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Abstract: Cancer-derived mesenchymal stem cells (MSCs) seem to play an important role in mediating tumor angio-
genesis. Recently, curcumin has been shown to display multiple therapeutic properties, including anticancer activ-
ity. In the present study, we have tried to explore the role of curcumin in regulating gastric cancer cells-derived mes-
enchymal stem cells (GC-MSCs) mediated angiogenesis. Our results showed that curcumin attenuated the high ex-
pression levels of fibroblast proteins (a-SMA & Vimentin) in GC-MSCs. Its treatment also inhibited GC-MSCs induced
human umbilical vein endothelial cells (HUVEC) tube formation, migration and colony formation. Furthermore, it was
noticed that curcumin abrogated NF-kB signaling activity and VEGF production in GC-MSCs. Next, to establish the
link between regulation of NF-kB/VEGF signaling by curcumin, and its influence on GC-MSC-derived angiogenesis,
we pretreated GC-MSCs with either NF-kB inhibitor PDTC or a neutralizing antibody against VEGF (NA-VEGF), and
then collected conditioned media (CM). The HUVEC cells were then cultured in this conditioned media to test their
ability to form tubes, migrate and form colonies. Our results demonstrated that NF-kB/VEGF signaling is important
for GC-MSCs induced tube formation, migration and colony formation in HUVEC cells. Moreover, we also observed
that NF-kB/VEGF signaling regulated VEGF expression of gastric cancer cells both in vitro and in vivo. Overall, our
study indicated that curcumin may serve as a novel therapeutic target for GC-MSCs derived angiogenesis, by inhibit-
ing NF-kB/VEGF signaling.
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Introduction naling has also been highlighted in tumor angio-
genesis. Infact, both NF-kB & VEGF signaling
pathways seems to be closely related to angio-

genesis and inflammatory response in the

Tumor angiogenesis, characterized by forma-
tion of new capillary blood vessels in the tumor

microenvironment, play an important role in
tumor growth and metastasis. Multiple reports
have shown a correlation between tumor angio-
genesis and poor clinical prognhosis [1, 2].
Among the many pro-angiogenic signaling mol-
ecules, vascular endothelial growth factor
(VEGF) has been well studied and been shown
to play a central role in angiogenesis pathway.
It is highly expressed in many human cancers.
Consistent with this, initial clinical efforts of
developing anti-angiogenic treatments, have
largely focused on inhibition of VEGF signaling
[3-5]. In addition, recently the role of NF-kB sig-

tumor environment [6, 71.

Bone marrow derived stem cells (BM-MSC)
have exhibited strong tropism for tumor sites
and subsequently transform into cancer associ-
ated stroma cells [8]. In this context, BM-MSCs-
derived exosomes carrying Platelet-derived
growth factors D (PDGFD) have been observed
to promote lung cancer progression [9]. Also,
the mesenchymal stem cells have been shown
to differentially regulate the invasion of distinct
glioblastoma cell lines [10]. Overall, accumulat-
ing evidences indicates that tumor associated
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stromal cells, including fibroblasts and mesen-
chymal stem cells (MSCs) play an important
role in cancer progression [11, 12]. In our ear-
lier study, we have isolated mesenchymal stem
cell-like cells from human gastric cancer tis-
sues (GC-MSC), and demonstrated their involve-
ment both during in vitro and in vivo tumor
growth [13, 14]. However, the effect of these
GC-MSCs on tumor angiogenesis was not clear.

Curcumin, a bioactive compound found in the
famous Indian spice turmeric and obtained
from a plant Curcuma longa, has been identi-
fied as a potent anti-inflammatory substance
with antimicrobial activities. It plays an impor-
tant role in several inflammatory diseases [15,
16], along with depicting anti-cancer proper-
ties. Various studies have shown that curcumin
treatment leads to growth inhibition of andro-
gen-independent prostate cancer cells, and
effectively restrain stemness property of liver
cancer cells, through modulating of NF-kB sig-
naling pathway [17, 18]. More recently, curcum-
in has been demonstrated to inhibit invasion of
cancer-associated fibroblast-driven prostate
cancer cells by regulating MAOA/mTOR/HIF-1a
signaling. Thus, curcumin appears to regulate
tumor progression by multiple biological path-
ways [19].

Here in our current study, we have tried to
investigate the involvement of NF-kB/VEGF sig-
naling in GC-MSC derived angiogenesis, and if
curcumin has any inhibitory effect on the
GC-MSC-driven angiogenesis.

Materials and methods

Isolation and culturing of GC-MSCs, gastric
cancer cell lines and HUVEC cells

GC-MSCs were isolated from gastric cancer tis-
sues after informed consent, in accordance
with institutional guidelines with approved pro-
tocol, as described previously [13]. HUVECs
and HGC-27 cells were purchased from China
Academia Sinica Cell Repository (Shanghai,
China), and were cultured in RPMI 1640 medi-
um (Gibco, USA) containing 10% fetal bovine
serum (FBS) (Gibco, USA).

Western blot analysis

Cell lysates were prepared in RIPA buffer (10
mM Tris-HCI, pH 7.4, 150 mM NaCl, 1 mM
EGTA, 0.1% SDS, 1 mM NaF, 1 mM Na,VO,, 1
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mM PMSF, 1 mg/ml aprotinin and 1 g/ml leu-
peptin) and were centrifuged at 10,000 rpm for
20 min (Kubota6930, Tokyo, Japan). Later pro-
tein samples were separated using 12% SDS-
PAGE and then transferred onto a polyvinyli-
dene difluoride (PVDF) membrane (Bio-Rad,
Hercules, CA, USA). Next, the membrane was
blocked with 5% fat-free milk in TBST buffer (20
mmol/L Tris-HCI, 137 mmol/L NaCl and 0.1%
Tween 20) for 2 hr at room temperature (RT),
followed by incubation with primary and sec-
ondary antibodies (Santa Cruz Biotechnology,
Inc., USA). Finally, the signal was visualized
using HRP substrate (Millipore), and analyzed
using MD ImageQuant Software. GAPDH (Kang-
cheng, China) expression was used as loading
control. The following primary antibodies were
used: a-SMA, vimentin, (Abcam, USA); IkBg,
tNF-kB p65, p-NF-kB p65 (Cell Signaling
Technology, Beverly, MA, USA); VEGF (Santa
Cruz Biotechnology, Inc., USA); cyclinD, cyclinE,
proliferating cell nuclear antigen (PCNA), BCL-2,
and BCL-XL (Bioworld Technology, Louis Park,
MN, USA).

Collection of conditioned media

Curcumin (Sigma, USA) was dissolved in olive
oil, while NF-kB inhibitor Pyrrolidine dithiocar-
bamic acid (PDTC) (Sigma, USA) was dissolved
in sterilized PBS, and then were aliquoted to
store at-20°C for future experiments. GC-MSCs
were pretreated with Curcumin (30 uM) or
NF-kB inhibitor PDTC (20 uM) for 2 hr in the con-
trol culture medium. The conditioned media
(CM) (including GC-MSC-CM, cur-GC-MSC-CM,
GC-MSC+PDTC-CM) were collected, and centri-
fuged at 1,000 g for 5 min. Later the CM was
filtered using 0.45-um membrane to subse-
quently culture cells.

Enzyme-linked immunosorbent assay

The VEGF levels in the conditioned media from
GC-MSC and cur-GC-MSC groups were mea-
sured using ELISA kit (R&D Systems, USA),
according to the manufacturer’s instructions.
All assays were performed in duplicate, and
VEGF levels were assessed by comparing the
values with standard curve, obtained using
standard proteins provided in the Kit.

Tube formation assay

The tube formation assay was conducted using
HUVEC cells. These cells were first cultured in
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membrane were fixed with
methanol for 30 min. These

A
a-SMA migrated cells were later
stained with crystal violet and
counted in six random fields
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under the microscope (Olym-
pus, Japan) during each assay.

Colony formation assay

After exposure of HUVEC cells
with conditioned medium de-
rived from different treatment
groups of GC-MSCs for 72 hrs,
they were trypsinized and sus-
pended at a concentration
of 2,000 cells/3 ml in high
Glucose DMEM (HG-DMEM)
media containing 10% FBS,
and were incubated for two
weeks. Later the cells were
fixed with methanol for 30 min
and stained with crystal violet
dye for 15 min. The cell colo-
nies were photographed and
their numbers were counted.

Figure 1. Curcumin attenuated the expression of fibroblast proteins in GC-

MSCs. A. Immunofluorescence analyses of a-SMA protein in GC-MSCs + cur-
cumin treatment. Magnification, x200; scale bar = 50 yum. B. Western blot
analyses of a-SMA and Vimentin protein in GC-MSCs + curcumin treatment

(30 pymol/L).

serum-free RPMI 1640 media for 24 hr. Next,
matrigel (50 pl) was added to each well of a
96-well plate and allowed to polymerize. There-
after, HUVEC cells (2x10* cells/well) were seed-
ed onto a 96-well plate with matrigel, and con-
ditioned medium derived from different GC-
MSC groups was added for 12 hr for stimula-
tion. The HUVEC cell tube formation was quan-
titatively measured using Image J software.

Migration assay

The HUVEC cells treated with following condi-
tioned media GC-MSC-CM, cur-GC-MSC-CM,
GC-MSC+PDTC-CM, GC-MSC+NA-VEGF, and
GC-MSC+Ctrol-VEGF for 72 hrs, were seeded
(2x10%/well) into the upper chamber (8 mm)
(Corning, NY, USA) of Transwell plate in serum-
free medium. In the lower chamber, complete
medium was placed as chemoattractant.
Following incubation at 37°C in 5% CO, for 10
hrs, the cells on the top of the polycarbonate
membrane were wiped off using cotton swabs,
while cells migrated to the lower surface of the
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Immunofluorescence staining

The GC-MSCs or cur-GC-MSC,
along with HGC-27 cells treat-
ed with conditioned medium
derived from each treatment group, were
washed 3 times with cold PBS. Next, they were
fixed with 4% paraformaldehyde for 20 min,
and permeabilized with 0.1% Triton X-100 for 5
min. Later the antigen blocking was performed
using 5% BSA (Boster Bioengineering, China),
and later cells were incubated with anti-vimen-
tin, anti-FAP, anti-a-SMA primary antibodies
(Abcam, USA) at 4°C overnight. This was fol-
lowed by incubation of these cells with Cy3-
conjugated anti-rabbit secondary antibody
(Sigma, USA). Finally, the cells were stained
with DAPI for nuclear staining, and images were
acquired using Nikon Eclipse Ti-S microscope.

Immunohistochemistry

Formalin-fixed paraffin-embedded mouse tu-
mor tissue sections were first deparaffinized in
xylene, and then rehydrated through graded
ethanol. The antigen retrieval of the tissue sec-
tions was performed by boiling in citrate buffer
(pH 6.0, 10 mM) for 10 min. The endogenous
peroxidase activity was inhibited by exposing
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Figure 2. Curcumin inhibited GC-MSCs induced HUVECs tube formation, migration and colony formation. A. Human
umbilical vein endothelial cells (HUVECs) were seeded on growth factor-reduced matrigel and stimulated for 12 hrs
with either control culture medium, or conditioned media (CM) from GC-MSCs and cur-GC-MSCs. Representative
images demonstrating the in vitro HUVECs tube formation. Bar graphs showing the quantifications of the tube for-
mation assay (**P < 0.01). B. Representative images showing the migration of HUVEC cells cultured in conditioned
media derived from GC-MSCs treated with or without curcumin. Magnification, x100; scale bar = 50 pm (**P <
0.01). C. Colony formation assay showing the effect of curcumin on proliferation ability of GC-MSC-induced HUVEC
cells. (**P < 0.01).

the tissue section to 3% hydrogen peroxide for
10 min. This was followed by blocking of the tis-
sue sections with 5% BSA and then subsequent
incubation with diluted VEGF primary antibody
(1:200) at 37°Cfor 1 hr. After PBS washing, the
sections were incubated with diluted second-
ary antibody for 20 min. Finally, the tissue sec-
tions were treated with 3,3’-diaminobenzidine
(DAB) reagent and counterstained with hema-
toxylin for developing the staining signal, which
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was later examined under a light microscope
(Olympus, Japan).

Animal study

Four to five-week-old BALB/c nude mice were
purchased from Slac Laboratory Animal Center
(Shanghai, China). All the animals were main-
tained according to the institutional policy, and
study was performed with approval from the
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Figure 3. Curcumin abrogated NF-kB signaling activity and VEGF production
in GC-MSCs. A. Western blot analysis showing the expression pattern of IkBa

displayed spindle shape and
plastic adherent characteris-
tics (Figure 1A). In addition,
high expression levels of fi-
broblast proteins, like a-SMA,
vimentin (Figure 1A, 1B) were
observed in these cells. Inter-
estingly, curcumin (30 umol/L)
treatment of GC-MSCs, atten-
uated high expression of o-
SMA protein. The immunofluo-
rescence and western blot
analysis revealed that the ex-
pression of a-SMA and vimen-
tin proteins were decreased in
curcumin treated GC-MSCs
(Figure 1A, 1B).

Curcumin inhibited GC-MSC
induced tube formation, mi-
gration and colony formation
in HUVEC cells

and NF-kB phosphorylation (p-NF-kB) in GC-MSCs treated with or without

curcumin. B. ELISA based assessment of VEGF levels in conditioned media
from GC-MSCs treated with or without curcumin (**P < 0.01). C. Immuno-
histochemical analysis of VEGF protein expression in GC-MSC treated with

or without curcumin.

University Committee on Use and Care of
Animals, Jiangsu University. Animals were ran-
domly divided into 4 groups, and were injected
subcutaneously with HGC-27 cell cultured with
conditioned medium derived from variably
treated GC-MSCs groups. Tumors were then
surgically removed after 40 days of injection,
photographed, and then sliced into tumor tis-
sue sections for further immunohistochemistry
analysis.

Statistical analyses

All experiments were conducted at least in trip-
licate, and data have been expressed as means
+ SD. The data analysis has been performed
using SPSS 11.0 software. The means from dif-
ferent treatment groups were compared by
two-way ANOVA or Student’s t-test. P-value of <
0.05 represented statistically significant diff-
erence.

Results

Curcumin attenuated the expression of fibro-
blast proteins in GC-MSCs

The isolated GC-MSCs appeared as homoge-
neous population of fibroblast-like cells, and
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We further tested the effect of
curcumin on GC-MSCs medi-
ated angiogenesis by analyz-
ing HUVEC cells tube forma-
tion, migration and colony for-
mation. As seen in Figure 2A, the HUVEC cells
formed tubes after they were exposed to condi-
tioned media from GC-MSCs (GC-MSC-CM).
However, in parallel, when these HUVEC cells
were treated with conditioned media from cur-
cumin treated GC-MSCs (Cur-GC-MSC-CM), we
did not observe the tube formation. Similarly,
HUVEC cells cultured in GC-MSC-CM showed
enhanced migration, whereas Cur-GC-MSC-CM
attenuated their migration (Figure 2B). In addi-
tion, conditioned media from curcumin treated
GC-MSCs also reduced HUVEC cell colony for-
mation, in comparison to control treatment
(Figure 2C).

Curcumin abrogated NF-«kB signaling and VEGF
secretion/levels in GC-MSCs

To investigate the effect of curcumin on NF-«kB
signaling activity in GC-MSCs, we treated them
with curcumin (30 pmol/L) for 2 hrs. Western
blot analysis indicated significant increase in
IkBa levels after curcumin treatment, while the
phosphorylation of NF-kB (p-NF-kB) remarkably
decreased, in comparison to control treatment
(Figure 3A). In addition, we also assessed the
effect of curcumin on VEGF secretion in GC-
MSCs. ELISA analyses revealed higher levels of

Am J Transl Res 2017;9(12):5538-5547
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Figure 4. NF-kB/VEGF signaling regulated GC-MSC-induced tube formation, migration and colony formation in HU-
VEC cells. A. Bar graphs showing quantifications of tube formation in HUVEC cells cultured in conditioned media
from GC-MSCs treated with either NF-«kB inhibitor PDTC (20 uM) or VEGF-specific blocking antibody or no treatment
or treated with control antibody (**P < 0.01). B. Transwell Migration Assay showing the migration ability of HUVECs
cultured in conditioned media from GC-MSCs treated either with NF-kB inhibitor, PDTC or VEGF-specific blocking
antibody (**P < 0.01). C. Cell colony formation assay showing the effect of NF-kB inhibitor, PDTC and VEGF-specific
blocking antibody on HUVEC proliferation GC-MSC-induced (*P < 0.05). D. Western blot analysis of the effects of
NF-kB inhibitor PDTC and VEGF-specific blocking antibody on PCNA, cyclinD/cyclinE and antiapoptotic proteins BCL-

XL, BCL-2 in HUVECs.

VEGF in GC-MSCs. However, curcumin treat-
ment reduced VEGF levels (Figure 3B). Similarly,
immunohistochemical analysis also confirmed
that VEGF protein levels were remarkably inhib-
ited by curcumin treatment in GC-MSCs (Figure
30C).

NF-kB/VEGF signaling positively contributed
into GC-MSCs mediated angiogenesis

In order to decipher if NF-kB/VEGF signaling
was important in GC-MSCs mediated angiogen-
esis, we specifically pretreated GC-MSCs with
NF-kB inhibitor PDTC (20 uM) for 2 hrs and col-
lected the conditioned medium. In another set,
we added either a neutralizing antibody against
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VEGF (NA-VEGF) or an isotype-matched normal
antibody (CtrolA-VEGF) in the conditioned
media from GC-MSCs. Subsequent assay using
HUVEC cells, showed notable inhibition in their
tube formation ability, when exposed to condi-
tioned media from GC-MSCs treated with either
PDTC or NA-VEGF, in comparison to CtrolA-VEGF
(Figure 4A). Similar trends were also observed
in Transwell migration and cell colony formation
assays involving HUVEC cells (Figure 4B, 4C).
Furthermore, western blot analysis showed
that HUVEC cells cultured in conditioned media
from GC-MSCs treated with PDTC and NA-VEGF,
had reduced cyclinD and cyclinE expression.
Also, the expression of other antiapoptotic pro-
teins, like BCL-XL & BCL-2, along with cell prolif-
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Figure 5. NF-kB/VEGF signaling regulated GC-MSCs induced VEGF expres-
sion in gastric cancer cells in vitro and in vivo. A. Immunofluorescence
staining showing the expression level of VEGF in HGC-27 cells cultured in
conditioned media from GC-MSCs, GC-MSCs+PDTC, GC-MSCs+NA-VEGF and
GC-MSCs+Ctrol-VEGF. Magnification, x200; scale bar, 50 um. B. Immunohis-
tochemical analysis of VEGF expression in xenograft tumor tissues derived
from HGC-27 cells cultured before injection, in conditioned media from GC-
MSCs, GC-MSCs+PDTC, GC-MSCs+NA-VEGF and GC-MSCs+Ctrol-VEGF. Mag-
nification, x100; scale bar, 50 um. C. Analysis of the percentage of VEGF-

positive cells from different groups (**P < 0.01).

eration protein PCNA was decreased in these
HUVEC cells, in comparison to HUVECs cultured
with conditioned media from GC-MSCs with no
treatment. The expression of all these proteins
hardly changed in HUVEC cell cultured with con-
ditioned media from GC-MSCs treated with
control antibody (Figure 4D). Overall, these
results indicated that NF-kB/VEGF signaling is
critical for GC-MSC derived angiogenesis.

NF-kB/VEGF signaling in GC-MSCs induced
both in vitro and in vivo VEGF expression in
gastric cancer cells

Finally, we tested the contribution of NF-kB/
VEGF signaling in GC-MSCs, to regulate VEGF
expression in gastric cells. The VEGF expres-
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GC-MSC GC-MSC+PDTC  GC-MSC+
NA-VEGF

sion, as assessed by immuno-
fluorescent staining in HGC-27
gastric cancer cells, was re-
duced when these cells were
cultured in conditioned media
from GC-MSCs treated with
either PDTC or NA-VEGF, in
contrast to GC-MSC alone.
However, the VEGF expression
was not changed in HGC-27
cells exposed to conditioned
media from GC-MSCs treated
with control antibody (Figure
5A). Further to evaluate the
effect of NF-kB/VEGF signal-
ing on VEGF expression of
] gastric cancer cells in vivo, we
- performed an animal experi-
- ment. HGC-27 cells treated wi-
+ th conditioned media from GC-
MSCs, GC-MSCs+PDTC, GC-
MSCs+NA-VEGF, and GC-MS-
Cs+Ctrol-antibody groups, we-
re injected into mice to form
xenograft tumors. Later the
VEGF expression was analyz-
ed by immunohistochemical
staining in tumor tissue sec-
tions from each group. Repre-
sentative immunohistochemi-
cal images showed markedly
less number of VEGF-positive
cells with reduced intensity in
tumor sections from CM/GC-
MSC+PDTC, CM/NA-VEGF gro-
ups, as compared to CM/GC-
MSC and CM/Ctrol-VEGF gro-
ups (Figure 5B). The overall
percentages of VEGF-positive cells from differ-
ent groups were consistent with observed
immunohistochemistry pattern (Figure 5C).

GC-MSC+
Ctrol-VEGF

Discussion

Curcumin has been shown to be a promising
antitumor compound that inhibits tumor pro-
gression [20, 21]. Also multiple studies have
indicated about the positive association
between mesenchymal stem cells and solid
tumor progression [22, 23]. Since, there are no
studies linking curcumin to its regulation of
cancer derived mesenchymal stem cells, we in
our study have thus tried to understand this
link. Our results indicated that GC-MSC (gastric
cancer associated stroma cells) typically
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express high levels of fibroblast proteins,
a-SMA and vimentin, and curcumin treatment
attenuated this high expression level, thereby
indicating altered cellular function of these
cells. In general, MSCs have been shown to pro-
mote tumor growth by stimulating tumor cell
proliferation, inducing epithelial-mesenchymal
transition of tumor cells, supporting the
increase of cancer stem cells, and promoting
tumor angiogenesis and metastasis [24-26]. In
addition, as tumor growth specifically require
formation of new blood vessels for additional
nutrition and oxygen, and tumor metastasis
and invasion also seems to be dependent on
angiogenesis [27, 28], we further tried to eluci-
date the link between curcumin and regulation
of GC-MSCs mediated angiogenesis. Here, we
observed that GC-MSCs indeed enhanced
HUVECs tube formation, migration and colony
formation ability, which was consistent with
supporting role of MSCs in angiogenesis.
However, curcumin treatment of GC-MSCs
inhibited their pro-angiogenesis role.

To further investigate the specific mechanism
of curcumin mediated inhibition of GC-MSC-
driven angiogenesis, we initially focused on
NF-kB signaling pathway. This pathways has
been shown to be regulated by curcumin [29].
As activation of NF-kB signaling has been fre-
quently associated with tumor progression,
specifically in inflammatory cancers [18], we
thus tested if this pathway played any role.
Moreover, from angiogenesis perspective, the
role of vascular endothelial growth factors
(VEGFs) could also not be overlooked, as it
directly stimulated the formation of new blood
vessels [30, 31]. So finally we focused our
attention on understanding the role and contri-
bution of both NF-kB and VEGF pathways, in
curcumin mediated inhibition of GC-MSCs driv-
en angiogenesis. Our data did indicate that cur-
cumin treatment abrogated NF-kB signaling
activity and VEGF production in GC-MSC.
Further to establish a link between these sig-
naling pathways and angiogenesis regulation,
we specifically inhibited these pathways in
GC-MSCs, either by specific NF-kB inhibitor
(PTDC) or VEGF neutralizing antibody. The con-
ditioned media from GC-MSCs treated with
these inhibitors was used to culture HUVEC
cells, and then test their ability to form tubes
and colonies. Notably, the tube formation abili-
ty, transwell migration, and cell colony forma-
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tion capacity of these HUVEC cells was inhibit-
ed by PDTC and VEGF-specific blocking anti-
body groups. These observations led us to con-
clude that curcumin indeed abrogated the abil-
ity of cancer-derived mesenchymal stem cells
to drive HUVEC tube formation, migration and
colony formation, through inhibiting NF-kB/
VEGF signaling.

Interestingly, it has been observed that to facili-
tate angiogenesis, sometimes tumor cells
directly release angiogenic factors like VEGFs
to stimulate formation of new blood vessels
[32]. VEGF signaling in tumor cells markedly
affects tumor cell function and can be an
essential component of VEGF-mediated angio-
genesis and vascular permeability [33]. Our
immunofluorescent analysis revealed that
VEGF expression in HGC-27 gastric cancer cells
was decreased after these cells were cultured
in conditioned media from GC-MSCs treated
with PDTC and NA-VEGF. However, VEGF expres-
sion in HGC-27 cells did not change significant-
ly, when these cells were cultured in condi-
tioned media from GC-MSCs treated with con-
trol antibody. These results were consistent
with VEGF immunohistochemical staining pat-
tern observed in tissue sections from different
treatment groups. Thus, it illustrated that NF-
kB/VEGF signaling also governed the GC-MSC-
induced VEGF expression in gastric cancer cells
both in vitro and in vivo.

In summary, we showed that curcumin inhibited
not only the NF-kB/VEGF signaling in GC-MSCs,
but also their ability to drive HUVECs tube for-
mation, migration and colonyformation. Further-
more, we also confirmed the direct involvement
of NF-kB and VEGF signaling in GC-MSCs driven
angiogenesis by using NF-«kB inhibitor, PDTC
and VEGF neutralizing antibody. This led us to
conclude that curcumin could inhibit GC-MSCs
driven angiogenesis by inhibiting NF-kB/VEGF
signaling. Therefore, targeting of GC-MSCs driv-
en angiogenesis by curcumin may represent a
novel therapeutic strategy for gastric cancer
progression.
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