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Glypican3 in genetically modified human monocyte-derived
dendritic cells induced specific cytotoxity against glypican3

overexpressing human hepatocellular carcinoma cells in vitro
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Objective: To transduce the new hepatocellular
carcinoma (HCC) specific antigen gene glypican3
(GPC3) into dendritic cells (DCs) and to observe the
in vitro cytotoxic effect induced by the genetically
modified DCs against the hepatocellular carcinoma

cell line (HepG2).

Method: This study was performed in China Medical
University Shenyang, China from September 2007-
February 2008. The design of the study was to modify
DCs with GPC3 and to be used to activate human
T cells and elicit a cell-mediated immune response
against HepG2 invitro. The GPC3 gene expression was
identified by western blot and immunocytochemistry.
The proliferation of responder cells and cytotoxicity
against HepG2 were examined by water-soluble
tetrazolium salt -1 and lactate dehydrogenase assay
respectively. The interferon y (IFN-y) secreted was
detected by ELISA assay.

Results: Both Western blot and immunocytochemical
analysis assured the validicy of GPC3 transfection.
Glypican3 modified DCs were potent in inducing
responder cells proliferation and IFN-y production.
The cytotoxicity in the group of GPC3 transfected
DCs were (38.90+0.95%) at the ratio of effector cells/
target cells E/T:100:1, 30.83+1.24% at the ratio of
E/T:50:1, and 23.84+0.65% at the ratio of E/T:10:1,
respectively (which is significant compared with other
groups, p<0.001). And the GPC3 modified DCs
showed ability to induce high specific cytotoxicity
against HepG2 in vitro.

Conclusion: The effector cells stimulated with DCs
that were transfected with pEF-hGPC3 plasmid could
effectively lyse GPC3 expressing HepG2 cells, which
suggested that those genetically engineered DCs have
the potential to serve as novel vaccine for HCC.
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Hepatocellular carcinoma (HCC) is one of the
major malignancies worldwide. Most of the HCC
patients are inoperable at the time of diagnosis. Despite
several palliative therapeutic options, there is a high rate
of recurrence or of intra-hepatic metastases. Therefore,
novel treatment strategies such as immuno-gene therapy
are necessary to decrease the frequency of tumor
recurrence. Dendritic cell (DC) represents the class of
antigen presenting cells that initiates most immune
responses. And the unique efficiency at capturing,
transporting, and presenting antigen, and at attracting
and activating specific T cells, make the mature DCs the
most potent APCs known. It is vital to know the fact
that DCs can present tumor-associated antigens in the
context of both major histocompatibility complex class
I and II, in this way, they can stimulate and activate
not only cytotoxic T lymphocytes (CTLs) but also the
helper T cells.'? People have paid much attention to the
problem of how, and what antigens should be pulsed to
the DCs. Up to now, DCs pulsed with tumor-associated
antigens by various means, including whole cell lysate,
peptides, proteins, RNA, or DNA, have been studied for
antitumor effects in experimental tumor models. These
preliminary experiments, immunization with tumor
antigens presented by DCs has shown much promise
in effectively priming the cellular immune response.
Furthermore, some clinical applications using DC-
based tumor vaccines have been reported.**> Although
anti-tumor cellular immune responses could be induced
by DC vaccination in all patients, clinical objective
responses were limited in tumor models. Thus, a more
effective method of DC-based tumor vaccines is expected
to improve the clinical effectiveness of treatment. In
this regard, we try to grasp a method of inducing more
effectiveanti-cancerimmunoreactions with minimal side
effects. Then we exerted glypican3 (GPC3) modifications
of DC for presenting tumor antigens to T cells so as
to produce specific CTLs against HCC. Glypican3
potentially behaves as an oncofetal liver protein, over
expression of GPC3 is detected in fetal liver, whereas,
it is absent in normal adult liver, benign hepatocellular
nodules, including cases of focal nodular hyperplasia
and adenoma.® And some researches have reported that
GPC3 was over expressed in most types of HCC.”!"!
By comparing AFP and GPC3 immunostaining in the
different groups of HCC, Wang et al,'? could confirm
that GPC3 is more sensitive, especially in the group
of HCC, which developed from cirrhosis. In general,
oncofetal proteins do not seem to play a critical role
in tumor progression, but they may be used as tumor
markers or as targets for immunotherapy. Komori et
al,” reported that they had identified the HLA-A2- or
HLA-A24 restricted CTL epitopes possibly useful for
GPC3 specific immunotherapy of HCC and raised the
possibility that some GPC3 peptides may be applicable

to cancer therapy. In this study, we made DCs present
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the whole GPC3 molecules to T cells to generate CTLs
against HCC with more epitopes including both major
and minor histocompability antigens, regardless of

human leukocyte antigen (HLA) haplotypes.

Methods. This study was conducted from September
2007 - February 2008, and the experiments involved in
this study were performed in the Pathology Laboratory
of China Medical University, Shenyang, China. The
study protocol was approved by the Medical Ethical
Committee of our institution. We obtained informed
consent from all donors. Peripheral bloods were
obtained from HLA-A2 positive healthy people. The
exclusion criteria were HLA-A2 negative people and
people with acute infection, tumor, diseases of immune
system, and serologically positive for hepatitis B or C
viruses. Hepatocellular carcinoma cell line (HepG2)
was maintained in RPMI 1640 supplemented with
10% heat-inactivated fetal calf serum, 100units/mL
penicillin, and 100mg/mL streptomycin, referred to as
complete medium. Hepatocellular carcinoma cell line
is HLA-A2 positive. Recombinant human cytokines
granulocyte/macrophage  colony-stimulating  factor
(rhGM-CSF), interleukin-4 (IL-4), tumor necrosis
factor-a (thTNF-a) (all from PEPRO TECH, New
Jersey, USA), prostaglandin E2 was purchased from
Genzyme Tech, Minnesota, USA. WST-1 was obtained
from Shanghai Institute of Biochemistry, Chinese
Academy of Science. Enzyme-linked immunosorbent
assay (ELISA) kit was purchased from R&D, Minnesota,
USA. The pEF-hGPC3 plasmids were generous gifts
from Dr. Jorge Filmus (Toronto University, Canada).
Dendritic cells were generated from peripheral blood
mononuclear cells (PBMCs), as described previously,'
with some modifications. Briefly, PBMCs were isolated
from 60 mL of peripheral blood using a Ficoll-pague
gradient (Haoyang, China). The cells were resuspended
in culture medium using RPMI 1640 supplemented
with 2 mM L-glutamine, 100U/mL penicillin, 100
mg/mL streptomycin, and 10% FCS, and allowed to
adhere into 6-well plates. After 2 hour of incubation
at 37°C, non-adherent cells were transferred to another
plate as responder cells and adherent cells were cultured
in 2 ml of culture medium supplemented with 100
ng/mL granulocyte-macrophage colony stimulating
factor (GM-CSF) and 50 ng/mL IL-4. Fresh medium
containing cytokines was substituted every other day.
After 5 days, transfections with plasmids of pEF-hGPC3
and empty vector were then performed. Briefly, we
remove the culture medium and supplemented with 4 ug
of plasmids supernatant with 10 ul Lipofectamine 2000,
100 ng/ml thGM-CSF and 50 ng/ml rhIL-4. Twenty
four hours later, the plasmids were removed and the cells
were resuspended with general DC medium including
cytokines. Then after more 2d, nonadherent cells can
be harvested and used as stimulators. To confirm the



Cytotoxicity by GPC3-DCs against HepG2 ... Guo et al

validity of transfections, cytospin preparations of GPC3
transfected DCs were fixed in 4% paraformaldehyde, and
incubated overnight with primary mouse monoclonal
antibody detecting GPC3 (Santa Cruz, USA), following
5% rabbit serum treatment at 37°C for one hour. After
which they were incubated with second antibody and
streptavidin-peroxidase complex for 30 minutes. Lastly,
they were visualized with diaminobenzidine (DAB)
(both from Maixin, China). Hepatocellular carcinoma
cells were used as positive controls for GPC3, and
negative controls were prepared by non immune rabbit
immunoglobin G (IgG) at the same dilution as for the
primary antibody. Cells with brown particles appearing
in membrane or cytoplasm were regarded as positive
cells.

Furthermore, cells were lysed in appropriate
amounts of lysing buffer containing 150mM sodium
chloride (NaCl), 50 mM Tris, pH 7.4, 1% Nonidet
P-40, one mM sodium orthovanadate, one mM
ethylenediamine tetraacetic acid, and one mM
phenylmethanesulphonylfluoride. Supernatant of the
lysate was electrophoresed on 10% sodium dodecyl
sulfate -polyacrylamide gel electrophoresis gel and
transferred to a polyvinylidene diflouride membrane.
After blocking with 5% skimmed milk and 0.2%
Tween20 in Tris-buffered saline, the membrane was
incubated with rabbit polyclonal anti-GPC3 and
anti-B-actin antibody (both from Santa Cruz, USA),
washed extensively with 0.2% Tween20 in Tris-buffered
saline, and subjected to chemiluminescence detection
using goat anti-rabbit IgG (Zhongshan, China), using
a DAB kit. The autogeneic mixed lymphocyte reaction
(MLR) was performed, and for all assays the responder
cells described were adjusted at the concentration of
one x 105 cells per well. Dendritic cells which had
been matured by culturing with TNF-a (50ng/mL)
and prostaglandin E2 (one ug/mL) for 48 hours were
treated with 25ug/mL mitomycin C (Sigma-Aldrich,
Los Angeles, USA ) at 37°C for 30 minutes and
subsequently washed 3 times in culture medium before
plating. Dendritic cells were mixed with responder cells
at the various DC-to-responder ratios. Dendritic cells
cultured in the absence of responder cells served as
controls for background proliferation. Cells in triplicate
wells of a 96-well round bottom plate were cultured for
2d, and subsequently pulsed with 20 uL. water-soluble
tetrazolium salt -1 (WST-1) during the last 4 hours
of culture. The absorbance for measuring wavelength
(450 nm) and the reference wavelength (650 nm)
were measured. All samples were measured against a
background control as a blank. Stimulator index (SI)
was calculated following the formula of

SI= optical density (OD) experiment/(OD responder

cells+ OD stimulator cells).

And Interferon-y (IFNY) assay was performed on the
supernatants by a commercially available ELISA kit.
Each day, CTL-generating cultures were reefed. The
supernatants of cultures were harvested. Each assay was
performed according to the manufacturer’s instructions.
The lower detection limit was 8.0 pg/mL. All samples
and standards were run in triplicate.

Moreover, the stimulated responder cells were
used as effector cells in the CTL assay using lactate
dehydrogenase (LDH) cytotoxicity detection kit
(Roche, USA). The HepG2 was used as target cells
in the assay. Briefly, target cells and effector cells were
resuspended in assay medium (RPMI 1640 with 1%
bovine serum albumin), and then target cells (104 cells
per well) were cultured with effector cells at different
ratios in 96-well at round bottom plate at 37°C. After 5
hours of incubation, the culture plates were centrifuged
and the supernatant (100 ul per well) was transferred to
another ELISA plate. Hundred microliter per well and
LDH detection mixture was then added and incubated
in the dark for 30 minute at room temperature. After
adding 50 ul stop solution per well, the absorbance of
the samples was measured at 490 nm with 650 nm as
reference wavelength. The spontaneous release of LDH
by target cells or effector cells was assessed by incubation
of target cells in the absence of effector cells and vice
versa. The maximum release of LDH was determined
by incubation of target cells in 1% Triton X-100 in
assay medium. The percentage of specific cell mediated
cytotoxicity was determined by the following equation:

specific cytotoxicity (%) = [(effector and target
mixture - effector spontaneous - target spontaneous)/
(maximum — target spontaneous)] x100.

Student’s t test was used to compare differences in
responder cells proliferation, IFNy secretion, and CTL
reactivity against HepG2. Statistical significance was

defined as p<0.05.

Results. Under the phase contrast microscope, we
found similar morphological characters in the DCs
transfected with pEF-hGPC3 plasmid, and we carried
out immunocyte-chemical staining to confirm that
DCs transfected with pEF-hGPC3 expressed the target
antigen of GPC3 (Figures 1a & 1b). Western blot showed
asuccessful transfection with a high efficiency. The GPC3
expression was detected by the polyclonal antibody
in DCs transfected with pEF-hGPC3 (Figure 2). The
proliferation of responder cells was measured by WST-
1 assay, and the SI values were compared statistically
among the respective groups. The proliferation of
effector cells stimulated by GPC3 modifying DCs
was not significantly different in comparison with
other groups at any ratios of DC/R (p>0.05, Table 1).
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Figure 1 - After 6 days culture of adherent peripheral blood
mononuclear cells with granulocyte-macrophage
colony stimulating factor and interferon-y,
immature dendritic cells were transfected with
pEE-GPC3 plasmid for 48 hours. Cells were
stained with anti-glypican3 antibody. The
intense cytoplasma or membrane staining were
detected in pEF-hGPC3 transfected immature
dendritic cells (DCs), which was indicated with
arrowheads. While no immunoreactivities were
observed in the vector transfected DCs, which
was indicated with arrows. a) Empty vector
transfected DCs, b) pEF-hGPC3 transfected
DCs. Original magnification, x400.
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Figure 2 - Western blot analysis of glypican-3 (GPC3) expression in
dendritic cells (DCs) transfected with empty vector and pEF-
GPC3 (lanes 2-3). The untreated DCs was included as a
normal control (lane 1). The data shown are representative of 3
independent experiments for each cell population. M - marker.
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Table 1 - Autologous responder cells proliferation stimulated by mature

Decs.
Groups Stimulator index
GPC3 modified Empty vector DC alone  P-value
1:10 (DC: R) 3.25+0.33 3.11+0.19 3.09+0.20 0.702
1:50 (DC: R) 2.08 £0.13 2.09+0.43 1.94+0.78 0.924
1:100 (DC: R) 1.20 + 0.20 1.12+0.20 1.37+0.50 0.650

DC: R means DC - responder cell. The results are represented as mean+SD
of 3 wells. The proliferations of responder cells exposed to vector
and pEF-GPC3 transfected DCs were examined by WST-1 assay.
The DCs untreated was included as a normal control.

GPC3 - glypican3, DCs - dendritic cells

Table 2 - Interferon-y secretion in MLR supernatants after different cell
population stimulation.

Groups IEN-y concentrations in supernatant (pg/mL)
GPC3 modified Empty vector ~DCalone  P-value
1:10 (DC:R)  516.78+25.86 484.31+22.84 505.22+27.08 0.348
1:50 (DC:R)  259.04+52.33 227.12+26.87 238.24x8.01 0.640
1:100 (DC:R) 183.62+40.27 197.69+35.84 190.69+12.04 0.867

DC: R means DC: responder cell. The results are represented as
mean + SD of 3 wells. GPC3 -glypican3, DC - dendritic cell,
IFN-y - interferon-y, MLR - mixed lymphocyte reaction

Table 3 - The cytolytic reactivity of effector cells exposed to different
groups of DCs were assessed by LDH assay.

Group Cytotoxicity against HepG2 (%)

GPC3 modified Empty vector DCalone  P-value
10:1 (E:T) 20.02+4.00° 8.45+225 7.10+3.24 0.005
50: 1 (E:T) 3536 +5.34" 12.12+3.44 13.84:2.84 0.001
100: 1 (ET) 3751177 11.72+2.15 1471+4.38  0.000

E:T means effector cells - target cells *p<0.001. The cytolytic reactivity of
effector cells exposed to vector and pEF-GPC3 transfected DCs
were assessed by LDH assay. Cytotoxicity of mature DCs-derived
CTLs against HepG2 cells. The results are represented as mean + SD
of 3 wells. The DCs untreated was considered as a normal control.
HepG2 - hepatocellular carcinoma cell line, GPC3 - glypican3,

DC - dendritic cell, LDH - lactate dehydrogenase,

Moreover, due to IFN-y is a Thl-associated cytokine
critically involved in the development of cell-mediated
immune response, we also analyzed the IFN-y
production in an in vitro recall response to DCs from
the responder cells. The IFN-y secretion was measured
by ELISA assay, and the concentrations of IFN-y from
supernatants were compared statistically among the
respective groups (p>0.05, Table 2). The concentrations
of IFN-y in group of GPC3 modifying DCs were
not significantly different in comparison with that of
other groups at any ratios of DC/R. We selected HCC
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cell line HepG2 as targets for GPC3-specific CTLs,
which exhibits expression of GPC3. The cytotoxicity
of effector cells against HepG2 cells was measured by
LDH assay, and the specific cytotoxicity in groups of
HepG2 lysate pulsed and GPC3 transfected DCs were
showed in Table 3. And the results demonstrated that
effector cells primed by DCs transfected with GPC3
could lyse GPC3 expressing HepG2 cells dramatically
(p<0.001).

Discussions. The use of DC vaccines is becoming
increasingly widespread and currently in the forefront
for cancer treatment. Improved understanding of the
requirements for T cell activation and the special roles
of DC in antigen presentation and evolution of new
vaccine technologies, however, has begun yielding more
encouraging outcomes.”'® Dendritic cell precursors
can be readily isolated from the peripheral blood and
expanded in vitro to large numbers with the appropriate
cytokines.'® Such DCs have been loaded with tumor
antigens by a variety of means, including transfection,
infection with recombinant viruses, incubation with the
tumor protein or peptide. The optimal way of making
DCs stimulate and activate T cell to induce effective
antitumor response with minimal side effect remains
to be clarified. Considering effective immune target
for tumor immunotherapy, it is vital to choose a tumor
antigen that could not be lost by tumor cells through
immuno editing.'” Some researchers reported that GPC3
is involved in the carcinogenesis of HCC via control of
noncanonical A name of cell signal transduction Wnt
signals.”® Moreover, Komori et al' reported that almost
all HCC cells expressed HLA-class I molecules as far as
they could examine. For these reasons, we think that
GPC3 is a very useful as a target tumor antigen for the
immunotherapy of HCC. Glypican-3 belongs to the
family of heparan sulfate proteoglycans that are linked
to the exocytoplasmic surface of the plasma membrane
by a glycosylphosphatidylinositol (GPI) anchor. The
size of the core proteins of glypican is similar (60 to
70kDa), and, as expected, they all contain an N-terminal
secretory signal peptide and a hydrophobic domain in
the C-terminal region required for the insertion of the
GPI anchor.?! And it is a new sensitive and specific
immunohistochemical marker of HCC,'> >} and may
be regarded as a target for immunotherapy.** Several
studies have revealed that DCs pulsed with weakly
immunogenic tumor associated antigen (TAA) are
capable of stimulating TAA-specific CTL proliferation
and cytotoxicity in vitro and in vivo and thus it represent
new means for designing tumor-specific vaccines.”>%
Moreover, some studies have shown that DCs that
ingest apoptotic tumor cells or pulsed with tumor cell
lysate could also effectively generate tumor-specific T-
cell response in vitro when mature."* However, there

are few reports about the differences among those ways
of manipulating DCs.

In this article, we regarded GPC3 as the target for
immune attack. To investigate the potential efficacy
of this modification of DC in vitro, we used GPC3,
the HCC specific antigen, to modify DC and tested
the ability of stimulating and activating T cells, and
inducing specific CTL against HepG2. The data
show that there were no significant differences among
respective groups in stimulating and activating T cell
in vitro. And the results revealed that DCs transfected
with GPC3 gene could induce potent and relatively
more specific cytotoxicity against HepG2 than those
of DCs alone, empty vector transduced DCs. Based
in these findings, we speculated that although mature
DCs have the ability of inducing effective antitumor
immunity, its effectiveness is based on the existence of
tumor antigen, and through full-length GPC3 gene
modifying DCs, multiple GPC3 peptides are presented
on HLA class I molecules and recognized by autologous
CTLs, which can overcome the limitations of peptide-
based vaccines,” such as a priori knowledge of the
patient’s HLA haplotype to select appropriate peptides
compatible with that particular haplotype. Loading
DC with the entire protein has the advantage that
peptides binding to a broad set of HLA molecules can
be processed from the protein. However, the protein is
delivered in limited amounts, resulting in a transient
presentation of antigenic peptides, mostly presented on
HLA class II molecules. Genetic modification of the
DC ex vivo, using an entire Ag-coding sequence could
avoid the drawbacks of pulsing tumor lysate, which
was consistent with other reports.?*° Therefore, it may
permit a more potent immune response involving the
presentation of epitopes from all possible restriction
elements.

We considered that more HCC and normal liver cell
lines should be included in this study besides HepG2 to
confirm the specificity and availability of cytotoxicity
promoted by GPC3-DCs on HCC cells. However, it
was a preliminary study to investigate the effects of
GPC3 transfected human peripheral blood-derived
DCs on GPC3 overexpressing HepG2 cells, which has
been demonstrated a specific cytotoxicity. Furthermore,
animal experiments should also be performed to confirm
and provide a new strategy of the use of GPC3-DCs in
vivo. Therefore, the cytotoxicity induced by GPC3-DCs
is required further investigations, and we will engage
in this field further. Taken together, our study indicate
that monocyte-derived human dendritic cells modified
with full-length ¢cDNA of GPC3 gene can generate
GPC3-specific CTLs whose lytic activity against GPC3
overexpressing target cell, HepG2 cell line. Our data
offer a new and potentially valuable option of GPC3-
based immunotherapy for HCC.
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WWW. Smj.org.sa



Cytotoxicity by GPC3-DCs against HepG2 ... Guo et al

Acknowledgment. Wz are very grateful to Dr. Jorge Filmus
(Toronto University, Canada) for providing the pEF-hGPC3 plasmid
used in this study. We also thank Dong-Qi Li for technical assistance,
and the members of our laboratory for useful suggestions.

References

10.

11.

12.

13.

14.

1240 Saudi Med ] 2008; Vol. 29 (9)

. Hoffmann TK, Meidenbauer N, Dworacki G, Kanaya H,

Whiteside TL. Generation of tumor-specific T-lymphocytes by
cross-priming with human dendritic cells ingesting apoptotic
tumor cells. Cancer Res 2000; 60: 3542-3549.

. Nouri-Shirazi M, Banchereau ], Bell D, Burkeholder S,

Kraus ET, Davoust J, et al. Dendritic cells capture killed tumor
cells and present their antigens to elicit tumor-specific immune
responses. J Immunol 2000; 165: 3797-3803.

. Jarnjak-Jankovic S, Hammerstad H, Sacboe-Larssen S,

Kvalheim G, Gaudernack G. A full scale comparative study of
methods for generation of functional Dendritic cells for use as
cancer vaccines. BMC Cancer 2007; 3; 7: 119.

. Papewalis C, Wuttke M, Jacobs B, Domberg J, Willenberg H,

Bachring T. et al. Dendritic cell vaccination induces tumor
epitope-specific Thl immune response in medullary thyroid
carcinoma. Horm Metab Res 2008; 40: 108-1016.

.von Euw EM, Barrio MM, Furman D, Levy EM,

Bianchini M, Peguillet I. et al. A phase I clinical study of
vaccination of melanoma patients with dendritic cells loaded
with allogeneic apoptotic/necrotic melanoma cells. Analysis
of toxicity and immune response to the vaccine and of IL-10
-1082 promoter genotype as predictor of disease progression.

J Transl Med 2008; 6: 6.

. Yamauchi N, Watanabe A, Hishinuma M, Ohashi K,

Midorikawa Y, Morishita Y, et al. The glypican-3 oncofetal
protein is a promising diagnostic marker for hepatocellular
carcinoma. Mod Pathol 2005; 18: 1591-1598.

. Hippo'Y, Watanabe K, Watanabe A, Midorikawa Y, Yamamoto S,

Thara S, etal. Identification of soluble NH2-terminal fragment of
glypican-3 as a serological marker for early-stage hepatocellular
carcinoma. Cancer Res 2004; 64: 2418-2423.

. Capurro M, Wanless IR, Sherman M, Deboer G, Shi W,

Miyoshi E, et al. Glypican-3: a novel serum and histochemical
marker for hepatocellular carcinoma. Gastroenterology 2003;

125: 89-97.

. Nakatsura T, Yoshitake Y, Senju S, Monji M, Komori H,

Motomura Y, et al. Glypican-3, overexpressed specifically in
human hepatocellular carcinoma, is a novel tumor marker.
Biochem Biophys Res Commun 2003; 306: 16-25.

Nakatsura T, Kageshita T, Ito S, Wakamatsu K, Monji M,
Ikuta Y, et al. Identification of glypican-3 as a novel tumor
marker for melanoma. Clin Cancer Res 2004; 10: 6612-6621.
Zhu ZW, Friess H, Wang L, Abou-Shady M, Zimmermann A,
Lander AD, et al. Enhanced glypican-3 expression differentiates
the majority of hepatocellular carcinomas from benign hepatic
disorders. Guz 2001; 48: 558-564.

Wang XY, Degos E Dubois S, Tessiore S, Allegretta M,
Guttmann RD, et al. Glypican-3 expression in hepatocellular
tumors: diagnostic value for preneoplastic lesions and
hepatocellular carcinomas. Human Pathol 2006; 37: 1435-1441
KomoriH,NakatsuraT,SenjuS, YoshitakeY, MotomuraY, Ikutay,
et al. Identification of HLA-A2- or HLA-A24-restricted CTL
epitopes possibly useful for glypican-3-specific immunotherapy
of hepatocellular carcinoma. Clin Cancer Res 2006; 12:
2689-2697.

Celluzzi CM, Welbon C. Dendritic cell culture: a simple
closed culture system using ficoll, monocytes, and a table-top
centrifuge. J Hematother Stem Cell Res 2003; 12: 575-585.

WWW.Smj.org.sa

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Ovali E, Dikmen T, Sonmez M, Yilmaz M, Unal A, Dalbasti T, et
al. Active immunotherapy for cancer patients using tumor lysate
pulsed dendritic cell vaccine: a safety study. J Exp Clin Cancer
Res 2007; 26: 209-214

Tang ZH, Qiu WH, Wu GS, Yang XP, Zou SQ, Qiu FZ. The
immunotherapeutic effect of dendritic cells vaccine modified
with interleukin-18 gene and tumor cell lysate on mice
with pancreatic carcinoma. World J Gastroenterol 2002; 8:
908-912.

Dauer M, Obermaier B, Herten ], Haerle C, Pohl K,
Rothenfusser S, et al. Mature dendritic cells derived from human
monocytes within 48 hours: a novel strategy for dendritic cell
differentiation from blood precursors. J Immunol 2003; 170:
4069-4076.

Sonmez M, Ovali E, Dikmen T, Yilmaz M, Erturk M, Sonmez B,
et al. The role of hepatocyte growth factor in the differentiation
of dendritic cells from peripheral blood monocytes. Saudi Med
J2007; 28: 688-695.

Tsuboi A, OkaY, Udaka K, Murakami M, Masuda T, Nakano A,
et al. Enhanced induction of human WT1-specific cytotoxic
T lymphocytes with a 9-mer WT1 peptide modified at
HLA-A2402-binding residues. Cancer Immunol Immunother
2002; 51: 614-620.

Capurro MI, Xiang YY, Lobe C, Filmus J. Glypican-3 promotes
the growth of hepatocellular carcinoma by stimulating canonical
Wt signaling. Cancer Res 2005; 65: 6245-6254.

Filmus J, Selleck SB. Glypicans: proteoglycans with a surprise.
J Clin Invest 2001; 108: 497-501.

Libbrecht L, Severi T, Cassiman D, Vander Borght S,
Pirenne J, Nevens E et al. Glypican-3 expression distinguishes
small hepatocellular carcinomas from cirrhosis, dysplastic
nodules, and focal nodular hyperplasia-like nodules. Am J Surg
Pathol 2006; 30: 1405-1411.

Di Tommaso L, Franchi G, Park YN, Fiamengo B, Destro A,
Morenghi E, et al. Diagnostic value of HSP70, glypican 3, and
glutamine synthetase in hepatocellular nodules in cirrhosis.
Hepatology 2007; 45: 725-734.

Nakatsura T, Komori H, Kubo T, Yoshitake Y, Senju S,
Katagiri T, et al. Mouse homologue of a novel human oncofetal
antigen, glypican-3, evokes T-cell-mediated tumor rejection
without autoimmune reactions in mice. Clin Cancer Res 2004,
10: 8630-8640.

Valone FH, Small E, MacKenzie M, Burch B Lacy M,
Peshwa MV, et al. Dendritic cell-based treatment of cancer:
closing in on a cellular therapy. Cancer J2001; 7: S53-S61.
Okada N, liyama S, Okada Y, Mizuguchi H, Hayakawa T,
Nakagawa S, et al. Immunological properties and vaccine
efficacy of murine dendritic cells simultaneously expressing
melanoma-associated antigen and interleukin-12. Cancer Gene
Ther 2005; 12: 72-83.

Mayordomo JI, Andres R, Isla MD, Murillo L, Cajal R,
Yubero A, et al. Results of a pilot trial of immunotherapy with
dendritic cells pulsed with autologous tumor lysates in patients
with advanced cancer. Tumori 2007; 93: 26-30.

Schnurr M, Galambos P, Scholz C, Then F, Dauer M, Endres S,
et al. Tumor cell lysate-pulsed human dendritic cells induce a
T-cell response against pancreatic carcinoma cells: an in vitro
model for the assessment of tumor vaccines. Cancer Res 2001;
61: 6445-650.

Kirk CJ, Mule JJ. Gene-modified dendritic cells for use in
tumor vaccines. Hum Gene Ther 2000; 11: 797-806.

Jenne L, Schuler G, Steinkasserer A. Viral vectors for dendritic
cell-based immunotherapy. Trends Immunol 2001; 22:
102-107.



