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Abstract

Purpose Inflammation plays a crucial role in the develop-
ment of lung cancer. Accumulated studies have proved that
non-steroidal anti-inflammatory drugs (NSAIDs) which
block inflammation by their actions on arachidonic acid
(AA) metabolism have a potential role in cancer chemo-
therapy and chemoprevention. The aim of our study was to
investigate whether darbufelone, a novel anti-inflammatory
drug, has anticancer effects in lung cancer.

Methods Human non-small cell lung cancer cell lines
were treated with darbufelone at various doses and time
points for analysis of cell viability, cell cycle, and apoptosis
in vitro. The in vivo effect of darbufelone was assessed in
Lewis lung carcinoma mice model.

Results Darbufelone inhibited the proliferation of non-
small cell lung cancer cell lines in a dose-dependent
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manner, and induced cell cycle arrest at GO/G1 phase
through up-regulation of p27 expression. Treatment with
darbufelone also induced apoptosis by activating caspase-3
and caspase-8. Lewis lung carcinoma growth was also sig-
nificantly inhibited by darbufelone treatment at daily dose
of 80 mg/kg.

Conclusions Taken together, these studies suggested that
darbufelone, an anti-inflammation drug, might represent a
novel therapeutic approach for lung cancer treatment.
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Abbreviations
AA Arachidonic acid
COX-2 Cyclooxygenase-2

5-LOX 5-Lipoxygenase
Darbufelone Darbufelone mesilate

SCLC Small cell lung cancer
NSCLC Non-small cell lung cancer
RT Reverse transcriptase
Introduction

Lung cancer is the leading cause of cancer-related death in
both men and women world-wide, with 1.2 million new
cases diagnosed and about one million deaths recorded
annually [1]. Non-small-cell lung cancer (NSCLC), includ-
ing squamous carcinoma, adenocarcinoma, and large cell
carcinoma, accounts for more than 80% of all lung cancers
[2]. More than half of these patients have lost the opportu-
nities for surgery when diagnosed, and chemotherapy still
remains one of the most common therapies. However, exist-
ing chemotherapy has reached a plateau of effectiveness in
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improving the survival of NSCLC patients. It is urgent to
explore new therapies that are designed to interfere with
some other aberrant biologic signal pathways.

Arachidonic acid (AA) pathway plays an important
role in inflammation. In early 1980s, it was reported that
aberrant AA metabolism participated in the carcinogenic
processes [3]. AA metabolites derived from either cycloox-
ygenase (COX) or lipoxygenase (LOX) reaction transduce
a variety of signals related to cell proliferation, differentia-
tion, and inflammation [4]. COX-2 and 5-LOX, as isoforms
of COX and LOX, respectively, are two key enzymes in the
downstream of the AA pathway. A series of studies have
shown that COX-2 is up-regulated in patients with lung
cancers associated with poor prognosis [5—7]. COX-2 inhi-
bition by celecoxib has been proved to inhibit the growth of
lung-cancer cells in vitro and in vivo [8]. 5-LOX inhibition
has also been demonstrated to prevent lung tumorigenesis
in carcinogen-treated mice [9]. These data suggest that inhi-
bition of either enzyme can benefit lung cancer treatment.
Hence we hypothesized that the dual inhibitor of COX-2
and 5-LOX might be more potent in lung cancer treatment.
Darbufelone (also known as CI-1004, Fig. 1a) [10], as a
novel anti-inflammatory drug which blocks the activity of
both COX-2 and 5-LOX, is currently being evaluated in
Phase III clinical trials for the treatment of rheumatoid
arthritis [11]. Yet there are no available data evaluating its
anticancer effect. We seek to test the hypothesis that
darbufelone has a potent anti-cancer effect on non-small-
cell-lung cancer cells.
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Our results demonstrate for the first time that darbufe-
lone is able to induce cell cycle arrest and trigger apoptosis
in human lung cancer cells in vitro and impair the Lewis
lung cancer growth in vivo. These results suggest that dar-
bufelone may represent a novel therapeutic approach for
lung cancer treatment.

Materials and methods
Reagents

Darbufelone mesilate was kindly provided by Center of
Drug Discovery, China pharmaceutical university, MTT (3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium  bro-
mide) was purchased from Sigma Chemical Co. Annexin
V-FITC/PI apoptosis detection kit was purchased from
KeyGEN Biotech Co (Cat No: KGA106, Nanjing, China).
Primary antibody anti-f-actin (1:1,000) was from Sigma
Chemical Co (Cat No: A2228); anti-p27 (sc-528,1:1,000),
anti-Bcl-2 (sc-7382,1:300), anti-Bax (sc-493,1:300), anti-
caspase-3 (sc-7148,1:1,000), and anti-caspase-9 (sc-8355,
1:200) were from Santa Cruz Biotechnology (Santa Cruz,
CA, USA); anti-caspase-8 (559932,1:1,000) was from BD
bioscience. Monoclonal and polyclonal horse radish perox-
idase-conjugated secondary antibodies (1:1,000) were from
Sigma Chemical Co.

The primers were synthesized by the Shanghai Sangon
Biological Engineering Technology & Services Co., Ltd.
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Fig. 1 Darbufelone decreases H460 cell viability in a dose-dependent
manner. a Chemical structure of darbufelone mesilate. b Viability inhi-
bition of A549, H520, and H460 cell lines was determined by MTT
assay after treatment with darbufelone (5-60 uM) for 72 h. Results are
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expressed as percentage mean = SEM of three independent experi-
ments. ¢ Different morphology changes of H460 cells were photo-
graphed after treatment with darbufelone (20, 40, 60 pM, respectively)
for 24 h (bar scale 100 pm)
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RNA extract reagent TRIzol and reverse-transcriptase PCR
(RT-PCR) kits were bought from Invitrogen.

Cell cultures and treatments

A549 (CCL-185, lung adenocarcinoma cancer cell line),
NCI-H520 (HTB-182, lung squamous cancer cell
line) and NCI-H460 (HTB-177, lung large cell cancer cell
line) cells were purchased from ATCC. All cell lines were
cultured in RPMI-1640 (Hyclone, Beijing, China), sup-
plemented with 10% (v/v) heat-inactivated fetal bovine
serum (Gibco), 2 mM L-glutamine, 100 U/ml penicillin G,
and 100 pg/ml streptomycin (Sigma). Cells were grown
at 37°C in a humidified atmosphere of 95% air and 5%
CO, and routinely passaged using 0.25% trypsin—-EDTA
(Gibco).

Darbufelone was dissolved in DMSO (dimethyl sulfox-
ide, Sigma) and diluted into the medium to obtain the
required final concentration before each experiment. Con-
trol samples were treated in parallel with an equivalent
concentration of DMSO.

Cell growth inhibition assay

The effect of darbufelone on human lung carcinoma cell
viability was determined by MTT reduction assay. In
brief, tumor cells growing in log-phase were trypsinized
and seeded at 5 x 10° cells per well into 96-well plates
and allowed to attach overnight. Medium in each well was
replaced with fresh medium or medium containing vari-
ous concentrations of drugs in at least triplicate wells.
Cells were cultured to another 72 h. After treatment, 1/10
volume of MTT solution (5 mg/ml) was added to each
well, and the plate was incubated at 37°C for another 4 h.
Two hundred microliters of DMSO was added to each
well to solubilize the MTT-formazan product after
removal of the medium. Absorbance at 595 nm was mea-
sured with a multi-well spectrophotometer (Thermo,
USA). Growth inhibition was calculated as a percentage
of the untreated controls.

Nuclear morphological changes

Morphological changes in the nuclear chromatin of cells
undergoing apoptosis were detected by the DNA-binding
DAPI staining (DAPI, Sigma). Briefly, H460 cells were
seeded on a six-well plate at the density of 6 x 10° cells/ml
and cultured in the presence or absence of darbufelone for
the indicated times. At the end of incubation, 1 pg/ml DAPI
was added to each well for 5 min at 37°C in the dark. Cells
were then washed with PBS (phosphate buffered saline) and
promptly observed under a fluorescence microscope (Nikon
Eclipse 90i, Nikon Instruments, Japan).

Flow cytometry analysis

For the analysis of DNA content, H460 cells were seeded
on a six-well plate at the density of 6 x 10’ cells/ml and
then cells were starved for 24 h for culture synchronization.
After that, cells were incubated with darbufelone for 24 and
48 h, respectively. At the end of incubation, cells were har-
vested by trypsinization, washed in PBS, and incubated at
4°C for 1 h in the DNA-staining solution containing 50 pg/
ml propidium iodide (PI) and 20 pg/ml RNase A. DNA
content analysis was performed by FACS Calibur (Becton
Dickinson). Cell cycle analysis was executed by Dean-Jett-
Fox model.

Annexin V-FITC and propidium iodide double staining
assay

Phosphatidylserine (PS) translocation from the inner to the
outer leaflet of the plasma membrane in H460 cells was
detected with an annexin V-FITC/PI apoptosis detection
kit (KeyGEN, Nanjing, China). After being exposed to dar-
bufelone for indicated time points, 5 x 10°=5 x 10° cells/
ml cells were harvested with 0.25 % trypsin and washed
twice with PBS for 5 min at 2,000 g. The supernatant was
discarded and the pellet was resuspended in 500 pl 1x
binding buffer. 5 pl of annexin V-FITC solution and 5 pl of
dissolved PI were added to the cell suspensions. The sam-
ples were mixed gently and incubated at room temperate
for 5-15 min in the dark. Then the cell preparations were
analyzed by FACS Calibur (Becton Dickinson).

Reverse-transcriptase PCR

Cells were seeded on 6 cm dishes and treated with darbufe-
lone at 20 uM and harvested at different time points with
trypsin, then washed twice with PBS, and collected by cen-
trifugation at 1,000g for 5 min. Total RNA was extracted
using Trizol reagent (Invitrogen) following the manu-
facture’s protocol. cDNA was generated with Oligo-dT
primers. Primers were designed online using the primer 3
designer program (website: http://frodo.wi.mit.edu/) and
were as follows:

p21: forward, 5'-AGA CAC CAC TGG AGG GTG AC-
3"; reverse, 5'-GGA TTA GGG CTT CCT CTT GG-3'.
p27: forward, 5'-AGA TGT CAA ACG TGC GAG TG-3';
reverse, 5'-TGC GTG TCC TCA GAG TTA GC-3'. p53:
forward, 5'-CCT CAC CAT CAT CAC ACT GG-3';
reverse, 5'-CCT CAT TCA GCT CTC GGA AC-3'.
GAPDH (housekeeping gene): forward, 5'-GGA GAT
TGT TGC CAT CAA CG-3’; reverse 5'-TTG GTG GTG
CAG GAT GCA TT-3'. The reaction systems were 0.2 pl
of cDNA, 2.5 pul of 10x Taq enzyme buffer, 1 pl of 10 mol/l
dNTP, 0.2 pl of each primers and 0.2 pl of Taq enzymes,
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then water was added to 25 pl. PCR conditions were as
follows: denature at 95°C for 2 min; each cycle consisting
of 1 min at 94°C, 1 min 56°C; 1 min and 15 s at 72°C; and
a final extension of 5 min at 75°C. After the reaction, the
PCR products were separated in 2% agarose gel and visual-
ized under UV light.

Western blotting

Western blotting was performed for whole cell lysate.
Briefly, exponentially growing cells were exposed to dar-
bufelone and then collected at different time points, and
protein was extracted as previously described [12]. Ali-
quots of total protein (50 pg per lane) were electrophoresed
on 10% SDS-polyacrylamide gels and transferred to nitro-
cellulose membranes (Amersham). Non-specific binding
was blocked by incubation in TBS-T (50 mM Tris, pH 8.0,
150 mM NacCl, 0.1% Tween-20) with 5% dried milk for 1 h
at room temperature. Membranes were incubated for 2 h at
room temperature with various antibodies. After washing
with TBS-T, the membranes were incubated with horse-
radish peroxidase-conjugated immunoglobulin secondary
antibody (sigma) 1:5,000 diluted in TBS-T for 1 h at room
temperature, followed by development with enhanced
chemiluminescence reagents (Amersham) and exposure to
X-ray film. Bands were analyzed by Tanon GIS software
4.0 (Tanon, China) and were normalized to actin levels.

Treatment of Lewis lung carcinoma

C57Bl/6 male mice at 4-5 weeks were obtained from Qing-
long Mountain Farm (Nanjing, China). These mice were
housed in air-conditioned quarters and were provided food
and water ad libitum. All animals were treated according to
the guidelines of the Animal Care and Use Committee of
China Pharmaceutical University.

The Lewis lung carcinoma (LLC) was kindly provided
by Professor Qinglong Guo (China Pharmaceutical Univer-
sity, PR China). On the day 0, Lewis Lung Carcinoma cells
(1 x 10% were implanted into the left armpit of C57Bl/6
mice. The mice were randomly divided into four treatment
groups of ten animals each. The day after inoculation (day
1), control group was treated with CMC-Na, and other
groups were administered Darbufelone by gavage at doses
of 20, 40, and 80 mg/kg/day. The treatment was continued
till the end of the study. On day 14, animals were killed,
and tumors were excised, weighed, and fixed in formalin
for the further histochemical analysis.

Immunohistochemistry

For immuno-histochemical staining, tumor tissues were
paraffin-embedded and sectioned at 5 um. The sections
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were heat-immobilized, deparaffinized by xylene, rehy-
drated in a graded series of ethanol and washed with dis-
tilled water. For antigen unmasking, the tumor sections
were boiled in 10 mM sodium citrate buffer (pH 6.0) for
7 min and cooled to room temperature (RT). After washing
with TBS-T (Tris buffered saline containing 0.1% Tween-
20), endogenous peroxidase activity was blocked by incu-
bation in 3% H,0O, in methanol for 10 min at RT. Then the
sections were stained with antibodies for Ki-67 (ZA-0502,
ZhongShan Goldbridge, Beijing, PR China) which was
1:100 diluted in antibody dilution buffer, or for cleaved
caspase-3 (#9661, Cell Signaling Technology, Co. LTD)
which was 1:150 diluted in antibody diluted buffer, using
ABC and DAB kits according to the manufacturers’ proto-
cols and counterstained with Mayer’s hematoxylin solution.
Six high-power fields (x400) were photographed and
scored per section under an Eclipse 80i (Nikon, Japan)
microscope. Either positively stained or unstained cells
were quantified in six random fields (irrespective of stain-
ing intensity). One thousand cells were calculated and the
results were expressed as an average percentage of positive
cells for either Ki-67 or cleaved caspase-3.

Statistics

All data were expressed as mean = SEM. Statistical analy-
sis was performed using the student’s ¢ test or one-way
ANOVA followed by the post hoc Tukey’s test. A value of
p < 0.05 was considered to be statistically significant.

Results

Darbufelone treatment reduced the viability
of NSCLC cell lines

To test the putative anti-proliferative effect of the anti-
inflammatory drug, darbufelone, we chose A549, H520 and
H460 cell lines,which were established from three distinct
pathological subtypes of NSCLC (adenocarcinoma, squa-
mous and large cell lung cancer respectively). Since this
was the first study to assess the effect of darbufelone on
human lung cancer cell viability, increasing concentrations
of this drug, ranging from 5 to 60 uM, were tested for 72 h.
As shown in Fig. 1b, the cell growth inhibition of these
three cell lines gradually increased with higher drug con-
centration. The IC50 (half maximal inhibitory concentra-
tion) of A549 and H520 were 20 £ 3.6 and 21 + 1.8 uM,
respectively, while the H460 has much lower IC50
(15 £ 2.7 uM) (Fig. 1b). Therefore, H460 was chosen for
further studies. It is noteworthy that darbufelone, after 24 h
of incubation, dramatically affected H460 cell morphology,
as the treated cells turned round, detached from the culture
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dishes, and membrane bleb formed (Fig. 1c), suggesting the
occurrence of apoptosis.

Darbufelone treatment induced G1 growth arrest
potentially through p27 up-regulation

The effect of darbufelone on cell cycle progression of H460
was analyzed by flow-cytometry. After 24 h of drug treat-
ment, the percentage of H460 cells in GO/G1 phase
increased, while cells in G2/M phase decreased, and the
proportion of S-phase cells was not affected (Fig. 2a, b).
After incubation with darbufelone for 48 h, a substantial
hypodiploid (Sub G1) peak, which represented apoptotic
cells, appeared at the concentration of 40 and 60 uM
(Fig. 2).

With findings above, we decided to use the low-concen-
tration darbufelone (20 uM) to analyse darbufelone’s effect
on cell cycle associated proteins. H460 cells harboring
wild-type p53 gene had abundant p5S3 mRNA (Fig. 2¢c)
[13]. The mRNA level of p53 and p21 showed no change
after exposure to darbufelone for different time. In contrast,
the mRNA level of p27 increased in a time-dependent man-
ner. Consistently, western blotting of p27 (Fig. 2d) also
showed an increase of p27 protein level, suggesting that
cell cycle arrest induced by darbufelone might be related to
the increased p27 protein level.

Darbufelone treatment triggered apoptosis

As shown in Fig. 2, incubation of higher dose of darbufe-
lone for 24 h did not result in increased GO/G1 phase pro-
portion. Alternatively, an increased Sub G1 phase emerged,
which was evident in cells treated with darbufelone
(60 uM) for 48 h, suggesting the occurrence of apoptosis at
higher concentration. We performed DAPI staining to con-
firm the appearance of apoptosis (Fig. 3a). Although low
concentration of darbufelone (20 pM) did not induce sig-
nificant cell apoptosis, the typical apoptotic feature, such as
irregularly fragmented pycnotic nuclei, was evident after
48-h treatment of darbufelone (60 tM) which was accom-
panied by a dramatic decrease of cell number as well.
These observations were further confirmed by annexin V/PI
double staining. As shown in Fig. 3b, exposure to darbufe-
lone for 48 h increased H460 cell deaths in time-dependent
manner. The proportion of AV*/PI* (later apoptosis), after
36 h-darbufelone treatment increased from 11.23 to
43.22%, while the proportion of AV~/PI™ (viable cells)
decreased from 85.57 to 12%. Likewise, in the 48-h dar-
bufelone treatment group, the proportion of late apoptotic
cells increased to 32.23%, and that of AV~/PI™ (viable
cells) decreased to 1.31%. These data suggested that dar-
bufelone induced H460 cell apoptosis through a time-
dependent way at the dose of 60 LM.
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Fig. 2 Darbufelone affects cell cycle of H460 cells. a Flow cytometry
analysis of PI stained H460 cells revealed significant sub-G1 peaks af-
ter treatment with 40 and 60 uM darbufelone for 48 h compared with
controls (indicated by arrows). b Cell cycle distribution in a was quan-
tified and histograms showed different cell cycle proportions consistent
with different incubating time and concentrations of darbufelone. An
increase was observed in GO/G1 phase at 24 h and in Sub-G1 phase at

48 h. ¢ Darbufelone increased the mRNA level of p27 in a time-dependent
manner. H460 cells were harvested at different time points after treat-
ment with or without darbufelone, and mRNA levels of p53, p27, p21,
and GAPDH (internal control) were detected by PT-PCR. d The protein
level of p27 in H460 cells treated with or without 20 uM of darbufelone
was evaluated by western blot. Darbufelone increased the expression of
p27 in a time-dependent manner compared with control group
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Fig. 3 Darbufelone induces apoptosis in H460 cells. a Fluorescence
microscopy analysis of H460 cells incubated with darbufelone 20—
60 uM for 24 and 48 h and stained with DAPI (bar scale 100 pm). A
typical apoptotic figure, such as irregularly fragmented pycnotic nu-
clei, was observed in treated cells at 48 h. b H460 cells were exposed
to 60 uM of darbufelone for 0, 24, 36, and 48 h, respectively. Cells
were harvested and apoptotic cells were detected by flow cytometry
with annexin V/PI double staining. The lower left quadrants represent
the viable cells, the lower right quadrant the early apoptotic cells

Darbufelone treatment induced apoptosis through
activation of caspase-3 and caspase-8

Activation of caspase-3 is crucial to the process of apopto-
sis. We found that 60 uM of darbufelone induced, starting
from 24-h treatment onward, a strong and time-dependent
cleavage of the 34-kDa pro-enzyme caspase-3 into its
active 17 kDa form (Fig. 4a, b).

Caspase-3-involved apoptosis can be mediated either
through activation of the tumor necrosis receptor family
members via caspase-8 cleavage (extrinsic pathway) or
through the mitochondria that involves activation of
caspase-9 (intrinsic pathway). We sought to determine
which pathway of apoptosis was activated by darbufelone.
H460 cells were incubated with or without darbufelone
(60 uM) for 48 h, and processing of caspase-8 and caspase-
9 were investigated. Our data showed that pro caspase-8
was cleaved with time after darbufelone treatment (Fig. 4c).
In contrast, we could not detect any significant change in
caspase-9 expression (Fig. 4d). No changes in the level of
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(represent early stage of apoptosis), and the upper right quadrant the
late apoptotic cells (represent late stage of apoptosis). ¢ The propor-
tions of early and late apoptotic H460 cells by flow cytometry assay as
in b were quantified. Histograms showed the percentages of viable
cells, early and late apoptotic H460 cells exposed to different time
course with darbufelone. The data expressed as the percentages of cells
were the mean &+ SEM of three separate experiments (*p < 0.05 vs.
control, **p < 0.01 vs. control)

the Bcl-2 and Bax (Fig. 4e), and the ratio of Bcl-2/Bax
remained almost same (data not shown). These data sug-
gested that darbufelone promotes programmed cell death of
H460 cells through the activation of caspase-3 and caspase-
8 which may be involved in extrinsic pathway of apoptosis.

Darbufelone treatment inhibited tumor growth in Lewis
lung cancer mice model

In order to demonstrate the anti-tumor effect of darbufelone
in vivo, we employed the Lewis lung cancer mice model.
Tumor growth was monitored every other day for 14 days.
There was no significant difference of body weight between
vehicle control group and darbufelone-treated group. Side
effects such as lethargy and mortality were not observed in
mice with darbufelone treatment. When mice were treated
with darbufelone at dosage of 80 mg/kg/day, we observed
that the tumor volumes decreased in a time-dependent man-
ner (Fig. 5a). In contrast, lower dose of darbufelone (20 or
40 mg/kg/day) did not show any significant inhibition of
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Fig. 4 Darbufelone induces apoptosis in H460 cells through caspase-
3 and caspase-8 activation. a Time course of caspase-3 activation,
evaluated by western blotting, in H460 cells treated with darbufelone
60 uM. b The protein level of caspase-3 in a was quantified. Histo-
grams showed full-length and cleaved caspase-3 levels normalized to
the f-actin, Data are presented as mean & SEM of three separate

tumor weight (data not shown). At necropsy, the tumor
weight in mice treated with darbufelone (80 mg/kg/day)
was reduced by 30.2% in comparison with control group
(Fig. 5b).

To assess the anti-proliferation effect of darbufelone in
vivo, we did Ki-67 staining on tumor sections, a well-
accepted endogenous cell proliferation marker (Fig. Sc).
Our data showed that darbufelone treatment significantly
decreased positive Ki-67 staining by 33.5% in comparison
with control group (Fig. 5d). Increased cleaved caspase-3
staining (2.1-fold), which indicates the occurrence of apop-
tosis, was also evident after darbufelone treatment
(Fig. 5d). These results indicated that darbufelone treatment
inhibits Lewis lung tumor growth through growth inhibi-
tion and apoptosis.

Discussion

Recently, a new class of anti-inflammatory drugs named
dual COX/LOX inhibitors, interfering with both the pro-
duction of prostaglandins and the biosynthesis of leukotri-
enes (LTs), has emerged as an alternative to avoid side
effects related to COX inhibition. Although some of them
have been implicated to have anti-cancer effects, no data are
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experiments (¥p < 0.05 vs. control, **p < 0.01 vs. control). ¢ Darbufe-
lone induced activation of caspase-8, as shown by cleaved fragments
of casoase-8. d A time course of caspase-9, evaluated by western blot,
in H460 cells treated with darbufelone 60 uM. e Western blotting anal-
ysis of bcl-2 and Bax expression in H460 cells harvested at different
time points, in H460 cells treated with darbufelone 60 uM

available concerning the potential use of dual COX/5-LOX
inhibitors in lung cancer treatment up to date. In this regard,
we applied darbufelone, which was well tolerated [14, 15],
to observe its anticancer effect on lung cancers.

In the present study, we show for the first time that the
dual COX/5-LOX inhibitor darbufelone possesses an anti-
proliferation effect on human NSCLC cancer cell lines in
vitro and Lewis lung cancer mice model in vivo. We dem-
onstrated that this drug strongly decreased H460 viability in
a time- and dose-dependent manner. The decrease of cell
viability was associated with cell cycle arrest and apoptosis.

The findings are intriguing as different concentrations of
darbufelone exhibit different mechanism of cell growth
inhibition. When exposure to low concentration of darbufe-
lone (20 M), a GO/GI1 cell cycle arrest was induced
through up-regulation of p27, which is an important cancer
suppressor gene, while the mRNA level of p53 and p21 did
not change significantly. Up-regulation of p27 was associ-
ated with cell growth inhibition and GO/G1 phase arrest in
human NSCLC cell lines [16]. And it is reported that p27
was up-regulated in response to the COX-2 inhibitor
NS398 [17]. Therefore, it is reasonable to envision that
COX-2 inhibition induced by darbufelone treatment
increased the expression of p27 which afterwards resulted
in cell growth inhibition.
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Fig. 5 Darbufelone inhibits the tumor growth in vivo. a Inhibitory
effects of darbufelone on tumor volume in LLC-bearing mice over
time. Tumor volumes were measured every other day. Data are pre-
sented as mean £ SEM, n = 6 mice per group (¥p < 0.05 vs. control).
b Effect of darbufelone on tumor weight at the termination of experi-
ment on day 14. Data are presented as mean = SEM, n = 6 per group.
The statistically significant differences between control and sample
groups were calculated by the Student’s ¢ test (¥p < 0.05 vs. control).

When exposed to high dose of darbufelone, H460 cells
displayed the typical hallmarks of apoptosis, such as mem-
brane bleb formation, irregularly fragmented pycnotic
nuclei and caspase-3 activation. Investigations of apoptosis
pathway revealed caspase-8 cleavage but not caspase-9,
Bcl2, and Bax involved, suggesting that darbufelone-
induced apoptosis is related to the extrinsic pathway. How-
ever, further experiment is necessary to clarify the detailed
mechanism of apoptotic effect of darbufelone.

At last we used a mice model to verify the anti-tumor
effect of darbufelone in vivo. Consistent with the anti-cancer
effect in vitro, darbufelone treatment (80 mg/kg/day) signifi-
cantly inhibited the Lewis lung carcinoma growth by 30%.
As a new type of NSAIDs, darbufelone was proved to be a
stronger potent analgesic compared to indomethacin, SC-
51825 and NS-398. This relatively high dosage of darbufe-
lone is believed to not only inhibit the growth of cancer but
also alleviate the pain in cancer patients effectively; raising
the possibility that darbufelone can be used as an adjunct
with other anti-cancer agents in cancer chemotherapy.

NSCLC now accounts for approximately 75-85% of
lung cancer cases and more than 60-65% of patients are
diagnosed as having locally advanced or metastatic tumors
with dismal prognosis [18]. Unfortunately, a considerable

@ Springer

¢ Representative photomicrographs of proliferation detected by Ki-67
and tumor cell apoptosis detected by cleaved-caspase-3(c-Caspase-3).
The sections were detected as DAB substrate staining (brown) and
counterstained with Mayer’s hematoxylin solution. d Data are pre-
sented as mean = SEM, n = 6. Ki-67+ or c-caspase-3+ tumor cells
were quantified in six random fields (400x ). The statistically signifi-
cant differences between control and sample groups were calculated by
the Student’s ¢ test (*p < 0.05 vs. control, **p < 0.01 vs. control)

proportion of patients are not eligible for intensive chemo-
therapy because of age, performance status, or moribund
conditions. The present findings may have a potential clini-
cal meaning because administration of this kind of highly
selective enzyme inhibitor alone or as an adjunct with other
target-specific agents such as gefitinib (IRESSA®) may be
feasible and provide more possibilities for individualized
therapy without serious side effects in the future.

As we all know, COX-2 over-expression occurs not only
in the tumor cells but also in the tumor vasculature [19],
and inhibitors of COX-2 have anti-angiogenic activity [20].
Treatment with a selective COX-2 inhibitor celecoxib sup-
presses angiogenesis in mice model of lung cancer [21].
Meanwhile, inhibition of 5-LOX reduces production of leu-
kotriene B4 (LTB4), which stimulates the growth of a wide
range of human carcinomas. In addition, inhibition of
5-LOX was demonstrated to potently reduce production of
VEGEF. All of these findings indicate that a COX-2/5-LOX
dual inhibitor may present a potential anti-angiogenic effect
in chemotherapy [22]. Therefore, it will be interesting to
investigate whether the effects of darbufelone on host cells,
such as the inhibition of angiogenesis, can further enhance
its anticancer effects in combination with other anticancer
agents.
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In summary, our study shows for the first time that dar-
bufelone is able to induce cell cycle arrest, triggers apopto-
sis in lung cancer cells, and significantly inhibits lung
tumor growth in mice. As a new member of NSAIDs, the
dual COX/LOX-5 inhibitor darbufelone may represent a
novel and promising approach to lung cancer chemother-

apy.
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