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Dendritic cell (DC)-based immunotherapy is rapidly emerging as a
promising treatment in cancer therapy. We had previously shown
that DC pulsed with either defined mRNA of tumor antigen (Ag)
such as a-fetoprotein (AFP), or total RNA of hepatocellular
carcinoma (HCC) could elicit Ag-specific cytotoxic T lymphocyte (CTL)
response. Therefore, we suggested a novel DC-based therapeutic
method, in which DCs derived from CD34+ cells enriched
peripheral blood mononuclear cells were pulsed with liposome-
coated AFP and mutant P53 (mtP53) fused gene pEGFP-C3/AFP-
mtP53 to induce bi-targeted specific CTL responses against HCC.
Three different genotype HCC cell lines, HepG2 (human histo-
compatibility leukocyte antigens (HLA) A2 positive, AFP expressing
positive, P53 expressing negative), SMMC7721 (HLA A2 positive,
neither AFP nor P53 expressing positive), and HMCC97 (HLA A2
positive, both AFP and P53 expressing positive) were selected as
targets for CTL responses. An important finding was that DCs pulsed
with the liposome-coated fused gene could evoke more intensive
bi-targeted Ag-specific CTL responses against HMCC97 than
DCs pulsed with either AFP or P53 single gene (P < 0.05). This
experimental therapeutic model provides a new promising
cytotherapeutic approach, in that DCs pulsed with the fused gene of
different Ags might induce more extensive multitargeted antitumor
immunity. (Cancer Sci 2008; 99: 1420–1426)

HCC is a malignant disease with an annual global incidence
of 1.2 million, and the incidence is rising rapidly in both

Asia and Western countries because of the global epidemic of
hepatitis B and C infection.(1) In most cases of multinodular
HCC, surgical ablative intervention is generally inapplicable and
expected survival is less than 6 months.(2) Liver transplantation
is regarded as an efficacious therapy but only in some selected
patients and the long-term value still under investigation.(3)

Trans-artery catheterized embolization is a primary therapeutic
intervention for newly diagnosed HCC patients who lose the
chance of surgical ablation.(4) Therefore, to sustain the clinical
effectiveness or decrease the relapse rate is still an urgent
requirement. Specific immunotherapy against HCC as well as
gene therapy is focused on some specific Ag genes, intervention
using suicide genes(5) or tumor suppression genes,(6) and
cytokine-based strategies.(7)

DCs are regarded as professional Ag-presenting cells and
could prime naive T cells to induce Ag-specific immunity in an
HLA-restricted manner. It has been shown that DCs could
induce potent antitumor immunity both in vitro and in vivo.(8) On
the basis of these early observations, DC-based immunotherapy
and DC vaccines have been studied in several stage I or II
clinical trials as an active immunotherapy for malignant diseases
such as melanoma, renal cancer, prostate cancer, and other
tumors.(9–13) The primary results were encouraging in that DC

vaccines could induce tumor-specific immune responses, and
tumor lesions regressed in some patients.(9,10,13)

However, DC vaccines are occasionally transitory and unsuc-
cessful in vivo because of tumor heterogeneity and weak
immunogenicity of most tumor Ags.(14) The range of potential
tumor Ags is wide and expanding because of the sequencing of
the cancer genome and gene-expression profiling of cancer
subsets.(15) Tumor-specific Ags include the idiotypic immu-
noglobulin of B-cell lymphomas, and these safe Ags have been
investigated in several vaccination programs.(16–18) However,
most candidate Ags are expressed to some degree by normal
cells and most clinical trials of solid tumors have still focused
on either cancer–testis Ags or lineage-specific Ags.(19)

Therefore, DC vaccine formulation and immunological
principles were taken into account to induce effective immunity.
Several strategies had been employed to load DCs with tumor
Ags, including co-incubating DCs with Ag peptides(20), fusing
DCs with tumor cells,(21) incubating DCs with tumor-derived
proteins or RNA,(22) and transfecting DCs with tumor Ag
genes.(23) DCs loaded with tumor cell lysate, total RNA, and
fusion cells are convenient and have the advantages of poten-
tially inducing a polyclonal immune response against multiple
targets on the cancer cells, and reducing the possibility of tumor
escape from immune recognition. The disadvantages are the risk
of inducing autoimmunity, the requirement for available tumor
tissue, as well as the fact that the efficiency of DC-induced
immune responses depends on the concentration of immuno-
genic tumor Ag. Also, the evaluation of the immune response
becomes more difficult as the specific Ag epitopes most fre-
quently are unidentified.(24) Although the selection of vectors
becomes problematic, DCs pulsed with DNA or RNA of certain
Ag could lead to prolonged presentation of Ag and generate a
high-affinity tumor-reactive CTL response.(25,26)

Overexpression of AFP could be detected in approximately
60–80% HCC,(27) and mtP53 in approximately 40–70% HCC.
It has been proved that both AFP- and P53-loaded DCs could
induce specific CTL responses.(28,29)

In our group, we had previously shown that AFP mRNA-
transfected DCs could induce CD4+ and CD8+ mediated T-cell
responses against HCC, and total RNA of the HCC cell line
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HepG2 could elicit an Ag-specific CTL response. Fusing DCs
with HepG2 cells was more efficient than RNA in priming the
T helper type 1 response, whereas RNA-loaded DCs were more
effective in CTL priming.(30–32) Furthermore, antitumor immu-
nity against hepatitis B virus-infected HCC was also induced by
DCs pulsed with adenovirus-delivered hepatitis B surface Ag
gene.(33) These issues primed the idea that DCs pulsed with
fused genes of candidate Ag AFP and mtP53 could elicit more
intensive and extensive antitumor immunity through a bi-targeted
CTL response.

Meterials and Methods

Patient characteristics and blood donation. In this study, we
collected PBMCs donated by hepatic carcinoma patients (HLA
A2 positive). The study comprised eight patients ≥18 years old
who had a histologically confirmed diagnosis of unresectable or
metastatic hepatic cancer, Karnofsky Performance Status ≥80%,
and anticipated survival ≥3 months. Key exclusion criteria
included: evidence of being immunocompromised; past or
present diagnosis of autoimmune disease; steroid use within
1 month; evidence of active, uncontrolled infection; or receipt of
immunotherapy or biotherapy. Written informed consent was
obtained from all patients prior to donation.

Patients were receiving pacilitaxel (Sanofi-Aventis, France)
80 mg/m2 and doxorubicin 25 mg/m2 treatment weekly. PBMCs
were mobilized with human recombinant G-CSF (Kirin Brewery,
Tokyo, Japan) at a dose of 5 mg/kg for 3–5 days after chemo-
therapy when the amount of peripheral blood leukocytes
decreased to approximately 1.0 × 109/L. PBMCs were separated
by density centrifugation using the COBE Spectra cell separator
(Gambro BCT, Lakewood, CO). And 5 mL PBMCs were used
for generating DCs and T cells.

Cytokines and chemicals. Human recombinant granulocyte-
macrophage colony-stimulating factor was obtained from Kirin
Brewery. Human recombinant IL-4 and tumor necrosis factor-α
were purchased from R&D Systems (Minneapolis, MN). Trizol,
avian myeloblastosis virus reverse transcriptase, oligo(dT),
Lipofectamine 2000, and DMEM were products of Invitrogen
(Carlsbad, CA). AEC and 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide were purchased from Sigma (St
Louis, MO). T4 DNA ligase, PCR reagents and polymerase
were purchased from Promega (Madison, WI). Restriction
digestion enzymes were from TaKaRa Bio (Shiga, Japan).

Cell lines. Human HCC cells HepG2 (HLA A2 positive, AFP
secreting positive, P53 secreting negative), SMMC7721
(HLA A2 positive, neither AFP nor P53 secreting positive),
HMCC97 (HLA A2 positive, both AFP and P53 secreting
positive), and human embryo kidney HEK293 cells were all
cultured in DMEM supplemented with 10% fetal calf serum
(Gibco Invitrogen, Grand Island, NY) and antibiotics.

Plasmid vector and RT-PCR reaction. Plasmid vector pEGFP-C3
was purchased from BD Biosciences (San Jose, CA) and mtP53
cDNA was donated by Dr Zhe Wang (Fourth Military Medical
University, Xian, China). The vector was sequenced to be
correct and the mtP53 gene was cloned between restriction
digestion enzyme sites HindIII and EcoRI. AFP cDNA was
amplified by the RT-PCR method from HepG2 cells. The RT
reaction was carried out at 37 C for 60 min and the PCR
reaction was according to the manufacturer’s protocol. The
sense primer was 5′-TAAAgATCTAgCCACCATggCACTg-
CATAgAAATgAATATg-3′ (with Kozak sequence and restriction
enzyme digestion site BglII) and the antisense primer wass
5′-gAAAAgCTTAACTCCCAAAgCAgCACgAg-3′ (with restriction
enzyme digestion site HindIII but no stop code). The PCR
products, AFP cDNAs, were cloned into vector pEGFP-C3/
mtP53 and the reconstructed vector was named pEGFP-C3/
AFP-mtP53.

Transecting HEK293 cells with pEGFP-C3/AFP-mtP53.  Plasmid
pEGFP-C3/AFP-mtP53 was extracted according to the
instructions of the Mini Wizard DNA Extraction Kit (Promega).
4 micrograms of pEGFP-C3/AFP-mtP53 and 10 μL Lipo-
fectamine 2000 were diluted in 250 μL DMEM, mixed together
and placed for 10 min at room temperature. Then the mixture
was added into HEK293 cells cultured in DMEM. HEK293
cells were incubated for another 24 h and were monitored by
fluorescent microscopy. Untransfected HEK293 cells were
cultured as the control.

Expression of target Ags in transfected HEK293 cells.  Mouse
anti-human AFP monoclonal antibody and rabbit anti-human
P53 monoclonal antibody were purchased from Santa Cruz
Biotechnology (Santa Cruz, CA). HEK293 cells transfected
with pEGFP-C3/AFP-mtP53 were placed on slides. Because
green fluorescent protein may cause false results, the immuno-
cytochemical stain method was used to detect AFP expression
first according to regular procedure of the SABC Kit (Boster,
Wuhan, China). AEC was used as the chromogen for AFP
detection. FITC-conjugated goat anti-mouse antibody (Boster)
was used for AFP detection according to regular immuno-
fluorescence protocol and Cy3 conjugated goat antirabbit
antibody (Boster) was used for mtP53 detection. The untransfected
HEK293 cells were cultured as the control.

Culture of DCs. CD34+ cell-enriched PBMCs were washed
and resuspended in X-VIVO 15 (Cambrex) to yield 10 × 106

cells/mL. 2 mL of cell suspension was incubated in each well of
a 6-well flat-bottom plate (Corning Costar, Cambridge, MA) at
37°C for 2 h. Non-adherent cells were removed gently for
generating T cells. Adherent cells were cultured in X-VIVO
15 medium supplemented with 100 μg/L of granulocyte-
macrophage colony-stimulating factor and 10 μg/L IL-4 for
7–8 days. 2.5 μg/L of tumor necrosis factor-α was supplied at
day 5.

Flow cytometry and phenotype of cultured DCs. Phenotypic
changes of DCs were monitored by flow cytometric analysis.
Human monoclonal antibodies for flow cytometric analysis
included anti-CD1a, anti-CD11c conjugated by phycoerythrin,
anti-CD80, anti-CD86, and anti-HLA-DR (conjugated by FITC)
purchased from BD Biosciences. DCs were labeled with FITC- or
phycoerythrin-conjugated antibodies directly and analyzed by
an EPICS XL-MCL flow cytometer (Beckman-Coulter, Miami,
FL, US). Unlabeled DCs were used as the control.

DCs pulsed with liposome-coated pEGFP-C3/AFP-mtP53.  Plasmid
pEGFP-C3/AFP-mtP53 was extracted according to the
instructions of the Mini Wizard DNA Extraction Kit (Promega).
4 μg of pEGFP-C3/AFP-mtP53 plasmid and 10 μL Lipo-
fectamine were diluted in 250 μL X-VIVO 15 medium, mixed
together and placed for 30 min at room temperature. Then the
mixture was added into DCs and incubated for another 24 h. If
fluorescent microscopy showed that green fluorescent protein
was successfully expressed, DCs were then irradiated (30 Gy)
for subsequent experiments, given within 60 min. mRNA of the
fused gene AFP-mtP53 was amplified by RT-PCR and the
phenotypic changes of DCs pre- and post-transfection were
monitored by flow cytometric analysis.

Generation of activated T cells. Non-adherent PBMCs cells
(2 × 106 cells/mL) were cultured in X-VIVO 15 medium
supplemented with 20 IU/mL IL-2 for 3 days in T-75 culture
flasks (Corning Costar). The activated T cells were then
harvested and washed before use in the following experiments.

Incubation of DCs with activated autologous T cells. Activated
autologous T cells of HCC patients were placed in each well of
a 6-well flat-bottom plate at a concentration of 2 × 106 cells/mL.
DCs (2 × 106 cells/mL) were then added to each well at a rate of
1:20 (DCs vs. T cells). The plates were incubated for 3 days at
37°C in 5% CO2. Potential changes in the morphology of DCs
or T cells during the course of the experiments were monitored



1422 doi: 10.1111/j.1349-7006.2008.00820.x
© 2008 Japanese Cancer Association

by phase contrast microscopy. The DC and T cell mixtures were
harvested and washed by DMEM for downstream exam.

CTL response and assays. HepG2 cells, HMCC97 cells, and
SMMC7721l cells cultured in DMEM were added to wells of a
96-well plate (Corning Costar), respectively, at a concentration
of 2 × 106 cells/mL. The DC and T cell mixture was diluted by
DMEM to a concentration of 2 × 106 cells/mL. The mixture was
added to each well of cancer cells at a rate of 1:20 (DC and
T cell mixture vs. cancer cells). The cells were incubated for
24 h at 37°C with 5% CO2. The DC and T cell mixture and
cancer cells were cultured in the same conditions as the controls.

3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
was added into each well at a concentration of 0.5 mg/mL, and
then cells were incubated for 4 h and centrifuged for 4 min. The
suspension was discarded and 150 μL DMSO added to each
well to dissolve the purple deposition. Then the absorption of
each well was assayed at 490 nm.

In order to obtain integrated data, DCs pulsed with plasmid
pEGFP-C3, pEGFP-C3/mtP53, and pEGFP-C3/AFP were
set as the controls of the CTL response. pEGFP-C3/AFP was
obtained by replacing the mtP53 fragment with AFP cDNA,
which was also amplified by RT-PCR reaction but using different
primers: sense primer, 5′-TAAAgATCTAgCCACCATggCACT-
gCATag-AAATgAATATg-3′; antisense primer, 5′-TTggTC-
gACTTAAACTCCCAAAgCAgCACgAg-3′ (involving stop code
TAA). The reconstructed plasmid pEGFP-C3/AFP underwent
sequencing to be validated.

Statistical analysis. The data of CTL responses were expressed
as the mean ± standard error (SE). Differences between groups
were analyzed by Student–Newman–Keuls’ test. Statistical
significance was considered as P < 0.05.

Results

Reconstruction of fused gene with AFP and mtP53. A length of
1773 bp AFP cDNA without the stop code was amplified by the
RT-PCR method (Fig. 1a). The fused gene of AFP and mtP53 of
approximately 3.0 kb was cloned into plasmid pEGFP-C3 and
the reconstructed plasmid was named pEGFP-C3/AFP-mtP53
(Fig. 1b). The inserted fused gene was sequenced to be valid.

Expression of AFP-mtP53 fused gene in HEK293 cells. The fused
gene pEGFP-C3/AFP-mtP53 was transfected into HEK293
cells for inducing expression. The transfection rate reached 70%
and green fluorescence was detected 24 h after transfection
(Fig. 1c). Immunocytochemical staining was used to detect AFP
expression by the streptavidin–biotin-complex method and AEC
was used as the colorant. There were red stains in transfected
HEK293 cell, but not in control HEK293 cells (Fig. 1e).
Immunofluorescence assay was used to detect expression of
AFP and mtP53 and results showed that transfected HEK293
cell released orange fluorescence (Fig. 2f), whereas no fluoresc-
ence was observed in control HEK293 cells (Fig. 1d).

Phenotype of DCs derived from CD34+ cell-enriched PBMCs. The
amount of PBMCs of apheresis mobilized from HLA A2 +HCC
patients by chemotherapy and G-CSF was 45.37 ± 12.41 × 109

cells/L, in which the amount of CD34+ cells was about 0.2%
(9.87 ± 3.93 × 104 cells/mL). The morphology of DCs changed
daily following the culture (Fig. 2a–c). After 7 days of culture,
the population of large dendritic-like cells was 74.6 ± 17.3%
and that of small lymphoid-like cells was 25.4 ± 17.3%. The
expression of surface molecules CD1a, CD11c, CD80, CD86,
and HLA-DR of dendritic cells assayed by flow cytometry
during culture in eight samples were 44.2 ± 10.7%, 35.1 ±
13.5%, 54.9 ± 14.2%, 23.7 ± 5.8%, and 37.5 ± 8.5%, respec-
tively, at first, and after culture with cytokines, the status
was 86.2 ± 7.5%, 71.4 ± 16.8%, 81.3 ± 10.4%, 74.2 ± 12.4%,
and 78.2 ± 11.3%, respectively, with statistical difference
(P < 0.05) (Fig. 2d,e).

DCs pulsed with liposome-coated pEGFP-C3/AFP-mtP53. A trans-
fection rate of nearly 20% was achieved by prolonged
incubation of PBMC-derived DCs with lipofectamine-coated
pEGFP-C3/AFP-mtP53. Green fluorescence was detected in
fused gene-loaded DCs 24 h after transfection; no fluorescence
was seen in the control group. (Fig. 3a,b). RT-PCR assay
showed that transfected DCs expressed mRNA of fused gene
AFP-mtP53 (Fig. 3c,d). The phenotype of DCs after transfection
was slightly changed compared with that before transfection.
However, this change had no statistical difference (Fig. 3e,f).

CTL response induced by DCs pulsed with fused gene.  Eight
samples of DCs, derived from PBMCs of HCC patients, were
pulsed with different tumor Ags and DC-induced Ag-specific
CTL responses were assayed in three hepatic cell lines, HepG2
(HLA A2 positive, AFP positive, P53 negative), SMMC7721
(HLA A2 positive, both AFP and P53 negative), and HMCC97
(HLA A2 positive, both AFP and mtP53 positive). The
inhibitory rates of HepG2 cells in pEGFP-C3/AFP-mtP53,
pEGFP-C3/AFP, pEGFP-C3/mtP53, pEGFP-C3, and the
control group were 51.6 ± 4.2, 48.3 ± 3.6, 32.5 ± 3.9, 28.1
± 3.1, and 23.7 ± 2.7, respectively. The inhibitory rate of
SMMC7721 cells were 23.1 ± 2.7, 21.7 ± 3.1, 18.5 ± 2.6, 20.2
± 2.4, and 15.7 ± 3.3, respectively, and that of HMCC97 cells
were 65.2 ± 4.8, 50.2 ± 4.2, 47.7 ± 3.8, 24.5 ± 2.6, and 26.5
± 3.1, respectively (Table 1 and Fig. 4).

AFP-specific CTL responses were detected in HepG2 cells
and HMCC97 cells expressing AFP Ag (P < 0.05). P53-specific
CTL responses were also detected in HMCC97 cells.
SMMC7721 cells, expressing neither AFP nor P53, were refrac-
tory to CTL responses induced by DCs pulsed with either the
fused gene or single genes. HepG2 cells also showed higher
inhibition to DCs pulsed with the AFP gene and AFP-mtP53
fused gene compared to DCs pulsed with the single mtP53 gene
(P < 0.05). The inhibition of HMCC97 cells was detected in
CTL responses induced by DCs pulsed with mtP53, AFP, and
AFP-mtP53 and a statistical difference was seen compared
with the paralleled groups (P < 0.05). Furthermore, in HMCC97
cells, the highest inhibitory rate was seen in DCs pulsed with
AFP-mtP53 compared with DCs pulsed with a single gene
(P < 0.05), which showed that both AFP and mtP53 Ag-specific
CTL responses were induced by DCs pulsed with the fused
gene. Although the inhibitory rate for HMCC97 cells was higher
in the AFP group than in the mtP53 group, there was no statis-
tical difference (P > 0.05).

Discussion

HCC is a common malignant tumor worldwide, especially in
Asia where it is generally associated with liver cirrhosis,
frequently caused by chronic infection with hepatitis B and C.

Table 1. Cytotoxic T lymphocyte responses in different hepatic cancer
cells

Groups

Cells

n
Growth inhibition rate (%)

HepG2 SMCC7721 HMCC97

pEGFP-C3/AFP-mtP53 8 51.6 ± 4.2 23.1 ± 2.7 65.2 ± 4.8
pEGFP-C3/AFP 8 48.3 ± 3.6 21.7 ± 3.1 50.2 ± 4.2
pEGFP-C3/mtP53 8 32.5 ± 3.9 18.5 ± 2.6 47.7 ± 3.8
pEGFP-C3 8 28.1 ± 3.1 20.2 ± 2.4 24.5 ± 2.6
Control 8 23.7 ± 2.7 15.7 ± 3.3 26.5 ± 3.1

AFP, α-fetoprotein; EGFP, enhanced green fluorescent protein; mtP53, 
mutant P53.
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To maintain the clinical efficacy of surgical ablation is still
a challenge. The lack of effective treatment modalities for
inoperable multinodular HCC has led to the search for new
therapeutic options, such as adoptive immunotherapy. DCs are
professional presenting cells that could stimulate naive T
lymphocytes to initiate innate and adoptive immunity. DC-based
immunotherapy and DC vaccines have been proved an active
immunotherapy for malignant diseases both in vitro and in
vivo.(9–13)

AFP is a transcriptionally regulated protein expressed by most
HCC patients. It had been previously held that high plasma
levels of this oncofetal protein could suppress body immune
responses. However, further studies have shown that DCs
could present AFP-derived HLA-A2 binding peptides to T cell
repertories and induce complete immunity.(34,35) We also pre-

viously proved that DCs were capable of inducing further
differentiation into mature DCs after fusion with HepG2 cells or
transfection with HepG2 cell total RNA to elicit specific T-cell
responses in vitro. DCs transfected with AFP mRNA could
evoke CD4+ and CD8+ mediated T-cell responses against HCC,
and total RNA of HepG2 could elicit more effective Ag-specific
CTL responses than DCs fused with HepG2 cells, even if fusion
loading was more efficient in priming the T helper type 1
response.(30–32)

Mutations of the P53 gene have been frequently observed
in a variety of human malignancies including approximately
40–70% of HCC. It had been proven that P53-derived HLA-A2+
binding peptides were able to activate human T cells and the
generated effector T cells are cytotoxic to human HLA-A2+,
P53+ tumor cells.(36–38) In addition, DCs loaded with P53

Fig. 1. Reconstruction of enhanced green fluor-
escent protein/α-feroprotein–mutant P53 plasmid
(pEGFP-C3/AFP-mtP53) and the expression of the
AFP-mtP53 gene in eukaryotic cells. (a and b) Gel
electrophoretic patterns of reconstructed plasmid
pEGFP-C3/AFP-mtP53. (a) Reverse transcription–
polymerase chain reaction amplification results.
Lanes 1 and 6, molecular weight; lane 2, 1.8 kb
AFP cDNA amplified; lanes 3 and 4, other samples;
lane 5, positive control. (b) Double restriction
enzyme reaction results of pEGFP-C3/AFP-mtP53
in three samples (no. 1–3). Lanes 1 and 11,
molecular weight; lanes 2–4, 1.8 kb AFP cDNAs
(sample 1–3); lanes 5–7, 1.2 kb mtP53 cDNA
(samples 1–3); lanes 8–10, 3.0 kb AFP-mtP53 fusion
gene in samples 1–3. (c–f) Fluorescent microscopy
analysis of human embryonic kidney HEK293 cells
transfected with plasmid pEGFP-C3/AFP-mtP53
(×200). (c) HEK293 cells transfected with pEGFP-C3/
AFP-mtP53 emitted green fluorescence 24 h after
transfection. (d) The expression of AFP by the
immunocytochemical staining method showed
that there were red stains in transfected HEK293
cells. (e) Immunofluorescence assay showed that
transfected HEK293 cells expressed orange
fluorescence, a compound of green fluorescence
(fluorescein-isothiocyanate-conjugated AFP anti-
body) and red fluorescence (Cy3-conjugated
mtP53 antibody). (f) Blank HEK293 cells. (g)
Construction map of pEGFP-C3/AFP-mtP5. The
AFP gene is located between 1336 and 3122 bp,
and the p53 gene is located between 3140 and
4325 bp.
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Fig. 2. Dendritic cell (DC) generation and the
morphology and phenotypical character of DCs
during culture and results of flow cytometry. (a)
DCs at day 0 were all small. (b) DCs at day 5, cells
congregated and formed clusters. (c) DCs at day
7. (d and e) Flow cytometric analysis of DCs
cultured from CD34+ cell-enriched peripheral blood
mononuclear cells harvested from hepatocellular
carcinoma patients after mobilized with chemo-
therapy and granulocyte colony-stimulating
factor. (d) The status of five membrane molecules,
CD1a, CD11c, CD80, CD86, and HLA-DR, was
44.2 ± 10.7%, 35.1 ± 13.5%, 54.9 ± 14.2%; 23.7
± 5.8%; and 37.5 ± 8.5%, respectively, at day 0;
at day 7, the status was 86.2 ± 7.5%, 71.4 ± 16.8%,
81.3 ± 10.4%; 74.2 ± 12.4%; and 78.2 ± 11.3%,
respectively (P < 0.05). (e) Flow cytometry curves
of DCs cultured for 7 days. From left to right:
selection gate, CD1a, CD11c, CD80, CD86, and
HLA-DR.

Fig. 3. Photograph of dendritic cells (DCs)
transfected with enhanced green fluorescent
protein/α-feroprotein–mutant P53 plasmid (pEGFP-
C3/AFP-mtP53), reverse transcription–polymerase
chain reaction (RT-PCR) results of AFP-P53 fused
gene, and flow cytometry analyses pre- and
post-transfection. (a and b) Fluorescent microscopy
photograph of DCs transfected with pEGFP-C3/
AFP-mtP53 (×200). (a) DCs expressing green
fluorescence, 24 h after transfection. (b) No
fluorescence was observed in blank DCs. (c and
d) RT-PCR assay of mRNA of AFP-mtP53 fused
gene. (c) Total RNA extracted from transfected
DCs. (d) Gel electrophoretic pattern of RT-PCR
results. Lanes 1–7: molecular weight (DNA ladder
1 kb); sample 1 (3.7 kb containing GFP, AFP, and
p53); negative control; glyceraldehyde-3-phosphate
dehydrogenase; positive control; sample 2; and
molecular weight. (e and f) Flow cytometry
analysis of DCs pre- and post-transfection. (e)
Phenotypes of DCs pre-transfection. (f) Phenotypes
of DCs post-transfection. From left to right:
selection gate, CD1a, CD11c, CD80, CD86, and
HLA-DR.
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peptides could induce P53-specific cytotoxic T cells both in
vivo and in vitro.(39,40)

Vaccination strategies using only one tumor Ag could impose
selection pressure on the tumor, which could result in Ag-loss
variants. The tumor cells that lost expression of that certain
tumor Ag might then escape from immune rejection.(41) There-
fore, DC vaccination with several different tumor Ags might
be superior for priming more effective anti-tumor immune
responses.(42) Based on these studies, we have postulated that
loading DCs with the liposome-coated AFP-mtP53 fused gene
could evoke the bi-targeted CTL response of extensive activities
against HCC. The fused gene was constructed by linking each
single gene directly without an extra linker. Theoretically, it
should have multiple epitopes, possibly even the structure could
be reconstructed. The tridimensional structure of each protein
could be influenced and some Ag epitopes may be lost. How-
ever, this would not apply to all epitopes because AFP and
mtP53 are large protein molecules and, after digested by pro-
tease, only short Ag peptides are capable of binding with major
histocompatibility complex molecules. This is quite different
from other fused protein studies. In our study, immunocyto-
chemical staining and immunofluorescence assays proved that
HEK293 cells transfected with the AFP-mtP53 fused gene could
express AFP-mtP53 simultaneously without different intracellu-
lar expression levels of each gene with maintained immuno-
genicity (Fig. 1). DCs pulsed with the fused gene could prime a
bi-targeted Ag-specific CTL response against each Ag-express-
ing hepatocellular cell line separately. There was a trend that
CTL responses induced by AFP gene-loaded DCs seemed more
effective than that of mtP53 gene-loaded DCs vaccine even

without statistical significance. The most important finding
of our study was that more intensive and extensive CTL
responses were observed by DCs pulsed with the AFP-mtP53
fused gene (Fig. 4). This finding is important and valuable for
further immunotherapeutic treatment because of the lack of
uniformity of tumor-associated Ags in tumor cells. Compared
to DC vaccines loaded with cancer cell lysate, total RNA, and
tumor-DC fused cells, DC vaccines pulsed with fused or
combined tumor Ags might induce more extensive multitargeted
antitumor immunity without the risk of autoimmune reaction.

In our study, we have employed chemotherapy and G-CSF to
mobilize peripheral blood hematopoietic stem cells for enrich-
ment of CD34+ cells of HCC patients as a resource of DCs. The
method provides the possibility of obtaining a large number of
CD34+ cell-enriched PBMCs for generating DCs. This strategy
was as effective as generating DCs from several progenitor cells
involving PBMCs,(43) umbilical blood mononuclear cells,(44)

hematopoietic stem cells,(45) and even leukemia cells.(46)

Successfully delivering DNA or tumor Ag gene into DCs
remains problematic. Viral vehicles have a relatively higher
transfection rate and might stimulate innate and adaptive immu-
nity in vivo. But such stimulation frequently activates immature
DCs regardless of reducing the immunostimulatory activity of
the DC vaccine due to either immunodominance or immunoreg-
ulation of viral proteins.(47,48) Liposome-mediated nucleic acid
delivery has been successfully used to transfer DNA or RNA
into certain cells in vitro. In our study the transfection rate of
HEK293 cells was approximately 70%. Considering the intake
ability of DCs, it had been supposed that liposome-mediated
transfection should have a relatively higher transfection rate.
However, the rate of transfecting plasmid DNA into DCs was
much lower for limited differentiation and proliferation ability
of mature DCs. Recently, cationic lipids, liposomes, and other
adjuvants were reported to effectively deliver Ag epitopes and
plasmid DNA into DCs and elicit specific antitumor immune
responses in vivo.(49) In addition, cationic liposomes alone could
stimulate DCs, leading to the expression of co-stimulatory
molecules, CD80 and CD86, which are crucial to induce
complete immunity.(50) For these reasons and further studies, we
have used liposome-coated plasmids to deliver the AFP-mtP53
fusion gene into DCs. In this study, when the incubation time
of fused gene plasmid and liposome in DC culture media was
prolonged, a transduction rate of approximately 20% was
reached. The mechanisms of a relatively higher transfection rate
might be the result of longer incubation time, but this still needs
to be verified in further studies.

In conclusion, the idea of DCs pulsed with liposome-coated
Ag-fused genes provides a new promising therapeutic model
to induce more extensive multi-targeted anti-tumor immunity.
Several aspects of vaccine optimization, including Ag selection,
are still required for further studies. If the initially promising
results presented here are confirmed, such DC-based immuno-
therapy, adopting a multi-Ag strategy, could serve as a novel
therapeutic model for cancer.
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