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Abstract We evaluated the antiproliferative and the
proapoptotic ability of gemcitabine in three non-
small-cell lung cancer (NSCLC) cell lines. NCI-H292
(mucoepidermoid carcinoma), NCI-CorL23 (large-cell
carcinoma) and NCI-Colo699 (adenocarcinoma) cells
were cultured with and without 0.5, 0.05 and 0.005 pM
gemcitabine for 24, 48 and 72 h, respectively. Gemcita-
bine exerted a stronger and earlier antiproliferative and
proapoptotic effect on H292 cells than on CorL23 or
Colo699 cells. Fas receptor expression was increased in
all three cell lines and was higher in Colo699 than in
CorL23 cells. The incubation of NSCLC with anti-Fas
agonistic monoclonal antibody (CHI11) induced cell
apoptosis in H292 cells, demonstrating that the Fas re-
ceptor was functionally active. Finally, gemcitabine and
CH-11 exerted a synergistic effect on cell apoptosis in
H292 cells. This study demonstrates that gemcitabine
induces apoptosis in NSCLC and that this effect might
be exerted by modulating functionally active Fas ex-
pression, and these effects of gemcitabine were stronger
in H292 cells than in either CorL23 or Colo699 cells.
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Introduction

Non-small-cell lung cancer (NSCLC) is notorious for its
resistance to chemotherapeutic agents. Most chemo-
therapeutic drugs, both alone and in combination, are
not particularly active against this type of cancer and are
at best strictly palliative in the clinical setting [1].
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Gemcitabine is a new nucleoside analogue with
potent antitumour activity both in vitro and in vivo [2,
3, 4]. Clinical studies have shown that this drug has
promising therapeutic effects in the treatment of certain
solid tumours including NSCLC. In particular, gemcit-
abine exerts its cytotoxic effect primarily through its
incorporation into DNA during cellular replication
leading to the inhibition of cell proliferation [5] as well
as to the induction of apoptosis in several tumour cell
lines such as myeloma cell lines [6] and leukaemic cell
lines [7].

Apoptosis is a distinct mode of cell death responsible
for deletion of cells in normal tissue; it also occurs in
specific pathological contexts [8]. Morphologically,
apoptosis involves rapid nuclear alterations character-
ized by chromatin condensation and nuclear fragmen-
tation [9]. A characteristic biochemical feature of the
process is double-strand cleavage of the nuclear DNA at
the linkage regions between nucleosomes, leading to the
production of oligonucleosomal fragments [10]. Apop-
tosis occurs spontaneously in tumours, often markedly
retarding their growth. Irradiation [11], heat, hormone
ablation [12], and cytotoxic chemotherapy [13] enhance
tumour cell susceptibility to apoptosis. In this regard, a
variety of anticancer drugs have been shown to produce
tumour regression by inducing extensive apoptosis in
malignant cells [9].

Although the cytotoxic effect of gemcitabine has al-
ready been demonstrated in several tumours including
lung cancer [1, 14], there are no data on its potential
effect on cell proliferation and apoptosis in lung cancer,
or on its capacity to modulate biological and molecular
mechanisms involved in the pathogenesis of pro-
grammed cell death in this disease. In particular, it is
unclear whether gemcitabine can induce cell apoptosis
by activating the Fas receptor/Fas ligand system, a key
regulator of apoptosis [15]. Fas-mediated apoptosis can
be triggered following engagement of the target cell Fas
receptor by its specific cognate ligand (i.e. FasL) or by
the prototypic agonist, anti-Fas monoclonal antibody
(mAb) CH11 [16].
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The aims of the present study were to evaluate the
ability of gemcitabine to affect cell proliferation as well
as to induce apoptosis in three histologically different
NSCLC cell lines and to determine whether this drug
might promote Fas expression.

Materials and methods

Cell lines

The effects of gemcitabine were assessed in three NSCLC cell lines:
NCI-H292 (mucoepidermoid carcinoma), NCI-CorL23 (large-cell
carcinoma), and NCI-Colo699 (adenocarcinoma) (Interlab Cell
Line Collection, Genova, Italy). Cells were cultured as adherent
monolayers and maintained in RPMI-1640 complete medium (CM)
supplemented with heat-inactivated (56 °C, 30 min) 5% fetal bo-
vine serum, 1% penicillin-streptomycin solution, and 1 mM glu-
tamine (all from GIBCO, Grand Island, N.Y.).

Incubation of tumour cell lines with gemcitabine

Cultured cells were harvested with a rubber policeman, washed
twice with phosphate buffer solution (PBS) (GIBCO), counted
using a haemocytometer, and resuspended in CM at a concentra-
tion of 10° cells/ml. Cell suspensions were seeded in 5-ml aliquots
into 25-cm? tissue culture flasks 1 day before treatment with gem-
citabine (Eli Lilly Co., Indianapolis, Ind.). To select the effective
gemcitabine concentrations, dose-response and time-response
curves were generated from tests of drug concentrations ranging
from 0.5 to 0.0005 pM, and from incubations of cells at 37 °C in an
atmosphere containing 5% CO, for 1, 4, 24, 48 and 72 h. Cell
viability was assessed by trypan blue dye exclusion.

Human tumour clonogenic assay

The colony growth of cells exposed to gemcitabine was evaluated
following a previously described method [17] with minor modifi-
cations. Briefly, the lower layer was prepared in 35-mm Petri dishes
(Falcon, Becton Dickinson, Franklin Lakes, N.J.) using CM sup-
plemented with heat-inactivated (56 °C, 30 min) 10% fetal bovine
serum in 0.5% agarose. Exponentially growing tumour cells were
exposed to gemcitabine, as described above and, after each incu-
bation time, cells were harvested and seeded (5 x 10%) on the upper
layer with 0.3% agarose prepared with the same medium as the
lower layer, and finally incubated for 21 days at 37 °C in an at-
mosphere containing 5% CO,. Each experiment was conducted in
triplicate. At the end of incubation, colonies were counted under an
inverted phase-contrast microscope (Leitz, Wetzlar, Germany).
Colonies were defined as cell aggregates with at least 40 cells. The
true number of colonies was calculated as the number of aggregates
on the positive control subtracted from the number of colonies on
the experimental plates. The results are expressed as percentages of
the control value.

Determination of apoptosis by flow cytometry

Apoptosis was determined using a FACStar Plus (Becton Dick-
inson, Mountain View, Calif.) analyser equipped with an argon
ion laser (Innova 70 Coherent) with Consort 32 computer sup-
port. After incubation with gemcitabine, adherent as well as de-
tached cells were collected and evaluated for phosphatidylserine
(PS) expression using a commercial kit (Bender MedSystem,
Vienna, Austria) in accordance with the manufacturer’s instruc-
tions. Briefly, cells were harvested, washed with PBS, resuspended
in prediluted binding buffer at a concentration of 5 x 10° cells/ml,
and incubated for 15 min at room temperature with annexin V
labelled with fluorescein isothiocyanate. Cells were then washed

in PBS and resuspended in 1 ml diluted binding buffer
(5 x 10° cells/ml). Finally, 1 pug/ml propidium iodide (PI) was
added to the cell suspensions and the percentages of positive and
negative cells were determined using a fluorescence-activated cell
sorter.

Determination of apoptosis by cell morphology

The effect of gemcitabine on cell morphology was evaluated by
fluorescent triple staining with Hoechst 33258, acridine orange, and
PI. After incubation with gemcitabine, cells were harvested, washed
in PBS, resuspended in PBS (5 x 10° cells/ml), and incubated with
Hoechst 33258 (10 mM) for 20 min in the dark. Cells were than
washed again in PBS and incubated with acridine orange (1.5 ng/
ml) and PI (1.5 pg/ml) for 5 min in the dark. The cells were ex-
amined using a Leitz Orthoplan microscope with Plum-Opak illu-
minator (Wetzlar, Germany). Apoptosis was identified according
to the presence of characteristic morphological changes: cell
shrinkage, nuclear condensation, fragmentation of the nuclei, and
rupture of the apoptotic cells into debris.

Determination of apoptosis by DNA fragmentation assays

DNA fragmentation into nucleosomal bands was detected by
agarose gel electrophoresis, as described previously, with minor
modifications [7]. Briefly, the cells were lysed with 0.5 ml hypotonic
lysis buffer (10 mM Tris, 1 mM EDTA, 0.2% TRITON X-100),
and 0.5 mg/ml proteinase K (Sigma-Aldrich, Steinheim, Germany)
was then added to the tubes. Lysates were incubated for 1 h at
50 °C. At the end of incubation, 10-ul volumes of DNase-free
RNase A (0.5 mg/ml) were added to the lysates and the tubes were
incubated (37 °C) for an additional hour. The samples were then
precipitated overnight (=20 °C) with one-tenth volume of 3 M
sodium acetate and three volumes of propanol. Pellets were air-
dried and dissolved in TE buffer (10 mM Tris, | mM EDTA, pH
7.4). Loading buffer (Sigma) (3 pl) was added to the tubes, and the
samples were heated at 65 °C for 15 min. Electrophoresis was
performed in 1.8% agarose for 2 h at 80 V. DNA laddering was
visualized under UV light by staining the agarose gel with ethidium
bromide.

Determination of Fas expression

The expression of Fas was determined by direct immunofluores-
cence using a FACStar Plus (Becton Dickinson) analyser equip-
ped with an argon ion laser (Innova 70 Coherent) with Consort
32 computer support. Cells were harvested from culture flasks
and washed in PBS. Viability was assessed by trypan blue dye
exclusion, and cells were incubated with gemcitabine as indicated
above. At the end of incubation, the cells were harvested, washed
in PBS and resuspended in PBS (10 x 10/ml). Aliquots of cell
suspension (0.1 ml) were incubated in the dark (30 min, 4 °C)
with mouse antihuman CD95 mAb (clone DX2; Dakopatts,
Glostrup, Denmark) conjugated with phycoerythrin (PE). An
irrelevant antibody (PE-conjugated X-928; Dakopatts) was used
as a negative control. Results are expressed as both the means
and mean percentages in relation to baseline log fluorescence
intensity.

Effects of the agonistic anti-Fas mAb in NSCLC cell lines

To demonstrate whether or not Fas receptor expression in
NSCLC cell lines induced by gemcitabine was associated with an
increased susceptibility of the cells to Fas-mediated cytotoxicity,
H292, Colo699 and CorL23 cell lines were incubated in the
presence and absence of 0.5 and 0.05 uM gemcitabine (0.005 pM
gemcitabine was not included because Fas expression was not
induced at this concentration) for 24, 48 and 72 h, respectively. At
the end of incubation, an agonistic anti-Fas antibody (CHI11,



1gM; Genzyme, Cinisello Balsamo, Milan, Italy) was added to the
cultures (200 ng/ml), and cells were incubated for an additional
3 h. Cell viability was assessed by trypan blue dye exclusion and
the percentage of annexin-positive cells was evaluated by flow
cytometry.

Statistical analysis

Conventional fluorescent microscopic observations were performed
by an examiner who was blinded to the treatment. Data are ex-
pressed as mean counts + SE. The Mann Whitney U-test was used
for unpaired comparisons. Analysis of variance (ANOVA) was
used for comparisons among different experimental conditions. For
the Mann Whitney U-test and ANOVA, P-values <0.05 were
taken as indicating statistical significance.

Results

Inhibition of colony growth of cells exposed
to gemcitabine

We first determined whether gemcitabine was able to
affect the viability of the NSCLC cell lines using trypan
blue dye exclusion. Interestingly, gemcitabine (0.5 pM)
significantly decreased the viability of the H292 cells
after 48 and 72 h of incubation, while the viability of
CorL23 cells was decreased only after 72 h. Surprisingly,
the viability of Colo699 cells was not affected by gem-
citabine under any of the experimental conditions
(Table 1). We next evaluated the long-term cytotoxic
effects of gemcitabine on the self-renewal capacity of the
NSCLC cell lines using a clonogenic assay. Interestingly,
gemcitabine (0.05 pM) was able to abrogate and to
significantly reduce colony formation in H292 and
Colo699 cells, respectively, and it exerted this effect in a
dose-dependent fashion (Fig. 1A,B). Surprisingly, gem-
citabine at 0.05 uM was able to significantly reduce tu-
moral colony formation in CorL2323 cells after 48 and
72 h of incubation only. Moreover, gemcitabine at
0.005 puM induced a significant inhibition of colony
growth at all time-points in H292 cells while it was able
to exert this inhibitory effect in CorL23 cells only after
72 h of incubation (Fig. 1A,C). No effect was observed
in Colo699 cells at this drug concentration (Fig. 1B).
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Induction of apoptosis in NSCLC cell lines
by gemcitabine: evaluation by flow cytometry,
morphology and DNA fragmentation

To determine whether gemcitabine was able to trigger
apoptosis in the NSCLC cell lines, we evaluated the
presence of PS on the cell surface using FITC-conju-
gated annexin V. Interestingly, although the time re-
quired for the optimum effect in each incubation was
different among the three cell lines, gemcitabine induced
apoptosis in the cell lines both in a dose-dependent and
in a time-dependent fashion (Fig. 2A,B,C). The apop-
totic effect of gemcitabine in the H292 cells occurred
after 24 h of incubation, reached a maximum at 48 h
(P < 0.002, ANOVA), and was still clearly evident after
72 h (P < 0.003, ANOVA) (Fig. 2A). In contrast,
gemcitabine did not induce any apoptosis at any of the
concentrations tested after 24 h of incubation in either
the Colo699 or the CorL23 cells, but significantly in-
duced apoptosis after 72 h in the Colo699 cells, and after
48 and 72 h in the CorL23 cells (Fig. 2B,C). In addition,
under all experimental conditions, the proapoptotic ef-
fect of gemcitabine was significantly stronger in the
H292 cells than in the other two cell lines (P < 0.01,
Mann Whitney U-test), and was significantly stronger in
the CorL23 cells than in the Colo699 cells (P < 0.012,
Mann Whitney U-test) (Fig. 2A,B,C).

We next determined whether the gemcitabine-trig-
gered apoptosis in the NSCLC cell lines was associated
with specific alterations in cell morphology using fluo-
rescent triple staining. Figure 3 shows H292, Colo699
and CorL23 cells incubated in the absence or presence of
gemcitabine (0.5 uM, 72 h) and costained with PI and
Hoechst 33258 or acridine orange. The bright blue flu-
orescence of Hoechst 33258 allowed the visualization of
the typical nuclear alterations of apoptosis (nuclear
fragmentation and condensation of chromatin) in all the
NSCLC cell lines incubated with gemcitabine. The red
fluorescence of PI, indicating membrane barrier dys-
function, was not detected in any cell displaying the
above-mentioned nuclear alterations using the same
microscopic field. In addition, the green fluorescence of
acridine orange, indicating a well-conserved metabolic

Table 1 Effect of gemcitabine

on the viability of NSCL cancer Cell fines CDOTC% ntration (uM) Cell viability
cell lines (data are expressed as K 2%t 48 h 72 h
the percentage of viable
cells & SD from three H292 Bascline 93.3 + 3.1 93.6 = 1.2 91 + 1
experiments) 0.5 90 + 3 56.3 + 3.3 19.5 = 0.5
0.05 90.3 £ 2.4 72.3 £ 2.04 21 £ 1
0.005 91 £ 2.7 78 £ 9 94.5 £ 0.5
Colo699 Baseline 89 + 1.1 93 + 1.2 93.5 £ 0.9
0.5 85 £ 0.8 90.5 + 3.7 68.2 £ 10.8
0.05 91.5 £ 1.5 86 + 3.5 83 £ 1.7
0.005 90.5 £ 2.1 81 + 3.4 922 £ 0.3
CorL23 Baseline 94.6 + 0.2 93.6 = 0.8 93.8 £ 0.7
0.5 92.8 £ 0.3 90.8 = 2.9 573 £ 2.1
0.05 95.8 £ 0.5 75.1 £ 3.6 743 £ 1.7
0.005 92.1 £ 0.5 89.5 £ 2.8 93.1 + 0.6
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Fig. 1A-C Effects of gemcitabine on proliferation of H292 (A),
Col0699 (B) and CorL23 (C) cells. Cells were incubated for 24, 48
and 72 h in the presence and in the absence of different
concentrations of gemcitabine. Cell proliferation was evaluated in
terms of colony formation by a clonogenic assay (see Materials and
methods for details). The data are expressed as percent of baseline
colony survival (means £ SD from three experiments).
*P < 0.0001, ANOVA in comparison with baseline condition

activity, showed that the cells with the typical apoptotic
nuclear alterations were viable.

Finally, we performed agarose gel electrophoresis of
DNA to determine whether gemcitabine-induced
apoptosis was also associated with the appearance of
apoptosis-related DNA fragmentation (approximately
200 bp and multiples). We performed these experi-
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Fig. 2A—C Effects of gemcitabine on apoptosis in H292 (A),
Col0699 (B) and CorL23 (C) cells. Cells were incubated for 4, 24,
48 and 72 h in the presence and in the absence of different
concentrations of gemcitabine. Apoptosis was evaluated by
cytometric analysis (see Materials and methods for details). The
data are expressed as percent of annexin V-positive cells
(means + SD from four experiments)

ments using H292 cells because gemcitabine exerted
the strongest proapoptotic effect in this cell line. After
gemcitabine exposure, we observed DNA damage
(Fig. 4, lanes 3 and 6) but not typical DNA frag-
mentation probably due to the presence also of ne-
crotic cells that obscured the evidence of DNA
laddering.
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Fig. 3A-L. Morphological alterations in H292, Colo699 and
CorL23 cells incubated for 72 h in the presence and absence of
gemcitabine (0.5 pM). Cells were stained with PI and Hoechst or
with PI and acridine orange (see Materials and methods for
details). The pink-red fluorescence of PI identifies necrotic cells
(white arrows). The bright blue fluorescence of Hoechst identifies
typical nuclear alterations due to apoptosis. The green fluorescence
of acridine orange identifies viable cells (Apoptotic cells are
identified by white arrows). Cells cultured without gemcitabine:
A.B H292; EJF CorL23; LJ Colo699. Cells cultured with
gemcitabine: C,D H292; G,H CorlL23; K,L Colo699. Final
magnification x400

Analysis of Fas expression in gemcitabine-treated
NSCLC cell lines

We performed cytometric analysis using an anti-CD95
mAD to investigate the hypothesis that gemcitabine also
exerts its effect by modulating Fas receptor expression in
NSCLC cell lines. Interestingly, untreated mucoepi-
dermoid H292 cells showed significantly higher sponta-
neous expression of the Fas molecule than either
untreated Colo699 or untreated CorL23 cells (P <
0.0001, ANOVA) (Fig. 5A,B,C). Moreover, gemcitabine
significantly increased the expression of Fas in H292 cells
at all the incubation time points (P < 0.0001, ANOVA)
(Fig. 5A) whereas the expression of this receptor was in-
creased in the Colo699 and CorL23 cells after 48 and 72 h
of incubation only (Fig. 5B,C). In addition, the maximum
effect of gemcitabine in the H292 and Colo699 cells was

observed after incubation with gemcitabine at 0.5 and
0.05 pM (P < 0.0001, ANOVA). In the CorL23 cells,
gemcitabine exerted its maximum effect only at 0.05 uM
(P < 0.002, ANOVA) (Fig. 5B,C).

Effects of the anti-Fas agonistic mAb
on NSCLC cell lines

To determine whether Fas expression was associated
with cell apoptosis, we first sought to determine whether
there was a positive correlation between Fas expression
and cell apoptosis in the NSCLC cell lines. Interestingly,
a positive correlation was present after 48 and 72 h
(Fig. 6) but not after 24 h (data not shown) of incuba-
tion under all the experimental conditions tested in H292
cells suggesting that, for this cell line, apoptosis increases
when Fas expression increases. In contrast, no positive
correlation was detected between Fas expression and cell
apoptosis in Colo699 and for CorL23 cells at any time-
point (data not shown). To further support the role
played by Fas in cell apoptosis and to determine whether
the Fas receptor present on the surface of the NSCLC
cells was functionally active, we evaluated the cell
apoptosis displayed by all three cell lines after
incubation with the agonist mAb CH-11 (Fig. 7A,B,C).
Interestingly, incubation with CH-11 induced a time-
dependent increase in the percentage of apoptosis in
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Fig. 4 Agarose gel electrophoresis of DNA extracted from H292
cells performed after incubation of cells with gemcitabine (0.5, 0.05
and 0.005 pM) for 48 and 72 h (see Materials and methods for
details). Lane 1 DNA from H292 cells incubated for 48 h with
gemcitabine 0.005 uM; lane 2 DNA isolated from H292 cells
incubated for 48 h with gemcitabine 0.05 pM; lane 3 DNA isolated
from H292 cells incubated for 48 h with gemcitabine 0.5 p; lane 4
DNA isolated from H292 cells incubated for 72 h with gemcitabine
0.005 pM; lane 5 DNA isolated from H292 cells incubated for 72 h
with gemcitabine 0.05 nM; lane 6 DNA isolated from H292 cells
incubated for 72 h with gemcitabine 0.5 pM

H292 cells which reached a maximum after 72 h
(Fig. 7A). In contrast, incubation for any length of time
with CH-11 did not affect apoptosis in Colo699 and
CorL23 cells (Fig. 7B,C).

To establish whether incubation with gemcitabine
affected the induction of cell apoptosis by CH-11, we
compared the percentages of apoptotic cells in the three
cell lines after incubation with CH-11 in the presence or
absence of gemcitabine. Surprisingly, incubation with
both CH-11 and gemcitabine dramatically increased
apoptosis in H292 cells after 24 and 48 h compared to
incubation with CH-11 or gemcitabine alone at both
drug concentrations tested. No synergistic effect of
gemcitabine and CH-11 on H292 cells was observed
after 72 h of incubation (Fig. 7A). Incubation with
gemcitabine and CH-11 did not exert a synergistic effect
on cell apoptosis in CorL23 and Colo699 cells
(Fig. 7B,C).

Finally, we determined whether activation of the Fas/
Fas ligand system could affect colony formation in the
NSCLC cells. Negligible effects on colony formation in
the NSCLC cell lines were observed after incubation
with CH11 alone or with both CHI11 and gemcitabine
(data not shown).
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Fig. SA-C Modulation of Fas receptor by gemcitabine in H292
(A), Colo699 (B) and CorL23 (C) cell lines. Cells were incubated for
24, 48 and 72 h in the presence and absence of different
concentrations of gemcitabine. The expression of FAS receptor
was evaluated by cytometric analysis (see Materials and methods
for details). The data are expressed as mean fluorescent intensity
(mean + SD from three experiments)

Discussion

The ability of cytotoxic agents to limit tumour growth
may be due to their capacity to inhibit cancer cell pro-
liferation and/or to increase cancer cell death [5].
The major objectives of this study were to assess the
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under the same experimental conditions (see Materials and
methods for details). Each point represents a single condition in
the context of a single experiment (n = 3)

possibility that gemcitabine, a promising anticancer
drug in lung cancer, exerts its therapeutic effect by both
inhibiting self-renewal capacity and triggering apoptosis
in some NSCLC cell lines and to establish whether such
a proapoptotic effect occurs in a direct or in an indirect
fashion. Although several studies have shown the
proapoptotic and the antiproliferative effects of gem-
citabine in different tumours such as human ovarian
cancer [18] and chronic myeloproliferative disorders [5],
this is the first study in which this drug has been shown
to exert such effects on lung cancer cells. This study
showed that gemcitabine was able to inhibit colony
growth as well as to induce apoptosis directly in NSCLC
cell lines, and that these phenomena were stronger in
H292 cells than in Colo699 or CorL23 cells. In addition,
we demonstrated that gemcitabine may also promote
cell apoptosis in an indirect fashion by increasing Fas
expression in NSCLC cell lines and that this effect was
stronger in H292 cells than in Colo699 or CorL23 cells.

In the present study, the antiproliferative and the
proapoptotic effects of gemcitabine were evaluated by
selecting NSCLC cell lines with different invasive
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CorL23 (C) cell lines. Cells were incubated for 24, 48 and 72 h in
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bine. Apoptosis was evaluated by cytometric analysis (see Materials
and methods for details). The data are expressed as percent of
annexin V-positive cells (means + SD from three experiments)

behaviours. The mucoepidermoid lung carcinoma cell
line (H292) is characterized by a low-grade malignancy,
while the adenocarcinoma (Colo699) and the large-cell
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carcinoma (CorL23) cell lines are characterized by high-
grade malignancy [19]. The antiproliferative activity of
gemcitabine was evaluated in the studied NSCLC cells
by performing a clonogenic assay. We chose this method
because gemcitabine, as do other deoxycytidine ana-
logues, exerts delayed as well as short-term cytotoxic
effects on cell viability which take longer than 72 h
[5, 17]. The antiproliferative effect of gemcitabine was
different in the three cell lines and, under all experi-
mental conditions, this effect was significantly stronger
in H292 cells than in cells of the other two cell lines.
Moreover, gemcitabine inhibited tumoral colony growth
in a dose- and time-dependent fashion, and this inhibi-
tion was stronger in Colo699 than in CorL23 cells.

With regard to the proapoptotic activity of gemcita-
bine, we chose to use several methods for evaluating cell
apoptosis in vitro. It is widely accepted that there is no
single method which, when used alone, provides irre-
futable evidence in the evaluation of apoptosis. Even
observations of morphological cell changes have several
drawbacks [20]. Therefore, we used several techniques,
including cytometry, evaluation of cell morphology and
evaluation of DNA fragmentation, to detect apoptosis
in the NSCLC cell lines. Cytometry and evaluation of
cell morphology allowed us to differentiate between
apoptotic cells, characterized by both the absence of
membrane barrier dysfunction and the presence of an
intact cellular metabolism, from necrotic cells. By com-
bining the above-mentioned methodological approach-
es, we demonstrated the proapoptotic effects of
gemcitabine in NSCLC cell lines.

The proapoptotic effect of gemcitabine in the muco-
epidermoid H292 cell line was different from that in the
Col0699 or CorL23 cell lines in terms of cell kinetics and
number of cells undergoing apoptosis. In particular,
although the proapoptotic effect of gemcitabine in the
H292 cell line occurred after 24 h of incubation (reach-
ing a maximum after 48 h and persisting after 72 h), a
significant increase in apoptosis in the Colo699 and
CorL23 metastatic cell lines was observed only after 72
and 48 h of incubation, respectively. Therefore, while
gemcitabine was capable of exerting a direct apoptotic
effect on all the tested NSCLC cell lines, this effect was
more rapid and caused a significantly higher number of
apoptotic cells in the less-invasive H292 cell line than in
cell lines characterized by more aggressive and stronger
metastatic potential.

We were also interested in studying the effect of
gemcitabine on the expression of the Fas molecule. The
transmembrane receptor Fas, together with its binding
protein Fas ligand, play a critical role in cell apoptosis
and in the regulation of tumour-host interactions. The
expression of the Fas ligand on the surface of activated
T lymphocytes is an important mechanism by which the
host immune system may induce apoptosis in Fas-
expressing target tumour cells [15]. Consequently,
alteration of this pathway within tumour cells has been
considered a tumour cell escape mechanism from
apoptosis and immune surveillance. The loss of Fas

expression or an alteration of its function has been de-
scribed in cancer cells of several tissues and organs, in-
cluding breast [21], colon [22], testis [23], liver [24, 25],
and the haematopoietic compartment [26]. A recent
study has also demonstrated the presence of reduced Fas
protein expression in lung adenocarcinoma, and has
shown that the protein is sequestered into the cytoplas-
mic portion of secondary lung adenocarcinoma cell lines
[27]. This finding together with the evidence that tu-
mour-infiltrating lymphocytes are less active in adeno-
carcinoma [28], indicate that lung adenocarcinoma may
constitute a neoplastic microenvironment where the ac-
tivation of tumour-infiltrating lymphocytes is less effec-
tive [28]. Accordingly, we showed that the constitutive
expression of the Fas receptor was significantly higher in
the mucoepidermoid (H292) lung cancer cell line than in
the metastatic adenocarcinoma (Colo699) or large-cell
carcinoma (CorL23) cell lines, supporting the concept
that the loss of this molecule might be a mechanism of
tumour progression. We also demonstrated that gem-
citabine can modify Fas molecule expression of muco-
epidermoid as well as of metastatic cell lines from
adenocarcinoma and large-cell carcinoma. Since gem-
citabine induced apoptosis as well as the expression of
Fas molecules in all the tested cell lines, and since we
demonstrated a positive correlation between apoptosis
and Fas expression (Fig. 6), it is conceivable that one of
the mechanisms by which gemcitabine controls tumour
progression could be an increased sensitivity of tumour
cells to Fas-dependent apoptosis. However, the sponta-
neous increase in Fas expression by H292 cells as well as
the ability of gemcitabine to cause a more rapid Fas
modulation on the surface of these cells, suggest that
mucoepidermoid cells are more susceptible to Fas-
dependent apoptosis than are adenocarcinoma cells.

To investigate this hypothesis, we determined
whether the modulation of Fas by gemcitabine led to an
increase in apoptosis in the presence of the anti-Fas
agonistic mAb CH-11 which induces apoptosis in cell
lines with a functionally active Fas [16]. Considering the
inherently different Fas receptor expression among the
three cell lines, we showed that the mucoepidermoid
H292 cell line, when incubated with CH-11, undergoes a
faster and greater apoptosis than that observed in both
adenocarcinoma (Colo699) and large-cell carcinoma
(CorL23) cell lines. Interestingly, although both the
Colo699 and the CorL23 cell lines exhibited a similar
constitutive Fas receptor expression, incubation with
CH-11 induced apoptosis in the CorL23 cell line only,
suggesting a loss of Fas function only in the Colo699 cell
line. In addition, while coincubation of the H292 and
CorL23 cell lines with CH-11 and gemcitabine caused a
significant increase in the percentage of apoptotic cells
compared to the effects of CH-11 alone, gemcitabine
(0.05 uM) promoted a weak increase in the percentage
of apoptotic Colo699 cells after 72 h of incubation.

These findings again highlight the possibility of dif-
ferent biological behaviours among the three cell lines in
terms of response to gemcitabine treatment. There are



several possible explanations for the different patterns of
response. The transition of a noninvasive tumour cell
population into a more invasive population is indeed a
hallmark of tumour progression [29], giving rise to a
variety of phenotypes with distinct clinical and biologi-
cal behaviours. Consequently, metastatic cells are sub-
jected to selection pressures, and frequently have a
higher predisposition to nonrandom allelic loss and
chromosomal mutations [30, 31, 32]. These changes
cause progressive genetic rearrangements which, allow-
ing protection from external factors (including drugs) or
intrinsic mechanisms of uncontrolled proliferation, are
associated with more advanced and aggressive disease.
Accordingly, it has been previously demonstrated that
among different human lung cancer cell lines, only H292
is wild-type for both p53 and ras, suggesting that H292
cells, a low-invasive tumour cell population arising from
a human carcinoma with a better prognosis, has fewer
genetic alterations than the markedly aggressive adeno-
carcinoma and large-cell lung cancer cell lines. Thus, the
cooperation of p53 and ras represents an important
mechanism by which cell growth and neoplastic trans-
formation is controlled [33]. It is conceivable that the
H292 cell line is more susceptible to the effects of gem-
citabine than the markedly aggressive adenocarcinoma
and large-cell lung cancer cell lines because of the well-
conserved integrity of the DNA.

In conclusion, the ability of gemcitabine to reduce
tumour growth by inhibiting cell proliferation and in-
ducing apoptosis, together with its ability to induce the
expression of functionally active Fas molecules in some
of the lines studied, highlight the therapeutic and the
putative immunostimulatory effects of this drug and
support its usefulness in the management of NSCLC.
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