
Abstract. The response rates to combination chemotherapy
in metastatic non-small cell lung cancer (NSCLC) cases have
been reported to be lower than those to induction chemotherapy
in locally advanced cases. To understand the relationship
between highly metastatic potential and chemosensitivity, we
examined the drug sensitivity of a highly metastatic human
lung adenocarcinoma cell subpopulation, PC9/f14, which had
been previously established in an experimental metastasis
model, to commonly used anti-cancer agents (paclitaxel, SN38,
gemcitabine, vindesine, etoposide, cisplatin, and carboplatin)
via the 3-(4, 5-dimethylthiazol-2-yl)2, 5-diphenyltetrazolium
bromide assay. We found that the PC9/f14 subpopulation,
which we previously reported to be resistant to gefitinib, was
also resistant to gemcitabine (2',2'-difluoro-2'-deoxy-cytidine),
a nucleoside analogue. To clarify the mechanisms of the
gemcitabine resistance in this subpopulation, we screened the
changes to the protein expression profiles of these cells after
exposure to gemcitabine, using a 224-antibody microarray
analysis. The exposure to gemcitabine in this subpopulation
induced an increase in the expression level of the Bcl-X
protein, although this expression remained unchanged in the
parent cells. Apoptosis following gemcitabine exposure was
depressed in the PC9/f14 subpopulation compared with
parent cells, as assessed by flow cytometry and TUNEL
assay. In addition, knock-down of Bcl-X by RNA interference
methodology induced the recovery of gemcitabine sensitivity
in PC9/f14. Phosphorylated Akt, which seems to be involved
in the gefitinib resistance of this subpopulation, did not
change after gemcitabine exposure. In conclusion, this highly

metastatic lung cancer subpopulation had multi-resistant
characteristics, to both gemcitabine and gefitinib, which were
achieved in different ways, during the process of obtaining its
highly metastatic potential. The combination of anti-cancer
drugs and inhibition of the molecules related with apoptosis
and/or Akt pathway might be beneficial in the treatment of
metastatic NSCLC.

Introduction

Lung cancer is a major cause of death in the world, both
in men and women. Approximately 70% of lung cancer
patients die from metastatic disease. Although chemotherapy
modalities are widely used, they have failed to produce a
significant improvement in prognosis. In clinical studies,
many advanced cases are resistant to anti-cancer drugs.
Indeed with combination chemotherapy the response rates in
metastatic cases have been reported to be lower than those
associated with induction chemotherapy (1-5). Therefore, it
is important to analyze the relationship between a highly
metastatic potential and chemosensitivity. Metastatic cells may
become completely autonomous (6). Moreover, it has been
suggested that decreased apoptosis may play an important role
in the biological aggressiveness (7), because apoptosis is one
of the main homeostatic mechanisms designed to eliminate
misplaced cells and inhibit metastatic dissemination (8,9).

We have previously established a highly metastatic human
lung adenocarcinoma cell subpopulation, PC9/f14, in an
experimental metastasis model, by the repeated inoculation
of PC9 cells in nude mice and the subsequent culture of the
tumour cells that were harvested from pulmonary metastatic
foci. The PC9/f14 subpopulation showed a higher invasive
activity in the matrigel invasion assay than the parent PC9
cells (data not shown). We have shown that this subpopulation
of an adenocarcinoma cell line is naturally resistant to gefitinib,
and have analyzed the cDNA expression profiles, genomic
status of the EGFR gene, and the effect of gefitinib on signaling
pathways in these cell lines in order to identify key mechanisms
for naturally-acquired resistance to gefitinib. When compared
with the parent cell lines, the gefitinib-resistant subpopulations
demonstrated increased Akt phosphorylation (not inhibited
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by gefitinib), reduced PTEN protein expression, and loss of
the EGFR gene mutation. 

In this study, we examined the sensitivity of this sub-
population to commonly used anti-cancer agents [paclitaxel,
SN38, gemcitabine, vindesine, etoposide, cisplatin (CDDP),
and carboplatin] via the 3-(4, 5-dimethylthiazol-2-yl)2, 5-
diphenyltetrazolium bromide (MTT) assay and found that the
PC9/f14 subpopulation was resistant to gemcitabine (2',2'-
difluoro-2'-deoxy-cytidine), a nucleoside analogue, as well as
gefitinib. To clarify the mechanisms of gemcitabine resistance
in this subpopulation, we screened the change to the protein
expression profile of these cells after gemcitabine exposure,
using a 224-antibody microarray analysis. Exposure to
gemcitabine induced changes in the expression of various
molecules including a remarkable increase of Bcl-X protein in
the PC9/f14 subpopulation. Analysis of the apoptotic status,
and knock-down studies of Bcl-X, were also performed in
this subpopulation that had shown increased levels of Bcl-X
protein expression. 

Materials and methods

Cell lines. The human lung adenocarcinoma cell line, PC9, and
its highly metastatic subpopulation PC9/f14, were used in
this study. The PC9 cell line was obtained from Tokyo Medical
College, Tokyo, Japan, the PC9/f14 line was established at
Nippon Medical School. Briefly, a suspension of viable tumor
cells from the PC9 line (5x105/mouse) was injected into the
tail vein of 6-week-old nude mice. Male BALBc/c nude mice
were obtained from the Charles River Co (Yokohama, Japan)
and were kept in a laminar air-flow cabinet under specific
pathogen-free conditions. Twelve weeks after the injection, the
mice were sacrificed and their lungs were examined. When
pulmonary metastatic foci were seen, they were removed
from the lung and minced in Roswell Park Memorial Institute
(RPMI)-1640 medium supplemented with 20% fetal calf serum
(FCS). After being grown and maintained for 4 weeks, this
cell line was injected into other 6-week-old mice. This entire
process was performed fourteen times using SCID mice (CLEA
Japan Inc, Tokyo, Japan), and resulted in the establishment
of a highly metastatic cell line, designated PC9/f14 (10).

In vitro proliferation and chemosensitivity assays. Cell
proliferation was measured by the MTT dye reduction method.
Briefly, 2x104 cells were plated into each well of 96-well
plates and exposed to particular anti-cancer drugs. After a
72-h incubation at 37˚C, 20 μl of the MTT stock solution
(5 μg/ml) was added to each well, and the cells were incubated
for a further 4 h at 37˚C. Then, the culture medium was
removed, and 100 μl of dimethyl sulfoxide was added to
dissolve the dark blue crystals. Absorbances were measured
with a Micro Plate Reader 3550 (Bio-Rad Japan, Tokyo,
Japan) at 560 nm (11). The median drug concentration for
50% inhibition (IC50) of tumor cell-growth was determined
by plotting the logarithm of the anti-cancer drug concentration
against the growth rate of treated cells. The sensitization
factor was determined by dividing the IC50 for gemcitabine.

Antibody microarray analysis. We used the Panorama™ Ab
microarray cell signaling kit (Sigma, MO, USA) to analyze

the protein expression profiles in the PC9 and PC9/f14 cell
lines following gemcitabine exposure (50 μg/ml) for 24 h (12). 

Cell extraction and immunoblotting. Whole cell extracts were
prepared using the extraction buffer from the Panorama™
antibody microarray cell signaling kit (Sigma, CSAA1).
Proteins were resolved by sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis (SDS-PAGE) and electrotransferred
to nitrous cellulose (NC) membranes, which were immuno-
probed with the relevant antibody in phosphate-buffered
saline (PBS) containing 1% bovine serum albumin (BSA),
and developed with a chemiluminescent substrate. 

Antibody microarray assay. The assay was performed using the
Panorama Ab microarray cell signaling kit (Sigma, CSAA1)
according to the manufacturer's instructions. Briefly, 1 mg of
protein extract from treated and non-treated PC9 and PC9/f14
cells was labeled with Cy3. Free non-incorporated Cy3 dyes
were separated by applying the labeled extracts on Sigma
Spin post-reaction clean-up columns. An equal amount of
labeled protein of both extracts (2-10 μg/ml) was incubated
on the Panorama Ab microarray slide for 20-40 min; all
washes were performed in PBS-Tween 0.05%. The slides
were air-dried before scanning with the GSI 4000 scanner, and
images were generated with the Scan Array™ software (GSI
Lumonics, Warwickshire, UK). The Quantarray® microarray
analysis software was used for the analysis of the scanned
Panorama antibody array slides. All the experiments were
repeated at least twice. 

Protein expression by Western blot analysis. PC9 and PC9/f14
cells were serum-starved and treated with a 50 μg/ml concen-
tration of gemcitabine for 24 h. Western blot analysis lysis
buffer was added to the cells before sonication. The lysates
were cleared by centrifugation at 14000 rpm for 20 min, and
then 10 μl of lysate containing 10 μg of protein was separated
by SDS-PAGE. After PAGE, the proteins were transferred to
polyvinylidene difluoride (PVDF) membranes and blotted with
the following primary antibodies: Bcl-X, and Caspase 7 (R&D
Systems Inc, MN, USA); C-myc, MAP1b, Calponin, CNPase,
ARTS, Akt, and phosphorylated Akt (Sigma, MO, USA). The
membranes were then incubated with horseradish peroxidase
(HRP)-conjugated secondary antibodies (anti-rabbit IgG-HRP)
and the protein was detected with electrochemiluminescence-
plus (ECL-plus) (Amersham, UK) (13), a chemiluminescent
signal detection system. Protein expression was traced to
film-processor FPM100 film (Fuji photo Film). GAPDH
protein was used as internal control. If a difference in the
protein expression in the two cell lines due to gemcitabine
exposure was detected by Western blot analysis, we performed
quantification of protein expression in the two cell lines. This
examination was performed following the same process
described above for Western blot analysis until the point of
primary antibody staining had been reached. However, in this
secondary examination, we then used anti-rabbit IgG-Alexa
Fluor 680 (Invitrogen, CA, USA) as a second antibody and
anti-mouse IgG-IRDye800 (Rockland Immunochemicals Inc,
PA, USA) as an internal control. Scanning and analysis was
performed using an Odyssey infrared imaging system (LI-
COR, NE, USA). 
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Measurement of apoptosis by flow cytometry. The cell
population status of the 2 lines was evaluated by flow cyto-
metry (14). Cells were trypsinized and washed twice with
PBS (-), and 1x106 cells were dissolved in 1.5 ml hypotonic
fluoro-chrome solution [double staining method of annexin V
and propidium iodine (PI), 50 μg/ml, in 0.1% sodium citrate
containing 0.1% Triton X-100]. These samples were placed
in the dark overnight, and the annexin V and PI fluorescence
of individual nuclei was measured using a fluorescence-
activated cell sorting (FACS) calibur (Becton Dickinson,
Mountain View, CA, USA). The data were plotted on a
logarithmic scale. Percentage of apoptosis was measured by
counting annexin V-positive cells (lower right and upper right
fields).

TUNEL assay. Terminal deoxynucleotidyl transferase (TDB)-
mediated DTP nick end-labeling (TUNEL) assay was carried
out using an apoptosis detection kit (Takara Bio Inc, Ohtsu,
Japan) (14). Cells were cultured on sterile oversleep and treated
as described. At 72-h intervals, control and treated cells were
fixed in 4% paraformaldehyde in PBS, permeabilized in 0.2%
Triton X-100 in PBS, and equilibrated in a buffer comprising
200 mM potassium cacodylate, 25 mM Tris-HCl (pH 6.6),
0.2 mM DTT, 2.5 mM CoCl2 and 0.25 mg/ml BSA. Labeling
reactions were carried out in equilibration buffer containing
5 μM fluorescein-12-dUTP, 0.1 mM EDTA and 2.5 units of

TdT for 1 h at 37˚C. Reactions were terminated in 2X saline
sodium citrate (SSC) buffer, and the cells were washed in
PBS and stained in 1 μg/ml PI in PBS. Samples were mounted
and analyzed by fluorescence microscopy.

Small interfering RNA (siRNA) transfection. Transfections
were performed at approximately 50% cell confluency. Briefly,
5x105 PC9/f14 cells per dish (10 cm) were seeded in OPTI-
MEM I (Gibco 3198) without antibiotics. To prepare small
interfering (si) RNA, 4 μl of DharmaFECT1 (Dharmacon T-
2001-02) (Dharmacon Inc, Lafayette, CO, USA), which was
a transfection reagent of siRNA, was mixed with 196 μl of
OPTI-MEM I (a). Furthermore, 2 μM of siRNA solution was
mixed with OPTI-MEM I (1:1) and incubated for 5 min at
room temperature (b). a and b were then mixed and incubated
for 20 min at room temperature. The final concentrations of
the siRNA were 50 nM. siRNA and the reagent complex were
added to the PC9/f14 cells in OPTI-MEM I, up to 10 ml/dish.
PC9/f14 cells were incubated for 48 h after transfection. We
used siGENOME SMART pool BCL2L1 #M00345800
(Dharmacon) as si Bcl-X. 

Results

Effect of gemcitabine on cell growth in vitro. To determine
the relationship between a highly metastatic potential and
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Figure 1. In vitro growth-inhibitory activity of anti-cancerous agents on PC9 and PC9/f14 lines. Using the MTT assay, we assessed the sensitivity of PC9, a
human lung adenocarcinoma cell line, and PC9/f14, a highly metastatic subpopulation of PC9, to certain drugs. MTT assay analysis suggested that the
PC9/f14 cell line was gemcitabine resistant (A). On the other hand, with respect to the other agents tested, there were no apparent differences between the two
cell lines (B-D). Error bars represent standard deviations. Assays were performed in quadruplicate. 
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chemosensitivity, anti-cancer drug sensitivity tests using
MTT analysis were performed on the PC9 cell line and
PC9/f14, a highly metastatic subpopulation. Anti-cancer drugs
commonly used for lung cancer chemotherapy, namely,
CDDP, etoposide, vindesine, gemcitabine, paclitaxel, SN38,
and carboplatin, were selected for our analyses (Fig. 1A-D).
PC9/f14 with a highly metastatic potential, which we have
previously reported to be resistant to gefitinib, was also shown
to be resistant to gemcitabine (13).

Gemcitabine exposure induced changes in protein expression
in PC9 and/or PC9/f14. To identify the changes in protein
expression after gemcitabine exposure, antibody microarray
analysis was performed. In over 224 proteins examined,
the expression levels of several molecules varied during
gemcitabine exposure in PC9 and/or PC9/f14 (Table I): Bcl-x
protein was up-regulated and MAP1b was down-regulated
in PC9/f14 after gemcitabine exposure at the highest level
(Table I). In the case of PC9, Calponin was up-regulated
and CNPase was down-regulated at the highest level. The
molecules with distinct differences between PC9 and PC9/f14,
in the change of protein expression level after gemcitabine
exposure, were Bcl-X and Calponin. 

We compared the expression levels of Bcl-X before and
after gemcitabine exposure both in PC9 and PC9/f14 using
Western blot analysis. In PC9/f14, the Bcl-X band significantly
increased while in the PC9 cell line it was stable (Fig. 2A and
B). Among the other proteins which ranked in the list of
the top 5, the most frequently changed ones in PC9/f14, such
as Caspase7 and C-myc, no such apparent difference was
observed (Fig. 2A and B). Calponin was also stable in PC9/
f14. 

In addition, phosphorylated Akt, which seemed to be
related to gefitinib resistance in this subpopulation, was stable
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Table I. Protein expression profiles in PC9 and PC9/f14 lines following gemcitabine exposure, by the Panorama Ab
microarray.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
High expressive proteins In PC9 Low expressive proteins In PC9
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Top 5 in PC9/f14
Bcl-X 1.22 0.88 MAP1b 0.72 0.83
Caspase 7 1.19 0.94 SNAP-25 0.76 1.00
Cytokeratin 8.13 1.18 1.03 S-100 ß 0.78 0.77
C-myc 1.17 1.02 Phosphoserin 0.79 1.01
PSR 1.17 0.95 RAF 0.80 1.01

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
High expressive proteins In PC9/f14 Low expressive proteins In PC9/f14
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Top 5 in PC9
Calponin 1.44 0.83 CNPase 0.76 0.83
P38 MAPK 1.27 0.94 ARTS 0.77 0.89
BCOP 1.23 0.91 S-100 ß 0.77 0.78
HDAC 1 1.22 0.99 Pyk 2 phospho 0.80 1.05
JNK 1.20 1.04 APP 0.80 0.90

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Protein expression ratio compared with gemcitabine non-treated cell line.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Figure 2. Protein expression by Western blot analysis. Bcl-X protein
expression was up-regulated after exposure of the PC9/f14 cell line to
gemcitabine, but there was no difference after exposure of the PC9 cell line
(Western blot analysis) (A). Caspase7, C-myc, and Calponin protein expression
was not up-regulated in either the PC9 or the PC9/f14 cell lines after exposure
to gemcitabine (Western blot analysis). Quantification of Bcl-X expression
after gemcitabine exposure by Western blot analysis, suggested that Bcl-X
protein was overexpressed by approximately 1.2 times after exposure of the
PC9/f14 cell line to gemcitabine (B). Error bars represent standard deviations.
Experiments were performed in triplicate.
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during gemcitabine exposure (Fig. 3). These results suggested
that in the PC9/f14 cell line, while an increase of Bcl-X protein
seemed to be related to gemcitabine resistance, phosphorylated
Akt was not. 

Analyzed apoptosis. Because Bcl-X is a well-known apoptosis-
related protein, the apoptotic status of PC9 and PC9/f14
was evaluated after gemcitabine exposure. After 72 h of
gemcitabine (50 μg/ml) exposure, the cell populations were
analyzed using flow cytometry. Apoptotic cell population in
the PC9 cell line accounted for 41.24% of cells, while the
corresponding value in the PC9/f14 cell line was 10.16%
(Fig. 4). In addition, a TUNEL assay was performed for the
evaluation of DNA fragmentation in both PC9 and PC9/f14
cells. Intense nuclear staining was observed more frequently
in the gemcitabine-treated PC9 cell line than in PC9/f14
(Fig. 5). These results indicated that apoptosis following
gemcitabine exposure was suppressed in the PC9/f14 sub-
population compared with parent cells. 

Effect of gemcitabine on PC9/f14 cell line after transfection of
Bcl-X specific small interfering RNA (siRNA). We performed
the transfection of Bcl-X specific siRNA and non-specific
control, on the PC9/f14 cell line, and examined gemcitabine
sensitivity using the MTT assay. Compared with the control
PC9/f14 cell line, the Bcl-X down-regulated PC9/f14 cell line
was sensitive to gemcitabine (Fig. 6). This result suggested that
Bcl-X was associated with gemcitabine-resistant mechanisms
in the PC9/f14 cell line.

Discussion

A number of combination therapy regimens have proven to be
effective and are widely applied to the treatment for metastatic

NSCLC. The effect of these therapies on improving patient
survival remains far from satisfactory. It is consequently
desirable to find more appropriate therapeutic opportunities
based on informed insights. In our previous and present studies,
a highly metastatic subpopulation of lung adenocarcinoma,
PC9/f14, has shown simultaneous, multi-drug resistance to
gefitinib and gemcitabine (10,13). The development of this
multi-drug resistance seems to be accompanied with highly
metastatic potential. The analysis of its mechanisms seems to
be useful for our understanding of the relationship between
highly metastatic potential and chemosensitivity.

Gemcitabine is structurally related to deoxycytidine, with
fluorine substitutes for the two hydrogen atoms in the 2'
position of the deoxyribose sugar, and has been shown to be
one of the most active chemotherapeutic agents in several
solid tumors, especially in NSCLC (15). Gemcitabine enters
the cell via a nucleoside transport system (16), and is activated
to its difluorodeoxycytidine triphosphate, which is incorporated
into DNA or RNA, consequently leading to chain termination.
However, the molecular pathway(s) by which this drug causes
cell death have not yet been fully defined. Pathways concerned
with several proteins, such as Bcl-2, P53, Fas, Bcl-X, NF-κB,
Caspase, Integrin-linked-kinase, ERK, and Akt, are all
considered to be related to gemcitabine sensitivity or resistance
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Figure 3. Akt and pAkt protein expression by Western blot analysis. The
expression levels of Akt and phosphorylated Akt proteins were detected
by Western blot analysis. These examinations concluded that the expression
of Akt and phosphorylated Akt proteins remained unaffected following
gemcitabine exposure. 

Figure 4. Apoptosis after gemcitabine exposure in PC9 and PC9/f14 cell
lines by flow cytometry analysis. After exposure to gemcitabine, flow
cytometry detected that apoptotic cell population of the PC9 cell line was
41.2% (A). On the other hand in the PC9/f14 cell line, apoptotic cell population
was 10.2% (B). These results suggested that the PC9/f14 cell line was an
anti-apoptotic cell line with respect to response to gemcitabine exposure. 

1325-1332  5/11/07  19:16  Page 1329



(17-25). In this study, the exposure to gemcitabine in this
subpopulation with gemcitabine resistance induced an increase
in the expression level of the Bcl-X protein, although this
expression remained unchanged in the parent cells. Knock-
down of Bcl-X by RNA interference induced the recovery of
gemcitabine sensitivity in PC9/f14. Human Bcl-X comprises
two distinct spliced mRNAs, designated Bcl-XL and Bcl-XS.
The predicted protein product of the longer transcript, Bcl-XL,
shows remarkable homology to Bcl-2 and, like Bcl-2, seems
to inhibit apoptosis in some cells. Increased Bcl-XL expression
has been observed in several malignancies, including gastric

(26), colorectal (27), ovarian (28), and prostate (29) carcinomas,
amongst others (30,31). It has been reported that Bcl-XL

antisense oligonucleotide treatment increases the sensitivity
of pancreatic cancer cells to gemcitabine (21). Another study
suggested that the down-regulation of Bcl-2 and Bcl-XL

increased the levels of cytosolic cytochrome c, and activation
of Caspase-9, in gemcitabine-treated cells. Overexpression of
Bcl-2 protein, by adeno-Bcl-2 viral vector infection, markedly
blocked gemcitabine-mediated apoptotic cell death in some
cells, suggesting that Bcl-2 family-dependent mitochondrial
pathway plays a role in mediating gemcitabine-induced apop-
tosis (25). Furthermore, Bcl-XL also blocks the activation of
the intrinsic apoptotic pathway in the response of cells to
genotoxic stress (32). These present and previous results
suggest that Bcl-XL is related to gemcitabine resistance, and
that Bcl-X can be considered as a drug resistance-related
protein inducing anti-apoptotic mechanisms. 

We used a 224-antibody array for the identification of the
factors related to the resistance. Although protein profiling is
technologically easier for the identification of the factors
than transcript profiling, the number of evaluated factors is
smaller. Additional mechanisms might be identified using
other profiling methodology. Knock-down of Bcl-X by RNA
interference methodology induced the recovery of gemcitabine
sensitivity in PC9/f14. However, the recovery of sensitivity
in this subpopulation seemed to be partial. There is a possibility
that other additional mechanisms might be related to the
gemcitabine resistance in this subpopulation. 

We previously reported that the PC9/f14 cell line was
resistant to gefitinib and that the loss of the PTEN protein,
enhanced by overactivation of phosphorylated Akt protein, was
the cause of this resistance (13). However in the current study,
the phosphorylated state of Akt protein was stable during
gemcitabine exposure in both PC9 and PC9/f14. PTEN and
phosphorylated Akt proteins might not act as apoptosis-related
proteins on gemcitabine exposure. On the other hand, Bcl-X
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Figure 6. Effect of gemcitabine on the PC9/f14 line after transfection with
Bcl-X specific siRNA. We performed the transfection of Bcl-X specific siRNA
on the PC9/f14 cell line, and examined gemcitabine sensitivity by MTT assay.
This result suggested that Bcl-X appears to be associated with the gemcitabine-
resistant mechanism on the PC9/f14 cell line.

Figure 5. Apoptosis after gemcitabine exposure in PC9 and PC9/f14 cell lines by TUNEL assay. TUNEL staining was performed on PC9 and PC9/f14 cell
lines, which were grown on sterile coverslips, treated with gemcitabine, and end-labeled at 72-h intervals with fluorescein-conjugated 12-dUTP, and then
examined by fluorescence microscopy. The results of this analysis supported those of the flow cytometry analysis which found that the PC9/f14 cell line was
an anti-apoptotic cell line with respect to its response to gemcitabine exposure.  
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increased after gemcitabine exposure only in PC9/f14. Taken
together, these results indicated that this highly metastatic
subpopulation is possibly multi-drug resistant through at least
two different mechanisms; increased Bcl-X and phosphorylated
Akt.

In conclusion, clinically-advanced cases seem to be resistant
to anti-cancer drugs. The mechanisms of anti-cancer drug
resistance shown in this study might relate to metastatic
potential. The highly metastatic PC9/f14 cell line is multi-
drug resistant. Gemcitabine resistance might be related with
the overexpression of Bcl-X protein, without phosphorylated
Akt protein, which is concerned with gefitinib resistance.
During the metastatic process, the mechanisms involved in
these alterations in expression might occur simultaneously.
In an experimental metastasis model based on the repeated
inoculation of PC9 cells into nude mice, and the subsequent
culture of the tumour cells from pulmonary metastatic foci,
anti-apoptotic mechanism and phosphorylated state of Akt
might both be required. The combination of anti-cancer drugs
and inhibition of the molecules concerned with apoptosis
(using RNA interference etc.) and/or Akt pathway might
prove to be a beneficial treatment strategy in advanced lung
cancer.
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