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Abstract

One of the strategies to improve the outcome of anti-erbB2-mediated immunotherapy is to combine anti-erbB2
antibodies with T-cell-based adoptive immunotherapy, which can be achieved by expressing anti-erbB2 mAb on
the surface of T cells. A single-chain variable fragment (scFv) from an anti-erbB2 mAb has been expressed on
T cell surface to bind to erbB2-positive cells, and CD3f has been expressed as a fusion partner at C terminus of
this scFv to transduce signals. T cells grafted with this chimeric scFv/CD3f were able to specifically attack target
tumor cells with no MHC/Ag restriction. To test the effects of CD28 signal on cellular activation and antitumor
effectiveness of chimeric scFv/CD3f-modified T cells, we constructed a recombinant anti-erbB2 scFv/Fc/CD28/
CD3f gene in a retroviral vector. T cells expressing anti-erbB2 scFv/Fc/CD28/CD3f specifically lyzed erbB2-
positive target tumor cells and secreted not only interferon-c (IFN-c) but also IL-2 after binding to their target
cells. Our data indicate that CD3 and CD28 signaling can be delivered in one molecule, which is sufficient for
complete T cell activation without exogenous B7/CD28 co-stimulation.
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Introduction

HER2/c-erbB-2 is an oncogene encoding a growth factor
receptor (HER2/c-erbB-2 receptor).1 Studies showed

that erbB2 overexpression was present in about 30% of breast
cancer patients.2 These patients were insensitive to chemo-
therapy and endocrine therapy and tended to relapse earlier,
thus with a short survival time.3,4 In addition to breast
cancer, erbB2 was overexpressed in ovarian cancer, prostate
cancer, nonsmall-cell lung cancer, nasopharyngeal cancer,
colorectal cancer, gastric cancer, bladder cancer, renal cell
carcinoma, and other primary malignant tumors.2,5,6 erbB2 has
been shown to play a key role in tumor progression and is one
of the important targets for the biological therapy of cancers.7,8

Anti-erbB2 monoclonal antibody Herceptin has been
generated and applied in clinical cancer therapy,9 but its
efficiency for erbB2-overexpressing breast cancer patients

was only 12%–34%.10,11 In search for alternative solutions,
current attempts have been made to produce scFv (single-
chain variable fragment) by genetic engineering for gene
therapy.12,13 Compared with monoclonal antibody therapy,
scFv gene therapy, with equivalent antigen-binding ability,
has several advantages, such as stronger penetrability in
solid tumors, longer stable expression, and much lower cost
of production.14

CD3f is an important subunit of major signal transduction
molecule CD3 inside T cell membrane, transmitting outside
antigen stimulation signal, and is essential in activating
T cells to lyze tumor cells. Studies showed that CD3f was
low expressed in T cells of cancer patients, leading to T cell
anergy for antitumor.15,16 Several groups have reported that
chimeric receptors consisting of an extracellular scFv and an
intracellular CD3f domain are capable of redirecting T cells
specific to tumor cells expressing target epitopes.17,18
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According to the dual signal model of T cell activation, a
co-stimulatory signal in addition to signaling through the
TCR/CD3 complex is required for efficient activation of
T cells, which results in proliferation, cytokine secretion, and
targeted lysis. Hombach et al. reported in their anti-CEA
scFv-mediated T cell adoptive immunotherapy study that
cellular proliferation and antigen-induced IL-2 secretion of
grafted T cells required both CD3f and CD28 signals, and
these two signals could be delivered together in a combined
immunoreceptor molecule.19

This study was intended to improve the effectiveness of
scFv gene therapy by constructing the fusion gene anti-erbB2
scFv-Fc-CD28-CD3f via genetic engineering. In this fusion
gene, anti-erbB2 scFv is expected to make fusion protein
specifically target to erbB2-overexpressed tumor cells,
meanwhile CD28 and CD3f were expected to co-stimulate
T cells when modified T cells bind to target cells.

Materials and Methods

Cell lines and culture

The erbB2-positive/negative-expressing human breast
cancer cell line SK-BR-3/MCF7 and human lymphoma T cell
line Jurkat were obtained, respectively, from Cell Bank of
Shanghai Institutes for Biological Sciences and China Center
for Type Culture Collection. They were cultured in RPMI
1640 supplemented with 10% fetal bovine serum (FBS)
(Gibco), with 5% CO2, at 37�C.

Plasmids

The plasmid pSecTag2B containing signal peptide of IgGj
was purchased from Invitrogen. The recombinant plasmid
pPIC9K/scA21 containing anti-erbB2 scFv was kindly pro-
vided by Prof. Jing Liu.20 The recombinant plasmid pBUL-
LET containing anti-CEA scFv/Fc/CD28/CD3f was kindly
provided by Dr. Hinrich Abken.19

Construction of recombinant expression vector

DNA fragments IgGj, anti-erbB2-scFv, and Fc-CD28-
CD3f were amplified, respectively, from plasmid pSecTag2B,
recombinant plasmid pPIC9K/scA21, and recombinant
plasmid pBULLET by polymerase chain reaction (PCR)
(Pyrobest Taq; TaKaRa). These DNA fragments were then
connected together via splicing by overlap extension–PCR
(SOE-PCR) (Pyrobest Taq, Ex Taq; TaKaRa), forming the

fusion gene anti-erbB2-scFv-Fc-CD28-CD3f with an IgGj
signal peptide at the N-terminus. Primers for regular PCR
and SOE-PCR (5¢-3¢) are as follows (see Table 1). After the
fusion gene was cloned through TA cloning and confirmed
by the restriction enzyme digestion analysis, PCR, and se-
quencing, it was inserted into the retrovirus expression
vector pLNCX at HindIII and ClaI (TaKaRa) sites, forming a
recombinant eukaryotic expression vector pLNCX/anti-
erbB2 scFv-Fc-CD28-CD3f, which was then confirmed by
restriction enzyme digestion analysis, PCR, and sequencing.

Preparation of human peripheral T lymphocytes (PTLs)

Peripheral blood mononuclear cells (PBMCs) were iso-
lated from heparinized peripheral blood of normal donors by
using a lymphocyte separation medium (Ficoll-Hypaque) via
density-gradient centrifugation. Lymphocytes were isolated
from PBMCs by a glass adhesion assay. Further isolation and
purification of T lymphocytes were accomplished by a cotton
column. Purified PTLs were cultured in a medium supple-
mented with 1 lg/mL PHA-L (Roche) and 200 U/mL re-
combinant human IL-2 (rhIL-2). Starting from day 3, keeping
rhIL-2, whereas PHA-L was replaced by 50 ng/mL anti-CD3
mAb OKT3. At day 7, stimulated PTLs were harvested.
Aliquot of cells were prepared for electroporation and for
flow cytometry analysis (FITC anti-human CD3 and FITC
mouse IgG2aj; eBioscience).

Generation of recombinant gene-modified T cells

Jurkat cells and PTLs were transfected with pLNCX/anti-
erbB2 scFv-Fc-CD28-CD3f, by electroporation (Bio-Rad Gene
Pulser MXcell), and then were selected with around 800lg/mL
G418 for about 2 weeks. Cultures of PTLs were still
supplemented with 200 U/mL IL-2 and 50 ng/mL OKT3.
The stably transfected Jurkat cells and PTLs were further
expanded for studies.

Detection of expression of fusion gene

The fusion gene in stably transfected Jurkat cells and PTLs
was amplified by regular PCR, using forward primer 5¢
atccacgctgttttgacctc 3¢ and reverse primer 5¢ caggtggggtcttt-
cattcc 3¢. For detecting fusion protein expression, stably
transfected cells were analyzed by flow cytometry (FITC
mouse anti-human IgG Fc and FITC mouse IgG1j; BD
PharmingenTM). Cell lysates of stably transfected Jurkat cells

Table 1. Primers for Regular Polymerase Chain Reaction and Splicing

by Overlap Extension–Polymerase Chain Reaction (5¢-3¢)

Fragments Primers

IgGj 1F: GCT GGA AGC TTA GCA TGG AGA CAG ACA CAC
1R: GTC AGC ACA ATG TCG TCA CCA GTG GAA CCT

Anti-erbB2 scFv 2F: CTG GTG ACG ACA TTG TGC TGA CCC AAA CT
2R: TCG GCT GAC GAG ACG GTG ACT GAG GTT

Fc-CD28-CD3f 3F: CCG TCT CGT CAG CCG AGC CCA AAT CTC CT
3R: AAC CAT CGA TCA GCA TCT CTC CAG TAT TAG CG

The underlined sequences are the sites for restriction digest, the gray-highlighted sequences are complimentary tailer sequences, and the
dotted sequences are initiation or termination codons, respectively. 1F and 2R were used as primers for amplifying the IgGj/anti-erbB2 scFv
fragment in SOE-PCR. 1F and 3R were used as primers for amplifying the IgGj/anti-erbB2 scFv/Fc/CD28/CD3f fragment in SOE-PCR.

scFv, single-chain variable fragment; SOE-PCR, splicing by overlap extension–polymerase chain reaction.
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and PTLs were also examined by Western blot (mouse anti-
human CD3f mAb conjugated to HRP; Santa Cruz).

Binding of transfected cells to target cells

Transfected PTLs were cocultured with erbB2-positive
SKBR3 cells for 48 hours. The binding of transfected PTLs to
SKBR3 cells and the status of SKBR3 were observed by a
microscope.

Analysis of cytokine production

Transfected PTLs were cocultured with erbB2-positive
SKBR3 cells for 72 hours. ELISA kits (R&D) for detecting IL-2
and interferon-c (IFN-c) were used to analyze supernatants
of cells following the manufacturer’s instructions. Un-
transfected PTLs and erbB2-negative MCF-7 cells were taken
as two negative controls.

Nonradioactive cytotoxicity assay

Transfected PTLs were cocultured with erbB2-positive
SKBR3 cells for 72 hours in a 96-well plate. Untransfected
PTLs and erbB2-negative MCF-7 cells were taken as two
negative controls. By using cytotoxicity LDH detection kit
(Genmed), following the manufacturer’s instructions, specific
LDH release from target cells in a cell-free supernatant was
detected. The amount of LDH release was used to assess the
lysis of target cells, which can be translated into the effec-
tiveness of effector cells. Percent cytotoxicity was calculated
as follows, according to O.D. values: cytotoxicity% = (exper-
imental - effector spontaneous - target spontaneous)/(target
maximum - target spontaneous) · 100%.

Statistical analysis

Probability ( p) values were calculated by using SPSS 14.0
software. The means of groups were compared via one-way
analysis of variance (ANOVA). First, homogeneity of vari-
ance was tested, if equal variances assumed, and then p
values were calculated by LSD (according to SPSS/Help
Topics/Base System/Analyzing Data/One-Way ANOVA/
One-Way ANOVA Post Hoc Tests/Equal Variances As-
sumed/LSD). Differences were considered statistically sig-
nificant when p < 0.05.

Results

Construction of recombinant expression vector

The DNA fragments coding for signal peptides, anti-erbB2
scFv, and Fc-CD28-CD3f were amplified by PCR from their

source plasmids. All three fragments were linked together by
SOE-PCR. The correct sequence of fusion gene signal pep-
tide-anti-erbB2-scFv-Fc-CD28-CD3f (Fig. 1) was finally con-
firmed by sequencing when it was inserted in pMD19-T
simple vector and in the pLNCX vector. The recombinant
eukaryotic expression vector pLNCX/signal peptide-anti-
erbB2-scFv-Fc-CD28-CD3f was constructed successfully.

Preparation of human PTLs

For the preparation of following transfection, PTLs were
isolated, purified, and stimulated as detailed in the Materials
and Methods section. Compared with the unstimulated
control, which did not proliferate well and died gradually
(Fig. 2A), the prepared human PTLs grew in good status and
proliferated abundantly to cluster together (Fig. 2B). Com-
pared with the isotype control, the CD3-positive rate of pu-
rified and stimulated PTLs detected by flow cytometry was
98.42% (Fig. 3).

Expression of fusion protein in transfected Jurkat
cells and PTLs

Jurkat cells and PTLs were transfected with the fusion
gene by electroporation. The existence of fusion gene in
stably transfected Jurkat cells and PTLs was detected by PCR
(Fig. 4). The expression of fusion gene was checked by flow
cytometry (Fig. 5) and Western blot (Fig. 6). Compared with
the isotype control, the fusion protein was expressed in
76.77% stably transfected Jurkat cells, as shown by flow cy-
tometry (Fig. 5), and by using FITC mouse anti-human IgG
(Fc), the Fc fragment in the fusion gene was confirmed to be
expressed on the cell surface. Both transfected Jurkat cells
and PTLs expressed not only endogenous CD3f (*21 kD)
but also the expected exogenous (fusion protein) CD3f
(67 kD), as shown by Western blot (Fig. 6).

FIG. 1. The schematic diagram of fusion gene signal pep-
tide-anti-erbB2-scFv-Fc-CD28-CD3f. Signal, signal peptide
for human IgGj light chain; linker, (G4S)4; hinge, human
IgG1 hinge; TM, transmembrane domain of CD28. scFv,
single-chain variable fragment.

FIG. 2. The isolated, purified human
PTLs observed by microscopy. PTLs
were isolated, purified, and then
stimulated by PHA-L, OKT3, and IL-2
for 7 days (B), or as a control, PTLs
were not stimulated (A). The PTLs
were observed by a 200 · (B) or 400 ·
(A) microscope. PTL, peripheral T
lymphocytes.
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The binding activity of transfected PTLs
to erbB2-positive tumor cells

To examine the binding activity of anti-erbB2 scFv ex-
pressed on PTL surface, transfected or untransfected PTLs
were cocultured with erbB2-positive SKBR3 cells for 48
hours. Transfected PTLs encircled SKBR3 cells, as arranged
in a garland (Fig. 7A), and the number of viable SKBR3 cells
reduced obviously, SKBR3 cells became lyzed, whereas un-
transfected PTLs did not bind around SKBR3 (Fig. 7B). The
data showed that transfected PTLs could make use of not
only cellular immunity but also humoral immunity to elim-
inate erbB2-positive tumor cells.

The activation of transfected PTLs

To analyze the effects of the binding of transfected PTLs to
target cells on transfected PTLs, that is, the effects of the
transfected CD3f fragment, transfected PTLs were co-
cultured with SKBR3 cells for 72 hours. The contents of both
IL-2 and IFN-c in the supernatant increased significantly
than those of negative control-1 ( p < 0.01) and negative
control-2 ( p < 0.01) respectively (Fig. 8).

The effectiveness of transfected PTLs
to lyze erbB2-positive tumor cells

To analyze the effects of the binding of transfected PTLs to
target cells on target cells, transfected PTLs (effector) were
cocultured with SKBR3 cells (target) for 72 hours. As deter-
mined at effector: target ratios of 10, 20, and 40, the effec-
tiveness of transfected PTLs to lyze SKBR3 cells was
significantly higher than negative control-1 ( p < 0.01) and
negative control-2 ( p < 0.01) respectively (Fig. 9).

Discussion

To construct the fusion gene, we used SOE-PCR21 in a
two-step process, to connect three DNA fragments (IgGj,
anti-erb2 scFv, and Fc-CD28-CD3f), each of which was am-
plified, respectively, by PCR. The key for SOE-PCR method
relies on the design of overlap extension primers. In addition
to following the general rules of primer design, we also
considered the characteristic and length of overlap extension
region,22,23 to ensure the correct connection of DNA

FIG. 3. Analysis of a CD3-positive cell population in
stimulated PTLs by flow cytometry. Stimulated PTLs were
incubated with an FITC-labeled mouse anti-human CD3
mAb, and analyzed by flow cytometry (right curve). The
incubation of PTLs with an FITC-labeled mouse IgG 2aj was
used as an isotype control (left curve).

FIG. 4. Analysis of the fusion gene in stably transfected
Jurkat cells and PTLs by PCR. PCR products of transfected
Jurkat cells (lane 1), transfected PTLs (lane 2), untrans-
fected Jurkat cells (lane 3), and untransfected PTLs (lane 4)
were analyzed by agarose gel electrophoresis. The size of the
positive band was 2122 bp.

FIG. 5. Analysis of a fusion gene-positive population in
stably transfected Jurkat cells by flow cytometry. Transfected
Jurkat cells were incubated with an FITC-labeled mouse anti-
human IgG (Fc) and analyzed by flow cytometry (right
curve), or with an FITC-labeled mouse IgG1j as an isotype
control (left curve).

FIG. 6. Analysis of fusion gene expression in stably trans-
fected Jurkat cells and PTLs by Western blot. Whole-cell ly-
sates of transfected Jurkat cells (lane 1), transfected PTLs
(lane 2), untransfected Jurkat cells (lane 3), and untransfected
PTLs (lane 4) were separated by sodium dodecyl sulfate–
polyacrylamide gel electrophoresis, transferred to a mem-
brane, and probed with a mouse anti-human CD3f mAb
conjugated to HRP. The size of endogenous CD3f was 21 kD,
while the size of exogenous (fusion protein) CD3f was 67 kD.
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fragments. The correct sequence of the fusion gene has been
dually confirmed by sequencing it in a recombinant clone
vector and expression vector.

Lymphoma T cell line ( Jurkat) cells can be subcultured
unlimitedly. We first employed it to transfect the fusion gene,
so that the related techniques and methods can be optimized
for the expected level of fusion protein expression. If the
fusion gene could be expressed in T cell line cells, it would be
expected that it could also be expressed in PTLs. While PTLs
are primary cells, they can only be subcultured very limit-
edly. The experiments to detect binding ability, T cell acti-
vation, and targeted lysis are all bound to adopting PTLs.24

Furthermore, to obtain transfected PTLs is the prerequisite
for any subsequent antitumor experiments in vivo. So, we
finally transfected PTLs.

Electroporation has been extensively applied,25available
for not only suspending cells but also large-size DNA
( > 65 kb). It is user-friendly, and its transfection efficiency is
high.26 We once tried a lipofectine 2000 kit for transfection,
but the efficiency was quite limited. As a possible explana-
tion, our recombinant expression vector was too large to
transfect, and our receptor cells were suspended.27 We
optimized the electroporation condition according to the
reported27–31: (1) purified plasmid (no endotoxin, low con-
tent of RNA and protein), (2) took high concentration of
plasmid ( ‡ 1 lg/lL), (3) added carrier DNA (e.g., salmon
sperm DNA), (4) linearized plasmid (digested by PvuI), and
(5) kept in ice-bath for 5 minutes before electroporation.

Since the cells are very fragile after electroporation, we
improved cell survival by adding trehalose in the recovery

medium at a final concentration of 50 mmol/L, for stabilizing
DNA, protein, and cell membrane.32 Given to the fact that
apoptosis is the main death of cells after electroporation, we
can add a caspase inhibitor in the recovery medium.33 For
PTLs are primary cells with a short life span, during G418
selection, IL-2 and OKT3 were added every other day,34 and
FBS concentration was increased to 15%–20%. According to
the reported, during the generation of PTLs, it could be a
better choice to add irradiated allogeneic PBMC feeder cells
or irradiated allogeneic EBV-transformed lymphoblastoid
cell line cells.35

Alvarez et al. succeeded in applying recombinant ade-
noviral anti-erbB2 scFv for phase-I clinical gene therapy of
ovarian carcinoma.36 Still there are some concerns re-
mained. For instance, anti-erbB2 scFv had a lower affinity
and specificity than monoclonal antibody, no antibody-
dependent cellular cytotoxicity for lack of Fc,37 and less-
efficient and stable expression of secretory scFv than
anchored scFv.38 Some strategies have been attempted for
improvements. Barker et al.39 improved the specificity and
efficacy of adenoviral anti-erbB2 scFv gene delivery to
ovarian carcinoma. In one study,40 scFv was replaced with
the Herceptin whole-antibody gene. In some studies, a dual
antitumor function fusion protein was made by fusing anti-
erbB2 scFv with IL-2,41 SEC-2,7 TNF-a,1 caspase-3,42 RN-
ase,43 or CD16.44 For recombinant anti-erbB2 scFv/ETA
constructed by Von Minckwitz et al., potent antitumor
activity was demonstrated in vitro and in animal models,
and was applied in a phase-I clinical trial of erbB2-
overexpressing tumors.45 In other studies, the fusion gene

FIG. 7. The binding activity of
transfected PTLs to target cells. The
transfected (A) or untransfected (B)
PTLs were cocultured with erbB2-
positive SKBR3 cells for 48 hours and
observed by microscopy (400 · ).
(a) Transfected PTLs, (b) SKBR3, and
(c) untransfected PTLs.

FIG. 8. Detection of IL-2 and IFN-c by ELISA. Transfected PTLs were cocultured with erbB2-positive SKBR3 cells for
72 hours. Supernatant from the culture was, respectively, detected by ELISA for IL-2 (A) or IFN-c (B). Supernatants from
transfected PTLs cocultured with erbB2-negative MCF7 cells (control 1) and from untransfected PTLs cocultured with erbB2-
positive SKBR3 cells (control 2) were used as negative controls. ELISA, enzyme-linked immunosorbent assay.
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anti-erbB2 scFv/B7.246 or anti-erbB2 scFv/CD8647 was
constructed for activating T cells.

Anti-erbB2 monoclonal antibodies have been used in the
treatment of erbB2-positive malignant tumors. Using the
anti-erbB2 antibody to mobilize T-cell- based immunity is
one of the strategies to enhance the efficacy of anti-erbB2-
based immunotherapy. T or NK cells can be grafted with
immunoreceptors containing chimeric extracellular scFv and
intracellular CD3f. ScFv against CEA,19 CD19,48 CD2017,49–51

CA72-4, CD44, PSMA,52 HMW-MAA,53 CD33,18 TAG72,54

NCAM, EGFRvIII,55 and EGP-256 has been made in this
chimeric structure. ScFv was expressed on the T or NK cell
surface to bind to its specific antigen target, whereas CD3f
was expressed as a fusion partner to transduce signals. ScFv/
CD3f gene modified-T or NK cells can specifically bind to its
antigen just as TCR binds to Ag-MHC. However, the former
does not need to recognize MHC. Signals induced by scFv
binding to its antigen are able to activate T cells grafted with
the immunoreceptors. Jensen et al.49 have reported that re-
combinant anti-CD20 scFv/CD3f gene-modified T cells dis-
play redirected MHC-unrestricted CD20-specific lymphoma
cell cytolysis and are activated to produce Tc1 cytokines (e.g.,
IFN-c). Chimeric scFv/CD3f is the basic part of the im-
munoreceptors. CD28 was added to the immunoreceptors as
a costimulation signal by Hombach et al.19 They constructed
anti-CEA scFv/CD28/CD3f gene-modified T cells. Com-
paring with anti-CEA scFv/CD3f gene-modified T cells, they
found that when binding to CEA-positive tumor cells, both
kinds of T cells could lyze tumor cells with the similar effi-
ciency and secrete a high level of IFN-c. T cells modified with
the anti-CEA scFv/CD28/CD3f gene, but not with the anti-
CEA scFv/CD3f gene, also secrete a high level of IL-2, which
means the immunoreceptors containing CD28 can com-
pletely activate the modified T cells after binding to their
target cells.

Secretion of IL-2 by T cells grafted with immunoreceptors
containing both CD3f and CD28 intracellular signal elements
is important for the therapeutical efficacy. IL-2 plays a
key role for T cell proliferation and Th1-based cellular
immunity.57 Targeting of tumor cells by receptor-grafted T cells

without additional CD28 signaling is expected to end in a
limited immune response despite a high IFN-c secretion level.
Particularly, the acquisition of additional effector cells at the
tumor site, for example, NK cells, will depend on the presence
of IL-2. CD28 costimulation, in addition to IL-2 secretion,
synergistically prevents activation-induced T cells from death
by upregulation of the antiapoptotic proteins bcl-x and bcl-2.58

Secretion of an amount of IL-2 and sustained proliferation of
grafted T cells determine a long-lasting antitumor response of
modified T cells.

We demonstrate in this study that the MHC-independent
Ag recognition enables receptor-grafted T cells to exert effi-
cient cytolysis of erbB2-positive target cells and produce not
only IFN-c but also IL-2. This means CD3f signaling and
CD28 costimulation are simultaneously required for efficient
IL-2 secretion and can be integrated into one combined
CD28/CD3f signaling receptor molecule, as previously re-
ported by Hombach et al.19

In this study, the recombinant eukaryotic expression vec-
tor pLNCX/signal peptide-anti-erbB2-scFv-Fc-CD28-CD3f
was constructed successfully with the correct sequence.
Upon transfection, the fusion gene could be stably expressed
on the surface of human Jurkat cells and PTLs at a high rate
and level. Grafted PTLs could bind to erbB2-positive tumor
cells specifically, be activated significantly, and lyze target
cells efficiently in vitro. Grafted PTLs constructed by our
study were equipped with both cellular and humoral anti-
tumor immune function, allowing a way to eradicate erbB2-
positive tumor cells. Our study would lay an experimental
foundation for antitumor gene therapy by targeting erbB2
receptors and activating PTLs. Grafted PTLs constructed by
our study could be applied to any other erbB2-positive tu-
mors besides breast cancer. PTLs harboring antibody gene
can target to any tumor-associated antigens on the cell sur-
face; namely, the strategy of designing the fusion gene in our
study could be applied to any cell surface tumor-associated
antigen.
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