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Abstract
AIM: To explore the inhibitory effects of dobutamine 
on gastric adenocarcinoma cells.

METHODS: Dobutamine was used to treat gastric ad-
enocarcinoma cells (SGC-7901) and cell viability was 
determined by the 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay. The effects 
of dobutamine combined with cisplatin on cell viability 
were also analyzed. Cell migration was studied using 
the wound healing assay, and cell proliferation was 
analyzed using the colony formation assay. A cell inva-
sion assay was carried out using Transwell cell culture 
chambers. The cell cycle and cell apoptosis were ana-
lyzed by flow cytometry. Western blot and immunocyto-
chemistry were performed to determine the expression 
of Yes-associated protein (YAP) in treated cells.

RESULTS: Dobutamine significantly inhibited cell 
growth, migration, cell colony formation, and cell inva-
sion into Matrigel. Dobutamine also arrested the cell 
cycle at G1/S phase, and increased the rate of apopto-
sis of gastric adenocarcinoma cells. The expression of 
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YAP was detected mainly in the nucleus in the absence 
of dobutamine. However, reduced expression of phos-
phorylated YAP was mainly found in the cytosol follow-
ing treatment with dobutamine.

CONCLUSION: Dobutamine has significant inhibitory 
effects on gastric adenocarcinoma cells and may be 
used in neoadjuvant therapy not only for gastric cancer, 
but also for other tumors.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Dobutamine inhibited the viability, migration, 
proliferation and invasion of SGC-7901 cells. Dobu-
tamine arrested the cell cycle at G1/S phase, and in-
creased the rate of apoptosis of gastric adenocarcinoma 
cells. Phosphorylated Yes-associated protein was found 
mainly in the cytosol after treatment with dobutamine.
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INTRODUCTION
Gastric carcinoma is now one of  the most common ma-
lignancies with a relatively high incidence and mortality 
rate. It was estimated that in 2012 there were 21320 new 
cases and 10540 deaths in the United States[1]. However, 
traditional chemotherapy for the treatment of  gastric car-
cinoma is still not very effective. Therefore, new therapies 
and drugs are required.

Dobutamine is a synthetic sympathomimetic amine, 



and is widely used in patients with congestive heart fail-
ure. Dobutamine is a β1-adrenoceptor agonist, but it can 
also stimulate β2- and α1-adrenoceptors in the cardiovas-
cular system[2,3]. In addition, dobutamine has been used 
in cardiovascular testing, including dobutamine stress 
cardiovascular magnetic resonance (DCMR)[4]. Recently, 
dobutamine was shown to significantly affect human os-
teosarcoma cells. Researchers confirmed that dobutamine 
attenuated Yes-associated protein (YAP)-dependent tran-
scription by inhibiting YAP nuclear translocation[5]. This 
may result in a new application for dobutamine in cancer 
treatment.

YAP, which is present in chromosome 11q22, is high-
ly conserved in mammalian systems, and is considered 
to be the nuclear effector of  the Hippo pathway. The 
Hippo pathway is very important in the regulation of  
cell growth, division, and apoptosis[6]. This pathway was 
first identified by mosaic screens in Drosophila melanogaster, 
as a pathway that determined organ size[7]. It was found 
that the Hippo pathway is commonly altered during car-
cinogenesis. Recently, high-expression of  YAP was ob-
served in many types of  tumors, including hepatocellular, 
colorectal, gastric, ovarian, breast, and lung cancers, and 
was correlated with poor prognosis[8-14]. These observa-
tions suggest that YAP may contribute to a malignant cel-
lular phenotype[15,16]. During the process of  carcinogen-
esis, the effects of  YAP are not unique, but are universal. 
Therefore, it is important to identify reagents which can 
inhibit YAP in clinical medicine, which will be useful in 
tumor treatment.

YAP is a carcinogenic factor which is over-expressed 
in gastric carcinoma. Dobutamine may reduce the expres-
sion of  YAP. In this study, dobutamine was used to treat 
gastric adenocarcinoma cells, and its therapeutic value 
in these cells was assessed. The combined effects of  do-
butamine and cisplatin were also determined. We expect 
that dobutamine will be approved as an adjuvant therapy 
in gastric cancer.

MATERIALS AND METHODS
Cell culture
Human gastric adenocarcinoma SGC-7901 cells (Institute 
of  Biochemistry and Cell Biology, Shanghai, PRC) were 
cultured in RPMI-1640 containing 10% fetal bovine se-
rum, 100 U/mL penicillin and 100 μg/mL streptomycin. 
The cells were maintained at 37 ℃ in a humidified atmo-
sphere containing 5% CO2 at 37 ℃.

Cell viability assay
The influence of  dobutamine (Sigma-Aldrich, MO, 
United States) on cell viability was determined using 
the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) assay. Dobutamine was diluted in 0.9% 
saline solution and stored at 37 ℃, and freshly diluted in 
culture medium before each experiment. SGC-7901 cells 
(5 × 104/mL, 200 µL) were cultured in a 96-well plate 
overnight and stimulated with various concentrations of  

dobutamine (1 µmol/L, 3 µmol/L and 10 µmol/L) for 
24, 48 and 72 h, respectively. Twenty µL MTT was added 
to each well, and incubated for a further 4 h. After care-
ful removal of  the medium, 150 µL dimethyl sulfoxide 
(DMSO) was added to each well, and the plate was then 
shaken until the crystals were solubilized. Finally, the 
absorbance was measured at 490 nm. Cell survival was 
calculated using the mean of  pooled data from three 
separate experiments with five wells. The inhibitory rate 
was calculated using the following equation: Inhibitory 
rate (IR) (%) = (1 - ODtreatment/ODcontrol) × 100%.

In addition, the effect of  dobutamine (30 µmol/L) 
combined with cisplatin (DDP, 8 μg/mL) on cell viability 
was also analyzed by MTT.

Cell migration assay
The effect of  dobutamine on the migration of  SGC-7901 
cells was examined using the wound healing assay. Cells 
were cultured in 6-well plates and allowed to grow to 
90% confluence. A wound track (approximately 5 mm in 
size) was scored in each dish with a plastic scraper. The 
debris was removed by washing with PBS. After incu-
bation with 30 µmol/L dobutamine for 24 h, the cells 
which migrated into the wound area were visualized and 
photographed. Experiments were performed in triplicate.

Cell proliferation assay
The effect of  dobutamine on the proliferation of  
SGC-7901 cells was analyzed by the colony formation 
assay. Cells were firstly trypsinized, and 1 × 103 cells were 
mixed with a 0.3% agar solution in RPMI-1640 contain-
ing 10% FBS and layered on top of  a 0.6% agar layer in 
plates. Three, 10 and 30 µmol/L dobutamine were used 
in this experiment. The plates were then incubated for 2 
wk at 37 ℃ in 5% CO2. Only colonies containing more 
than 50 cells were counted. The cells were fixed with 
10% acetic acid and 10% methanol, and then the colonies 
were stained with 1% crystal violet. The results were re-
corded as the mean number of  colonies observed in five 
wells. Experiments were repeated three times.

Cell invasion assay
The invasion assay was carried out using Transwell cell 
culture chambers. SGC-7901 cells were treated with dif-
ferent concentrations of  dobutamine (1, 3, 10 and 30 
µmol/L) for 48 h. The cells were later harvested with 
0.02% EDTA and suspended in RPMI-1640 serum-free 
medium. A cell suspension of  100 µL (2 × 105/mL) was 
added to the upper compartment of  the chamber, and 
RPMI-1640 containing 20% FBS was placed in the lower 
compartment of  the chemotaxis chamber as a chemoat-
tractant source. After incubation at 37 ℃ for 4 h, cells on 
the upper surface of  the filter were removed with cotton 
swabs, and those on the lower side were fixed in metha-
nol and then stained with hematoxylin. The stained cells 
were observed under an inverted microscope. More than 
10 fields of  view at 200 × magnification were counted 
randomly. The invading cells were expressed as the mean 
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number of  invaded cells located on the lower side of  the 
chambers. The experiments were performed three times.

Cell cycle assay
SGC-7901 (2 × 105) cells were treated with different 
concentrations of  dobutamine (1, 3, 10 and 30 µmol/L) 
for 48 h, and then fixed in 70% ethanol and stained with 
propidium iodide (PI), and the DNA content was ana-
lyzed by flow cytometry.

Cell apoptosis assay
SGC-7901 cells were treated with different concentra-
tions of  dobutamine (1, 3, 10 and 30 µmol/L) for 72 h, 
and then the cells were washed twice with cold PBS and 
resuspended in 1 × binding buffer (BD Biosciences, San 
Jose, CA, United States). Apoptosis of  SGC-7901 cells 
was quantified by staining with 5 µL annexin V-fluorescein 
isothiocyanate (FITC) and 2.5 µL PI (Beckman Coulter, 
Inc., CA, United States). The cells were then incubated 
on ice for 10 min in the dark, followed by the addition of  
400 µL 1 × binding buffer. Samples for analysis of  apop-
tosis were analyzed using flow cytometry within 30 min.

Western blot analysis and immunocytochemistry of YAP
After treatment with dobutamine for 72 h, the cells were 
first washed in ice-cold phosphate buffered saline (PBS), 
lysed in whole-cell extraction buffer, and centrifuged at 
14000 g for 20 min. Approximately 30 µL of  proteins was 
isolated by 8% SDS-PAGE and transferred into a polyvi-
nylidene fluoride membrane. The membrane was blocked 
with 5% skim milk and then probed with antibodies 
specific to human YAP (Santa Cruz Biotechnology, CA, 
United States; 1/1000), Phospho-YAP (Cell Signaling 
Technology Inc., Boston, MA, United States; 1/500) and 
GAPDH (Santa Cruz Biotechnology, CA, United States; 
1/500) overnight at 4 ℃. An appropriate secondary anti-
body was chosen and the sample was incubated at room 
temperature for 2 h.

Immunodetected protein YAP was visualized by a 
DAB system according to the manufacturer’s instructions. 
The corresponding immunocytochemistry was carried 

out according to the manufacturer’s instructions.

Statistical analysis
Statistical analyses were performed using the SPSS 15.0 
software package (SPSS Inc. Chicago, IL, United States). 
Comparisons between two samples were performed us-
ing the Student’s t test. P < 0.05 was considered statisti-
cally significant.

RESULTS
Dobutamine inhibited the growth and migration of 
SGC-7901 cells
Cell viability was determined by the MTT assay after 
treatment with dobutamine. The viability of  SGC-7901 
cells was significantly inhibited by dobutamine in a time- 
and dose-dependent manner (Figure 1A). The median ef-
fective concentrations (IC50) of  dobutamine for inhibition 
of  SGC-7901 cell viability were 27.16, 21.25, and 16.84 
µmol/L at 24, 48 and 72 h, respectively. The inhibition 
ratio was significantly increased after DDP was added 
(Figure 1B).

An in vitro wound healing assay was performed to 
determine whether dobutamine affected SGC-7901 cell 
migration. As shown in Figure 2, the number of  migrated 
cells increased in the control group. However, the num-
ber of  migrated cells was significantly reduced following 
the addition of  dobutamine for 24 h. 

Dobutamine inhibited colony formation and invasion of 
SGC-7901 cells
The effect of  dobutamine on the proliferation of  
SGC-7901 cells was analyzed using the colony forma-
tion assay. The colonies formed in the dobutamine 
groups were smaller and fewer than those formed in the 
control group. The number of  colonies formed in the 
dobutamine groups was significantly reduced (3 µmol/L: 
17.8 ± 1.21, 10 µmol/L: 14.96 ± 1.36, and 30 µmol/L: 
12.43 ± 1.09 vs control: 22.20 ± 1.49, P < 0.05). This 
indicated that dobutamine inhibited colony formation in 
SGC-7901 cells.

17094 December 7, 2014|Volume 20|Issue 45|WJG|www.wjgnet.com

50

45

40

35

30

25

20

15

10

5

0

In
hi

bi
tio

n 
ra

tio
 (

%
)

1              3             10            30
       Dobutamine (mmol/L)

24 h
48 h
72 h

100.00

80.00

60.00

40.00

20.00

0.00

In
hi

bi
tio

n 
ra

tio
 (

%
)

24                               48                             72
                                  t /h

a

a

a

a

a

Dobutamine

DDP

Dobutamine + DDP

A B

Figure 1  Dobutamine inhibits SGC-7901 cell growth. A: Inhibition ratio (%) of dobutamine on the viability of SGC-7901 cells. Cells were treated with different con-
centrations of dobutamine (1, 3, 10 and 30 µmol/L) for 24, 48 and 72 h; B: Inhibition ratio (%) of dobutamine (30 µmol/L), cisplatin (8 µg/mL) and dobutamine (30 µmol/L) 
+ cisplatin (8 µg/mL) for 24, 48 and 72 h on the viability of SGC-7901 cells. aP < 0.05 vs the combined group.
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Dobutamine arrested the cell cycle at G1/S transition and 
augmented cell apoptosis
To elucidate the inhibitory mechanism of  dobutamine 
on cell growth, flow cytometry was used to compare dis-
tribution of  the cell cycle between dobutamine-treated 
and control cells. As shown in Figure 3, the percentage 
of  SGC-7901 cells in the G0/G1 phase was significantly 
increased (3 µmol/L: 47.89% ± 1.01%, 10 µmol/L: 
9.46% ± 0.66%, and 30 µmol/L: 51.77% ± 0.77% vs 

The in vitro invasion analysis was employed to de-
termine whether dobutamine affected SGC-7901 cell 
invasion into matrigel. The number of  invaded cells was 
122.67 ± 5.51 (1 µmol/L), 116.00 ± 5.29 (3 µmol/L), 
97.00 ± 6.56 (10 µmol/L), and 67.33 ± 5.69 (30 µmol/
L) in the dobutamine groups, and 56.67 ± 3.06 in the 
control group after 48 h, respectively. These findings in-
dicated that dobutamine significantly inhibited Matrigel 
invasion (P < 0.01). A dose response was also observed.
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Figure 2  Dobutamine inhibits SGC-7901 cell migration. A: After treatment with 30 µmol/L dobutamine for 24 h, the number of migrated cells was reduced; B: Num-
ber of migrated cells was increased in the control group.
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Figure 3  Effects of dobutamine on the cell cycle of SGC-7901 cells analyzed by flow cytometry. Cells were treated with different concentrations of dobutamine 
for 48 h. A: Control cells; B: 1 µmol/L dobutamine; C: 3 µmol/L dobutamine; D: 10 µmol/L dobutamine; E: 30 µmol/L dobutamine.
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control: 45.36% ± 1.14%, P < 0.01), whereas the per-
centage in the S-phase was significantly decreased (3 
µmol/L: 33.89% ± 0.74%, 10 µmol/L: 33.70% ± 1.30%, 
and 30 µmol/L: 31.55% ± 1.19% vs control: 34.23% ± 
1.90%, P < 0.05). However, no difference was found be-
tween the 1 µmol/L group and the control group. These 
results suggested that dobutamine arrested the cell cycle 
at G1/S phase. 

Cell apoptosis was also influenced by dobutamine. 
After 72 h treatment, dobutamine significantly increased 
the rate of  apoptosis at 1 µmol/L (9.96% ± 2.12%), 
3 µmol/L (15.14% ± 1.06%), 10 µmol/L (18.50% ± 
0.93%) and 30 µmol/L (23.85% ± 1.09%) compared 
with the rate of  apoptosis in the control group (6.41% 
± 0.64%) (P < 0.05) (Figure 4). The rate of  apoptosis 

was dose-dependent.

Dobutamine induced the expression of phosphorylated 
YAP
The expression of  YAP was detected in cells after treat-
ment with dobutamine. The expression of  YAP was 
decreased, but phosphorylated YAP was increased after 
treatment with dobutamine for 72 h (Figure 5A). Im-
munocytochemistry showed that the expression of  YAP 
was mainly found in the nucleus in the absence of  do-
butamine. However, phosphorylated YAP was mainly 
found in the cytosol following treatment with dobuta-
mine (Figure 5B and C). Therefore, we suspect that YAP 
was recruited from the nucleus to the cytosol after treat-
ment with dobutamine.
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DISCUSSION
Gastric carcinoma is one of  the most common malignan-
cies worldwide. Researchers recently found that dobuta-
mine inhibited YAP nuclear translocation, which is very 
important in the regulation of  cell growth, division, and 
apoptosis[5]. Therefore, we suspect that dobutamine will 
be accepted as an adjuvant therapy in gastric cancer. In 
this study, we found that dobutamine significantly inhib-
ited cell growth, migration, cell colony formation, and in-
vasion into Matrigel. In addition, dobutamine arrested the 
cell cycle at G1/S phase, and increased the rate of  apop-
tosis of  gastric adenocarcinoma cells. The expression of  
YAP was mainly found in the nucleus in the absence of  
dobutamine. However, the expression of  phosphorylated 
YAP was reduced and was mainly found in the cytosol 
following treatment with dobutamine. 

YAP is a proline-rich phosphoprotein, which acts as 
a transcriptional co-activator in the regulation of  cellu-
lar processes, including cell proliferation and apoptosis. 
Many genes related to cell growth and apoptosis are 
influenced by YAP, such as Ki67, C-mye, Sox4, H19 and 
AFP[17]. YAP is the nuclear effector of  the Hippo path-
way, and will normally flow to the cytoplasm[18]. When 
the Hippo pathway is activated, YAP is phosphorylated 
and recruited from the nucleus to the cytosol, then YAP-
dependent transcription is turned off. In contrast, when 
the Hippo pathway is impaired, YAP remains in the 
nucleus, consequently resulting in tissue over-growth and 
tumorigenesis[19]. Recently, emerging evidence suggests 
that YAP may be a candidate oncogene. As reported, 
high-expression of  YAP has been found in many types 
of  tumors, including gastric carcinoma[8]. YAP may play 
an important role as a carcinogenic factor in gastric carci-
noma, and eliminating YAP may inhibit gastric carcinoma 
cell proliferation and metastasis[14].

As reported, dobutamine can lead to altered expres-
sion of  YAP[5]. Although the effect of  dobutamine is 
independent of  the Hippo pathway, it inhibits YAP-de-

pendent gene transcription. It is believed that phosphory-
lation of  LATS1 and LATS2 is a hallmark of  Hippo 
pathway activation, and is the classical Hippo pathway. 
However, different from the classical pathway, dobu-
tamine may enhance the phosphorylation of  Akt and 
activate the Hippo pathway independently. Akt is known 
to phosphorylate Ser127 of  YAP and recruit YAP to the 
cytoplasm[20]. Ser127 of  YAP is the most important phos-
phorylation site and is a determinant of  the sub-cellular 
localization of  YAP. When YAP locates in the cytoplasm, 
YAP-dependent transcription of  the cell proliferation-
promoting and anti-apoptotic gene is shut off. In the 
present study, we determined the effects of  dobutamine 
on SGC-7901 cells. It was shown that the influence of  
dobutamine on SGC-7901 cells was extensive. Dobuta-
mine may inhibit the biological behavior of  SGC-7901 
cells, including cell viability, migration, proliferation and 
invasion. These data are similar to the results obtained 
when the YAP gene was silenced using RNA interfer-
ence[21]. In addition, research demonstrated that YAP 
could activate apoptosis in response to DNA damage by 
interacting with p73 in several cancer cell lines[22]. In this 
study, dobutamine arrested the cell cycle at G1/S transi-
tion and augmented cell apoptosis. 

Nowadays, the mainly obstacle in the successful man-
agement of  patients with gastric carcinoma is intrinsic 
or acquired drug resistance[23]. Cisplatin is widely used 
as a primary anti-tumor chemotherapeutic agent to treat 
various cancers. However, resistance to cisplatin has been 
investigated, but is not fully understood[24]. In this study, 
we found that the combined effects of  dobutamine and 
cisplatin were favorable in gastric adenocarcinoma cells. 
Cell growth and viability were inhibited more greatly 
following treatment with both drugs. Dobutamine may 
ameliorate resistance to cisplatin.

In conclusion, as YAP is shown to play an important 
role as a carcinogenic factor in many malignant tumors, 
YAP represents an important therapeutic target in human 
cancer. Following treatment with dobutamine, YAP was 
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recruited from the nucleus to the cytosol. The inhibitory 
effect of  dobutamine as seen in SGC-7901 cells may be 
used in neoadjuvant therapy not only for gastric cancer, 
but also for other tumors.
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