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Aim: Tumor immunotherapy aims at activating the body’s own immune system to fight an existing tumor.  Effective 
antitumor responses require tumor antigens to be presented to lymphocytes.  We aimed to test the hypothesis that intra-
tumoral administration of recombinant adenovirus encoding MIP3β would induce antitumor immunity by attracting and 
facilitating the interaction between lymphocytes and dendritic cells.
Methods: A recombinant adenovirus encoding microphage inflammatory protein 3β (AdMIP3β) was constructed.  The anti-
tumor activity of AdMIP3β in BALB/c and C57BL/6 mice bearing CT26 colon adenocarcinoma and Lewis lung cancer 
was evaluated.  
Results: Immunotherapy with AdMIP3β resulted in significant inhibition of tumor growth and prolonged survival of 
tumor-bearing mice.  Tumor-specific immune responses elicited by AdMIP3β include MHC class I-dependent CD8+ CTL-
mediated immune response and IFN-γ response. Immunohistochemical staining demonstrated numerous CD11c+ cells 
and CD3+ T lymphocytes within tumor tissues of AdMIP3β-treated mice.  These findings suggest that the mechanism of 
specific antitumor immunity induced by AdMIP3β may be involved in the chemoattraction of both T lymphocytes and DCs 
to the tumor site and thus facilitate the process of antigen capture and mature DC to prime naive T cells.  
Conclusion :  The present study may be important in the exploration of the potential application of AdMIP3β in the treat-
ment of a broad spectrum of tumors.
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Introduction

Interactions between the immune system and malignant 
cells play a pivotal role in tumorigenesis.  Multiple mecha-
nisms have been proposed to explain the reasons for failure 
to develop effective immunity against tumors.  Immune 
ignorance, impaired antigen presentation, expression of 
immunosuppressive factors, tolerance induction and apop-
tosis resistance likely play important roles in tumor immune 
escape[1, 2].  The aim of tumor immunotherapy is to activate 
the body’s own immune system to fight an existing tumor.  
Effective antitumor responses require tumor antigens to be 

well presented to lymphocytes[3].  Tolerance or activation of 
immune responses largely depends on antigen presentation 
by antigen-presenting cells (APCs)[4].  Dendritic cells (DCs) 
are the most powerful APCs.  The induction of tumor immu-
nity can be initiated by the effectors of innate immunity and 
further developed by cells of adaptive immunity, with DCs 
playing a central regulatory role[5].

Chemokines are a large family of cytokines capable of 
regulating migration and activation of leukocytes, DCs, etc[6].  
Members of the chemokine family are categorized into four 
groups depending on the spacing of their first two cysteine 
residues.  The CC chemokines have two adjacent cysteines 
near their amino terminus[6].  MIP3β is one CC chemokine 
that is highly expressed in lymphoid tissues and can 
chemoattract naive T cells, B cells, DCs, natural killer cells 



356

 www.nature.com/apsHou JM et al

(NKs) and macrophage progenitor cells[7–10].  MIP3β medi-
ates its effects through the specific G protein-coupled seven-
transmembrane domain chemokine receptor, CCR7[11].

MIP3β-CCR7 interaction plays a key role in promoting 
encounters between recirculating T cells and dendritic cells 
and in the migration of activated B cells into the T zone of 
secondary lymphoid tissues[7].  Based on our understanding 
of the function of MIP3β in immune response, we hypoth-
esized that intratumoral administration of recombinant ade-
novirus encoding MIP3β would induce antitumor immunity 
by attracting and facilitating the interaction between lym-
phocytes and DCs.  To test this hypothesis, the recombinant 
adenovirus encoding MIP3β (AdMIP3β) was constructed.  
At the same time, adenovirus-null (recombinant adenovirus 
without any therapeutic gene-AdNull) was used as a control 
virus.  In the present study, AdMIP3β was shown to be effec-
tive in inducing antitumor immunity, which was mediated by 
both CD8+ dependent CTL response and IFN-γ response.  
These observations may indicate a new strategy for the treat-
ment of tumors by eliciting strong tumor-specific immune 
response through local expression of MIP3β.

Materials and methods

Adenovirus vectors  All Adenovirus vectors used in this 
study are replication-incompetent serotype 5 adenoviruses 
(Ad5) with a deletion in the E1 region.  The construction, 
production, and purification of adenovirus were performed 
as previously described[12].  Briefly, the expression cassette 
with the EF-1α/eIF4g composite promoter containing 
the mouse MIP3β cDNA (Genbank Accession Number: 
AF059208) was inserted into the shuttle vector.  The genera-
tion of recombinant adenoviral plasmids was obtained by 
homologous recombination between the recombinant shut-
tle vector plasmid and the pAdEasy-1 adenoviral plasmid in 
E coli.  Recombinant adenoviral vector DNA, digested with 
Pac I, was used for transfection of 293 cells from a human 
embryonic kidney epithelial cell line.  Transfected cells were 
harvested when a complete viral cytopathic effect (CPE) 
was apparent (after 10–14 days).  The cells were subjected 
to three cycles of freezing and thawing, and the virus was 
separated from cell debris by centrifugation.  The virus stock 
was amplified by serial passage in 293 cells and purified using 
cesium chloride continuous gradient ultracentrifugation.  
AdNull, an essentially identical vector that lacks a transgene 
expression cassette, was prepared in the same way.  The bio-
logical titer was determined by the TCID50 method accord-
ing to the manufacturer’s (Qbiogene) instructions.  Viral 
concentration was expressed in plaque-forming units (PFU).

Reverse transcription-PCR  To confirm the expres-
sion of MIP3β mRNA mediated by AdMIP3β, total cellular 
RNA was isolated from the AdMIP3β infected SKOV3 cells 
using TRIzol reagent (Invitrogen, Grand Island, NY) and 
subjected to reverse transcription-PCR for the amplifica-
tion of the fragment of MIP3β using a One-Step RT-PCR 
kit (Takara).  Upstream primer and downstream primer 
for the amplified fragment of MIP3β were 5’-CTAATGAT-
GCGGAAGACTGCTG-3’ and 5’-TGTTGCCTTTGT-
TCTTGGCA-3’.  The human GAPDH (glyceraldehyde-3-
phosphate dehydrogenase) gene was used as an internal 
control :  5’-CG ACCACTTTGTCA AGCTCA-3’ and 
5’-AGGGGTCTACATGGCAACTG-3’.  RT-PCR was car-
ried out at 50 °C for 30 min and at 94 °C for 2 min.  Ampli-
fication was done at 94 °C for 30 s, 56 °C for 30 s, and 
72 °C for 90 s (30 cycles).  The reaction was extended at  
72 °C for 7 min.  The RT-PCR products were analyzed in 
a 1.5% agarose gel, visualized under UV light, and photo-
graphed. 

 Chemotaxis assay in vitro  To assess the chemoattrac-
tive property of MIP3β, cell culture supernatants harvested 
from AdMIP3β-infected COS-7 cells, AdNull-infected 
COS-7 cells and non-adenovirus-infected COS-7 cells were 
used.  The migration of spleen lymphocytes was evaluated 
in a 96-well Boyden microchambers chemotaxis chamber 
(Neuroprobe) as described previously[14].  The lower wells of 
the chamber were filled with 50 µL of concentrated superna-
tant obtained as described above.  A polyvinylpyrrolidone-
free polycarbonate filter (5 µm pore size) was layered onto 
the wells.  Then, 50 µL of cell suspension (5×106 spleen 
lymphocytes/mL) was added to the upper compartment of 
the migration chamber.  The chemotaxis plate was incubated 
for 4 h at 37 °C in a humidified CO2 incubator.  Cells that 
had migrated through the polycarbonate membrane were 
fixed in 70% methanol, stained with 1% Coomassie brilliant 
blue for 5 min and counted in three randomly selected high 
power fields under a microscope.  Each assay was performed 
in triplicate and the results were expressed as the mean value 
of triplicates±SD.

Design of animal experiments  The CT26 colon car-
cinoma (CT26) model and Lewis lung carcinoma (LL/2) 
model were established in BALB/c and C57BL/6 female 
mice at 6 to 8 weeks of age, respectively.  Tumor cells (5×105 
CT26 or 2×106 LL/2 in 100 µL PBS) were injected into 
the right flanks of syngeneic mice.  When the tumors were 
palpable on day 7 after tumor cell inoculation, mice were 
randomly divided into three groups of ten mice each.  Group 
1 mice received intratumoral administration of 5×108 PFU 
AdMIP3β in 100 µL PBS every 3 days, for a total of 6 doses.  
Group 2 mice received intratumoral administration of 5×108 
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PFU AdNull in 100 µL PBS every 3 days, for a total of 6 
doses.  Group 3 mice received intratumoral administration 
of 100 µL PBS every 3 days, for a total of 6 times.  All studies 
involving mice were approved by the West China Hospital 
Cancer Center’s Animal Care and Use Committee.  The 
tumor size was monitored by measuring the longest dimen-
sion (length) and shortest dimension (width) at intervals 
of four days, and the tumor volume was calculated by the 
following formula: Tumor volume (mm3)=0.52×length 
(mm)×width2 (mm2).  When the animals appeared mori-
bund, the mice were killed, and this time point was defined 
as death for survival analysis.

Mice treated with recombinant adenovirus have been 
investigated, in particular for potential toxicity, for 3 months.  
Complete blood count and enzyme analyses were carried 
out.  Gross measures such as weight loss, ruffling of fur, life 
span, behavior, and feeding were investigated.  Tissues from 
the heart, liver, spleen, lung, kidney, brain, bone marrow, and 
other organs were also fixed in 10% neutral buffered formalin 
solution and embedded in paraffin.  Sections of 5 µm were 
stained with hematoxylin and eosin (H&E).

Immunohistochemistry  The mice were sacrificed on 
day 7 after completion of treatment and the tumors were 
dissected.  Sections from each paraffin embedded tissue 
sample for each group were stained with hematoxylin and 
eosin (H&E).  For detection of T lymphocytes and MIP3β, 
sections were incubated with the appropriate diluted poly-
clonal goat antimouse CD3 (Santa Cruz Biotechnology, Inc) 
and monoclonal goat anti-mouse MIP3β (R&D Systems) 
overnight at 4 °C.  After sections were washed, the secondary 
biotinylated antibody was added.  Sections were then incu-
bated with avidin-biotin-horseradish peroxidase complex 
(Vectastain Elite ABC), following the manufacturer’s instruc-
tions.  Slides were examined under a light microscope.  To 
identify DC, frozen sections were fixed in acetone, washed 
with PBS, and incubated with hamster fluorescein isothio-
cyanate (FITC)-conjugated antibody against mouse CD11c 
(Serotec).  Slides were examined under a fluorescence micro-
scope.

In vitro cytotoxicity assay  LDH release assay was 
performed according to the manufacturer’s protocol for 
the CytoTox 96 assay kits (Promega).  Briefly, splenocytes 
obtained from the AdMIP3β-administered mice or control 
mice were treated with ammonium chloride-potassium 
lysing buffer to deplete erythrocytes.  To prepare T-cell 
enriched fractions, these splenocytes were further incubated 
in complete medium for 90 min, and non-adherent cells were 
removed gently and incubated on nylon wool columns[13].  A 
total of 100 µL of effector cells and target cells (LL/2) were 
assigned at different E:T ratios to each well of a 96-well plate 

and incubated for 5 h at 37 °C.  Cytotoxicity was quantified 
by measurement of the cytosolic enzyme, lactate dehydroge-
nase (LDH), in the culture supernatant.  The percentage of 
specific lysis was expressed as specific lysis=[(experimental 
release)–(spontaneous release)/(target maximum–target 
spontaneous release)]×100.  Spontaneous LDH release in 
the absence of CTL was less than 10% of the maximal cellu-
lar release by detergent lysis.

In the cytotoxicity inhibition assay, effector cells or tumor 
cells were pretreated with mAb at room temperature for 30 
min, washed, and tested.  mAbs used included anti-CD4 (10 
µg/mL), anti-CD8 (10 µg/mL), anti-H-2Kb/H-2Db (50 
µg/mL), anti-I-A/I-E (50 µg/mL) (BD PharMingen).  The 
above concentrations of mAb were effective in mediating 
their activity in preliminary experiments.  Control cytotoxic-
ity assay was performed in the presence of control mAb or 
isotype IgG.

ELISPOT assay for detection of IFN-γ secreting T 
cells  Enzyme-linked immunospot (ELISPOT) assay for 
IFN-γ secreting cells was performed as previously described 
with slight modifications[15, 16].  Briefly, bone marrow-derived 
DCs were isolated by flushing femur bone activities.  Red 
blood cells were lysed using ammonium chloride lysis buf-
fer.  Cells were cultured with 10% FCS RPMI-1640 added 
with 10 ng/mL GM-CSF and 10 ng/mL IL-4.  DCs were 
harvested and enriched using 14.5% metrizamide (Sigma) 
complete medium gradients on day 7 and the purity was con-
firmed by co-expression of MHC-II and CD11c by FCM.  
DCs were incubated with tumor lysates for 16 hours at 37 °C.  
T cells isolated from AdMIP3β-treated mice and control 
mice were restimulated with tumor cell lysate-pulsed DCs at 
a responder-to-stimulator ratio of 20:1 in capture antibody-
coated (anti-mouse IFN-γ antibody, R&D SYSTEMs) 
96-well nitrocellulose plates and incubated for 5 h at 37 °C.  
The plates were then washed and incubated with a secondary 
biotinylated anti-IFN-γ mAb at 37 °C for 1 h.  After being 
washed, the plates were developed with avidin-alkaline phos-
phatase and BCIP/NBT.  The IFN-γ secreting T cells were 
dectected as dark blue spots and were enumerated under a 
microscope.

Purification of CD4+ or CD8+ T cells in vitro and 
their adoptive transfer in vivo  Purified CD4+ or CD8+ T 
lymphocytes from nylon wool-purified splenic T cells were 
obtained by treatment with specific Abs plus complement, as 
previously reported[13].  Briefly, nylon wool-purified splenic T 
cells (107 cells/mL) in complete medium were incubated on 
ice for 45 min with previously determined optimal amounts 
of purified mAb to mouse CD4 (10 µg/mL, clone GK 1.5; 
ATCC) or CD8 (10 µg/mL, clone2.43; ATCC).  The cells 
were then washed with RPMI 1640 medium supplemented 
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with 5% FBS.  The lymphocytes were then incubated at 37 °C 
for 1 h in the presence of complement (rabbit Low-Tox-M; 
Cedarlane Laboratories, Hornby, Ontario, Canada).  Viable 
cells were recovered by centrifugation through a 1.119 g/cm3 
Ficoll gradient and washed twice in complete medium before 
being counted (>95% viable by trypan blue exclusion).  
Depletion of immune cell subsets was confirmed by flow 
cytometry (Coulter Elite ESP; Coulter, Miami, FL) using 
FITC-labeled anti-CD4 and anti-CD8 (BD PharMingen)[13].  
In all cases, the specific cellular depletions were ≥99% effec-
tive.  One day after the adoptive transfer of 2×107 cells, the 
mice were challenged with 1×105 tumor cells.

In vivo depletion of immune cell subsets  Immune cell 
subsets were depleted as described[13].  Briefly, tumor-bur-
dened mice (10 mice/group) were injected ip with 500 µg 
of anti-CD4 (clone GK 1.5, rat IgG), anti-CD8 (clone 2.43, 
rat IgG) or isotype controls 1 day before the first AdMIP3β 
administration and then twice weekly for 3 weeks.  Periph-
eral blood was collected from two representative mice from 
each group, and lymphocytes were analyzed by flow cytom-
etry (Coulter Elite ESP, Miami, FL) for the depletion of the 
appropriate cell subset.  As a result, the depletion of CD4+ 
and CD8+ cells was consistently >98%.

Statistical analyses  For comparison of individual time 
points, analysis of variance (ANOVA) and unpaired Student 
t tests were used.

Results

 Expression and biological activity of murine MIP3β 
in vitro  The recombinant adenovirus encoding MIP3β 
(AdMIP3β) was constructed.  The expression cassette with 
the EF-1α/e1F4g composite promoter containing the mouse 
MIP3β cDNA was cloned into the E1 site in the adenovirus 
genome (Figure 1A).  The ability of AdMIP3β vector to 
produce functional MIP3β protein was confirmed in vitro 
by RT-PCR, Western blot analysis and chemotaxis assay.  
RT-PCR analysis revealed specific expression of MIP3β in 
SKOV3 cells infected with AdMIP3β (MOI=50), whereas 
MIP3β mRNA was not detected in AdNull-infected SKOV3 
cells and non-adenovirus-infected SKOV3 cells (Figure 
1B).  To confirm the biological activity of secreted MIP3β, 
chemotaxis for lymphocytes was assayed.  The concentrated 
supernatant of COS-7 cells infected with AdMIP3β showed 
markedly increased chemotactic activity for lymphocytes 
compared with controls (Figure 1C).

Tumor growth inhibition studies  Intratumoral injec-
tion of AdMIP3β inhibited the growth of both CT26 murine 
tumor and LL/2 murine tumor.  Several preliminary experi-
ments have been conducted to explore the optimal dose and 

schedule of the administration of AdMIP3β.  The prelimi-
nary data showed that the tumor inhibition effect resulting 
from the treatment with 1×109 PFU corresponded to that 
of 5×108 PFU, whereas treatment with a dose of 1×107 
PFU showed a lesser effect.  In addition, the tumor growth 
inhibition in mice treated with only one dose of 5×108 PFU 
resulted in significantly decreased tumor growth inhibition 
compared with the adopted schedule and dose of treatment 
with intratumoral injection of 5×108 PFU AdMIP3β per 
mouse every 3 days, for a total of 6 doses (data not shown).  
As shown in Figure 2, tumors grew progressively in AdNull 
or PBS-treated mice, but there was apparent inhibition of 
tumor growth in AdMIP3β-treated mice.  The survival of the 
mice injected with AdMIP3β was also significantly longer 
than that of AdNull or PBS-injected mice (P<0.01, by log-
rank test).

Mice treated with AdMIP3β have been investigated for 
potential long-term toxicity.  No adverse consequences were 
indicated in gross measures such as weight loss, ruffling of 
fur, and life span.  Furthermore, there were no side effects 
found with regard to hematology and liver function.  Micro-
scopic examination of the liver, kidney, lung, spleen, brain, 
heart, and bone marrow showed no pathologic changes.

Cellular immune response in AdMIP3β induced 
antitumor activity  The tumor killing activity of CTLs was 
examined.  T cells isolated from the spleens of AdMIP3β-
treated mice recognized and killed syngeneic tumor cells, 
thus exhibiting higher cytotoxicity against syngeneic tumor 
cells than those from control groups (Figure 3A).  The cyto-
toxicity could be blocked by anti-CD8 or anti-MHC class I 
mAb, but not by anti-CD4 or anti-MHC-II in vitro, which 
suggests that the observed killing activity may result from 
MHC class I-dependent CD8+ CTL (Figure 3B).

Furthermore, mice depleted of CD8+ T lymphocytes by 
the injection of anti-CD8 mAb and treated with AdMIP3β 
were less protected from tumor challenge.  Treatment with 
anti-CD4 mAb showed partial abrogation, whereas treatment 
with normal rat immunoglobulin (Ig) failed to abrogate the 
antitumor activity (Figure 3C).  Although in vivo depletion 
of both CD8+ and CD4+T lymphocytes showed synergis-
tic abrogation of antitumor activity, elements of antitumor 
immunity require further investigation.

Adoptive transfer of CD4-depleted (CD8+) or CD8-
depleted (CD4+) T lymphocytes isolated from mice treated 
with AdMIP3β showed antitumor activity against syngeneic 
tumor cell implantation.  The transfer of T lymphocyte sub-
sets from mice treated with AdNull or mock infected mice 
had no anti-tumor effect (Figure 3D).

IFN-γ response  IFN-γ, the hallmark of Th1 type 
cytokine, is mainly produced by antigen epitope activated 
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CD4+ Th1 or CD8+ T lymphocytes[17, 18].  Thus, IFN-γ spe-
cific ELISPOT assay could be utilized to assess the specificity 
and magnitude of T cell responses.  The spleen cells isolated 
from the AdMIP3β-treated tumor-bearing mice or controls 
were re-stimulated with tumor cell lysate-pulsed DCs and 
then subjected to ELISPOT assay for evaluating IFN-γ pro-

ducing cells.  The IFN-γ secreting T cells were detected as 
dark blue spots and were enumerated under a microscope.  
As shown in Figure 4, increased IFN-γ secreting cells were 
found in T cells isolated from AdMIP3β-treated mice com-
pared with controls (P<0.01).

Intratumoral injection of AdMIP3β resulted in T lym-

Figure 1.  Schematic presentation of recombinant AdMIP3β and characterization of MIP3β expression by recombinant AdMIP3β and analysis 
of its chemotactic activity.  Complete expression cassette for MIP3β was cloned into the E1 site in the adenovirus genome by homologous 
recombination (A).  Total cellular RNA was isolated from the AdMIP3β infected SKOV3 cells using TRIzol reagent and subjected to RT-PCR for 
amplification of the MIP3β fragment.  RT-PCR analysis revealed specific expression of MIP3β in SKOV3 cells infected with AdMIP3β (B, lane 
1), whereas MIP3β mRNA was not dectected in AdNull-infected SKOV3 cells (B, lane 2) and non-adenovirus-infected SKOV3 cells (B, lane 3).  
Chemotaxis activity of recombinant MIP3β was demonstrated in lymphocytes with the addition of concentrated conditioned medium obtained 
from AdMIP3β-infected COS-7 cells.  Procedures for cell staining were described under Materials and Methods.  The number of cells that migrated 
to the lower surface was microscopically counted in five randomly chosen high power fields.  The experiment was repeated three times and triplicate 
wells for each sample were set up for each experiment.  The results were shown as means±SD.  The conditioned medium obtained from AdMIP3β-
infected COS-7 cells showed apparent chemotactic activity, which was inhibited when anti-MIP3β was given (C).  bP<0.05 vs control groups.

Figure 2.  Tumor growth inhibition by AdMIP3β 
induced anti-tumor immunity.  Mice (10 per 
group) treated with intratumoral injection of 
AdMIP3β (♦), AdNull (▲) and PBS (□)every 3 
days, for a total of 6 doses, starting at d 7 after the 
sc introduction of 5×105 CT26 cells (A) or 2×106 

LL/2 cells (B) into mice.  Results are expressed 
as means±SD.  bP<0.05 vs control groups.  There 
was apparent protection from tumor growth in 
AdMIP3β-treated mice compared with AdNull/
PBS-treated mice.  
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phocyte and DC infiltration accompanied by distinct necro-
sis and apoptosis within tumor tissues. MIP3β chemoattracts 
both T cells and DCs[7, 8].  We therefore tested whether 
intratumoral administration of AdMIP3β could induce the 
infiltration of T cells and DCs within tumors.  Immuno-
histochemical staining of MIP3β in tumor tissues showed 
comprehensive expression of MIP3β in local tumor tissues 
of AdMIP3β-treated mice (Figure 5A), but negative stain-
ing for tumor tissues of control mice (Figure 5B–5C).  Also, 
H&E staining of sections of paraffin embedded tumor tissues 
revealed that treatment with AdMIP3β resulted in apparent 
lymphocyte infiltration accompanied by distinct necrosis and 
apoptosis compared with those from control mice (Figure 
5D, 5E, 5F).  Immunohistochemical staining of lymphocytes 
showed increased infiltration of CD3 positive lymphocytes 
within tumor tissues of AdMIP3β-treated mice (Figure 5G).  

Figure 3.  Cellular immune response in AdMIP3β-induced antitumor activity.  (A) Representative experiment of CTL-mediated cytotoxicity in 
vitro.  T lymphocytes from mice treated with AdMIP3β (●), AdNull (▲) and PBS (□) were tested against LL/2 cells at different E:T ratios by an 
LDH release assay.  T cells derived from the spleens of AdMIP3β-treated mice showed higher cytotoxicity against LL/2 cells than did T cells from 
control mice.  The specific cytotoxicity could be blocked by anti-CD8 or anti-MHC-I but not by anti-CD4 or anti-MHC-II (B).  (C) Abrogation 
of antitumor activity by in vivo depletion of the immune cell subsets.  Depletion of immune cell subsets was performed as described.  Depletion of 
CD8+T lymphocytes showed apparent abrogation of antitumor activity in AdMIP3β-treated mice, whereas the depletion of CD4+T lymphocytes 
showed partial abrogation of the antitumor effect.  The depletion of both CD8+ and CD4+T lymphocytes showed synergistic abrogation of anti-
tumor activity.  Data represented are from day 25 after tumor cell injection.  Similar results can be found at other time points.  (D) Antitumor im-
munity by adoptive transfer of T cell subsets.  Adoptive transfer of CD8+ T cells or CD4+ T cells from mice treated with AdMIP3β showed apparent 
anti-tumor activity.  However, the transfer of T lymphocytes from mice treated with AdNull and PBS had no effect.  bP<0.05 vs control groups.

Figure 4.  Quantification of IFN-γ secreting cells by ELISPOT assay.  
Spleen cells from mice treated with AdMIP3β, AdNull or PBS were 
prepared one week after completion of treatment.  Data presented 
are means±SD.  Spleen cells from AdMIP3β-treated mice showed a 
significantly increased number of IFN-γ secreting cells (Spot forming 
cells, SFC) than those of control mice.  bP<0.05 vs control groups.
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In contrast, AdNull- or PBS-treated mice showed few CD3 
positive T cells and CD19 positive B cells (Figure 5H–5I).  
Furthermore, detection of DC in tumor tissues by immuno-
fluorescent staining with FITC-conjugated CD11c revealed 
that treatment with AdMIP3β resulted enriched infiltration 
of CD11c+ cells within the tumor tissues compared with 
those of control mice (Figure 5J−5L).  These data suggested 
that intratumoral administration of AdMIP3β could induce 
anti-tumor immunity characterized by tumor tissue-infil-

trated T lymphocytes as well as CD11c+ DCs.

Discussion

Chemokines are a large family of cytokines that are 
involved in immune and inflammatory responses due to 
their capability of regulating the migration and activation of 
leukocytes, DCs, and certain other cells[6].  Among the many 
immunotherapeutic strategies currently evaluated, immuno-

Figure 5.  Intratumoral injection of AdMIP3β resulted in MIP3β expression in tumor tissues and infiltration of lymphocytes and DCs accompanied 
by distinct necrosis and apoptosis within tumor tissues.  The expression of MIP3β in tumor tissues was examined by immunohistochemical staining 
with goat anti-mouse MIP3β antibody as described under Materials and Methods.  Local tumor tissues of AdMIP3β-treated mice exhibited a wide 
expression of MIP3β accompanied by lymphocyte infiltration (A), whereas the expression of MIP3β in tissues of control groups was not recognized 
(B and C).  H&E staining of paraffin embedded tumor tissue sections showed distinct necrosis and apoptosis within the tumor tissues of AdMIP3β-
treated mice (D) compared with tissues from the control groups (E, F).  Immunohistochemical staining of lymphocytes demonstrated apparent 
CD3+ T lymphocyte infiltration within tumor tissues of AdMIP3β-treated mice (G), but not in control groups (H, I).  Detection of DCs in tumor 
tissues by immunofluorescent staining with hamster FITC-conjugated CD11c showed enriched DC infiltration within the tumor tissues from the 
AdMIP3β treatment group ( J) compared with those of the AdNull treatment group (K) and PBS group (L). 
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therapy of tumors with chemokines represented a promising 
approach to trigger the recruitment of initiators or effectors 
of the immune response within tumor tissues[19–21].  Priming 
of tumor specific CTL responses frequently, if not always, 
requires the tumor antigen presented by APC, especially DC.  
MIP3β is one of the CC chemokines that is highly expressed 
in lymphoid tissues and chemoattracts naive T cells, B cells, 
DCs, NKs, and macrophage progenitor cells[7–10].  Therefore, 
the present study was designed to explore the feasibility of 
immunotherapy of tumors with the recombinant adenovirus 
encoding MIP3β.

Several observations were made in the present study con-
cerning the antitumor immunity induced by treatment with 
AdMIP3β.  The present study was, to our knowledge, the 
first to demonstrate that the intratumoral injection of recom-
binant adenovirus encoding MIP3β could induce a tumor-
specific immune response in mice.  We found that a specific 
CTL response could be induced by intratumoral administra-
tion of AdMIP3β.  The depletion of CD8+ T lymphocytes 
showed apparent abrogation of the antitumor activity in vivo.  
Also, antitumor activity can be acquired by adoptive transfer 
of CD8+ T lymphocytes.  These findings suggest that MHC 
class I-dependent CD8+ CTL-mediated immune response 
may be mainly responsible for the observed antitumor activ-
ity.  Also, the findings of IFN-γ response in the present study 
and the effect of depletion or adoptive transfer of CD4+ T 
lymphocytes suggest its partial role in antitumor immunity.  
Although the depletion of both CD8+ T lymphocytes and 
CD4+ T lymphocytes resulted in synergistic abrogation of 
antitumor activity, some protection remained, which requires 
further investigation.

The mechanism of specific antitumor immunity induced 
by treatment with AdMIP3β in the present study may be 
involved in the chemoattraction of both T lymphocytes and 
DCs to the tumor site, thus facilitating the process of antigen 
capture and mature DC priming naive T cells.  Immunohis-
tochemical staining did demonstrate an increased number 
of CD11c+ cells and CD3+T lymphocytes within tumors 
of AdMIP3β-treated mice compared with control tumors.  
The necrosis and apoptosis in AdMIP3β-treated mice were 
suggested to be induced by CD8+ CTL-mediated immune 
response and IFN-γ response.  CTL-mediated cytotoxic-
ity depends on either the granule exocytosis pathway or 
the Fas pathway, whereas IFN-γ induces apoptosis through 
decreased Bcl-2 and increased Bax expression[22, 23].

It has been previously reported that tumor cells express-
ing ELC (MIP3β) showed delayed progression[24].  Recent 
studies have also shown that intratumoral injection of 
recombinant ELC/MIP3β resulted in an IFN-γ-dependent 
reduction in tumor burden[25].  In our study, we found that 

tumor specific CTL response and IFN-γ releasing response 
could be induced by AdMIP3β.  The antitumor effects were 
comparable with those of previous studies[24, 25].  However, 
our approach is different in several ways compared with the 
reports above.  First, MIP3β with biological activity in our 
study is expressed and released by tumor cells infected with 
AdMIP3β.  It must be noted that the recombinant proteins 
produced in vitro and used in the previous study may lack 
proper glycosylation, and their administration can lead to 
the induction of neutralizing antibodies, resulting in reduced 
efficacy[26].  Second, the process of producing a recombinant 
protein is both difficult and expensive.  Third, the vector used 
in this experiment is replication-deficient and E1-deleted 
adenovirus, which possesses the advantages of high transduc-
tion efficiency and low pathogenicity.

As the most potent APC capable of activating both rest-
ing and naive T cells, DCs remain a promising strategy for 
cancer therapy.  Various strategies have been proposed for 
a DC vaccine, including DC pulsed with tumor-associated 
antigens (TAAs), DC fused with whole tumor cells, and 
DC transduced with mRNA or viral vectors[27–31].  However, 
preparation of patient-specific DC vaccine ex vivo is time-
consuming and costly, which poses a considerable challenge 
for up-scale production in clinical settings.  In the present 
study, intratumoral injection of AdMIP3β resulted in local 
expression of MIP3β and local recruitment of DCs and 
T lymphocytes, thus initiating an effective tumor-specific 
immune response.  This new paradigm of harnessing endog-
enous DCs and T lymphocytes for cancer therapy possesses 
several advantages over previous strategies.  First, it could 
chemoattract DCs and T lymphocytes to tumor sites, both 
of which are essential to elicit effective antitumor immune 
response.  Second, it bypasses the complexing manipulation 
of DCs and T lymphocyts ex vivo.  Third, this approach over-
comes the fact that there have been only a few tumor specific 
antigens (TSA) identified by facilitating DCs and T lymoph-
cytes to the site of the tumor antigen reservoir.

All together, the findings in the present study may pro-
vide a new immunotherapy strategy of inducing tumor spe-
cific immune response by chemoattracting both DCs and 
T lymphocytes to the tumor site.  Because of the effective 
chemoattractivity of MIP3β and the general rules of anti-
tumor immunoresponse, this paradigm may be further used 
in a broader spectrum of tumors.
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