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Abstract

Midkine (MK), a heparin-binding growth factor, is expressed highly in various malignant tumors, so it acts
as attractive therapeutic target. In the present study, we used siRNA targeting MK to downregulate human
MK expression in human gastric cancer cell line BGC823 and SGC7901 so as to determine the advantages
of this anticancer therapeutic. The cell proliferation was evaluated by a WST-8 (4-[3-(2-methoxy-4-nitro-
phenyl)-2-(4-nitrophenyl)-2H-5-tetrazolio]-1, 3-benzene disulfonate sodium salt) assay and colony forma-
tion assay. Apoptosis was determined by flow cytometer analysis and colorimetric assay. Our results
showed that the BGC823 and SGC7901 cell growth were significantly inhibited by knockdown of MK gene.
The loss of mitochondrial membrane potential, release of cytochrome ¢ from the mitochondria into cytosol
and increased activity of caspase-3, 8 and 9 occurred concomitantly with inhibition of MK gene. These
results indicated that siRNA targeting MK gene can inhibit gastric cancer cells growth and induce
apoptosis via mitochondrial depolarization and caspase-3 activation. MK siRNA may be a promising novel

and potential therapeutic strategy for the treatment of gastric cancers.

Introduction

Midkine (MK), a heparin-binding growth factor,
is detected in various human carcinoma specimens
from pre-cancerous stages to advanced stages. It
can act as an angiogenic, fibrinolytic and antia-
poptotic factor in carcinoma cell lines, and induce
the transformation of NIH/3T3, SW-13 and UN-
UC-3 cells [1, 2]. MK is also detected in some
normal human tissues. Results show that MK is
highly expressed in the mucosal tissue of the small
intestine, moderately in the thyroid, weakly in the
tissues of the lung, colon, stomach, kidney, and
spleen, and not at all in the liver [3]. Moreover,
MK is expressed higher in human gastrointestinal
cancers than in the corresponding non-cancerous
tissues and normal tissue [3, 4]. Urinal-MK [5] and
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serum-MK levels increased in gastric cancer
patients [6, 7], and serum-MK levels decreased
after surgical resection of the tumor in several
carcinomas, including gastric cancer [8]. MK may
act as a prognostic marker for gastriointestinal
stromal tumors [9]. Our previous study also shows
that MK highly express in gastric cancer tissue
from Chinese patients and the expressions of their
mRNA and protein are all associated with the
clinical stage and distant metastasis of gastric
cancer in the Chinese patients [10]. These data
suggest that MK may contribute to oncogenesis
and tumor progression of gastric cancer, and can
act as cancer bio-marker and therapy target.
Concerns have been raised recently about
targeting MK used in disease therapy. Doxorubi-
cin-conjugated anti-MK monoclonal antibody
was reported as a potential anti-tumor drug [11].
Mouse MK antisense oligodeoxynucleotide dem-
onstrated potent growth inhibitory effects on
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rectal carcinoma growth in vive [12]. Morpholino
antisense oligomer targeting human MK exhibited
a significant anticancer effect in the PC-3- and
SW620-xenograft models [13]. Small interfering
RNA targeting rabbit MK attenuates intimal
hyperplasia in vein grafts [14]. Mouse MK anti-
sense oligodeoxyribonucleotide inhibits renal dam-
age induced by ischemic reperfusion [15].

RNA interference (RNAI) has become widely
used as an experimental tool to analyze the
function of mammalian genes, both in vitro and
in vivo. Post-transcriptional gene expression can be
mediated by small noncoding RNAs such as short
interfering  RNA (siRNA). siRNAs has been
successfuily applied for “loss-of-function” assays
with resulting phenotypes in cultured cells and
in vivo models [16-18]. However, siRNA targeting
human MK used to gastric cancer therapy has not
been reported to date. To develop an antitumor
reagent, we designed human MK specific short
interference RNA and examined their anticancer
activity against gastric carcinoma cell lines
BGC823 and SGC7901. In addition, the mecha-
nism on MK inducing oncogenesis and tumor
progression was analyzed.

Material and methods
Design of siRNA

Specific sequence for human MK Stealth™ Select
RNA was designed and synthesized by Ivitrogen
(Ivitrogen, Life Technologies, USA). Only one
suitable sequence was selected. sense: 5UGA
AGAAGGCGCGCUACAAUGCUCAY, anti-
sense: SUGAGCAUUGUAGCGCGCCUUCU
UCA3J’. Oligo Stealth ™ RNAi Negative Control
Duplexes, which is designed to minimize sequence
homology to any known vertebrate transcript,
were obtained from Invitrogen.

Cell culture and transfection

BGC823 and SGC7901 cell lines were cultured in
RPMI medium 1640 (Gibco/BRL) supplemented
with 10% fetal bovine serum (Si Jiqing, China) at
37°C under 5% humidified CO, and 100 ug/ml
each of streptomycin and penicillin G (Amresco).
The siRNA was transfected using Lipofectamine
2000 (Ivitrogen) according to the manufacturer’s

instructions. Briefly, approximately 3-4 x 10*
cells/well were grown overnight in 24-wells plate.
When cells reached to 30-50% confluence, they
were transfected with anti-MK siRNA (100 nM)
and negative control siRNA (100 nM) in serum-
free medium using Lipofectamine 2000. After
incubation for 4 h at 37°C, 400 ul RPMI 1640
with 10% FBS was added.

RNA extraction and semiquantitative reverse
transcription-polymerase chain reaction (RT-PCR)

Briefly, after siRNA transfection, total RNA was
extracted using the TaKaRa RNAiso Reagent
(TaKaRa, Japan) according to the manufacturer’s
instructions. RNA concentrations were quantified
by spectrophotometer at 260 nm. A 2 ug of total
RNA was reverse-transcribed using Revert Aid™
First Strand ¢cDNA Synthesis Kit (Fermentas).
After RT reaction, 2 ul of the incubation mixture
was used as the template for the following PCR
using 2xTaq Enzyme Mix kit (TianGen, China).
Oligonucleotides used as primers were synthesized
by Ivitrogen, for MK (385bp), forward primer:
SAAAAAAGCTTATGAAAAAGAAAGATAA
GGTGAAGAAG 3, reverse primer: 5 AAAA-
GAATTCCTAGTCCTTTCCCTTCCCT 3; for
bel-2 (288 bp) forward primer: 5> AGCTGCACCT
GACGCCCTTCACCGC ¥, reverse primer: 5
AGGAGAAATCAAACAGAG 3; for bax
(295 bp) forward primer: 5 TGCTTCAG
GGTTTCATCCAGG 3, reverse primer: 5 GCC
TTGAGCACCAGTTTG 3; for f-actin (280 bp),
forward primer: 5CCACGAAACTACCTT-
CAACTCC 3, reverse primer: 5TCATACTC
CTGCTGCTTGCTGATCC 3. PCR was carried
out for 30 cycles of denaturation (30 s at 94°C),
annealing (40 s at 55°C), and extension (30 s at
72°C). The PCR products were then separated on
1% agarose gel containing 0.5 ug/ml ethidium
bromide. The gel was put on an UV-transillumi-
nator and photographed. The MK signal was
measured by a densitometer and standardized
against the f-actin signal using a digital imaging
and analysis system.

Western blot analysis

BGC823 and SGC791 cells were seeded and
transfected as the indicated above. Cells were
lysed in 1%SDS, the total protein of samples was



adjusted to 100 ug/lane, and then the protein of
samples was transfected to Poly-vinylidene fluo-
ride membrane (Roche, Germany). Antibodics
against MK (BA1263, 1:400; Boster, China),
Cytochrome ¢ (ANNO0012, 1 ug/ml; Biovision,
USA), pf-actin (BA0410, 1:400; Boster, China)
and HRP-conjugated goat anti-rabbit secondary
antibody (BA1054, 1:2000; Boster, China) were
used. Protein bands were detected using DAB
solution (Boster, AR1022).

Preparation of mitochondrial and cytosolic extracts

Both mitochondrial and cytosolic extracts were
prepared according to the instruction of Cyto-
chrome ¢ Releasing Apoptosis Assay Kit (Biovi-
sion, California, USA). Briefly, after treatment
with or without transfection, 1.5 x [07cells were
collected by centrifugation at 600g at 4°C for
5 min and then washed twice with ice-cold PBS.
The cell pellets were resuspended in ice-cold
homogenizing buffer, including DTT and protease
inhibitors. After homogenization (40 strokes), the
homogenates were centrifuged at 700g at 4°C for
10 min. Supernatant was collected and centrifuged
at 10,000g at 4°C for 30 min. The supernatant was
used as the cytosol fraction, and the pellet was
resolved in lysis buffer as the membrane fraction.
The supernatants and the pellets were analyzed by
Western blotting, respectively.

Cell viability analysis

Cell viability was assessed with a Cell Counting
Kit (Dojin Laboratories, Kumamoto, Japan) [19].
Briefly, BGC823 and SGC791 cells, transfected
with anti-MK siRNA and negative control RNA,
were plated in 96-well plates in RPMI 1640
supplemented with 10% FBS at a density of
3x10° cellsjwell. After 4 h, the medium was
changed to serum-free medium, and the cells were
cultured < 5 days. 10 ul of solution containing
WST-8 (4-[3-(2-methoxy-4-nitropheny[T1]1)-2-(4-
nitrophenyl)-2H-5-tetrazolio]-1, 3-benzene disulf-
onate sodium salt) was added to each well and was
incubated for an additional 4 h. The absorbance
was measured at 450 nm on a muti-detection
microplate reader (Hynergy ™ HT, BIO-TEK).
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Colony formation analysis

To measure the cell colony formation ability,
minimal concentrations of FBS (2%) were added
to the medium. Briefly, BGC823 and SGC791
cells, transfected with anti-MK siRNA and nega-
tive control RNA, were plated in 6-well plates
in RPMI 1640 supplemented with 10% FBS at a
density of 1,000 cells/well. After 4 h, the medium
was changed to FBS (2%) supplemented medium.
After 10 days of incubation at 37°C in an incuba-
tor under a humidified 5% CO, atmosphere, cells
were fixed 2 min with methanol, died 20 min with
1% crystal violet, and the numbers of colonies(=50
cells) formed in the whole well were counted.

Analysis of hypodiploid cells

Analysis of hypodiploid cells was performed using
PI staining [12]. In brief, BGC823 and SGC7901
cells subjected to 72 h after transfection were fixed
in 75% ethanol for 2 h at room temperature. Then
they were stained with propidium iodide staining
buffer (Trixon X-100, EDTA, RNAse A, PI) for
10 min at dark. The fluorescence of PI was
monitored by flow cytometer (Becton-Dickson,
Immunocytometry System, San Jose, CA) with an
excitation wavelength of 488 nm and an emission
wavelength of 625 nm. Apoptotic cells were deter-
mined on a PI histogram as a hypodiploid. For
each sample, 20,000 cells were analyzed. The data
were analyzed using Cellquest software (Palo Alto,
CA, USA).

Annexin V/PI staining

Cells were centrifuged to remove the medium,
washed once with binding buffer (10 mM Hepes,
140 mM NaCl, 2.5 mM CaCl, in aquadest.) and
stained with 5 ul Annexin V-FITC at RT for
15 min. 10 ul 20 ug/ml PI was added at RT for
10 min and cells analyzed by flow cytometry.
Viable cells were negative for both PI and annex-
inV; apoptotic cells were positive for annexinV
and negative for PI, whereas late apoptotic dead
cells displayed both high annexin V and PI
labeling. Non-viable cells which underwent necro-
sis were positive for PI and negative for annexin V.
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Determination of the mitochondrial membrane
potential by Rhodamine 123

Rhodamine 123 uptake by mitochondria is directly
proportional to its membrane potential. BGC823
and SGC7901 cells subjected to 72 h after trans-
fection were incubated with Rh 123 (5 ug/ml
concentration) for 30 min in dark at 37°C. The
cells were harvested and suspended in PBS. The
mitochondrial membrane potential was measured
by the fluorescence intensity (FL-1, 530 nm) of
10,000 cells on flow cytometer [20, 21].

Determination of active caspase-3, -8 and -9

In order to determine the potential role of the
caspase- 3, -8 and -9 proteases in the pathways of
MK knockdown - induced apoptosis, the activities
of caspase- 3, -8 and -9 were measured by caspase-3,
-8 and -9 Colorimetric Assay Kit (KeyGen, China)
respectively. Briefly, 1 x 10° cells subjected to 72 h
after transfection were lysed at 4°C for 30 min and
the supernatant were transferred to a clean micro-
fuge tube, protein concentration was assayed. Then,
50 ul 2xReaction Buffer and 5 pl Caspase-3, 8, 9
Substrate were added, incubated at 37°C for 4 h in
dark. The absorbance was measured at 405 nmon a
muti-detection microplate reader (Hynergy ™ HT,
BIO-TEK). The activity of caspase-3, §, and 9 was
determined by calculating the ratio of OD405 nm
of transfected cells/OD 405 nm of parental cells
following the instruction of the manufacturer.

Statistical analysis

Results were presented as the mean + S.E.M.
Statistical significance between groups was ana-
lyzed by one-way ANOVA followed by the Stu-
dent—-Newman—Keuls multiple comparisons tests.
A p-value of <0.05 was considered significant.

Results

SIRNA targeting MK transfection down-regulates
the corresponding mRNA and protein levels in
BGC823 and SGC7901 cells

The efficacy of siRNA-mediated inhibition of MK
synthesis in BGC823 and SGC7901 cells was
analyzed by RT-PCR and Western blotting. As

shown in Figure 1, when BGC823 and SGC7901
cells were transfected with the MK siRNA, MK
mRNA (Figure la) and proteins (Figure lc, d)
were down-regulated 72 h later, but negative
control siRNA didn’t affect the MK mRNA and
protein. § -actin mRNA and protein levels were
also not affected by these siRNA.

Cell growth was inhibited by down-regulation
of MK expression

To determine if suppression of MK was related to
cell growth, cell viability was assessed with a Cell
Counting Kit. The absorbance of MK siRNA-
transfected BGCS823 and SGC7901 cells was
decreased significantly especially on day 4 and 5
after plated in 96-well plate. Negative siRNA
showed no such effect (Figure 2a, b).

Furthermore, to test potential malignant state
of the tumor cell line, colony-forming assay was
conducted in BGC823 and SGC790! cells trans-
fected with MK siRNA or negative siRNA. The
results showed that the colony numbers of cells
transfected with MK siRINA were decreased by 4
to 5-fold, compared with parental cells and neg-
ative siRNA transfected cells (Figure 2c, d). These
results showed that anti-MK siRNA had signifi-
cant growth inhibition effect on BGC823 and
SGC7901 cells.

Inhibiton of MK expression up-regulated cells
apoptosis

To confirm suppression of MK expression induced
apoptosis, the cells were stained with Pl and
analyzed for hypodiploid cells by flow cytometry.
The fraction of cells in apoptosis was identified
in a DNA histogram as a sub-G1 hypodiploid
population. Figure 3 showed the hypodiploid sub-
G1 phase in cells transfected with MK siRNA.
The results exhibited that BGC823 and SGC7901
transfected with MK siRNA had sub-diploid peak
and the percentage of cells with fragmented DNA
increased compared with control. To further
evaluate the induction of apoptosis, the cells were
stained with annexin V and PI. A proportion of
annexin V staining cells to the total MK siRNA-
transfected cells was increased (Figure 4a, b). A
little amount of necrotic cells which were stained
with PI but not annexin V was also observed.
Taken together, these results indicate that anti-
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Figure 1. MK siRNA inhibited MK mRNA synthesis by RT-PCR and protein synthesis. () For nRNA analyses, the representative aga-
rose gel electrophoresis of three independent experiments is shown. Lane 1: BGC823 transfected with 100 nM MK siRNA,; Jane 2: BGC823
transfected with 100 nM negative siRNA; lane 3: parent BGC823; lane 4: parent SGC7901; lane 5 SGC7901 transfected with 100 nM nega-

tive siRNA; lane6: SGC7901 transfected with 100 nM MK siRNA.

(b) Densitometric analysis, The intensity of the band was scanned. The

quotient of MK/f-actin gene was caleulated. The data shown are the average of three independent experiments including cDNA synthesis
and PCR analysis. The results are shown as mean + S.E. from three representative independent experiments. * p < 0.05 versus Conltrol.
Western blots were performed to assay MK protein expression after siRNA treatment (c) BGC823 cells and (d) SGC7901 cells, Lane 1: cells
transfected with 100 nM MK siRNA; lane 2: cells transfected with 100 nM negative siRNA; lane 3: parental cells.

MK siRNA induced BGC823 and SGC7901 cells
apoptosis.

Inhibiton of MK expression decreased
mitochondrial membrane potential

The loss of mitochondrial membrane potential is a
hallmark for apoptosis. Itis an early event coinciding
with caspases activation. The effect of MK siRNA
on the mitochondrial transmembrane potential was
measured using rhodamine 123. The increase of
percentages of apoptotic MK siRNA transfected
cells was observed (Figure 5). Apoptotic cells in
parental BGC823 and nagtive siRNA transfected
BGC823 cells were approximately 4.15%, 7.13%.

Apoptotic cells in parental SGC7901 and negative
siRNA transfected SGC7901 cells were approxi-
mately 5.28 and 8.35%. However, the rate of
apoptotic MK siRNA transfected cells increased to
32.15% in BGC823 and 36.99% in SGC7901.

Inhibiton of MK expression up-regulated expression
of bax and down-regulated expression of bel-2 and
release of cytochrome ¢

Bcl-2 family proteins have a central role in
controlling mitochondria apoptosome-mediated
apoptotic pathway; the Bcl-2/Bcl-X! subfamily
proteins inhibit apoptosis, while the Bax/Bak
subfamily promotes cell death [22, 23]. In this



788

251 EBGCs23
I BGC823/ Negative RNA
| 7] BGC823/5iRNA - 1

Absorbance/OD450nm

Culture times (days)

180
160
140
120 |
100
80
60
40
20

Clones / well

=2

25¢
BHsGe790

| 0 SGC7901/ Negative RNA 3
[ SGCT901/siRNA i

(¥

Absorbance/OD450nm

Culture times (days)

BGC823

160 [
140
120 |
100
80
60
40
20 |

Clones / well

BGC823/ Negative RNA  BGC823/siRNA

SGC7901

SGC7901/Negative RNA  SGC7901/siRNA

Figure 2. Effects of siRNA targeting MK on gastric cancer cell line BGC823 and SGC7901. (a and b) Inhibition of cell viability
assayed with a Cell Counting kit every day for 5 days. Results were presented as the mean + S.E.M from three independent exper-
iments. * * p < 0.01 versus control. (¢ and d) Colony formation. Cells were plated in 6-wells plate at a density of 1,000 cells/well,
Number of colonies counted in triplicate with cell number 250 cells on 10th day. The results are presented as mean + S.E with

triplicate measurement. **p < 0.01 versus control.

study, we detected the bcl-2 and bax expression
level by RT-PCR after siRNA target MK trans-
fection (Figure 6). The mRNA expression of bcl-2
was decreased in BGC823 and SGC7901 after
siRNA target MK transfection, while bax was
increased.

Mitochondrial and cytosolic extracts were
prepared according to the instruction of Cyto-
chrome ¢ Releasing Apoptosis Assay Kit (Biovi-
sion, California, USA). Figure 7 shows that after
BGCS823 and SGC7901 cells transfected with
anti-MK siRNA, the release of cytochrome ¢ from

the mitochondria into cytosol was increased,
compared with parental cells and cells transfected
with negative RNA.

Activation of caspase-3, -8 and -9 via Inhibiton
of MK expression

The caspase cascade is activated during apoptosis.
Therefore, we examined the activity of caspase-3,
8 and 9 in BGC823 and SGC7901 transfected
with MK siRNA or with negative RNA (Figure 8)
by colorimetric assay. In addition to executioner
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< Figure 4. Effects of Anti-MK siRNA on BGC823 and

SGC7901 cells discriminated by Annexin-V/PI double stain.
(a) Representative dot plots of Annexin-V/Pl staining are
shown. The lower left quadrant contains the viable (double
negative) population. The lower right quadrant contains the
apoptotic (AnnexinV +/PI-) population. The upper left quad-
rant contains the necrosis (Annexin V-/Pl+) population. The
upper right quadrant contains the late apoptotic dead cells
(Annexin V4 /PI+). (b) Graph shows the percentages of
Annexin V positive cells which represent the mean = S.EM
from three independent experiments. *p < 0.05 versus control.

caspase-3, initiator caspase-8 and -9 are also
important for apoptosis. The ratio of OD
405 nm of transfected cells/OD 405 nm of parental
cells was calculated. In BGCS823 cells, the value of
caspase-3 and -9 reached about 5 and the value of
caspase-8 just reached about 3. Similar result was
obtained in SGC7901 cells.

Discussion

In this study, we found that MK siRNA could
inhibit BGCB823 and SGC7901 human gastric
carcinoma cells growth, colony formation, induce
apoptosis by activation caspase-3, -8, -9, and
depolarize the mitochondrial membrane potential.
RT-PCR analysis showed that anti-apoptotic pro-
tein bcl-2 was down-regulated while pro-apoptotic
protein bax was upregulated after MK siRNA
transfection. So we conclude that siRNA targeting
midkine inhibits gastric cancer cells growth and
induces apoptosis involved caspase-3, §, 9 activa-
tion and mitochondrial depolarization.

In our study, 100 nM MK siRNA decreased
MK production in BGC823 and SGC7901 human
gastric carcinoma cells to about 70% of that in
control cultures (Figure 1b). The growth of
BGC823 and SGC7901 cells and their colony
formation in plate were inhibited after MK siRNNA
transfection, whereas no effects were observed in
the negative control siRNA. The results were in
agreement with Takei etal’s works [12, 13].
However, in their works, 0.5 mM MK morpholino
antisense oligomer was transfected into PC-3
(human prostate carcinoma cell line) and SW 620
(human colon carcinoma cell line) and 5 uM MK
antisense oligodeoxynucleotide was transfected
into CMT-93 (mouse rectal carcinoma cell line).
The mechanism of action of ODNs is that net
negatively charged antisense oligodeoxynucleotide
elicit RNAse H-mediated cleavage of the target
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mRNA. While the mechanism of RNAI is that
siRNA complementary to the target RNA be-
comes incorporated into a muti-protein complex
(RISC), and leads to degradation of the entire
mRNA; the antisense siRNA can be recycled [24].
Because siRNA can be recycled, in order to
reaching to similar inhibition effect the dosage of
siRNA will be lower than antisense oligodeoxynu-
cleotide. Our results showed that low dosage of
anti-MK siRNA can inhibit gastric cancer cell
viability (Figure 2), These indicate that MK is
relative to cancer cell growth, and MK can act as
cancer therapeutic target. MK siRNA might be
with potential therapeutic utility for the treatment
of gastric cancers.

Midkine can act as antiapoptotic factor in
carcinoma cells, and our study showed that anti-
MK siRNA can inhibit gastric cancer cell viability,
so we investigated the effects of MK siRNA
transfection on cell apoptosis. After MK siRNA
transfection, compared with parental cells and
negative siRNA transfected cells, the percentages
of PI positive cells increased about 25 and 30% in
BGC823 and SGC7901 cells, respectively (Fig-
ure 3); the percentage of Annexin V positive cells
was higher than the percentage in parental cells
(Figure 4); the percentage of Rhodaminel23 posi-
tive cells increased about 25 and 30% in BGC823
and SGC7901 cells, respectively (Figure 5). It is
indicated that MK siRNA inducing cancer cell
apoptosis is relative to mitochondrial depolariza-
tion.

The bel-2 family proteins have a central role in
controlling mitochondria apoptosome-mediated
apoptotic pathway; the Bcl-2/Bcl-X1 subfamily
proteins inhibit apoptosis, while the Bax/Bak sub-
family proteins promote cell death [25]. In our
study, we detected the mRNA expression level of
bel-2 and bax after MK siRNA transfection, the
results showed that the expression of bax was up-
regulated and the expression of bcl-2 was down-
regulated after inhibiton of MK expression by MK
siRNA (Figure 6). Bcl-2 members form channels
that facilitate protein transport and interact with
other mitochondrial proteins such as the voltage
dependent anion channel, and also induce rupture
of the outer mitochondrial membrane. The mito-
chondrial permeability transition is an important
step in this pathway. During this process, the
electrochemical gradient across the mitochondrial
membrane collapses. The collapse is thought to
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<« Figure 5. Changes in the mitochondrial transmembrane po-

tential detected with rhodamine 123. BGCS823 and
SGC7901subjected to 72 h after transfection then stained with
rhodamine 123 for 30 min at 37°C and was determined by
flow cytometry. 10,000 cells were acquired for each sample.
(a) The reduced fluorescence of rhodamine 123 was deter-
mined as the reduced mitochondrial transmembrane potential
in histogram. Data are representative of three experiments.
(b) Graph shows the percentages of Rhodaminel23 positive
cells which represent the mean £ S.E.M from three indepen-
dent experiments. **p < 0.01 versus control.

occur in the formation of pores in the mitochondria
by dimerized Bax or activated Bid, Bak, or Bad
proteins [26]. Activation of these pro-apoptotic
proteins is accompanied by the release of cyto-
chrome ¢ from mitochondria into the cytoplasm and
promotes the oligomerisation of cytochrome c/
APAF1/procasase9  complexes (apoptosome)
which activates procasase3 and leads to the induc-
tion of apoptosis. Cytochrome ¢ is not the only
mitochondrial protein involved in the activation of
caspases, Pro-caspases 2, 3, 8, 9 are also involved
[22, 23]. In Ohuchida’s work, MK pretreatment
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resulted in the suppression of TRAIL/ActD-med-
iated apoptosis in HepG2 cells, by inhibiting cas-
pase-3 activity, but caspase-8 activity was not
affected [27]. In our study, the results indicated that
after MK siRNA transfection, compared with
parental cells and cells transfected with negative
RNA, the release of cytochrome ¢ from the mito-
chondria into cytosol was increased (Figure 7), and
the caspase-3, 8 and 9 were all activated in BGC823
cell and SGC7901 cells. The activity of caspase-3
and caspase-9 were stronger than that of caspase-8
(Figure 8). It indicated that apoptosis of MK
siRNA transfected cells might be mediated by the
mitochondria-apoptosome-mediated pathway. The
down-regulated expression of bcl-2 and up-regu-
lated expression of bax decreased mitochondrial
membrane potential, and led to release of cyto-
chrome c, and activated caspase-3, 8 and 9, espe-
cially caspase-3 and caspase-9, at last induce the
apoptosis of the cells.

In summary, MK siRNA can inhibit the
proliferation and induce the apoptosis of gastric
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Figure 6. Analysis of bcl-2 and bax mRNA expression level by RT-PCR. (a) The representative agarose gel electrophoresis of three
independent experiments is shown. M: DL-2000 (TaKaRa); Lane 1: BGC823 transfected with 100 nM MK siRNA; lane 2:
BGC823 transfected with 100 nM negative siRNA; lane 3: parent BGC823; (b) lane 1: parent SGC7901; lane 2: SGC7901 trans-
fected with 100 nM negative siRNA; lane3: SGC7901 transfected with 100 nM MK siRNA. (¢) Densitometric analysis of bel-2. (d)
Densitometric analysis of bax. The intensity of the band was scanned. The quotient of MK / f-actin gene was calculated. The data
shown are the average of three independent experiments including cDNA synthesis and PCR analysis. The results are shown as
mean + S.E. from three representative independent experiments. *p < 0.05 versus Control.
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Figure 7. The release of cytochrome ¢ in BGC823 and SGC7901 cells after transfection with anti-MK siRNA. Lane 1: parent cells
BGC823; Lane 2: cells transfected with 100 nM negative siRNA; Lane 3: cells transfected with 100 nM MK siRNA.
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Figure 8. Colorimetric assay for caspase-3, -8, -9 activities at
72 h after transfection. (a) BGC823; (b) SGC7901. Data are
means = SE from three independent experiments. **p < (.01
versus control.

cancer, so MK siRNA may possess potential
therapeutic utility for the treatment of gastric
cancers. In the future, the stably expression

plasmid of short interfering RNAs should be
constructed to study its tumor suppressive effect
on gastric carcinoma growth in vivo.
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