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Selective apoptosis of lung cancer cells with talc
To the Editors:

Lung cancer is the leading cause of cancer deaths worldwide,
with adenocarcinoma being the most common cell type. The
majority of patients with lung cancer present at an advanced
stage of disease with only 15% being amenable to surgery for
cure; treatment is, therefore, palliative. For patients with
malignant effusions due to pleural metastasis, chemical
pleurodesis is one method by which to prevent recurrence.
While there are many intrapleural sclerosing agents, most data
pertaining to pleurodesis have been reported with tetracycline
derivatives, bleomycin and talc [1].

A number of studies have demonstrated superior efficacy of
talc over other sclerosing agents commonly used for the
palliation of malignant pleural effusions [2], and talc is the
preferred pleurodesis agent according to a survey of chest
physicians [3]. Despite talc’s wide clinical use, the exact
mechanisms for its efficacy as well as its apoptotic effects on
lung cancer cells in vitro have not been studied. The objectives
of our study were to determine if talc caused apoptosis of lung
cancer cells, and to compare talc against other commonly
administered intrapleural sclerosing agents by extending the
experiments to include bleomycin and doxycyline.

The lung adenocarcinoma cell line (LAC, A549) was purchased
from American Type Culture Collection (Rockville, MD, USA).
Human pleural mesothelial cells (PMC) characterised by
classic cobblestone morphology, cytokeratin and without
factor VIII antigen were isolated from pleural fluid obtained
via thoracentesis from patients with symptomatic transudative
pleural effusions secondary to congestive heart failure, and
without evidence of infection. Written informed consent was
obtained from all patients and performed in accordance with
the protocol approved by the institutional review board
(Singapore General Hospital, Singapore).

Both PMC and LAC were maintained in RPMI-1640 culture
medium (Gibco Laboratory, Long Island, NY, USA) and 10%

fetal calf serum (Hyclone, Logan, UT, USA) at 37uC, in 5% CO2,
95% air and 100% humidity.

Talc particles measuring 2 mm were prepared using density
gradient separation (Ficoll HypaqueTM Plus; Amersham
Pharmacia, Amersham, UK), and confirmed against silicone
beads of the same size (Becton Dickinson, San Jose, CA, USA)
as reference under an inverted microscope (CK-X31; Olympus,
Tokyo, Japan). Talc was applied as a suspension in endotoxin-
free normal saline while parenteral formulations of bleomycin
and doxycycline were prepared using aseptic techniques.
Equal numbers of PMC and LAC were exposed to 25, 50 and
75 mg?mL-1 of talc, bleomycin and doxycycline, and cellular
apoptosis was measured with propidium iodide staining and
flow cytometry at 24, 48 and 72 h. Washed and autoclave
sterilised silicone beads at equivalent concentrations were used
as parallel control.

At specified time intervals, LAC and PMC were harvested
from cultures using 0.125% trypsin solution, washed with PBS
(Gibco) and fixed with ethanol. They were stained with
propidium iodide solution (5 mg?mL-1; Sigma Aldrich, St
Louis, MO, USA) containing 0.1% triton X-100 and RNase A
[4]. DNA contents of target cells were analysed using
fluorescence-activated cell sorter Calibur flow cytometer and
CellQuest Pro software (Becton Dickinson) as described
previously [5], and the sub-G1 population was identified as
the marker for apoptosis (fig. 1). Experiments were performed
in triplicate at each time-point and for each cell line. Cellular
apoptosis measuring ,3% was considered as baseline rate.
Multiple comparisons were performed with ANOVA, and
pf0.05 was considered statistically significant.

Differences in the apoptosis rates of LAC were observed with
graded concentrations of talc, bleomycin, and doxycycline at
24 h (p50.009), 48 h (p50.006) and 72 h (p50.01). Talc induced
apoptosis of LAC in a dose- and time-dependent manner
which was superior to bleomycin but inferior to doxycycline
(table 1). No apoptosis of PMC was documented with talc but
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it was observed with doxycycline and, to a lesser degree, with
bleomycin at 72 h (p50.001). At increasing concentrations of
silicone beads being used as controls, there was no increase of
apoptosis over baseline of both LAC and PMC (fig. 2).

Malignant pleural effusion is a common complication of
advanced lung cancer in which survival is ,6 months.
Treatment focuses on palliation of symptoms, which can often
be achieved by the drainage of pleural fluid. Pleurodesis with a
chemical sclerosant is one method to prevent recurrence of
malignant pleural effusions [1]. Talc administered as slurry or
poudrage has demonstrated superior efficacy over tetracycline

derivatives and bleomycin [2, 6]. Moreover, clinical reports
suggest that patients with malignant pleural effusions that have
been successfully pleurodesed with talc experience improved
quality of life, and may lead to prolonged survival [7].

Although talc, bleomycin and doxycycline are commonly
administered into the pleural space to incite pleurodesis, it is
not known if these agents have any local effects on metastatic
lung cancer or pleural mesothelial cells. Our study demon-
strates that talc causes apoptosis of lung cancer cells in a
dose- and time-dependent manner. When these agents are
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FIGURE 2. Comparison of agents (75 mg?mL-1) on apoptosis of lung

adenocarcinoma cells (LAC) and pleural mesothelial cells (PMC) at 72 h. h: talc;

&: bleomycin; &: doxycycline; &: silicone beads control.
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FIGURE 1. Apoptosis measurement of lung adenocarcinoma cells with talc

(75 mg?mL-1) at 72 h. G0/G1: 52.56% 5: 11.30%; G2/M: 9.94%; Apoptotic: 26.2%.

TABLE 1 Talc and apoptosis of pleural mesothelial cells and lung adenocarcinoma

Agent Apoptosis measurement#

Lung adenocarcinoma Pleural mesothelial cells

0 h 24 h 48 h 72 h 0 h 24 h 48 h 72 h

Talc

25 mg?mL1 0.2 1.6 6.2 12.0 0.1 0.1 0.3 0.6

50 mg?mL-1 0.2 5.9 9.6 16.0 0.1 0.1 0.1 1.4

75 mg?mL-1 0.2 5.9 16.4 26.2 0.1 0.1 0.2 1.6

Bleomycin

25 mg?mL-1 0.1 0.2 1.5 2.4 0.1 0.1 0.6 2.1

50 mg?mL-1 0.2 0.2 2.2 2.5 0.1 0.1 1.0 2.5

75 mg?mL-1 0.5 0.5 2.3 3.7 0.1 0.3 1.5 3.0

Doxycycline

25 mg?mL-1 0.2 11.2 16.4 23.1 0.1 1.4 9.6 12.6

50 mg?mL-1 0.2 33.1 33.4 46.5 0.1 10.1 14.2 19.2

75 mg?mL-1 0.1 39.4 45.0 71.5 0.6 14.1 17.8 27.6

Silicone beads

25 mg?mL-1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

50 mg?mL-1 0.1 0.2 0.1 0.1 0.1 0.1 0.1 0.7

75 mg?mL-1 0.1 0.2 0.1 0.1 0.1 0.3 0.1 0.8

Data are presented as % and represent the median of three independent studies. Experiments were performed in triplicates at each time-point and for each cell line.
#: apoptosis of lung cancer cells and pleural mesothelial cells was measured with propidium iodide staining and flow cytometric analysis. c
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compared, talc not only causes a greater degree of apoptosis of
lung cancer cells than bleomycin at equivalent concentrations,
but it also demonstrates selectivity of action by sparing the
normal mesothelium, which is not observed with bleomycin or
doxycyline. Our in vitro observation was further supported by
the discovery of a preserved layer of mesothelial cells despite
an intense inflammatory pleural reaction in rabbits treated
with talc [8].

Interactions between normal PMC and tumour cells are
complex. An intact pleural mesothelium appears important for
inciting the acute inflammatory response necessary for pleur-
odesis by secreting pro-inflammatory interleukin-8 and vascular
endothelial growth factor, and for developing pleural fibrosis by
the production of transforming growth factor-b and basic
fibroblast growth factor [8, 9]. ANTONY et al. [9] demonstrated
that patients with extensive pleural carcinomatosis and minimal
intervening normal mesothelium had significantly lower quan-
tities of basic fibroblast growth factor in their pleural fluid,
compared to those with limited disease who subsequently
developed successful pleural symphysis. These findings sug-
gested that a mesothelium free of tumour was necessary for
successful pleurodesis [8]. A recent study also showed that an
intact pleural mesothelium is critical in modulating the
metastatic potential of cancer cells within the pleural space.
Malignant cells secrete angiogenic factors that promote tumour
growth, proliferation of endothelial cells and invasion of
surrounding tissue by neovascularisation. Talc treated pleural
mesothelium counteracts these effects by releasing endostatin,
an antiangiogenic factor which may be responsible for tumour
containment within the pleural space, and account for the
improved clinical outcome of patients with malignant pleural
effusions successfully pleurodesed with talc [10].

Our preliminary results support the use of talc for malignant
effusion as it selectively causes apoptosis of lung cancer cells,
and spares normal mesothelium pivotal for inciting inflam-
matory processes necessary for pleural fibrosis. Studies are
underway to compare the in vitro results with in vivo response,
as well as to assess the impact on patient survival.
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Nonresolving pneumonia and rash in an adult:

pulmonary involvements in Kawasaki’s disease
To the Editors:

Slowly resolving or nonresolving pneumonia is a challenge for
physicians. The most common clinical error when approaching
these patients is to subsequently treat the patient with different

antibiotics over an extended period of time, without question-
ing the cause of treatment failure. Mostly, slowly resolving
pneumonias are due to host defence or infectious causes.
Nonresolving pneumonias are usually of noninfectious origin
and, in the majority of cases, require invasive diagnostic
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