
microtubuli, by inhibiting their assembly at low colchicine
concentrations. After progressive exposure of the CFBE
cells to increasing concentrations of colchicine the loca-
lisation of microtubuli was similar to that in unexposed
cells. The microtubuli extended both in control and col-
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Fig. 1. The effect of colchicine on microtubuli in CFBE cells: (a) control, (b) cells resistant to 4 nM colchicine, (c) cells exposed acutely to 3 nM colchicine
for 48 h. The cells were fixed at 37 °C and stained with a monoclonal antibody against tubulin and with FITC-conjugated phalloidin (against actin).
Microtubuli staining is shown in red, actin staining is shown in green. Scale bar 10 um.

chicine-resistant cells from the perinuclear region to the
cell membrane (Fig. 1a and b), which is characteristic for
an intact microtubuli cytoskeleton. In contrast, acute expo-
sure of the cells to the same nanomolar concentration
produced changes in morphology, with enlarged cells (note
the scale bar), and shortened and disorganised microtubuli
(Fig. 1c). Similar results were observed for the other cell
lines in the study (data not shown).

3.2. CFTR localisation

The most intense expression of CFTR was observed as
expected in the Calu-3 cells, where the protein was present
in the cytoplasm from the perinuclear region to the cell
membrane (Fig. 2a and b). The control cystic fibrosis cell
lines had a weaker staining for CFTR in the cytoplasm and
no visible staining in the cell membrane (Fig. 2c and e).
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The colchicine-resistant CF cells had a somewhat more
intense staining of CFTR in the cytoplasmic compartment,
but no staining was observed close to the cell membrane
(Fig. 2d and f).

3.3. MDR expression

The MDR protein was identified on the basis of its
molecular weight (170 kDa) and its specific immune stain-
ing with the anti-MDR polyclonal antibody. The bands had
a characteristic smeared pattern and sometimes double
bands were visible (Fig. 3a), probably due to alternative
forms of the protein caused by differential glycosylation as
also noted by other authors [16].

Non-specific protein staining with Ponceau S showed
that the MDR is not an abundant protein (data not shown),
not even in the colchicine-resistant cells. Semi-quantitative

- il

Fig. 2. The effect of colchicine on CFTR immunolocalisation: (a) Calu-3 control, (b) Calu-3 resistant to 4 nM colchicine, (¢c) CFBE control, (d) CFBE
resistant to 2 nM colchicine, (¢) CFSME control, (f) CFSME resistant to 2 nM colchicine. The CFTR protein was detected by incubating the fixed cells with a
monoclonal anti-CFTR antibody, followed by AEC-chromogen staining (red). The nuclei were counterstained with haematoxylin. Scale bar 10 pm.
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Fig. 3. The effect of colchicine on MDRI1 protein expression: (a) representative Western blot, (b) densitometry of the above MDR1 bands showing the
relative amount of MDRI1 protein. 1: Calu-3 control, 2: Calu-3 resistant to 4 nM colchicine, 3: CFBE control, 4: CFBE resistant to 4 nM colchicine; 5:
CFSME control, 6: CFSME resistant to 4 nM colchicine, 7: positive control (T84 cells).

analysis of the MDR expression showed an increase of the
protein amount in relation to increased concentrations of
colchicine (Fig. 3b). For each cell line, the staining for
MDR1 was more intense at higher colchicine concentra-
tions (data not shown).

3.4. Chloride efflux

In all cell lines we noticed with increasing colchicine
concentrations, a steady increase in the intracellular chlor-
ide concentration in resting conditions and a similar
increase in the basal chloride efflux rate, which became
significant (P < 0.05, ANOVA followed by Dunnet’s test)
for all cell lines at concentrations higher than 2-4 nM
(Fig. 4). The responses of the cells were not homogenous
and the results showed a large spread, nonetheless nor-
mally distributed.

The stimulated chloride efflux in the presence of the
cAMP agonists forskolin and IBMX followed the same
pattern, with significant increases in the cells resistant to
colchicine at concentrations higher than 2—-4 nM compared
to control cells (P < 0.05). The Calu-3 cell lines had a
characteristic response for the wild-type active CFTR, with
values of the stimulated chloride efflux much larger than
the basal efflux (note the logarithmic scale). For the CF cell
lines, there was no difference in the basal and stimulated
chloride efflux rate neither for the control cells nor for the
colchicine-resistant cells.

High intracellular chloride concentrations tended to be
associated with higher basal chloride efflux rates, regard-
less of the cell line studied (Fig. 5).

4. Discussion
In the present study, we report that airway epithelial cells

resistant to colchicine in the nanomolar range had a higher
expression of MDR1 proteins compared to the untreated

cells, without significant changes in the expression and
localisation of CFTR. The basal chloride efflux of the
treated cells increased significantly compared with the
untreated cells, while for the cAMP-stimulated Cl-efflux
there was no significant change. The results suggest that
the colchicine treatment may affect the ion permeability of
the cell membrane but does not specifically increase
cAMP-induced chloride efflux.

Colchicine has long been known and used for the
treatment of acute gouty arthritis. Recently the use of
colchicine has expanded to other conditions like biliary
cirrhosis, familial Mediterranean fever, psoriasis, sarcoi-
dosis, amyloidosis and other rheumatic diseases [2]. Its
anti-inflammatory effects are in part explained by a potent
inhibition of leukocyte chemotaxis. The usual therapeutic
dosage is 1-2 mg/day, with a corresponding plasma con-
centration of 3 ng/ml (7.5 nM). The concentrations used in
this study are also in the low nanomolar range, in good
agreement with the clinically tolerated daily dosage.

Of interest for cystic fibrosis is the fact that per os
colchicine overdose may lead to a cholera-like syndrome
associated with dehydration, shock, and fatal complica-
tions [17]. Colchicine at low concentrations inhibits micro-
tubule self-assembly, and at high dosage it can induce
complete disassembly of preformed microtubules [18,19].
At the concentration used in our studies, the microtubuli
were not affected, as shown by the cytoskeleton immu-
nochemistry, indicating true resistance of the cells to
colchicine.

CFTR and MDR proteins are expressed constitutively in
the epithelium and glands of the human airway. The
expression is more intense in the serous cells of the glands
and is localised mostly at the apical membrane [20].
Polymorphic expression of the MDRI1 protein in the lung
parenchyma may explain part of the differences in lung
symptomatology observed in the CF patients carrying the
same mutation [21]. A recent study [22] found an associa-
tion between a low expression level of multidrug-resis-
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Fig. 4. The effect of colchicine on intracellular chloride concentration and efflux. (a) Representative recording of the intracellular chloride concentration
during an efflux experiment. The rectangle above the time axis indicates the concentration of chloride in the extracellular solution bathing the cells. The basal
trace was recorded in the absence of agonists, while the stimulated trace was obtained under the continuous presence of 5 uM forskolin and 100 uM IBMX.
The trace marked colchicine-resistant was recorded in cells resistant to 4 nM colchicine. The symbols represent the experimental data, while the continuous
lines are obtained by computer fitting to an exponential function. (b) The values of intracellular chloride concentration before the efflux under basal
conditions in control and colchicine-resistant cells. (c) The values of chloride efflux rate under basal and cAMP-agonist stimulated conditions in control and
colchicine-resistant cells. Values are indicated as mean =+ standard error, and the number of experiments for a colchicine condition is displayed in italics
above the horizontal axis. Significant difference from the control cells (P < 0.05, ANOVA followed by Dunnet’s test) is indicated by symbol (*) in the case of
basal efflux and (*) in the case of cAMP-stimulated efflux.

tance related proteins MRP1 and MRPS5 and the severity of
CF disease in 19 AF508 homozygous patients. This also
correlated with a lower cAMP-independent C1™ conduc-
tance of the respiratory epithelial cells, indicative of the
important contribution of ABC proteins to the ion transport

in epithelial cells [23].

The cells used for the present study had a low level of
constitutive MDR expression. It has been well established
that continuous exposure of cells to chemotherapeutic
drugs such as the alkaloid colchicine induces the apparition
of a “multidrug resistance phenotype” characterised by

concomitant resistance to high concentration of un-related
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Fig. 5. The plot of the chloride efflux rate as a function of the intracellular
chloride concentration under basal conditions. Data are shown as
mean =+ standard error on both axes.

drugs and at the molecular level, by the up-regulation and
expression of the ABC protein family, including MDRI1
and diverse MRP proteins [5]. Thus, the increase in MDR1
expression observed in the colchicine-resistant cells is not
surprising and although not tested, we expect that even
other proteins belonging to the same family to have been
overexpressed.

CFTR and MDRI1 genes have been shown to have
complementary patterns of epithelial expression [24]. In
colon epithelial cell lines, the gradual acquisition of resis-
tance to colchicine was associated with a corresponding
increased expression of MDRI protein and a reversible
decrease in the constitutive levels of CFTR, as determined
by immunoblotting in human colon carcinoma cells [25].
Cao et al. observed that at high concentrations of the drug
doxorubicin (128 uM), MDRI1 overexpression was asso-
ciated with a reduction in CFTR chloride channel activity,
due to a promoter mediated decrease of CFTR mRNA and
simultaneous increase of MDR1 mRNA [26]. Importantly,
co-expression of MDR1 and CFTR had no effect on CFTR
function. At nanomolar concentrations of colchicine, we
found in our colchicine-resistant cells an increase in the
relative amount of MDR protein, but without significant
changes in the localisation of the CFTR protein. The
differences observed in the CFTR staining of control
and colchicine-resistant cells may be due to an increased
expression of CFTR, or post-transcriptional events, with-
out significant translocation of the defective protein to the
cell membrane. The use of a monoclonal anti-CFTR anti-
body excludes the false-positive staining of other proteins
in the cell and negative controls (where the first antibody
was omitted) showed no staining (data not shown). It
should be mentioned though, that the concentration of
colchicine used in our study was 2 orders of magnitude
smaller than that of colchicine used in the study of Breuer
etal. [25], and thus maybe insufficient to down-regulate the
constitutive levels of CFTR. In another study, selection of
CFTR cells resistant to doxorubicin or vincristin produced

increased levels of both MDR and CFTR mRNA [27]. A
straightforward argument for the lack of negative effect of
colchicine treatment on the CFTR function is the fact that
in the Calu-3 cells (expressing wt-CFTR), the response to
cAMP-elevating agents forskolin and IBMX was signifi-
cantly increased in the colchicine-resistant cells compared
to the control (Fig. 3c).

Several reports point towards involvement of the multi-
drug resistance phenotype in the regulation of ion transport
in epithelial cells. The catalytic capacity of multidrug
resistant cells exceeds the rate of passive diffusion of drugs
in the concentration range 10~ to 10? uM, thus appearing
to violate the laws of enzyme specificity, the coupling
principle and the kinetics of active transport associated
with the “ATP-driven pump model”’ function of the MDR1
protein [28]. The “altered partitioning model” proposes
that MDRI1 overexpression and the additional drug resis-
tance mechanisms induced by chemotherapeutical drugs
alter the retention of drugs indirectly, by modulating the
intracellular pH, the volume, and/or the membrane poten-
tial [5,6]. Studies have shown that MDR expression dra-
matically inhibits the normal CI"/HCO;~ exchange [9],
can be a potent regulator of CI™ conductance [29] or of the
CI™ gradient-stimulated H transport [9]. Our observations
of increased intracellular chloride concentration at higher
colchicine concentration could be the result of changes in
intracellular pH and membrane electric potential, in agree-
ment with the “altered partitioning model”. A small
increase in the intracellular pH could explain the increased
resting values of the intracellular chloride in the colchi-
cine-resistant cells. Overexpression of the human MDR1
protein was shown to perturb the membrane potential and
to clearly alkalinise the cytosol of eukariotic cells, in direct
correlation to their multidrug resistance capacity [30].
Recently published evidence argues for an effect of human
MDRI protein on the membrane potential and ATP-regu-
lated C1™ conductance in proteoliposomes [12]. Another
study argued that MDR1 overexpression did not change the
membrane potential, but might perturb the intramembra-
neous potential [31]. Electrophysiological studies examin-
ing the putative ion transport via MDR1 protein reported
unusual Cl™ transport in the cells with MDR1 overexpres-
sion compared to control cells [32,33]. Hainsworth et al.
[34] observed that the cells expressing the MRP protein
have a significantly increased activity of the hypotonicity-
induced anion channel compared to control. MRP might
conduct ATP and thus contribute to the autocrine regula-
tion of the swelling-activating chloride channels [35]. We
observed in the three colchicine-resistant cell types
increased Cl™ efflux rates under basal conditions and a
possible explanation might be the upregulation, among
others, of the swelling-activated chloride channels.

Regardless of the mechanism, the long-term conse-
quences of elevated intracellular C1™ might be up-regula-
tion of other outward CI™ transport pathways and an
increase in membrane permeability to Cl . It has been
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suggested that colchicine treatment of cystic fibrosis
patients would be beneficial [3,4]. In addition to its anti-
inflammatory properties, colchicine would, as shown in the
present study, increase chloride efflux from airway epithe-
lial cells, thereby potentially alleviating the fluid transport
defect. Colchicine does not exert its effect via CFTR, but
via other chloride channels. Since the effect is likely to be
due primarily to a change in the chloride gradient, it is
unlikely that a specific chloride channel is involved, but the
effect may be mediated by several channels.

Because MDR does not interfere with the function of
CFTR, colchicine treatment could be instituted with small
risks. Activation of alternative chloride channels is an
accepted strategy for pharmacological treatment of cystic
fibrosis [36,37]. There are indications that even short-term
treatment with chemotherapeutical drugs may be effective
[38]. However, the increase in the basal chloride efflux
observed in our study was still far from the response of the
wild-type CFTR carrying cells to cAMP agonists. Whether
the effect of colchicine treatment would have clinical
significance is therefore still an open question, which
would need to be answered by clinical trials.
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