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Abstract

MSCs-based therapy for cancer is a relatively new but rapidly growing area of research. Human
term placenta, an attractive source of MSCs (PMSCs), appears to have great advantage due to its
easy access without invasive procedures, its lack of ethical issues and its high-throughput and young
age. In the present study, we isolated MSCs from placenta and characterized their morphology and
differentiation capacities. Ve next investigated the underlying antitumor effects and the potential
mechanism of PMSCs to express endostatin using adenoviral transduction (Ad-Endo) in a colo-
rectal peritoneal carcinomatosis (CRPC) mouse model. For in vitro experiments, the migratory
potential of Ad-Endo-PMSCs towards tumor cells was demonstrated using a double-chamber
assay, and the anti-angiogenesis ability of endostatin from engineered PMSCs was evaluated using
the tube formation assay. For the in vivo study, mice harboring CT26 colorectal cancer indicated a
significant reduction in tumor nodules and a prolongation of survival following Ad-Endo-PMSCs
therapy. These observations were associated with significantly decreased tumor cell proliferation
and blood vessel counts as well as increased tumor cell apoptosis. These data suggested the po-
tential of PMSCs-based gene therapy for the targeted delivery of therapeutic proteins in cancer.

Key words: placenta-derived mesenchymal stem cells; adenovirus vector; gene therapies; en-
dostatin; colorectal cancer

Introduction

Colorectal peritoneal carcinomatosis (CRPC) is
one of the most commonly diagnosed cancers in the
world and the third leading cause of death worldwide
[1]. According to data published by the International
Research on Cancer (IARC), approximately 1 million
new cases of CRPC are diagnosed each year, and
500,000 deaths are due to this disease. Despite im-
proved treatment models, CRPC remains unrespon-
sive to traditional therapy. Approximately 8% of pa-
tients have been diagnosed with surgically induced
metastasis, and 25% of patients experience recurrence
of the primary CRPC [2, 3]. Thus, gene therapy rep-

resents a novel and promising approach for cancer
treatment.

Invasion and metastasis are the major causes of
CRPC treatment failure. The current wisdom is that
tumor growth, invasion and metastasis are angio-
genesis dependent [4, 5]. In the early 1970s, Judah
Folkman, a highly respected pioneer and researcher in
this field, hypothesized that new blood vessels were
essential for tumor growth and that an an-
ti-angiogenic strategy might constitute a new thera-
peutic approach for solid tumors [6]. Over the past
several decades, the central role of angiogenesis in the
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process of tumor growth and dissemination has been
well established [7]. Currently, over 60 angiogenesis
inhibitors have been identified [8]. Among these
molecules, endostatin is the first endogenous angio-
genesis inhibitor to be introduced into clinical trials.
Several studies have indicated that endostatin exhibits
a broad spectrum of antitumor activity with low tox-
icity [9-11]. However, due to the rapid turnover of
endostatin in the blood, long-term administration
of the inhibitor is required to ensure the suppression
of tumor growth in vivo [12]. Moreover, it has proven
to be extremely difficult to produce the functional
polypeptide; thus, administration of endostatin re-
mains expensive and places a burden on the patients
[12].

MSCs are considered one of the most exciting
platforms for cell-based gene therapy, and currently,
more than 150 clinical trials around the world use
MSCs for tissue repair, hematopoietic stem cell trans-
plantation and autoimmune diseases. More recently,
the ability of MSCs to target to tumor locations has
been demonstrated in a relatively large number of
pre-clinical studies, revealing the potential of MSCs
for use as an attractive vehicle for the delivery of an-
ticancer agents [13, 14]. Previous studies have
demonstrated the strong antitumor effect of MSCs as
gene delivery vectors. Komarova S et al. reported that
MSCs with forced expression of oncolytic adenovi-
ruses exhibited strong inhibitory growth on ovarian
cancer in vivo [15]. Nakamura K et al. observed that
intratumoral injection of MSCs modified with IL-2
targeted to sites of tumorigenesis and potently inhib-
ited the growth of malignant gliomas[16]. MSCs can
be isolated from several adult and fetal tissues, such
as bone marrow, adipose tissue, heart, skeletal mus-
cle, pancreas, placenta, cord blood and circulating
blood. Although bone marrow is the initial and tradi-
tional source of MSCs (BMSCs), the collection of
MSCs is invasive, with only 1-20/10°> MSCs obtained
from bone marrow [17, 18]. In addition, the number
and differentiation capacity of BMSCs decreases
dramatically with age [19]. The placenta, as a mater-
no-fetal organ, originates within the first stages of
embryological development and has drawn great in-
terest as a source of MSCs for clinical research. Pre-
vious studies have shown that no signifi-
cant difference could be detected between placen-
ta-derived mesenchymal stem cells (PMSCs) and
BMSCs in terms of morphology, cell-surface antigen
expression, chemokine receptor display, differentia-
tion capacity and immunosuppressive ability [20, 21].
In addition, as a dispensable tissue after the delivery
of a baby, the placenta can provide abundant MSCs
without invasive procedures or ethical issues [22].
Thus, the placenta may represent a pool of MSCs and

may serve as a preferred source of MSCs for future
clinical use.

In the present study, we investigated the an-
ti-tumor activities of Ad-Endo-transfected PMSCs via
peritoneal administration in a CT26 CRPC model. Our
data indicated that PMSCs transfected with Ad-Endo
could effectively suppress tumor growth and signifi-
cantly improve host survival. Thus, PMSCs may be a
safe and effective gene delivery system for further
clinical application.

Materials and Methods
Mice

Female Balb/c mice 6-10 weeks of age were
purchased from Peking Union Medical College. The
animals were maintained in polycarbonate cages,
with a dedicated aseptic environment. During the
experimental period, all of the research protocols

were approved by the Institute’s Animal Care and
Use Committee of Sichuan University.

Cell lines and culture

CT26 colorectal cancer cell line and transformed
human embryonic kidney cell line 293T cells were
purchased from ATCC (American Type Culture Col-
lection, Rockville, MD). CT26 were cultured in
RPMI1640 (Gibco BRL, Grand Island, N.Y.). 293T
were maintained in Dulbecco's modified Eagle's me-
dium (DMEM) (Gibco BRL, Grand Island, N.Y.),
PMSCs were cultured in DMEM-low glucose
(DMEM-LG) (Gibco BRL, Grand Island, N.Y.). A de-
tailed protocol regarding the isolation of PMSCs has
been previously published in PLOS ONE[23]. The
medium was supplemented with 10%
heat-inactivated fetal bovine serum (FBS, Gibco,
Melbourne, Australia) and 1% penicillin/
streptomycin (Gibco, Melbourne, Australia). All cell
lines were maintained in 95% air humidified atmos-
phere with 5% CO, at 37°C.

Cell surface phenotype

To determine the surface antigens of PMSCs,
cells at Passage 5 (P5) were collected and stained us-
ing various mouse anti-human monoclonal antibodies
conjugated with fluorescein isothiocyanate (FITC):
CD166, CD29, CD90, CD105, and CD34 (Invitrogen,
Thermo, Millipore, Neomarkers, eBioscience). The
same FITC-labeled mouse IgG (BD Biosciences, USA)
without primary antibodies served as a negative con-
trol. At least 10* events were analyzed using flow cy-
tometry.

Multipotent differentiation of PMSCs

To assess the multipotent differentiation capaci-
ty of PMSCs, experiments including osteogenic, adi-
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pogenic and chondrogenic induction were performed
in vitro.

Osteogenic differentiation was induced by cul-
turing cells in DMEM containing 10% FBS, 0.1 pM
dexamethasone, 10 mM p-glycerophosphate and 50
pg/ml ascorbate-2 (Sigma-Aldrich, USA). The me-
dium was changed twice a week, and 2 weeks later,
calcium depositions were evaluated using Alizarin
red S staining (Sigma-Aldrich, USA) [24].

For adipogenic differentiation, 1x10° PMSCs
were seeded onto a 6-well plate. When cells were
70-80% confluent, the medium was replaced with
DMEM  containing 10% FBS, 05 pM isobu-
tyl-methylxanthine, 0.25 pM dexamethasone, 10 ptM
insulin and 50 pM indomethacin (Sigma-Aldrich,
USA). The induction medium was refreshed twice a
week. Fourteen days later, lipid vesicles were ob-
served using Oil-Red-O staining [25].

For chondrogenic differentiation, transwell
dishes with 6.5-mm diameters and 0.4-pm pores were
used (Millipore, Billerica, MA, USA). Next, 1x10°
PMSCs were seeded on the top chamber and centri-
fuged in a 24-well plate (200 g). Five minutes later, 500
pl of StemXVivo chondrogenic differentiation me-
dium (CCMO005, CCMO006, R&D, USA) was added to
the lower well of the 24-well plate. The medium was
changed twice a week. Twenty-one days later, chon-
drogenic differentiation was assessed using Alcian
blue staining (Sigma-Aldrich, USA) [26].

PMSCs transfection

Low expression of the Coxsackie-adenovirus re-
ceptor (CAR) is a limiting factor for the transduction
efficiency of PMSCs with Ad vectors. In this study, we
used Lipofectamine 2000 (Invitrogen, Carlsbad, CA,
USA) for Ad-Endo infection. Briefly, 1x10> PMSCs
were seeded onto a 6-well plate, and the next day,
Ad-EGFP was transfected using Lipofectamine 2000
(Invitrogen, Carlsbad, CA, USA) at a seri-
al multiplicity of infection (MOI=1500, 3000). The vi-
rus/Lipofectamine 2000 ratio was 2.5x108 vp/ug.
Forty-eight hours later, the transduction efficiency
was analyzed using an inverted microscope and flow
cytometer, and transfection without Lipofectamine
2000 was used as a control.

Western Blotting Analysis

Western blotting analysis was performed as
previously described (17). Briefly, 1x10° PMSCs were
transfected with Ad-Endo at an MOI of 3000
(Ad-Endo=3x108 vp, Lipofectamine 2000=1.2 pg). Af-
ter 48 h, the conditioned media (CM) was harvested
and concentrated by ultrafiltration (Centricon YM-3;
Millipore, Bedford, MA, USA). Proteins were sepa-
rated using 12% SDS-PAGE gel and transferred onto

PVDF membranes (Millipore, Billerica, MA, USA).
The membranes were blocked in 5% non-fat milk (Bi-
orad, USA) and then incubated with an an-
ti-endostatin antibody (Santa Cruz Biotechnology,
CA) (1:500) followed by horseradish peroxi-
dase-conjugated anti-rabbit immunoglobulins (Sig-
ma-Aldrich, USA) (1:5000). B-actin (1:2000) was used
as a loading control, and bands were analyzed using
an enhanced chemiluminescence detection system
(Thermo Fisher Scientific Inc. USA).

In vitro migration assay

To analyze the ability of PMSCs to target tumors,
transwell dishes with 8-pm pore filters were used
(PI8P01250, Millipore, Billerica, MA, USA). Then,
1x104 PMSCs or Ad-Endo-PMSCs were seeded on the
top chamber of the transwell filter, with 2x10* CT26
cells or 293T cells on the 24-well plate. After incuba-
tion for 24 h, the cells were fixed with methanol for 15
min and stained using Crystal Violet (Sigma-Aldrich,
USA). Finally, the membrane was transferred onto a
cover slide, and the number of migrated cells from
five random fields was quantified using light mi-
croscopy [27]. All experiments were performed in
triplicate.

In vitro tube formation assay

The tube formation assay was performed as

previously described [28]. Briefly, 2X104 human um-
bilical vein endothelial cells (HUVECs) were sus-
pended in 200 pl of CM and the supernatant obtained
from Ad-Null-PMSCs and untransfected PMSCs.
Fresh DMEM-LG was used as a negative control.
Next, the cells were seeded onto the matrigel (BD Bi-
osciences, USA) and maintained in 95% air humidi-
fied atmosphere with 5% CO; at 37°C. After 6 h, the
cells were imaged using a digital camera attached to
an inverted microscope.

CT26 colorectal peritoneal carcinomatosis
model

Six-week-old female Balb/c mice were randomly
divided into four groups (10 mice per group). Next,
3.0x105> CT26 cells were injected into the abdominal
cavity of the mice. After 4 days, these mice were in-
traperitoneally administered with 0.9% NaCl (Con-
trol), PMSCs (1.0x105 cells), Ad-Null-PMSCs (1.0x10°
cells transfected with 3.0x108 vp Ad-Null) or
Ad-Endo-PMSCs  (1.0%105 cells transfected with
3.0x108 vp Ad-Endo) individually every 4 days for a
total of four administrations. The mice in all of the
groups were sacrificed when the mice in the Control
group became moribund. The size and number of
tumor nodes were determined. In addition, another
subgroup of mice within the same group division was
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monitored daily for 60 days.
Immunohistochemistry and TUNEL assay

For immunofluorescent staining, frozen tissue
was sectioned (8 pm) and stained with CD31 (1:100) or
Ki67 (1:100) (ab28364, ab15580, Abcam, UK), and the
nuclear counter stain 4'6-diamidino-2-phenylindole
(DAPI). A TUNEL assay (Promega, USA) was per-
formed according to the manufacturer's instructions.
Images were captured using a fluorescence micro-
scope. Blood vessels, proliferating cells or apoptotic
cells were quantified from five random areas in each
section. To evaluate the potential toxic effects of
PMSCs on the host, tissues of the heart, liver, spleen,
lung, kidney and brain were fixed in 4% neutral par-
aform. Next, 3- to 5-um sections were stained with
hematoxylin and eosin (H&E).

Statistical analysis

The results of the statistical analyses are pre-
sented as the mean * standard deviation (SD) for
comparison of individual time points, and differences
between the groups were tested via the Kaplan-Meier
method and an unpaired Student’s t-test. Survival
data were plotted on a Kaplan-Meier curve. All
p-values were two-sided, and the statistical signifi-
cance was defined as p < 0.05.

Results
Cell surface phenotype and Multipotent
differentiation Potential of PMSCs

Flow cytometry analyses demonstrated that the
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PMSCs were positive for CD166, CD29, CD90, and
CD105 and negative for hematopoietic markers CD34,
which was consistent with the characteristics of
BMSCs.

To evaluate the differentiation potential of
PMSCs, cells were cultured with induction medium as
previously described. As shown in Fig. 1, mineral
depositions were detected using Alizarin red S stain-
ing for osteogenesis, accumulated triacylglycerol was
detected using Oil red O staining for adipogenesis,
and cartilage-specific proteoglycans were detected
using Alcian blue staining for chondrogenesis. Taken
together, these data suggested that PMSCs have mul-
tipotent differentiation potential.

Expression of Ad-Endo in vitro

To improve the transduction efficiency of
PMSCs, Lipofectamine 2000 was used to mediate ad-
enoviral transduction. As shown in Fig. 2A, a very
significant increase in the expression of EGFP in
PMSCs was observed when the cells were transfected
with Lipofectamine 2000, and a high-level viral titer
resulted in enhanced expression of EGFP. Further-
more, flow cytometry was used to determine the
transduction efficiency, in which 29.7% of PMSCs cells
expressed EGFP at an MOI of 1500. This value was
increased to 66.3% at an MOI of 3000 using Lipofec-
tamine 2000 (Fig. 2B). These data were consistent with
the results obtained from microscopic quantification.
On the basis of these results, we selected an MOI of
3000 mixed with Lipofectamine 2000 at a ratio of
2.5x108 vp/ pg for subsequent experiments.

Count
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Fig. | Phenotype characteristics of PMSCs. A. Flow cytometry analysis of MSCs isolated from the placenta shows that the majority of cells are CD 166+, CD29+, CD90+,
CD105+, CD34-. The solid line denotes unstained control cells and dotted line denotes isolated PMSCs. B. Multipotent differentiation of PMSCs. Osteogenic, adipogenic and
chondrogenic differentiation and histological staining of human placenta-derived MSCs using Alizarin red S, Oil red O and Alcian blue, respectively (magnificationx200).
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Western blotting analyses were performed to
demonstrate the expression of Ad-Endo in PMSCs. As
shown in Fig. 2C, a distinct band at approximately 20
kDa was detected in the CM from the
Ad-Endo-transfected PMSCs but not in those from the
untransfected PMSCs or Ad-Null-transfected PMSCs.
These results indicated that endostatin was success-
fully synthesized and processed in vitro.

Migratory ability of Ad-Endo-PMSCs to CT26
in vitro

The migration ability of PMSCs towards tumors
has been widely reported for tumors such as breast
carcinoma, melanoma, Kaposi’'s sarcoma, glioma and
prostate cancer. To investigate whether PMSCs have
the ability to migrate toward CT26 cells, an in vitro
transwell migration assay was performed. As shown
in Fig. 3, there was a significant (p < 0.01) increase in
the migration of PMSCs towards CT26 cells (26 + 2.7)
compared with 293T (9 * 4.2). Moreover, the migra-
tory ability of Ad-Endo-PMSCs towards CT26 cells

A -Lipo

(23 + 2.9) occurred in a similar manner as that of un-
transfected PMSCs. These results strongly supported
that CT26 cells were capable of stimulating the mi-
gration of PMSCs and that the migratory ability of
PMSCs was not affected by Ad-Endo modification.

Tube formation assay

The bioactivity of endostatin expressed by
Ad-Endo-PMSCs was confirmed in vitro using a tube
formation assay. As shown in Fig. 4, HUVECs rapidly
aligned and formed capillary-like structures when
seeded onto matrigel (100 £ 15.3), and the CM derived
from PMSCs (92.8 £ 13.7) or Ad-Null-PMSCs (95.6
21.7) did not affect tube formation. However, there
was significant inhibition of endothelial cell tube
formation when HUVECs were treated with CM ob-
tained from Ad-Endo-PMSCs (30.4 + 7.4) (p <0.01).
This can be attributed to the expression of Ad-Endo in
PMSCs.
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Fig. 2 Transfection efficiency of Ad-EGFP and the expression of endostatin, as determined using western blotting analyses. A. Transfection efficiency of Ad-EGFP was examined
using fluorescence images (magnification x40). B. Flow cytometry was performed to evaluate the transfection efficiency of Ad-EGFP. C. Expression of endostatin in PMSCs was

detected using western blotting analyses, and B-actin was used as a loading control.
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Fig. 3 Migration ability of Ad-Endo-PMSCs to CT26 cells was examined using a transwell assay. A. The number of PMSCs targeted to CT26 showed a significant increase
compared to cells targeted to 293T groups (magnification x40). There was no significant difference between PMSCs and Ad-Endo-PMSCs in terms of their ability to target tumor
cells. B. Average number of cells migrated in the transwell assay. The results were expressed as the mean * S.D. in five different fields from three independent experiments
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Fig. 4 Ad-Endo-PMSCs inhibited tube formation of HUVECs. HUVECs cultured in EBM-2 medium treated with conditioned media from PMSCs, Ad-Null-PMSCs, or
Ad-Endo-PMSC:s for 6 h, respectively. Fresh DMEM-LG was used as a negative control. B. Quantitative summary of tube formation was performed by manual quantification of
closed tubes in five different areas. All experiments were repeated three times (**p <0.05).

Ad-Endo-PMSC s significantly inhibited the
peritoneal dissemination and growth of
colorectal cancer in vivo

To examine the therapeutic efficiency of
Ad-Endo-PMSCs, the CT26 CRPC model was used.
As was shown in Table 1, a sharp decrease in meta-
static foci numbers was observed after intraperitoneal
infusion of Ad-Endo-PMSCs. Systemic therapy with
Ad-Endo-PMSCs resulted in apparent tumor inhibi-
tion versus Controls, PMSCs or Ad-Null-PMSCs (p <
0.05). Furthermore, a decrease in the size of tumor
nodes and an increase in the tumor-free rate were
observed in the Ad-Endo-PMSCs group compared to
other groups (Fig. 5A).

In the CT26 CRPC model, control animals re-
ceiving NaCl or PMSCs treatment survived 21 and

22.5 days on average, respectively, and the survival
rate of mice in the Ad-Null-PMSCs group was 20%. In
contrast, therapy with Ad-Endo-PMSCs resulted in a
significant 3-fold increase in lifespan compared to
Ad-Null-PMSCs (Fig. 5B). This result demonstrated
that Ad-Endo-PMSCs have a significant and pro-
longed inhibitory effect on the tumor growth of CT26
in vivo.

Table |. Anti-metastasis induced by Ad-Endo-PMSCs in vivo

Groups Mean number of tumor nodes Tumor free rate%
Control 104.4£21.7 0

PMSCs 69.6+29.5 10.46
Ad-Null-PMSCs ~ 75.2+17.8 14.32
Ad-Endo-PMSCs ~ 8.243.79* 56.3

*indicates p< 0.05
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Inhibition of tumor angiogenesis and cell
proliferation in vivo

To determine the effects on tumor-induced an-
giogenesis, frozen tumor sections were stained using
the CD31 antibody for immunofluorescence. Accord-
ing to Fig. 6A, micro-vessel densities (MVDs) of tu-
mor tissues from Ad-Endo-PMSCs-treated mice (19
4) showed a decreased number of CD31-positive ves-
sels, which was significantly lower than the mice
treated with NaCl (72 + 7.1), PMSCs (58 £ 3.2) or
Ad-Null-PMSCs (64 +7.8) (p < 0.05).

We also analyzed the effect induced by
Ad-Endo-PMSCs on tumoral cell proliferation using
Ki-67 staining. In all cases, we observed lower Ki-67
levels in tumors obtained from mice treated with
Ad-Endo-PMSCs compared to the other groups, in-

Control PMSCs

Ad-Null-PMSCs

dicating a decrease in cell proliferation. These data
suggested that the administration of Ad-Endo-PMSCs
could effectively inhibit angiogenesis and colon tu-
mor cell proliferation (Fig. 6B).

Increase in apoptosis in the Ad-Endo-PMSCs
group

Apoptotic cells in tumors were determined using
the TUNEL assay. As shown in Fig. 6C, the number of
apoptotic cells in the Ad-Endo-PMSCs group was
significantly higher compared to that of the other
groups. The apoptotic index in Ad-Endo-PMSCs was
9.13 £ 0.49%, versus 2.27 £ 0.95% in the Control group
(p <0.01), 3.23 £ 0.89% in the PMSCs group (p < 0.05)
and 3.63 * 049 % in the Ad-Null-PMSCs group
(p <0.05).
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Fig. 5 Tumor suppression and survival advantage in Ad-Endo-PMSC-treated mice. A. Images of representative CT26 tumor-bearing mice after intraperitoneal treatment.
Ad-Endo-PMSCs effectively inhibited the peritoneal dissemination and growth of colorectal cancer. B. Significant increases in survival rates and prolonged survival times were
observed in Ad-Endo-PMSC-treated mice compared to control groups. p<0.05, N=10 per group.
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Fig. 6 Ad-Endo-PMSCs inhibited tumor angiogenesis and cell proliferation and induced tumor apoptosis in vivo (I, Control; 2, PMSCs; 3, Ad-Null-PMSCs; 4, Ad-Endo-PMSCs,
magnification x200). A. Immunofluorescence assay of CD3 1. The Ad-Endo-PMSCs group showed a significant decrease in vessel density compared to the control groups. Vessel
density was determined by quantification of the number of the vessels from five high-power fields. Values were expressed as the mean + SD (*p < 0.05). B. Inhibition of cell
proliferation within the tumor estimated using Ki6é7 immunohistochemical analysis. Tumors of the Ad-Endo-PMSCs group showed a decreased number of Kié7-positive cells
compared to the other groups, particularly the NS groups. The proliferation index was determined by counting the number of the Kié7-positive cells from five high-power fields.
Values were expressed as the mean * SD (5 high power fields/slide, *p< 0.05). C. Apoptotic cells from CT26 tumors were detected using the TUNEL assay. The apoptotic index
was calculated by dividing the number of TUNEL-positive cells by the total number of cells. Values were expressed as the mean + SD (five high-power fields/slide,*p< 0.05).
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Discussion

Angiogenesis plays an important role in the
process of solid tumor growth and metastasis. Peri-
toneal tumors are malignant solid tumors that are also
angiogenesis dependent [29]. Evidence from preclin-
ical and clinical studies indicates that endostatin plays
a central role in inhibiting angiogenesis and metasta-
sis of primary solid malignancies [30, 31]. However,
due to the high cost of producing large quantities of
proteins and the short serum half-time of endostatin,
it is necessary to exploit a long-term, cost-effective,
and safe bio-delivery platform.

Gene therapy has been proposed as a potential
treatment modality for advanced colorectal cancer,
but it has been limited by insufficient gene delivery to
tumor sites.

Viruses offer an ideal means of gene transfer,
with adenoviruses being the most widely used due to
their high gene transfer efficiency and wide host
range [32, 33]. However, the transduction efficiency of
adenoviruses is closely correlated with the cell surface
density of the coxsackie-adenovirus receptor (CAR),
and the lack of high-affinity CAR expression is a po-
tential cause of intrinsic resistance of tumor cells to
this type of therapy. Unfortunately, the expression of
CAR is highly variable and often low in primary
cancer cells, which limits the use of adenoviral vectors
(Ad) for gene therapy. In addition, the utility of ade-
noviral vectors for cancer therapy is limited due to
their lack of specificity, as CAR is also expressed on
normal cells. Previous studies have documented that
adenovirus preferentially accumulates on cells in the
liver and other organs via CAR. Furthermore, it re-
mains a major challenge to maintain prolonged gene
expression and to overcome the immune response
against the virus itself [34]. Thus, new delivery tools
are needed to ensure that anti-tumor genes are spe-
cifically expressed in the tumor site locally and con-
stantly.

Since bone-forming progenitor cells were first
isolated from rat marrow by Friedenstein and Petra-
kova in 1966 [35], MSCs have been widely used in
pre-clinical and clinical therapy due to their apparent
ability to home to the tumor site and its long-term
gene expression without immune system surveillance
[36, 37]. Thus far, different anti-tumor genes have
been delivered to various carcinoma models using
MSCs, and Kim SM et al. reported that MSCs engi-
neered by TRAIL could efficiently inhibit intracranial
glioma growth [38]; Studeny M et al. demonstrated
that MSCs with forced expression of IFN-beta could
produce biological agents locally at tumor sites and
inhibited the growth of malignant cells [39]. However,
bone marrow is still the most common source of MSCs

for scientific and clinical purposes. However, there
are several limitations and disadvantages in the use of
BMSCs, such as the decreased expansion
and differentiation potential with age. In addition, the
invasive procedure for the collection of bone marrow
and the low yield of MSCs make BMSCs impractical
for therapeutic use. Thus, alternative sources of MSCs
are in urgent demand. MSCs have been successfully
isolated from many sources, including adipose tissue,
umbilical cord blood, placenta [20], peripheral blood,
connective tissues of the dermis and skeletal muscle
[40]. Due to the natural MSCs surface phenotype,
differentiation potential, immunosuppressive proper-
ties and safe peculiarity, placenta is thought to serve
as an attractive reservoir of MSCs for clinical investi-
gation and application [21, 22].

In this study, MSCs were isolated from maternal
placental tissue following healthy full-term pregnan-
cy and were dissociated into single cells or fluffy
grape-like cell clusters using collagenase. According
to the adherent growth characteristics of PMSCs, we
used low-sugar low-serum medium for PMSC selec-
tion. Using this method, PMSCs maintained strong
cell viability for 10 generations. In previous studies,
we demonstrated that PMSCs positively expressed
CD29, CD44, CD73, CD90, CD105, and CD166 and
negatively expressed the hematopoietic stem cell
surface antigen CD34, CD45, which was consistent
with the criterion of MSCs. In the present studies, we
confirmed that PMSCs have multipotent differentia-
tion potential and can be differentiated into bone cells
or cartilage cells or can undergo adipocyte differenti-
ation under specific permissive conditions.

The effect of MSCs on the growth of tumors
is still unclear. Several publications have reported the
tumor-promoting properties of MSCs by participating
in tumor stroma formation [41] or secreting tumor
growth factors to create a metastasis-promoting mi-
croenvironment [42, 43]. In contrast to these results,
Lu YR et al. [44] investigated the effects of MSCs on
lymphoma, which indicated that MSCs could induce
apoptosis and GO0/G1 phase arrest of cancer cells
through the up-regulation of p21 and caspase3;
Chanda D et al. [45] reported that MSCs could inhibit
prostate cancer progression by producing woven
bone around the growing tumor cells. There is no
obvious effect of PMSCs on tumor growth in our
study, but the normalization of abnormal tumor vas-
culature was observed (Fig. 6A). Several studies have
shown that the normalization of tumor vasculature
can promote the delivery of drugs to tumors and im-
prove the outcome of radiation therapy [46], which
may be a potential mechanism of tumor growth inhi-
bition by gene-modified MSCs. However, the under-
lying mechanisms require further study.
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Cancers are sometimes considered ‘wounds that
never heal’ because they can generate mobile MSCs
by secreting chemokines and cytokines. Until recent-
ly, the recruitment of MSCs has been investigated in a
variety of tumors, such as ovarian cancer, breast can-
cer, glioma, lung cancer, melanoma, osteosarcoma,
among other cancers. As the targeting ability of MSCs
directly affects their utility for targeting therapy, the
enhancement of the targeting ability of MSCs will
improve their application in clinical practice. In this
study, we tested the targeting ability of PMSCs to
CT26 cells in vitro and found that the modification of
PMSCs by Ad-Endo did not affect their targeting
ability.

In a preliminary study, we showed that human
PMSCs can serve as cellular vehicles for targeting
cancer. It has been demonstrated that Ad-Endo, which
is transported by PMSCs, could improve anti-tumor
effects and prolong the survival period in the CT26
CRPC model compared with Ad-Null-PMSCs. Thus,
the potential mechanism of tumor growth inhibition
may be related to PMSCs, which efficiently deliver
genes to the target cells and protect Ad-Endo from
being degraded by the immune system, thereby pro-
longing gene expression. Due to the advantages of
PMSCs, the use of PMSCs during treatment can effec-
tively prevent the serious adverse effects caused by
repeated administration at a high dose.

In conclusion, our studies demonstrated that
Ad-Endo-modified PMSCs could be used as a thera-
peutic approach in anti-angiogenesis gene therapy of
colorectal cancer. Thus, the modified PMSCs might be
a promising clinical application in future research.
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