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Abstract: Tumor endothelial marker 8 (TEM8) is an endothelial-specific marker that is upregulated during tumor
angiogenesis. We previously demonstrated that DNA-based vaccine encoding xenogeneic TEMS8 can potentiate anti-
angiogenesis immunotherapy of malignancy; nevertheless, it remains to be improved in minimizing immune toler-
ance. Recently, it has been reported that murine beta-defensin 2 (MBD2) is chemotactic for immature dendritic cells
and plays a pivotal role in breaking immune tolerance. Herein, we constructed a genetic fusion vaccine encoding
murine TEM8 and MBD2 to investigate whether the novel vaccine preferentially elicits therapeutic antitumor im-
mune responses and suppresses cancerous angiogenesis in mouse models. The anti-angiogenesis effect was de-
termined by microvessel density (MVD) using immunohistochemical staining. The efficacy of the fusion vaccine was
primarily assessed by detecting cytotoxic T lymphocyte activity (°'Cr-release assay). Enzyme-linked immunosorbent
spot (ELISpot) assay was used to detect TEM8-specific INF-y production, and the activity of CTL was further verified
by a depletion of CD8* T cells via anti-CD8 monoclonal antibody. Our results showed that the DNA fusion vaccine
possessed an enhanced therapeutic antitumor immunity through anti-angiogenesis in BALB/c mice inoculated with
CT26 cells, and this effect was generally attributed to stimulation of an antigen specific CD8* T-cell response against
mTEMS. In conclusion, our study demonstrated that the fusion vaccine based on mTEM8 and MBD2 induced auto-
immunity against endothelial cells, resulting in deceleration of tumor growth, and could be potential therapeutical
application in clinic
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Introduction

Tumor angiogenesis, a pathological process
that involves the proliferation of a network of
blood vessels, represents a fundamental step
in tumor growth, progression and metastasis
[1]. Thus, anti-angiogenesis therapy targeting
pro-angiogenic proteins has become one of the
major strategies for cancer treatment [2-4].
Many molecules have been ascribed as specif-
ic biomarkers of angiogenesis and one such
protein is tumor endothelial marker 8 (TEMS8)
[5-8].

TEMS8 is a recently described protein that is
predominantly expressed in tumor endothelium
[7, 9. In vitro studies indicate that TEM8 has a

role in various endothelial cell functions, includ-
ing adhesion and migration [10, 11]. Elevated
TEMS8 expression was also detected in breast
cancer tissues especially invasive ones, with an
association of poor survival outcome [12]. A fur-
ther study established that tumor growth was
delayed in TEM8 knock-out mice challenged
with B16 melanoma [13]. Additionally, TEMS8
overexpression appears to be correlated with
nodal involvement and disease progression
and has a prognostic value of advanced colorec-
tal cancer [14, 15].

Immunological targeting of tumor endothelial
cells is a proven cure for several tumor models
[16-18]. The common strategies of anti-angio-
genic active immunotherapy involve passive
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immunotherapy [19], adoptive cell transfer
therapy [20] and vaccination based on cell or
DNA vaccine encoding xenogeneic/non-xenoge-
neic homologous molecules [21-24]. It is
noticed that administration of TEM8 DNA vac-
cine alone had no effect on tumor growth, while
DNA vaccine encoding syngeneic TEM8 with
tumor antigens enhanced the immunity to
breast and melanoma tumors, respectively
[25]. Poor presentation of TEM8 MHC | epit-
opes by dendritic cells pulsed with TEM8
recombinant protein may contribute to the up-
mentioned phenomenon. Therefore, the discov-
ery of new stimulators of dendritic cells for the
development of the TEM8 vaccines for the
immunotherapy of tumors will be of great
significance.

Defensin is a class of small, cationic antimicro-
bial peptides which are divided into o-, B-, and
0-defensin subfamilies [26]. B-defensins are
productions of the epithelial cells from skin,
lung, kidney, pancreas, uterus, eye, nasal and
oral mucosa. Recently, it is demonstrated that
B-defensins can modulate immune responses.
Murine B-defensin 2 (MBD2) is thought to acti-
vate dendritic cells via a Toll-like receptor 4
(TLR4)-dependent mechanism [27-31]. Given
that dendritic cells are professional antigen
presenting cells, their activation should induce
a primary T-cell response. Actually, previous
studies have shown that DNA immunizations
with fusion constructs encoding for low immu-
nogenic lymphoma antigen with MBD2 or with
MBD2-expressing inactivated leukemia cells
induces strong T cell immunity against lympho-
ma and acute lymphoid leukemia, respectively
[32, 33].

In the present study, we have described a novel
strategy for achieving an antitumor angiogene-
sis immune response with a DNA vaccine
encoding syngeneic TEM8 and murine beta-
defensin 2 in the hope of overcoming the poten-
tial immune tolerance. It was observed that
vaccination of mice decelerated tumor growth
in @ murine colon cancer cell model. And our
vaccine caused the collapse of tumor vessels
by evoking a T cell-mediated immune response.
Thus, our study identifies the fusion DNA vac-
cine can halt tumor angiogenesis by hacking
TEMS8 with the aid of MBD2 and may act as a
promising approach for further development
toward clinical trials.
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Material and methods
Animals and cell lines

Experiments using the animals were conducted
with the approval of the Animal Care and Use
Committee of Third Military Medical University
(Approval ID: SCXK (Military) 2007015), accord-
ing to the State Science and Technology Com-
mission Regulations for the Administration of
Affairs Concerning Experimental Animals (19-
88, China). Female BALB/c mice, 7~8 weeks of
age, were purchased from the Experimental
Animal Center of Chinese Academy of Medical
Science (Beijing, China). African green monkey
kidney cell COS-7 and murine colon cancer cell
CT-26 were purchased from American Type
Culture Collection (Manassas, VA, USA). Cell
lines were maintained in Dulbecco’s Modified
Eagle’s medium or RPMI 1640 medium con-
taining 10% fetal bovine serum in a 37°C, 5%
CO, humidified incubator. Cell culture reagents
were purchased from Gibco-Invitrogen (Carls-
bad, CA, USA).

Construction of expression vector encoding
MBD2 and murine TEM8

MBD2 was synthesized by Life Technologies
(Carlsbad, CA, USA) and the MBD2 mature
region (Gl: 4808311) was as follows: GAACTT-
GACCACTGCCACACCAATGGAGGGTACTGTGTCA
GAGCCATTTGTCCTCCTTCTGCCAGGCGTCCTGG
GAGCTGTTTCCCAGAGAAGAACCCCTGTTGCA
AGTACATGAAA. The sequences of mTEM8 (AF-
378762) was cloned by PCR techniques from a
murine cDNA library. The following PCR primers
were used: mTEMS8 forward, 5-GGCCGCCGCG-
AGGATGGG-3; mTEMS8 reverse, 5-GCACAGC-
AAATAAGTGTCTTCCAC-3’. MBD2-mTEMS8-linker-
reverse, GCCAGAGCCACCTCCGCCTGAACCGCC
TCCACCTTTCATGTACTTGCAACAG; MBD2-mTE
M8linker-forward, GTTCAGGCGGAGGTGGCTCT
GGCGGTGGCGGATCGGGCCGCCGCGAGGATG
GG. MBD2 and mTEMS8 were fused by overlap-
ping PCR containing a 20-amino-acid [(G4S)
x4] linker sequence. The linked construct was
inserted into the pcDNA3.1 vector (Life Te-
chnologies) between the restriction sites Kpnl
and EcoRI. All constructs were verified by DNA
sequencing (Life Technologies).

In vitro characterization of the fusion vaccine

Plasmid DNA from the reconstructed plasmid
or empty pcDNA3.1 vector was transfected into
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Figure 1. A. PCR products of fusion gene. Lane 1,
marker; lane 2, PCR products of MBD2-mTEM. B.
Expression of the fusion gene by Western Blot. The
plasmids DNA were transfected into COS-7 cells with
different plasmids. Lane 1, COS-7 cells transfected
with pmTEMS, (MW, 71kD); lane 2, COS-7 cells trans-
fected with pcDNA3.1; lane 3, COS-7 cells transfect-
ed with pMBD2-mTEMS8 (MW, 80 kD).

COS-7 cells using FUGENE 6 (Roche, Indiana-
polis, IN, USA) according to the manufacturer’s
instruction. Genetic expression of plasmid DNA
was detected in transfected COS-7 cells by
RT-PCR with following primers: MBD2-mTEMS8
forward, CATGGTCCTGCTGGAGTTCGTG; MBD2-
MTEMS8 reverse, CTTGAGCAATATCTGGTGACTG.

By conducting Western Blot analyse, the cell
lysate was centrifuged and the supernatant
was harvested to analyze protein expression
with an anti-mTEM8 mouse monoclonal anti-
body (Santa Cruz biotechnology, Santa Cruz,
CA, USA).

Immunization and tumor cell challenge
Mice were immunized by intramuscular injec-

tion of cationic nanoliposomes loaded with
DNA vaccine in both later quadriceps (100 ug
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per mouse) once a week for four weeks. The
mice were challenged subcutaneously with
5x10°% tumor cells in the right flank one day
before the first vaccination. Tumor volume was
measured every three days with a caliper, and
tumor volumes were calculated according to
the formula: volume =0.5% length x width?.

A 2 months follow-up was performed with the
tested mice. The data was recorded in a da-
tabase.

Vessel density quantification

To explore whether the antitumor immunity
involved the inhibition of angiogenesis, detec-
tion of vessel density in tumor tissue and angio-
genesis in vivo was conducted. Three days after
the last vaccination, the mice were sacrificed,
then the tumor tissues were fixed in acetone,
and stained with an anti-CD31 antibody (Santa
Cruz biotechnology) as described for microves-
sel density analysis. The sections were then
stained with labeled streptavidin biotin rea-
gents (Dako, Carpinteria, CA, USA). Vessel den-
sity was determined by counting the number of
microvessels per high-power field in the se-
ctions.

5ICr-release assay

Specific cytotoxicity mediated by cytotoxic T
lymphocyte (CTL) was accessed by 5'Cr-release
assay described as follows: BALB/c mice were
immunized with 100 pug DNA as mentioned
above. Spleens were collected on day 7 after
the last immunization. T lymphocytes were iso-
lated from single-cell suspensions with MACS
(Miltenyi Biotec GmbH, Bergisch Gladbach, Ger-
many) as CTL effector cells; CT-26 colon carci-
noma cells, which were transfected with pm-
TEMS8, were used as target cells [24]. Effector
and target cells were seeded into the 96-well
microtiter plate at various effector/target rati-
os. The percentage of specific lysate was calcu-
lated as 100x (experimental release-spontane-
ous release)/(maximum release-spontaneous
release).

CTL activity assay

The ELISpot assay was used to quantify epit-
ope specific IFN-y releasing effector cells.
Briefly, nitrocellulose bottomed 96-well plates
(Millipore, Bedford, MA, USA) were coated with
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Figure 2. The examination of antitumor efficiency. BALB/c mice (n=10) were inoculated with s.c. injection of CT-26
cells (5x10°), and 7 d later they received vaccination of PBS, pcDNA3.1, pmTEMS8, mix, or pMBD2-mTEMS8 vaccine
once a week for four times. The tumor volume and the lifespan of mice were observed to assess antitumor efficiency
(A); The average tumor growth volume was calculated as 0.5x lengthx width2. There was a significant difference in
tumor volume (P<0.01) in BALB/c mice with pMBD2-mTEM8 immunized when compared with other controls (C);
The mean lifespan of mice in the pMBD2-mTEMS8 group was prolonged remarkably (B).

an anti-IFN-y antibody. CD8"* T cells, purified via
aforementioned method, were incubated over-
night with target cells (CT-26-mTEMS8, 1x10%/
well). The plates were washed two times, and
the biotinylated detection antibody was added.
Specific binding was visualized using alkaline
phosphatase-avidin (Dako) together with the
respective substrate. The reaction was termi-
nated on the appearance of dark purple spots,
which were quantitated using the Alphalmager
System (Alpha Innotech, San Leandro, CA).

In vivo depletion of CD8* T cells

BALB/c mice were injected intraperitoneally
with anti-CD8 monoclonal antibody (Santa Cruz
biotechnology) at 250 yg/mouse before each
immunization and then immunized with 100 ug
of plasmid. Controls included non-depleted ani-
mals either immunized with pmTEMS8 or pcD-
NA3.1.
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Statistical analysis

The data collected were analyzed using SPSS
13.0 software (SPSS, Chicago, IL, USA).

Kaplan-Meier surivial curve was used to detect
the overall survival rate of the BALB/c mice.

The statistical significance of differential find-
ings between experimental groups and controls
were determined by one-way analysis of vari-
ance (ANOVA) and considered significant if
P<0.05.

Results

Genetic and protein expression of the DNA
constructs

As shown in Figure 1A, recombinant MBD2-
MTEMS8 plasmid, with a theoretical length of
918 bp, presented its PCR product ~1 kb which
was confirmed by DNA sequencing.

Int J Clin Exp Med 2015;8(3):4744-4752
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Figure 3. Inhibition of angiogenesis of tumors. BALB/c mice were immunized with PBS (A), pcDNA3.1 vector (B), pm-
TEMS8 (C), mixture (D) or pMBD2-mTEMS (E). (E) Three days after the last vaccination, the tumor tissues were fixed
in acetone, and stained with an antibody reactive to CD31. (F) Vessel density of tumor tissues from pMBD2-mTEM8
immunized mice indicated a significant decrease compared with control groups (**, P<0.01).

Protein expression of the fusion DNA vaccine
was verified by Western blotting. The proteins
in the lysate of the cells transfected with
pMBD2-mTEMS8, pmTEMS8 and pcDNA3.1 plas-
mids were detected using mMTEM8 mAb. The
bands in lane 2 and lane 3 were in concert with
the theoretic molecular weights of mTEMS8 pro-
tein and MBD2-mTEMS8 fusion protein (Figure
1B).

pMBD2-mTEMS8 vaccine elicits therapeutic an-
titumor effects

Tumor volumes were evaluated as predictive of
a specific in vivo immune response in CT-26-
bearing BALB/c mice vaccinated with pMBD2-
MTEMS8, a cocktail containing pmTEM8 plus
pMBD2, pmTEMS8, vehicle vector or PBS. Tu-
mors grew predominantly in nonvaccinated mi-
ce, namely those with vehicle and PBS. Con-
versely, there was an obvious suppression of
tumor growth in mice immunized with pMBD2-
mTEMS8, nevertheless, no significant tumor
shrinkage was detected in mice immunized
with pmTEMS8 and the cocktail regimen (Figure
2A, 2C). Moreover, we found the death occur-
rence only happened after 49 days of tumor
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challenge in the pMBD2-mTEMS8 group. Fur-
thermore, the mean lifespan of mice in the
fusion gene group was prolonged remarkably
(Figure 2B, P<0.05). Taken together, these data
suggested that the fusion vaccine pMBD2-
mMTEMS8 potentiates the antitumor immunity.

pMBD2-mTEMS8 vaccine inhibits tumor angio-
genesis

To explore whether immunization with pMBD2-
TEMS halts tumor angiogenesis, the microves-
sel density of tumor tissue was evaluated via
CD31 staining. The results showed that the
average number of vessels per high power field
was lower in the fusion DNA vaccine group com-
pared with control ones (Figure 3), indicating
that vaccination with pMBD2-TEM8 vaccine
potentially inhibits tumor angiogenesis.

CD8* T lymphocytes possess a role in antitu-
mor response of pMBD2-mTEMS8 plasmid

IFN-y ELISpot and a %'Cr-release cytolytic assay
was used to evaluate the T cell responses
against MTEMS8 positive CT-26 target cells. As
shown in Figure 4A, immunization of pMBD2-

Int J Clin Exp Med 2015;8(3):4744-4752



DNA fusion vaccine encoding MBD2 and TEMS in colorectal carcinoma model

A -
607 . pmBD2-mTEME
—=— mix
_ —~— pmTEMS
=
® | —— pcDNA3.1
- 401 ., pas
S
©
$ 20- ;
w
0 Ll \ Al Al 1
2511 5001 751 100:1
Effect to target ratio(E:T)
B 400 %
—_—
| 300" T
[+1]
K]
IS
2 200- *
8_ -
“ 100
0 I l [ 1 1 1
T L L) L

. Gl
& & & &
o‘b Q Qc’
&
Q
C 4000

Tumor volume (mma3)
n
=]
=1
=1
1

& . « \;?"b
g

Q,o""& & & &8
N

Figure 4. Decreased antitumor activity by the deple-
tion of CD8* T lymphocytes via corresponding mAbs
in BALB/c mice. BALB/c mice were treated and im-
munized as described in materials and methods.
Depletion of CD8* T lymphocytes impaired the anti-
tumor activity of the pMBD2-mTEMS vaccine in CT26
model. The immunized group of pMBD2-mTEMS re-
sulted in significantly high CTL activity with a ~60% of
specificlysis at an effect-to-target ratio of 100:1 (A).
Similarly, the mice vaccinated with pMBD2-mTEM8
showed the highest production of IFN-y among all
the groups (B). Compared with the control groups,
the antitumor effect of pMBD2-mTEMS8 obviously de-
creased by depleting of CD8* T cells (C) (*, P<0.05).

MTEMS8 resulted in significantly higher CTL
activity than that of the four control groups,
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with a ~60% of specific lysis at an effect-to-tar-
get ratio of 100:1. However, pmTEMS8 alone or
combined with pMBD2 could not stimulate a
strong response of CTL.

IFN-y ELISpot assay has been taken as a sur-
rogate measure of CTL activity [13]. The num-
ber of MTEMS8 epitope specific IFN-y releasing
CD8* T cells was elevated in the spleens of
mice immunized with the combinatorial delivery
of MBD2 and mTEMS8, compared with that in
controls. As expected, pMBD2-mTEM8 vacci-
nated mice resulted in the highest production
of IFN-y among all the groups (Figure 4B).

To further confirm whether CD8* T lymphocytes
played a role in antitumor response of pMBD2-
mMTEMS8 vaccine, CD8 antibody was injected to
mice before immunization to block the activity
of CTL. It was noted that depletion of CD8* T
cells obviously abrogated antitumor effect of
pMBD2-mTEMS (Figure 4C), indicating a critical
role of CTL.

Discussion

Therapeutic cancer vaccination has been ex-
tensively developed over the past few years
through exploiting a wide variety of vaccine
modalities. In light of clinical benefit with tar-
geted therapies using inhibitors of angiogene-
sis, especially the approval of bevacizumab in
2004, it had started a hot pursuit of anti-angio-
genic active immunotherapy of which effective-
ness is verified in a series of experiments [16].

TEMS8 is identified as a biomarker of newly-
formed vasculature especially tumor vessels. It
was observed that administration of TEM8 DNA
alone had no effect on tumor growth [25]. This
is in concordance with findings in our previous
and present studies. This phenomena is prob-
ably associated with the fact that certain iso-
forms, such as TEM8/ATR, are also expressed
in some normal somatic tissues [34], which
eventually leads to failures to mount an immune
response to TEMS.

To conquer immune tolerance, first of all, tumor
vaccine should be optimized to attract profes-
sional antigen-presenting cells, e.g. immature
dendritic cells (iDC), to the site of antigen pre-
sentation. Recently, it is reported that a small
antimicrobial peptide, MBD2, may act as a che-
motactic factor for iDC through chemokine
receptor CCR6. MBD2 also acts directly on iDC

IntJ Clin Exp Med 2015;8(3):4744-4752
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as an endogenous ligand for Toll-like receptor 4
(TLR4), inducing upregulation of costimulatory
molecules and DC maturation [28]. What's
more, a receptor-mediated process has also
been uncovered for MBD2-mediated antigen
cross-presentation, which induces T-cell-de-
pendent antitumor immunity [35].

Given that MBD2 contributes to overcome im-
mune tolerance, we thus designed a fusion
DNA vaccine encoding TEM8 and MBD2 to
explore whether the novel vaccine preferential-
ly elicits therapeutic antitumor immune res-
ponses and suppresses tumor angiogenesis. In
the present study, we provided the evidence
that the fusion DNA vaccine inhibited tumor
angiogenesis and growth, and expended lifes-
pan of tumor-bearing mouse models. We previ-
ously discovered that the antitumor effect of
pTEMS8 carried by attenuated Salmonella typ-
himurium was abrogated in CD8-depleted mice
but not in CD4-depleted mice [36]. Thus, we
focus our experimental designs on detecting
the activation of CD8* T cells. Similarly, the ac-
tivity of CTL and the production of IFN-y in mice
immunized with pMBD2-mTEMS8 was shown to
be upregulated, which was abrogated in CD8-
depleted mice, indicating a TEM8-specific CD8
cytotoxic T-cell response following vaccination.
However, a recent study demonstrated that
both humoral and cellular immunity are enga-
ged in the protective immune response vacci-
nated with fusion vaccine pMBD2-mFlk-1 [37],
hence, further studies need to be conducted to
analyze the involvement of CD4* T-cell respons-
es as well as certain cytokine profile in our
fusion DNA vaccination.
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