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Abstract: The eventual goal of tumor immunotherapy is to
develop a vaccine inducing a specific anti-tumor immunity.
Cytokine gene therapy is an effective way at least in animal
models, but limited efficacy and various side effects obstruct
clinical applications. In this study, we developed a tumor
vaccine expressing a membrane-bound form of IL-2 (mblL-
2) and SDF-1 in B16F10 melanoma cells. The tumor clones
expressing mblL-2 showed reduced tumorigenicity, and
additional expression of SDF-1 to mbIL-2 expressing tumor
cells caused more severe reduction in tumorigenicity.
However, expression of the SDF-1 alone did not affect on
the tumorigenicity, probably because of limited production of
SDF-1 in the SDF-1 transfected clones. When the mice
once rejected mblL-2/SDF-1 expressing tumor clone were
re-chalienged with wild type B16F10 tumor cells, all of the
mice survived. This result suggests that mblL-2/SDF-1
tumor clone is effective in inducing systemic anti-tumor
immunity against wild type B16 melanoma. Furthermore,
culture supernatant of tumor clones expressing SDF-1
induced lymphocyte migration in vitro. These results, all
together, suggest that expression of mbIL-2 and SDF-1 in
tumor cells enhances anti-tumor immune responses through
different roles; the secreted SDF-1 may function as a
chemoattractant to recruit immune cells to tumor vaccine
injection site, and the mblL-2 on tumor cells may provide
costimulatory signal for CTL activation in physical contacts.

Key words: membrane-bound form of IL-2, SDF-1, tumorige-
nicity, systemic anti-tumor immunity

INTRODUCTION

Various strategies employing cytokines to enhance host
immunity against cancer cells have been studied intensively
for tumor immunotherapy. With the successful clinical
results using recombinant cytokines (Atkins et al., 1999;
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Leonard et al., 1997), genetic modification of tumor cells
with cytokine genes has been evaluated extensively, such as
[FN-y, IL-2, IL-4, IL-12, GM-CSE, IL-15 (Allione et al.,
1994; Armstrong et al., 1996; Blankenstein et al., 1991;
Dranoff et al., 1993; Kimura et al., 1999; Nanni et al., 1999;
Tepper and Mule, 1994). As soon as the biological
functions of chemokines were characterized, chemokine
gene transfer into tumor cells was also tested for their
efficacy in inducing anti-tumor immunity (Dilloo et al.,
1996).

Compared to the professional antigen presenting cells,
many tumor cells, particularly those of non-hematopoietic
origin, do not express MHC class II and costimulatory
molecules such as B7, thus fail to activate tumor-associated
antigen (TAA)-specific CD4+ T cells by themselves.
Moreover, tumor cells generally express reduced levels of
MHC class 1 molecules and become low immunogenic.
Gene transfer of MHC class T or costimulatory molecules
into tumor cells enhanced immunogenicity and successful
tumor therapy (Baskar et al., 1993; Huang et al., 1994; Lu
et al., 2003; Luo et al., 2004; Townsend and Allison, 1993),
supporting the notion that the modified tumor cells can
prime directly T cells as non-professional antigen-
presenting cells.

Antigenicity of tumors have been endowed with
immunostimulatory properties by transfecting them with
genes encoding cytokines or costimulatory B7.1 molecule
(Fearon et al., 1990; Gansbacher et al., 1990; Tepper et al.,
1989; Townsend and Allison, 1993). The IL-2 gene
transduction into tumor cells compensated for the defected
Th function in tumor bearers (Fearon et al., 1990;
Mizoguchi et al., 1992; Salvadori et al., 1994; Zier et al.,
1996). Malfunction of immune system in tumor bearers is
also implicated with disabled dendritic cells (Gabrilovich et
al., 1996), so that GM-CSF transduced tumor cells could
induce differentiation and activation of dendritic cells with
therapeutic effect (Dranoff et al., 1993).
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In previous study, we modified B16F10 melanoma cells
to express membrane-bound forms of IL-2 (mbIL-2) as a
costimulatory molecule to test its ability to induce anti-
tumor immunity by direct priming of cytotoxic T ylmphocytes
(CTL). The mblL-2 tumor clone showed substantially
increased immunogenicity, but failed to stimulate immune
system sufficiently to cure pre-formed tumors (Chang et al.,
2005). To enhance anti-tumor immune responses by mblL-
2 expressing tumor vaccine, forced recruitment of CTL to
tumor growing site may be helpful. To this end, we adopted
SDF-1 (CXCL12) as a chemoattractant for CTL. SDF-1 is
expressed by stromal cells including fibroblasts and
endothelial cells, and interacts specifically with the CXC
chemokine receptor 4 (CXCR4) (Peled et al., 1999). SDF-1
regulates transendothelial migration and homing of
hemtopoietic stem cells and progenitor cells (Mohle et al.,
2001), and functions as a costimulatory factor for CD4+ T
cell activation (Kumar et al., 2006). The SDF-1 transduced
tumor cells induced anti-tumor immunity by affecting T
cell migration (Dunussi-Joannopoulos et al., 2002; Nomura
et al., 2001; Shi et al., 2005); CTL migration was also
mediated by CXCR4 expressed on CTL and SDF-1
secreted by the tumor cells (Zhang et al., 2006).

In the present study, to facilitate the interactions between
the mbIL-2 expressing tumor vaccine and TAA-specific
CTL in situ, SDF-1 gene was additionally introduced into
the B16F10 cells with the mbIL-2. The SDF-1 and the
mblL-2 expressed in tumor cells were expected to recruit
CTL to tumor vaccine injection site and provide co-
stimulatory signal selectively to TAA-specific CTL,
respectively. We report here that the mbIL-2/SDF-1 tumor
clone induces more potent systemic anti-tumor immunity
than mblL-2 alone expressing tumor vaccine,

MATERIAL AND METHODS

Tumor cell line and mice

The B16F10 melanoma tumor cell line was maintained in
RPMI-1640 medium (Gibco-BRL, Rockville, MD)
supplemented with 10% heat-inactivated FBS (Gibco-
BRL, Rockville, MD). The tumor cells were periodically
selected in vivo to maintain tumorigenicity. Female C57BL/
6 mice were obtained from Daehan Biolink (Eumseong-
gun, Korea) and used at 6 to 8 weeks of age.

Antibodies and reagents

Monoclonal antibody to murine 11.-2 (S4.B6, rat IgG1) was
kindly provided by Dr. Charles Janeway, Jr. (Yale
University). PE- or FITC-conjugated goat anti-rat igG
antibody were purchased from BD Biosciences (San Jose,
CA) and recombinant murine SDF-1 was purchased from
R&D systems (Minneapolis, MN).

Construction of expression vectors encoding
murine IL-2 and SDF-1

The mbiL-2 expression on cell surface of BI6F 10 cells was
previously reported (Chang et al., 2005). To clone murine
SDF-1 ¢cDNA, RT-PCR was performed with isolated SDF-
1 ¢cDNA using following primer set and total RNA from
spleen cells of C57BL/6 mouse: Forward primer 5'-
TGGTGGTACCATGGACGCCAAGGTCGTCGCCGTG-
3', reverse primer 5-CTCCCGGGAATTACTTGITTAAA
GCTTTCTCC-3'. The Kpn I/Afl I SDF-1 ¢cDNA was
subcloned into pcDNA3.1(-Yhygro vector (Invitrogen,
Carlsbad, CA).

Transfection and selection of transfected cells

To transfect SDF-1 and mbIL-2 expression vectors,
B16F10 cells (5x10° cells) were mixed with 20 pg of
linearized vector DNAs (after Sal I and Bgl II digestions,
respectively). The transfected cells were selected G418
and/or hygromycin-containing media, and colonies were
visible after 2 weeks.

ELISA and flow cytometry

The amount of SDF-1 in the supernatants was quantified by
a sandwich ELISA using a purified anti-hmSDF-1 monoclonal
antibody as a capturing antibody and a biotinylated anti-
hmSDF-1 polyclonal antibody as a detection antibody
(R&D systems, Minneapolis, MN). The whole procedure
of ELISA was performed by the manufacturer’s
instructions. For analysis of mbIL-2 expression on tumor
clones, cells were stained with anti-IL-2 monoclonal
antibody (S4.B6.34, rat IgGl) at 4°C for 30 min, and
followed by FITC-conjugated goat anti-rat IgG antibody
(Sigma-Aldrich, St. Louis, MO). The stained cells were
analyzed on a FACSCalibur flow cytometer (Beckton
Dickinson, San Jose, CA).

Tumorigenicity and systemic immunity analysis
Cells (1x10° cells/mouse) of exponentially growing tumor
clones were harvested and injected into mice (5 mice/
group) subcutaneocusly. The tumor growth was monitored
daily basis, and once tumor growth was visible, the longest
diameter of growing tumors was measured with calipers.
The survival of mice also monitored daily basis, but
severely moribund individuals were sacrificed and recorded
as a dead mouse. The mice survived from transfected tumor
clone were re-challenged with wild type B16F10 cells
(1x10* cells/mouse) subcutaneously. As a control, age
matched new group of mice (5 mice) were also injected
with the B16F10 cells at the same time, then tumor growth
and survival were monitored as above.

194

ANIMAL CELLS AND SYSTEMS Vol. 12 No. 4



In vitro migration assay

Migration of lymphocytes was measured by migration
through 5 pm pore polycarbonate filters in 24-well trans-
well culture chambers (Corning Costar, Cambridge, MA).
Culture supernatants of transfected B16F10 tumor clones
(1x10° cells, 48 hr, in 2 mL medium) or culture medium
containing 100 ng/mL. recombinant SDF-1 were transfer to
low-chamber of trans-well plate, and lymphocytes (5x10*
cells) from normal mice were then added to upper-chamber.
After 3 hr of incubation at 37°C, the cells migrated to the
low-chamber were collected and counted by FACSCalibur
flow cytometry. Acquiring events was recorded for a fixed
time period of 60 sec using the CellQuest software (Becton
Dickinson).

RESULTS

In previous study, we produced genetically engineered
tumor clones that express membrane-bound forms of 1L-2
(mbIL-2) on surface of BI6F10 mouse melanoma tumor
cells. The mblL-2 expressing tumor clone (mblIL-2 tumor
clone) was expected to stimulate selectively tumor specific
CD8+ T cells, because tumor-specific CD8+ T cells receive
two stimulatory signals; one from TAA peptide/MHC class
1, and the other from mblL-2 acting as a costimulatory
molecule. With the mbIL-2 tumor clone, we could induce
anti-tumor immunity to parental B16F10 cells, but
therapeutic effect to pre-formed tumor was marginal;
showed 90% lethality in 3 months post-injection with
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mblIL-2 tumor clone (Chang et al., 2005). This led us to
incorporate SDF-1 into the mbIL-2 tumor clone additionally
as a mean to increase infiltration of CTL to injection site of
mblL-2 tumor clone.

Expression of mblL-2 and SDF-1 in transfected
B16F10 tumor cells

B16F10 cells were transfected with the pNeoSRall mock
vector, pNeoSRall-mblIL-2 and/or pcDNA3.1(-)/Hygro-
SDF-1 plasmid DNAs (Fig. 1), and selected in G418- and/
or hygromycin-containing media. The drug-resistant clones
of each group were then analyzed for expression of the
mblIl-2 and the SDF-1 by RT-PCR, ELISA, or FACS
analysis. As expected, both parental tumor cells and mock
vector-transfected clones did not express mRNAs of IL-2
and SDF-1, whereas the mbIL-2, the SDF-1, or the mbIL-2/
SDF-1 transfectant clones expressed corresponding mRNAs
(Fig. 2A). Additionally, both the SDF-1 and the mbIL-2/
SDF-1 clones were found to secrete SDF-1 about 5 ng/mL
of SDF-1 into culture supernatants in a culture of 1x10°
cells in 2mL volume for 48 hr (Fig. 2B). It may be
equivalent to 2.5 ng/mL of SDF-1 in the traditional 24 hr
culture assay for SDF-1 quantification. In a flow cytometry
analysis for mbIL-2 expression, both the mbIL-2 and the
mbIL-2/SDF-1 transfectant clones were found to express
similar levels of mbIL-2 on cell surface (Fig. 2C). The
expression of mbIL-2 and SDF-1 did not change proliferation
rate of the tumor clones in vitro (data not shown).
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Fig. 1. Construction of expression vectors for mblL-2 and SDF-1 cDNAs. The mblL-2 chimeric gene encodes cytoplasmic domain (from -75 to
-45), transmembrane domain (from -44 to -24), and 19 extracellular amino acids (from -23 to -5) of TNF, and genetic information of five amino
acids spacer (GGIDS), and whole amino acids of IL-2 (from 1 to 149) without signal peptide. The SDF-1 cDNA encodes signal peptide (from 82

to 138) and mature peptide (from 139 to 348).
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Fig. 2. Expression of SDF-1 and mblL-2 on transfected clones. (A)
Total RNA was isolated from each clone, and mRNAs of IL-2 and
SDF-1 were amplified by RT-PCR using corresponding primer sets.
(B) Cell cultures were started with 1x10° cells in 2 mL volume, and
supematants were collected after 48 hr incubation to determine SDF-
1 using a sandwich ELISA. (C) For analysis of expression of mblL.-2
on tumor clones, cells were incubated with 100 ul of S$4.86.34 (rat
anti-mouse IL-2 mAb, 1gG) hybridoma culture supernatant at 4°C,
and followed by PE or FITC-conjugated anti-rat IgG mAb. As control,
an isotype matching antibody was used as a primary antibody
(closed histograms). Open histograms indicate cells stained with
anti-IL-2 antibody.

Tumorigenicity of mblL-2 and/or SDF-1 transfected
B16F10 clones

To investigate the effect of mblL-2 and/or SDF-1 expression
on tumorigenicity of tumor cells, B16F10 parental cells, a
mock vector-transfected clone, mbIL-2 clone, SDF-1 clone,
and mblL-2/SDF-1 clones were injected subcutaneously
into syngeneic C57BL/6 mice, and tumor growth and
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Fig. 3. Tumorigenicity of fransfected clones expressing mbll.-2 and/
or SDF-1. C57BL/6 mice (5 mice per group) were injected
subcutaneously with five cells of B16F10, mock vector transfected,
SDF-1, mblL-2, and mblL-2/SDF-1 clones (1x10° cells/mouse),
respectively,. Tumor growth was measured using calipers, and
survival of mice was monitored.

survival were monitored regularly. There was a delay in
tumor progression by the mbIL-2 and the mbIL-2/SDF-1
expressing clones compared with those by wild type
B16F10, mock vector-transfectant, or the SDF-1 clone (Fig.
3A). Especially, tumor formation by the mblIL-2/SDF-1
clone was most delayed. Among five mice injected with the
mbIL-2/SDF-1 clone, tumor was formed only in two mice,
and the tumor growth was slower in the two mice than
those by any other clones and parental tumor cells. When
survival was examined, the group of mice injected with
mbIL-2 expressing clones lived longer than the mice
injected with wild type of B16F10 cells, mock transfectant
or SDF-1 clone (Fig. 3B). Also mice injected with the
mblL-2/SDF-1 cells survived much longer than those
injected with the mbIL-2 clone. Tumor was never formed in
three out of five mice injected with mbIL-2/SDF-1 cells.
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Fig. 4. Induction of systemic anti-tumor immunity. The survived mice
(3 mice) from mblL-2/SDF-1 clone were re-challenged 3 months later
with 1x10* wild type B16F10 cells. As control, age matched five
normal mice were challenged with 1x10* wild type B16F10 cells at

the same time. Tumor growth and survival of mice were monitored
periodically.

This result indicates that expression of mbIL-2 on tumor
cells reduces tumorigenicity of tumor cells, and additional
expression of SDF-1 stimulates anti-tumor immunity
further. The expression of SDF-1 alone was not beneficial
in reducing tumorigenicity.

Systemic anti-tumor immunity by mblL-2/SDF-1 clone
To determine whether the survived mice from the injection
of the mbIL-2/SDF-1 clone acquired systemic anti-tumor
immunity to B16F10 cells, the mice were re-challenged
with wild type B16F10 cells subcutaneously after 3
months. As a control, a group of normal mice were injected
with the wild type of B16F10 cells at the same time, and
tumor growth was monitored. Tumor growth was found in
all mice of new group of mice, whereas the wild type
BI16F10 tumor cells failed to form tumor in the mice once
rejected the mblIL-2/SDF-1 clone (Fig. 4). These results

Cancer cell vaccine transduced with mbiL-2 and SDF-1
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Fig. 5. Migration of lymphocytes by SDF-1. Culture supefnatants
from transfected tumor clones or wild type B16F10 cells (1x10° cells
in 2 mL for 48 hr) were transferred to lower chambers of a trans-well
plate, and lymphocytes (5%10* cells) from normal mice were applied
upper chamber of the plate. As a control, recombinant SDF-1 (100
ng/mL) was placed in lower chamber. After 3 hr of incubation at
37°C, lymphocytes migrated to the lower chamber were counted by
a flow cytometry. The cell count indicates the number of cells
counted for 1 min through the flow cytometry.

indicate that the mbIL-2/SDF-1 clone effectively induces
systemic anti-tumor immunity to B16F10 melanoma.

Effect of SDF-1 expression on lymphocyte migration
To analyze the effect of SDF-1 on lymphocyte migration, a
migration assay was set up. Culture supernatants of wild
type or various tumor clones were transferred to low-
chamber and lymphocytes of normal mice were then added
to the upper-chamber. After 3 hr incubation, the migrated
lymphocytes into lower chamber were counted. As shown
in Fig. 5, SDF-1 expressing clones (the SDF-1 and the
mblIL-2/SDF-1 clones) induced lymphocyte migration
effectively. When we placed tumor clones directly to lower
chamber instead of culture supernatants from the clones,
similar pattern of lymphocyte migration were found (data
not shown). These results indicate that the SDF-1 secreted
by tumor clones functions as a chemoattractant for
lymphocytes.

DISCUSSION

In this study, we analyzed the effect of mbIL-2 and SDF-1
expression in B16F10 mouse melanoma cells on
tumorigenicity. The SDF-1 and the mblL-2 expressed in
tumor cells were expected to recruit CTL to tumor vaccine
injection site and provide costimulatory signal selectively to
tumor-associated antigen (TAA)-specific CTL, respectively.
The expression of mbIL-2 in BI6F10 caused a reduction in
tumorigenicity, and additional expression of SDF-1 reduced
the tumorigencity more severely. SDF-1 expression alone
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did not affect on tumorigenicity, but tumor clones expressing
SDF-1 was effective in inducing lymphocyte migration.
Furthermore, mice once rejected mbIL-2/SDF-1 clone were
resistant to wild type B16F10 tumor cells, indicating
acquisition of systemic anti-tumor immunity.

The transfer of IL-2 gene into tumor cells has advantage
that IL-2 secreted by tumor cell itself can induce local
immune responses at tumor growing site by IL-2 transduced
tumor celis (Fearon et al., 1990; Gansbacher et al., 1990;
Hillman et al.,, 2004; Jackaman et al., 2003). However,
tumor cells enginecered to produce cytokines have
unexpected side effects (Dranoff et al., 1993; Lollini and
Forni, 2003; Tjuvajev et al., 1995) that may be caused by
activation of bulk bystander cells, or differentiation and
expansion of T cells without evident specificity for TAA
antigens (Colombo et al., 1992; Rivoltini et al., 1990). The
multifunctional redundancy of cytokine itself and
multicellular expression of cytokine receptors may cause
these. To avoid such side effects of tumor vaccine engineered
to secrete cytokines, a strategy for oriented selective
targeting of immune responses is indispensable. To this
end, we expressed IL-2 on tumor cells as a membrane-
bound form rather than a secretory form; the membrane-
bound form of IL-2 may give costimulatory signal
selectively to CTL precursors specific to processed TAA/
MHC class I molecule. In previous studies, the mbIL-2
tumor clones were found to be effective in inducing CTL
activity and systemic anti~tumor immunity in MethA
fibrosarcoma and B16F 10 melanoma models (Chang et al.,
2005; Sonn, 2006). The additional expression of SDF-1
was expected to stimulate anti-tumor immunity further,
because the SDF-1 was known to function as a
chemoattractant for various immune cells, especially CTL.

Among cytokines, IL-1 (Kurt-Jones et al., 1987), TNFa
(Kriegler et al., 1988), LTa (Browning et al., 1993), and
IFN-y (Assenmacher et al., 1996) are expressed as
membrane-bound form initially, and then cleaved by
specific proteases to be released from cells. Genetically
engineered expression of membrane-bound form of TNFa.
or LTa on tumor cells induced anti~tumor immunity with
lower toxic side effect (Browning et al., 1993; Marr et al.,
1997). Such approach using membrane-bound form of
cytokines has been expanded to GM-CSF (el-Shami et al.,
1999; Soo Hoo et al.,, 1999; Yei et al., 2002), Fit3 ligand
(Chen et al., 1997), IL-4 (Chang et al., 2005; Kim et al.,
2000), 1L-12 (Cimino et al., 2004) and IL-2 (Chang et al.,
2005; Sonn, 2006). Furthermore, anchoring of IL-2 via
diphtheria toxin T domain on tumor cells induced
successful anticancer immunity (Nizard et al., 2003),
Although the intended target cells are different depending
on the applied cyokines, these approaches share the
common rationale that tumor cells expressing membrane-
bound form of cytokine affect immune target cells
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selectively, that is, that are in direct physical contacts
through interaction of cytokine with corresponding
receptors. The direct priming of CTL by non-professional
antigen-presenting cells was functional with fibroblasts
(Kundig et al., 1995), so that the mbIL-2 molecule on
tumor cells could function as costimulatory molecule
selectively for CTL specific for TAA.

SDF-1 is a chemokine that regulates development, growth,
survival, adherence, and migration of multiple cell types
(Campbell and Butcher, 2000). It also functions as a
chemotactic factor and has an effect on T cell rolling and
tight adhesion to activated endothelial cells. Moreover,
SDF-1 is known to provide costimulatory signal for T cell
activation through CXCR4 receptor (Kumar et al., 2006).
The local secretion of SDF-1 by SDF-1 transduced tumor
cells reduced tumorigenicity of these cells, possibly owing
to the development of anti-tumor immune responses
involving CD4+ T cell and CD8+ T cells (Dunussi-
Joarmopoulos et al., 2002; Nomura et al., 2001; Shi et al.,
2005). In the study by Xiang and colleagues, the number of
tumor infiltrating T cells into SDF-1 transduced tumor cells
was much higher than that of wild type tumor cells (Shi et
al., 2005). Furthermore, the tumor-infiltrating T cells in
SDF-1 expressing tumor were mainly CD8+ T cells, but the
tumor infiltrating T cells in wild type tumor was CD4+ T
cells, suggesting that SDF-1 is effective to recruit CD&+ T
cells. However, the effect of the SDF-1 expression in tumor
cells on the T cell migration appeared not to be consistent,
or even opposite; the high expressor of SDF-1 (58 ng/mL)
was chemorepulsive, but lower expressor (7.6 ng/mL) was
chemoattractive for T cells (Vianello et al., 2006). The
dose-dependent effect of SDF-1 was also reported in other
SDF-1 transduced tumors. Low expressor of SDF-1
transduced B16F10 melanoma cells (2 ng/mL) resulted in
reduced tumorigenicity and induced long-lived tumor-
specific CTL responses, whereas therapeutic immunity
against tumors was not observed in the mice immunized
with high number (more than 0.2 million cells) of irradiated
tumor cells expressing SDF-1. Moreover, high expressor of
SDF-1 transduced MethA fibrosarcoma and HM-1 ovarian
carcinoma (90 and 55 ng/mL, respectively) could induce
immune responses only when tumors were engineered to
co-express IL-2 or GM-CSF (Nomura et al., 2001}. In our
study, the SDF-1 and the mbIL-2/SDF-1 clones secreted
about 5 ng/mL of SDF-1 in the conditioned media of 1x10°
cells cuttured in 2 mL volume for 48 hr that is equivalent to
about 2.5 ng/ml. of SDF-1 in 24 hr culture, indicating that
the clones are in the range of low expressors of SDF-1. The
low expression of SDF-1 may explain that the little change
in tumorigenicity of SDF-1 alone expressing tumor clone
(Fig. 3). However, SDF-1 expressing clones secreted
enough amount of SDF-1 to show chemoattractive property
for lymphocytes (Fig. 5). Taken together, all the results
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suggest that the concentration of SDF-1 for tumor therapy
should be controiled carefully.

We adopted SDF-1 originally as a chemoattractant to
induce CTL migration into tumor vaccine injection sites,
but pleiotropic effects of SDF-1 may contribute to induce
anti-tumor immunity beyond the chemoattractive function.
SDF-1 regulates expression of adhesion molecules; induction
of ICAM-1 aids lymphocyte adhesion to endothelial cells
(Emoto et al., 1999). SDF-1 also increases T cell
proliferation and cytokine secretion (Nanki and Lipsky,
2000), supports T cells activation (Kumar et al., 2006), and
inhibit activation-induced cell death of T cells (Nanki et al.,
2000). These various function of SDF-1 may cooperate
with mbIL-2 on tumor cells to induce CTL activation in a
TAA-specific manner. For developing effective cancer
therapeutic vaccines, strategies for manipulating immune
system to activate selectively TAA-specific immune cells
should be developed in parallel with the goals to enhance
immunogenicity of tumor cells.
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