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Abstract. - OBJECTIVE: Propofol (2,6-diiso-
propylphenol) is a commonly used intravenous
anesthetic agent. Previous studies suggested that
propofol might act as anti-tumor drug in various
cancers, including gastric cancer. However, the
underlying mechanism is still largely unknown.
MATERIALS AND METHODS: 1, 5, 10 and 20
pg/ml of propofol were used to treat gastric can-
cer cell MKN45 for 24, 48 or 72 hours. MTT assay
was used to detect the proliferation. Transwell as-
say was employed to measure the invasio
migration with or without matrigel. The ex
sion of miR-29a, 29b and 29c¢ was assesse
quantitative real time polymerase cha|n react
(qRT-PCR). Luciferase assay was jg
confirm the relationship betweeg

with normal
1 and upre
29a, b or ell proliferation, migration
i nder propofol treat-
d regulated by miR-

P-2 silencing reversed

gra and invasion by upregulating
miR-29b and miR-29¢ and downregu-
D-2.
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Introduction

Gastric cancer is one of the most commonly
diagnosed gastrointestinal malignancies and the
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other cancers,
is chalked up to

ol abuse, inflammation
espite the advances made
s and treatment, the prognosis of
tient is still unsa‘usfactory4 It has
at the 5-year survival rate of gas-
approximately 60% for patients with
carcinoma but only 2% for the metastat-
patients®. Thus, it is urgent and helpful to
search novel and effective therapeutic strategy for
gastric cancer treatment.

Propofol (2,6-diisopropylphenol) is a common-
ly and extensively used intravenous anesthetic
in clinic®. Besides, propofol also exerts various
non-anesthetic functions, such as antiemetic, anx-
iolytic, neuroprotective and immunomodulatory
activity’. Emerging evidence® has suggested that
propofol has anti-tumor effects. Liu et al’ reported
that propofol could inhibit cell proliferation and
epithelial-mesenchymal transition in lung cancer
cells in vitro. Du et al' revealed that propofol in-
hibited the proliferation, migration and invasion
as well as induced apoptosis in endometrial can-
cer cells. Huang et al'' suggested that propofol
inhibited the proliferation and invasion of ovar-
ian cancer cells. Bai et al'? proved that propofol
suppressed the migration and invasion of breast
cancer. In term of gastric cancer, propofol also
acts as an anti-tumor medicine. Wang et al* con-
cluded that propofol could inhibit the expression
of microRNA-221 and suppressed cell prolifera-
tion and invasion in gastric cancer cells. However,
the detailed molecular mechanism of propofol in
gastric cancer is needed to be further explored.
MicroRNAs (miRNAs) are a group of short, sin-
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gle-strand, endogenous and non-protein-coding
RNAs. Mechanically, miRNAs mediate the deg-
radation or translational suppression of target
messenger RNAs (mRNAs) via directly binding
to the 3’-untranslated regions (3’-UTR) ™. Tt has
been reported that miRNAs are related with many
biological processes such as cell growth, differ-
entiation, development and apoptosis. Moreover,
dysregulated expression of miRNAs is involved
in many diseases including cardiovascular dis-
ease °, immune disease '°, neurodegenerative dis-
ease '7 and even cancers '8. Meanwhile, miRNAs
are a providing therapy target in cancer treatment
. MiR-29 family in human contains hsa-miR-
29a, hsa-miR-29b and hsa-miR-29¢, which con-
tribute to the progression of various cancers. For
example, miR-29a acts as a tumor suppressor in
pancreatic cancer *°; miR-29b can regulate the mi-
gration of human breast cancer cells ?'; miR-29¢
can inhibit cell proliferation and induce apoptosis
in hepatocellular carcinoma 2. However, it is not
clear the relationship between miR-29 family and
gastric cancer.

In the present study, we firstly analyzed the ef-
fects of propofol on cell proliferation, migratjon
and invasion in gastric cancer cell line M
Subsequently, we suggested that miR-29 fa
was downregulated in gastric cancer, which co
be elevated by propofol treatment. The
ﬁrmed miR- 29 regulated the expig

tor on cell proliferation,
MKN45 cells. This
nism of propofol in

p., LI (Nanjing, China). All the cells
tured in Dulbecco’s Modified Eagle’s
DMEM, Sigma-Aldrich, St. Louis, MO,
USA) with 10% fetal bovine serum (FBS, Gibco,
Rockville, MD, USA) and 1% penicillin-strepto-
mycin solution (Gibco, Thermo Fisher, Waltham,
MA, USA). The medium was changed every two
days. The cells were treated with propofol (Sig-
ma-Aldrich, St. Louis, MO, USA) at the concen-
tration of 0, 1, 5, 10 and 20 pg/ml for 0, 24, 48 or
72 hours.

Transfection

miR-29a, miR-29b and miR-29¢ inhibitor, siR-
NA-MMP-2 and their corresponding negative
control were purchased from GenePharma Co.
(Shanghai, China) and transfected into MKN45
cells using Lipofectamine 3000 reagent (Invitro-
gen, Carlsbad, CA, USA) according to the manu-
facturer’s protocol. After 24 hours, the cells were
treated with 10 pg/ml propofol fQreas
hours.

MTT Assay
Cell proliferation wa

r 4 h at 37°C. After discarding

ul dimethyl sulfoxide (DMSO)
, St. Louis, MO, USA) was added
absorbance at 490 nm.

ell Assay

The migration was performed with transwell
chamber (Sigma-Aldrich, St. Louis, MO, USA).
The untransfected or transfected cells were seed-
ed into 6-well plate and treated with 10 pg/ml
propofol for 48 hours. Next, 1x10° cells of each
sample were seeded into the upper chamber with
serum-free DMEM. Dulbecco’s Modified Eagle’s
Medium (DMEM) containing 10% fetal bovine
serum (FBS) was added into the lower chamber.
After incubation at 37°C for 24 hours, the cells
were fixed with 4% paraformaldehyde (PFA, Sig-
ma-Aldrich, St. Louis, MO, USA) and stained
with 0.1% crystal violet for 30 min followed by
washing with PBS three times. For invasion as-
say, matrigel (BD Bioscience, Franklin Lakes, NJ,
USA) was coated in the transwell.

Quantitative Real Time Polymerase Chain
Reaction (gqRT-PCR)

Total small RNA (<200 nt) was isolated with
mirVanamiRNA isolation kit (Thermo Fisher Sci-
entific, Waltham, MA, USA). Then cDNA was
reversed transcribed using TagMan MicroRNA
Reverse Transcription Kit (Thermo Fisher Scien-
tific, Waltham, MA, USA). The primers for miR-
29a, b and U6 were purchased from GenePharma
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Co. (Shanghai, China). U6 small nuclear RNA
(snRNA) was used to normalize miR-29a, b and
c. Fluorescence was detected with SYBR Green
(Promega, Madison, WI, USA) and QuantStu-
dio™ 3 Real-Time PCR Systems (Thermo Fisher
Scientific, Waltham, MA, USA) according to the
manufacturer’s protocol. The primers used in this
research are as follows: miR-29a forward: 5’-TG-
CGCTAGCACCATCTGAAAT-3’ and reverse:
5-CAGTGCAGGGTCCGAGGAT-3". miR-29b
forward: 5-ACACT CCAGCTGGGTAGCAC-
CATCTGAAA-3 and reverse: 5’-CTCAACTG-
GTGTCGTGGA-3’, miR-29¢ forward: 5’-CGC-
GCGTGACCGATTTCTCCTG-3* and reverse:
5-ATCCAGTGCAGGGTCCGAGG-3’, U6 for-
ward: 5-GCGCGTCGTGAAGCGTTC-3" and
reverse: 5’-GTGCAGGGTCCGAGGT-3’. B-actin
forward:  5’-GGACCTGACTGACTACCTC-3’
and reverse: 5’-CCTGCTTGCTG-3, respectively.
The relative expression of miR-29a, b and ¢ was
calculated by the 2-22Ct method.

Luciferase Assay

Wild-type (WT) MMP-2 3’ untranslated region
(3°UTR) containing the putative miR-29 bindjng
sites or a mutant sequence was inserted int
downstream of the firefly luciferase gene in
prnerLO Dual-Luciferase miRNA Target .
pression Vector (Promega Corporg

miR-29a, miR-29b and
tive control (miR-NC)

tion. Then, the
using the D

the protocol. Equal amount of each
ample was separated using sodium do-
ate-polyacrylamide gel electropho-
resis (SDS-PAGE) and then transferred to poly-
vinylidene difluoride membranes (PVDF, Milli-
pore, Billerica, MA, USA). The membranes were
blocked with 5% dried non-fat milk in TBS, and
then they were incubated with specific primary an-
tibodies including anti-MMP-2 (ab40994, Abcam,
Cambridge, MA, USA, 1:100) and anti-B-actin
(ab8227, Abcam, Cambridge, MA, USA, 1:1000)
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antibody at 4°C overnight. The polyvinylidene
difluoride (PVDF) membrane was washed three
times for 10 min each with Tris-buffered saline
with Tween 20 (TBST), following incubation
with horseradish peroxidase (HRP)-conjugated
IgG secondary antibody (1:5000 dilution, Santa
Cruz Biotechnology Inc., Santa Cruz, CA, USA)
at room temperature for 1 hr. After the protem
signals were washed with TBST thas
they were detected using Pier
ern blotting substrate (Thermg
Waltham, MA, USA).

Statistical Analys:s
The data were
dard dev1at10n)

to analyze the group com-
s than 0.05 were regard-

igrdtion and Invasion in MKN45 Cells

Previous studies suggested that propofol can
suppress cell proliferation and invasion in various
cancers ». Then we checked the effects of propo-
fol in gastric cancer. Firstly, we treated gastric
cancer cell MKN45 with propofol at the concen-
tration of 0, 1, 5, 10 and 20 pg/ml for 48 hours
and used MTT assay to assess the proliferation.
As shown in Figure 1A, it significantly decreased
under 5, 10 and 20 pg/ml propofol treatment com-
pared with the control, which was treated with 0
pg/ml. Next, we used 10 ug/ml propofol to treat
MKNA45 cells for 24, 48 and 72 hours, and MTT
results indicated that cell proliferation gradually
decreased while the treating time was prolonged
(Figure 1B). Subsequently, we introduced tran-
swell assay to measure the effects of propofol in
cell migration. Similarly, we treated MKN45 cells
with different concentration of propofol and the
number of migrated cells dramatically reduced
when the concentration increased (Figure 1C).
At the same time, cell migration was ablated se-
riously treated with 10 pg/ml propofol for 48 and
72 hours (Figure 1D). Meanwhile, the invasion
of MKN45 was weakened by propofol treatment
(Figure 1E-1F). These results indicated that the
proliferation, migration and invasion of MKN45
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Figure 1. Propofol inhibited cell proliferation, migration and invasion in MKN45 cells. A, MTT assay analysis of MKN45
after treatment with 0, 1, 5, 10 and 20 pg/ml propofol for 48 hours. B, The proliferation of MKN45 after treatment with 10 pg/
ml propofol for 0, 24, 48 and 72 hours. C, Transwell assay of MKN45 after treatment with 0, 1, 5, 10 and 20 pg/ml propofol for
48 hours. D, The migration of MKN45 after treatment with 10 pg/ml propofol for 0, 24, 48 and 72 hours. E, The invasion abil-
ity of MKN4S5 after treatment with 0, 1, 5, 10 and 20 pg/ml propofol for 48 hours. F, The migration of MKN45 after treatment
with 10 pg/ml propofol for 0, 24, 48 and 72 hours. * mean p value < 0.05.
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cells were inhibited by propofol in dose- and
time- dependent manners.

MiR-29 Family was Upregulated After
Propofol Treatment

It was suggested that miR-29¢ can be induced
by chemotherapy and suppressed the metastasis
in gastric cancer **. Thus, we firstly surveyed
the expression of all miR-29 family members in-
cluding miR-29a, b and c in gastric cancer cells.
Compared with that in human normal gastric mu-
cosa epithelial cell line GES-1, miR-29a, b and
¢ expressed lower in MKN45 cells (Figure 2A).
Considering that propofol inhibited the metastasis
in gastric cancer, to test whether miR-29 family
was involved in this process, we assessed their ex-
pression in MKN45 cells after propofol treatment.
The expression of miR-29a, b and ¢ was increased
about 2 to 4 folds by propofol in gastric cancer
(Figure 2B). These results suggested that miR-29
family was downregulated in gastric cancer and
could be increased by propofol.

Effects of miR-29 Inhibitors on
Proliferation, Migration and Invasion
in Propofol Treated Gastric Cells
Next, to better understand the relation
between propofol and miR-29 famlly, we s
thetlzed rn1R 29 inhibitors (in-

results showed that t
cies were around 60,

miR-29a miR-29b miR-29c

with 10 pg/ml propofol for another 48 hours.
Next, the proliferation of transfected MKN45
was promoted after propofol treatment (Figure
3B). Simultaneously, the migration (Figure 3C)
and invasion (Figure 3D) ability was elevated
in the transfected and treated cells. These da-
ta hinted that miR-29 family knockdown could
hoist the proliferation, migration and invasion
in MKN45 cells after propofol tregiaas

MMP-2 was a Target of
MicroRNA may regulate

MP-2 or the mutant form
sfected the reporter vec-
different miR-29 inhib-
erase activity decreased when
he reporter vector containing
R of MMP-2 and miR-29a, b
ot with the mutant (Figure 4B). In
, we measured MMP-2 expression after
| treatment and propofol inhibited MMP-
2 protein expression in MKN45 cells (Figure
4C). To further validate the relationship between
miR-29a and MMP-2, we quantified endoge-
nous MMP-2 protein expression in MKN45 cells
transfected with miR-29a, b and ¢ mimics. The
Western blot results demonstrated that MMP-2
was significantly reduced after transfection (Fig-

4- [ Control

Il Propofol
3
g
2 2
1- ﬂ
0

m|R-29a miR-29b m|R-29c

Relative expression

Figure 2. MiR-29 family was upregulated after propofol treatment. A, Quantitative real-time PCR analysis of miR-29a, b
and ¢ in human normal gastric mucosa epithelial cell line GES-1 and gastric cancer cell line MKN45. B, The expression of
miR-29a, miR-29b and miR-29c¢ in gastric cancer cell line MKN45 after 0 or 10 pg/ml propofol treatment for 48 hours. * mean
p-value < 0.05.
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followed with 10 pg/ml propofol treatment for 48 hours. C, Mi-
-29b and miR-29c inhibitor and negative control followed with
MKN45 cells transfected with miR-29a, miR-29b and miR-29¢

expression in MKN45 cells
A). Next, we co-transfected si-MMP-2
cells with the inhibitor of miR-29a,
b or ¢ for 24 hours followed with 10 pg/ml propo-
fol for another 48 hours. The cell proliferation
was attenuated in co-transfected cells compared
with the cell transfected with miR-29 inhibitor
and siRNA negative control (Figure 5B, 5C and
5D). Moreover, the migrated cells were decreased
in co-transfected cells (Figure SE, 5F and 5G) as
well as the invaded cells (Figure SH, 5I and 5J).

These data indicated the MMP-2 silencing atten-
uated the effects of miR-29 inhibitor in cell pro-
liferation, migration and invasion in gastric cells.

Discussion

Propofol has been suggested to act as tumor
suppressor in various cancers. In pancreatic can-
cer, propofol inhibits cell migration as well as the
expression of VEGF, and HIF-1a, and makes in-
active ERK and AKT?. In lung cancer?’, propofol
decreases the cell viability via regulating miR-
486, FOXO1, FOXO3, BMI and caspase 3. Propo-
fol can inhibit hepatocellular cell growth by ac-
tivating the macrophage to secrete microvesicles
that could deliver miR-142-3p to the tumor cells?®.
In gastric cancer, propofol also performs anti-tu-
mor effects such as inhibiting proliferation, pro-
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moting apoptosis®. In the present work, we found
that propofol could inhibit the proliferation, mi-
gration and invasion ability of gastric cancer cell
MKN45 that was consistent with previous stud-
ies. To further explore the mechanism of propofol
in gastric cancer, we focused on miR-29 family.
MiR-29 family includes three mature mem-
bers, miR-29a, 29b and 29c, which are encoded
by two genes cluster and share the conservative
sequences. MiR-29 family has been suggested
to be involved in many biological processes in-
cluding innate and adaptive immune response®’,
cellular senescence® and neuronal maturation®.
Recently, many studies hinted that miR-29 may
serve as tumor suppressor in several cancers and

A hsa-miR-29a 3
hsa-miR-29b 3
hsa-miR-29¢ 3

MMP2 3' UTR WT
MMP2 3' UTR MUT

1.5, &= miR-NC
| ml miR-29a

Relative luciferase
activity

Control Propofol

downregulation of miR-29 family is correlated
with the progression of hepatocellular cancer,
colon cancer, cervical cancer and etc. We found
that miR-29 family members were downregulat-
ed in MKN45 cells and propofol treatment el-
evated the expression of miR-29a, 29b and 29c.
So, we hypothesized that propofol displayed the
anti-tumor effect via upregulating miR-29. Next,
we predicted that MMP-2 is a potcads

5'...UGCUUUG
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Il miR-29¢
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Figure 4. MMP-2 was a target of miR-29. A, The predicted binding sites between miR-29 family member and MMP-2. B,
Luciferase assay of miR-29a, miR-29b and miR-29¢ and MMP-2 3’'UTR WT or MUT in HEK293T cells. C, Western blot
analysis of MMP-2 in MKN45 cells after 10 pg/ml propofol treatment for 48 hours. D, The protein expression of MMP-2 in
MKNA4S5 after transfected miR-29a, miR-29b and miR-29¢ mimic followed by 10 pg/ml propofol treatment for 48 hours. * mean

p-value < 0.05.
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rix and molecules involved in signal
transduction. It has been reported that MMP-2
is involved in the metastasis of various cancers
including breast cancer, bladder cancer**, papil-
lary thyroid cancer® and esophageal cancer®. In
gastric cancer, MMP-2 is related with the prolif-
eration, migration, invasion and prognosis®”*. We
claimed that MMP-2 was upregulated in gastric
cancers and inhibited by propofol treatment. In

(g)

Cell proliferation (%)

w)

Cell proliferation (%)

effects of miR-29 inhibitor. A, MMP-2 protein level in MKN45 cells after transfec-
i-MMP-2). B-D, Cell proliferation of MKN45 cells after co-transfection with miR-

nsfection with miR-29a E, miR-29b F, miR-29¢ G, inhibitor and si-MMP-2 followed with
hours. H-J, Cell invasion ability of MKN45 cells after co-transfection with miR-29a H,

addition, MMP-2 silencing attenuated the stimu-
lative effects of miR-29 inhibitor in cell prolifera-
tion, migration and invasion.

Conclusions

Taken together, our work showed that propo-
fol exerts anti-tumor effects by inhibiting cell
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proliferation, migration and invasion in gastric
cancer. Moreover, propofol upregulated the ex-
pression of miR-29a, b and ¢ in MKN45 cells
while miR-29 inhibitor reversed the inhibitory
effects of propofol. In addition, silencing MMP-
2, which is a downstream target of miR-29, could
attenuate the effects of miR-29 inhibitor. How-
ever, there are still many mysteries which need
to be explored, for example how propofol regu-
lates the expression of miR-29, whether there are
any other downstream targets of propofol and
miR-29, whether there will be a better outcome if
combining propofol with other anti-tumor drugs,
and these will be our future work proposal. In
brief, propofol exerts the anti-tumor effects via
regulating miR-29/MMP-2 axis, which provides
a promising therapy strategy for the treatment of
gastric cancer.
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