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Introduction

	 NF-κB was discovered by Sen and Baltimore in 
1986 as a factor in the nucleus of B cells that binds to 
the enhancer of the kappa light chain of immunoglobulin 
(Sen et al., 1986). It has since been shown to be expressed 
ubiquitously in the cytoplasm of all cell types, from 
Drosophila to man. It translocates to the nucleus only 
when activated, where it regulates the expression of over 
200 immune, growth, and inflammation genes. Most 
carcinogens and tumor promoters activate NF-κB, whereas 
chemopreventive agents suppress it, suggesting a strong 
linkage with cancer (Jana et al., 2012). Paradoxically most 
agents, including cytokines, chemotherapeutic agents, 
and radiation, that induce apoptosis also activate NF-κB 
(Wang et al., 2012), indicating that NF-κB is a part of 
the cells’ autodefense mechanism and thus may mediate 
desensitization, chemoresistance, and radioresistance 
(Aggarwal et al., 2011).
	 NF-κB belongs to a family of transcription factors 
with Rel homology and include Rel A (also called p65), 
Rel B, c-Rel, p50 (also called NF-κB1), and p52 (also 
called NF-κB2). Similarly, a family of anchorin-domain 
containing proteins—IκBα, IκBβ, IκBγ, IκBαε, bcl-3, 
p105, and p100—keep NF-κB in its inactive state within 
the cytoplasm. In the cytoplasm, the predominant form of 
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Abstract

	 Resistance to apoptosis is a major obstacle preventing effective therapy for malignancies. Bcl-2 plays a 
significant role in inhibiting apoptosis. We reconstructed a stable human Bcl-2 transfected cell line, BIU87-
Bcl-2, that was derived from the transfection of human bladder carcinoma cell line BIU87 with a plasmid vector 
containing recombinant Bcl-2 [pcDNA3.1(+)-Bcl-2]. A cell line transfected with the plasmid alone [pcDNA3.1(+)-
neo] was also established as a control. BIU87 and BIU87-neo proved sensitive to adriamycin induced apoptosis, 
while BIU87-Bcl-2 was more resistant. In view of the growing evidence that NF-κB may play an important role 
in regulating apoptosis, we determined whether Bcl-2 could modulate the activity of NF-κB in bladder carcinoma 
cells. Stimulation of BIU87, BIU87-neo and BIU87-Bcl-2 with ADR resulted in an increase expression of NF-κB 
(p<0.001). The expression of NF-κB in BIU87-Bcl-2 was higher than in the other two cases, with a concomitant 
reduction in the IκBκ protein level. These results suggest that the overexpression of Bcl-2 renders human bladder 
carcinoma cells resistant to adriamycin -induced cytotoxicity and there is a link between Bcl-2 and the NF-κB 
signaling pathway in the suppression of apoptosis.
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NF-κB consists of a heterotrimer of p50, p65, and IκBα. 
The phosphorylation, ubiquitination, and degradation 
of IκBα releases the p50-p65 heterodimer, which then 
translocates to the nucleus and binds its specific 10 base 
pair consensus site GGGPuNNPyPyCC (Fenollar-Ferrer 
et al., 2012).
	 NF-κB is constitutively active in most tumor cell 
lines, whether derived from hematopoietic tumors 
or solid tumors (Fang et al., 2011; Yang et al, 2012). 
Suppression of NF-κB in these tumor samples inhibits 
proliferation, causes cell cycle arrest, and leads to 
apoptosis (Hu et al., 2012), indicating the crucial role of 
NF-κB in cell proliferation and survival. What causes 
the constitutive activation of NF-κB in tumor cells is 
incompletely understood. Mutation of IκBα, enhanced 
proteosomal activity (Hochrainer et al., 2012), or enhanced 
inflammatory cytokine expression have all been cited 
(Harikumar et al., 2009). 
	 Treatment of cells with various NF-κB-inducing agents 
results in phosphorylation of IκB or p105 (Kar et al., 
2011). Anthracycline anticancer drugs, such as adriamycin 
were reported to be potent activators of NF-κB (Sims et al., 
2013). Adriamycin allows rapid nuclear translocation of 
NF-κB through degradation of IκB-inhibitory cytoplasmic 
retention proteins (Lemmon et al., 2011).
	 Although the mechanisms that govern apoptosis in 
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bladder carcinoma cells remain poorly defined, there 
is evidence that the bcl-2 gene product may play a 
critical role in this process. The Bcl-2 gene encodes a 
26-kDa membrane associated protein that was initially 
shown to inhibit cell death induced by IL-3 deprivation 
(Calviño et al., 2011) and various other stimuli, 
including chemotherapeutic agents and heat shock 
(Shelton et al., 2009) Biochemical and genetic evidence 
indicates that Bcl-2 blocked most forms of apoptosis by 
preventing mitochondrial changes, such as the release of 
cytochrome c and an apoptosis-inducing factor from the 
intermembrane space into the cytoplasm (Choi et al., 2012; 
Werneburg et al., 2012). Since NF-κB has been suggested 
to play a beneficent role in preventing apoptosis provoked 
under certain conditions, we ascertained whether Bcl-2 
modulates the activity of NF-κB in bladder carcinoma 
cells.

Materials and Methods

Cell lines and culture conditions
	 BIU87 cells were cultured in RPMI 1640 (GIBCO, 
NY, USA) containing 10% fetal calf serum (GIBCO, NY, 
USA), 100 IU/ml of penicillin (GIBCO, NY, USA) and 
100 mg/ml of streptomycin (GIBCO, NY, USA). The cells 
were cultured at 37 ℃ in a humidified atmosphere with 
5% CO2. The medium was changed two to three times a 
week. Transfectant cells were cultured in the same manner.

Establishment of stable clones expressing human Bcl-2 
by plasmid transfection
	 A Bcl-2-expressing plasmid [pcDNA3.1(+)-Bcl-2] was 
prepared using the standard recombinant DNA methods. 
Briefly, the 847-bp cDNA carrying the entire protein coding 
sequence of bcl-2 was inserted at the EcoR I and Xho I 
site of the plasmid pcDNA3.1(+)/neo. The transfection of 
the expression vector pcDNA3.1(+)-Bcl-2 to the BIU87 
cell line was performed by a lipofection method using 
Lipofectamine 2000 (Invitrogen, MA, USA). G418 (400 
μg/ml)-resistant transformant was obtained from the cell 
line, and stable monoclonal transformant expressing the 
human Bcl-2 were selected by western blot analysis. 
BIU87 cell transformant expressing the highest Bcl-2 
levels were selected and designated as BIU87-Bcl-2. 
BIU87 cell line was also transfected with plasmid vector 
pcDNA3.1(+)-neo carrying a G418 antibiotic resistance 
gene (neomycin), BIU87-neo.

Detection of Bcl-2 by Western blot analysis 
	 Western blot was carried out as previously described 
(Zhang et al, 2012). Aliquots of total protein extracts 
from the different transfectant cells were suspended in 
0.1 M Tris-HCl buffer, pH 7.0, containing 1% sodium 
dodecyl sulphate (SDS), 0.05% β-mercaptoethanol, 2.5% 
glycerol, 0.001% bromophenol blue, boiled for 3 min and 
subsequently size fractionated by 12% SDS-PAGE. The 
gel was electroblotted 2 huors onto nitrocellulose paper at 
50 V and the bands revealed by a monoclonal anti-human 
Bcl-2 antibody and anti-human GAPDH antibody (Santa 
Cruz, USA) and a horseradish peroxidase-conjugated 
goat anti-rabbit IgG (Bio-Rad, Cambridge, MA) as the 

secondary antibody. The proteins were detected using an 
ECL detection system (Pierce, Rockford, IL), as directed 
by the manufacturer. The EC3 Imaging System (UVP Inc., 
PA, USA) was used to catch up the specific bands, and the 
optical density of each band was measured using Image J 
software.

Cell viability assay
	 BIU87, BIU87-neo and BIU87-Bcl-2 cells were 
suspended at a concentration of 1.0×105 cells per ml in 
medium, and 0.1 ml of the cell suspension was dispensed 
into 96-well plates. After 24 hours, the cells were treated 
with adriamycin (Pharmacia Chemical Co., Italian) at 
concentrations of 0, 6.25, 12.5, 25, 50 or 100μg/ml for 24 
hours. The cells were incubated with 10μl of 5mg/ml MTT 
[3-(4, 5-dimethylthiazolyl-2)-2, 5-diphenyltetrazolium 
bromide] reagent per well for 4 hours and then were 
dissolved in 100μl dimethyl sulphoxide. The cell viability 
could be quantified by spectrophotometric means.

Detection of apoptosis
	 BIU87, BIU87-neo and BIU87-Bcl-2 cells (5×105) 
were cultured in culture flask for 48 hours and then were 
treated with adriamycin at concentrations of 0, 6.25, 12.5 
or 25 μg/ml for 24 hours. The cells were then harvested, 
washed with phosphate buffered saline (PBS), fixed in 
1ml of iced 70% ethanol at 4°C. After being left to stand 
overnight, the cell pellets were collected by centrifugation, 
resuspended in 3 ml of PBS. Next, 500μl of propidium 
iodide solution (containing 5% propidium iodide, 2% 
RNase, 1% Triton X-100, 100% natrium citricum) was 
added and incubated at 4°C for 30 min. Fluorescence 
emitted from the propidium iodide-DNA complex was 
quantitated after excitation of the fluorescent dye by 
FACScan cytometry (Becton Dickinson, San Jose, CA).

Detection of NFκB activation
	 BIU87, BIU87-neo and BIU87-Bcl-2 cells (5×105) 
were cultured in culture flask for 48 hours and then were 
treated with adriamycin at concentrations of 12.5 μg/ml 
for 24 hours. 5×106 cells, treated or not, were washed 
twice in cold PBS and centrifuged (2 min, 4000 rpm, 4 
°C). The pellet was resuspended in 250μl of hypotonic 
buffer A (10 mM Hepes, pH 7.9, 10 mM KCl, 1.5 mM 
MgCl2, 0.5 mM DTT, 0.2 mM PMSF, aprotinin 1 μg/ml) 
and centrifuged (2 min, 4000 rpm, 4 °C). Then, pelleted 
cells were resuspended in 300 μl of hypotonic buffer 
and incubated on ice for 15 min, 40 μl of NP-40 solution 
was added, and the cells were vigorously mixed for 10 
s and centrifuged (30 s, 15,000 rpm, RT). The cytosolic 
supernatants were harvested and stored at -80°C in aliquots 
for later use. Pelleted nuclei were suspended in 40μl of 
hypertonic buffer B (10 mM Hepes, pH 7.9, 50 mM KCl, 
300 mM NaCl, 0.1 mM EDTA, 0.5 mM DTT, 0.2 mM 
PMSF, 10% (v/v) glycerol, aprotinin 1μg/ml), incubated 
for 30 min on ice, mixed for 10 s, and centrifuged for 
10 min at 15,000 rpm at 4 °C. The supernatants that 
contained nuclear proteins were harvested and stored at 
-80 °C in aliquots for later use. Protein concentrations 
were determined with phenol reagent method. Cells 
extracts (30 μg) were resolved by electrophoresis in a 10% 
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Figure 1. Expressions of Bcl-2 in BIU-87. Band intensities 
indicated expression level of Bcl-2 in BIU-87, BIU-87-neo and 
BIU-87-Bcl-2 cells. GAPDH used as a loading control to assure 
equal amounts of protein in all lanes. 1. BIU-87 group; 2. BIU-
87-neo group; 3. BIU-87-Bcl-2 group

Figure 2. Proliferation of BIU-87 was Inhibited by 
Adriamycin. The BIU-87 cell proliferation was inhibited on 
dose-dependent correlation with the increasing concentration 
of adriamycin

Figure 3. Apoptosis of BIU-87 was Increased by 
Adriamycin. The BIU-87 cell apoptosis was increased on 
dose-dependent correlation with the increasing concentration 
of adriamycin

SDS–polyacrylamide gel. Proteins were transferred to a 
nitrocellulose membrane, immunoblotted with polyclonal 
anti-IκBα, anti-p50, or anti-p65 antibodies (Santa Cruz, 
USA), and visualized by horseradish peroxidase detection 
reagent.

Statistical analysis
	 Results are representative of three separate experiments. 
One-way ANOVA with a Neuman–Keuls post hoc 
comparison was used for statistical significance, with p 
< 0.05.

Results 

Expression of Bcl-2 in BIU87, BIU87-neo and BIU87-
Bcl-2
	 After transfection of BIU87 cells with pcDNA3.1(+)-
Bcl-2, we selected a stable monoclonal Bcl-2 transfectant 
from the G418-resistant cells by Western blotting using a 
highly specific anti-human Bcl-2 antibody and established 
the monoclonal cell line BIU87-Bcl-2. Western blot 
analysis of Bcl-2 expression in the BIU87 (parent), 
control vector (pcDNA3.1(+)-neo), and Bcl-2 vector 
(pcDNA3.1(+)-2) transfected cells is shown in Figure 1 
and confirmed very high level expression of the protein 
in the latter. Western blot analysis also revealed that 
endogenous Bcl-2 was expressed in BIU87 cells, and in 
BIU87-neo cells, the Bcl-2 expression was similar to that 
in BIU87 cells.

Effect of adriamycin treatment on the viability of the 
transfected cell lines
	 To examine whether Bcl-2 over-expression decreases 

sensibility of adriamycin on BIU87, we examined the 
viability rate of BIU87, BIU87-neo and BIU87-Bcl-2 cell 
line after adriamycin treatment for 24 hours. Although 
BIU87 and BIU87-neo cells expressed a substantial 
amount of Bcl-2, the viability of them all decreased 
after the treatment with 6.25, 12.5, 25, 50 or 100μg/ml 
of adriamycin for 24 hours; and the degree of decrease 
increased with the raising of the concentration of 
adriamycin. The similar result could be seen on BIU87-
Bcl-2 cell line. The viability rate of BIU87-Bcl-2 cell 
line after adriamycin treatment was higher than BIU87 
and BIU87-neo cell line, and there is no significant 
difference between the latter two cell line (Figure 2). The 
results indicated that Bcl-2 over-expression can decrease 
sensibility of on BIU87 to adriamycin.

Bcl-2 inhibits adriamycin-mediated apoptosis
	 To investigate the effect of Bcl-2 on adriamycin-
mediated apoptosis, BIU87, BIU87-neo and BIU87-Bcl-2 
cell lines were treated with adriamycin at concentrations 
of 0, 6.25, 12.5 or 25 μg/ml for 24 hours. Two established 
criteria were subsequently used to assess apoptosis in our 
system. Apoptosis in the three cell line was determined 
using flow cytometric analysis to detect hypodiploid cell 
populations. Flow cytometric determination of the DNA 
content of control and adriamycin treated propidium 
iodide (PI)-stained BIU87, BIU87-neo and BIU87-
Bcl-2 cells . The results show that with the raising of 
the concentration of adriamycin the apoptosis rates were 
added in the three cell lines. When be treated by the same 
concentration of adriamycin, the apoptosis rate of BIU87-
Bcl-2 cell line was lower than the other two ones (Figure 
3). The results indicated that Bcl-2 over-expression can 

Figure 4. Expressions of IκBα in BIU-87. Band intensities 
indicated expression level of IκBα in BIU-87, BIU-87-neo and 
BIU-87-Bcl-2 cells. GAPDH used as a loading control to assure 
equal amounts of protein in all lanes. 1. BIU-87 group; 2. BIU-
87-neo group; 3. BIU-87-Bcl-2 group
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inhibit adriamycin-induced BIU87 apoptosis.

Bcl-2 can enhance NF-κB activation
	 Since degradation of the inhibitory subunit IκB is a 
common key event in the activation of NF-κB by diverse 
stimuli, the effect of adriamycin on IκBα levels in BIU87, 
BIU87-neo and BIU87-Bcl-2 cell lines was examined. 
Protein extracts of the three cells were subjected to 
Western blot analysis and probed with a rabbit antibody 
directed toward IκBα/MAD-3. As shown in Figure 4, 
IκBα level was suppressed slightly but not significantly 
in BIU87-Bcl-2 cells compared with the other two ones. 
After be treated with 12.5 μg/ml of adriamycin, IκBα 
levels were all decreased in the three cells, and IκBα 
levels were profoundly suppressed in BIU87-Bcl-2 cells 
expressing Bcl-2 compared with the other two cells 
(Figure 5A). These data suggest that in these BIU87 
cells, the NF-κB activation by can be explained by IκBα 
degradation (Figure 5B). Interestingly this effect was more 
obvious in BIU87-Bcl-2 cells indicated Bcl-2 can enhance 
the activation of NF-κB.

Discussion

In this paper, we investigated whether Bcl-2 
overexpression affects the sensitivity of the BIU87 cell 
line to adriamycin. The results obtained using Bcl-2-
overexpressing clone derived by transfecting Bcl-2 cDNA 
to the BIU-87 human bladder cancer cell line, expressing 
the Bcl-2 protein, demonstrated that Bcl-2 overexpression 
played a key role in modulating drug sensitivity. When 
high level of Bcl-2 was expressed in BIU87 cells, we 
found that the cell line became resistant to the adriamycin-
induced cellular toxicity. However, BIU87 and BIU87-
neo cells remained sensitive to adriamycin although 
Bcl-2 expression was observed in them. These findings 
suggested that Bcl-2 expression level was important for 
the prevention of doxorubicin-induced apoptosis in BIU87 
cell lines. 

Many chemotherapeutic drugs are reported to induce 

apoptosis in cancer cells (Nam et al., 2007; Mulvey et 
al., 2011). In our study, we demonstrated that adriamycin 
could cause BIU87 cells apoptosis, which confirmed by PI 
staining. We also found that with the raising of adriamycin 
concentration (raising from 6.25 μg/ml to 25μg/ml), the 
apoptosis rates of BIU87, BIU87-neo and BIU87-Bcl-2 
were raising. The proto-oncogene Bcl-2 prevents apoptotic 
cell death induced by various treatments, including 
chemotherapy (Kelkel et al., 2012; Otterson et al., 2012). 
Takahashi et al. (2003) had examined the role of Bcl-2 on 
doxorubicin-induced apoptosis of human liver cancer cells; 
they found that although Bcl-2 transfectants were resistant 
to the drug-induced apoptosis, Bcl-2 overexpression did 
not affect doxorubicin-induced growth suppression. These 
results suggested that the overexpression of Bcl-2 rendered 
human BIU87 cells resistant to adriamycin-induced 
cytotoxicity. To examine this anti-apoptotic effect of the 
Bcl-2 protein, we over-expressed the human bcl-2 gene 
in human bladder carcinoma cell line BIU87. When high 
level of Bcl-2 was expressed in BIU87 cells, we found that 
the cell line became resistant to the adriamycin-induced 
cellular apoptosis.

Recently, increasing evidence supports the role of 
NF-κB in regulation of antiapoptotic gene expression and 
promotion of cell survival (Oh et al., 2012). Since that 
Bcl-2 has been shown to prevent apoptotic cell death in 
BIU87 cells, we ascertained whether Bcl-2 might enhance 
the activation of NF-κB. Western blot analysis of protein 
extract prepared from BIU87-Bcl-2 cells which over-
expressing Bcl-2 displayed a significant increase in the 
activity of NF-κB compared with uninfected control cells 
or those infected with a control plasmid. 

Since NF-κB activity is largely governed by IκBα, 
which sequesters NF-κB in the cytoplasm, we determined 
whether the observed increase in nuclear NF-κB binding 
activity is related to decrease IκBα protein content. Protein 
extracts of BIU87 cell were subjected to western blot 
analysis and probed with a rabbit antibody directed toward 
IκBα. IκBα levels were profoundly suppressed in BIU87/
Bcl-2 cells compared with BIU87 or BIU87/neo cells. 
These observations suggested that the increased NF-κB 
expression in BIU87/Bcl-2 cell may be a consequence of 
the enhanced degradation of IκBα, and Bcl-2 activated 
the transcription factor NF-κB through the degradation of 
the cytoplasmic inhibitor IκBα.

The mechanism by which Bcl-2 leaded to the 
activation of NF-κB was unknown but might be related 
to inactivation of cytoplasmic inhibitor protein IκBα. It 
is tempting to speculate that Bcl-2 may modulate IκBα 
by interacting with a variety of cellular proteins including 
calcineurin, Raf-1, Bag-1, Bax, and others that either 
directly or indirectly activate NF-κB (Bose et al., 2009; 
Nakamura-Yanagidaira et al., 2011). Alternatively, Bcl-
2 may influence NF-κB by altering the activity of IkB 
kinases (Anchoori et al., 2010).

Although a direct requirement for activation of NF-
κB for suppression of apoptosis by Bcl-2 was not proven, 
our data nevertheless suggest a tentative link between 
Bcl-2 and the NF-κB signaling pathway for rescue from 
apoptosis.

Figure 5. Expressions of IκBα and NF-κB in BIU-87 
with Adriamycin. Band intensities indicated expression level 
of IκBα (A) and NF-κB (B) in BIU-87, BIU-87-neo and BIU-
87-Bcl-2 cells with or without adriamycin. GAPDH used as a 
loading control to assure equal amounts of protein in all lanes. 1. 
BIU-87 group; 2. BIU-87 with adriamycin group; 3. BIU-87-neo 
group; 4. BIU-87-neo with adriamycin group; 5. BIU-87-Bcl-2 
group; 6. BIU-87-Bcl-2 with adriamycin group

A

B



Asian Pacific Journal of Cancer Prevention, Vol 14, 2013 2391

DOI:http://dx.doi.org/10.7314/APJCP.2013.14.4.2387 
Effects of Bcl-2 on Apoptosis and NF-kB Activation by Adriamycin in Bladder Carcinoma BIU87 Cells

References

Aggarwal BB, Sung B (2011). NF-κB in cancer: a matter of life 
and death. Cancer Discov, 1, 469-71. 

Anchoori RK, Harikumar KB, Batchu VR, et al (2010). 
Inhibition of IkB kinase and NF-kappaB by a novel synthetic 
compound SK 2009. Bioorg Med Chem, 18, 229-35.

Bose JS, Gangan V, Jain SK, et al (2009). Novel caffeic acid 
ester derivative induces apoptosis by expressing FasL and 
downregulating NF-KappaB: Potentiation of cell death 
mediated by chemotherapeutic agents. J Cell Physiol, 218, 
653-62.

Calviño E, Pajuelo L, Casas JA, et al (2011). Cytotoxic action of 
Ganoderma lucidum on interleukin-3 dependent lymphoma 
DA-1 cells: involvement of apoptosis proteins. Phytother 
Res, 25, 25-32.

Choi JJ, Kwon OK, Oh SR, et al (2012). The effect of 
isolancifolide on the apoptosis in HL-60 cells through 
caspase-8-dependent and -independent pathways. Arch 
Pharm Res, 35, 137-43.

Fang Y, Sun H, Zhai J, et al (2011). Antitumor activity of NF-kB 
decoy oligodeoxynucleotides in a prostate cancer cell line. 
Asian Pac J Cancer Prev, 12, 2721-6.

Fenollar-Ferrer C, Anselmi C, Carnevale V, et al (2012). Insights 
on the acetylated NF-κB transcription factor complex with 
DNA from molecular dynamics simulations. Proteins, 80, 
1560-8. 

Harikumar KB, Kunnumakkara AB, Ahn KS, et al (2009). 
Modification of the cysteine residues in IkappaBalpha kinase 
and NF-kappaB (p65) by xanthohumol leads to suppression 
of NF-kappaB-regulated gene products and potentiation of 
apoptosis in leukemia cells. Blood, 113, 2003-13.

Hochrainer K, Racchumi G, Zhang S, et al (2012). 
Monoubiquitination of nuclear RelA negatively regulates 
NF-κB activity independent of proteasomal degradation. 
Cell Mol Life Sci, 69, 2057-73.

Hu S, Luo Q, Cun B, et al (2012). The Pharmacological NF-κB 
Inhibitor BAY11-7082 Induces Cell Apoptosis and Inhibits 
the Migration of Human Uveal Melanoma Cells. Int J Mol 
Sci, 13, 15653-67.

Jana D, Das S, Sarkar DK, et al (2012). Role of nuclear factor-
κB in female breast cancer: a study in Indian patients. Asian 
Pac J Cancer Prev, 13, 5511-5. 

Kar S, Ukil A, Das PK (2011).Cystatin cures visceral 
leishmaniasis by NF-κB-mediated proinflammatory 
response through co-ordination of TLR/MyD88 signaling 
with p105-Tpl2-ERK pathway. Eur J Immunol, 41, 116-27. 

Kelkel M, Cerella C, Mack F, et al (2012). ROS-independent 
JNK activation and multisite phosphorylation of Bcl-2 
link diallyl tetrasulfide-induced mitotic arrest to apoptosis. 
Carcinogenesis, 33, 2162-71.

Lemmon CR, Woo JH, Tully E, et al (2011). Nuclear factor-
kappaB (NF-kappaB) mediates a protective response in 
cancer cells treated with inhibitors of fatty acid synthase. J 
Biol Chem, 286, 31457-65.

Sen R, Baltimore D (1986). Inducibility of the immunoglobulin 
enhancer-binding protein NF-κB by a posttranslational 
mechanism. Cell, 47, 921-8.

Mulvey CS, Zhang K, Liu WH, et al (2011). Wavelength-
dependent backscattering measurements for quantitative 
monitoring of apoptosis, part 1: early and late spectral 
changes are indicative of the presence of apoptosis in cell 
cultures. J Biomed Opt, 16, 117001. 

Nakamura-Yanagidaira T, Takahashi Y, Sano K, et al (2011). 
Development of spontaneous neuropathy in NF-κBp50-
deficient mice by calcineurin-signal involving impaired 
NF-κB activation. Mol Vis, 17, 2157-70. 

Nam W, Tak J, Ryu JK, et al (2007). Effects of artemisinin and 
its derivatives on growth inhibition and apoptosis of oral 
cancer cells. Head Neck, 29, 335-40.

Oh J, Kim SH, Ahn S, et al (2012). Suppressors of cytokine 
signaling promote Fas-induced apoptosis through 
downregulation of NF-κB and mitochondrial Bfl-1 in 
leukemic T cells. J Immunol, 189, 5561-71.

Otterson MF, Nie L, Schmidt JL, et al (2012). EUK-207 protects 
human intestinal microvascular endothelial cells (HIMEC) 
against irradiation-induced apoptosis through the Bcl2 
pathway. Life Sci, 91, 771-82. 

Shelton SN, Shawgo ME, Matthews SB, et al (2009). KU135, a 
novel novobiocin-derived C-terminal inhibitor of the 90-kDa 
heat shock protein, exerts potent antiproliferative effects in 
human leukemic cells. Mol Pharmacol, 76, 1314-22.

Sims JT, Ganguly SS, Bennett H, et al (2013). Imatinib Reverses 
Doxorubicin Resistance by Affecting Activation of STAT3-
Dependent NF-κB and HSP27/p38/AKT Pathways and by 
Inhibiting ABCB1. PLoS One, 8, e55509.

Takahashi M, Saito H, Atsukawa K, et al (2003). Bcl-2 prevents 
doxorubicin-induced apoptosis of human liver cancer cells. 
Hepatol Res, 25, 192-201.

Wang DC, Zhang Y, Chen HY, et al (2012). Hyperthermia 
promotes apoptosis and suppresses invasion in C6 rat glioma 
cells. Asian Pac J Cancer Prev, 13, 3239-45. 

Yang XS, Liu SA, Liu JW, et al (2012). Fucosyltransferase IV 
enhances expression of MMP-12 stimulated by EGF via the 
ERK1/2, p38 and NF-κB pathways in A431 cells. Asian Pac 
J Cancer Prev, 13, 1657-62.

Werneburg NW, Bronk SF, Guicciardi ME, et al (2012). Tumor 
necrosis factor-related apoptosis-inducing ligand (TRAIL) 
protein-induced lysosomal translocation of proapoptotic 
effectors is mediated by phosphofurin acidic cluster sorting 
protein-2 (PACS-2). J Biol Chem, 287, 24427-37. 

Zhang Z, Yu XY, Zhang GJ, et al (2012). Low microsomal 
epoxide hydrolase expression is associated with bladder 
carcinogenesis and recurrence. Asian Pac J Cancer Prev, 
13, 521-5.


