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Abstract. Advances in understanding lung cancer biology 
and tumor markers aid clinicians in managing the disease. 
Cancer-associated antigen (CA)125 has garnered increasing 
attention in lung cancer research and may benefit the treat-
ment and follow-up of this type of cancer. In Thai lung 
cancer patients, knowledge regarding ethnic differences 
in cancer cell biology is largely absent. We generated lung 
cancer cells from the pleural effusion fluids of a Thai patient 
and designated these as P1 cells. P1 cells were assessed for 
growth rate, response to chemotherapy, and the presence of 
tumor markers, in particular CA125 expression. Results of 
immunofluorescence indicated that P1 cells exhibited strong 
expression levels of CA125, comparable to that of established 
H460 lung cancer cells. Furthermore, P1 cells were analyzed 
for the expression of additional markers. Results revealed that 
H460 cells exhibited strong immunofluorescent signals from 
cytokeratin-19 fragments (CYFRA 21-1) and squamous cell 
carcinoma antigen (SCCA) while P1 presented only CYFRA 
21-1 signals. We also found evidence of relative cisplatin resis-
tance in P1 compared to the susceptibility level of established 
lung cancer cells. Thus, the results and methodology described 
in this study may aid the development of lung cancer diag-
nostic and therapeutic approaches and, in particular, advance 
understanding of ethnic differences.

Introduction

The identification of tumor markers leads to a significant 
improvement in cancer therapy and aids investigators in 
understanding cancer biology (1). Tumor markers are useful 

in cancer detection and classification (2). Moreover, in treating 
patients, serum levels of such tumor markers are helpful in 
the determination of cancer prognosis and likelihood of 
recurrence (3). Among several well-known tumor markers, 
cancer‑associated antigen (CA)125 has garnered increasing 
attention in lung cancer research. CA125 is a glycoprotein 
found on the cell membrane which has been used as a stan-
dard tumor marker for the diagnosis and follow-up of ovarian 
cancers (4,5). Moreover, a significant increase of CA125 has 
been reported  in other cancers including breast and lung 
cancers has been noted (6,7).

Among the various anti-cancer agents used for lung cancer 
treatment, cisplatin [cis-diamminedichloroplatinum (II)] 
is commonly prescribed (8). Cisplatin mediates cancer cell 
apoptosis through reactive oxygen species (ROS)-dependent 
and DNA adduct pathways (9,10). Cisplatin-induced apoptosis 
is mainly mediated through the caspase signaling pathway 
(11). Although available lung cancer cell lines have been 
widely used for the investigation of cancer cell biology and 
chemotherapeutic susceptibility, none of the cell lines were 
from Thai patients. Since ethnic diversity is known to be a 
factor affecting tumor marker expression and chemothera-
peutic response (12,13) and knowledge regarding such cancer 
signatures of Thai-originated cancer cells remains elusive, the 
present study aimed to generate knowledge about the tumor 
marker expression and chemotherapeutic response of lung 
cancer cells obtained from a Thai patient. Consequently, we 
generated primary cancer cells collected from the pleural effu-
sion fluid of a Thai patient and characterized the lung cancer 
signatures of the cells compared to the established lung cancer 
H460 cells. The obtained cells were evaluated for CA125 
expression and response to cisplatin, one of the most widely 
used chemotherapeutic agents. The results and methodology 
described in this study may aid the development of lung cancer 
diagnostic and therapeutic approaches and, in particular, 
advance understanding of ethnic differences.

Materials and methods

Clinical specimens and reagents. Pleural effusions were 
collected from a 76-year-old male Thai patient with suspected 
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lung adenocarcinoma. Informed consent was obtained from 
the patient and the study was approved by the ethics committee 
of the Faculty of Medicine and the ethics committee of the 
faculty of Pharmaceutical Sciences, Chulalongkorn University. 
Human proximal tubular epithelial renal cells (HK-2) and 
human lung cancer epithelial (H460) cells were obtained from 
the American Type Culture Collection (Manassas, VA, USA). 
H460 cells were cultured in RPMI-1640 while HK-2 cells 
were cultured in DMEM, supplemented with 10% fetal bovine 
serum (FBS), 2 mM L-glutamine and 100 U/ml penicillin/
streptomycin in a 5% CO2 environment at 37˚C. Cisplatin, 
propidium iodide (PI) and Hoechst 33342 were obtained from 
Sigma Chemical, Inc. (St. Louis, MO, USA). Resazurin was 
purchased from Invitrogen (Carlsbad, CA, USA). Specific 
antibodies for CA125, CYFRA 21-1, and SCCA were obtained 
from Santa Cruz Biotechnology (Santa Cruz, CA, USA). 
Resazurin and Alexa Fluor 488 goat anti-rabbit IgG (H+L) 
and Alexa Fluor 590 goat anti-mouse IgG (H+L) conjugated 
secondary antibody were purchased from Invitrogen.

Specimen preparation. Pleural effusion was centrifuged at 
1600  x g for 10  min at room temperature. The pellet was 
resuspended with 4 ml sterile balanced salt solution and then 
centrifuged on a Ficoll gradient (Ficoll-Paque™, GE Healthcare, 
Piscataway, NJ, USA) at 400 x g for 40 min at 20˚C to separate the 
tumor cells from erythrocytes. The layer of mononuclear cells 
were collected and washed twice with 3 volumes of RPMI-1640 
by centrifugation at 400 x g for 10 min at 20˚C. The pellet was 
then resuspended and the cells were cultured in ACL-4 medium 
supplemented with 5% FBS at 37˚C and 5% CO2.

Growth properties and cell morphology. Cells were initially 
seeded at a density of 1x104 cells in a 24-well plate and the 
population doubling time was determined. At various time 
points, cells were trypsinized by 0.25% trypsin-EDTA treat-
ment and the number of cells was calculated by the trypan 
blue exclusion method. Population doubling times were deter-
mined from an exponential regression of viable cell counts 
over nine days.

Immunofluorescence. Cells (5x104/well) were seeded in 6-well 
plates for 24 h to allow the cells to completely adhere to the 
surface. The cells were then fixed in 3.7% formaldehyde for 
10 min at room temperature, permeabilized and blocked in 
a solution containing 0.5% saponin, 1% FBS and 1.5% goat 
serum for 30 min. Following primary antibody incubation with 
CA125, CYFRA 21-1 or SCCA antibody at 1:100 dilution for 
1 h, cells were washed and incubated together with Alexa Fluor 
488 goat anti-rabbit IgG (H+L)-conjugated secondary antibody 
(Invitrogen) or Alexa Fluor 590 goat anti-mouse IgG (H+L)-
conjugated secondary antibody (Invitrogen) for 30 min. Nuclei 
were stained with Hoechst dye (Invitrogen). Images were visual-
ized by fluorescence microscopy (Olympus IX51 with DP70).

Cytotoxicity and apoptosis assay. Cytotoxicity was deter-
mined by a Presto Blue fluorescence assay. Following specific 
treatments, cells in a 96-well plate were incubated with 1:50 
resazurin for 1 h at 37˚C. Fluorescence intensity of resazurin 
product (resorufin) was measured at 530 nm (excitation wave-
length) and 590 nm (emission wavelength) using a microplate 

reader. Cell viability was calculated as a percentage relative to 
non-treated cells. Analyses were performed independently in 
triplicate. Apoptosis was determined by a Hoechst 33342 DNA 
fragmentation assay. Briefly, cells were incubated with 10 µg/
ml of Hoechst 33342 for 30 min and analyzed for apoptosis 
by scoring the percentage of cells having intensely condensed 
chromatin and/or fragmented nuclei on fluorescence micros-
copy (Olympus IX51 with DP70). The apoptotic index was 
calculated as the percentage of cells with apoptotic nuclei over 
the total number of cells.

Statistical analysis. The data are presented as the means ± SD 
from three or more independent experiments. Statistical anal-
ysis was performed using the Student's t‑test at a significance 
level of P<0.05.

Results

Growth properties and morphology of lung carcinoma cells. 
Pleural effusion fluids of an untreated Thai patient were first 
centrifuged and the suspended cells were collected. The cells 
obtained were cultured under adherent conditions in lung 
cancer cell-selective ACL-4  medium as described by the 
National Cancer Institute (NCI) for the selective growth of 
non-small cell lung cancer, while rarely sparing the growth 
of normal cells, such as fibroblasts and macrophages. In the 
present study, those cells continuously propagating for at least 

Figure 1. Phase-contrast micrographs showing morphology of a pleural 
effusion-derived lung carcinoma cells. (A) P1 cells exhibited epitheloid 
morphology with a bipolar, spindle-shaped appearance. (B) Population  
doubling time of P1 cells were calculated based on the exponential regression  
of cell growth.
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six months were designated as P1 cells. The clinical and patho-
logical details of the patient from whom P1 cells were obtained 
are described in Materials and methods. Six months later, cells 
were routinely cultured in ACL-4 medium supplemented with 
10% FBS. P1 cells exhibited epitheloid morphology with a 
bipolar, spindle-shaped appearance (Fig. 1A). Cells grew indi-
vidually with little cell-cell contact. This morphology of P1 
cells was markedly similar to the previously established non-
small cell lung cancer cell lines from solid tumor specimens 
(14). Population doubling time of P1 cells was calculated based 
on the exponential regression of cell growth (Fig. 1B). The 
best-fit population doubling value was 8.127 days. Although 
the cells were slow‑growing, they could be maintained in 
ACL-4 medium and continue to be cultured for a long period 
of time.

Expression of CA125 in P1 cells. Recent evidence suggests 
that CA125  may be an important tumor marker for lung 
cancer. Data obtained from the present study revealed 
that the expression profile of primary lung cancer cells 
originating from a Thai patient confirms this hypothesis 
and may facilitate the development of a lung cancer marker; 
we therefore evaluated the expression of CA125 in P1 cells. 
Immunohistochemical investigation using anti-CA125 anti-
body indicated that CA125 was highly expressed in P1 cells 
as in the positive control lung carcinoma H460 cells. Notably, 
CA125 signals originated from the nuclear region of the cells 
as well as the cell surface (Fig. 2A). Moreover, we evaluated 

the specificity of CA125 expression on tumor cells by staining 
the non-cancerous proximal tubule epithelial HK-2 cells. 
Results indicated that even though HK-2 cells were stained 
by the CA125 antibody, the signal was only slightly increased 
(Fig. 2A). To provide supporting evidence for the histological 
sub-type of P1 cells, we performed an additional immuno-
fluorescence study using CYFRA 21-1 (a marker for non-small 
cell carcinoma) and anti-SCCA (a marker for squamous cell 
carcinoma) antibodies. P1 cells were found to express CYFRA 
21-1 but not SCCA protein (Fig. 2B). The results indicated that 
P1 may be either adenocarcinoma or large cell carcinoma, but 
not squamous carcinoma.

Cisplatin response of P1 cells. Disruption of apoptosis 
contributes to malignant cell growth and chemotherapeutic 
resistance. To determine the apoptosis phenotype of P1 cells, 
the cells were treated with various concentrations of cisplatin 
(0-200 µM) and analyzed for cell toxicity by resazurin assay 
and apoptosis by Hoechst 33342 assay. H460 cells were used 
as a standard phenotype for non-small cell lung cancer. Cells 
having intensely condensed and/or fragmented nuclei were 
considered apoptotic. Treatment with cisplatin induced a 
dose-dependent decrease in cell viability and a concomitant 
increase of apoptotic cells in P1 and H460 cells (Fig.  3). 
P1  cells acquired higher apoptosis resistance to cisplatin 
as compared to H460 cells (Fig. 3B). We summarized the 
IC50  values of P1, H460, and the additional A549  lung 
cancer cell line in Table I. Since apoptotic resistance is a key  

Figure 2. Immunocytochemistry evaluation for CA125, CYFRA 21-1 and SCCA expression. Primary lung carcinoma P1, lung cancer H460, and proximal 
epithelial HK-2 cells were evaluated for CA125 expression. The expression of CYFRA 21-1 and SCCA in P1 cells was evaluated by immunofluorescence as 
described in Materials and methods. The fluorescence signal was detected under a fluorescence microscope. 
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characteristic of all cancer cells, this finding suggested the 
lung cancer-like signature of P1 cells.

Discussion

Improved understanding of cancer cell biology is likely to 
benefit the overall improvement of cancer therapy. In Thailand, 
the number of diagnosed lung cancer patients is on the increase 
and has become a primary cause of cancer-related mortality 
(15).Satisfactory clinical outcomes for lung cancer treatment 
are currently limited by two main obstacles which include 
late detection and the presence of chemotherapeutic resistance 
(16). Overcoming these barriers is vital, with improvement of 
basic knowledge of lung cancer biology, tumor markers and 
cellular response to chemotherapeutic agents being crucial. 
The present study generated P1 cells from the pleural effusion 
of a Thai male who was diagnosed as a lung cancer patient. The 
cells demonstrated typical cancerous characteristics including 
CYFRA 21-1 expression.

CA125 expression in lung cancer cells has previously been 
reported and the accumulated data suggested that this tumor 
marker may be of significance for lung cancer therapy (6). 
Furthermore, CA125 expression in lung cancer patients may 
be a good predictive tool for patient outcome (17). CA125 
is an important tumor marker recognized by a monoclonal 
antibody OC125. CA125 is elevated in the serum of ovarian 
cancer patients and has been identified as a useful tool for the 
screening of ovarian cancer (4,5,18). In lung cancer, investiga-
tors have found a significant expression of CA125 in a number 
of lung cancer cell lines (7). In accordance with these findings, 
we found a strong expression of such tumor markers in lung 
carcinoma H460 (obtained from ATCC) and Thai-originated 
lung cancer P1 cells.

Accumulating evidence indicates that ethnic difference is 
a notable factor in the determination of the chemotherapeutic 
response. In the case of anti-cancer agents, regimens including 
doses and drug manipulating protocols are often used for 
different ethnic populations. In response to chemotherapeutic 
agents, a number of cell mechanisms are activated, supporting 
the idea that genetic variation by ethnicity may affect the drug 
responsiveness. Cisplatin is widely used for the treatment 
of numerous solid tumors including lung cancers (19). The 
mechanisms of action of the drug on tumor cells is through 
ROS production and DNA adduct formation (9,10). To 
induce cell death, several signaling pathways are activated in 
the regulation of survival and apoptosis and the variation in 
genetics may alter the cell response. Variation in response to 
cisplatin among cells was revealed in the present study. Two 
lung cancer cell models obtained from ATCC, H460 and A549, 
cells were used as standard cells in the evaluation of cisplatin 
susceptibility. Results of viability in response to cisplatin 
revealed that P1 exhibited slight resistance to cisplatin-medi-
ated death compared to H460 (Fig. 3) and A549 cells (data not 
shown). For the apoptotic evaluation, the number of apoptotic 
cells in response to cisplatin in the P1 population significantly 
decreased as compared to those of H460  cells (Fig.  3B), 
suggesting that P1 cells exhibited relative cisplatin resistance. 
Consistent results obtained from further investigation revealed 
that the cisplatin IC50  of P1, H460, and A549  cells was 
151±10.51, 80±8.61, and 62±5.32 µM, respectively.

Based on these data, it is possible that the variation in 
ethnicity plays a significant role in drug susceptibility. However, 
investigations as to this role are required. The present study 

Figure 3. Susceptibility of cells in response to cisplatin-mediated apoptosis.  
Primary lung carcinoma P1 and lung cancer H460 cells were evaluated  
for their apoptotic response to various concentrations of cisplatin (0-100 µM). 
Cell viability and apoptosis were evaluated by resazurin and Hoechst 
33342 assays, respectively. Values are the means ± SD (n=3). 

Table I. Comparison of cisplatin susceptibility of cells.

Cells	 IC50 (µM)

H460	 80±8.61
P1	 151±10.51
A549	 62±5.32

P1, H460, and A549 lung cancer cells were incubated with various 
concentrations of cisplatin for 24 h. The reduction of cell viability 
was determined by a resazurin viability assay and the IC50 values 
were then calculated. Values are the means ± SD (n=3).
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provides a basis for the better understanding of ethnic differ-
ence in cancer cell biology.
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