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Abstract

Background Deguelin, a naturally occurring rotenoid, is

known to be an Akt inhibitor and to have an anti-tumor

effect on several cancers.

Aims This study was performed to elucidate the effect of

deguelin on apoptotic pathways related to NF-jB signaling

in colon cancer cells and on the anti-tumor effect in colon

cancer xenograft mice.

Methods We studied COLO 205 and HCT116 cells in the

presence or absence of deguelin. NF-jB signaling was

examined by real-time RT-PCR for interleukin (IL)-8, by

Western blotting for IjB phosphorylation/degradation, and

by the electrophoretic mobility shift assay. Cell death was

determined by the MTT assay, and apoptosis by Annexin

V-FITC staining and caspase-3 activity. We also assessed

the expression of antiapoptotic and proapoptotic factors by

use of RT-PCR. In colon cancer xenograft mice, we eval-

uated the effect of deguelin on inoculated tumor growth,

and apoptotic index was measured by the in vivo TUNEL

assay.

Results Deguelin significantly inhibited IL-8 gene

expression, IjB phosphorylation/degradation, and DNA

binding activity of NF-jB in colon cancer cells. Deguelin

induced cell death and apoptosis in colon cancer cells in a

dose and time-dependent manner. Deguelin down-regu-

lated expression of NF-jB-mediated antiapoptotic factors

such as cFLIP, Bcl-2, and Bcl-XL. In the colon cancer

xenograft model, the volume of the tumor treated with

deguelin was significantly lower than that of the control,

and the apoptotic index for deguelin-treated mice was

much higher.

Conclusion Deguelin might be a potential therapeutic

agent for treatment of colorectal cancer.
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Introduction

Colorectal cancer is the second leading cause of cancer-

related mortality in USA. Moreover, the incidence of

colorectal neoplasms in Asia, including Korea, is increas-

ing, perhaps because of Westernized lifestyle, which in

Asians is associated with increased fat intake and reduced

physical activity [1]. The prognosis of advanced colorectal

cancer is poor and most currently available therapeutic

agents can be toxic, and are expensive and lacking in

efficacy. Cytotoxic chemotherapy has been used with

limited success for treatment of patients with advanced

colorectal cancer, often at the expense of severe side-

effects. Therefore, identifying novel effective chemother-

apeutic agents for treatment of colon cancer with fewer

side-effects is essential. Although prevention of cancer is

preferred over treatment, recent evidence involving tar-

geted therapy suggests convergence between prevention

and treatment of cancer [2, 3].

Deguelin, a rotenoid isolated from several plant species,

including Mondulea sericea, has been shown to be
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effective in chemoprevention in reducing the incidence

of tobacco-induced lung tumorigenesis [4], chemically

induced skin tumors in mice [5], mammary tumors in rats

[5], and preneoplastic lesion formation in mouse mammary

glands [6]. The mechanisms by which deguelin mediates its

chemopreventive effects and inhibits carcinogenesis have

not been fully elucidated. However, several mechanisms

have been described, including inhibition of the PI3K/Akt

pathway [4, 7], down-regulation of cyclooxygenase-2 [8],

suppression of ornithine decarboxylase [9], induction of

apoptosis by dysregulation of the cell-cycle checkpoint

protein retinoblastoma [10], and an angiopreventive effect

by acting on the NF-jB pathway. Activation of the NF-jB

pathway is of critical importance in the development of

colon cancer and inflammation-driven tumor progression in

other mouse models. NF-jB is a transcription factor known

to be linked to tumorigenesis, apoptosis, inflammation, and

angiogenesis [11, 12].

In this study we evaluated the effect of deguelin on

apoptotic pathways and its mechanisms related to NF-jB

signaling in colon cancer cell lines in an in-vitro study and

its anti-cancer effect in colon cancer xenograft mice in

vivo.

Materials and Methods

Colon Cancer Cells and Treatment with Deguelin

Human colon cancer cell lines COLO 205 (KCLB 10222,

Korean Cell Line Bank (KCLB), Seoul, Korea) and HCT

116 (KCLB 10247) were used between passages 15 and 30.

Both cell types were grown as described elsewhere [13,

14]. Deguelin (Sigma, St Louis, MO, USA) was dissolved

in DMSO as a 10 mM stock solution and stored at -20 �C.

Cells were treated for 24 h with different concentrations of

deguelin (0–300 nM) or with vehicle. Cells were stimu-

lated with TNF-a (10 ng/ml; BioSource, Camarillo, CA,

USA) for 4 h after exposure to deguelin or vehicle.

RNA Extraction and Real-Time RT-PCR Analysis

Deguelin-pretreated cells were stimulated with TNF-a for

1–4 h. Total RNA was isolated using Trizol (Invitrogen,

Carlsbad, CA, USA) and 1 lg total RNA was reverse

transcribed as described elsewhere [15]. Real-time PCR

was performed using an ABI prism 7,000 sequence

detection system (Applied Biosystems, Foster City, CA,

USA) with specific primers for human IL-8. b-Actin for

human IL-8 was used as an endogenous control. All

primers were designed by Primer Express v2.0 (Applied

Biosystems). The primer sequences used in this study are

shown in Table 1. PCR was conducted using SYBR Green

PCR Master Mix (Applied Biosystems) in accordance with

the manufacturer’s instructions. Thermal cycler conditions

were: one cycle of 10 min at 95 �C, followed by 40

amplification cycles for denaturation (15 s at 95 �C) and

combined annealing/extension (1 min at 60 �C). Amplifi-

cation was performed in triplicate and the data were nor-

malized versus b–actin for human IL-8.

Western Blot Analysis

Cells were stimulated with TNF-a for 0-30 min with or

without deguelin. Cell lysates containing 20 lg protein

were subjected to electrophoresis in 10 % SDS–poly-

acrylamide gels, transferred to nitrocellulose membranes,

and then blotted with primary antibodies at a dilution

of 1:1,000. Peroxidase-conjugated secondary antibodies

(BioSource) were incubated at a dilution of 1:2,000. Bound

antibodies were visualized using a chemiluminescence

substrate (ECL; Amersham, Buckinghamshire, UK) and

exposed to Kodak X-OMAT film. Primary antibodies

included anti-IjBa polyclonal antibody (Santa Cruz Bio-

technology, Santa Cruz, CA, USA), anti-phosphoserine

IjB (Cell Signaling, Beverly, MA, USA), and anti-b-actin

(Santa Cruz Biotechnology).

Electrophoretic Mobility Shift Assay (EMSA)

Cells were stimulated for 30 min with TNF-a and nuclear

extracts were prepared as previously described [13]. For

the DNA binding assay, a double-stranded NF-jB oligo-

nucleotide (50-AGT TGA GGG GAC TTT CCC AGG C-30;
Promega, Madison, WI, USA) was end-labeled with

[c-32P]ATP (3,000 Ci/mmol at 10 mCi/ml; Amersham)

using T4 polynucleotide kinase (5–10 lg; Promega).

Unlabeled oligonucleotides were removed using a G-25

spin column (Boehringer Mannheim, Germany). Equal

amounts (5 lg) of nuclear extracts were then incubated for

20 min with the 32P-labeled DNA probe at room temper-

ature. Complexes were separated on 4 % non-denaturing

polyacrylamide gels, dried, and autoradiographed.

Table 1 Primer sequences used for real-time reverse-transcription

polymerase chain reaction

mRNA Oligonucleotides (50?30)

b-actin

(S) ACGGGGTCACCCACACTGTGCCCATCTA

(AS) CTAGAAGCATTGCGGTGGACGATGGAGGG

IL-8

(S) AAACCACCGGAAGGAACCAT

(AS) CCTTCACACAGAGCTGCAGAAA
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Cell Viability

Cells were seeded in 96-well plates at 2 9 104 cells per well

and incubated for 24 h with serum starvation. Different

concentrations (0–300 nM) of deguelin or vehicle were then

added and the cells were incubated for 24 or 48 h. The effect

of deguelin on cell viability was determined by use of the

MTT (Sigma) assay [13]. Absorbance was determined at

540 nm by use of an ELISA plate reader.

Apoptosis Measurement

Percentage of deguelin-treated cells undergoing apoptosis

was determined by use of an Annexin V-fluorescein isothio-

cyanate (FITC) apoptosis detection kit (BD Bioscience, San

Jose, CA, USA). Externalization of phophatidylserine, an

early apoptotic event, was analyzed by flow cytometry-based

Annexin V-binding assays after treatment of COLO 205 and

HCT 116 cells with different concentrations of deguelin for

24 h. Approximately 5 9 105 cells were resuspended with

5 ll Annexin V binding buffer (10 mM Hepes/NaOH

(pH 7.4), 140 mM NaCl, and 2.5 mM CaCl2) and then incu-

bated with 5 ll FITC-conjugated Annexin V and 5 ll PI for

15 min at room temperature. Using double labeling for

Annexin V-FITC and PI, we separated early apoptotic

(Annexin V?/PI-), late apoptotic or necrotic (Annexin

V?/PI?), and viable cells (Annexin V-/PI-).

Caspase-3 Activity

Caspase-3 activity was determined by detection of the

fluorophore 7-amino-4-trifluoromethylcoumarin (AFC)

after cleavage from the labeled substrate DEVD-AFC

(ApoTarget Caspase-3/CPP 32 Fluorimetric Protease

Assay, BioSource). Briefly, deguelin or vehicle-treated

cells (1 9 106) were washed with PBS and resuspended

in cell lysis buffer for 10 min. Cells were treated with

reaction buffer containing dithiothreitol according to the

manufacturer’s instructions. After incubation of lysates

with DEVD-AFC for 1 h at 37 �C, fluorescence was

determined by use of a fluorimeter equipped with a 400-nm

excitation filter and 505-nm emission filter.

RT-PCR Analysis for Pro or Anti-Apoptotic Factors

Total cellular RNA was isolated from deguelin-treated

cells by use of Trizol (Invitrogen) and 1 lg was reverse-

transcribed as described elsewhere [13]. cDNA was then

amplified by PCR in 50 ll buffer containing 10 mM Tris

(pH 8.3), 50 mM KCl, 1.5 mM MgCl2, and 200 lM each

of dATP, dCTP, dGTP, and dTTP in the presence of

25 pM each of the 50 and 30 primers. The primer sequences

used in this study are listed in Table 2. PCR amplification

was performed in a thermal cycler (GenAmp PCR system

9600; Perkin Elmer Cetus, Norwalk, CT, USA). PCR

products were separated on 2 % NuSieve agarose gel

(FMC Bioproducts, Rockland, ME, USA) and stained with

ethidium bromide. Subsequently, PCR products were

semiquantified by comparison with the PCR products of

b-actin by use of an imaging densitometer (GS-670, Bio-

Rad, Hercules, CA, USA).

Mice

Six-week-old male BALB/c athymic nude mice were pur-

chased from Central Lab Animal (Seoul, Korea). They

were allowed to acclimatize for 1 week before initiation of

the experiment. They were maintained on a 12 h light/12 h

dark cycle under pathogen-free conditions and fed with a

standard diet and water ad libitum. All procedures were

reviewed and approved by the Institutional Animal Care

and Use Committee of Seoul National University Hospital.

Table 2 Primer sequences used for reverse-transcription polymerase

chain reaction for apoptotic factors

mRNA Oligonucleotides (50?30)

b-actin

(S) ACGGGGTCACCCACACTGTGCCCATCTA

(AS) CTAGAAGCATTGCGGTGGACGATGGAGGG

Bak

(S) TGAAAAATGGCTTCGGGGCAAGGC

(AS) TCATGATTTGAAGAATCTTCGTACC

Bax

(S) ACCAAGAAGCTGAGCGAGTGTC

(AS) ACAAAGATGGTCACGGTCTGCC

cIAP1

(S) TCCTAGCTGCAGATTCGTTC

(AS) CAAAGCAAGCCACTCTGTCT

cIAP2

(S) CTGCCTCCCAAAGACTTTTC

(AS) TCCAGCATCAGGCCACAACA

cFLIP (L)

(S) AATTCAAGGCTCAGAAGCGA

(AS) GGCAGAAACTCTGCTGTTCC

cFLIP (S)

(S) ATGTCTGCTGAAGTCATCCAT

(AS) TCACATGGAACAATTTCCAAG

Bcl-2

(S) TGCACCTGACGCCCTTCAC

(AS) AGACAGCCAGGAGAAATCAAACAG

Bcl-XL

(S) CGGGCATTCAGTGACCTGAC

(AS) TCAGGAACCAGCGGTTGAAG
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Tumor Xenograft Model

Deguelin (1 or 3 mg/kg) or vehicle was administered by

intraperitoneal injection once a day for three days before

inoculation of the cells into BALB/c nu/nu mice (n = 6 per

treatment group) as shown in Fig. 1a. We determined the

dose as previously described [4]. Then, 5 9 106 COLO205

cells in 0.5 ml Matrigel (BD Bioscience) were inoculated

subcutaneously into the right flank. Then, daily, mice were

weighed, and the size of each tumor was measured with a

digital caliper (Fisher Scientific, Pittsburgh, PA, USA). The

tumor volume was calculated as 0.5 9 width2 9 length

(mm3). Animals were sacrificed 30 days after inocula-

tion of cells. The experiment was performed twice,

independently.

Histological Evaluation, Immunohistochemistry,

and In Vivo TUNEL Assay

For the histological examination, tumor tissues were fixed

in 10 % buffered formalin, embedded in paraffin, and

stained with hematoxylin–eosin. Immunohistochemistry

(IHC) was performed as described elsewhere [16, 17]. The

tumor proliferation index was determined by anti-Ki-67

antibody staining (Novo Castra, Newcastle, UK). The

TUNEL assay was conducted with the ApopTag peroxi-

dase in situ apoptosis detection kit (Chemicon, Temecula,

CA, USA) in accordance with the manufacturer’s instruc-

tions. We used an anti-VEGF (Abcam, Cambridge, UK)

antibody for assessment of the antiangiogenic effect of

deguelin. We also used an anti-phospho-NF-jB p65 anti-

body (Cell Signaling) to evaluate the effect of deguelin on

NF-jB signaling in vivo. We then used anti-rabbit biotin-

ylated secondary antibodies (Vector Laboratories, Burlin-

game, CA, USA). We visualized the reaction with

diaminobenzidine tetrahydrochloride containing 0.03 %

hydrogen peroxide and counterstained with hematoxylin.

For quantification of immunoexpression, photomicrographs

of 640 9 480 pixels were obtained in noncoincident con-

secutive fields from each slide, at a magnification of 4009,

with a digital camera adjusted to these values. The images

obtained were analyzed by use of an imaging processing

and analysis system (Softium Informatica, Sao Paulo,

Brazil). At least 1,000 cells were counted, and the per-

centage of labeled cells (PLC) was determined by use of

the equation PLC = (number of labeled cells/total counted

cells) 9 100(%).

Statistical Analysis

We expressed all data as mean ± SE. We used the Kruskal–

Wallis test or multiple comparison by use of Tukey’s

Studentized range test for comparison of differences

between groups. We considered P \ 0.05 as statistically

significant.

Results

Deguelin Inhibits TNF-a Induced IL-8 mRNA

Expression in Colon Cancer Cells

Real-time RT-PCR analysis showed that deguelin inhibited

IL-8 gene expression at 1 h and 4 h post-stimulation in

COLO 205 cells (Fig. 2). The transcription factor NF-jB is

a downstream signal pathway of TNF-a. It is of crucial

importance in signal-induced IL-8 gene expression in

intestinal epithelial cells [18].

Deguelin Blocks TNF-a-Induced IjBa
Phosphorylation/Degradation and DNA Biding Activity

of NF-jB in Colon Cancer Cells

We investigated levels of phosphorylation of a variety of

downstream signaling proteins involved in NF-jB acti-

vation by use of Western blot analysis. Figure 3a shows

that TNF-a induced IjBa phosphorylation and IjBa
degradation in COLO 205 cells, effects which were

reversed by deguelin. Phosphorylation and degradation of

IjBa in TNF-a stimulated cells suggested that NF-jB

could be translocated into the nucleus. We next evalu-

ated the binding activity of NF-jB in TNF-a stimulated

cells with deguelin or vehicle, using EMSA. As shown

Fig. 3b, nuclear extracts from TNF-a-treated cells had

strong DNA binding activity, which was markedly

inhibited by deguelin pretreatment. These findings indi-

cate that deguelin blocks NF-jB signaling by inhibiting

IjBa phosphorylation/degradation and its binding to

target DNA.

Deguelin Reduced Cell Viability in MTT Assay

The MTT assay data showed that deguelin reduced cell

viability. As shown in Fig. 4, deguelin induced cell death

in a dose and time-dependent manner in both cell lines.

Cell viability was reduced in deguelin-treated cells (22 %

in COLO 205 cells and 61 % in HCT 116 cells).

Deguelin Potentiated Apoptosis Via Caspase-3

Activation

Apoptosis measurement and caspase-3 activity assay data

showed that deguelin increased the proportion of apoptotic

cells in a dose-dependent manner (Fig. 5a). Deguelin
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Fig. 1 Experimental procedure

for the xenograft model in mice

(n = 6 for each group) and the

effect of deguelin in the

xenograft mouse model.

a 5 9 106 COLO 205 cells were

inoculated subcutaneously into

the flank of BALB/c athymic

nude mice. b Effect on gross

morphology. Tumor volume

was measured with a caliper on

the day the mice were

sacrificed. c Effect on tumor

volume. Treatment with

deguelin 3 mg/kg/day inhibited

tumor growth by 51.5 %

compared to vehicle. Values are

means ± SE. P values were for

comparison with the control

group. d Representative

microscopic images of tumor

sections from animals treated

with vehicle or deguelin at 1 or

3 mg/kg/day. In H&E sections

(9100), an area showing

eosinophilic cytoplasm and loss

of nuclei within preserved

cellular contours was increased

with deguelin treatment in a

dose-dependent manner.

TUNEL assay sections (9200)

showed increased apoptosis in

deguelin-treated mice compared

with vehicle-treated mice. Ki-67

sections (9200) showed fewer

proliferating cells in tumors

from deguelin-treated mice.

VEGF sections (9200) showed

a reduction in VEGF-expressing

cells in tumors from deguelin-

treated mice, compared with

those from the vehicle-treated

mice. Phospho-NF-jB p65

sections (9200) showed

inhibition of NF-jB activation

in tumors from deguelin-treated

mice compared with those from

vehicle-treated mice.

e Quantification of the

immunohistochemical staining.

For deguelin-treated mice,

statistical analysis showed

higher expression in the

TUNEL assay and lower

expression of Ki-67, VEGF, and

phospho-NF-jB p65 compared

with vehicle-treated mice. PLC,

percentage of labeled cells
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(300 nM) induced apoptosis in COLO 205 cells from 8 to

26 %. Caspase-3 activity, which is of crucial importance in

apoptosis, was also increased by deguelin treatment in a

dose-dependent manner (Fig. 5b) and we observed similar

results in HCT 116 cells (data not shown).

Deguelin Down-Regulated the Expression of Anti-

Apoptotic Genes

RT-PCR analysis data for anti-apoptotic factors indicated

that deguelin down-regulated the expression of bcl-2, bcl-

xL, and cFLIP which are NF-jB-regulated anti-apoptotic

genes. The extent of down-regulation was more prominent

in TNF-a treated cells. However, deguelin did not affect

the gene expression of bak, bax, and cIAP (Fig. 6). A

semiquantification study by use of a densitometer revealed

statistically significant differences in cFLIP, bcl-2, and

bcl- xL.

Deguelin Inhibited Tumor Growth in the Xenograft

Mouse Model by Induction of Tumor Cell Apoptosis,

Inhibition of Tumor Angiogenesis, and Suppression

of NF-jB

Deguelin treatment inhibited tumor growth in the xenograft

mouse model in a dose-dependent manner (Fig. 1b, c). The

mean size of the tumor was 1,614 mm3 in vehicle-treated

mice and 782 mm3 in deguelin-treated mice (3 mg/kg/

day). No statistically significant difference in body weight

was observed between groups (data not shown).

Microscopic examination revealed that tumors from the

vehicle-treated group contained dense viable tumor cells. In

H&E H&E H&E

TUNEL

Ki-67 Ki-67 Ki-67

VEGF VEGF VEGF

Phospho-P65 Phospho-P65 Phospho-P65

Control
Deguelin
1mg/kg

Deguelin
3mg/kg

TUNELTUNEL

P=0.007

0
1
2
3
4
5
6
7
8
9

P
LC

 in
 T

U
N

E
L 

st
ai

n 
%

 

0

5

10

15

20

25

30

0
2
4
6
8

10
12
14
16

P
LC

 in
 K

i-6
7 

st
ai

n 
%

P
LC

 in
 V

E
G

F
 s

ta
in

 %
P

LC
 in

 
P

ho
sp

ho
-P

65
 s

ta
in

%

P<0.001

P<0.001

P<0.001

P=0.031

P<0.001

0
2
4
6
8

10
12
14
16
18
20

1 2 3

Control Deguelin
1mg/kg

Deguelin
3mg/kg

P<0.001

P=0.001

(D) (E)

Fig. 1 continued

2878 Dig Dis Sci (2012) 57:2873–2882

123



contrast, large areas of ischemic necrosis with eosinophilic

cytoplasm and loss of nuclei within preserved cellular con-

tours were observed in tumors from the deguelin-treated

group, suggesting induction of apoptosis. Data from the

TUNEL assay were consistent with these findings; tumor cell

apoptosis increased with deguelin treatment. In addition,

Ki-67 immunohistochemical staining revealed that tumors

from deguelin-treated mice had fewer proliferating tumor

cells than those from vehicle-treated mice, and the number of

VEGF-expressing cells was markedly reduced (Fig. 1d).

The results from phospho-NF-jB p65 staining showed that

NF-jB signaling was inhibited by deguelin treatment in

xenograft tumor similar to the in-vitro experiment. Taken

together, these results show that deguelin suppressed tumor

growth by inhibiting proliferation, increasing apoptosis,

reducing angiogenesis, and suppressing NF-jB activation.

Quantification revealed statistical differences in the immu-

nohistochemical staining (Fig.1e).

Discussion

In this study, we demonstrated for the first time that deguelin

exerts anti-cancer effects by inhibition of NF-jB signaling

and induction of apoptosis in colon cancer cells in vitro and

in vivo. A previous study showed that deguelin suppressed

colonic preneoplastic lesions in a mouse model, which

suggested potential chemopreventive effects of deguelin

[19]. However, there has been no study suggesting a che-

motherapeutic effect of deguelin or its mechanisms in vivo.

We showed that deguelin inhibited colon cancer growth in a

xenograft model in mice. Furthermore, deguelin treatment

suppressed phospho- NF-jB p65 expression in xenograft

tumor similar to the in-vitro experiment.

NF-jB, a key transcription factor in inflammatory

responses, activates the transcription of numerous genes

capable of suppressing apoptosis, suggesting crucial

involvement in inflammation-related carcinogenesis [12].

In particular, a recent study showed that IjB kinase is

related to inflammation and tumorigenesis in murine

models of colon cancer [11]. NF-jB regulates the expres-

sion of numerous proinflammatory and immune-related

genes including IL-8. A series of previous studies revealed

an inhibitory effect of deguelin on NF-jB signaling in

leukemic cells, lung adenocarcinoma, embryonic kidney

carcinoma, and histiocytic lymphoma [20]. However, there

has been no report of the effects of deguelin on NF-jB

signaling in colon cancer cells. Our study showed that

deguelin significantly reduced expression of IL-8 in colon
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Fig. 2 Effect of deguelin on TNF-a-induced IL-8 mRNA expression in

colon cancer cells. COLO 205 cells were pretreated with deguelin

(0–300 nM) for 24 h, and then stimulated with TNF-a (10 ng/ml) for

1–4 h. Total RNA (1 lg) was extracted, reverse-transcribed, and amplified

with an ABI Prism 7,000 sequence-detection system using primers for

human IL-8. mRNA levels are expressed as multiples of control values and

are means from five independent experiments (mean ± SE, n = 5). Veh,

vehicle. P values were for comparison with the TNF-a alone

Fig. 3 Effect of deguelin on TNF-a-induced IjB phosphorylation/

degradation and DNA binding activity of NF-jB in colon cancer

cells. a COLO 205 cells were stimulated with TNF-a (10 ng/ml) for

0–30 min in the presence or absence of deguelin. Total protein was

extracted, and 20 lg protein was subjected to SDS-PAGE, followed

by phospho-IjB, IjB, and b-actin immunoblotting by use of the ECL

technique. Results are representative of five independent experiments.

b COLO 205 cells were stimulated with TNF-a (10 ng/ml) for 30 min

in the presence or absence of deguelin. NF-jB activation was

evaluated by measurement of its binding to an NF-jB oligonucleotide

probe, by use of an electrophoretic mobility shift assay. Results are

representative of five independent experiments. Veh, vehicle; De 50,

deguelin 50 nM; De 300, deguelin 300 nM
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cancer cells. To confirm the inhibitory effect of deguelin on

NF-jB activation, we used two different methods for

determination of NF-jB activity: IjBa phosphorylation/

degradation by Western blot analysis, and DNA binding

activity of NF-jB by EMSA. Both of these assays showed

that deguelin inhibited NF-jB activation in colon cancer

cells in a dose-dependent manner.

Next, we hypothesized that deguelin, an Akt inhibitor,

could induce apoptosis in colon cancer cells. We expected

that deguelin had anticancer effect by inducing apoptosis in

colon cancer cells in addition to suppressing NF-jB activity.

We used three different methods to determine the effects of

deguelin on apoptosis: MTT assay, Annexin V-FITC assay,

and fluorimetric assay of caspase-3 activity. All assays

revealed that deguelin induced apoptosis in colon cancer

cells in a dose-dependent manner. Furthermore, deguelin

down-regulated the expression of NF-jB-mediated antiap-

optotic factors, including cFLIP, Bcl-2, and Bcl-XL. NF-jB

induces the expression of genes that code for anti-apoptotic

proteins, for example cFLIP, Bcl-xL, and cIAP, whose

products prevent cell death [12, 21]. FLIP inhibits apoptosis

by binding to Fas-associated death domain protein (FADD)

and procaspase-8 [22, 23]. In addition, NF-jB induces the

expression of several Bcl-2 family members, most notably

Bcl-xL, which prevents apoptosis by inhibiting permeability

transition and depolarization of mitochondria and blocking

of cytochrome release [12, 23]. Evasion of apoptosis is one of

the hallmarks of cancer, and induction of apoptosis during

tumor promotion is a critical step in chemoprevention [11].

In addition to inducing apoptosis in colon cancer cells,

deguelin prevented colonic tumor growth in a xenograft

model, suggesting it has a potential to be used as a chemo-

therapeutic agent for colon cancer.

In a xenograft model, deguelin treatment suppressed tumor

growth in a dose-dependent manner. Immunohistochemistry
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value = 1,785.07 nM in 24 h, 113.64 nM in 48 h. P values were for

comparison with the vehicle-treated group

(A)

(B)

E
ar

ly
 a

po
pt

ot
ic

 c
el

l p
ro

po
rt

io
n 

%
R

el
at

iv
e 

ca
sp

as
e-

3 
fo

ld
 a

ct
iv

ity

0

1

2

3

4

0 50 100

Deguelin concentration (nM)

Deguelin concentration (nM)

200 300

P= 0.0114

P< 0.001

P< 0.001

P< 0.001

P= 0.001

P< 0.001

0

1

2

3

4

5

0 50 100 200 300

Fig. 5 Effect of deguelin on apoptosis in colon cancer cells.

a Annexin V-FITC assay showing the effect of deguelin

(0–300 nM) on COLO 205 cells. Deguelin treatment increased the

number of early apoptotic cells (Annexin V?/PI-) (mean ± SE,

n = 5). b Fluorimetric assay of caspase-3 activity in COLO 205 cells

treated with deguelin 0–300 nM. Deguelin treatment enhanced

caspase-3 activity in a dose-dependent manner (mean ± SE,

n = 5). P values were for comparison with the vehicle-treated group

2880 Dig Dis Sci (2012) 57:2873–2882

123



showed that deguelin treatment induced apoptosis and

inhibited VEGF expression. VEGF is also known to be

regulated by NF-jB [24], and, in this study, deguelin

inhibited VEGF expression in vivo. As for NF-jB inhibition,

the same inhibition by deguelin treatment was observed in

vivo, parallel to the in-vitro study. Taken together, these

results from a xenograft model suggest that deguelin’s

anticancer effects may arise not only from suppression of cell

proliferation but also from apoptosis induction, inhibition of

tumor angiogenesis, and suppression of NF-jB signaling.

Moreover, a pharmacokinetic study using a rat model

showed that the concentration of deguelin in the colon is high

when administered intravenously [25].

In conclusion, this study demonstrates that deguelin

down-regulates NF-jB activation, induces apoptosis in

colon cancer cells, and inhibits tumor growth in a colon

cancer xenograft model. Deguelin might be a potential

therapeutic agent for treatment of colorectal cancer.
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