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ABSTRACT: Cancer chemoprevention is employed to block or reverse the progression of malignancies. To date, several
thousands of agents have been found to possess chemopreventative activity, one of which is capsaicin, a component of chili
peppers that exhibits antigrowth activity against various cancer cell lines. However, the role of capsaicin in tumorigenesis remains
controversial because both cancer prevention and promotion have been proposed. Here, we made the unexpected discovery that
treatment with low concentrations of capsaicin up-regulates tNOX (tumor-associated NADH oxidase) expression in HCT116
human colon carcinoma cells in association with enhanced cell proliferation and migration, as evidenced by down-regulation of
epithelial markers and up-regulation of mesenchymal markers. Importantly, tNOX-knockdown in HCT116 cells by RNA
interference reversed capsaicin-induced cell proliferation and migration in vitro and decreased tumor growth in vivo. Collectively,
these findings provide a basis for explaining the tumor-promoting effect of capsaicin and might imply that caution should be
taken when using capsaicin as a chemopreventive agent.
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■ INTRODUCTION
Capsaicin (8-methyl-N-vanillyl-6-nonenamide), a pungent
component of chili peppers, has long been consumed by
humans all over the world.1 Capsaicin also is used as a
chemopreventive agent, reflecting its antigrowth activity in
various cancer cell systems including human leukemic,2−4

prostate,5−7 colon,8 hepatoma,9,10 breast,11,12 and gastric
cancer.13,14 Capsaicin exerts its cytotoxic action by activating
an array of signaling mechanisms, including generation of
reactive oxygen species (ROS),2,15 up-regulation of p53,5 and
suppression of STAT3 activation.16 Although capsaicin is
commonly considered a chemopreventive agent, conflicting
data from animal models and basic research suggest that it may
exert either anti- or pro-tumorgenesis effects.17−21

Previous studies have identified tumor-associated NADH
oxidase (tNOX; ENOX2) as a member of a family of growth-
related NADH (or hydroquinone) oxidases. Unlike the NADH
oxidase activity identified in normal rat liver plasma membranes
(CNOX; ENOX1), which is responsive to growth factors and
hormones, tNOX isolated from rat hepatoma cells is
constitutively activated.22,23 Further studies have revealed that
tNOX is present in numerous cancer cell lines, including those
derived from solid cancers, as well as leukemias;12,24−26 it is also
detected in the sera of cancer patients.27−29 Capsaicin and
(−)-epigallocatechin-3-gallate (EGCg), another chemopreven-
tive agent, preferentially inhibit tNOX activity and concurrently
inhibit cancer cell growth while having little effect on
noncancerous cells.12,30 However, our recent study reveals a
paradoxical role of capsaicin in apoptosis induction, possibly as
a result of contrary effect of capsaicin on tNOX expression;

moreover, forced tNOX down-regulation restored capsaicin-
induced apoptosis in TMC-1 cells, supporting an essential role
for tNOX in cancer cell growth.24 Using small hairpin RNA
(shRNA) to knockdown tNOX expression, we showed that
reduced tNOX expression attenuates HeLa cell migration via
membrane association of Rac protein.26 In contrast, tNOX
overexpression in noncancerous MCF-10A cells results in the
acquisition of invasivity, an aggressive characteristic of cancer
cells, further highlighting a key role for tNOX in cell
migration.31

We previously demonstrated that capsaicin-repressed cancer
cell growth correlates with the inhibition of tNOX activity or
tNOX down-regulation, supporting the notion that capsaicin is
cytotoxic against cancer cells.12,25 We and others have shown
that capsaicin is cytotoxic at concentrations of approximately 10
μM and higher, depending on the cell lines.14,15,24,32 In this
study, we discovered that tNOX expression in HCT116 human
colon carcinoma cells is up-regulated in response to low
concentrations (≤10 μM) of capsaicin, leading to enhanced cell
proliferation and migration. Importantly, data obtained using a
loss-of-function approach demonstrate that tNOX plays a key
role in cell proliferation and tumor progression.
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■ MATERIALS AND METHODS

Materials. Fetal bovine serum (FBS) and penicillin/streptomycin
were obtained from GIBCO/BRL Life Technologies (Grand Island,
NY). The antivimentin and phosphorylated ERK1/2 antibodies were
purchased from Cell Signaling Technology, Inc. (Beverly, MA). Anti-
E-cadherin and anti-N-cadherin antibodies were from BD Biosciences
(San Jose, CA). The anti-ZO-1 antibody was from Invitrogen Corp.
(Carlsbad, CA). The ERK2 antibody was from Santa Cruz
Biotechnology, Inc. (Santa Cruz, CA). The anti-β-actin antibody was
from Millipore Corp. (Temecula, CA). The antitubulin antibody was
from Abcam Inc. (Cambridge, MA). The antisera to tNOX used in
Western blot analyses were generated as described previously;33 the
tNOX protein band recognized by these antisera was also identified
using a commercially available anti-tNOX polyclonal antibody
(Protein Tech Group, Inc., Chicago, IL).26 The antimouse IgG
antibody, capsaicin, and other chemicals were purchased from the
Sigma Chemical Co. (St. Louis, MO), unless specified otherwise.
Cell Culture and Transfection. HCT116 human colon cancer

cells were grown in McCoy's 5A medium. All media were
supplemented with 10% FBS, 100 units/mL penicillin, and 50 μg/
mL streptomycin. Cells were maintained at 37 °C in a humidified
atmosphere of 5% CO2 in air, and the media were replaced every 2−3
days. Cells were treated with different concentrations of capsaicin
(dissolved in ethanol), as described in the text, or with the same
volume of ethanol (vehicle control).
HCT116 cells were transiently transfected with short hairpin RNA

(shRNA) against tNOX or scrambled shRNA (control) using the
jetPEI transfection reagent according to the manufacturer's protocol
(Polyplus-transfection SA, Illkirch Cedex, France), as described
previously.26 In another experiment, cells were transiently transfected
with siRNA control and siRNA against ERK2 from Santa Cruz

Biotechnology, Inc. using the Lipofectamine 2000 transfection reagent
according to the manufacturer's protocol (Invitrogen Corp.).

Continuous Cell Monitoring with the xCELLigence System.
For continuous monitoring of changes in cell growth, cells (1 × 104

cells/well) were seeded onto E-plates and incubated for 30 min at
room temperature, after which the E-plates were placed onto the Real-
Time Cell Analyzer (RTCA) station (xCELLigence System, Roche,
Mannheim, Germany). Cells were grown overnight, and impedance
was measured every hour, prior to treatments, as previously
described.34 The principle of the xCELLigence system is that cells
grown on the surface of electrodes produce an increase in electrode
impedance whose magnitude is determined by the number of cells and
the degree of cell adhesion.

For continuous monitoring of cell invasion and migration (CIM),
cells (1 × 104 cells/well) were seeded onto the top chamber of a CIM
plate, which features microelectronic sensors integrated on the
underside of the microporous polyethylene terephthalate (PET)
membrane of a Boyden-like chamber. After they were incubated for 30
min at room temperature, CIM plates were placed onto the RTCA
station (xCELLigence System). Cells migration was continuously
monitored throughout the experiments by measuring changes in the
electrical impedance at the electrode/cell interface, as a population of
cells migrated from the top to the bottom chamber.

Cell impedance is characterized by the cell index (CI) = (Zi − Z0)
[Ohm]/15 [Ohm], where Z0 is background resistance and Zi is the
resistance at an individual time point. A normalized cell index was
determined as the cell index at a certain time point (CIti) divided by
the cell index at the normalization time point (CInml_time).

Colony Formation Assay. Two hundred cells were seeded onto a
6 cm dish and incubated in culture medium with different
concentrations of the indicated anticancer agent for 10 days to allow
colony formation. After incubation, colonies were fixed in 1.25%
glutaraldehyde at room temperature for 30 min, rinsed with distilled

Figure 1. Capsaicin stimulates tNOX protein expression and cell proliferation in HCT116 cells. (A, B) Cells were treated with different
concentrations of capsaicin for 24 h. (A) Aliquots of cell lysates were separated by SDS-PAGE and analyzed for tNOX by Western blotting. β-Actin
was used as an internal control to monitor for equal loading. tNOX mRNA levels were determined by RT-PCR using α-tubulin as an internal
control. Representative images are shown. (B) Cells were seeded at 200 cells/dish, incubated with/without capsaicin, and allowed to form colonies.
Colony numbers were counted and recorded. Values (means ± SEs) are from three independent experiments. Colony numbers were significantly
decreased in cells treated with capsaicin as compared with controls (*p < 0.05, and **p < 0.01). (C) Dynamic monitoring of cell proliferation
following incubation with or without capsaicin using impedance technology, as described in the Materials and Methods. Shown are normalized cell
index values measured over 80 h.
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water, and stained with a 0.05% methylene blue solution. The number
of colonies was counted and recorded.
Boyden Chamber Assay. A Boyden chamber with filter inserts

containing 8 μm pores (Neuro Probe, Inc., Gaithersburg, MD) was
used to measure cell migration. Cells (2.5 × 103) in DMEM containing
0.5% of FBS were placed in the upper chamber, and the lower
chamber was filled with complete DMEM. After 24 h in culture, cells
were fixed in methanol for 15 min and then stained with 10% Giemsa
in phosphate-buffered saline (PBS) for 30 min. Cells on the upper side
of the filters were removed with cotton-tipped swabs, and the filters
were washed in PBS. The number of cells on the bottom of filters
(migrated cells) was counted and recorded. Data shown are
representative of three independent experiments.
Animal Studies. Nine female BALB/c nude mice purchased from

National Laboratory Animal Center (Taiwan) were randomly divided
into three groups (n = 3 per group). Each group of 6 week old mice
was injected in the tail vein with 2 × 106 HCT116 cells suspended in
150 μL of PBS. Group 1 animals (wild type) were injected with
parental HCT116 cells, groups 2 animals were injected with HCT116
cells transfected with scrambled shRNA (control-shRNA), and group
3 animals (tNOX-shRNA) were injected with HCT116 cells
transfected with shRNA against tNOX. Animals were euthanized
and sacrificed after 60 days postinjection (DPI = 60). Brain, heart,
lung, liver, kidney, spleen, intestine, and stomach were quickly
removed and formalin-fixed, and 2 μm sections were subjected to

H&E staining. Tumor masses were counted for each tissue, and degree
of lesions was graded for each H&E staining section from one to five
depending on the severity [1 = minimal (<1%); 2 = slight (1−25%); 3
= moderate (26−50%); 4 = moderate/severe (51−75%); and 5 =
severe/high (76−100%)].

Western Blot Analysis. Cell extracts were prepared in lysis buffer
[20 mM Tris-HCl, pH 7.4, 100 mM NaCl, 5 mM EDTA, 2 mM
phenylmethylsulfonyl fluoride (PMSF), 10 ng/mL leupeptin, and 10
μg/mL aprotinin]. Volumes of extract containing equal amounts of
proteins (40 μg) were applied to SDS-PAGE gels, and resolved
proteins were transferred to nitrocellulose membranes (Schleicher &
Schuell, Keene, NH). The membranes were blocked, washed, and
probed with primary antibody. After they were washed to remove
unbound primary antibody, membranes were incubated with horse-
radish peroxidase-conjugated secondary antibody for 2 h. The blots
were washed again and developed using enhanced chemiluminescence
(ECL) reagents, according to the manufacturer's protocol (Amersham
Biosciences, Piscataway, NJ).

Reverse Transcriptase-Polymerase Chain Reaction (RT-PCR).
Total RNA from gastric cancer cells was isolated using the TRIzol
reagent (GIBCO, Carlsbad, CA), and first strand cDNA was
synthesized from 1 μg of total RNA using Superscript II (Life
Technologies, Rockville, MD). The following primers sets were used
for PCR amplifications: tNOX, 5′-TGG CTG TGG GTC TAC GAA
A-3′ (sense) and 5′-GGA GTC TGC CTG TGT CCT TC-3′

Figure 2. Capsaicin enhances cell migration in HCT116 cells. (A) HCT116 cell migration was measured using a Boyden chamber system. Values
(means ± SEs) are from at least three independent experiments. Cell migration was significantly decreased in cells incubated with capsaicin as
compared with controls (*p < 0.05). (B) Dynamic monitoring of cell migration following incubation with or without capsaicin using impedance
technology, as described in the Materials and Methods. Shown are normalized cell index values measured over 26 h.
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(antisense); α-tubulin, 5′-GGA GGA TGC TGC CAA TAA CT-3′
(sense) and 5′-GGT GGT GAG GAT GGA ATT GT-3′ (antisense).
Reaction conditions consisted of 30 cycles of 95 °C for 1 min, 58 °C
for 1 min, and 72 °C for 1 min, followed by a final extension of 7 min
at 72 °C. PCR products were resolved by electrophoresis on 0.8%
agarose gels and visualized by ethidium bromide staining.
Statistics. All data are expressed as the means ± SEs of three

independent experiments. The differences between control and
treatment groups were calculated using a one-way analysis of variance
followed by Dunnett's test to evaluate significance levels.

■ RESULTS

Capsaicin-Induced tNOX Expression Is Associated
with Enhanced Cell Proliferation. Given that capsaicin is
proposed to possess paradoxical effects in tumorgenesis, we
decided to study the effect of capsaicin at concentrations below
10 μM. Unexpectedly, we found that exposure of HCT116
human colon cancer cells to capsaicin (0.1−10 μM) for 24 h

up-regulated tNOX expression at both RNA and protein levels
(Figure 1A). Next, because tNOX is associated with cancer cell
growth, we investigated whether this capsaicin-mediated tNOX
up-regulation altered the growth of HCT116 cells. Capsaicin
(0.1−10 μM) significantly induced the proliferation of
HCT116 cells, as determined by colony-forming assay (Figure
1B). To continuously monitor the effects of capsaicin, we
measured cell proliferation using xCELLigence, a real-time cell
monitoring system. Consistent with the data from colony-
forming assays, we found that capsaicin significantly enhanced
cell growth at 0.1−10 μM, whereas cell growth was inhibited by
100 μM capsaicin (Figure 1C), indicating concentration-
dependent, differential effects of capsaicin on cell growth.

Low Concentrations of Capsaicin-Induced tNOX
Expression Is Associated with Cell Proliferation En-
hancement. We previously showed that tNOX knockdown
attenuates cell migration in HeLa cells, whereas tNOX

Figure 3. Capsaicin induces changes in EMT protein markers. (A, B) HCT116 cells were incubated with or without capsaicin for 24 h, and aliquots
of cell lysates were separated by SDS-PAGE and analyzed for expression of epithelial markers (A) or mesenchymal markers (B). β-Actin was used as
an internal control to monitor for equal loading. Representative images are shown.

Figure 4. Capsaicin induces activation of ERK and ERK2 knockdown reverses the capsaicin-induced ZO-1 downregulation. (A, B) HCT116 cells
were incubated with or without capsaicin, and aliquots of cell lysates were separated by SDS-PAGE and analyzed by Western blotting for ERK2 and
phosphorylated ERK1/2. (A) Cells were treated with different concentrations of capsaicin for 24 h. (B) Cells were treated with 10 μM capsaicin for
0.5, 1, or 2 h. (C) HCT116 cells were transfected with either siRNA control or siERK2 as described in the Materials and Methods and then treated
with different concentrations of capsaicin for 24 h. Aliquots of cell lysates were separated by SDS-PAGE and analyzed for ERK2 and ZO-1 by
Western blotting. α-Tubulin was used as an internal control to monitor for equal loading. Representative images are shown.

Journal of Agricultural and Food Chemistry Article

dx.doi.org/10.1021/jf204869w | J. Agric. Food Chem. 2012, 60, 2758−27652761



overexpression promotes acquisition of invasiveness in non-
cancerous MCF-10A cells. It is of interest to know whether
capsaicin-enhanced tNOX expression also affects cell-migration
ability. Boyden chamber assays revealed that cell migration was
significantly enhanced by 1 and 10 μM capsaicin as compared
to controls (Figure 2A). Assays employing the xCELLigence
System confirmed these results (Figure 2B).
To determine whether capsaicin-enhanced cell migration is

associated with epithelial-to-mesenchymal transition (EMT),
we used Western blot analyses to evaluate the expression levels
of individual protein markers. E-cadherin and ZO-1 expression
were attenuated by capsaicin treatment as compared to the
control (Figure 3A). In contrast, expression of mesenchymal
markers, vimentin and N-cadherin, was increased in HCT116
cells treated with capsaicin (Figure 3B). We also investigated
the involvement of Ras-ERK1/2 (extracellular signal-regulated

kinases) signaling in capsaicin-mediated EMT and found that
phosphorylated ERK1/2 levels were increased by treatment
with low concentrations of capsaicin for 24 h (Figure 4A). At
10 μM capsaicin, enhanced ERK2 phosphorylation was
observed after treatment of cells for 1 h (Figure 4B). Next,
we examined the involvement of ERK2 in capsaicin-induced
EMT using siRNA knockdown. These experiments showed that
capsaicin-induced ZO-1 down-regulation was reversed in ERK2
knockdown cells (Figure 4C).

tNOX Knockdown Attenuates Capsaicin-Enhanced
Cell Proliferation. To show that the tNOX protein level is
important for cell proliferation and migration, we employed a
loss-of-function approach, using shRNA-tNOX knockdown in
HCT116 cells. Our data demonstrated that shRNA knockdown
significantly repressed tNOX expression as compared to
controls (Figure 5A) and reversed the stimulatory effect of

Figure 5. tNOX knockdown reverses capsaicin-induced cell migration and growth. HCT116 cells were transfected with control shRNA or tNOX
shRNA as described in the Materials and Methods. (A) tNOX protein expression was analyzed in cells expressing control shRNA or tNOX shRNA.
Aliquots of cell lysates were separated by SDS-PAGE and analyzed by Western blotting. β-Actin was used as an internal control to monitor for equal
loading. Representative images are shown. (B) Dynamic monitoring of proliferation of cells expressing control shRNA or tNOX shRNA following
incubation with or without capsaicin using impedance technology, as described in the Materials and Methods. Shown are normalized cell index
values measured over 116 h. (C) Cell migration was measured using a Boyden chamber system. Values (means ± SEs) are from at least three
independent experiments. Migration of control shRNA was significantly increased by treatment with 10 μM capsaicin as compared with untreated
controls (*p < 0.05). There was no statistical difference between the tNOX-shRNA cells and the capsaicin-treated tNOX-shRNA cells.

Figure 6. tNOX knockdown suppresses the growth of HCT116 xenografts in vivo. HCT116 xenografts were established in nude mice as described
in the Materials and Methods. (A) The lung tissues of mice injected with wild type (group 1), shRNA control-expressing cells (group 2), or shRNA
tNOX-expressing cells (group 3) HCT116 cells were examined. The tumor masses are indicated with arrowheads and are from in all mice in groups
1 and 2 and one mouse in group 3. (B) Representative H&E-stained lung sections showed the histopathological tumor lesions in mice of groups 1
and 2 but not the two mice of group 3.
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10 μM capsaicin on cell proliferation observed in control
HCT116 cells (Figure 5B). Similarly, Boyden chamber assays
showed that capsaicin-enhanced cell migration was attenuated
in tNOX-knockdown cells (Figure 5C).
HCT116 colon cancer cells have been previously used to

study tumorgenesis and metastatic potential following tail-vein
injections in mice.35 To investigate whether tNOX reduction in
HCT116 cells is sufficient to repress tumor growth in mice, we
injected mice via the tail vein with parental HCT116 cells, or
HCT116 cells transfected with control- or tNOX-shRNA, and
assessed subsequent tumor formation. Sixty days postinjection,
multiple tumor masses were found in only lung tissues of mice
injected with wild-type HCT116 or cells expressing control-
RNAi, whereas only a single tumor mass was observed in lung
of one mouse injected with cells expressing tNOX-shRNA
(Figure 6A), indicating that tNOX depletion significantly
repressed the growth of HCT116 xenograft tumors. Moreover,
tNOX depletion did not significantly affect body weight
(control-shRNA = 21.6 ± 0.9 g; tNOX-shRNA = 21.7 ± 1.0
g). Furthermore, hematoxylin and eosin (H&E) staining of
tumor masses in lung sections showed that tumor cells grew
from arteries as single oval round cells with highly mitotic
figures in predominant nucleoli, and necrosis was seen in the
central area. The averages of degree of lesions were 3.67 for
groups 1 and 2 and 1 for group 3 (Figure 6B). These data
suggest that tNOX down-regulation in HCT116 cells decreases
the capacity of these cells to induce tumors in vivo.

■ DISCUSSION
The goal of this study was to investigate the effects of low
concentrations (≤10 μM) of capsaicin on tNOX expression.
Surprisingly, we found that at concentrations ≤10 μM,
capsaicin up-regulated tNOX in association with enhanced
cell proliferation and migration. Importantly, in vitro studies
demonstrated that tNOX knockdown in HCT116 cells
decreased cell proliferation and migration. In addition, tNOX
depletion in HCT116 cells attenuated the growth of HCT116
xenografts in nude mice, further confirming a vital role for
tNOX in cancer progression.
Capsaicin is one of the most commonly used anticancer

drugs because of its inhibitory effects on cell proliferation.
However, data from in vivo and in vitro studies suggest that
capsaicin may exert dual effectsantitumor or tumor-
promotingdepending on the cellular targets of capsaicin
and the molecular mechanisms initiated by capsaicin. For
instance, capsaicin has been shown to enhance p53 gene
expression to induce apoptotic cell death in SNU-1 stomach
cancer cells.13 Capsaicin is also shown to augment the protein
stability of IκB, an inhibitor of NF-κB, thereby inhibiting NF-κB
activation.36 On the contrary, capsaicin acts via epidermal
growth factor receptor (EGFR) signaling to function as a
cocarcinogen in the TPA (tetradecanoylphorbol-13-acetate)-
induced skin cancer model.37 In addition, Erin et al. reported
that capsaicin promotes a more aggressive gene expression
phenotype and represses expression of pro-apoptotic proteins
in breast cancer cells.38 A recent study also demonstrated that
capsaicin triggers genotoxicity-induced autophagy through
ATM-mediated DNA repair, showed that the resulting
autophagy led to chemoresistance, and sustained survival of
breast cancer cells.39 These evidence all support the idea that
capsaicin acts on numerous cellular targets to initiate
unanticipated pathways, subsequently leading to tumorigenesis.
In this study, we demonstrated that low concentrations of

capsaicin induce tNOX expression in association with enhanced
cell proliferation and migration, suggesting that tNOX is a
potential cellular target of capsaicin and the resulting
mechanisms are to account for the tumor-promoting effects
of capsaicin.
Of the diverse array of signaling pathways involved in

capsaicin-induced responses, one that is often mentioned is
oxidative stress, which can result in modulation of protein
expression and function, and eventually, apoptosis.2,7,15

Capsaicin considerably induces ROS production and tNOX
down-regulation concurrently with mitochondria-dependent
apoptosis, resulting in decreased growth of SNU-1 cells,
derived from a poorly differentiated human gastric carcinoma.
On the contrary, capsaicin is largely ineffective in provoking
ROS generating and tNOX down-regulation in TMC-1 cells, a
metastatic gastric carcinoma line; accordingly, apoptosis
induction is absent, and cell viability is increased.24 These
divergent actions of capsaicin on the growth of gastric cancer
cells are reflected in its effects on ROS generation and tNOX
protein expression. Combined with these findings, as well as
results from this present study, we propose that tNOX may be
involved in the complicated system of cellular redox homeo-
stasis modulated by capsaicin, and the tNOX/ROS sub-
sequently initiates signaling pathways that lead to important
cellular responses to capsaicin.
Migration of tumor cells is a requirement for cancer

metastasis and invasion. Capsaicin has been shown to
significantly inhibit cell migration in B16-F10 melanoma cells
via targeting the phosphatidylinositol 3-K (PI3-K)/Akt/Rac1-
mediated pathways.40 In addition, Hwang et al. reported that
capsaicin inhibits the EGF-induced invasion and migration via
EGFR-dependent signaling in human fibrosarcoma cells.41 On
the contrary, the work of Waning et al. provides a precedent for
the reinforcing effect of capsaicin on cell migration thru TRPV1
channels in hepatoma cells.42 Capsaicin has also been shown to
stimulate calcium entry via TRPV4 channels, leading to a
migratory phenotype.43 Seemingly, capsaicin acts on TRPV
family, and the resulting mechanisms affect cellular outcomes.
In this study, we provide evidence indicating that capsaicin acts
on tNOX protein and initiates molecular mechanisms that
mediate cell migration.
Migration of cancer cells is often associated with EMT, a

trans-differentiation process in which epithelial cells lose their
characteristics morphology and adhesive properties and acquire
a mesenchymal phenotype.44 Recently, Shin et al. reported that
ERK2, but not ERK1, induces EMT, an effect that is correlated
with increased migration, invasion, and survival.45 In this study,
we provided evidence suggesting that low concentrations of
capsaicin induce tNOX up-regulation, which in turn, enhances
cell migration in association with EMT. We also demonstrated
that ERK2 plays a key role in capsaicin-mediated EMT using
siRNA knockdown. Capsaicin (<20 μM) has been demon-
strated to induce LNCaP cell proliferation through phosphoi-
nositol-3-kinase (PI3K) and ERK pathways,20 supporting the
findings of the present study.
Together, our results show that capsaicin induces tNOX

protein up-regulation, leading to enhanced cell proliferation
and migration in HCT116 cells, and that tNOX knockdown
attenuates cell proliferation and cell migratory ability in these
cells. These results thus offer a basis for explaining the tumor-
promoting effects of capsaicin. Moreover, tNOX deficiency in
HCT116 cells effectively represses tumor capacity in vivo,
further confirming an essential role for tNOX in cancer
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progression and suggest that caution should be taken when
using capsaicin as a chemopreventive agent.
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