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The acquisition of resistance to anticancer agents used in chemotherapy is the
main cause of treatment failure in malignant disorders, provoking tumours to
become resistant during treatment, although they initially respond to it. The main
multidrug resistance (MDR) mechanism in tumour cells is the expression of P-gly-
coprotein (P-gly), that acts as an ATP-dependent active efflux pump of chemothera-
peutic agents. Furthermore, an increased detoxification of compounds mediated by
high levels of glutathione (GSH) and glutathione S-transferase (GST), has been found
in resistant cells. We developed a study aiming to evaluate the evolution of the main
drug resistance markers in tumour cells: P-gly, GSH and GST, during the acquisition
of resistance to colchicine, for the purpose of studying the adaptation process and its
contribution to the MDR phenomenon. A human colon adenocarcinoma cell line
was exposed to colchicine during 82 days, being P-gly, GSH levels and GST activity
evaluated by flow cytometry, spectrofluorimetry and spectrophotometry, during
exposure time. P-gly and GSH levels increased gradually during the exposure to
colchicine, reaching 2.35 and 3.21 fold each. On day 82, GST activity increased 1.84
fold at the end of the exposure period. Moreover, an increment in drug cross-resis-
tance was obtained that ranges from 2.62 to 5.22 fold for colchicine, vinblastine, vin-
cristine and mitomycin C. The increments obtained in P-gly, GSH and GST could
probably contribute to the MDR phenomenon in this human colon adenocarcinoma
cell line.
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The acquisition of resistance to anti-
cancer agents used in chemotherapy is the
main cause of treatment failure in malig-
nant disorders, causing tumours to
become resistant during treatment,
although they initially respond to it (9).
Investigations made after obtaining drug
resistant tumours by the selection of cell
lines capable of growing in high doses of
cytotoxic agents such as colchicine, vin-
cristine, vinblastine, etc, have revealed the
expression of the multidrug resistant
(MDR) phenotype (19). One of the prin-
ciple mechanisms in MDR is caused by
the expression of P-glycoprotein (P-gly),
encoded by the multidrug resistance gene
(MDR1). It acts as an ATP-dependent
active efflux pump of chemotherapeutic
agents (5). Furthermore, an increased
detoxification of compounds mediated by
high levels of glutathione (GSH) and glu-
tathione S-transferase (GST), has been
found in resistant cells (12, 23). These
molecules are believed to contribute to the
resistant phenotype as well (14).

The aim of this study was to investigate
whether the resistance mechanisms P-gly,
GSH and GST are altered during the
acquisition of resistance of a human colon
adenocarcinoma cell line to colchicine and
the evolution of their levels during the
exposition time, for the purpose of study-
ing the adaptation process and its contri-
bution to the MDR phenomenon.

Materials and Methods

Cell culture.– Human colon adenocar-
cinoma cells (HCA) (13) (cell line provid-
ed from Biochemistry Department, Facul-
ty of Medicine, Málaga) were grown in
monolayer in modified RPMI-1640
(Sigma) medium (with L-glutamine, calci-
um and magnesium free), and supple-
mented with hepes buffer 1 M (15 ml/L),

sodium bicarbonate 7.5 % (28 ml/L), 10
% heat inactivated calf serum and 1 %
antibiotic-antimycotic solution 100 X
(PSF, Gibco); at 37 °C in 5 % CO2/air
atmosphere.

A colchicine-resistant subline was
obtained from HCA cells by continuous
exposure of exponentially growing cell
cultures to 0.5 µg/ml colchicine (CCH,
MERCK, Darmstadt) (15). The selection
was performed with CCH because this
drug has been widely used to obtain pri-
mary resistant cells capable of growing in
high drug concentrations (19). After
monolayer trypsinization, 5 x 105 cells
were seeded in Falcon flasks in a medium
containing the drug and were subcultured
when necessary (20). After 10 weeks (3),
cells were exposed to 1 µg/ml of CCH
and then maintained in exponentially
growing culture (8). The selected cells,
named HCA-2/1cch, were grown in
RPMI-1640 medium supplemented as
above described and with the addition of
colchicine (1 µg/ml) to avoid reversion of
resistance (17).

Determinations.– P-gly expression was
determined by flow cytometry (FAC-
Scan, Beckton Dickinson), performing the
analysis on cells methanol-fixed (70 %);
cells were labelled with JSB-1 monoclonal
antibody (Sera-Lab) P-gly (170 kDa) spe-
cific (1/25 dilution) and a secondary anti-
body fluorescein isothiocyanate (FITC)-
conjugated goat anti-mouse IgG (Sigma)
(1/50 dilution) (24).

Glutathione levels were assayed after
monolayer trypsinization. The cells were
diluted 1:5 w/v in 5-sulfosalicyclic
solution (5 %), and homogenised in a
glass Potter-Evelhjeim. The homogenates
obtained were centrifuged at 2,000 g for
5 minutes at 4 °C. Supernatants were
removed and centrifuged in a Beckman
microfuge (10,000 g for 5 minutes). The
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supernatants obtained were used for
determination of total glutathione content
utilising the DTNB-GSSG reductase
recycling assay, described by Anderson
(1985) (1). 

Glutathione S-transferase activity was
measured as described (1985) (25). The
assay mixture contained a suitable amount
of sample solution (25 µg of protein). The
method of Bradford (4) was used for the
determination of protein content using
bovine serum albumin as protein stan-
dard. The activity was expressed as
µmol/min/25 µg protein.

Clonogenic assays.– Monolayer clono-
genic assays were used to study antineo-
plastic drug effect on cellular survival. The
inhibition in colony formation was taken
as drug cytotoxicity measure (15). From
exponentially growing culture in drug free
medium, 300 cells were seeded per Petri
dish and exposed to different doses of
drug during 1 hour. They were incubated
until colony formation. Colonies were
stained with methylene blue (2 %) and
methanol (75 %) in distilled water.

Statistical analysis.- The normality of
data were tested by the Wilk-Shapiro
rankit-plot approximation test, analysing
them with the Student’s t-test and with
the one way analysis of variance
(ANOVA-I); taking signification levels of
95 % (p<0.05) in all cases.

Results and Discussion

P-gly levels were studied during the
drug exposure period, harvesting cells on
days 0, 26, 53, 74 and 82. Days 0 and 82
correspond to HCA and HCA-2/1cch

populations, respectively.
The P-gly fluorescence level increased

from channel 33.37 (HCA) to channel

78.43 (HCA-2/1cch). It only increased in
the last exposure period (days 74-82). The
selected subline showed a 2.35 fold
increase in P-gly content, in relation to the
parental cell line (Table I). Cellular glu-
tathione content increased gradually dur-
ing all of the exposure period to
colchicine, changing the concentration
from 0.39 µM (HCA) (day 0) to 1.25 µM
(HCA-2/1cch) (day 82) being the incre-
ment of 3.21 fold.

Glutathione S-transferase activity
increased from 1.15 µmol/min/25 µg pro-
tein (HCA) to 1.46 µmol/min/25 µg pro-
tein in the first 4 days of drug exposure
(Table 1) and there were no alterations in
GST activity from day 4 to 74. On the sec-
ond exposure period to colchicine (1
µg/ml) and until day 82 (HCA-2/1cch), the
GST activity increased up to 2.11
µmol/min/25 µg protein, incrementing
1.84 fold, between the day 0 and 82 (Table
I).

The response of HCA and HCA-2/1cch

cell lines to colchicine, vinblastine (VBL),
vincristine (VCR) and mitomycin C
(MMC) was tested. Both cell lines showed
cross-resistance to these drugs, obtaining
on day 82 (HCA-2/1cch) increments in
resistance from 2.62 (VCR) to 5.22
(MMC) fold, in relation to day 0 (HCA)
(Table I). 

Multidrug resistance phenotype has
been observed in cell lines cultured in
vitro with incrementing doses of cytotox-
ic agents such as vincristine, colchicine,
adriamicine or actinomicine D (22). Resis-
tance profiles varied among different
tumours, finding that multiple MDR pro-
teins are expressed in cancer cell lines and
may well influence response to chemo-
therapy (21, 24).

Both cell lines, HCA and HCA-2/1cch,
expressed high P-gly levels. These results
are similar to those obtained in the mouse
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mammary carcinosarcoma EMT6/CR2.0
cell line (20). These cells are resistant to 2
µg/ml of colchicine and express a 2.5 fold
increase in P-gly content respect to the
parental line. In this way, high levels of P-
gly have been found in the cell lines KB-
C2, C-A500 and KCP-4 derived from the
human KB-3-1 epidermoid cell line (6). P-
gly levels obtained during the selection
were similar to CHRB3 MDR Chinese
hamster cell line (selected with 3 µg/ml
colchicine) and to the CHRC5 cell line,
that have been selected with 10 µg/ml of
colchicine (16). HCA cells expressed a P-
gly level similar to the MDR
CEM/VLB5000 subline, which was
selected with 5 µg/ml of vinblastine from
CCRF-CEM lymphoblastic leukaemia
cells (7).

It has been found that increased intra-
cellular GSH or GSH related enzymes
have been associated with MDR (2, 23).
GSH increment obtained here (3.21) was
similar to that reported in ES-2R human
ovary carcinoma (11), that expresses a 1.5

increment in GSH level with respect to
ES-2 sensitive line. In this way, the incre-
ment obtained in GST activity (1.84) was
also similar to the activity increment
obtained by the same author on ES-2R
cells (2.6) (11). In addition, these results
suggest that GSH and GST may play an
important role in MDR cells that express
high levels of P-gly, as in K-H300
leukemic cells (2) or on a panel of colon
cancer cell lines selected by repeated mit-
omycin C exposure (10). In contrast,
other authors (18) have selected an alky-
lating-resistant cell line derived from the
MCF-7 human breast carcinoma that do
not express the multidrug-resistant phe-
notype but a significant increase in the
cellular content of glutathione has been
measured, suggesting that other resistance
mechanisms could be operative (18).

HCA and HCA-2/1cch showed cross-
resistance to other drugs which were not
present in the selection medium. The
highest levels usually correspond to the
selection agent although, as it has been
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Table I. P-glycoprotein fluorescence level, glutathione (GSH) content (µM), glutathione S-transferase (GST)
activity (µmol/min/25 µg protein) and drug resistance spectrum during the continuous exposure of 

a human colon adenocarcinoma (HCA) cell line to colchicine.

Selection Fluorescence GSH GST Drug resistance
day channel (P-gly) (ID50, µg/ml)

0 (HCA) 33.37 ± 2.51 0.39 ± 0.018c 1.15 ± 0.034 CCH 0.44; VBL 1.04
VCR 5.98; MMC 0.53

4 n.a. 0.58 ± 0.022c 1.46 ± 0.042d

14 n.a. 0.72 ± 0.018c 1.46 ± 0.037
26 34.59 ± 2.92 0.78 ± 0.019c 1.44 ± 0.025
34 n.a. 0.69 ± 0.025c 1.43 ± 0.038
40 n.a. 0.73 ± 0.024c 1.44 ± 0.037
53 39.24 ± 3.05 0.91 ± 0.019c 1.54 ± 0.046
60 n.a. 1.02 ± 0.010c 1.56 ± 0.040
74 29.69 ± 2.79 1.06 ± 0.013c 1.51 ± 0.032
82 (HCA-2/1cch) 78.43 ± 5.49d 1.25 ± 0.027c 2.11 ± 0.067d CCH 1.47a; VBL 3.26a;

VCR 15.68b; MMC 2.79a

HCA-2/1cch: Human colon adenocarcinoma subline selected with colchicine. Mean ± SD of four replicates.
n.a.: Not assayed. CCH: Colchicine. VBL: Vinblastine. VCR: Vincristine. MMC: Mitomycin C. a p<0.001, bp<0.01,
dp<0.05 (Student’s t-test); cp<0.01 (ANOVA-I).



reported (17), the cross-resistance to mit-
omycin C is higher than that observed for
colchicine.

The increments obtained in P-gly,
GSH levels and GST activity could prob-
ably contribute to the MDR phenomenon
in this human colon adenocarcinoma cell
line. The results obtained suggest that the
acquisition of resistance to colchicine pro-
duce different alterations in these parame-
ters, suggesting different ways of resis-
tance induction. Identification and quan-
titative evaluation of drug resistance
markers are essential to assess the impact
of multidrug resistance (MDR) in clinical
oncology. Future studies, using other
chemo-selected MDR models, may fur-
ther help to determine the mechanisms
underlying the resistance to anticancer
agents.
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La adquisición de resistencia a los agentes
anticancerígenos usados en quimioterapia es la
principal causa de fallo en el tratamiento del
cáncer. El principal mecanismo de resistencia a
múltiples drogas (MDR) en células tumorales
es la expresión de la glicoproteína-P (P-gly),
que actúa como una bomba extrusora de agen-
tes quimioterápicos. Además, se ha observado
en células resistentes un incremento en la deto-
xificación de compuestos mediada por altos
niveles de glutation (GSH) y glutation S-trans-
ferasa (GST). El objetivo de este trabajo es el
estudio de la evolución de los principales mar-

cadores de resistencia a drogas en células
tumorales, P-gly, GSH y GST, durante la
adquisición de resistencia a colchicina, con el
propósito de estudiar el proceso de adaptación
y su contribución al fenómeno MDR. Tras
exponer una línea celular de adenocarcinoma
de colon humano a colchicina durante 82 días,
se evalúan durante el tiempo de exposición los
niveles de P-gly, GSH y GST por citometría de
flujo, espectrofluorimetría y espectrofotome-
tría. Los niveles de P-gly y GSH se incremen-
tan gradualmente durante la exposición hasta
2,35 y 3,21 veces. La actividad GST se incre-
menta al final del período de exposición (día
82), alcanzando un valor 1,84 veces superior.
Además, se obtiene un incremento en la resis-
tencia cruzada a drogas entre 2,62 - 5,22 veces
para colchicina, vinblastina, vincristina y mito-
micina C. Los aumentos observados de P-gly,
GSH y GST podrían contribuir al fenómeno
MDR en esta línea celular de adenocarcinoma.

Palabras clave: Citometría de flujo; Glutatión
(GSH); Glutatión S-transferasa (GST); Adenocarci-

noma de colon humano; Resistencia a múltiples
drogas (MDR); Glicoproteína-P.
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