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ABSTRACT

Pancreatic cancer represents one of the most lethal human cancers. Investigation
of the effective targeting to the tumor cells is essential for both primary tumors
and metastases. Tumor specific cytotoxic T lymphocytes (CTLs) have recently been
considered to be the attractive vehicles for delivering therapeutic agents toward
various tumor diseases. This study was to explore the distribution pattern of CTL
carrying the lentiviral vectors with the characteristic of adenoviral E1 gene under the
control of the cell activation-dependent CD40 ligand promoter (Lenti/hCD40L/E1AB).
Following transduction with adenoviral particles containing chimeric type 5 and type
35 fiber proteins (Ad5/35-TRAIL), these CTLs produced infectious virus when exposed
to SW1990 cells. We found that the novel CTL harboring Lenti/hCD40L/E1AB and
Ad5/35-TRAIL inhibited pancreatic cancer cell growth and angiogenesis in vitro and
in vivo. Furthermore, Ad5/35-TRAIL transduced CTL induced significant apoptosis in
pancreatic carcinoma cell lines and upregulated IFN-gamma (IFN-y) secretion of CTLs.
Importantly, Ad5/35-TRAIL transduced CTLs had no inhibitory effect on normal cells.
Thus, the novel CTLs may be safe and feasible for the development of gene therapy
approaches to pancreatic carcinoma.

INTRODUCTION [5, 6]. Tumor infiltrated with CTLs and T helper cells is

a favourable prognostic factor for pancreatic cancer [7].
Tumor-reactive T cells, isolated from blood of cancer
patients, are capable of tumor rejection [§].

CTLs are highly effective in infiltrating tumor

Accompany with a 5-year overall survival
rate less than 7%, pancreatic cancer is the fourth
leading cause of cancer related deaths in the United

States [1]. The only curative treatment for pancreatic
cancer is pancreaticoduodenectomy. Only 10 to 15%
will be resectable, and the remainder will be locally
advanced unresectable disease as well as an incidence
of unrecognized metastases. Gemcitabine is the most
effective chemotherapy drug for advanced pancreatic
cancer, improving survival rate as compared with
5-fluorouracil (5-FU) [2, 3]. However, recent trials
showed that gemcitabine failed to increase survival when
combined with other chemotherapeutic drugs [2, 4].
Therefore, it is urgent needed to find a new therapy for
advanced pancreatic cancer. Cancer cells including
pancreatic cancer cells could be recongnized by CTLs

sites at multi organs as shown in a number of preclinical
and clinical models [9, 10]. However, while CTLs may
eliminate some kinds of tumors, many malignancies
succeed escaping from the effective attack due to some
evasion mechanism [11, 12]. Therefore, immunotherapy
combined with virus therapy is an effective treatment for
pancreatic cancer. The interaction between CD40 and
CDA40 ligand (CD40L) could trigger DC activation. CD40L
is only transiently expressed on the surface of activated
CD4+ T cells for less than 24 hours [13]. CD40 expression
could induce the maturation of CD40+ dendritic cell and
B lymphocytes. The CD40L promoter is closely mediated
by the AT hook transcription factor AKNA. AKNA only
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expressed transiently following antigen-activated T cell
[14, 15]. So, if this promoter were used to activate the
adenoviral E1 gene, expression would be triggered only
following the T cell encountered its target.

If the AdS5 (coxsackievirus—adenovirus) vectors
carry fibers from species B Ad serotype 35 (Ad5/35), they
could infect cells through CD46, which usually expressed
in most undifferentiated cells [16, 17]. In this study, we
used the Ad5/35 vector, which is CAR independent and
could infect human T cells [18]. Tumor Necrosis Factor
Related Apoptosis Inducing Ligand (TRAIL) exhibits
prominent pro-apoptotic effect among multiple malignant
cell types. It is supposed to be a highly promising
anticancer agent. Especially, TRAIL essentially has no
effect on normal cells [19]. Through extrinsic apoptotic
mechanism, TRAIL triggers its receptors and accumulates
caspase 8, which is then evolved into its active form.
The active form of caspase 8 then cleaves Bid (the BH3-
only molecule), which then have a reciprocal action with
mitochondrial anti- and pro-apoptotic elements.

Here, we constructed a new CTL -carrying
LVCD40Lpr and Ad5/35-TRAIL which resulted in
angiogenesis and growth inhibition and obvious apoptosis
in pancreatic cancer cell lines. This kind of CTL maybe used
as a promising treatment for advanced pancreatic cancer.

RESULTS

CD40L/E1 transduction does not influence CTL
proliferation

We first used a CD40L/E1 lentivirus that carrying
the adenovirus E1 gene to transduce the CTL (CD40L/E1-
CTL), the schema was described in methods, and western
blot was used to detect the suitable MOIs of CD40L/
E1-CTL. CTLs were infected with the different CD40L/
E1 MOIs for 48 h, and then the El adenovirus protein
expression was analyzed by western blot (Figure 1). The
CTLs were infected with different MOIs of adenoviruses
(0.1, 1, 10 and 100).According to the results, we
determined that 50 MOIs was the suitable MOls.

To measure the proliferative ability of adenovirus-
transduced CD40L/E1-CTL, the MTT assay was used to
analyze. CD40L/E1-CTLs were transduced with Ad5/35-
GFP or Ad5/35-TRAIL for 24, 48 and 72 h, there were
no statistical significance among three groups (Figure 2A)
(P>0.05). The CD40L/E1-CTLs transduced with Ad5/35-
TRAIL (Ad-TRAIL-CD40L/E1-CTL) exhibit similar
proliferative capability as compared with control and Ad-
eGFP-CD40L/E1-CTL groups.

Ad5/35-TRAIL transduction upregulates IFN-y
secretion in CD40L/E1-CTL cell

IFN-y levels in Ad-CD40L/E1-CTL cell culture
supernatants were determined by ELISA (Figure 2B).

The supernatants collected from CD40L/E1-CTL, Ad-
eGFP-CD40L/E1-CTL and Ad-TRAIL-CD40L/E1-CTL
cells cultured for 48 h, Ad-TRAIL-CD40L/E1-CTL group
had significantly higher amounts of secreted INF-gamma
compared to levels in supernatants obtained from other
groups (P <0.05).

Ad-TRAIL-CD40L/E1-CTL inhibits
angiogenesis in vitro

To determine the effect of Ad-TRAIL-CD40L/E1-
CTL on angiogenesis in vitro, we selected the HUVEC
co-culture system to observe the vessel like structures or
network formation (Figure 3A). The results showed that
Ad-TRAIL-CD40L/E1-CTL apparently inhibited the
HUVEC vessel like structures formation, compared with
control groups. Additionally, the Ad-TRAIL-CD40L/
E1-CTL also significantly suppressed tube formation as
compared to Ad-eGFP-CD40L/E1-CTL group.

Ad-TRAIL-CD40L/E1-CTL suppresses
pancreatic cancer cell growth

We also used colony formation assay to measure
the effect of Ad-TRAIL-CD40L/E1-CTL on SW1990 cell
growth in soft agar (Figure 3B). As shown in results, the
colony-forming ability of SW1990 cells was prominently
inhibited in Ad-TRAIL-CD40L/E1-CTL group as
compared with CTL and CD40L/E1-CTL group. The
number of colonies strongly decreased in soft agar. So
Ad-TRAIL-CD40L/E1-CTL could apparently decrease the
growth and oncogenic behavior of SW1990 cells.

Ad-TRAIL-CD40L/E1-CTL has no inhibitory
effect on human normal cells

To investigate whether Ad-TRAIL-CD40L/E1l-
CTL have an effect of killing human normal cells, we
tested the HFF cells (human foreskin fibroblast cell
line) proliferative activity co-cultured with CTL and Ad-
TRAIL-CD40L/E1-CTL cells by MTT assay. CTL and
Ad-TRAIL-CD40L/E1-CTL cells were co-cultured with
HFF cells respectively for 24, 48 and 72 h, the results
showed that there were no difference in the proliferation
rate among the same for three groups (Figure 4). The
different groups had no statistical significance (P > 0.05),
and the Ad-TRAIL-CD40L/E1-CTL cells has the no
inhibitory effect on HFF cells compared with controls.

Ad-TRAIL-CD40L/E1-CTL inhibits the tumor
growth in vivo

To further elucidate whether Ad-TRAIL-CD40L/
E1-CTL also inhibits tumor growth in vivo, the CTL cells
were subcutaneously injected into the tumor xenografts
derived from SW1990 cells in BALB/c nude mice. There
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was an obvious difference in the growth of tumors injected
with Ad-TRAIL-CD40L/E1-CTL cells compared with
tumors injected with CTL cells or 0.9% NacCl (Figure 5).
Ad-TRAIL-CD40L/E1-CTL significantly inhibited tumor
growth as compared with control group.

Ad-TRAIL-CD40L/E1-CTL restrains pancreatic
cancer angiogenesis and promotes cancer cell
apoptosis in vivo

To investigate whether Ad-TRAIL-CD40L/E1-
CTL could inhibit angiogenesis in vivo, we detected
CD31 expression in stained paraffin sections from
tumor xenografts. CD31 is a specific endothelial cell
marker which has been commonly used for microvessel
quantification in tumors. Microvessel density (MVD) of

0.1 1 1

0

tissue section is considered an index of neovascularization.
The MVD of tumor derived from Ad-TRAIL-CD40L/
E1-CTL group was significantly lower than that of
control group (Figure 6). These findings indicate that
the inhibition of tumor xenograft growth by injected Ad-
TRAIL-CD40L/E1-CTL might be due to suppression of
angiogenesis.

Induction of apoptosis by Ad-TRAIL-CD40L/E1-
CTL in tumor derived from SW1990 cells was detected
by TUNEL assay (Figure 7). There was a prominent
increase in the number of TUNEL-positive pancreatic
cancer cells in Ad-TRAIL-CD40L/E1-CTL group as
compared with the untreated control group, which indicate
that Ad-TRAIL-CD40L/E1-CTL cells treatment could
significantly increase tumor cell apoptosis as compared
with untreated control cells.
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Figure 1: Ela protein is detected in CTL after infected with different MOI of adenoviruses. Western blot analysis: The
CTLs were infected with 0.1, 1, 10 and 100 MOIs of adenoviruses, then lysed, and the proteins were separated on a gel. Ela monoclonal

antibody was used to detect the target protein.
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Figure 2: Adenovirus-transduced CTL function. (A) The graphs illustrate the proliferation rate of non-transduced and transduced
CTLs (CD40L-CTLs infected with Ad5/35-GFP or Ad5/35-TRAIL) cultured in minimum media (Yssel pluse 10% FCS) alone by MTT
method. (B) IFN-y level in the supernatant of non-transduced and transduced CTLs were detected by ELISA. *P < 0.05 compared with
non-transduced group; “P < 0.05 compared with Ad5/35-GFP -transduced group.
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DISCUSSION

Pancreatic cancer represents the fourth commonest
cause of cancer-related mortality in the United
States. However, no adequate therapy for pancreatic
cancer has yet been found. Standard therapy includes
surgery, chemotherapy (mostly with gemcitabine), and
radiotherapy, but much effort is made to develop new

A

molecular therapies [20, 21]. Qiu et al. showed that
synthesized ol,3-galactosyl epitope-pulsed dendritic
cells (DCs) along with CTL cells may be used as a new
immunotherapy for pancreatic cancer [22]. In this pilot
study, fourteen patients with advanced pancreatic cancer
were enrolled and treated with gemcitabine combined with
oxaliplatin and radiotherapy. DCs and CTLs were injected
into the patients. The data showed that the procedure was
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Figure 3: Tube formation and colony formation detection in vitro. (A) In vitro angiogenesis assay showed that HUVEC formed
vessel like structures (tubes) when plated on ECM wells. (a) Untreated HUVEC cells; (b) HUVEC cells treated with CD40L-CTLs infected
with Ad5/35-GFP adenovirus; (c) HUVEC cells treated with CD40L-CTLs infected with Ad5/35-TRAIL; (B) Ad5/35-TRAIL-CD40L/E1-
CTL decreases colony formation of pancreatic carcinoma cell line SW1990 in soft agar. (a) Untreated SW1990 cells grown in the soft aga;
(b) SW1990 cells treated with CTLs; (¢) SW1990 cells treated with CTLs treated with Ad-CD40L;(d).SW1990 cells treated with Ad5/35-
GFP-CDA40L adenovirus. (e) SW1990 cells treated with Ad5/35-TRAIL-CD40L adenovirus. **P < 0.01 compared with Untreated group.
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Figure 4: The effect of Ad5/35-TRAIL-CD40L-CTL (Ad-CTL) on normal HFF cell proliferation. Ad-CTL has no inhibitory

effect on human normal cells.
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safe without serious side effects. 12 patients developed
strong positive delayed-type IV hypersensitivity to the
autologous cancer cell lysate and had robust systemic
cytotoxicity elicited by IFN-y expression secreted by
peripheral blood mononuclear cells. Another study
showed that adoptive immunotherapy using ex vivo
expanded, cytokine-induced killer (CIK) cells in
gemcitabine-refractory advanced pancreatic cancer had
comparable progression-free survival (PFS) and overall
survival (OS) to survival data of previous trials that
assessed conventional chemotherapies while maintaining
tolerability [23].

In this study, our data showed that Ad-TRAIL-
CDA40L/E1-CTL inhibited pancreatic cancer cell growth
and angiogenesis in vitro and in vivo, and induced higher
level of IFN-y secretion in CTL, however had no side
effects on normal cells, which suggest that using targeted
adenoviral particles delivered by cytotoxic T cells is a
promising therapeutic approach for cancer.

Previous studies have shown that CTLs could
directly kill some malignant cells [24], which express
specific antigenic peptides, often referred to as CTL
epitopes, in the context of specific class I MHC molecules
[25, 26]. These tumor-associated antigenic peptide
could be used as a peptide-based vaccine to amplify the
anti-tumor CTL response [27]. However, when these

A 3500-

3000+

peptide is from non-mutated differentiation antigens, it
is not sufficient to simulate persistent and robust anti-
tumor CTL responses [28, 29]. This is due to immune
tolerance mechanisms which generally inhibit or remove
high activity auto-reactive T cells [30]. Therefore, bulk
tumor-specific CTL, especially those which recognize
non-mutated tumor-specific antigens, are removed at
the thymus and at the periphery. As a result, little tumor-
specific CTL remains [31, 32].

In this study, when the CTLs (transduced with
both E1 lentivirus and E1-deficient Ad5/35 adenoviral
particles) encounter with target cells, they could
generate abundant infectious adenoviral vector.
Though, according to a CTL-restricted receptor
pathway, the transduction of target tumor cells was
substantially lower when CTLs encounter CTL targets,
consistent with a lower degree of T-cell activation.
These abundant adenoviral vector was sufficient to
infect a high proportion of CTL positive target cells.
If these vectors carry a potential anti-tumor gene (such
as TRAIL), then it was capable to eliminate the target
cells. Therefore, Ad-CD40L-CTL could cause much
greater tumor cell death than the use of cytotoxic T
cells alone [33].

In summary, CTLs (transduced with both EI1
lentivirus and E1-deficient Ad5/35 adenoviral particles),
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Figure 5: Ad5/35-TRAIL-CD40L-CTL (Ad-CTL) inhibits pancreatic carcinoma growth in vive. Control group (SW1990
cells), CTL group (SW1990 + CTL), and Ad-CTL group (SW1190 + Ad-CTL) were injected s.c. into the right flank of nude mice. (A)
Tumor growth curve of different group. (B) Representative photograph of tumor sizes in different groups. (C) Statistical significance was
determined using the ANOVA test versus control group. **P < 0.01.
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Figure 6: The effect of Ad5/35-TRAIL-CD40L-CTL (Ad-CTL) on pancreatic carcinoma angiogenesis in vivo. (A)
Representative photograph of CD31 staining in different groups. (B) Statistical analysis of microvessel density in different group. **P <0.01

compared with control group.
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Figure 7: The effect of AdS/35-TRAIL-CD40L-CTL (Ad-CTL) on pancreatic carcinoma cell apoptosis in vivo. (A)
Representative photograph of TUNEL assays in different groups. (B) Statistical analysis of apoptosis in different group. **P < 0.01

compared with control group.
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incorporation of a vector encoding a potentially oncolytic
gene, such as TRAIL, is a promising therapeutic approach
for pancreatic cancer treatment.

MATERIALS AND METHODS

Cell culture

The human pancreatic carcinoma cell line SW1990,
human embryonic kidney cell line HEK293T and human
foreskin fibroblast cell line HFF were obtained from the
American Type Culture Collection (Rockville, MD), and
cultured in Dulbecco’s modified Eagles medium (DMEM)
supplemented with 10% FBS and 100 IU/ml penicillin/
streptomycin in a 37°C humidified incubator with 5% CO,.

Production of lentiviral vectors

The CD40L promoter was cloned from human
genome and subcloned into the lentiviral shuttle
vector pLenti, named pLenti/hCD40L. The specific
primers of CD40L promoter: upstream 5'- CCCAAG
CTTAAGAAAGCAGGTGCTAACTATATAG-3"  and
downstream 5- CGGGATCCGCTGTGTTAAAGTT
GAAATGGTATC-3". The E1 gene was amplified by
polymerase chain reaction and subcloned into the
downstream of pLenti/hCD40L vector, pLenti/hCD40L/
El. Lentiviral particles were produced by performing
transient co-transfection in HEK293T cells and
concentrated through ultracentrifugation [34].

Production of adenoviral particles

According to the our previously reports [34], to
constructed the Ad5/35-GFP and Ad5/35-TRAIL vectors, the
green fluorescent protein (GFP) and IRES-TRAIL gene were
inserted into pAd35CMV downstream of the cytomegalovirus
(CMV) promoter. And then we co-transfected the plasmid
together with pAd35SHelper into HEK293T cells to generate
recombinant virus (AdS5/35-TRAIL). Adenoviral particles
were purified by ultracentrifugation in CsCl gradients.

Lymphocytes isolation and identification

Lymphocytes  isolation and identification
was described as our previous study [34]. Briefly,
Lymphocytes was isolated from human blood using the
human lymphocyte separation medium, then transferred
to a 25 cm? plate (Costar), precoated with RetroNectin
(2 mg/L; TaKaRa, Japan) and anti-CD3 antibody
(50 ng/ml; TaKaRa, Japan) at 1 x 10° cells per well, and
incubated for 48 hours for optimal activation before
transduction. The stimulated CTL lines were resuspended
at 1 x 10° cells/mL in complete medium supplemented

with IL-2 (300 U/ml), IFN-c (400 U/ml), phytohaemagg
lutinin (10 U/ml), rhIL-4 (100 U/ml), GM-CSF (10 U/ml)
and rhIL-2 (100 IU/mL), and then incubated for 36 hours
at 37°C and 5% CO,. CD3-FITC, CD4-PE, CDS8-PE,
CD56-PE, CD226-FITC, CD11-PE and CD305-FITC
monoclonal antibodies (MAbs) with the appropriate
fluorescein isothiocyanate (FITC)- or R-phycoerythrin
(PE)-conjugated were purchased from BD Bioscience
(Mountain View, CA). Cells were washed and stained
with the appropriate antibodies for 20 minutes at 4°C in
the dark in phosphate-buffered saline (PBS) supplemented
with 0.1% bovine serum albumin (BSA). Control cells
were unstained. After incubation, the cells were washed
twice and resuspended in PBS.

Transduction of CTLs

The CTL lines were resuspended at 1x10° cells/mL
in complete medium, and then incubated with different
volumes (0.1, 1, 10, 100 mL) of freshly generated Lenti/
hCD40L/E1 for 36 hours at 37°C and 5% CO,. To increase
the efficiency of transduction, 2 to 3 rounds of transduction
were performed. The transduced CTL were subsequently
maintained in Yssel medium (Gemini Biological Products,
Calabasas, CA) supplemented with 10% serum. Except
where stated, cells were transduced at 37°C with 10* vp per
cell in Opti-MEM medium. At 6 hours after transduction,
the cells were washed in 4 mL PBS and resuspended in
fresh medium supplemented with 10% FCS.

Western blot

CTL were transduced with the Lenti/hCD40L/E1 as
described above, and then added into SW1990 cells for 48
h; the total cells were washed with ice-cold PBS and were
lysed in situ with a buffer containing Tris (40 mM, pH 7.4),
10% glycerol, b-glycerophosphate (50 mM), ethyleneglycol-
bis- tetraacetic acid (5 mM), ethylenediaminetetraacetic acid
(2 mM), vanadate (0.35 mM), NaF (10 mM), 0.3% Triton
X-100, and protease inhibitors (Roche, Penzberg, Germany).
After incubation on ice for 30 min, with vortexing every 10
min, cell lysates were centrifuged at 12 000 r.p.m. for 15
min at 4°C. 100 pg of cellular proteins were separated on a
10% SDS-PAGE gel, and the proteins were transferred to the
PVDF membranes (Roche). Membranes were blocked with
5% non-fat dry milk in TBST (10 mM Tris-HCI, pH 8.0, 150
mM NaCl, 0.05% Tween 20) and were then incubated with
the respective primary antibodies (Adenovirus E1 (1:500)
and GAPDH (1:500)) overnight at 4°C. After washing five
times for 10 min each in TBST, membranes were incubated
with HRP-conjugated secondary antibodies for 2 h, washed
again and the peroxidase reaction was performed by an
enhanced chemiluminescence detection system to visualize
the immunoreactive bands.

www.impactjournals.com/oncotarget

83607

Oncotarget



MTT assay

Each group cells were seeded onto a 96-well plate
at a density of 5,000—10,000 cells per well for 24 h before
serum starvation. After serum starvation for 24 h, cells
were incubated in McCOY’s 5SA medium supplemented
with 15% FBS. After 12, 24, 48 or 72 hours, the medium
was removed, and MTT reagent was added in each well
for a 4-hour incubation at 37°C. Optical densities (OD)
at 490 nm were determined through a microplate reader
(BIO-TEC Inc, VA). The proliferation rate was calculated
as OD (cells plate)/OD (control plate). Values reported
here are the averages of triplicate experiments.

Enzyme-linked immunosorbent assay (ELISA)

2 x 10° CD40L/E1-CTL cells were seeded into 48
well culture plates. And 1 x 10® vp/mL Ad-TRAIL or Ad-
GFP virus were added into the culture media. After 48 h,
the supernatants were collected and then frozen at -80°C
until use. The production of IFN-y in the supernatants of
CTL cells was assessed by ELISA using a commercially
available ELISA kit (R&D Systems, Minneapolis, MN,
USA) according to the manufacturer’s recommendations.

Effect of CTL on HUVEC tube formation

To evaluate anti-angiogenic effects mediated by
Ad-TRAIL-CD40L/E1-CTL, we used the HUVEC tube
formation assay. To obtain the new Ad-TRAIL-CD40L/
E1-CTL, CTL cells medium was added into Lenti/
hCD40L/E1 and Ad5/35-TRAIL with the suitable MOIs
24 hours. Then, HUVEC were cultured in M199 medium
in each treatment and their tube formation were evaluated
in the microscope.

Colony formation in soft agar

The soft agar colony formation assays used to
assess pancreatic cancer cell proliferation. Each well of
a 6-well plate contained 2 mL of 0.5% (w/v) Noble agar
(Difco) in DMEM with 10% NBCS. SW1990 cells and
the indicated CTL were mixed equally, and 3x10° cells in
2 mL of 0.375% (w/v) Noble agar in 10% NBCS DMEM
were added above the polymerized base solution. Plates
were incubated (37°C, 5% CO,) under standard conditions
for 10 days before colony number and diameter were
quantified microscopically.

Animal model and tumor volume measurement

BALB/c athymic nude mice, 4 weeks old, were
purchased from Shanghai Experimental Animal Center
(Chinese Academy of Sciences, China). SW1990 cell lines
were used to grow xenografts in right lower extremity of
athymic, nude mice. A group of female athymic nude
mice (n = 18) was used throughout these studies. On the

day of the experiment, mice were anesthetized, and the
right lower extremity was exposed. SW1990 Cells were
then injected at a constant rate of 2 x 10° cells in a total
volume of 100 pl under the hypodermia of right lower
extremity. After three days, the mice would be divided to
three group, which was the 0.9 NaCl% group (control),
CTL group and Ad5/35-TRAIL CTL group. The 100 pl
0.9% NacCl, 100 ul CTL cells (2 x 10° cells) and Ad5/35-
TRAIL CTL (2 x 10° cells) were injected into xenografts
of right lower extremity in each group mice respectively,
and then on alternate days injected again, 4 injections
in all. 3 days after tumor cell inoculation, mice were
observed and tumor volume was measured (V = a x b%/2,
a = long diameter of tumor, b = short diameter of tumor).
24 days after tumor cell inoculation, nude mice was
sacrificed. Animal care and experiments were carried
out in accordance with guidelines of the Xi’an Jiaotong
University on Animal Care. In the Ad-TRAIL-CD40L/E1-
CTL group, one mice died three days after injection, with
no tumor growth.

CD31 IHC

The xenografts were fixed in 10% neutral buffered
formalin and processed in paraffin. Sections were cut on
a microtome and mounted on glass slides. Sections were
dewaxed and hydrated in graded alcoholic solutions and
distilled water.

Immunohistochemical staining for CD31 were
performed using the SABC kit according to the
manufacturer’s instruction. For immunohistochemistry,
endogenous peroxidase activity was quenched with
0.5% hydrogen peroxide in methanol for 30 minutes, and
non-specific binding was blocked using 5% normal goat
serum for 30 minutes. Sections were then incubated with
primary antibodies overnight at 4°C and incubated with
the appropriate biotinylated secondary antibody for 30
minutes at room temperature. Sections were then incubated
with avidin/biotin complex for 30 minutes at room
temperature. Following washing in PBS, immunoreactivity
was visualized using DAB. Sections were counterstained
with hematoxylin, and dehydrated in graded alcohols. For
evaluation of CD31 protein expression, the densitometry
analysis of immunohistochemical staining was performed
using the Image-Pro Plus 4.5 software.

TUNEL assay

Apoptotic cells were detected using the TUNEL
assay. Sections were washed twice with washing buffer,
and then 10 mM proteinase K (1:200 dilution) was added
for 15 s, followed by incubation with 1 pl terminal
deoxynucleotidyl transferase (TdT, 1:10 dilution) and 1
pl DIG-UTP (1:10 dilution) in a humidified box at 37°C
for 2 h. Sections were then washed twice in TBS, and
covered with remaining liquid at 37°C for 30 min in a
humidified box. And then incubated with a biotinylated
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anti-DIG antibody (1:20 dilution), and incubated for an
additional 30 min with SABC (1:100 dilution) at room
temperature. Sections were then washed twice in TBS, and
50 pul of a DAB solution modified as described earlier for
immunohistochemical staining was applied to each section
following TUNEL incubation. Sections were subsequently
rinsed in distilled water, counterstained with hematoxylin,
washed and dehydrated through graded ethanols, and
cleared in xylene. Sections were coverslipped and the
results were documented using an Olympus PM-6
microscope equipped with an Olympus digital camera.
Quantitative apoptosis analysis of cells was performed by
counting the TUNEL-positive cells within a field of 200
cells at 400x magnification.

Statistical analysis

All statistical analyses were performed using the
SPSS18.0 software. The results were presented as the
mean + s.d. of three replicate assays. Differences between
the groups were assessed by the analysis of variance
(ANOVA) or the nonparametric test, Kruskal Wallis.
P <0.05 was considered statistically significant.

ACKNOWLEDGMENTS AND FUNDING

This work was supported by grants from the
National Natural Science Foundation of China (NSFC)
(No. 81302153, 81201824, 81472248), the Clinical
Innovation Fund of the First Affiliated Hospital of XJTU
(13ZD04, 13ZD05, 13ZD12, 13ZD17).

CONFLICTS OF INTEREST

The authors declare that they have no competing
interests.

REFERENCES

1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2015. CA
Cancer J Clin. 2015; 65:5-29.

2. Colucci G, Labianca R, Di Costanzo F, Gebbia V, Carteni
G, Massidda B, Dapretto E, Manzione L, Piazza E,
Sannicolo M, Ciaparrone M, Cavanna L, Giuliani F, et al.
Randomized phase III trial of gemcitabine plus cisplatin
compared with single-agent gemcitabine as first-line
treatment of patients with advanced pancreatic cancer: the
GIP-1 study. J Clin Oncol. 2010; 28:1645-1651.

3. Burris HA, 3rd. Recent updates on the role of chemotherapy
in pancreatic cancer. Semin Oncol. 2005; 32:S1-3.

4. Louvet C, Labianca R, Hammel P, Lledo G, Zampino MG,
Andre T, Zaniboni A, Ducreux M, Aitini E, Taieb J,
Faroux R, Lepere C, de Gramont A. Gemcitabine in
combination with oxaliplatin compared with gemcitabine

10.

11.

12.

13.

14.

15.

alone in locally advanced or metastatic pancreatic cancer:
results of a GERCOR and GISCAD phase III trial. J Clin
Oncol. 2005; 23:3509-3516.

Ito M, Shichijo S, Tsuda N, Ochi M, Harashima N, Saito N,
Itoh K. Molecular basis of T cell-mediated recognition of
pancreatic cancer cells. Cancer Res. 2001; 61:2038-2046.

Schnurr M, Galambos P, Scholz C, Then F, Dauer M,
Endres S, Eigler A. Tumor cell lysate-pulsed human
dendritic cells induce a T-cell response against pancreatic
carcinoma cells: an in vitro model for the assessment of
tumor vaccines. Cancer Res. 2001; 61:6445-6450.

Fukunaga A, Miyamoto M, Cho Y, Murakami S,
Kawarada Y, Oshikiri T, Kato K, Kurokawa T, Suzuoki M,
Nakakubo Y, Hiraoka K, Itoh T, Morikawa T, et al. CD8+
tumor-infiltrating lymphocytes together with CD4+ tumor-
infiltrating lymphocytes and dendritic cells improve the
prognosis of patients with pancreatic adenocarcinoma.
Pancreas. 2004; 28:¢26-31.

Schmitz-Winnenthal FH, Volk C, Z’Graggen K,
Galindo L, Nummer D, Ziouta Y, Bucur M, Weitz J,
Schirrmacher V, Buchler MW, Beckhove P. High
frequencies of functional tumor-reactive T cells in bone
marrow and blood of pancreatic cancer patients. Cancer
Res. 2005; 65:10079-10087.

Kast WM, Offringa R, Peters PJ, Voordouw AC,
Meloen RH, van der Eb AJ, Melief CJ. Eradication of
adenovirus El-induced tumors by E1A-specific cytotoxic
T lymphocytes. Cell. 1989; 59:603-614.

Feltkamp MC, Vreugdenhil GR, Vierboom MP, Ras E,
van der Burg SH, ter Schegget J, Melief CJ, Kast WM.
Cytotoxic T lymphocytes raised against a subdominant
epitope offered as a synthetic peptide eradicate human
papillomavirus type 16-induced tumors. Eur J Immunol.
1995; 25:2638-2642.

Visonneau S, Cesano A, Porter DL, Luger SL, Schuchter L,
Kamoun M, Torosian MH, Duffy K, Sickles C,
Stadtmauer EA, Santoli D. Phase I trial of TALL-104 cells
in patients with refractory metastatic breast cancer. Clin
Cancer Res. 2000; 6:1744—1754.

Wolchok JD, Chapman PB. Phase I trial of adoptive
immunotherapy with cytolytic T lymphocytes immunized
against a tyrosinase epitope. J Clin Oncol. 2002; 20:3176;
author reply 3176-3177.

van Kooten C, Banchereau J. CD40-CD40 ligand. J Leukoc
Biol. 2000; 67:2—17.

Lindgren H, Axcrona K, Leanderson T. Regulation of
transcriptional activity of the murine CD40 ligand promoter
in response to signals through TCR and the costimulatory
molecules CD28 and CD2. J Immunol. 2001; 166:4578-4585.

Siddiga A, Sims-Mourtada JC, Guzman-Rojas L, Rangel R,
Guret C, Madrid-Marina V, Sun Y, Martinez-Valdez H.
Regulation of CD40 and CD40 ligand by the AT-hook
transcription factor AKNA. Nature. 2001; 410:383-387.

www.impactjournals.com/oncotarget

83609

Oncotarget



16.

17.

18.

19.

20.

21

22.

23.

24.

25.

Segerman A, Mei YF, Wadell G. Adenovirus types 11p
and 35p show high binding efficiencies for committed
hematopoietic cell lines and are infective to these cell lines.
J Virol. 2000; 74:1457-1467.

Berger F, Soligo D, Schwarz K, Bossolasco P,
Schrezenmeier H, Kubanek B, Deliliers GL, Licht T.
Efficient retrovirus-mediated transduction of primitive
human peripheral blood progenitor cells in stroma-free
suspension culture. Gene Ther. 2001; 8:687-696.

Yotnda P, Onishi H, Heslop HE, Shayakhmetov D,
Lieber A, Brenner M, Davis A. Efficient infection of
primitive hematopoietic stem cells by modified adenovirus.
Gene Ther. 2001; 8:930-937.

Johnstone RW, Frew AJ, Smyth MJ. The TRAIL apoptotic
pathway in cancer onset, progression and therapy. Nat Rev
Cancer. 2008; 8:782—798.

Li D, Xie K, Wolff R, Abbruzzese JL. Pancreatic cancer.
Lancet. 2004; 363:1049—-1057.

Beger HG, Rau B, Gansauge F, Poch B, Link KH. Treatment
of pancreatic cancer: challenge of the facts. World J Surg.
2003; 27:1075-1084.

Qiu Y, Yun MM, Xu MB, Wang YZ, Yun S. Pancreatic
carcinoma-specific immunotherapy using synthesised alpha-
galactosyl epitope-activated immune responders: findings
from a pilot study. Int J Clin Oncol. 2013; 18:657—-665.
Chung MJ, Park JY, Bang S, Park SW, Song SY. Phase
IT clinical trial of ex vivo-expanded cytokine-induced
killer cells therapy in advanced pancreatic cancer. Cancer
Immunol Immunother. 2014; 63:939-946.

Trotti A, Colevas AD, Setser A, Rusch V, Jaques D,
Budach V, Langer C, Murphy B, Cumberlin R,
Coleman CN, Rubin P. CTCAE v3.0: development of a
comprehensive grading system for the adverse effects of
cancer treatment. Semin Radiat Oncol. 2003; 13:176—181.

Jiang J, Xu N, Wu C, Deng H, Lu M, Li M, Xu B, Wu J,
Wang R, Xu J, Nilsson-Ehle P. Treatment of advanced
gastric cancer by chemotherapy combined with autologous

26.

27.

28.

29.

30.

31.

32.

33.

34.

cytokine-induced killer cells. Anticancer Res. 2006;
26:2237-2242.

Shi L, Zhou Q, Wu J, Ji M, Li G, Jiang J, Wu C. Efficacy of
adjuvant immunotherapy with cytokine-induced killer cells
in patients with locally advanced gastric cancer. Cancer
Immunol Immunother. 2012; 61:2251-2259.

Overwijk WW, Restifo NP. Creating therapeutic cancer
vaccines: notes from the battlefield. Trends Immunol. 2001;
22:5-7.

Dunn GP, Old LJ, Schreiber RD. The immunobiology of
cancer immunosurveillance and immunoediting. Immunity.
2004; 21:137-148.

Hou Y, Kavanagh B, Fong L. Distinct CD8+ T cell
repertoires primed with agonist and native peptides
derived from a tumor-associated antigen. J Immunol. 2008;
180:1526—-1534.

Kazansky DB. Intrathymic selection: new insight into tumor
immunology. Adv Exp Med Biol. 2007; 601:133-144.
Zehn D, Bevan MJ. T cells with low avidity for a tissue-
restricted antigen routinely evade central and peripheral
tolerance and cause autoimmunity. Immunity. 2006;
25:261-270.

McMahan RH, Slansky JE. Mobilizing the low-avidity T
cell repertoire to kill tumors. Semin Cancer Biol. 2007;
17:317-329.

Wang Z, Li P, Xu QH, Xu J, Zhang XF, Ma QY, Wu Z.
Potent Antitumor Activity Generated by a Novel Tumor
Specific Cytotoxic T Cell. Plos One. 2013; 6:¢66659.
Wang Z, Li P, Xu Q, Xu J, Li X, Zhang X, Ma Q,
Wu Z. Potent Antitumor Activity Generated by a Novel
Tumor Specific Cytotoxic T Cell. PloS one. 2013; 8:¢66659.

www.impactjournals.com/oncotarget

83610

Oncotarget



