Gastric Cancer (2013) 16:155-166
DOI 10.1007/s10120-012-0166-1

ORIGINAL ARTICLE

Gene therapy of gastric cancer using LIGHT-secreting human
umbilical cord blood-derived mesenchymal stem cells

Xinhong Zhu + Dongming Su * Shiying Xuan -
Guiliang Ma + Zhenbo Dai * Tongyun Liu -
Dongqi Tang - Weizheng Mao - Chenfang Dong

Received: 24 January 2012/ Accepted: 11 May 2012 /Published online: 1 August 2012
© The International Gastric Cancer Association and The Japanese Gastric Cancer Association 2012

Abstract

Background Mesenchymal stem cells (MSCs) have the
ability to migrate into tumors and therefore are potential
vehicles for the therapy of malignant diseases. In this
study, we investigated the use of umbilical cord blood
mesenchymal stem cells (UCB-MSCs) as carriers for a
constant source of transgenic LIGHT (TNFSF14) to target
tumor cells in vivo.
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Methods Lentiviral vectors carrying LIGHT genes were
constructed, producing viral particles with a titer of
2 x 10® TU/L. Fourteen days after UCB-MSCs transfected
by LIGHT gene packaged lentivirus had been injected into
mouse gastric cancer models, the expression levels of
LIGHT mRNA and protein were detected by reverse
transcription polymerase chain reaction (RT-PCR) and
enzyme-linked immunosorbent assay (ELISA). Then the
tumors’ approximate volumes were measured.

Results  The treatment with MSC-LIGHT demonstrated a
strong suppressive effect on tumor growth compared to
treatment with MSC and NaCl (p < 0.001). Examination of
pathological sections of the tumor tissues showed that the
areas of tumor necrocis in the MSC-LIGHT group were
larger than those in the MSC group. Moreover, we found
that MSCs with LIGHT were able to significantly induce
apoptosis of tumor cells. The expression levels of LIGHT
mRNA and protein were significantly higher in the UCB-
MSCs with the LIGHT gene than the levels in UCB-MSCs
(p < 0.001).

Conclusion These results suggest that UCB-MSCs car-
rying the LIGHT gene have the potential to be used as
effective delivery vehicles in the treatment of gastric
cancers.

Keywords LIGHT (TNFSF14) - Gastric cancer -

Lentiviral vector - Umbilical cord blood mesenchymal
stem cells (UCB-MSCs)

Introduction
Gastric cancer is one of the most common malignant dis-

eases. A 2005 analysis of the worldwide incidence of and
mortality from cancer showed that 934,000 cases of gastric
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cancer occurred in 2002 and that 700,000 patients die
annually of this disease [1, 2]. Conventional cancer thera-
pies have not had a major impact on the survival of human
gastric cancer. Thus, new treatment modalities are urgently
required to improve the prognosis of patients with gastric
cancer, which may improve survival.

Mesenchymal stem cells (MSCs) are promising cellular
vehicles for the therapy of malignant diseases as they have
the ability to migrate into tumors and even track infiltrating
tumor cells [3-8]. Highly proliferative MSCs derived from
bone marrow (BM-MSCs) were the first recognized source
of MSCs, but injury caused during harvesting impedes
large-scale production. Isolating MSCs from bone marrow
is easier than isolation from umbilical cord blood (UCB),
and no significant difference has been observed between
the two sources in morphology or immune phenotype [9].
However, stem cells from cord blood have a longer sur-
vival rate and more reproductive activity, making them an
attractive alternative to BM-MSCs.

UCB-MSCs as vehicles to treat tumors have been
investigated in some studies. Kim et al. [10] found that
human UCB-MSCs displayed tropism for human glioma
and that treatment with sStTRAIL-secreting UCB-MSCs had
significant antitumor effects compared with adenoviral
TRAIL gene therapy. Bhoopathi et al. [11] evaluated the
role of matrix metalloproteinase (MMP)-2 in the tropism of
UCB-MSCs in a human medulloblastoma tumor model. In
other studies, CXCR1- or CXCR4-transfected UCB-MSCs
showed superior capacity to migrate toward glioma cells in
a Transwell chamber or to migrate toward gliomas com-
pared to primary human (h) UCB-MSCs [12, 13].

LIGHT is a member of the tumor necrosis factor (TNF)
receptor superfamily [14]. LIGHT is expressed in periph-
eral blood mononuclear cells, including T and B cells,
natural killer cells, monocytes, and granulocytes [15, 16].
This molecule has been shown to play an important role in
regulating antitumor immunity by costimulating the pro-
liferation of T cells and triggering apoptosis of various
tumor cells [17-21].

In the present study, we successfully engineered UCB-
MSCs to deliver a secretable form of LIGHT, and we
identified that LIGHT-secreting UCB-MSCs had remark-
able antitumor effects.

Materials and methods

Plasmid construct

PCD DNA4-HisMax-C-LIGHT plasmids were obtained
from the Oncology Laboratory, Affiliated Hospital of

Medical College, Qingdao University. LIGHT forward
primer (5’-CAGGATCCCCGGGTACCGGTCGCCACCA
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TGGAGGAGAGTGTCGTACGGC-3') and reverse primer
(5'-TCACCATGGTGGCGACCGGTACCACCATGAAAGC
CCCGAAG-3') were used for polymerase chain reaction
(PCR) to obtain LIGHT genes from pCD DNA4-HisMax-
C-LIGHT. The procedure was: pre-denaturation at 94 °C
for 3 min; 30 cycles with denaturation at 94 °C for 30 s,
annealing at 60 °C for 30 s, and elongation at 72 °C for
2 min, and final full elongation at 72 °C for 10 min. The
PCR product was purified with a DNA Gel Extraction Kit
(Takara, Tokyo, Japan). The purified PCR products of
LIGHT genes were ligated with linearized pGC-FU-GFP
Vector (Jikai Gene Technology, Shanghai, China), using
an In-Fusion cloning kit (BD, Rutherford, NJ, USA), at
23 °C for 15 min and then at 42 °C for 15 min. Then the
recombinant clones were transformed into Escherichia coli
DH5a by the CaCl, method, and plasmids were extracted
with a mini-plasmid extract kit (Takara), in accordance
with the manufacturer’s protocol. The clone was confirmed
by DNA sequencing (sequencing forward primer: 5'-CAAG
AGCGAAGGTCTCAC-3, reverse primer: 5'-CGTCGCCG
TCCAGCTCGACCAG-3").

Lentivirus packaging

293T cells were obtained from the Stem Cell Research
Center, Affiliated Hospital of Medical College, Qingdao
University, and maintained the cells with high-glucose
Dulbecco’s modified Eagle medium (DMEM; GIBCO,
Gaithersberg, MD, USA) containing 10 % fetal bovine
serum (FBS; GIBCO). The 293T cells at 90 % confluence
were used for lentivirus packaging. The plasmid of pGC-
FU-GFP-LIGHT, the construction plasmid Helperl.0, and
the envelope plasmid Helper2.0 (Jikai Gene Technology)
were co-transfected into 293T cells using lipofectamine
2000 (Invitrogen, Grand Island, NY, USA). After 72 h, the
culture medium containing LIGHT gene packaged lenti-
virus was collected, filtered, and stored at —80 °C for
further processing. The titer of the lentivirus packaging was
detected by real-time fluorescence quantitation PCR. The
assessment of green fluorescent protein (GFP) expression
normalized by actin in the 293T cells was used to measure
the titer of packaged lentivirus, using GFP primers (for-
ward: 5'-TGCTTCAGCCGCTACCC-3, reverse: 5'-AGTTC
ACCTTGATGCCGTTC-3') and actin primers (forward:
5'-GTGGACATCCGCAAAGAC-3', reverse: 5'-AAAGGGT
GTAACGCAACTA-3)).

Infection of UCB-MSCs by obtained lentiviral particles

Mesenchymal stem cells from human umbilical cord blood
(UCB-MSCs) (Peprotech, Rochy Hill, NJ, USA) were
maintained with RMPI 1640 (GIBCO) containing 10 % FBS.
UCB-MSCs were infected with LIGHT packaged lentivirus
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or GFP empty packaged lentivirus in normal culture medium
containing 5 pg/mg polybrene (Millipore, Billerica, MA,
USA). After 72 h, the expression of GFP was observed by
fluorescence microscopy to choose the best multiplicity of
infection (MOI) value. UCB-MSCs and UCB-MSCs-LIGHT
were collected and washed twice with 0.9 % NaCl solution,
and then suspended with 0.9 % NaCl solution.

Establishment of the tumor model

Male athymic nude mice, purchased from the Animal
Production Area of the Chinese Academy of Sciences,
Beijing, China were manipulated in accordance with
institutional guidelines under approved protocols. The
cultivated positive human gastric cancer cells, SGC-7901
(1 x 10%ml), obtained from the Oncology Laboratory,
Affiliated Hospital of Medical College, Qingdao Univer-
sity, were injected subcutaneously into the groins of 15
nude mice. After the models of human gastric cancer in
nude mice had been established for 14 days, the 15 nude
mice with tumorigenesis were separated into three groups.
One group was treated with UCB-MSCs (1 x 107/ml)
containing the LIGHT gene (UCB-MSC-LIGHT), the
second group was treated with UCB-MSCs (1 x 10/ml)
containing GFP (UCB-MSC-GFP), and the third group was
treated with 0.9 % NaCl; the three groups of mice were
injected with these agents subcutaneously around the
tumors, at 0.2 ml/per mouse. The latter two groups were
both used as negative controls. After receiving UCB-MSC
treatment for 14 days, the mice were sacrificed and the
tumor tissues were collected for further experiments.

Tumor volume, necrosis areas, and apoptosis detection

The volumes and weights of transplanted gastric tumor
tissues were measured determine differences in the
appearance of the tumors among the three different treat-
ment groups. The length and width of the tumors were
measured in order to obtain the tumor volume: vol-
ume = (length x width?)/2. The tumor tissues then were
embedded in OCT compound and cut into 10-pm-thick
pathological sections. The necrosis areas in the tumor tis-
sues were observed by hematoxylin and eosin (HE) stain-
ing in randomly selected high-power fields and scored
according to the ratio of the necrosis area to the entire
tumor area : no necrosis, 0; tumor necrosis area less than a
quarter, 1; between a quarter and two quarters, 2; more that
two quarters, 3. Apoptosis of the tumor tissues was
detected with the Hoechst Apoptosis staining kit (Beyo-
time, Beijing, China) according to the manufacturer’s
protocol. Rabbit-anti-human polyclonal caspase-3 antibody
(Sigma, St. Louis, MO, USA) was used for an immuno-
histochemistry assay, which was performed following the

manufacturer’s instructions. Positive staining for caspase-3
protein presents as brown in the cytoplasm, and is shown
partly in the nucleus. A semi-quantitative counting method
was used to evaluate positive staining. Ten visual fields
under a high-power lens (x400) were selected randomly,
and the numbers of positive cells in 100 cells per field were
counted and calculated.

Expression level of LIGHT observed by reverse
transcription (RT)-PCR, enzyme-linked
immunosorbent assay (ELISA), and western blotting

The mRNA expression level of the LIGHT gene was ana-
lyzed by RT-PCR, using primers (forward primer:
5'-CAAGAGCGAAGGTCTCAC-3', reverse primer: 5'-CTG
AGGCCCCTCAGGAAGGCC-3'), normalized by the glyc-
eraldehyde 3-phosphate dehydrogenase (GAPDH) mRNA
expression level. The protein expression levels of LIGHT in
the UCB-MSC cells and tissues were measured with an
ELISA test kit (Peprotech) according to the manufacturer’s
instructions. Also, western blotting was used to further
identify the expression level of LIGHT in UCB-MSC cells.
The cells were lysed with RIPA buffer to prepare the protein
samples for western blotting. The protein samples were
loaded onto a 12 % sodium dodecylsulfate polyacrylamide
gel electrophoresis (SDS-PAGE) gel, and then transferred
to a polyvinylidene difluoride (PVDF) membrane. After
being blocked with 1 % bovine serum albumin (BSA)
solution for 1 h, the membrane was incubated with
mouse anti-GFP monoclonal antibody (1:100; Santa Cruz
Biotechnology, Santa Cruz, CA, USA) overnight at 4°, and
then goat anti-mouse secondary antibodies (1:1000; Santa
Cruz Biotechnology) were applied to the membrane. Pro-
tein expression was detected by an enhanced chemilumi-
nescence (ECL) procedure, according to the manufacturer’s
instructions (Pierce Biotechnology, Rockford, IL, USA).

Statistical analysis

Student’s #-tests were used to analyze the data. Data are
presented as means £+ SD; p values less than 0.05 were
considered statistically significant.

Results

Expression level of LIGHT in UCB-MSCs

We successfully amplified the LIGHT gene (Fig. la),
ligated the PCR product into the pGC-FU-GFP vector
(Fig. 1b), and co-transfected the constructed LIGHT plas-

mid with packaging plasmids pHelperl.0 and pHelper2.0
into the 293T cells. After 12 h, green signals in the 293T
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Fig. 1 LIGHT plasmid
construction and lentivirus
packaging. a Full-length human
LIGHT gene amplified from
recombinant PCD DNA4-
HisMax-C-LIGHT plasmid by
polymerase chain reaction
(PCR). b The recombinant
pGC-FU-GFP-LIGHT plasmid
identified by PCR at 550 bp.

¢ genetically modified (GM)
293T cells were observed by
light microscopy (x200) after
transfection for 12 h. d GM
293T cells observed by
fluorescence microscopy
(x200). e Virus titer of the
lentiviral vector particles was
detected by real-time
fluorescence quantitation PCR.
f and g Melting curve of green
fluorescent protein (GFP) and
actin as controls showing
unimodality staining, showing
no pollution, no primer dimmers
and non-specificity
amplification
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cells were observed by fluorescence microscopy (Fig. lc,
d). It was suggested that the LIGHT gene was successfully
transfected into the 293T cells. The titer of the LIGHT-
packaged lentivirus was examined by real-time quantitative
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Fig. 2 The expression of surface antigens on GM umbilical cord
blood mesenchymal stem cells (UCB-MSCs) detected by flow
cytometry. GM UCB-MSCs were immunolabeled with a specific
monoclonal antibody for the indicated surface antigen, and showed
high expression levels of CD44 (65.23 %), CD105 (94.71 %), CD29

PCR with actin as a reference gene. The results showed
that the titer of the lentivirus containing the LIGHT gene
was 2 x 10 TU/L, which is enough for UCB-MSC
infection (Fig. le—g).
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(95.43 %), and CD90 (99.10 %) (CD44TCD1057CD297CD90"),
and no expression of CD38 (0.30 %), CD117 (0.17 %), CD45
(1.25 %), and CD34 (0.51 %) (CD38 CD117-CD45 CD347). PE
phycoerythrin, FITC fluorescein isothiocyanate, FLI/-H FL1 detection
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The UCB-MSCs were infected by the LIGHT-packaged
lentivirus or pGF-FU-GFP empty vector packaged lenti-
virus, with the untreated UCB-MSCs serving as a negative
control. Similar to the phenotypic characterization of UCB-
MSC:s described in previous studies [22], we found that the
UCB-MSCs had high expression levels of CD44, CD105,
CD29, and CD90, and no expression of CD38, CD117,
CD45, and CD34 (Fig. 2). The MOI was 10 when the
infection rate reached 80 %. The expression of LIGHT in
the UCB-MSCs was checked by fluorescence microscopy.
The green signals were detected both in the LIGHT-
packaged lentivirus-treated group (Fig. 3a) and in the
empty vector packaged lentivirus-treated group (Fig. 3b),
with no green signals in the negative control group of
untreated UCB-MSCs (Fig. 3c), which grew well, as
shown under a light microscope (Fig. 3d). UCB-MSCs
were transfected with the LIGHT gene in the second pas-
sage. After 5-6 passages, UCB-MSCs would have the
capacity of differentiation. Every passage is about
4-5 days. GFP could be observed 20-30 days after
transfection.

The expression level of LIGHT was further checked by
ELISA and western blotting. The results of the ELISA
showed that the LIGHT protein concentration in the UCB-
MSC-LIGHT group (1.79 £ 0.34 ng/ml) was obviously
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higher than that in the UCB-MSC-GFP group (0.74 £
0.21 ng/ml) or the UCB-MSC group (0.75 &£ 0.11 ng/ml),
with a significant difference, p < 0.001 (Fig. 3e). In addi-
tion, a GFP-LIGHT band with molecular weight 55 kD
was detected by western blotting in the UCB-MSC-LIGHT
group, and a GFP band (29 kD) was observed in the UCB-
MSC-GFP group, while no band existed in the UCB-MSC
control group (Fig. 3f). All these data suggested the UCB-
MSCs were successfully infected by the LIGHT-packaged
lentivirus and were able to efficiently express the LIGHT
protein.

To evaluate the effect of the transfected LIGHT on the
viability of UCB-MSCs, we determined the cell death rate
by examining propidine iodide (PI) and Annexin V staining
at 24 and 48 h after transfection. No significant difference
was observed among the UCB-MSC, UCB-MSC-GFP, and
UCB-MSC-LIGHT groups (p > 0.05) (Fig. 4).

Antitumor effect of UCB-MSC-LIGHT in gastric
cancer models

The gastric cancer models were injected with LIGHT or
GFP expressed UCB-MSCs, with NaCl injection as a neg-
ative control. After treatment for 14 days, the volumes and
weights of tumor tissues were measured (Table 1).

UCB-MSC-LIGHT UCB-MSC-GFP  UCB-MSC

Fig. 3 LIGHT expression in UCB-MSCs in vitro. a LIGHT-GFP
expression in UCB-MSCs detected by fluorescence microscopy
(x200). b GFP expression in UCB-MSC (x200). ¢ Untreated
UCB-MSC (x200). d Untreated UCB-MSC under light microscope
(x200). e LIGHT protein tested by enzyme-linked immunosorbent
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assay (ELISA), **p < 0.01. f LIGHT detection by western blotting.
Lane M protein marker, lane I GFP protein, lane 2 no GFP protein
expression in untreated UCB-MSC, lane 3 LIGHT-GFP proteins at
55 kD
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Fig. 4 Flow cytometric UCB-MSC-LIGHT
analysis for cell viability by P/
propidine iodide and Annexin V
staining. Upper images flow
cytometric analysis of cell
viability for UCB-MSC-
LIGHT, UCB-MSC-GFP, and
UCB-MSC at 24 h after
transfection. Lower image
comparison of cell death rate
among the three groups
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Table 1 Tumor weight, volume and net mouse body weight
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Annexin V

BUCB-MSC-LIGHT
BUCB-MSC-GFP
0OuUucCB-MSC

Group Net mouse body weight (g) Tumor weight (mg) Tumor volume (cm?®) Tumor inhibition rate (%)
UCB-MSC-LIGHT 30.43 + 2.08 847.91 £ 69.60** 1.27 £ 0.19%* 48.01

UCB-MSC 31.25 + 2.75 1,017.69 £ 110.78%** 1.88 £+ 0.21* 37.60

NaCl 30.77 + 3.01 1,630.91 £ 102.33 2.27 +0.23

Tumor inhibition rate = (NaCl group tumor weight—MSCs group tumor weight)/NaCl group tumor weight x 100 %

* p < 0.05, ** p < 0.01

The results showed that the average volumes of the tumors
in the MSC-LIGHT-treated group, MSC-treated group,
and NaCl group were 1.27 + 0.19, 1.88 £ 0.21, and
2.27 £ 0.23 cm’, respectively (Fig. Sa—d), with significant
differences among the three groups (p < 0.001). In addi-
tion, the tumor suppression rates in these three groups
were calculated. The results showed that the tumor inhi-
bition rates in the MSC-LIGHT-treated group and the
MSC-treated group, compared with the NaCl group, were
48.01 and 37.60 %, respectively. In order to confirm that
the tumor inhibition effect was caused by the increased
LIGHT expression in the tumor tissues, we performed RT-
PCR to measure the mRNA expression levels of LIGHT
in the tumor tissues. The results demonstrated that the
mRNA levels of LIGHT in the UCB-MSC-LIGHT-treated
group (2.96 + 0.27) were higher than those in the NaCl
negative control group (0.73 %+ 0.10) and the UCB-MSC-
treated group (0.88 £ 0.37), with a significant difference
(p < 0.001, Fig. 6a, b). Furthermore, the mRNA level in
the UCB-MSC-LIGHT-treated group was significantly
higher than that in the UCB-MSC-treated group. We also
used an ELISA to test the protein expression level of
LIGHT. The results showed that LIGHT expression was

obviously increased in the UCB-MSC-LIGHT-treated
group (167.89 £ 2.31) compared with that in the MSC
and NaCl groups (73.22 + 5.74, 49.66 + 5.25), with
p < 0.001 (Fig. 6¢). UCB-MSCs labeled with the fluo-
rescent dye superparamagnetic iron oxide-1,1’-dioctadecyl-
3,3,3’,3’-tetramethylindocarbocyanine  perchlorate SP-Dil
(Biotium, Hayward, CA, USA), were observed distribut-
ing in the transplanted tumors (Fig. 7), indicating that
UCB-MSCs have a tropism for tumors.

LIGHT is a member of the TNF receptor superfamily
and can trigger apoptosis in various tumor cells [23].
Accordingly, we measured the tumor necrosis area, by
H&E staining. The results showed that the tumor necrosis
area in the MSC-LIGHT-treated group was obviously lar-
ger than that in the MSC-treated group or the NaCl-treated
group (Fig. 8a—c). The average ratios of the tumor necrocis
areas in the MSC-LIGHT protein group, MSC group, and
NaCl group were 2.5 &+ 0.25, 1.25 + 0.30, and 1.3 £ 0.12,
respectively (p < 0.001, Fig. 8d). These data suggested
that UCB-MSC-LIGHT can inhibit tumor growth and
cause tumor necrocis. Moreover, UCB-MSC-LIGHT
caused more apoptosis in the tumor cells than UCB-MSC
and NaCl (Fig. 9). The Hoechst staining was used to
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Fig. 5 Antitumor effect of
UCB-MSC-LIGHT.

a—c Transplanted tumors in
NaCl-treated group, UCB-
MSC-GFP-treated group, and
UCB-MSC-LIGHT-treated
group. d Growth curves of the
transplanted tumors in the
MSC-LIGHT group, MSC
group, and NaCl group; each
experimental point represents
data for five mice. **p < 0.01.
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¢ Expression levels of LIGHT
protein in the tumor tissues of
the NaCl control group, UCB-
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further estimate the effect of LIGHT on apoptosis in the
tumor cells. The results showed that the apoptosis caused
by UCB-MSC-LIGHT was much greater than that in the
UCB-MSC- or NaCl-treated groups (Fig. 9a—c). These
results were consistent with the tumor inhibition effect of
UCB-MSC-LIGHT, indicating that high expression level
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MSC CTRL MSC-LIGHT Group
of LIGHT in UCB-MSCs can efficiently inhibit tumor
growth by inducing more apoptosis in tumor tissues. The
expression of caspase-3 protein in tumor tissues was
detected by immunohistochemistry (Fig. 10). Positive
expression rates of caspase-3 were obviously up-regulated
in the UCB-MSC-LIGHT and UCB-MSC groups compared
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Fig. 7 UCB-MSCs labeled o 5 I \irsg,
with the fluorescent dye, S .'_’1,‘. %ol 'f‘ :‘-'Q B@; » .”".""‘4
superparamagnetic iron oxide- '%'.‘.l . " 2?; 0 -‘ R -:_‘.
1,1’-dioitalc?efiyl—3,g,3’,3’—. ﬂ ‘t.-_'“’ - L Ao ? o
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perchlorate (SP-Dil), were k"l‘r ‘4’_ A ‘% ‘t'

6.% g v

distributed in the transplanted
tumors. a Tumor tissues stained
with H&E in the UCB-MSC-
LIGHT group (x400);

b fluorescence microscopy in
this group (x400). ¢ Tumor
tissues stained with H&E in the
untreated UCB-MSC group
(x400); d fluorescence
microscopy in this group
(x400) indicating that UCB-
MSCs have a tropism for tumors
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Fig. 8 Necrocis in tumor tissues. H&E staining of the tumor tissues necrocis areas are indicated by arrows. d The tumor necrosis area

observed by light microscopy. a NaCl control group (x100); b UCB- scores in the UCB-MSC-LIGHT group, UCB-MSC group, and NaCl
MSC group (x100); ¢ UCB-MSC-LIGHT group (x100). The tumor group (**p < 0.001). CTRL control
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Fig. 9 Apoptosis in tumor tissues. Observation of the apoptosis arrows are apoptotic cells. d UCB-MSC-LIGHT caused more

caused by UCB-MSC-LIGHT (a), UCB-MSC (b) and NaCl (c) in the apoptosis in the tumor cells than UCB-MSC and NaCl (**p < 0.001)
tumor tissues, using Hoechst staining (x200). The cells indicated by
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with that in the NaCl group, and there was a significant
difference between the UCB-MSC-LIGHT and UCB-MSC
groups, indicating that UCB-MSC-LIGHT may contribute
to cancer apoptosis via caspase-3 activation.

Discussion

The TNF-o superfamily member LIGHT has potent anti-
tumor activity through direct cytotoxicity and activation of
the immune response, and is a promising candidate for
cancer therapy [24]. Some studies have demonstrated that
LIGHT can treat tumors [25, 26]. Targeting tumor tissues
with LIGHT leads to the augmentation of priming and
recruitment and the retention of effector cells at tumor
sites, a process that directly or indirectly induces strong
anti-tumor immunity that inhibits the growth of primary
tumors and eradicates metastases [27, 28]. To avoid the
toxicity associated with systemic administration and the
reduction of anti-cancer effects through a long route,
LIGHT should be introduced to certain vectors and con-
centrated in the local tumor region, serving as a constant
source. UCB-MSCs may have the potential to be an effi-
cient source for cell-based gene therapy approaches. In
some studies UCB-MSCs have recently been used as cell
tools to carry anti-tumor agents [29]. UCB-MSCs are a safe
and effective source of cell-transplantation treatment, and
these cells can be obtained by a minimally invasive
method, without harm to the mother or the infant. Also,
UCB-MSCs show no adipogenic differentiation capacity,
in contrast to BM-MSCs and adipose tissue (AT)-MSCs
[9]. In addition, UCB-MSCs can be easily expanded and
transformed by several vectors. With the advantages of
UCB-MSCs, it appears that these cells are a feasible
vehicle for the delivery of therapeutic agents. In the present
study, we efficiently engineered human UCB-MSCs to
secrete LIGHT via lentiviral transduction. We identified
that UCB-MSC:s infected by lentivirus vectors carrying the
LIGHT gene had high infection rates, and consistently
released LIGHT at high levels. These data indicate that
UCB-MSCs delivering a secretable form of LIGHT may be
efficient tools for gene therapy.

UCB-MSCs possess tumor-targeting properties and
show migratory capacity toward tumor cells [30, 31]. Our
previous investigation showed that the human gastric
cancer cells SGC-7901 expressed CXCR4, while UCB-
MSCs expressed stromal derived factor-1 (SDF-1). The
interaction between these two molecules induced the MSCs
to migrate into gastric tumor tissues [32]. Nakamizo et al.
[7] reported that BM-MSCs have a tropism for brain
tumors and thus could be used as delivery vehicles for
glioma therapy, and BM-MSCs were seen exclusively
within the brain tumors regardless of whether the cells

were injected into the ipsilateral or contralateral carotid
artery. Using the tracking ability of UCB-MSCs could lead
to widespread distribution of therapeutic agents throughout
tumors and improve tumor therapy. Based on the advan-
tages of MSCs for use in tumor therapy, we used a xeno-
genic model of human gastric cancer grown in nude mice
to evaluate the therapeutic efficacy of human MSC-
LIGHT. We found that the average volume of transplanted
tumors in the MSC-LIGHT group was obviously smaller
than that in the control group, while the tumor necrosis area
in the MSC-LIGHT group was larger than that in the
control group. In addition, we also found that UCB-MSC-
LIGHT specifically induced apoptosis through caspase-3
activation. Moreover, as expected, UCB-MSC-LIGHT
induced more apoptosis in the tumor cells than UCB-MSC
and NaCl. These data indicate that MSC-LIGHT is effec-
tive in suppressing tumor growth.

To summarize, we have shown for the first time the use
of UCB-MSCs as carriers to deliver LIGHT and we have
demonstrated an efficient lentiviral transduction system for
MSCs. The engineered UCB-MSCs secreting LIGHT
possessed an obvious anti-tumor effect in the xenograft
mouse model. Thus, delivering exogenous LIGHT by
UCB-MSCs in vivo may represent a prospective method
for the treatment of gastric cancers.
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