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Abstract

Dendritic cells (DC) and tumor cell fusion vaccine (DC/tumor cell fusion vaccine) is considered an effective
approach in cancer biotherapy. However, its therapeutic effects in early clinical trials have been suboptimal
partially due to the immunosuppressive tumor environment. In this study, we used nanoparticles of folate
(FA)-modified chitosan, a non-viral vector capable of targeting tumor cells with high expression of FA
receptors. FA-chitosan nanoparticles were used as biological carriers for the expression plasmid of the mouse
interferon-induced protein-10 (mIP-10) gene, a potent chemoattractant for cytotoxic T cells. The
combination of FA-chitosan/mIP-10 and DC/tumor cell fusion vaccine against hepatocellular carcinoma
(HCC) effectively inhibited the growth of implanted HCC tumors and prolonged the survival of mice. The
combination therapy significantly reduced myeloid-derived suppressor cells (MDSC) in mouse spleen, local
tumor, and bone marrow while increasing tumor-specific IFN-y responses. Furthermore, the combination
therapy significantly inhibited tumor cell proliferation while promoting their apoptosis. Taken together, our
data illustrate that the mIP-10 enhances the anti-tumor effect of DC/tumor cell fusion vaccine by alleviating
the immunosuppressive tumor environment.
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Introduction

Hepatocellular carcinoma (HCC) has a high
prevalence in many countries and is a serious threat to
human health world-wide. The efficacy of currently
available therapeutic strategies, such as surgery,
chemotherapy, and radiotherapy, is limited [1, 2].

Recently, immunotherapy has shown great promise in
prolonging the survival of patients with HCC [3, 4].
Dendritic cells (DCs) are professional
antigen-presenting cells which play a major role in
anti-tumor immunotherapy [5-7]. With advances in
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DC isolation and fusion techniques, DC/tumor cell
fusion vaccine has become a key strategy because of
its ability to induce specific cytotoxic T lymphocytes
(CTLs) for killing tumor cells in vivo. However, the
fused cells as a vaccine for clinical treatment are still
inadequate in inducing potent anti-tumor immunity
in cancer patients. The failure of DC/tumor fusion
vaccine may be attributed to the tumor
microenvironment that suppresses tumor-specific
CTL responses induced by DC/tumor fusion vaccine
and impedes CTL infiltration into the tumor site.
Therefore, it is important to explore new strategies to
enhance the effectiveness of DC/tumor fusion
vaccine.

Interferon-induced protein-10 (IP-10) is a potent
chemokine which can efficiently attract T cells to
tumor tissues and is produced by activated T cells,
fibroblasts, endothelial cells, epithelial cells,
keratinocytes, and monocytes. IP-10 can bind to its
CXCR3 receptor on activated T cells and induce
chemotaxis of T lymphocytes to the local tumor [8, 9].
IP-10 can also inhibit tumor growth and angiogenesis
[10, 11]. Therefore, IP-10 is a potential candidate
chemokine to enhance anti-tumor immunotherapies
in the clinic [12, 13].

The half-life of recombinant IP-10 in vivo may be
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insufficient to provide a long-lasting effect. This
limitation can be overcome by delivery of IP-10
expression plasmid to induce IP-10 expression in vivo.
Chitosan is a natural cationic polymer, and has good
compatibility, low immunogenicity, and a unique
capability to transport across cell membranes [14, 15].
Chitosan has been demonstrated to be an effective
non-viral vehicle to deliver plasmid DNA.
Furthermore, compared to normal cells, there is a
higher density of Folate (FA) receptors on tumor cells.
In our previous study, we have reported that
treatment with a mixture of FA-chitosan with mouse
IP-10 plasmid (FA-chitosan/mlIP-10) inhibited tumor
growth and angiogenesis, and promoted apoptosis of
tumor cells in mice [8]. Based on these findings, we
hypothesized that a more potent antitumor-specific
CTL response should be induced when the tumor is
treated with both  FA-chitosan/mIP-10 and
DC/tumor fusion vaccine.

In this study, we prepared FA-chitosan/mIP-10
nanoparticles and DC/tumor fusion vaccine against
HCC and tested the therapeutic effect of treatment
with the nanoparticles with or without the fusion
vaccine on inhibiting the growth of HCC. We also
explored the underlying mechanisms of this
combined approach in tumor-bearing mice (Figure 1).
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Figure 1. Schematic of in vivo therapy using FA-chitosan/mIP-10 nanoparticles and DC/tumor fusion vaccine: FA-chitosan/mIP-10 nanoparticles are prepared by
complex coacervation process and DC fusion vaccine (DC/tumor fusion cells, FC) is generated; then nanoparticles of FA-chitosan/mIP-10 and FC fusion vaccine are
delivered into tumors. FA-chitosan/mIP-10 nanoparticles targeted folate receptors express and release the mIP-10 protein. Finally, mIP-10 attracts tumor-specific

CTLs to kill tumor cells at the tumor site.
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Materials and Methods

Materials

Chitosan (deacetylation degree = 90%) was
purchased from Solarbio Company (Beijing, China).
Folic acid was purchased from Sigma-Aldrich (Sigma,
USA). The recombinant IP-10 plasmid was
constructed by cloning the mouse IP-10 cDNA
fragment into the N-terminal of pReceiver-MO3,
which contained the enhanced green fluorescent

protein  (EGFP) [8]. Monoclonal anti-mouse
CD11b-FITC (m1-70) and Ly6G-PE (RB6-8C5),
CD80-FITC (16-10A1), CD86-FITC (GL1),

MHCII-FITC (NIMR-4), CXCR3-FITC, CD8-PE, and
anti-mouse Ki67 were purchased from eBiosciences
(San Diego, USA). Chitosanase was purchased from
Calbiochem (Dames, Germany). Monoclonal rabbit
anti-mouse IP-10 was acquired from Boster (Wuhan,
China). Fluorescent apoptosis detection kit was
obtained from Roche (Roche, Switzerland). Mouse
IL-12 ELISA kit was from Peprotech (Peprotech, USA)
and INF-y ELISPOT assay kit was purchased from
Dakewe (Shenzhen, China).

Cell culture and animals

Mouse HCC Hepal-6 cells were purchased from
Chinese Academy of Science (Shanghai, China).
Mesocricetus auratus kidney BSR and liver non-tumor
BNL.CL.2 cells were obtained from American Type
Culture Collection (ATCC, Manassas, USA). Murine
dendritic DC2.4 cells were obtained from Xiangya
School of Medicine, Central South University
(Changsha, China), in DMEM medium supplemented
with 10% fetal bovine serum (FBS), 100 U/mL
penicillin, 100 pg/mL streptomycin at 37°C, 5% CO»
incubator.

Female C57BL/6 mice (H-2b) at 4-6 weeks of age
were purchased from Vital River (Beijing, China) and
housed in a specific pathogen-free facility. All
experiments were performed according to the
guidelines of European Federation of Laboratory
Animal Science Association. The experimental
protocols were approved by the Animal Ethics
Committee of Guangxi Medical University (Guangxi,
China).

Preparation and transfection of
FA-chitosan/mIP-10

FA-chitosan/mIP-10 nanoparticles were
prepared as described previously [8]. Briefly, the
FA-chitosan in distilled water and the IP-10 plasmid
in 25 mM NasSOs solution (1 mg/ml) were heated in a
55°C water bath for 10 min, mixed, vortexed and kept
at room temperature for 30 min, followed by
centrifugation at 12,000 x g at 4°C for 20 min. The

pellets were re-suspended in phosphate buffer to
form FA-chitosan/mIP-10 suspension. Then the
prepared nanoparticles were electrophoresed in a 1%
agarose gel to detect the chitosan wrapped plasmids.
The folate modified-chitosan with control plasmid
(FA-chitosan/CP) was prepared with the same
method of FA-chitosan/mIP-10.

Hepal-6 cells were cultured in 24 well-plates and
the cells were transfected with 2 pg mIP-10 plasmid,
chitosan/mIP-10, or FA-chitosan/mIP-10 for 48 h.
The EGFP expression in different groups of cells was
observed under a microscope.

Preparation and fluorescent staining of fusion
cells

DC2.4 cells were labeled with CSFE and mixed
with irradiated (40 Gy) PKH26-labeled Hepal-6 cells
at a ratio of 2: 1. The cells were centrifuged at 38 x g
for 6 min, cell pellets were treated with preheated
(40°C) polyethylene glycol (PEG) 1450 (Sigma, USA)
for 3 min, and PBS was added followed
centrifugation. The cells were then washed and
stimulated with 50 ng/ml TNF-a in DMEM for 24 h.
Subsequently, the cells were stained with DAPI and
observed under a fluorescent microscope.
Furthermore, the fusion cells were stained with
CDS80-FITC, = CD86-FITC, @ and  MHCII-FITC
(eBiosciences, San Diego, USA) as well as isotype
control antibodies. The levels of CD80, CD86 and
MHCII on the surface of DC2.4/Hepal-6 cells (from
now on referred to as FC) were determined by flow
cytometry.

Enzyme-linked immunosorbent assay (ELISA)

The FCs were cultured at a density of 2 x 10°
cells/well for 48 h. The levels of IL-12 in the
supernatants of cultured cells were determined using
a mouse IL-12 detection kit, according to the
manufacturers’ instruction (Peprotech, USA). The
experiments were performed in triplicate and the
absorbance at 450 nm was measured in a microplate
reader.

Establishment of tumor-bearing mouse model
and treatment

Female C57BL/6 mice were injected
subcutaneously with 5 x 10¢ Hepal-6 cells (100 pl) into
their left groins. The mice were randomized and
injected  intratumorally =~ with  control = PBS,
FA-chitosan/mIP-10 (40 pg mIP-10 in 200 ul), FC (5 *
106 cells in 200 pl), or combination of
FA-chitosan/mIP-10 and FC (n = 8/each) weekly
beginning at day 5 post inoculation. The growth of
implanted tumors was monitored every 5 days with a
caliper and the tumor volume was calculated by the
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formula: L1 x (L2)2 x 0.5 (L1: the maximum diameter
of the tumor, L2: the shortest diameter of the tumor).
The growth of tumors and survival of tumor-bearing
mice were measured.

Flow cytometry analysis

Spleen, bone marrow, and tumor cells were
isolated from tumor-bearing mice at day 25 post
inoculation. Bone marrow and splenic cells were
stained with CD11b-FITC and Ly6G-PE. Tumor cells
were stained with CXCR3-FITC and CDS8-PE. The
isotype antibodies served as controls. The samples
were detected by flow cytometry. (Beckman Coulter,
Brea, CA, USA).

ELISPOT assay

The frequency of IFN-y-secreting splenic T cells
was determined by ELISPOT assay. Briefly, splenic T
cells were isolated from different groups of mice by
negative selection and stimulated with the fused cells
at a ratio of 10:1 in 96-well ELISPOT plates that had
been pre-coated with anti-IFN-y. The captured
cytokine was probed with biotinylated anti-IFN-y and
detected with horseradish peroxidase
(HRP)-streptavidin, followed by visualization with
diaminobenzidine (DAB). The number of spots from
clones was counted on a CTL counter (CTL, Shaker
Height, USA).

Histology and Immunohistochemistry

The tumor-bearing mice at 25 days post
inoculation were sacrificed and their tumor tissues
were dissected out and fixed in 4 % formalin for 24 h.
The tumor tissue sections (4 pm) were stained with
anti-Ki67 (1: 200 dilution) or anti-mIP-10 antibodies (1:
100 dilution) at 4°C for 20 h. The bound antibody was
detected with HRP-conjugated rabbit anti-rat IgG or

goat anti-rabbit IgG and DAB kit (Zhongshan Golden
Bridge, Beijing, China), followed by counterstaining
with hematoxylin.

The tumor tissue sections were also subjected to
TUNEL analysis for determining the frequency of
apoptotic cells using a fluorescent apoptosis detection
kit, according to the manufacturers’ instruction. All
images were taken under a fluorescence microscope
(Nikon, Japan). Also, the heart, liver, spleen, lung, and
kidney tissue sections as well as the tumor tissue
sections were stained with H&E.

Data analysis

Data were presented as mean # standard
deviation and the difference among groups was
analyzed by analysis of variance (ANOVA) with
Bonferroni's post hoc test using the GraphPad Prism

6.0 software. A P-value of < 0.05 was considered
statistically significant.

Results

Characterization of nanoparticles

We first characterized the nanoparticles by
infrared spectroscopy (FTIR). As shown in Figure 2A ,
the -OH, -NH> and C-O-C groups on chitosan (a) had
three characteristic peaks at 3320 cm?, 1572 cm-?, 1120
cm™; FA (b) had two peaks at 3536 cm, 1680 cm™; The
peaks at 1572 cm™ representative of -NH, group in
chitosan and 1680 cm™ representative of C=0O bond
absorption of folate in FA modified chitosan (c)
disappeared. It was substituted by amide bond at
1640 cm™? absorption peak significantly, indicating a
successful FA modified chitosan. A laser particle size
analyzer was used for the analysis of particle sizes of
chitosan. As shown in Figure 2B, the particle size
distribution @ of chitosan, FA-chitosan, and
FA-chitosan/mIP-10 was fairly narrow indicating
relatively uniform particles. The average particle
diameters of chitosan, FA-chitosan,
FA-chitosan/mIP-10 nanoparticles were 264.0 nm,
414.4 nm, and 315.5 nm, respectively. Corresponding
bands of mIP-10 plasmid were detected using 1%
agarose gel electrophoresis. However, the chitosan
band was not obvious as it carries a positive charge
while chitosan/mlIP-10 and FA-chitosan/mIP-10 did
not show the mIP-10 plasmid band or only a weak
band because mIP-10 plasmid was wrapped.
However, the mIP-10 plasmid band became obvious
when FA-chitosan/IP-10 was treated with chitonase
to destroy the nanoparticle. Results of the gel
retardation assay demonstrated that
FA-chitosan/mIP-10 successfully wrapped IP-10
plasmid (Figure 2C).

Characterization of the DC/HCC fusion
vaccine

To generate the DC/tumor fusion vaccine, DC2.4
cells were fused with or without irradiated
PKH26-labeled Hepal-6 cells using PEG1450. As
shown in Figure 3, we have developed
DC2.4/Hepal-6  fusion vaccine which had
double-nuclei or were multi-nucleated with larger cell
volumes. As compared with the DC2.4 cells, FC had a
high expression of CD80, CD86 and MHCII molecules
following TNF-a stimulation (Figure 4A-C),
indicating that FC retained the capacity of DC2.4 in
response to stimulators and might have a high
antigen-presenting  ability. The FC  secreted
significantly higher levels of IL-12 than DC2.4 cells
(Figure 4D) which should drive the functional
development of IFN-y-secreting T cells.
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Figure 2. Characterization of chitosan nanoparticles. (A) Infrared spectroscopy results of nanoparticles. (B) Size distribution of nanoparticles. (C) Gel retardation
assay. Lane 1: Marker; lane 2: mIP-10 plasmid; lane 3: chitosan; lane 4: chitosan/m IP-10; lane 5: FA-chitosan/mIP-10; 6: chitosanase destroyed FA-chitosan/mIP-10.

Combination of FA-chitosan/mIP-10 and FC
vaccine effectively inhibits the growth of HCC
in mice

The transfection efficiency of FA-chitosan/
mIP-10 was higher than that of chitosan/mIP-10
(Figure S1A-D). We tested the effect of treatment with
FA-chitosan/mIP-10 and/or FC vaccine on the
growth of implanted Hepal-6 tumors in mice as well
as on the survival of mice. Compared with controls,
treatment with either FA-chitosan/mlIP-10 or FC
vaccine alone significantly reduced the tumor
volumes (P < 0.01, Figure 5A) and also prolonged the
survival of mice (P < 0.05, Figure 5B). More
importantly, = upon  treatment  with  both
FA-chitosan/mIP-10 and FC vaccine, there was
significant inhibition of growth of implanted HCC
with an even further reduction in tumor volumes (P <
0.01) and prolonged survival of the tumor-bearing

mice (P < 0.05 vs. the control, P < 0.05 vs. the
monotherapy).

Immunohistochemistry analysis indicated that
varying levels of mIP-10 protein were expressed in
tumor tissues (Figure S2A-E). The intensity of
anti-mIP-10 staining in the tumor tissues from the
FA-chitosan/mIP-10 treated mice was significantly
higher than that in the controls. Moreover, the
intensity of anti-mIP-10 staining was further elevated
in the tumor tissues from the mice treated with both
FA-chitosan/mIP-10 and FC (Figure S2F). These data
indicated that FA-chitosan/mlIP-10 effectively
delivered mIP-10 plasmid in vivo and induced its
expression in the tumor tissues.

As shown in Figure 6A-E, immunohisto-
chemistry analysis also showed significantly fewer
Ki67* proliferative tumor cells in the tumor tissues
from the mice treated with FA-chitosan/mIP-10 or FC
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vaccine than that in the controls. The numbers of
Ki67* proliferative cells were further reduced when
the mice were treated with both FA-chitosan/mlIP-10
together with FC vaccine. Similarly, the TUNEL assay
revealed that FA-chitosan/mlIP-10 or FC vaccine
caused a significant increase in the number of
apoptotic cells in the tumor tissues as compared to
controls (Figure 6F-]), which was further enhanced by
the combined treatment with both
FA-chitosan/mIP-10 and FC vaccine. Thus our results
demonstrated = that  treatment  with  both
FA-chitosan/mIP-10 and FC vaccine efficiently
inhibited the proliferation of tumor cells and triggered
their apoptosis in mice.

Treatment with FA-chitosan/mIP-10 and FC
vaccine significantly reduces the frequency of
CDI11b*LY6G* granulocytic cells in mice.

To understand mechanisms underlying the
action of FA-chitosan/mIP-10 and FC vaccine
treatment in vivo, the frequency of CD11b*LY6G*
granulocytic cells in splenocytes, bone marrow cells
(Figure S3A and C) and tumor infiltrates from
different groups of tumor-bearing mice was assessed
by flow cytometry (Figure 7A). The frequency of
CD11b*LY6G* granulocytic cells in tumor infiltrates
from the mice treated with FA-chitosan/mIP-10 or FC
vaccine was significantly lower than that in the PBS
control but higher than that in the mice treated with

A

both FA-chitosan/mIP-10 and FC vaccine (Figure 7B).
A similar pattern of the frequency of CD11b*LY6G*
granulocytic cells was detected in splenocytes and
bone marrow cells from different groups of mice
(Figure S3B and D). Thus, treatment with
FA-chitosan/mIP-10 and FC vaccine significantly
reduced the frequency of CD11b*LY6G* granulocytic
cells in tumor-bearing mice.

Additional flow cytometry analysis revealed that
the frequency of CXCR3*CD8* T cell in the tumors
from the mice that had been treated with
FA-chitosan/mIP-10 or FC vaccine was significantly
higher than that in the controls (Figure 8). The
combined treatment with FA-chitosan/mIP-10 and
FC vaccine further increased the frequency of
CXCR3+*CD8* T cell in the tumors.

Finally, functional analysis by ELISPOT revealed
a significant increase in the numbers of splenic
IFN-y-secreting spot forming cell clones in the mice
treated with FA-chitosan/mIP-10 or FC vaccine
compared with the controls (Figure 9A-C and E), but
significantly less than that in the mice treated with
FA-chitosan/mIP-10 and FC vaccine (Figure 9D and
E). Therefore, treatment with FA-chitosan/mIP-10
and FC vaccine significantly enhanced tumor-specific
T cell-mediated IFN-y responses in tumor-bearing
mice.

Figure 3. Identification of DC2.4/Hepal-6 fusion cells: DC2.4 and Hepal -6 cells were labeled with CSFE (green) and PKH26 (red), respectively, followed by fusion
with PEG1450. Subsequently, the cells were stained with DAPI (blue) and observed under a fluorescent microscope. Data are representative images from three
separate experiments. (A) PKH26 staining Hepal-6 cells; (B) CFSE staining DC2.4 cells; (C) DAPI staining nuclei; (D) fused DC2.4/Hepal-6 cells. The white arrow

indicates fused cells. Original magnification, x400.
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Figure 4. FCs express higher levels of CD80, CD86 and MHCII: The levels of CD80, CD86 and MHCII expression were determined by flow cytometry and the level
of IL-12 in the supernatants of cultured cells was determined by ELISA. Data are presented as histograms and expressed as the mean * SD of individual groups of cells
from three separate experiments. (A-B) Flow cytometry analysis. (C) Quantitative analysis. (D) The levels of IL-12. *** P < 0.001.

Discussion
In this study, chitosan nanoparticles, which are
natural materials derived from chitin, were

conjugated with folic acid and used as a biological
carrier for the mIP-10 plasmid (FA-chitosan/mlIP-10).
The FTIR, particle size distribution, and gel
retardation assay analyses confirmed the successful
synthesis of chitosan particles carrying mIP-10
plasmid. Immunohistochemistry and flow cytometry
results showed that FA-chitosan/mlIP nanoparticles
effectively targeted tumor tissues where they
sustained local IP-10 expression, reduced the number

of MDSCs, and attracted CXCR3+*CD8* T cells to the
tumor thus inducing an effective cellular immune
response. We also synthesized fusion cell vaccine of
DC2.4/Hepal-6 cells, which expressed high levels of
MHCII and co-stimulatory molecules and had strong
antigen presentation ability following stimulation
with  TNF-a. This novel combination of
FA-chitosan/mIP-10 and FC vaccine efficiently
inhibited the growth of implanted HCC and
prolonged the survival of tumor-bearing mice. Thus
our data suggest that this therapeutic strategy has
potential for treatment of HCC in the clinic.
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were isolated from different groups of tumors and stained with PE-anti-LY6G and FITC-anti-CDI1 1b. The frequency of CD11b*LY6G* granulocytes in the tumor
infiltrates was determined by flow cytometry. Data are presented as representative flow cytometry charts or expressed as the mean * SD of each group (n = 5) of
cells from three separate experiments. * P < 0.05; ** P < 0.001.
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Figure 8. Treatment with FA-chitosan/mIP-10 and FC vaccine increases the frequency of tumor infiltrating CXCR3*CD8* T cell in mice. The frequency of
CXCR3+CD8* T cells were determined by flow cytometry. Data are presented as representative images or expressed as mean * SD of each group (n = 5) of cells
from three separate experiments. (A) Flow cytometry analysis. (B) Quantitative analysis. ** P < 0.01; *** P < 0.001.

IP-10 is a potent chemokine for CXCR3*
activated T cells, NK cells, and macrophages. After
binding to its receptor, IP-10 can regulate the function
of activated T cells [9, 16, 17]. Expression of IP-10 in
the tumor recruited more CXCR3* CTL cells and
enhanced the effects of DC2.4/Hepal-6 fusion vaccine
in the mouse model of HCC used in our study. These

findings extended the previous observation that local
vaccination with IP-10 plasmid DNA augmented the
anti-tumor effect of glioma-specific DC in a mouse
model of glioma [18]. Thus, our results support the
notion that IP-10 is valuable for enhancing the
effectiveness of anti-tumor immunotherapy.
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Figure 9. ELISPOT analysis of the numbers of tumor-specific IFN-y-secreting T cells in mice: The numbers of tumor-specific IFN-y-secreting T cells were determined
by ELISPOT. Data are presented as representative images or expressed as the mean + SD of the numbers of spot forming clones from each group of mice (n = 5) from
three separate experiments. (A) PBS; (B) FA-chitosan/mlP-10; (C) FC; (D) FA-chitosan/mIP-10 + FC; (E) Quantitative analysis. ** P < 0.01; *** P < 0.001.

Tumor cells secrete soluble immunosuppressive
factors that inhibit the cytotoxicity of NK and CTL
cells [19, 20] creating an immune suppressive
environment to evade the attack of the immune
system. MDSCs are one such class of cells that can
secrete inhibitory cytokines [21, 22] and can
differentiate into different heterogeneous populations
of myeloid cells that inhibit immune function [23].
Previous studies have shown that MDSCs can inhibit
the differentiation of effector Thl cells resulting in
immune incompetence and contributing to the
development and progression of tumors [24, 25]. In
the late stage of tumor progression, MDSCs are
capable of suppressing Thl responses [22, 26, 27]. On
the contrary, decreased numbers of peripheral blood,
tumor, and bone marrow MDSCs are associated with
a reduction in the tumor volume in cancer patients
following surgery or molecular targeted therapy [28].
Our present study clearly illustrated that combination
of FA-chitosan/mIP-10 and FC vaccine effectively
reduced the number of MDSCs in the spleen, bone
marrow, and tumor tissues of tumor-bearing mice
while increasing antigen-specific Thl responses. It is
possible that vaccination, together with local tumor
expression of IP-10, significantly enhanced anti-tumor
Thl and CTL responses which inhibited the
development of MDSCs.

It is well established that defects in cell cycle and
apoptosis underlie the loss of control of cell growth
leading to the development and progression of
tumors [29, 30]. In the present study, the combination
of FA-chitosan/mIP-10 and FC vaccine significantly

reduced the number of Ki67* tumor cells but
increased the number of apoptotic cells in the tumor
tissues which was consistent with the previous
reports [31, 32, 33]. These data suggest that Thl and
CTL cells induced by combination therapy inhibit the
proliferation of tumor cells and trigger apoptosis by
direct cell-cell contact or indirectly by soluble
mediators.

In summary, our data indicated that
combination of FA-chitosan/mIP-10 and fusion cell
vaccine efficiently enhanced anti-HCC effects in mice
by inhibiting tumor cell proliferation and triggering
their apoptosis. The combined treatment also
increased the numbers of CTL infiltrates and
antigen-specific IFN-y response, but reduced the
numbers of MDSCs. Therefore, the combination of
FA-chitosan/mIP-10 and fusion cell vaccine may have
potential clinical value for the treatment of HCC.
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