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Abstract. The aim of this study was to confirm the localiza-
tion of recombinant pGPC3+afp-EGFP which expressed a
new re-anchored protein named GPC3+afp-EGFP on the
cytoplasmic membrane and to investigate its functions against
hepatocellular carcinoma (HCC). EGFP expression in trans-
fected HepG2 cells was observed using fluorescence and a
confocal microscope. pGPC3+afp-EGFP expression was
detected in membranous and soluble proteins extracted from
transfected human embryonic kidney 293 cells by Western
blot analysis using GPC3 mAb. The proliferation of trans-
fected HepG2 cells with pGPC3+afp-EGFP (experimental
group) was detected using SRB assay and compared to those
of transfected HepG2 cells with pGPC3 (control group) and
non-transfected HepG2 cells (blank group). Quantitative
analysis of mRNA expression of the Fas gene was conducted
by real-time PCR using the -actin housekeeping gene as the
internal control at variable times. Apoptotic HepG2 cells in
the three groups were counted and statistically analyzed by
a contingency table Chi-square test using Spss 11.5 software
and TUNEL assay. Production of both TNF-a and IFN-vy/
IL2 was detected by ELISPOT after co-cultivation of trans-
fected HepG2 cells with peripheral blood lymphocytes at
different time-points in the experimental group. Green fluo-
rescence was mainly found around the transfected HepG2
cell periphery through fluorescence and confocal microscopy.
GPC3+afp-EGFP could not be detected in soluble protein but
only in membranous protein. Proliferation curves showed that
the proliferative quantities of transfected HepG2 cells in the
experimental group decreased, whereas the mRNA expression
of the Fas gene increased significantly compared to those of the
other two groups. The numbers of apoptotic cells in the experi-
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mental group were significantly higher compared to those in
the other two groups, as shown by statistical analysis. Both
TNF-a and IFN-y/IL2 were induced and were much higher in
the experimental groups than in the diverse control groups at
variable times. A new re-anchored protein GPC3+afp-EGFP
expressed by recombinant pGPC3+afp-EGFP was localized
on the cytoplasmic membrane, and had multiple functions
against HCC, such as inhibition of transfected HepG2 cell
proliferation, promotion of transfected HepG?2 apoptosis and
induction of antitumor cytokine excretion.

Introduction

a-Fetoprotein (AFP) is often expressed in human hepatocel-
lular carcinoma (HCC), and its measurement in serum plays
an important role in diagnosing and monitoring responses
to treatment (1). The idea that AFP can serve as a target for
immunotherapy is not novel: peptide fragments of AFP
presented in the context of major histocompatibility molecules
could serve as potential recognition targets by CD8 T cells,
such as hAFPs,, 550 (GVALQTMKQ), a 9-mer peptide derived
from the AFP protein (2). Furthermore, hAFPs,, 55, peptide-
generated T cells from both human lymphocyte cultures and
A2.1/Kb transgenic mice recognized AFP-transfected targets
in both cytotoxicity assays and cytokine release assays (3).
These findings clearly establish AFP as a potential target
for T cell-based immunotherapy. Glypican-3 (Gpc3), a cell
surface-linked heparan sulfate proteoglycan, is a glycosyl-
phosphatidylinositol anchored protein and has been considered
to be a novel serum marker for HCC (4). Based on the “protein
engineering’ theory a recombinant of pGPC3+afp-EGFP was
constructed successfully, and its expression and localization
were demonstrated in our previous study (5). In that study,
we further confirmed re-anchored protein GPC3+afp-EGFP
localization on the cytoplasmic membrane and investigated its
functions against HCC.

Materials and methods

Sublocalization of GPC3+afp-EGFP in cells. HepG2 hepa-
toma cells (GPC3*AFP*) and human embryonic kidney (HEK)
293 cells (GPC3 AFP’) were cultured in DMEM (Gibco,
Invitrogen Corp., Carlsbad, CA, USA) supplemented with
10% fetal bovine serum (FBS) (Hyclone, Logan, UT, USA)
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containing 1% penicillin and streptomycin, and maintained
in a humidified incubator under 5% CO, at 37°C. Cells were
seeded into 6-well plates or flasks and cultured overnight to
allow a cell confluence of 70-80%. pGPC3+afp-EGFP was
transfected into cells via lipofectamine 2000 (Invitrogen) in
Opti-MEM medium (Invitrogen) according to the manufac-
turer's instructions.

Fluorescence microscopy. pGPC3+afp-EGFP was transfected
into HepG2 cells via lipofectamine 2000 using pEGFP-N1
transfection as the positive control. EGFP expression in
both groups was observed using a fluorescence microscope
(NIKON TE2000-U) 24 and 48 h after transfection.

Confocal microscopy. Transfected HepG2 cells with
pGPC3+afp-EGFP were placed in a 37°C heated chamber
(Zeiss S-Type incubator) and imaged on a Zeiss LSM 510
confocal microscope with a x40 oil objective (NA 1.3) at
radial and axial resolutions of 0.4 and 1.0 um, respectively. For
ratiometric imaging, cells were excited at 488 nm, emission
was detected at 505-550 nm, and a DIC transmission image
was acquired simultaneously.

Fractional proteins detection. After membranous proteins
and soluble proteins were extracted from transfected HEK
293 cells by using the ProteoExtract Native Membrane
Protein Extraction kit (Merck KGaA, Darmstadt, Germany),
GPC3+afp-EGFP expression was detected by Western blot-
ting in which mouse anti-human GPC3 monoclonal antibody
(cat num: AF2119; Calbiochem, San Diego, CA, USA) was
used as the primary antibody, and HRP anti-mouse IgG as the
secondary antibody (1:5000).

Functions study against HepG2 hepatoma cells. Peripheral
blood lymphocytes (PBLs) were isolated from fresh peripheral
blood of healthy human volunteers by Lymphoprep™ lympho-
cyte separation medium (Axis Shield Poc AS, Oslo, Norway).
PBLs were cultured in RPMI-1640 (Gibco BRL, Invitrogen
Corp.,) supplemented with 10% FBS (HyClone, Logan, UT,
USA) containing 1% penicillin and streptomycin (Gibco,
Invitrogen Corp.).

Lymphocyte cytotoxicity test by SRB assay. PBLs were adjusted
to an appropriate concentration for the following step: HepG2
cells transfected with pGPC3+afp-EGFP or pGPC3 as the
experimental or control group, respectively were co-cultured
with PBLs in 96-well plates, and approximately 1,000 trans-
fected HepG2 cells were seeded in each well mixed with 50,000
PBLs (1:50) using non-transfected HepG2 cells as the blank
control group.

After0,24,48 and 72 h of co-cultivation, the cells from each
group were collected and assayed using Sulforhodamine B
(SRB, Sangon Biotech, Shanghai Co., Ltd., China) (6). OD
values of 490 nm were mensurated and the proliferation curves
were drawn according to the mean values.

Quantitative analysis of Fas gene mRNA expression by real-
time PCR. RNAs were extracted from cells of the above three
groups at 0, 24, 48 and 72 h after co-cultivation with PBLs
(3 wells for each sample). Reverse transcription reaction was
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carried out at 42°C for 60 min, and 70°C for 5 min. cDNA
templates were diluted 10 times for the next step. For fluo-
rescence quantitative PCR, the primers used were as follows:
[Fas gene (150 bp) forward, tccaagggattggaattgag and reverse,
acctggaggacagggcttat; (3-actin gene (150 bp) forward, ctcttc-
cagccttcctteet and reverse, agcactgtgttggegtacag]. The reaction
system included the following components: SYBR (2X) 5 pl,
forward and reverse primer 0.2 ul, respectively, Rox Reference
Dye (50X) 0.2 ul, sterile water 3.4 1 and cDNA template 1.0 pl.
The qPCR mixture of Fas was amplified in the instrument of
ABI PRISM 7900HT using the (3-actin housekeeping gene as
the control. The standard amplification curves of Fas and [3-actin
primers were drawn according to the threshold cycles (CT)
from cDNA samples of 5-fold serial dilution, and the slopes of
these curves would help to determine whether the two pairs of
primers have similar amplification efficiency. Then the samples
were amplified by these two pairs of primers, respectively and
the CT values were mensurated.

Terminal deoxynucleotidyl transferase dUTP nick end
labeling (TUNEL) assay. Approxixmately 5,000 transfected
HepG2 cells from each group were added into each well and
cultured for 4-6 h. They were adhered to sterilized cover slips
which were placed on the bottom of 24-well plates, then PBLs
were added in each well at the ratio of 50:1. At the end of 72 h
after co-cultivation, cells were adhered to sterilized cover
slips, and were fixed and stained according to the instructions
of the Colorimetric TUNEL apoptosis assay kit (cat num:
C1091; Beyotime Institute of Biotechnology, Shanghai, China).
Apoptotic cells of each group were counted and statistically
analyzed.

Enzyme-linked immunosorbent spot assay. After the trans-
fected HepG2 cells with pGPC3+afp+EGFP were cultured for
24 h, pGPC3+afp+EGFP/HepG?2 cells were seeded into 96-well
polyvinylidene fluoride-backed microplates of Human IFNy/
IL-2 Dual Elispot and human TNF-a Elispot kits (U-Cytech
bioscience Inc., Netherlands), respectively. PBLs were then
added and incubated together for 14, 22, 28, 36 and 48 h at
37°C.

Three kinds of groups were used as the controls, including
a positive control of PBLs stimulated by 2.5 pg/ml phytohe-
magglutinin (PHA; Sigma, St. Louis, MO, USA), a negative
control of blank HepG2 cells mixed with only PBLs, and a
background control of RPMI-1640 with 10% FBS.

The cells from the above groups were incubated for 22 h
at 37°C. At the end of incubation the cells were removed and
the polyvinylidene fluoride-backed microplates were processed
according to the manufacturer's instructions (4 wells in each
group).

The number of spots was enumerated using an automated
ELISPOT analyzer (BioReader 4000, Bio-Sys, Karben,
Germany) designed to detect spots with predetermined criteria
based on size, shape, and colorimetric density (Dakewe
Biotech Company, Shenzhen, China).

Results

GPC3+afp-EGFP localization on the cytoplasmic membrane.
After pGPC3+afp-EGFP and pEGFP-N1 were transfected into
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Figure 1. EGFP expression after pPGPC3+afp-EGFP and pEGFP-NI transfection into HepG2 cells (x40). (A) Lipo-pGPC3+afp-EGFP at 24 h post-transfection.
(B) Lipo-pEGFP-NI at 24 h post-transfection. (C) Lipo-pGPC3+afp-EGFP at 48 h post-transfection. (D) Lipo-pEGFP-N1 at 48 h post-transfection. Lipo,

lipofectamine.

Figure 2. Expression of EGFP under a confocal microscope after pGPC3+afp-
EGFP transfection into HepG2 cells.

HepG2 cells, green fluorescence was mainly found around the
periphery of pGPC3+afp-EGFP/HepG2 cells with sporadic
distribution in the cytoplasm using a fluorescence microscope
at 24 and 48 h after transfection, but the fluorescence of the
pEGFP-N1/HepG2 cells was evenly distributed in the entire
cell (Fig. 1). Green fluorescence was also observed around
the periphery of pGPC3+afp-EGFP/HepG2 cells by confocal
microscopy (Fig. 2).

Re-anchored protein GPC3+afp-EGFP (molecular weight
was 93,700 daltons analyzed by DNAstar software) was
confirmed to be expressed only in membranous proteins, but
not in soluble proteins of the pGPC3+afp-EGFP transfected
groups at 24 and 48 h after transfection. There was no specific
expression in the membranous or soluble proteins of blank
HepG2 cells groups (Fig. 3).

-

Figure 3. Expression of GPC3+afp-EGFP in soluble and membranous pro-
teins by Western blotting in transfected HEK 293 cells. Lane 1, blank cell
SP at 24 h; lane 2, blank cell SP at 48 h; lane 3, blank cell MP at 24 h; lane 4,
blank cell MP at 48 h; lane 5, lipo-pGPC3+afp-EGFP SP at 24 h; lane 6,
lipo-pGPC3+afp-EGFP MP at 24 h; lane 7, lipo-pGPC3+afp-EGFP SP at
48 h; lane 8, lipo-pGPC3+afp-EGFP MP at 48 h. SP, soluble protein; MP,
membranous protein; lipo, lipofectamine.

Lymphocyte cytotoxicity test by SRB and proliferation curves.
OD value was measured at 490 nm by the SRB assay. The
growth curves were drawn based on the average values of
different samples. F=1.615 (p=0.136), which meant that
the total variance was even. F=114.841 (p<0.01) among the
different groups using univariate analysis of variance through
Spss 11.5. software (shown in Table I and Fig. 4).

TUNEL assay. Apoptotic positive cells were stained yellow
in the TUNEL assay. The positive cell numbers of the blank
HepG2 group (blank control), the pGPC3 transfected HepG2
group (negative control), and the pGPC3+afp-EGFP trans-
fected HepG2 group (experimental group) were 34, 61 and
132 in per 1,000 cells, respectively. The Pearson Chi-square
value was 73.271 (p<0.01) analyzed by a contingency table
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Table 1. OD values of 490 nm at 0, 24, 48 and 72 h, as shown
by SRB assay.

Groups/time-point (h) 0 24 48 72
Blank 0330 0775 0964 1.152
(Blank HepG2) 0307  0.899 0950 1.171
0319 0.898  1.088 1.227
0282 0911 1.107 1.220
mean 0310 0.871 1.027 1.193
Control 0401 0.765 0.770 0911
(pGPC3 transfected 0.384 0.720 0917 0.854
HepG2) 0334 0693 0815 1.309
0321 0565  0.729 0.670
mean 0360 0.686 0.878 0.936
Experimental 0337 0.728  0.668 0.487
(pGPC3+afp-EGFP 0335 0.701 0593 0.623
transfected HepG2) 0.328 0.681  0.678 0.379
0349 0.633 0.582 0.364
mean 0337 0.686  0.630 0463
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Figure 4. Proliferation curves of the three groups.

Chi-square test using Spss 11.5 software. The numbers of
positive cells in the three groups were significantly different.
Moreover, the experimental group had the highest incidence of
apoptosis (Fig. 5).

Fluorescence quantitative PCR. The fact that the amplification
curve slope of Fas was -3.078 and the correlation coefficient
was 0.993 while those of f-actin were -3.072 and 0.994,
respectively demonstrated that these two pair primers had
similar amplification efficiency. That the dissociation curves
of both Fas and (-actin had a single peak indicated that the
two pair primers were specific. F=1.876 (p=0.096) in homoge-
neity analysis of variance for ACT values of each group, which
meant that the total variance was even. F=794.926 among the
three groups (p<0.01). The above results show that Fas gene
transcription in the experimental group was significantly
higher than that in the other two groups using the Bonferroni
method (Fig. 6, Tables II and II1).
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A

Figure 5. Typical images of apoptotic HepG2 cells in (A) the blank HepG2
group, (B) pGPC3 transfected HepG2 group and (C) pGPC3+afp-EGFP
transfected HepG2 group at 72 h after co-cultivation with PBLs. The apop-
totic cells were stained yellow (x40).
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Figure 6. Tendency of the relative quantity of Fas gene transcription at dif-
ferent time-points.

Enzyme-linked immunosorbent spot assay. ELISPOT results
were expressed by the numbers of spots. Compared to the
negative and background controls, both TNF-a and IFN-y/IL2
were induced by the transfected HepG2 cells in all the experi-
mental groups. The maximum production of TNF-a appeared
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IL-2 detection by ELISPOT

Figure 7. ELISPOT detection of TNF-a and IFN-y/IL2 at different times after pGPC3+afp-EGFP/HepG2 co-cultivation with PBLs.

at 16 h, whereas that of IFN-y/IL2 appeared 12 h after the
pGPC3+afp+EGFP/HepG2 cells co-cultivation with PBLs.
The quantities of spots in some transfection groups were near
to, or over, those in the positive controls (PHA stimulation

groups) (Fig. 7).
Disscusion

AFP is often derepressed in human HCC, and it is an important
serum marker in the diagnosis of HCC. The normal function
of AFP is unknown, but it has been hypothesized to play a role
in serum component transport as it has been shown to bind
fatty acids, steroids, and heavy metals (7). The idea that AFP
can serve as a target for immunotherapy is not novel. Efforts
have been reported in earlier tumor immunology literature
that involved attempts to generate humoral responses, but
they were not successful due to high circulating levels of AFP
neutralized antibody (3). Butterfield er al (2) reported that
peptide fragments of AFP presented in the context of major
histocompatibility molecules could serve as potential recog-
nition targets by human T cell repertoire and characterized
the response to an HLA-A2.1-restricted epitope hAFPs,, 55,
(GVALQTMKAQ). Moreover, hAFP.,, 55, peptide-generated
T cells from both human lymphocyte cultures and A2.1/Kb
transgenic mice recognized AFP-transfected targets in both
cytotoxicity assays and cytokine release assays (3,8). These
findings clearly establish hAFPs,, 55, as a potential target for
T cell-based immunotherapy.

Hepatoma cells, like other tumors, have a low immuno-
genicity and escape from human immunosurveillance and
immune defence. Strong epitope hAFPs,, 55, expression on the
exocytoplasmic membrane may help to improve the immuno-
genicity of hepatoma cells. GPC3 has been considered to be
a new serum marker for the diagnosis of HCC (4,9,10), and
its C-terminus anchors to the exocytoplasmic surface of the
cell membrane while the N-terminus covering from 1 to 24
amino acids has secretion signal peptides according to the
information in the SWISS-PROT database (No: P51654).
Based on the ‘protein engineering’ theory, a recombinant
pGPC3+afp-EGFP was constructed and expressed success-
fully in our previous study (5). In that study, localization of
pGPC3+afp-EGFP was further confirmed by fluorescence

and confocal microscopy, Western blot analysis, and then its
antitumor functions were thoroughly investigated.

When transfected HepG2 cells with pGPC3+afp-EGFP
were co-cultured with PBLs, they became a kind of immuno-
genic particles which could strongly activate PBLs compared
to the control groups. The proliferation of HepG2 cells in the
experimental groups was significantly lower than those of the
control and blank groups after 72 h, as shown by SRB assay.
The cell proliferative rate of the experimental group decreased
with time according to the proliferation curve.

The Fas/FasL pathway is an important and intrinsic
channel of apoptotic signal transduction. The Fas receptor
is the key apoptotic regulator in antitumor immune effect.
Substantially, the mRNA expression of apoptotic factors,
such as caspase 3 had no change, whereas that of the death
receptor, Fas, changed remarkably in the apoptotic assay and
was consistent with apoptotic incidence (11,12). Therefore, the
mRNA transcription of the Fas gene was examined through
fluorescence quantitative PCR at different time-points, and
an increasing mRNA expression of the Fas gene in the
experimental group was found. The mRNA overexpression
of the Fas gene in the experimental group correlated with
a significantly higher apoptotic incidence compared to the
other two groups after 72 h, as shown by statistical analysis
and TUNEL assay.

IFNy, IL-2 and TNF-a are important antitumor cytokines
related to humoral immune reaction. In the ELISPOT assays,
IFNy/IL-2 and TNF-a were induced by the transfected HepG2
cells with pGPC3+afp-EGFP (automated ELISPOT analyzer
only read the spots of IL-2). Furthermore the optimum time
was at 12-16 h after co-cultivation and the numbers of spots
were more than those of the PHA stimulation groups.

Certain researchers had shown that GPC3 could be a kind
of T lymphocyte immune attack target in itself (13). Nakano
et al (14) produced anti-GPC3 monoclonal antibody which
could identify the C-terminal of GPC3, cause antibody-depen-
dent cellular cytotoxicity (ADCC) and complement dependent
cytotoxicity (CDC). Thus, GPC3 expression on the HepG2 cell
membrane may induce antitumor immune response to some
extent by itself, but based on the above results, we found that
GPC3+afp-EGFP expression in the transfected HepG2 cells,
whose strong epitope hAFPs,, 55, molecules were anchored in
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the cytoplasmic membrane, could produce overlapping anti-
tumor effects.

However, more detailed antitumor evidence is required,
such as both in vitro and in vivo. Studies on the further
developments of GPC3 in other vectors with tumor-specific
promoters, such as the AFPpromoter (15) or the telomerase
promoter (16-17) are underway.
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