ONCOLOGY REPORTS 36: 2689-2696, 2016

HER2-targeted recombinant protein immuno-caspase-6
effectively induces apoptosis in HER2-overexpressing
GBM cells in vitro and in vivo
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Abstract. Glioblastoma multiforme (GBM), which is associ-
ated with a high rate of morbidity and mortality, is among the
most malignant and treatment-refractory neoplasms in human
adults. As GBM is highly resistant to conventional therapies,
immunotherapies are a promising treatment candidate. HER2
is an attractive target for GBM immunotherapy, as its expression
is highly associated with various types of GBM. We previously
reported that a novel HER2-targeted recombinant protein
e23sFv-Fdt-casp6 has an antitumor effect on HER2-positive
gastric cancer cells. In this study, we established a genetically
modified Chinese hamster ovary cell line, which produced
and secreted e23sFv-Fdt-casp6 proteins. Following specific
binding to and internalization into HER2-overexpressing
tumor cells, the e23sFv-Fdt-casp6 protein induced tumor
cell apoptosis and inhibited the proliferation of HER2-
overexpressing A172 and U251MG cells in vitro, but not in
U8TMG cells with undetectable HER2. The e23sFv-Fdt-casp6
gene was introduced into severe combined immunodeficient
mice bearing human glioblastoma xenografts by using intra-
muscular injections of a liposome-encapsulated vector. The
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recombinant protein e23sFv-Fdt-casp6 specifically targeted
tumor cells and induced apoptosis, thereby leading to potent
inhibition of tumor growth and prolonged the survival time
of tumor-bearing mice. We concluded that e23sFv-Fdt-casp6
represents a promising HER2-targeted treatment option for
human gliomas.

Introduction

Glioblastoma multiforme (GBM) is the most frequently
encountered primary central nervous system neoplasm in
adults, and is associated with high morbidity and mortality.
Despite multimodal treatment options, including surgical
resection, radiotherapy, and chemotherapy, the median
survival of patients with glioblastoma is 12-15 months and
2-5 years for patients with anaplastic gliomas (1). GBM arises
as a result of various genetic alterations and the deregulation
of growth-factor signaling pathways, resulting in abnormal
cellular proliferation, malignant differentiation, and increased
invasiveness of malignant cells (2,3).

Human epidermal growth factor receptor 2 (HER2) is a
cell membrane receptor with tyrosine kinase activity. HER2
plays critical roles in cell proliferation, differentiation, adhe-
sion, and motility (4). The gene amplification and protein
overexpression of HER2 in human tumors is associated with
a poor prognosis (5). According to previous studies, HER2
is expressed by up to 80% of GBM cases (6,7). The frequent
overexpression of HER2 in GBMs (8-10) and its rare expres-
sion in the adult central nervous system (11) make HER2 an
ideal therapeutic target in GBMs.

Apoptosis, a process in which cells actively participate in
their own death, is often disrupted in tumor cells (12). Therefore,
the introduction of proapoptotic molecules may be an effec-
tive approach for the treatment of tumors, including malignant
gliomas. Caspases, a family of cysteine proteases, play a vital
role in transducing apoptosis signals and executing apoptosis
in mammalian cells (13). Constitutively active recombinant
caspase-6 is capable of autocatalytic processing in vitro and
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in vivo, and can induce apoptosis independent of endogenous
apoptosis signals (14). Therefore recombinant caspase-6 could
be used at very low concentrations to induce apoptosis in tumor
cells. It has been reported that tumor specific delivery of recom-
binant caspase-6 to gliomas triggered apoptosis independent
of upstream apoptotic signaling (15). In our previous studies,
we generated a novel immuno-caspase-6 (immuno-casp6)
containing a HER2-specific single-chain antibody (e23sFv),
a furin cleavage sequence from diphtheria toxin (Fdt), and
a constitutively active caspase-6 molecule (casp6) (16).
Following receptor-mediated endocytosis and furin-mediated
cleavage in the endosome, the e23sFv-Fdt-casp6 proteins
engaged in direct translocation of the released C-terminal
fragment (active caspase-6) and induced apoptosis in
HER?2-overexpressing gastric tumor cells. The purpose of the
present study is to investigate the proapoptotic effects of the
novel immuno-casp6 (e23sFv-Fdt-casp6) and its therapeautic
efficacy in HER2-overexpressing malignant gliomas.

Materials and methods

Cell culture. The human GBM cell lines A172, U251MG,
and U87MG [American Type Culture Collection (ATCC),
Manassas, VA, USA], and a Chinese hamster ovary (CHO)
cell line (Chinese Academy of Sciences Cell Bank, Shanghai,
China) were cultured in Dulbecco's modified Eagle's medium
(DMEM) supplemented with 10% fetal bovine serum (FBS)
(both from Gibco, Grand Island, NY, USA) at 37°C in 5% CO,.

PCR amplification. Genomic DNA was extracted from CHO
cells that were stably transfected with an empty pCMV vector
or pCMV-e23sFv-Fdt-casp6, after G418 selection, by using
STTT GCG GCC GCG AAA GCC GGC AAT AGA GTG
AGG AGA TCT GTG GGC GCA GCC TCC GTT TAC-3' as
the upstream primer and 5'-TTT TCT AGA TTA ATC TAC
TAC ATC CAA AGG AAT-3' as the downstream primer. A
fusion gene that encompassed the sequence encoding Fdt and
active caspase-6 was amplified from the genomic templates.

Western blot analysis. CHO culture supernatants were concen-
trated by centrifugation for 30 min at 4°C and 3,000 x g in
Amicon Ultra concentrators (30,000 MWCO; Millipore
Corp., Billerica, MA, USA). Phosphate-buffered saline (PBS)
was added to the device, and centrifugation was performed
again as above to concentrate the supernatant and change the
buffers (17). The proteins from the whole-cell lysate and concen-
trated supernatants were blotted onto PVDF membranes. The
membranes were then incubated overnight at 4°C with primary
antibodies against active caspase-6 (1:500; Abcam, Cambridge,
UK), HER2 (1:500; NeoMarkers, Fremont, CA, USA), and then
incubated with horseradish peroxidase-conjugated secondary
antibody (1:2,000; Zhongshan Golden Bridge Biotechnology
Co., Beijing, China) for 2 h at room temperature. The blots were
visualized using an enhanced chemiluminescence kit (Pierce
Biotechnology, Inc., Rockford, IL, USA).

Expression of HER2 examined by flow cytometry. Cells from
the human GBM cell lines A172, U251MG, and U87MG were
washed with PBS, blocked with rabbit serum, and then incu-
bated with mouse anti-HER?2 antibody (1:100; NeoMarkers)
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for 30 min. The appropriate isotype antibody was used as a
negative control. Cells were extensively washed with PBS and
incubated with PE-conjugated rabbit anti-mouse IgG (1:200;
BD Biosciences, San Diego, CA, USA) for 30 min. Finally,
samples were analyzed via flow cytometry (Becton-Dickinson,
San Diego, CA, USA).

Immunofluorescent staining. Stably transfected CHO cells
were cultured on cover slips in DMEM containing 10%
FBS and then fixed in a freshly prepared 4% paraformalde-
hyde solution for 10 min at room temperature. Then, they
were permeabilized with 0.1% Triton X-100 for 10 min, and
incubated overnight at 4°C with rabbit anti-active caspase-6
(1:200; Abcam). Cells were washed extensively with PBS and
incubated with Cy3-labelled goat anti-rabbit secondary anti-
bodies (1:100; Boster Inc., Wuhan, China) for 30 min at room
temperature followed by further rinsing. DAPI (Invitrogen,
Carslbad, CA, USA) was used for nuclear staining. Finally,
cells were washed with PBS, mounted on slides, and observed
under a fluorescence microscope (Olympus, Tokyo, Japan).

A172, U251MG, and U87MG cells were cultured on cover
slips. The supernatant was aspirated and replaced with freshly
collected medium from stably transfected CHO cell cultures
every 24 h. Immunofluorescent staining was carried out 2 days
later, as described above. DAPI was used for nuclear staining.
The cells were observed under a fluorescence microscope
(Olympus).

Analysis of apoptosis by flow cytometry. A172, U251MG, and
US7MG cells were cultured for 2 days with freshly collected
culture supernatant from stably transfected CHO cells.
The medium was aspirated and replaced every 24 h. After
washing twice with ice-cold PBS, the cells were stained with
FITC-labeled Annexin V staining solution and propidium
iodide (PI) (Roche, Basel, Switzerland) according to the manu-
facturer's instructions and analyzed using a flow cytometer.

Cell proliferation assay. GBM cells A172, U251MG, and
U87MG were cultured in 96-well plates at a density of
5x10° cells/well with freshly collected culture supernatant
from stably transfected CHO cells. The medium was aspirated
and replaced every 24 h. The cells were then incubated with
20 ul of 1.5 mg/ml MTT per well for 4 h, followed by the addi-
tion of 150 ml DMSO at each indicated time-point. A490 nm
values were determined using a Sunrise microplate reader
(Tecan Austria GmbH, Salzburg, Austria). Each assay was
performed in triplicate on at least 3 independent occasions.

In vivo antitumor activity of the e23sFv-Fdt-casp6 protein.
Severe combined immunodeficient (SCID) mice aged
6-7 weeks were purchased from the Vital River Laboratory
Animal Technology Co. (Beijing, China) and were cared
for and used in compliance with the guidelines of Animal
Center of the Fourth Military Medical University. The mice
were inoculated subcutaneously with 5x10% U251MG cells in
the right posterior limb. When tumors reached a diameter of
5-7 mm (day 0), mice were randomly assigned to 2 groups,
15 mice/group. The mice in each group were further randomly
classified into 2 subgroups, in which 7 mice were used for immu-
nohistochemical staining and the TUNEL assay, and 8 mice



ONCOLOGY REPORTS 36: 2689-2696, 2016

for survival analysis. The treatment group received 6 doses of
10 pg Lipofectamine-encapsulated pCM V-e23sFv-Fdt-casp6
every 3 days by intramuscular injection into the right posterior
limb. Control mice were injected with Lipofectamine mixed
with the empty pCMV vector. Tumor growth was monitored
using a caliper to measure 2 perpendicular tumor diameters
every 4 days. The volume of the tumor was then calculated
using the formula: tumor volume = (width) 2 x (length/2).
On day 28 mice were sacrificed by cervical dislocation, and
dissected to collect organ tissues. Tissues were embedded in
paraffin for further analysis. For the survival analysis, the
mice received the same treatment as before and their survival
time was recorded.

Distribution of e23sFv-Fdt-casp6 via immunohistochemical
analysis. Tissues were fixed in 10% formalin and embedded
in paraffin, sectioned at 4 ym thickness, then dewaxed and
blocked with 0.3% H,0,. The sections were incubated with
trypsin and normal goat serum, followed by rabbit anti-active
caspase-6 (1:50; Abcam). The appropriate isotype antibody
was used as a negative control. Secondary biotinylated goat
anti-rabbit IgG antibody (Dako, Glostrup, Denmark) was
added, followed by streptavidin-horseradish peroxidase
(Sigma-Aldrich, St. Louis, MO, USA). The slides were stained
with diaminobenzidine (Sigma-Aldrich) and counterstained
with hematoxylin.

TUNEL assay. DNA fragmentation was detected using the
TUNEL assay. The TUNEL assay was performed according
to the manufacturer's instructions (Roche). DAPI was used for
nuclei staining. The cells were observed under a fluorescent
microscope (Olympus).

Statistical analysis. All data were analyzed using SPSS v19
and are presented as means + SD of at least 3 independent
experiments. Student's t-test was used to analyze the differ-
ence between groups. For the in vivo experiments, the survival
times were analyzed using the Kaplan-Meier method and the
log-rank test was used to assess the difference between groups.
A value of P<0.05 was considered statistically significant.

Results

Expression of HER2 in GBM cell lines. HER2 is expressed by
up to 80% of GBMs (6,7). To gain further information on the
expression status of HER2 in GBM cell lines, we used western
blot analysis and flow cytometry analyses to determine the
protein expression of HER2 in A172, U251MG, and U87MG.
High levels of HER?2 protein were detected in the A172 and
U251MG cells, and low expression was observed in U§7MG
cells (Fig. 1A). HER2 expression on the cell surface of A172,
U251IMG, and U87MG cells was detected via flow cytometry,
and percent of cells expressing HER2 was 36.5, 21.5 and 3.3%,
respectively (Fig. 1B). Based on these results, in subsequent
experiments A172 and U251MG cell lines were chosen for
in vitro and in vivo studies, whereas U87MG was employed as
a negative control.

Expression and secretion of the recombinant protein in CHO
cells. The immuno-casp6 gene was cloned downstream and in
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Figure 1. Expression of HER2 in glioblastoma multiforme (GBM) cell lines
detected by western blot analysis and flow cytometry. (A) Western blot
analysis was performed on the A172, U251MG, and US87MG GBM cell lines
as indicated. HER?2 was detected at 185 kDa and was present in the A172 and
U251IMG cells, but not in US7MG. B-actin was used as an internal control
for equal protein loading. (B) Flow cytometry results showing percentage of
cells expressing HER2 in A172, U251MG, and U87MG cells.
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Figure 2. Schematic diagram of the composition of the chimeric molecule
pCMV-e23sFv-Fdt-casp6. A single peptide was added to the N-terminal of
e23sFv-Fdt-casp6 to facilitate the secretion of the fusion protein; e23sFv,
an anti-human epithelial receptor type 2 (anti-HER2) single chain antibody
fragment; Fdt, a short furin cleavage sequence from the diphtheria toxin
translocation domain; casp6, a constitutively active caspase-6.

frame with the DNA encoding a signal sequence in the expres-
sion vector pCMV (Fig. 2). CHO cells are important host cells
for the industrial production of pharmaceutical proteins owing
to their capacity for correct folding, assembly, and post-trans-
lational modification of recombinant proteins (18). To obtain
continuous and high yields of the recombinant proteins, CHO
cells were stably transfected with the empty pCMV or the
pCMV-e23sFv-Fdt-casp6 vector and selected for with G418.
The chimeric gene was specifically amplified from the trans-
duced cells for genomic PCR analysis (Fig. 3A), indicating that
the e23sFv-Fdt-casp6 gene was integrated into the host CHO
cell's genome. The expression of the e23sFv-Fdt-casp6 protein
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Figure 3. Expression and secretion of the fusion protein from genetically modified Chinese hamster ovary (CHO) cells. Control pCMV plasmids or recombi-
nant plasmids containing e23sFv-Fdt-casp6 expression cassettes were stably transduced into CHO cells. (A) An 880 bp fragment of the Fdt-casp6 fusion gene
was amplified from the genomic DNA of the CHO cells genetically modified with e23sFv-Fdt-casp6, but not from that of the control cells. (B) Western blotting
was performed on selected colonies to examine the expression of the e23sFv-Fdt-caps6 protein by the CHO cells using an anti-caspase-6 antibody as a probe.
Lanes 1 and 2, colonies containing pCM V-e23sFv-Fdt-caps6; lanes 3 and 4, control colonies containing pCMV only. (C) Western blotting was performed to
determine the protein expression of e23sFv-Fdt-casp6 from the culture supernatant, using an anti-caspase-6 antibody as a probe. (D) Detection of the expres-
sion of the fusion protein in genetically modified CHO cells using indirect immunofluorescence staining with rabbit anti-active caspase-6 and cy3-labelled goat
anti-rabbit secondary antibodies (red). Cells were counterstained with the nuclear stain DAPI (blue). Magnification, x400.
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Figure 4. Specific binding and internalization of the e23sFv-Fdt-casp6 fusion protein into HER2-positive GBM cells was confirmed using immunofluorescence
staining. After being cultured in conditioned medium from the CHO cells expressing the fusion protein, some A172 and U251MG cells showed positive
immunofluorescence staining for active caspase-6 (red) but no staining could be observed in U87MG cells. The cell nuclei were counterstained with DAPI
(blue). Magnification, x400.

was confirmed via western blot analysis both in the transfected
CHO cells and in the cell culture supernatant (Fig. 3B and C).
Furthermore, the recombinant proteins were stained strongly
in the cytoplasm of the stably transfected CHO cells (Fig. 3D),
indicating a high expression efficiency of the recombinant
protein in the modified CHO cells. The CHO cells producing
the e23sFv-Fdt-casp6 protein showed a normal morphology
and proliferation relative to the parental CHO cells (Fig. 3D),
suggesting that they did not experience toxicity from the
fusion proteins.

Binding and internalization of e23sFv-Fdt-casp6 in
HER?2-overexpressing GBM cells. To confirm whether
the secreted e23sFv-Fdt-casp6 recombinant protein can
specifically bind to and be subsequently internalized by
HER?2-overexpressing GBM cells, we cultured A172,
U251MG, and U87MG cells with freshly collected superna-
tants from the modified CHO cells. After 2 days of incubation,
e23sFv-Fdt-casp6 recombinant proteins produced by the
modified CHO cells were concentrated in many of the A172
and U251MG cells, but not in the HER2-negative US87MG
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cells, indicating the specific binding and internalization of
the recombinant protein by the HER2-overexpressing GBM
cells (Fig. 4).

Proliferation inhibition, and apoptosis induction in
HER2-overexpressing GBM cells by e23sFv-Fdt-casp6.A172,
U251MG, and U8S7MG cells were cultured with supernatants
from the modified CHO cells. Cells were cultured with super-
natants from the normal CHO cells as the negative control.
After 48 h of culture, abundant cell death was observed in the
A172 and U25IMG cells. The MTT assay showed inhibition
of proliferation in the A172 and U251MG cells. By contrast,
no difference in proliferation was observed in the U§7MG
cells, suggesting that the inhibition of proliferation depends
on the overexpression of HER2 on cell surfaces (Fig. 5). To
investigate whether the inhibition of proliferation was induced
by cell apoptosis, flow cytometry was performed in A172,
U251MG, and US7MG cells cultured with the supernatants
of stably transfected CHO cells. After 48 h, Annexin V-FITC
staining revealed that 36% and 21.3% of A172 and U251MG
cells respectively were apoptotic, higher than that in the
control cells. No obvious difference was observed in the
U87MG cells (Fig. 6).

Tumor growth suppression in SCID mice and distribution
of e23sFv-Fdt-casp6 in xenograft tissues. The in vivo
therapeutic effect of the fusion protein e23sFv-Fdt-casp6
was evaluated in SCID mice bearing human glioblastoma
xenografts. After the establishment of glioblastoma
xenografts, the mice were randomly assigned to treatment
and control treatment groups, with each mouse receiving
6 doses of 10 ug of Lipofectamine-encapsulated
pCMV-e23sFv-Fdt-casp6 or pCMV plasmid, respectively.
Plasmids were injected intramuscularly in the right posterior
limb every 3 days. The tumor growth and survival rates were

monitored and analyzed. The tumors in mice receiving the
Lipofectamine-pCM V-e23sFv-Fdt-casp6 complex grew more
slowly than those in the control mice, suggesting that the
e23sFv-Fdt-casp6 protein secreted by the genetically modified
muscle cells suppressed the growth of HER2-positive
GBM cells. The average tumor size in mice receiving the
Lipofectamine-pCMV-e23sFv-Fdt-casp6 complex at the
time they were sacrificed was approximately two third
the size of the tumors in the control mice (544.3+42.5
vs. 888.7+44.2 mm?, P<0.05) (Fig. 7A). The mice treated with
the pCMV-e23sFv-Fdt-casp6 construct exhibited a prolonged
mean survival time compared with those treated with the
control vector (72.4+4.9 vs. 47.0+3.1 days, P<0.01) (Fig. 7B).

The distribution of the e23sFv-Fdt-casp6 recombinant
proteins was determined in tumor tissues and normal tissues
via immunohistochemistry. Positive staining for caspase-6
was observed in the tumor tissues from the treatment mice but
not in those from control (Fig. 8A and B). No positive staining
was observed in the lung, kidney, brain, liver, or heart tissues
of mice treated with the Lipofectamine-pCM V-e23sFv-Fdt-
casp6 complex (data not shown). Therefore, e23sFv-Fdt-casp6
protein produced and secreted by the modified muscle cells
specifically localizes to HER2-positive tumor cells. Similarly,
in the TUNEL assay, an abundance of apoptotic cells were
detected in tumors from mice treated with the Lipofectamine
-pCMV-e23sFv-Fdt-casp6 complex, but not in the tumors
from the control mice treated with the Lipofectamine-pCMV
complex (Fig. 8C-F). Hematoxylin and eosin staining was
performed to evaluate the toxicity of the recombinant
protein on other important organs, such as lung, kidney,
brain, liver, and heart. We found no signs of massive cell
injury (Fig. 8G-K), which suggested the recombinant protein
e23sFv-Fdt-casp6 can effectively target and induce apop-
tosis in HER2-overexpressing tumor cells with no obvious
side-effects to normal tissues.
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mice bearing U251MG xenografts after treatment, as described in (A).

Discussion

Malignant gliomas, such as GBM, are the most common and
lethal intracranial tumors. The standard therapy for newly
diagnosed malignant gliomas involves surgical resection (when
feasible), radiotherapy, and chemotherapy. Malignant gliomas
cannot be eliminated completely because of their infiltrative

nature, and their resistance to conventional therapies (1,2).
Therefore novel therapeutic strategies are necessary. The past
two decades have witnessed striking advances in GBM immu-
notherapy. HER?2 is not expressed in the adult central nervous
system, however, its expression increases with the degree of
astrocytoma anaplasia. It is estimated that HER?2 is expressed
by up to 80% of GBM cases (6,7), and therefore is ideal target
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Figure 8. Immunohistochemical and histological examination of the glioblastoma multiforme (GBM) xenografts. (A and B) Distribution of e23sFv-Fdt-casp6
in tissue sections of the resected GBM xenografts detected using immunohistochemical analysis. Caspase-6 could only be detected in xenograft sections from
mice that received the Lipofectamine-encapsulated pCM V-e23sFv-Fdt-casp6 complex. The arrowheads indicate caspase-6-positive cells. (C-F) Apoptosis
in the GBM xenografts in mice that received the Lipofectamine-encapsulated pCM V-e23sFv-Fdt-casp6 complex or pCMV plasmid (green). Cell nuclei
were counterstained with DAPI (blue). (G-K) Hematoxylin and eosin staining of the lung, kidney, brain, liver, and heart tissue of the mice treated with the
e23sFv-Fdt-casp6 construct revealed no significant indications of cell injury or damage. Magnification, x400.

for therapeutic approaches. Herceptin was reported to induce
cellular apoptosis in GBMs overexpressing HER?2 in vitro (19).
In our study, the novel e23sFv-Fdt-casp6 specifically targeted
HER2-overexpressing GBM cells and exhibited its killing
activity in vitro and in vivo.

To investigate the specific killing activities of
e23sFv-Fdt-casp6 protein, we preformed subcutaneous
implantation to establish animal model in SCID mice, and
the e23sFv-Fdt-casp6 gene was introduced intramuscularly to
the xenograft mouse models by liposome encapsulation. Cells
were transfected with the immuno-casp6 plasmid and were
expected to exert their apoptosis-inducing effects in a paracrine
manner. To our knowledge, one of the differences between the
subcutaneous and intracranial implantations is the blood-brain
barrier (BBB) that is usually very efficient in blocking most of
the molecules outside the central nervous system (19). Proteins

(150 kDa), such as IgG, are thought to cross the abnormal GBM
BBB, and an intravital fluorescence microscopical approach
demonstrated that tumoral microvascularization produces an
abnormal BBB (20). The molecular weight of recombinant
e23sFv-Fdt-casp6 protein (67 kDa) is smaller than that of
Herceptin, and is therefore likely to cross the BBB. We are
conducting further experiments to validate this. In addition,
subcutaneous tumors can be repetitively measured through
the skin. Although intracranial implantations are more clini-
cally relevant, the tumor sizes can be measured only when the
animals are sacrificed, making it difficult to evaluate the
anti-tumor activity of e23sFv-Fdt-casp6.

There are already many strategies of using HER?2 as
the therapy target for treating GBM, including adoptive
cell therapies with chimeric antigen receptor (CAR)
expressing T cells (21), activated T cells ATC armed with
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bispecific antibodies, and activated dendritic cell based
immunotherapy (22,23), which are already into the phase I
trial. In the present study, we used a DNA based method to
introduce the functional therapeutic elements into the tumor
cell lines and also the animal tumor model, both were effective
on successful treatment of GBM. Nucleic acid vaccines are an
alternative to attenuated bacterial antigens or protein or peptide
vaccines. The advantage of DNA therapeutic vaccine include:
inducing humoral and cellular immune response at the same
time, various promoters, enhancers, and other elements could
be chosen to control the expression of the encoded protein,
easy production, safer, more stable, and inexpensive (24-26).
However, the major problem is that DNA vaccines may have
a relatively poor immunogenicity (27). In our results, the
immunogenicity is proven enough to eliminate the tumor,
both in vitro to induce apoptosis, and in vivo to eliminate the
tumor size in the SCID mouse model. Thus, our approach has
potential to further develop to clinical use.

In conclusion, our evidence of e23sFv-Fdt-casp6's ability
to induce apoptosis or cytotoxicity in HER2-overexpressing
GBM cells makes it a promising therapeutic alternative for
GBM treatment.
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