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Norepinephrine and epinephrine, catecholamine hormones that are major media-

tors for chronic stress-induced cancers, are implicated in the progression of a

number of cancer cells, including gastric adenocarcinoma. However, the underly-

ing mechanisms of these hormones have not been well elucidated. Epithelial–

mesenchymal transition (EMT) is a crucial event responsible for cancer cell inva-

sion and metastasis. The hypothesis regarding whether the promotive effects of

norepinephrine (NE) on cancer are in part due to its ability to induce an EMT pro-

gram has not been proven. In this study, we show that NE does not only obvi-

ously induce EMT alterations in the morphological characteristics of gastric

adenocarcinoma cells, but also increases the markers of EMT, including vimentin

expression, and decreases E-cadherin expression, further resulting in cell motility

and invasiveness. We also reveal that these actions are mainly mediated through

the activation of b2-AR–HIF-1a–Snail signaling pathways. In summary, this study

implies that NE induces EMT in gastric adenocarcinoma through the regulation of

b2-AR–HIF-1a–Snail activity. The data provide a new perspective on chronic stress

in a negative social and psychological state, which may be a risk factor for cancer

development and progression.

G astric adenocarcinoma is the second leading cause of
cancer-related deaths.(1) Epidemiological data show that

chronic stress in a negative social and psychological state such
as depression may be a risk factor for cancer development and
progression.(2–4) Underlying mechanistic studies have identified
that response to stressors can activate the hypothalamic–pitui-
tary–adrenal axis. Such activation leads to the release of cate-
cholamines from the adrenal gland as well as from the brain
and sympathetic nerve terminals. These hormones not only
affect cellular immune function, but also contribute directly to
tumor growth, migration, and invasive capacity, and angiogen-
esis through the biological signaling pathways.(5–7)

The role of catecholamines (NE and epinephrine) has been
increasingly recognized among these stress hormones. The
pro-cancer effect of catecholamines is primarily mediated by
b2-adrenergic receptor (b2-AR), which stimulates the signaling
cascade through adenylyl cyclase and its downstream effec-
tors.(8) Evidence also indicates that b2-AR controls mitogenic
and ⁄ or anti-apoptotic signaling activation in the adenocarcino-
mas of the lungs, prostate, colon, and ovary.(8–12) Recently,
in vivo experiment data from stress animal models that use
ovarian carcinoma provided compelling evidence that catechol-
amines may directly modulate the growth and malignant
behavior of tumors independent of the effects on the immune
system.(13) In a previous study that used constraint stress and a
terrifying noise stress model in a pancreatic cancer xenograft
model, we showed that chronic stress can promote tumor

progression through the b2-AR–hypoxia-inducible factor-1a
(HIF-1a) regulatory axis.(14) However, it was not established
whether or not epithelial–mesenchymal transition (EMT) is
responsible for stress-induced tumor invasion.
Epithelial–mesenchymal transition is regarded as a pivotal

event in the initial step of a metastatic cascade.(15) During the
EMT of in situ cancer cells, epithelial cell layers lose polarity
together with cell–cell contacts. These layers then undergo a
dramatic remodeling of the cytoskeleton, resulting in enhanced
cell migration and invasion ability. After migrating to the suit-
able site, tumor cells re-express epithelial markers through
“mesenchymal–epithelial transition”.(16,17) The induction of
EMT is driven through the complex interplay between tumor
environment and cancer cells. The mechanisms include the
activation of several transcriptional repressors, notably, Snail,
Slug, and Twist, through multiple cellular signaling pathways,
such as nuclear factor-jB, Wnt, and Hedgehog.(18,19) Thus,
reversing or blocking EMT is a promising therapeutic strategy
to limit cancer diffusion.
Norepinephrine can induce cancer cell invasion through

the b2-AR–HIF-1a regulatory axis, where HIF-1a is criti-
cally involved in the acquisition of Snail-mediated EMT.
During progression to metastatic competence, carcinoma
cells enter an EMT program that allows them to acquire the
features of mesenchymal-like cells that may significantly
endow invasiveness. Whether chronic stress-induced tumor
invasiveness mediated by NE can be partially due to EMT
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has not been confirmed. The goal of this study is to investi-
gate the effects of NE on the EMT program of gastric
adenocarcinoma cells.

Materials and Methods

Cell cultures and treatments. Human gastric adenocarcinoma
cell lines BGC-823 and SGC-7901 (obtained from ATCC,
Manassas, VA, USA) were maintained in DMEM (Gibco BRL,
Gaithersburg, MD, USA) supplemented with penicillin (100 U ⁄mL),
streptomycin (100 lg ⁄mL), 0.1 mM non-essential amino acids,
0.2 mM glutamine, 1 mM pyruvate, and 10% heat-inactivated
FBS, and then incubated in 5% CO2 humidified atmosphere at
37°C. Cells were grown to 80% confluency prior to treatment.
The antibodies against HIF-1a, Snail, E-cadherin, vimentin, and
b-actin were purchased from Santa Cruz Biotechnology (Santa
Cruz, CA, USA). The b2-AR antagonist, ICI 118551, and the
HIF-1a inhibitor, 2-methoxyestradiol, were purchased from
Sigma Chemical Co. Ltd (St. Louis, MO, USA).

Scanning electron microscopy. The cells treated or untreated
with NE were harvested and rinsed with PBS. Cells were fixed
for 2 h in 4% paraformaldehyde and 1% glutaraldehyde in
0.1 M PBS (pH 7.4), rinsed again in PBS, and post-fixed in
1% osmium tetroxide for 1 h. After washing in PBS, the cells
were progressively dehydrated in a 10% graded series of
30–100% ethanol, and then dried in 70–100% acetonitrile solu-
tion. Finally, the cells were sprayed with gold and examined
under a scanning electron microscope.

Cell invasion assay. Cell invasion assay was carried out and
evaluated as described in detail by using Boyden chambers
equipped with 8-lm porosity polyvinylpyrrolidone-free poly-
carbonate filters coated with 50 lg ⁄mL Matrigel solution. The
cells were first seeded in 12-well plates at a concentration of
2.5 9 105 per well and cultured for 48 h with NE (10 lM).
Normal culture medium was added at the bottom chamber to
induce the cancer cell lines. Pretreated cells were seeded in
the top chamber. The Matrigel invasion chamber was incu-
bated for 24 h in a humidified tissue culture incubator. After
24 h, the non-invasive cells were removed from the upper sur-
face of the separating membrane by gentle scrubbing with a
cotton swab. The invading cells were fixed in 100% methanol,
stained with 0.1% crystal violet solution, and then counted
under a microscope at 2009 magnification.

Reverse transcription-PCR and real-time quantitative PCR. Total
RNA from the BGC-823 and SGC-7901 cells was isolated
using TRIzol reagent (Gibco BRL), and the quantities were
determined spectrophotometrically. First-strand cDNA was
synthesized from 2 lg total RNA using the RevertAid Kit
(Fermentas MBI, Sacramento, CA, USA). The sequences of
the PCR primers were as follows: E-cadherin (502 bp) forward
50-CGC ATT GCC ACA TAC A-30 and reverse 50-CGT TAG
CCT CGT TCT CA-30; vimentin (690 bp) forward 50-CGC
TTC GCC AAC TAC AT-30 and reverse 50-AGG GCA TCC
ACT TCACAG-30; and b-actin (179 bp) forward 50-ATC GTG
CGT GAC ATT AAG GAG AAG-30 and reverse 50-AGG
AAG GAA GGC TGG AAG AGT G-30. The PCR conditions
included an initial cDNA synthesis reaction at 42°C for 1 h
using the RevertAid Kit (Fermentas MBI), followed by 22
cycles of a denaturation step for 5 min at 94°C, 30 s at 94°C,
30 s at 55°C, and 30 s at 72°C. After the last cycle, a final
extension was carried out at 72°C for 10 min. The housekeep-
ing gene b-actin was used as an internal control.
Real-time quantitative PCR was carried out with Platinum

SYBR Green qPCR SuperMix UDG (Invitrogen, Carlsbad,

CA, USA) using the Rotor-Gene RG-3000 (Corbett Research,
Doncaster, Vic., Australia).

Western blot analysis. Briefly, 5 9 105 cells were incubated
on ice for 30 min in 0.5 mL ice-cold whole-cell lysate buf-
fer. Debris was removed by centrifugation, and the protein
content of the cell was determined. The cellular lysates were
separated by 10% SDS-PAGE, and then electrotransferred
into nitrocellulose membranes. After being blocked with 5%
non-fat milk in TBST, the membranes were incubated with
primary antibodies at 4°C overnight, followed by 1:2000
HRP-conjugated secondary antibody (Santa Cruz Biotechnol-
ogy) for 2 h. Immunoreactive bands were visualized using
an enhanced chemiluminescence kit (Amersham Pharmacia
Biotech, Piscataway, NJ, USA). The Western blot signals
were quantitated by densitometric analysis using Total Lab
Nonlinear Dynamic Image analysis software (MathWorks,
Natick, MA, USA).

Immunofluorescence assay. Exponentially growing cells were
seeded on 25-mm square glass cover slips placed in 35-mm
diameter culture dishes. After treatment, the cells were fixed
with 4% formaldehyde for 5 min, permeabilized with 0.2%
solution of Triton X-100 in PBS, and blocked with 2% BSA-
PBS for 30 min. Slides were incubated overnight with CY3-
labeled anti-E-cadherin (1:100) and FITC-labeled anti-vimentin
(1:100). Cell nuclei were counterstained by DAPI. Fluorescent
imaging was obtained with a confocal laser scanning micro-
scope (Carl Zeiss MicroImaging, Jena, Germany).

Small interfering RNA assay. To inhibit the expressions of b2-
AR and HIF-1a, we used siRNA oligos (b2-AR siRNA target
sequence, 50-CAGAGTGGATATCACGTGGAA-30; HIF-1a
siRNA target sequence, 50-AGGAAGAACTATGAACATA
AA-30; Qiagen, Germany, (Shanghai agent in China)). The
BGC-823 cells (n = 2 9 106) were transfected with siRNA
targeted against b2-AR (100 nm ⁄L) or a control siRNA (Qiagen)
using Lipofectamine 2000 (Invitrogen). Cells were covered
overnight before starvation. This procedure was then followed
by treatment with NE (10 lM) for 12 h. Finally, the cells were
harvested for RT-PCR and invasion assay.

Statistical analysis. Each experiment was carried out at least
three times. Data were shown by their mean values � standard
deviation, and differences were evaluated using Student’s t-test
and one-way ANOVA. P < 0.05 was considered to be statisti-
cally significant.

Results

Norepinephrine induced cell morphological changes of EMT in

gastric adenocarcinoma cells. To determine whether stress
hormones can induce EMT, we initially investigated the cell
morphological changes of EMT by using optical and scanning
electron microscopy in the gastric adenocarcinoma cells
BGC-823 and SGC-7901 exposed to NE (10 lM; this concentra-
tion was chosen based on our previous study)(20) treatment. Both
cell lines were treated with NE for 48 h. Figure 1 shows that the
cancer cells underwent typical EMT morphological changes;
specifically, the cells started to lose cell contacts, scattered from
cell clusters, and acquired a spindle-shaped, fibroblast-like
phenotype according to optical microscopy. Scanning electron
microscopy results showed that the extracellular microvilli
increased in some cells. These results suggest that NE can
induce an occurrence of the EMT process.

Norepinephrine regulated expression of EMT markers in gastric

adenocarcinoma cells. To further confirm the EMT phenomenon,
we sequentially tested EMT markers, such as E-cadherin and
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vimentin, as well as mRNA and protein expressions. The RT-
PCR and real-time quantitative PCR analysis (Fig. 2) indicated
that the mRNA levels of vimentin and E-cadherin are signifi-
cantly increased and suppressed by NE, respectively (P < 0.05).

However, these effects can be reversed by the b2-AR antagonist
ICI 118551. Western blot analysis (Fig. 3) showed that E-cadh-
erin expression is significantly downregulated in the NE group
compared with the control, whereas vimentin expression is

(a) (b)

Fig. 1. Stress hormone norepinephrine (NE) induced cell morphological changes of epithelial–mesenchymal transition in gastric adenocarcinoma
SGC-7901 and BGC-823 cells. Cells were incubated with either PBS or norepinephrine (10 lM). After 48 h, cellular morphological changes were exam-
ined by optical (9400) (a) and scanning electron microscopy (b) (98000–20 000). Results represent three independent experiments. Con, control.

(a)

(b)

(c)

Fig. 2. Norepinephrine (NE) decreased the
expression of E-cadherin mRNA and increased the
expression of vimentin mRNA in gastric
adenocarcinoma cell lines, whereas the b2-adrenergic
receptor antagonist ICI 118551 reversed this effect.
(a) mRNA expressions of E-cadherin and vimentin in
SGC-7901 and BGC-823 cells were determined by RT-
PCR. (b, c) Quantification of mRNA by real-time
quantitative PCR. Data fromat least three independent
experiments with duplicate determinations are
expressed as means � SEM. *P < 0.05 was considered
statistically significant. Con, control; NE+I, NE + ICI
118551.
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substantially increased (P < 0.05). We also presented evidence
that the b2-AR antagonist ICI 118551 can reverse NE-induced
EMT, which is accompanied by the inhibition of vimentin pro-
tein expression and an increase in the expression of E-cadherin
protein.
To further determine possible alterations in E-cadherin and

vimentin, BGC-823 and SGC-7901 cells treated with NE
underwent fluorescence immunostaining and were then ana-
lyzed by confocal microscopy. Results after 48 h indicated
that the E-cadherin fluorescence signal in the NE group was
lower than in the control group, whereas the vimentin fluo-
rescence signal was substantially increased (Fig. 4). These
results further suggest that NE has promotive effects on cel-
lular EMT.

Hypoxia-inducible factor-1a–Snail signaling is a key factor to

decrease E-cadherin and increase vimentin expression. As
reported in a previous study,(14) NE can increase cancer cell
invasion through the b2-AR–HIF-1a regulatory axis. Hypoxia-
inducible factor-1a is also critically involved in the acquisi-
tion of EMT mediated by the direct downstream transcription
factor Snail, which is also an upstream control gene of E-
cadherin and vimentin. To explore whether the EMT effect of
NE is associated with the activation of the b2-AR–HIF-1a–
Snail regulatory axis, the expressions of HIF-1a and Snail
protein were detected in gastric adenocarcinoma cells by
Western blot analysis. Our results showed that NE promotes
HIF-1a and Snail protein expressions, which are accompanied
by the decrease of E-cadherin and the increase of vimentin
(Fig. 5). We further presented evidence that the b2-AR antag-
onist ICI 118551 can also reverse NE-induced HIF-1a and

Snail protein expressions. These results indicated that b2-AR-
HIF-1a-Snail has a critical role in EMT.

b2-Adrenergic receptor is required to induce EMT phenomenon

for NE. To further evaluate whether b2-AR activation induced
by NE is essential for EMT to occur in gastric adenocarcinoma
cells, the effects of b2-AR siRNA on the EMT of BGC-823
gastric adenocarcinoma cells were examined. BGC-823 was
chosen because its cell line shows a higher expression of b2-
AR. The efficacy of b2-AR siRNA to knockdown b2-AR
mRNA and protein was confirmed by RT-PCR and Western
blot, respectively. We observed that both b2-AR mRNA and
protein levels (Fig. 6a,b) were barely detectable in b2-AR siR-
NA-transfected cells compared with control siRNA-transfected
cells. Subsequently, NE did not induce the EMT phenomenon
(Fig. 6c,d). Moreover, after treatment with NE in transfected
cells, the expressions of HIF-1a, Snail, and vimentin were
attenuated to a much greater extent than those of the control
cells, whereas E-cadherin showed an opposite alteration
(Fig. 6e,f). The results showed the critical effects of b2-AR
activity in NE on the EMT of cancer cells.

Hypoxia-inducible factor-1a linked b2-AR–Snail regulatory axis

to induce EMT phenomenon for NE. To further evaluate whether
HIF-1a induced by NE can be a hub for the occurrence of
EMT in gastric adenocarcinoma cells, the effects of HIF-1a
siRNA on the EMT of gastric adenocarcinoma cell line BGC-
823 were examined. The efficacy of HIF-1a siRNA to knock-
down HIF-1a mRNA and protein was confirmed by RT-PCR
and Western blot, respectively. We observed that both HIF-1a
mRNA and protein levels (Fig. 7a,b) were significantly
lower in HIF-1a siRNA-transfected cells than in control

(a)

(b)

(c)
Fig. 3. Norepinephrine (NE) decreased the
expression of E-cadherin protein and increased
the expression of vimentin protein in gastric
adenocarcinoma cell lines, whereas the b2-adrenergic
receptor antagonist ICI 118551 reversed this effect.
(a) Protein expressions of E-cadherin and vimentin in
SGC-7901 and BGC-823 cells were determined by
Western blot analysis. (b, c) Quantification of E-
cadherin and vimentin protein. Data from at least
three independent experiments with duplicate
determinations are expressed as means � SEM.
*P < 0.05 was considered statistically significant. Con,
control;NE+I,NE + ICI118551.
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siRNA-transfected cells. Subsequently, NE did not induce the
EMT phenomenon (Fig. 7c,d). After treatment with NE in
transfected cells, the expressions of Snail and vimentin were
also attenuated to a much greater extent than those of the con-
trol cells, whereas E-cadherin showed an opposite alteration
(Fig. 7e,f). The similar results showed the hub role of HIF-1a
in the b2-AR–Snail regulatory mechanism of cancer cell EMT.

Norepinephrine increased invasiveness of gastric adenocarci-

noma cells through b2-AR. Epithelial–mesenchymal transition is
associated with enhanced cellular progression. Our observa-
tion that NE induced EMT prompted us to examine whether
NE affects the invasion of gastric adenocarcinoma cells. The
motile phenotype of NE-treated cells was evaluated by inva-
sion assay. The number of invasive cells treated with NE
significantly increased compared with that in the control group.
After treatment in the b2-AR siRNA-transfected cells group, the
results showed that NE did not increase the number of invaded
cancer cells (Fig. 8a,b); however, it accompanied changes in
E-cadherin and vimentin expression (Fig. 8c,d). These results

suggested that b2-AR mediates the stimulative invasion of NE in
gastric adenocarcinoma cells.

Discussion

Long exposure to a psychological distress is considered to
be a key factor in the etiology of numerous diseases.(21,22)

Although its underlying mechanism has not been well eluci-
dated, the role of catecholamine (NE and epinephrine)
release induced by stressors has been increasingly recog-
nized. Epithelial–mesenchymal transition is a crucial event
responsible for cancer cell invasion and metastasis.(23–25)

However, the contribution of EMT to the tumor-promoting
effect of chronic stress is unknown. In this study, we
showed that BGC-823 and SGC-7901 cells can be induced
by NE to undergo EMT, and that b2-AR–HIF-1a–Snail sig-
naling is required for this phenomenon to occur. These find-
ings enhance our understanding of the function and
mechanism of chronic stress in cancer.

(a)

(b)

Fig. 4. Immunodetection of E-cadherin and vimentin proteins in gastric adenocarcinoma cell lines. BGC-823 (a) and SGC-7901 (b) cells were
incubated with norepinephrine (NE, 10 lM). After 48 h, fluorescent imaging was obtained with a confocal laser scanning microscope. E-cadherin
fluorescence signal in the norepinephrine group is lower than in the control (Con) group, whereas vimentin is higher in the control group.
NE + I, NE + ICI 118551.
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Stress pervades almost all aspects of life and is particu-
larly salient during diagnosis, treatment, and follow-up for
cancer. In Asian countries like China, doctors do not usually
tell their patients directly about their cancer diagnosis
because the major concern of doctors is that cancer is a
fatal disease that may stress a patient and thus worsen the
cancer status. Gomes et al. reported that social isolation is
associated with elevated tumor NE in ovarian carcinoma
patients, a finding that has implications for patient outcomes
in ovarian cancer owing to the NE level. (26) Our results
further verified the likely mechanism through an in vitro
experiment. The findings revealed the importance of moni-
toring emotional distress instead of only monitoring “tradi-
tional” vital signs such as blood pressure or heart rate. Yoo
et al.(27) described emotional distress as “the sixth vital sign
in cancer care,” and accordingly requested health care pro-
viders to offer emotional support. Patients may benefit from
the early recognition and adequate treatment of emotional
burden, or even depression, as documented in several stud-
ies. In addition, the present study presented new scientific
evidence of the effect of chronic stress hormones on cancer.
It verified the direct contribution of NE to cancer cell inva-
sion through the EMT process, which further facilitated the
influence of the b2-AR–HIF-1a regulatory axis on stress-
induced pancreatic tumor progression. Most importantly, our

study is the first to show the pro-metastatic effects of the
stress hormone NE, which is associated with EMT in cul-
tured gastric adenocarcinoma cells. Our results indirectly
offer a new perspective on the role of psychological distress
in promoting cancer progression. Meanwhile, the agent of
aim to the NE target may prove to be a novel candidate for
use in the treatment of carcinoma (especially for patients
who are subject to chronic stress due to their cancer diagno-
sis).
The EMT program is proposed to be a key process during

embryonic development and cancer progression.(26) During
EMT, epithelial cells acquire mesenchymal, fibroblast-like
phenotypes. Epithelial–mesenchymal transition facilitates
tumor cell migration from the site of origin and dissemination
to distant tissues. This process is triggered by autocrine and
paracrine signals. Hypoxia-inducible factor-1a helps to pro-
mote and maintain an invasive phenotype.(27) Numerous lines
of evidence also identify HIF-1a as an essential central media-
tor of EMT.(28) For example, studies showed that Snail tran-
scription, which is well established to have a critical role in
EMT, is directly activated by HIF-1a.(29) In addition, HIF-1a
is identified as the upstream regulator of Twist expression dur-
ing the EMT of cancer cells.(30,31) Specifically, the induction
of Snail mRNA levels during EMT can be reversed by the
inhibition of the HIF-1a signaling pathway.(32) Our present

(a)

(b)

(c)

Fig. 5. Norepinephrine (NE) increased the
expressions of hypoxia-inducible factor-1a (HIF-1a)
and Snail protein in gastric adenocarcinoma cells,
whereas the b2-adrenergic receptor antagonist ICI
118551 reversed this effect. (a) Protein expressions
of HIF-1a and Snail in SGC-7901 and BGC-823 cells
were determined by Western blot analysis.
(b, c) Quantification of HIF-1a and Snail protein.
Data from at least three independent experiments
with duplicate determinations are expressed as
means � SEM. *P < 0.05 was considered statistically
significant. Con, control; NE+I, NE + ICI 118551.
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study yields similar results and supports previous findings that
HIF-1a is the upstream regulator of Snail and indirectly medi-
ates EMT occurrence, which also reflects a new theory basic
of NE to mediate EMT phenomenon through HIF-1a signaling
pathway.
E-cadherin is a key factor in the cell–cell adhesion of epithe-

lial cells and acts as a metastatic suppressor in epithelial

carcinomas.(33,34) E-cadherin loss is significantly associated
with advanced diseases. Vimentin is the major intermediate fil-
ament protein found in mesenchymal cells. Vimentin expres-
sion is described as the end-stage progression in EMT,
representing the completely dedifferentiated state in highly
proliferative and invasive tumor cells.(35) Studies revealed that
these two important EMT markers are directly regulated by

(a) (c)

(b)

(d)

(e) (f)

Fig. 6. b2-Adrenergic receptor (b2-AR) siRNA could
inhibit norepinephrine (NE)-induced epithelial–
mesenchymal transition in gastric adenocarcinoma
cells. (a) Efficacy of b2-AR siRNA for knockdown of
b2-AR mRNA and protein was confirmed by RT-PCR
and Western blot. (b) Quantification of b2-AR
mRNA and protein. (c) NE induced cell
morphological changes of epithelial–mesenchymal
transition in SGC-7901 and BGC-823 cells after b2-
AR siRNA. (d) E-cadherin and vimentin fluorescent
imaging obtained by a confocal laser scanning
microscope showed no disparity between groups.
(e) BGC-823 was treated with NE (10 lM) with or
without b2-AR siRNA. After 48 h, hypoxia-inducible
factor-1a (HIF-1a), Snail, E-cadherin, and vimentin
proteins were detected by Western blot analysis.
(f) Quantification of HIF-1a, Snail, E-cadherin, and
vimentin proteins. *P < 0.05 was considered
statistically significant. Con, control.
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Snail. In the present study, we observed that the stress hor-
mone NE can induce EMT if accompanied by E-cadherin loss
and vimentin augmentation. Vimentin expression in tumor tis-
sues from mice within the two stress groups is higher than that
from mice in the control group, whereas E-cadherin expression

is lower. This finding suggests that chronic stress promotes
tumor metastasis that is likely associated with EMT. Although
the EMT markers are primarily altered because of chronic
stress, further study is required to clarify the regulatory mech-
anism in vivo.

(a) (c)

(b)

(d)

(e) (f)

Fig. 7. Hypoxia-inducible factor-1a (HIF-1a) siRNA
could inhibit norepinephrine (NE)-induced
epithelial–mesenchymal transition in gastric
adenocarcinoma cells. (a) Efficacy of HIF-1a siRNA
for knockdown of HIF-1a mRNA and protein was
confirmed by RT-PCR and Western blot analysis.
(b) Quantification of HIF-1a mRNA and protein.
(c) NE induced cell morphological changes of
epithelial–mesenchymal transition in SGC-7901 and
BGC-823 cells after HIF-1a siRNA. (d) E-cadherin and
vimentin fluorescent imaging obtained with a
confocal laser scanning microscope showed no
disparity between groups. (e) BGC-823 was treated
with NE (10 lM) with or without HIF-1a siRNA.
After 48 h, Snail, E-cadherin, and vimentin proteins
were detected by Western blot. (f) Quantification
of Snail, E-cadherin, and vimentin proteins.
*P < 0.05 was considered statistically significant.
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Taken together, the results of this pioneering study imply
that the catecholamine hormone NE induces EMT in gastric
adenocarcinoma through the regulation of b2-AR–HIF-1a–
Snail activity. The data provide a new perspective on
chronic stress in a negative social and psychological state,
which may be a risk factor for cancer development and
progression.
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