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Mesenchymal stem cells (MSCs) were adenovirally engin-
eered to secrete interleukin-12 (AdIL-12-MSCs) and
evaluated for their anticarcinogenesis efficacy against
three kinds of unestablished tumor models including B16
melanoma, LLC Lewis lung cancer and HCC hepatoma.
Injection of AdIL-12-MSCs into protected mice before
tumor inoculation prevented all of 12 mice in B16
preventive groups, 10 out of 12 in LLC lung cancer
model and 11 out of 12 mice in HCC hepatoma model
from developing tumors, whereas the control groups pre-
receiving PBS were validated for 100% carcinogenesis;
the tumor formation rates in free-AdIL-12 and vacant
MSC groups were unveiled between �83 and 100% even
with plentiful angiogenesis and newborn lymphatic vessels,
as well as distant metastases. As a novel approach, AdIL-
12-MSC has revealed expected preventive effects on
carcinogenesis (P < 0.01) with low-toxic, broad-spectrum
and long-range superiorities. In conclusion, our data
indicate that AdIL-12-MSC possess the potential for
tropism to preclinical tumor lesions and deprives surviv-
ing or hibernating tumor cells, which have escaped from
conventional treatments, of revival and recurrence.

Introduction

It is well-known that morbidities of malignant tumors have
remained to increase gradually in both developing and
developed countries, although human history has come into
the twenty-first century and the excellent health care facilities
have been progressing with contemporary culture advance.
Furthermore, despite the evolutions in clinical medicine, such
as improvements in early diagnosis, various new techniques

including surgical, radiotherapeutic, neoadjuvant chemothera-
peutic or other local and systemic therapies, mortality due to
malignancy in patients is on the highest rank for various
diseases (1–5). Therefore, the preclinical prevention against
carcinogenesis appears to be especially practical compared
with therapeutic coadministrations for an established tumor.
It may be an optimum choice for underground procedure of
carcinogenesis to be blockaded during incunabula phase, for
hibernating tumor cells surviving various conventional
administrations to be deprived from revival, or for precan-
cerous foci to be deterred from malignant progression and
reversed to normal state.

Several major human diseases, including morbidity and
mortality from nutritional and infectious diseases and traffic
trauma, have been controlled by the systematic prevention
strategies. Among chronic diseases, the incidence of cardi-
ovascular disease has decreased markedly as tobacco wastage
has declined, cholesterol and blood pressure have been
lowered, as well as, physical exercises encouraged. How-
ever, the role of prevention strategies in the overall
management of cancer has been disregarded by clinical
oncologists, although health care planners and society as a
whole are intensely interested in this topic.

In the past decades, some chemoprevention schemes have
been designed and pre-applied to tumor prevention. For
example, randomized trials have shown that isotretinoin could
cause regression of oral leukoplasia, and so have other
researches including, for example, topical administration of
b-trans-retinoic acid in cervix cancer prevention and difluoro-
methylornithine in colon cancer prevention (6–8). Especially,
chronic intraperitoneal administration of interleukin (IL)-12
could delay mammary tumor latency but final tumor incidence
was not affected, however, IL-12 systemic treatments com-
bined with allogeneic tumor cellular vaccines could prevent
the onset in progression to mammary carcinoma and
lymphoproliferative malignancy (9–12). It is a pity that the
defects of chemoprevention are arresting, such as obvious
systemic adverse effects, continuous administration for
unsustained efficacy (13,14), although some agents for cancer
chemoprevention have been filtered and developed. Therefore,
to overmaster morbidities of human malignancies, it has
become more and more essential to exploit a novel strategy
which possesses long-term efficacy with a tropism towards
unestablished preneoplastic foci and with no noticeable side
effect. Anticarcinogenic bioprevention, a unique gene-
protective prevention mediated by cytokine-armed cellular
vehicles for broad-spectrum preclinical tumors, may become
an unfamiliar tumor preventive notion. Some studies have
revealed that exogenously administered mesenchymal stem
cells (MSCs) could target microscopic tumors during early
stages of tumor development (15,16), which sounds like
something of a novel tracer and provides a hint whether MSCs
could be exploited as a feasible tropistic carriers of aim genes.
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In our study, MSCs, the adult multipotent progenitors with
unique biological features over various cell lineages such as
poorer immunogenicity, prosperous self-renewal and tropism
into lesion stroma, were utilized as cellular vehicle of gene
bioprevention. Meanwhile, IL-12, with extensive capacity to
activate cytotoxic lymphocytes, inducing Th1-mediated CD4+

cell differentiation, stimulate the activation of natural killer
(NK) cells and the production of INF-g (17,18), was employed
as aim gene for the bioprevention. MSCs transduced by
adenovirus encoding IL-12 (AdIL-12-MSC) were applied to
several preclinical tumor models to investigate the protective
anticarcinogenesis efficacy, as well as, the feasibility for
bioprevention of carcinogenesis using genetically-engineered
MSCs in mastery of human tumor.

Materials and methods

Cell lines and culture

Lewis Lung carcinoma (LLC) and B16 melanoma cells (purchased from
American Type Culture Collection, ATCC, Rockville, MD) were propagated
by in vitro passage in DMEM (Gibco BRL, Grand Island, N.Y.)
supplemented with 10% of heat-inactivated fetal bovine serum (FBS;
Gibco, Auckland, N.Z.), 2 mM L-glutamine and 0.1 mg/ml of Amikacin. The
culture was maintained in 95% air-humidified atmosphere with 5% CO2 at
37�C. Transplantable hepatocellular carcinoma (HCC), a cell line with poor
immunogenecity, puissant invasive, metastatic and ascitogenous potential
(19), was expanded by inoculating intraperitoneally 1 · 106 of the in vivo-
passaged cells into recipient animals. The cell line was purchased from
ATCC.

Mice

Female syngeneic C57BL/6 and BALB/c inbreeding mice 8–10 weeks of age
were used as recipients for anticarcinogenesis model. The research protocol
was reviewed and approved by the institute’s Animal Care and Use
Committee. During the experimental period all animals were maintained in a
dedicated aseptic environment as approved by institutional protocol and
guidelines.

Adenoviral vector

Adenoplasmid containing IL-12 cDNA genes (InvivoGen, San Diego, CA)
under the control of cytomegalovirus promoter was constructed by using the
bacterial plasmid homologous recombination pAdEsay system (20). The
circular adenoviral vector DNA was set up by cloning murine IL-12 cDNA
into pAdTrack-CMV Shuttle vector with GFP (9220 bp). First, the
subsequent plasmid was linearized using PmeI and then cotransformed into
Escherichia coli with adenoviral backbone plasmid pAdEasy-2 (30 767 bp),
and then picked for kanamycin resistance from single plaque, digested with
PacI and ethanol-precipitated. Next, linearized adenoviral plasmid was
transferred with lipofectamine and plus reagent (Life Technologies) into 293
packaging cells to generate integrated adenovirus vector. Recombinant
adenoviruses were purified by double CsCl (cesium chloride/ethidium
brimide) gradient ultracentrifugation and sequentially dialyzed extensively
against 10 mM tris (hydroxymethyl) aminomethane/1 mM MgCl2 after
propagated in great force in 293-H cells. Infectious unit titer was evaluated
by plaque forming units (PFU).

Engineering MSCs preparation

MSCs were isolated from the mononuclear cells of femur bone marrow of
female BALB/c mouse in pathogen-free condition and were separated via
centrifugation over Ficoll-Hypaque separation medium at 1.088 g/cm3

density gradient to eliminate needless cells. The monocular cells were
suspended at an original planting density of 1 · 106 cells/cm2 and kept in
low-glucose DMEM with 10 U/ml bFGF in an incubator at 37�C with 5%
CO2 and 95% humidified atmosphere. After 2 days, the non-adhesive cells
were weeded out after washing with PBS and the plate-adhering MSCs
cohort was preserved for further expansion. Medium changes would
be performed twice per week for a 14-day period of culture before first
passage (21).

When the confluence of proliferating MSCs reached or surpassed �90%
between fifth and eighth passages, the cells were transduced with
recombinant adenovirus vectors at a multiplicity of infection (viruses/cells)
of 1500 for �48 h according to GFP expression using Nicon TE2000-U
inverted fluorescent microscope. As for single vacant MSC group with

vacant vector, MSCs were incubated with adenovirus expressing a reporter
gene LacZ under the control of cytomegalovirus promoter.

Prophylactic experiments

Since prophylactic model was used to investigate preventive protection
against carcinogenesis, pretreatment was performed prior to different tumor
cell inoculations, and afterwards the tumor formation and growth were
analyzed. C57BL/6 mice were used as the recipients of LLC and B16
melanoma while BALB/c inbreeding mice as the model hosts of HCC
hepatoma. Mice were separated into PBS, free-AdIL-12, AdIL-12-MSC and
single vacant MSC groups at random and each group consisted of 12 animals
or more. Each recipient in free-AdIL-12 group was pre-infused with 5 · 108

PFU of bare virus; AdIL-12-MSC and vacant MSC groups received 5 · 105

corresponding MSCs via intraperitoneal cavity 1 week before subcutaneous
implantations, in the rear left footpads (22,23), of aliquots of 3 · 105 B16 or
LLC tumor cells or 3 · 106 HCC hepatoma live cells suspended in 50 ml
PBS. PBS control mice did not receive special pretreatment except for the
same volume of PBS. After tumor cell challenges, all mice would be under
consecutive observation to see if there was any experiment-associated tumor,
as well as modulation in behavior or physical appearance. Mouse bearing a
tumor larger than 5 mm at the largest diameter was considered positive.
Besides gross observations, histological verdict for tumorigenesis was veri-
fied by two pathologists in a blinded manner. Tumor growth was monitored
once per week by measuring the two perpendicular diameters using a caliper.
Animals without tumorigenesis received a second challenge through an
inoculation of a double dose of the parent tumor cells on their backsides, 2–3
months later, in order to validate the anticarcinogenesis results.

Section preparation and immunohistochemistry staining

Specimens of primary tumor lesions with adjacent tissues, relevant internal
organs and tumor-draining lymph nodes were harvested and fixed in 4% of
neutral formalin for paraffin sectioning of H&E. For immunohistochemistry
analysis of lymph-angiogenesis with carcinogenesis, sections were probed
with polyclonal goat antimouse LYVE-1 (1:200; Santa Cruz Biotechnology,
CA), with which the sections would be incubated overnight at 4�C, followed
by incubation with biotinylated rabbit anti-goat IgG secondary antibodies at
37�C for 45 min, washed with slight agitation in PBS for 10 min, and
incubated with avidin–biotin–horseradish peroxidase complex at 37�C for 45
min. Cell nuclei were gently counterstained with reformative Gill’s
hematoxylin and slides were dehydrated and mounted.

Determination of long-lasting serum levels of IL-12

After MSCs/AdIL-12 pre-infusion, serum samples were collected from the
lateral tail veins or retro-orbital sinus at Week 1 and again at Week 5. Serum
IL-12 levels were detected in triplicate by using sandwich ELISA
(enzyme-linked immunosorbent assay kit; R&D Systems). Briefly, a 96-
well microtiter plate was coated with monoclonal antibodies against IL-12 as
the capture antibody (5 mg/ml) overnight at 4�C. Plate contents were emptied
and then washed twice with PBS/Tween-20 solution, and non-specific
binding was blocked using 5% BSA in PBS for 120 min at room
temperature. The blocking buffer was removed and wells were washed four
times. Serial dilutions of serum samples were added to the coated plate the
next day and incubated at ambient temperature for 60 min. A biotinlated rat
antimouse IL-12 polyclonal antibody was used as a detection antibody as per
the protocols of kit manufacturer. The plates were washed eight times and
100 ml of 2,20-azinobis(3-ethylbenzo-thiazoline-6-sulfonic acid) was added
per well. Plates were read at an optical density of 405 nm. A standard IL-12
curve containing known concentration of the cytokine was performed.

Toxicity evaluation

To investigate potential side effects or toxicity in the pretreated mice, they
were observed continuously for relevant indexes such as weight loss, ruffled
fur, diarrhea, anorexia, cachexia, skin ulceration or toxic deaths. The tissues
of heart, liver, spleen, lung, kidney, brain, and so on were fixed in 4% neutral
buffered formalin solution and embedded in paraffin. Slices of 3–5 mm were
stained with hematoxylin and eosin (HE) and observed by two pathologists in
a blinded manner.

Statistical analysis

Experimental data would be analyzed by ANOVA based on arcsine-
transformed proportion. The statistical differences in oncogenesis rates would
be confirmed using log rank test and Kaplan–Meier method (24). P values
<0.05 were considered significant.
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Results

In vitro expression of MSC-AdIL-12

MSCs expressed GFP with �75 and �100% of luminescence
rates at 36 and 48 h, respectively, after transduction with
recombinant AdIL-12 at a multiplicity of infection (viruses/
cells) of 1500 (Figure 1A–D). Subsequently, although almost
all cells emitted green fluorescence under cultivated plate-
adhering condition, the MSCs were pelleted in a middle speed
centrifuge and then stored in �80�C by suspending in 90%
FBS with 10% DMSO. Over half a year or more, the AdIL-12-
transduced MSCs were resuscitated at 40�C water-bathing and
recultivated in low-glucose DMEM. We found that not only
were the rates of fluorescent cells not less than that of the cells
before they were frozen but the luminescence intensity
appeared to be not weaker than before frozen. The percentage
of fluorescence-bearing genetically manipulated MSCs
remained �100% after thawing from the hibernation state
(Figure 1E and F). It seemed possible that genetically-
engineered MSCs could be exploited into instant models,
kept in lower temperature, and unfrozen as quickly as possible
when required clinically, just like cryo-fresh vaccines.

Impact of AdIL-12-MSC on oncogenesis

Control groups pre-receiving PBS were validated for
100% carcinogenesis in all three kinds of tumor models;

carcinogenesis rates in free-AdIL-12 and vacant MSC groups
were unveiled between �83 and 100%; whereas, injection of
AdIL-12-MSCs into protected mice prior to tumor inocula-
tion resulted in complete determents of carcinogenesis in all
the mice of the B16 preventive group, 11 out of the 12 mice
in the HCC hepatoma model and 10 out of 12 in the LLC
model (P < 0.01), and those mice with no tumorigenesis all
stood against the re-challenge of double doses of parent
tumor cells on their backsides without any tumor formation
(Figure 2).

Prevention of B16 oncogenesis

For the B16 melanoma preventive model, none of the 12 mice
in AdIL-12-MSC group developed tumors within 2 months. In
contrast, all of the mice receiving free-AdIL-12 or PBS and
10 out of 12 mice receiving vacant MSC had severally sent
forth noticeable tumors �5 days post-inoculation with a
survival within 30 days for PBS group, 35 days for free-AdIL-
12 group and 40 days for vacant MSC group (Figure 3A).
Similar preventive results were obtained in two independent
experiments. In free-AdIL-12-pretreated group, numerous B16
melanoma cells proliferated around newborn LYVE-1+

lymphatic vessels and formed rosette-like models (Figure 3B)
with metastasis formation in lung (Figure 3C) just 4 weeks
after tumor inoculation in the footpads.

Prevention of HCC hepatoma carcinogenesis

For the HCC hepatoma preventive model, 11 out of the
12 mice in AdIL-12-MSC group did not develop tumors
during the 3 months. In contrast, all of the mice in PBS and
vacant MSC groups and 10 out of 12 mice receiving free-
AdIL-12 had presented noticeable tumors �7 days post-
inoculation with a longest life span within 65 days for vacant
MSC and free-AdIL-12 groups and 75 days for PBS group
(Figure 4A). Similar protective results were achieved in two
independent experiments. In free-AdIL-12 group, there were
plentiful LYVE-1+ newborn lymphatic vessels with some
dilated lumens among the tumor cells, especially in the
fencing zone (Figure 4B) and obvious metastatic deposits in
liver at the end of experiment (Figure 4C).

FE

DC

BA

Fig. 1. The phase contrast and fluorescence images of transduced MSCs. MSCs
expressed GFP with � 75 and �100% of luminescence rates at 36 and 48 h,
respectively after transduction with recombinant AdIL-12 at a multiplicity of
infection (viruses/cells) of 1500. (A) and (B) demonstrate the same visual fields,
as do (C) and (D). The ready-to-use cells revealed re-anchorage-dependent
growth and expressed green fluorescence from almost all of the cells 24 h
after being unfrozen quickly from �80�C refrigerator and recultivated in
low-glucose DMEM, just before inoculating the animals (E and F).

Fig. 2. Impact of AdIL-12-MSC on oncogenesis. Control groups pre-
receiving PBS were validated for 100% carcinogenesis in all the three kinds
of tumor models; the oncogenesis rates in free-AdIL-12 and single vacant
MSC groups were unveiled between �83 and 100%; whereas, infusions of
AdIL-12-MSCs prior to tumor inoculation did prevent completely
oncogenesis in all the mice in the B16 preventive groups, in 11 out of 12 mice
in the HCC hepatoma model and 10 out of 12 in the LLC lung cancer model
(P < 0.01). Animals without tumorigenesis received a second challenge
through an inoculation of a double dose of the parent tumor cells on their
backsides, 2–3 months later.
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Prevention of LLC lung cancer carcinogenesis

As for the LLC lung cancer preventive model, only 2 out of
the 12 mice receiving AdIL-12-MSC developed tumors
during the 3 months. However, noticeable carcinogenesis
had respectively emerged in all of the mice of PBS, vacant
MSC and free-AdIL-12 groups 1 � 2 weeks post-inoculation
and their longest life span did not exceed 45 days for PBS
group and 55 days for vacant MSC and free-AdIL-12 groups
(Figure 5A). Similar protective results were obtained in two
independent experiments. In vacant MSC groups, numerous
lung cancer cells proliferated around LYVE-1+ newborn
lymphatic vessels (Figure 5B) and around newborn blood
vessels (Figure 5C) 4 weeks after tumor inoculation in the
footpads.

Lymph-angiogenesis in control groups

There were plentiful newborn lymphatic vessels among the
tumor cells in PBS, free-AdIL-12 (Figures 3B and 4B) and
vacant MSC groups (Figure 5B), indicating the overgrowth
of LYVE-1+ lymphatic vessels with carcinogenesis. There
were also abundant newborn microvessels around the tumor
cells in PBS, free-AdIL-12 and vacant MSC groups
(Figure 5C).

Prolonged IL-12 expression by AdIL-12-MSCs

The long-term gene expression levels of IL-12 in different
models were examined by measuring the serum concentra-
tions of the cytokine at Weeks 1 and 5, after AdIL-12-MSCs
infusion, using sandwich ELISA (Figure 6). IL-12 levels
decreased from �60 pg/ml to ��10 pg/ml from Week 1
through Week 5 after infusion of free-AdIL-12 (P < 0.05);
while IL-12 levels were maintained between 20 and 25 pg/ml
from Week 1 to 5 after pretreatment with AdIL-12-MSC,
where there was no significant difference between Weeks 1
and 5 after pretreatment (P > 0.05). PBS and vacant MSC
administration did not result in any elevation of serum IL-12
(<10 pg/ml).

Toxicity observation

To evaluate the health status of mice pretreated with AdIL-
12-MSCs infusion, weight of mice was monitored once every
10 days throughout the whole experiment and considered a
parameter for evaluation of systemic well-being, anorexia, or
cachexia. It was plotted at regular intervals and no significant
differences in weights were found among the four groups
(Figure 7). The weight curve of AdIL-12-MSCs group
paralleled very closely that of the control PBS and single
vacant MSC groups. All animals thrived after pretreatments
except for a 1 to 2 week long episode of some weight loss
accompanied by high IL-12 serum levels �60 pg/ml
(Figure 6) in control animals soon after the pretreatment of
free-AdIL-12. No adverse effects in other gross measures
such as ruffled fur, skin tenting or ulcerations, or toxic death
were observed in the AdIL-12-MSCs group. Furthermore,
toxic pathologic changes in liver, lungs, kidneys, spleen,
brain, heart, pancreas, intestine, or bone marrow were not
detected by microscopic examination.

Comparative analysis of tumor growth

Although free-AdIL-12 could retard tumor growth to some
degree in B16 melanoma and HCC hepatoma cohorts
(Figure 8A and B), there were no significant differences
among them (P > 0.05). free-AdIL-12 could hardly impose
visible inhibitory effect on tumor growth of LLC lung cancer
cohort (Figure 8C).

Fig. 5. Prevention of carcinogenesis in LLC lung cancer model. Only 2 out
of the 12 mice receiving AdIL-12-MSC developed tumors. However, all of
the mice in the other three groups had noticeable carcinogenesis 1 � 2 weeks
post-inoculation and their longest life span did not exceed 55 days (A). In
vacant MSC groups, analyses by immunohistochemistry demonstrated that
numerous cancer cells proliferated around newborn lymphatic vessels (B) and
blood vessels (C) 4 weeks after tumor inoculation in the footpads.

Fig. 3. Prevention of oncogenesis in B16 melanoma model. None of the
12 mice in AdIL-12-MSC group developed tumors. In contrast, all of the
mice receiving free-AdIL-12 or PBS, and 10 out of 12 mice receiving
single vacant MSCs severally sent forth noticeable carcinogenesis �5 days
post-inoculation and only survived 30–40 days (A). In free-AdIL-12-
pretreated group, numerous B16 melanoma cells proliferated around LYVE-
1+ newborn lymphatic vessels and formed some sunflower models (B) with
metastasis in lung (C) 4 weeks after tumor inoculation in the footpads.

Fig. 4. Prevention of carcinogenesis in HCC hepatoma model. Out of the
12 mice in AdIL-12-MSC group 11 did not develop tumors. In contrast, all of
the mice in the PBS and vacant MSC groups, and 10 out of 12 mice receiving
free-AdIL-12 had presented noticeable tumors �7 days post-inoculation with
the longest life span of 65–75 days (A). In free-AdIL-12 group, there were
plentiful newborn lymphatic vessels with some dilated lumens among the
tumor cells, especially at the fencing zone (B) and metastatic deposits in liver
8 weeks after tumor inoculation in the footpads (C).
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Discussion

Since the morbidities and mortalities of malignancies remain
to be controlled in the forthcoming years people at risk of
malignancies and of recurrence deserve to benefit from
appropriate, effective and safe preventive approaches, if
available. Besides avoiding the evitable causes for normal or
asymptomatic individuals, screening and early detection in
high-risk populations, as well as, chemoprevention for
individuals with evidence of preneoplastic progression, but
without frank malignancy, we still need to obtain other ways
for the management of preneoplasia to blockade the
pathologic process early on. To exploit an ideal broad-
spectrum and long-term bioprevention platform, with a
tropism towards unestablished preneoplastic foci to overmas-
ter oncogenesis and at the same time with no obvious or
unacceptable side-effects, has become more and more
indispensable (25–29). So in our present study, certain
observations on three kinds of tumor preventive models
have been made in relevant experiments concerning the
genetically modified MSCs as vehicles for anticarcinogenesis
gene therapy, which demonstrated the evidences that MSCs
packed with AdIL-12 could validly trigger prophylactic

immunity against tumorigenesis challenge in three models. In
B16 melanoma model, none of the mice pre-receiving AdIL-
12-MSC presented tumorigenesis. As for HCC hepatoma and
LLC lung cancer models, 11 and 10 mice, respectively out of
the 12 mice in MSC-AdIL-12 groups did not develop tumors.
In contrast, all of the mice in control PBS and >83% mice
pretreated with single vacant MSCs or free-AdIL-12 had
noticeable tumorigenesis �5–12 days post-inoculation. It
seemed as if these protective tumor biopreventions were very
provocative and acceptable.

The brief principle of preventive mechanisms may be
explained as follows. IL-12 appears to be located in the
central joint connecting non-specific immune surveillance
functions with the exertion and engagement of specific T
cell-mediated immune responses (30–32). Although it has
been well-known that IL-12 is an immunoregulatory cytokine
that plays an active role in cell-mediated immunity against
established tumors (33), when IL-12/Ad-12 is directly
injected into living organism, portions of it will be destroyed
by the immune system; and especially in order to obtain its
antitumor activity, IL-12 has to be used in high doses with
repeated administrations which is usually accompanied with
serious adverse effects (34). Since MSCs possess unique

Fig. 7. Lack of toxicity-dependent weight loss in mice pretreated with AdIL-12-MSCs. Body weights were plotted at regular intervals and the curve of
AdIL-12-MSCs group paralleled very closely that of the control group with no significant differences among the four groups. All animals thrived after
pretreatments with the exception of a 1–2-week-long episode of some weight gain retardation accompanied by serum levels of high IL-12, �60 pg/ml,
(as shown in Figure 6) in control animals pretreated with free-AdIL-12.

Fig. 6. Serum IL-12 levels in different time points were detected via sandwich ELISA system. IL-12 levels decreased from �60 pg/ml in Week 1 to
��10 pg/ml in Week 5 after injection of free-AdIL-12; meanwhile serum IL-12 levels were maintained between 20 and 25 pg/ml after pretreatment with
AdIL-12-MSC. PBS and single vacant MSC administration did not enhance serum IL-12 level (<10 pg/ml). Data were presented as means ± SD.
Each group contained six mice.
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biological features such as poorer immunogenicity among
various types of cells, tropism towards established tumor
lesions (35), as well as, prosperous self-renewal and
differentiations into various cell lineages including vascu-
lature of developing tumor (36), we used MSCs, a relatively
perfect candidate of cellular vehicles so far (37,38), as
cellular vehicle, which could enable IL-12 to escape from
being destroyed due to entering the circulation system and
being accompanied by apparent adverse effects owing to
interfering spontaneously with other systems and thereby
improve its pharmacokinetics wonderfully. Our present
experiments further hint that AdIL-12-MSC possesses the
potential for tropism towards unestablished tumor foci or
developing preneoplastic lesions to prevent residue or
hibernating tumor cells having survived conventional admin-
istrations from revival or recurrence. Their possible anticar-
cinogenic molecular mechanism is not clear but may be
associated with multiple actions including (i) production of
IFN-g and IFN-inducible protein-10 at tropistic site, in
draining lymph nodes and in spleen (39–48); (ii) abduction of
apoptosis within unestablished tumor foci by providing a
unique array of signals leading to activation of the Fas/FasL
apoptosis pathway (49); (iii) arrest of multistep carcinogen-
esis in distinct target tissues; via different lymphocyte
subsets, primarily responsible for cytotoxic activities among
local tissues such as NK and CD4+ T cells, to limit or prevent
transition of preneoplastic lesions to overt carcinoma(50);
(iv) inhibition of preneoplastic neovascularization, thus
depriving preclinical malignant cells of nutrient uptake for
multiplication (51,52).

Lower and steady serum levels of IL-12 with no significant
difference from Week 1 through Week 5 after pretreatment
and no apparent toxic effects during entire experiments may
be due to the directional engagements of pre-receiving AdIL-
12-MSC at arrested preneoplastic lesions instead of systemic
expression, which can offer ascendency in reducing potential
systemic side-effects and in the absence of toxicity (53–55).
The 1–2-week-long episode of some weight loss in control
animals, soon after being pretreated with free-AdIL-12,
may be due to high serum levels of IL-12, �60 pg/ml. It
was difficult to maintain the expression level of IL-12
without repeated injections of AdIL-12, like the situation in

free-AdIL-12 group, since the dissociating-AdIL-12 would be
easily eliminated by the immune system in living organism.

In conclusion, as a novel bioprevention approach, AdIL-
12-MSC has revealed expected protective anticarcinogenesis
impact on interesting preneoplastic lesions. The identification
of AdIL-12-MSC as a targeted bioprevention agent may
indicate a development of a favorite strategy with low-toxic
and long-lasting virtue for the preventive application of
broad-spectrum preclinical malignancy in humans. Maybe
the best treatment of malignant disease is its prevention, and
further efforts should be dedicated to the identification and
application of more such biological agents or approaches.
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