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Inhibitory Effect of Bee Venom Toxin on Lung 
Cancer NCI H460 Cells Growth Through Induction of 

Apoptosis via Death Receptor Expressions※
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Department of Acupuncture & Moxibustion Medicine, College of Oriental Medicine, Gachon University

[Abstract]
Objectives : I investigated whether bee venom inhibit cell growth through enhancement of death 

receptor expressions in the human lung cancer cells, NCI-H460. 
Methods : Bee venom(1-5 μg/ml) inhibited the growth of NCI-H460 lung cancer cells by the 

induction of apoptotic cell death in a dose dependent manner. 
Results : Consistent with apoptotic cell death, expression of TNF-R1, TNF-R2, FAS, death receptors(DR) 

3, 4, 5 and 6 was increased in the cells. Expression of DR downstream pro-apoptotic proteins 
including Caspase-8, -3, -9 was upregulated and Bax was concomitantly overwhelmed the 
expression of Bcl-2. NF-kB were inhibited by treatment with bee venom in NCI-H460 cells 
through TNF response change led by TNF-R1 and TNF-R2. 

Conclusions : These results suggest that bee venom should exert anti-tumor effect through 
induction of apoptotic cell death in NCI-H460 human lung cancer cells via enhancement of 
death receptor expression, and that bee venom could be a promising agent for preventing and 
treating lung cancer. 
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Ⅰ. Introduction
The more aging population is increased, the higher 

lung cancer incidence rate becomes, which reaches 
about 30 % in patients over 70 years1,2). Small-cell 
lung cancer and non–small-cell lung cancer(NSCLC) 
is the most common type and it represents more than 
80 % of the lung cancer3).

This is regarded to be the major cause of cancer 
mortality in the whole world, because of its difficulty 
of early diagnosis and high potential to invade locally 
and metastasize to distant organs4,5).

The incidence of lung cancer in Republic of Korea 
accounted for 11 %, ranking 4th, and the mortality 
due to it continued to increase to rank 1st position in 
cancer mortality, 20086).

 Although there are many therapeutic strategies 
including multimodality therapy, concurrent chemo-
radiotherapy superior to radiotherapy or chemotherapy 
alone, high systemic toxicity and drug resistance prevent 
the successful outcomes and reveal their limitation in 
most cases7-9). 

 Therefore, developing novel alternatives for this 
malignancy is of great importance. Apoptosis, the 
programmed cell death plays critical role in 
anti-cancer effects of chemotherapeutics, which can 
be induced by various intracellular and extracellular 
stimuli via either an intrinsic or extrinsic pathway in 
different cells10,11). 

 In the extrinsic pathway, apoptosis is generally 
activated by death receptor(DR)s of tumor necrosis 
factor(TNF) family such as Fas, tumor necrosis factor 
receptor(TNFR)-1, TNFR-2, DR 3, DR 4, DR 5 and 
DR 6, which are implicated in various kinds of 
cancers12-19). 

 According to the several previous reports20-23), it 
is true that DR mediated apoptosis has emerged as an 
effective strategy for cancer therapy. However, 
certain types of cancer cells are intrinsically 
resistant to DR-mediated apoptosis. In an effort to 
identify agents that can sensitize NCI-H460 lung 
cancer cells to DR-induced apoptosis, I confirmed 
whether Bee Venom Toxin(BV) exerts anti-cancer 

activity as an effective sensitizer of DR-mediated 
apoptosis. 

Ⅱ. Materials and method
A. Materials
Bee venom was purchased from You-Miel Bee 

Venom Ltd(Hwasoon, Jeonnam, Korea). The composition 
of the bee venom was as follows: 45~50 % melittin, 
2.5~3 % mast cell degranulating peptide, 12 % 
phospholipase A2, 1 % lysophospholipase A, 1~1.5 % 
histidine, 4~5 % 6-pentyl a-pyrone lipids, 0.5 % 
secarpin, 0.1 % tertiapin, 0.1 % procamine, 1.5~2 % 
hyaluronidase, 2~3 % amine, 4~5 % carbohydrate, 
and 19~27 % of others, including protease inhibitor, 
glucosidase, invertase, acid phosphomonoesterase, dopa-
mine, norepinephrine, and unknown amino acids, 
with 99.5 % purity. all of the secondary antibodies such 
as Bax, Bcl-2, Caspase-3, -8, -9, Cleaved Caspase-3, 
-8, -9, TNF-R1, TNF-R2, FAS, DR 3, DR 4, DR 5 
and DR 6 used in western blot analysis were purchased 
from Santa Cruz Biotechnology(Santa Cruz, CA). T4 
polynucleotide kinase was obtained from Promega 
(Madison, WI). Poly(dI-dC), horseradish peroxidase- 
labeled donkey anti-rabbit secondary antibody, and 
ECL detection reagent were obtained from Amersham 
Pharmacia Biotech(Piscataway, NJ). Reagents for 
sodium dodecyl sulfate(SDS)–polyacrylamide gel elec-
trophoresis were purchased from Bio-Rad(Hercules, 
CA). 

B. Cell culture
The NCI-H460 lung cancer cell lines were purchased 

from the American Type Culture Collection(Manassas, 
VA). NCI-H460 cancer cells were cultured in RPMI- 
1640 medium supplemented with 10 % fetal bovine 
serum(FBS) and penicillin/streptomycin(100 U/ml). 
Cell cultures were then maintained at 37 ℃ in a 
humidified atmosphere with 5 % CO2.
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C. Cell viability assay
To determine the cell number, NCI-H460 lung 

cancer cells were plated in 24-well plates(5×104 
cells/well), and subconfluent cells were subsequently 
treated with bee venom(1, 2 and 5 μg/ml) for 24 hr. 
After treatment, cells were trypsinized and pelleted 
by centrifugation for 5 min at 1,500 rpm, 
resuspended in 5 ml of phosphate-buffered 
saline(PBS), and 0.1 ml of 0.2 % trypan blue was 
added to the cancer cell suspension in each of the 
solutions(0.9 ml each). Subsequently, a drop of 
suspension was placed into a Neubauer chamber and 
the living cancer cells were counted. Cells that 
showed signs of staining were considered to be dead, 
whereas those that excluded trypan blue were 
considered viable. Each assay was carried out in 
triplicate.

D. Western blot analysis
Cells were homogenized with lysis buffer(50 mM 

Tris, pH 8.0, 150 mM NaCl, 0.02 % NaN3, 0.2 % SDS, 
1 mM phenylmethylsulfonyl fluoride, 10 μg/ml aprotinin, 
1 % igapel 630 [Sigma], 10 mM NaF, 0.5 mM EDTA, 
0.1 mM EGTA, and 0.5 % sodium deoxycholate) and 
centrifuged at 23,000 g for 1 hour. Equal amounts 
of proteins(80 μg) were separated on SDS/12 %- 
polyacrylamide gels and then transferred to a nitro-
cellulose membrane(Hybond ECL; Amersham Pharmacia 
Biotech). Blots were blocked for 2 hours at room 
temperature with 5 %(w/v) nonfat dried milk in Tris 
buffered saline(10 mM Tris, pH 8.0, 150 mM NaCl) 
containing 0.05 % Tween 20. The membrane was 
incubated for 5 hours at room temperature with 
specific antibodies: rabbit polyclonal for caspase-3, 
cleaved caspase-3, caspase-8, cleaved caspase-8, 
caspase-9, cleaved caspase-9, TNF-R1, TNF-R2, 
fas, DR 3, DR 4, DR 5, DR 6(1 : 1,000 dilution, Cell 
Signaling Technology, Inc, Beverly, MA), Bcl-2, Bax, 
goat polyclonal antibody to p50, p65(1 : 500 dilution, 
Santa Cruz Biotechnology, Inc) and phospho-IkBa(1 : 
200, Santa Cruz Biotechnology, Inc). The blot was 

then incubated with the corresponding conjugated 
anti-rabbit and anti-mouse immunoglobulin G-horse-
radish peroxidase(1 : 2,000 dilutions, Santa Cruz 
Biotechnology, Inc). Immunoreactive proteins were 
detected with the ECL western blotting detection 
system.

E. Apoptosis evaluation
NCI-H460 lung cancer cells(2.5 × 105 cells/well) 

were cultured on 8-chamber slides. The cells were 
treated with bee venom(1, 2 and 5 μg/ml). The cells 
were washed twice with PBS and fixed by incubation 
in 4 % paraformaldehyde in PBS for 1 hr at room 
temperature. Membrane was permeabilized by exposure 
to 0.1 % Triton X-100 in phosphate-buffered saline 
for 5 min at room temperature. TdT-mediated dUTP 
nick and labeling(TUNEL) assays were performed by 
using the in situ Cell Death Detection Kit(Roche 
Diagnostics GmbH, Mannheim, Germany) according to 
the manufacturer’s instructions. For 4'-6-Diamidino- 
2-phenyl indole(DAPI) staining, slides were incubated 
for 15 min at room temperature in the dark with 
mounting medium for fluorescence containing DAPI 
(Vector Laboratories, Inc, Burlingame, CA). The cells 
were then observed through a fluorescence micro-
scope(Leica Microsystems AG, Wetzlar, Germany).

F. Preparation of nuclear extracts 
and electromobility shift assays

It was performed according to the manufacturer’s 
recommendations(Promega, Madison, WI). Briefly, 1 × 
106 cells/ml was washed twice with 1 × PBS, followed 
by the addition of 1 ml of PBS, and the cells were 
scraped into a cold Eppendorf tube. Cells were spun 
down at 15,000 g for 1 min, and the resulting 
supernatant was removed. Solution A(50 mM HEPES, 
pH 7.4, 10 mM KCl, 1 mM EDTA, 1 mM EGTA, 1 mM 
dithiothreitol, 0.1 μg/ml phenylmethyl- sulfonyl 
fluoride, 1 μg/ml pepstatin A, 1 μg/ml leupeptin, 
10 μg/ml soybean trypsin inhibitor, 10 μg/ml aprotinin, 
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and 0.5 % Nonidet P-40) was added to the pellet in a 
2 : 1 ratio(v/v) and allowed to incubate on ice for 
10 min. Solution C(solution A + 10 % glycerol and 
400 mM KCl) was added to the pellet in a 2 : 1 
ratio(v/v) and vortexed on ice for 20 min. The cells 
were centrifuged at 15,000 g for 7 min, and the 
resulting nuclear extract supernatant was collected in 
a chilled Eppendorf tube. Consensus oligonucleotides 
were end-labeled using T4 polynucleotide kinase and 
[g-32P] ATP for 10 min at 37 ℃. Gel shift reactions 
were assembled and allowed to incubate at room 
temperature for 10 min followed by the addition of 
1 μl(50,000~200,000 cpm) of 32P-labeled oligonu-
cleotide and another 20 min of incubation at room 
temperature. For supershift assays, nuclear extracts 
from cells treated with bee venom(1~5 μg/ml) were 
incubated with specific antibodies against the p50, 
p65, IkB and Rel-A NF-κB isoformsp-IkB for 1 hr 
before EMSA. For competition assays, nuclear extracts 
from cells treated with bee venom(1~5 μg/ml) were 
incubated with unlabelled NF-κB oligonuclaotide 
(50×, 100× and 200×) or labeled SP-1(100×) and 
AP-1(100×) for 30 min before EMSA. Subsequently 
1 μl of gel loading buffer was added to each reaction 
and loaded onto a 6 % nondenaturing gel and 
electrophoresed until the dye was three-fourths of 
the way down the gel. The gel was dried at 80 ℃ for 
1hr and exposed to film overnight at 70 ℃. The 
relative density of the DNA-protein binding bands 
was scanned by densitometry using MyImage(SLB, 
Seoul, Korea), and quantified by Labworks 4.0 
software(UVP Inc, Upland, California). 

G. Colony formation assay
Anchorage-independent growth was determined by 

colony formation using the soft-agar method which 
investigate every cell in a given population for its 
ability to undergo unlimited division and form colonies. 

Briefly, NCI-H460 cells(8×103 cells/ml) were suspended 
in 2 ml of 0.3 % agar containing basal medium Eagle’s 
agar containing 10 % FBS and colonies were then fed 
with growth media and bee venom(1, 2 or 5 μg/ml). 

Thereafter, the cultures were maintained at 37 ℃ in a 
5 % CO2 atmosphere for 2 weeks, and cell colonies >80 μm 
in diameter were scored.

H. Data analysis
The data were analyzed using the GraphPad Prism 

4 ver. 4.03 software(GraphPad Software, La Jolla, 
CA). Data are presented as mean±SD. The differences 
in all data were assessed by one-way analysis of 
variance(ANOVA). When the P value in the ANOVA 
test indicated statistical significance, the differences 
were assessed by the Dunnett’s test. A value of 
p<0.05 was considered to be statistically significant.

Ⅲ. Results
A. Effect of bee venom on cell growth 

in NCI-H460 lung cancer cells
To assess the inhibitory effect of bee venom on cell 

growth of lung cancer NCI-H460 cells, we analyzed 
cell viability by direct cell counting. The cells were 
treated with several concentrations of bee venom(1, 
2, and 5 μg/ml) for 24 hr. As shown in Fig. 1, bee 
venom inhibited cell proliferation of lung cancer cells 
in a concentration-dependent manner. Twenty-four 
hour treatment of bee venom inhibited NCI-H460 cell 
growth with IC50 value of 3.14 μg/ml(Fig. 1). 
Morphologic observation showed that the cells were 
gradually reduced in size and changed into a small 
round single cell shape by the treatment of 5 μg/ml 
of bee venom in NCI-H460 cells(Fig. 1).

B. Apoptotic cell death by bee venom 
in NCI-H460 lung cancer cells 

To determine the inhibition of cell growth by bee 
venom was due to the induction of apoptotic cell 
death, we evaluated the changes in the chromatin 
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Fig. 1 Effect of bee venom on cell viability in 
NCI-H460 lung cancer cells  
Concentration-dependent effect of bee venom was shown on 
the cell viability assay in lung cancer NCI-H460 cells. After 
treatment of bee venom(1, 2 and 5 μg/ml) for 24 hr, the cells 
were harvested by trypsinization and stained with 0.2 % 
trypan blue. Relative cell survival rate was determined by 
counting live and dead cells. The results were expressed as 
a percentage of viable cells. Morphologic observation with 
the treatment of bee venom in NCI-H460 cells. Columns, 
means of three experiments, with triplicates of each 
experiment; bars, SD. 
* : p<0.05, significantly different from untreated control cells.

morphology of cells by using DAPI staining followed by 
TUNEL staining assays, and then the double labeled cells 
were analyzed by fluorescence microscope. Conversely 
well with cell growth inhibition, DAPI-stained 
TUNEL-positive cells were significantly increased in 
bee venom treated cells concentration dependently. The 
treatment of bee venom(5 μg/ml) resulted in about 50 % 
induction of apoptotic cell death in NCI-H460 lung 
cancer cells(Fig. 2).  

C. Expression of death 
receptors(DRs) in NCI-H460 lung 
cancer cells by bee venom 

Apoptosis can be induced by stimulation of DRs 
expression. Therefore, to investigate expression of 
DRs in cancer cells undergoing apoptotic cell death, 
we performed western blot analysis. The Results 

Fig. 2 Effect of bee venom on apoptotic cell 
death
The lung cancer cells, NCI-H460 were treated with bee 
venom(1,2 and 5 μg/ml) for 24 hr, and then labeled with 
DAPI and TUNEL solution. Total number of cells in a given area 
was determined by using DAPI nuclear staining (fluorescent 
microscope). The green color in the fixed cells marks TUNEL- 
labeled cells. The apoptotic index was determined as the 
DAPI-stained TUNEL-positive cell number/total DAPI stained 
cell number(magnification, 200x). Columns, means of three 
experiments, with triplicates of each experiment; bars, SD. 
* : p<0.05, significantly different from bee venom-untreated 
control cells.

showed that bee venom treatment increased TNF-R1, 
TNF-R2, FAS, DR 3, DR 4, DR 5 and DR 6 expres-
sions in NCI-H460 cells(Fig. 3). 

D. Effect of bee venom on the 
expression of apoptotic 
regulatory proteins in NCI-H460 
lung cancer cells 

 
To investigate the relationship between the induc-

tion of apoptotic cell death and increase of DR expres-
sion, and the expression of their regulatory proteins 
by bee venom, expression of apoptotic cell death 
related proteins was investigated by western blots. The 
expression of pro-apoptotic proteins overwhelmed anti- 
apoptotic protein: Bcl-2 was decreased. However, 
Bax, caspase-3, -8, -9, cleaved form of caspase-3, 
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Fig. 3. Effect of bee venom on death recptors 
expression in NCI-H460 lung cancer cells
Cells were treated with bee venom(1, 2, and 5 μg/ml) for 24 
hr, and examined for expressions of TNF-R1, TNF-R2, FAS, 
DR 3, DR 4, DR 5, DR 6 by western blot analysis. β-actin 
was used as an control. Each band is representative for 
three experiments.

Fig. 4 Effect of bee venom on the expression 
of apoptosis regulatory proteins
Expression of apoptosis regulatory proteins was determined 
using western blot analysis. The NCI-H460 lung cancer 
cells were treated with different concentrations of bee 
venom(1, 2, and 5 μg/ml) for 24 hr. Equal amounts of total 
proteins(50 μg/lane) were subjected to 12 % or 8 % 
SDS-PAGE. Expression of Caspase-3, Caspase-8, Caspase-9, 
Cleaved Caspase-3,-8,-9, Bax, Bcl-2, and β-actin were 
detected by western blotting using specific antibodies. β
-actin protein here was used as an internal control. Each 
band is representative for three experiments.

-8 and -9 was increased by treatment of bee venom in a 
concentration dependent manner(Fig. 4).

Fig. 5 Inhibition of NF-κB in lung cancer 
NCI-H460 cells by bee venom
Activation of NF-κB was determined by electrophoretic 
mobility shift assay(EMSA), as described in Materials and 
Methods. Nuclear extracts from lung cancer NCI-H460 cells 
with bee venom(1, 2, 5 μg/ml) were incubated in binding 
reactions of 32P-labeled oligonucleotide containing the B 
sequence. NF-κB DNA binding activity was determined by 
EMSA. Equal amounts of total proteins(50 μg/lane) were 
subjected to 12 % or 8 % SDS-PAGE. Expression of p50, 
p65, IkB, p-IkB and β-actin were detected by western 
blotting using specific antibodies. β-actin protein here was 
used as an internal control. Each band is representative for 
three experiments.

E. Inhibition of NF-kB 
NF-κB is known to inhibitory transcription factor 

of apoptosis. Whether to prevent anti-apoptotic 
ability of NF-κB is crucial for a agent causing 
cancer cells go apoptosis. To determine the effect of 
bee venom on the growth of lung cancer NCI-H460 
cells through apoptosis, I assessed NF-κB activity in 
the cells treated for different concentration with for 
24 hr bee venom by EMSA and observed NF-κB 
signal molecules in the cells by western blot analysis. 
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NF-κB was highly activated in this cell. However, 
the activation of NF-κB and its signal molecules 
were concentration-dependently decreased by the 
culture in the presence of bee venom in the cells(Fig. 5). 

F. Effect of bee venom on the 
colony formation of lung cancer 
NCI-H460 cells

To determine the sensitivity of bee venom to lung 
cancer NCI-H460 cells, I next studied the ability of 
these 4 cell lines to form colonies on 6-well cell 
culture plates in the presence or absence of bee 
venom for 3 weeks. The number of colonies formed 
was reduced in a dose dependent manner, as shown in 
Fig. 6. At the highest concentration of bee venom(5 μg/ml), 
colony formation was reduced over 90 % as compared 
to the untreated controls.

 

Fig. 6 Effect of bee venom on the colony 
formation of NCI-H460 lung cancer cells
NCI-H460 cells(8×103 cells/ml) were suspended in 2 ml of 
0.3 % agar containing basal medium Eagle’s agar containing 
10 % FBS and colonies were then fed with growth media and 
bee venom(1, 2 or 5μg/ml ). Thereafter, the cultures were 
maintained at 37 ℃ in a 5 % CO2 atmosphere for 2 weeks, 
and cell colonies > 80 μm in diameter were scored. 
Columns, means of three experiments, with triplicates of 
each experiment; bars, SD. 
* : p<0.05, significantly different from untreated control cells.

Ⅳ. Discussion
Apoptosis, a programmed cell death can be induced 

by signaling the intrinsic mitochondrial mediated 
pathway or the extrinsic death receptor–related 
pathway, and interplay between these two 

pathways24). Intrinsic pathway is majorly dependent 
upon mitochodrial membrane permeability, which is 
loosened by overwhelming Bax over Bcl-2, initiating 
subsequent intrinsic apoptosis including cytochrome c 
release from mitochondria, caspase-9 and -3 
activation25-29). Meanwhile, extrinsic pathway is 
triggered by the binding of a DR to its ligands at the 
characteristic death domain(DD) including DR 1 to 
TNF ; DR 2 to FasL ; DR 3 to Apo3L ; DR 4 and DR5 
to the tumor necrosis factor(TNF)-related apoptosis- 
inducing ligand(TRAIL, Apo2L), activating the 
initiator caspases such as caspase 8 and/or caspase 
10 and affecting the intrinsic pathway as well30,31). 

Several studies paid more attention to the extrinsic 
apoptotic pathway. Fucoidan induced apoptosis of 
HT-29 and HCT116 human colon cancer cells through 
enhanced expression of DRs20). α-tocopherol ether- 
linked acetic acid(a-TEA) induced apoptotic cell 
death via activation of Fas, DR 5 and Fas-associated 
protein with death domain(FADD) in human breast 
cancer cells21). Flavokawain B induced apoptosis via 
enhancing DR 5 expression in prostate cancer cell 
line22). Celastrol also enhanced anti- cancer effect of 
TNF-related apoptosis-inducing ligand(TRAIL)/Apo-2L 
via upregulation of DR 4 and DR 5 expression in 
human ovarian and colon cancer cells23). In addition, 
(E)-2,4-bis(p-hydroxyphenyl)-2-butenal diacetate 
exerted anticancer activity via inducing DR-mediated 
apoptosis in the lung cancer32). 

From the above reports, targeting DR-mediated 
apoptosis has emerged as an effective strategy for 
cancer therapy. However, certain types of cancer cells 
are intrinsically resistant to DR-mediated apoptosis. 

Therefor, in the present study, I found that the 
treatment of bee venom resulted in about 50 % 
induction of apoptotic cell death in NCI-H460 lung 
cancer cells(Fig. 2) and that bee venom subsequently 
increased expression of proapoptotic caspase-8 as 
well as caspase-9, -3(Fig. 4) via increase of Bax/Bcl-2 
ratio and upregulation of the expression of FAS, DR 
3, DR 4 DR 5 and DR 6(Fig. 3).

From the above, I confirmed that bee venom acts as 
an effective sensitizer of DR-mediated and mito-
chondria-mediated apoptosis in NCI-H460 lung cancer 
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cells to DR-induced and intrinsic one as well, 
implying that bee venom exerts anti-proliferative 
influence upon in NCI-H460 human lung cancer cells 
via induction of intrinsic and extricsic apoptosis 
concomitantly. 

TNF is a major mediator of carcinogenesis as well 
as inflammation33), which involves activation of an 
inflammatory or anti- apoptotic transcription factor 
NF-κB as its strong initiator , binding to TNF-R1 
and TNF-R2, members of the TNF receptor super-
family with rich cysteine residues in their extra-
cellular regions34-36). Although mostly, TNF-R1 plays 
major roles in regulating common TNF responses like 
cytotoxicity and proliferation through activation of 
NF-κB37,38), it is also true that in some cell types, 
TNF-R2 can independently mediate similar cellular 
responses like it39-41). Among the participation of the 
two above receptors in the intracellular TNF 
responses, their involving molecular mechanisms 
underlying intracellular events of apoptosis in the 
various cancers brings more attention42,43). 

In this study, both TNF-R1 and TNF-R2 of TNF 
receptor superfamilies were generally increased in 
their expressions together, compared to control(Fig. 3), 
inconsistent with the previous report44) that expres-
sion of TNF-R1 was selectively enhanced by bee venom 
with little change of TNF-R2 in A549 lung cancer 
cells. However, activity of NF-κB was highly down 
regulated by bee venom in NCI-H460 lung cancer 
cells(Fig. 5) consistent with it. Taken together, it 
was suggested that bee venom should inhibit 
proliferation of NCI-H460 lung cancer cells through 
initiation of bilateral apoptosis via affection of TNF-R1 
and TNF-R2 regulating TNF response resulting in 
upregulation of caspase family and concomitant 
downregulation of NF-kB. In the colony formation of 
NCI-H460 lung cancer cells to bee venom, it was 
additionally reconfirmed that bee venom inhibited 
over 90 % of colony formation of them, implying that 
bee venom deter the growth of them(Fig. 6). 

Consequently, although further studies are needed 
to substantiate my investigation concretely, these 
present data provide that bee venom could be one of 
alternatives to enhance tumor growth inhibiting 

ability of chemotherapeutics through overcoming the 
resistance in NCI-H460 human lung cancer via initiation 
of DR mediated apoptosis as well as mitichondrial 
mediated one. 
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