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(Supplementary Fig. S4B). There have been no reports of
human hepatitis caused by CVB3 infection. Elevated creatinine
kinase was found in the sera of CVB3-treated mice, with
histologic evidence of mild myocarditis, but no cytopathic
damage in the lungs or kidneys (Supplementary Fig. S4B).
Although human CAR mRNA is expressed in the heart (44),

CVB3 possibly causes severe myocarditis in infants only (45),
suggesting its relatively mild side effects in use for adult
patients.

As oncolytic virotherapy is expected to promote inflamma-
tory DAMP within the tumor, which is beneficial for effective
antitumor immune responses, it is important to assess
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whether oncolytic viruses generate immunogenic cell death
(18). CVB3infection induced these immunogenic changes such
as CRT exposure, release of extracellular ATP, and HMGB1
translocation in NSCLC cells (Fig. 6). Upon propagation of
oncolytic virus, alterations in the repertoire of immune cells in
tumor microenvironment can restore inherent antitumor
immunity (46), through inductions of interferons and/or cyto-
kines that activate NK cells and mature DCs (47, 48). Tumor-
infiltrating DCs have been shown to be impaired at maturation
(49). Media from malignant cells infected with reovirus pro-
moted maturation of DCs (46). Likewise CVB3 may alter the
immunologic microenvironment by accumulating diverse
mature DCs into tumors (Fig. 7C), probably because the
single-stranded RNA genome converts dysfunctional DCs into
functional DCs after ligation of retinoic acid-inducible gene-1
(RIG-1)-like receptors (50). Indeed, CVB3 intervention was
shown to shape NK cell polarization with antitumor effects,
possibly through promoted recruitment of cytolytic CD107a™
NK cells into xenografts (Fig. 7D and E). Contribution of
neutrophils to the antitumor effects may be partially due to
IFN-B production following CVB3 administration, as IFN-B can
instruct neatrophils to possess an antitumor phenotype (51).
These immunostimulatory properties of CVB3 on innate
immunity may subsequently prime effective generation of
adaptive immunity synergizing with direct oncolytic activities.
After showing that TC-1 syngeneic mouse NSCLC cells were
susceptible to in vitro CVB3 infection (Supplementary Fig.
S5A), to further evaluate the effects of T cell-mediated cellular
immunity on the oncolytic effects of CVB3, we treated immu-
nocompetent mice with TC-1 tumors with a single CVB3
intratumoral administration, which significantly inhibited
TC-1 tumor development in a dose-dependent manner (P <
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Abstract

Background Although replication-competent viruses have been developed
for treating cancers, their cytotoxic effects are insufficient as a result of infection
inhibited by the generation of neutralizing antibodies, and systemic administra-
tion is difficult as a result of the life-threatening serious side-effects of virus-
induced cytokine surge. To overcome these critical problems, we devised a
plasmid/polycation/polyanion complex and assessed the potential of ternary
plasmid complexes coated with chondroitin sulfate in gene therapy for ovarian
cancer. The antitumor effects of chondroitin sulfate-coated complex as an
anionic component were compared with those of hyaluronic acid on ovarian
cancer.

Methods Plasmid harboring the gene of murine granulocyte macrophage-
colony-stimulating factor (mGM-CSF) was complexed with polyethyleneimine
(PEID) and hyaluronic acid or chondroitin sulfate. Murine ovarian cancer cells
were injected into (C57BL/6 x C3H/He) F; mice to prepare a subcutaneous
or intraperitoneal tumor model.

Results DNA/PEI was charged positively and DNA/PEI/chondroitin sulfate
or DNA/PEl/hyaluronic acid was charged negatively. Plasmid-green fluores-
cent protein (GFP)/PEI coated with 10-kilodalton (kDa) chondroitin sulfate
increased transfection efficiency compared to coating with chondroitin sulfate
of higher-molecularweight or hyaluronic acid. The transfection efficiency of
GFP/PEI/10-kDa chondroitin sulfate in ovarian cancer cells was six-fold higher
than that in normal cells. Intraperitoneal injection of mGM-CSF/PEI coated
with 10-kDa chondroitin sulfate prolonged survival compared to that coated
with hyaluronic acid. Intratumoral injection of mGM-CSF/PEI coated with
10-kDa chondroitin sulfate achieved mouse survival rates of 100%, although
that with hyaluronic acid did not.

Conclusions These findings suggest that GM-CSF/PE! coated with 10-kDa
chondroitin sulfate has the potential for use in gene therapy of ovarian cancer.
Copyright © 2012 John Wiley & Sons, Ltd.

Keywords cancer gene therapy; chondroitin sulfate; hyaluronic acid; ovarian
cancer; polyethyleneimine; ternary plasmid complex: GM-CSF

Introduction

Although replication-competent viruses have been developed for treating
cancers, their cytotoxic effects are insufficient because infection with them
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is inhibited by the generation of neutralizing antibodies.
A replication-competent virus-infected carrier cell overcomes
virus-induced immunogenicity and induces complete
tumor reduction [1]. This carrier cell system has
asscociated problems, including difficulties of systemic
administration as a result of trapping in capillary
vessels, life-threatening serious side-effects as a result of
replication-competent virus-induced cytokine surge,
difficulties with mass industrial production, the need for
liquid nitrogen for stocking, instability on long-term
storage, and the need for hospitalization and an isolated
room as a result of the biodiversity treaty. The develop-
ment of a safe nonviral vector system is thus clearly
required.

Polycations and cationic lipids electrostatically bind to
DNA and facilitate gene transfer into target cells in vitro.
In vivo transfection of this binary DNA/cation complex
is difficult because the surfaces of the complexes are
usually positively charged, and interaction with blood
cells, serum proteins and extracellular matrix prevents
their efficient delivery [2-4]. A protective polyanion
coating was developed to afford negatively-charged DNA
complexes [5], which exhibit diminished interaction with
serum proteins.

Plasmid/polycation/polyanion ternary complexes have
a negative surface charge and exhibit high dispersion
stability, even in the presence of blood cells or proteins.
Polyanions play roles not only in protective coating, but
also as ligands for target cells [4,6] and transcriptional
enhancers [6,7], and some degree of improvement in
reporter-gene expression in tumor has been observed
after their injection into the tail vein of mice [8,9].
Particles with a diameter <100nm are required for
distribution in the body and accumulation in tumors as a
result of enhanced permeability and retention. Mixing
of DNA and polycations under highly concentrated condi-
tions usually yields much larger particles (> 200nm).
Moreover, DNA/polycation binary complexes readily
aggregate and thereby increase in size [10]. However,
DNA/polycation/polyanion ternary complexes can be
concentrated by freeze-drying and undergo rehydration
without aggregation or inactivation [11].

Hyaluronic acid (HA) and chondroitin sulfate (CS),
which are present in tumor matrix, and the receptors of
which are CD44 and overexpressed in metastatic cancer
tissue, have been mainly used as anionic components
of ternary complexes in drug delivery systems for cancer
treatment [12,13]. Plasmid-granulocyte macrophage-
colony stimulating factor (GM-CSF)/polyethyleneimine
(PED/HA ternary complex expresses the genes only
in tumors and not in normal tissues, and significantly
suppresses B16 tumor growth [11], although the
antitumor activity of GM-CSF/PEL/CS ternary com-
plex remained to be identified. In the present study,
we compared raw materials and molecular weight
fractions of CS as an anionic component of ternary
complexes and compared the antitumor activity of
GM-CSF/PEI/CS with that of GM-CSF/PEI/HA for
ovarian cancer.

Copyright © 2012 John Wiley & Sons, Ltd.
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Materials and methods
Cell lines and culture conditions

Human ovarian adenocarcinoma HEY, OCCl1 and
OVCARS3 cells from Dr G. Mills (The University of Texas,
MD Anderson Cancer Center, TX, USA), human ovarian
clear cell carcinoma RMG-1 cells from Dr S. Nozawa (Keio
University, Tokyo, Japan) and murine ovarian cancer
(OVHM) cells from Dr H. Fujiwara (Osaka University,
Osaka, Japan) were obtained. Normal human fibroblast
F27 cells were established by Dr K. Hashimoto (Ehime
University, Japan). Human ovarian teratocarcinoma PA-1
and murine fibroblast Lcl-1D cells were obtained from
the Japanese Collection of Research Bioresources Cell
Bank (Osaka, Japan). Murine fibroblast cells (NIH/3T3)
was obtained from Dr Tagawa (Chiba Cancer Institute,
Chiba, Japan). Human amniotic stem cells (ASP) were
obtained from Dr N. Sakuragawa (Bioresource Application
Institute, Aichi, Japan).

Cells were maintained in a humidified 5% CO5/95% air
incubator at 37°C. All cell lines except human amniotic
stem cells were grown in RPMI medium supplemented
with 10% fetal bovine serum. Human amniotic stem cells
were grown in DMEM/F12 with 10% fetal bovine serum,
10ng/ml human leukemia inhibitory factor, 10ng/ml
epidermal growth factor and 10ng/ml basic fibroblast
growth factor.

Reagents

HA sodium salt and CS were supplied by Seikagaku Corp.
(Tokyo, Japan). Linear PEI ‘MAX’ (MW 40 000) was pur-
chased from Polyscience, Inc. (Warrington, PA, USA).
Green fluorescent protein (GFP)-coding plasmid with
cytomegalovirus promoter was obtained from Clontech
Laboratories, Inc. (Mountain View, CA, USA). Plasmid
coding luciferase gene was constructed by subcloning
the HindIll/Xbal firefly luciferase ¢cDNA fragment from
the pGL3-control vector (Promega, Madison, WI, USA)
into the pcDNA3.1 vector (Invitrogen, Carlsbad, CA,
USA). Plasmid coding murine granulocyte macrophage-
colony-stimulating factor (mGM-CSF) was similarly pro-
duced with pcDNA3.1 vector and the gene isolated from
mouse lymphocytes. They were amplified in Escherichia
coli and purified with a Qiagen Plasmid Mega Kit (Tokyo,
Japan). Cell culture lysis reagent and luciferase assay
substrate were purchased from Promega. The protein
assay kit was obtained from Bio-Rad Laboratories (Hercules,
CA, USA).

Freeze-dried and rehydrated
DNA complex

Typically, an aqueous solution of plasmid DNA
(30pl; 0.792mg/ml) was mixed with linear PEI so-
lution (30pl; 2.3mg/ml) and then with a solution

J Gene Med 2012; 14: 120-127.
DOI: 10.1002/jgm



122

of HA (60 pl; 10 mg/ml) or CS (60 pl; 2.3 mg/ml) as previ-
ously described [11]. All the solutions were prepared in
pure water. After being left to stand for 20 min, they were
freeze-dried, and the resulting white spongy complexes were
rehydrated with water or 5% glucose to [DNA] = 200 pg/ml.

(-Potential and size measurement

The freeze-dried complex containing 1pg of DNA was
rehydrated with water (200pl). After 30min, it was
diluted with 800 ul of water and the {-potential and the
size was measured with a particle analyser (Zetasizer Nano
ZS, Malvern, UK).

In vitro transfection

OVHM cells were seeded onto 24-well plates at 5 x 10*
cells per well, and cultured for 2days. Lyophilized-and-
rehydrated luciferase complex suspensions were prepared
in phosphate-buffered saline (PBS) ([DNA] = 200 pg/ml).
After 20min, they were added to the cells (1ng of
plasmid per well). After an additional 20-h incubation at
37°C, the cells were lysed, and transgene expression
and protein content in the lysate were assessed with the
corresponding assay kit. ‘

Each cell line was seeded onto 24-well plates at 5 x 10*
cells per well, and cultured for > 2days. Lyophilized-
and-rehydrated plasmid-GFP complex suspensions were
prepared in PBS ([DNA] =200pg/ml). After 20 min,
they were added to the cells (1 pg of plasmid per well).
Liposomal transfection was carried out using LF2000
reagent (Invitrogen). GFP-positive cells were counted
with a fluorescence microscope (Axiovert 40; Carl Zeiss,
Hallbergmoos, Germany) and the transfection efficiency
was estimated.

Inhibition of subcutaneous ovarian
tumor growth in syngeneic mice

To determine inhibition of syngeneic subcutaneous tumor
growth, murine OVHM cells (1 x 10°) were injected into
the left posterior flank of female (C57BL/6 x C3H/He)
F1 mice (CLEA Japan Inc., Tokyo, Japan). Freeze-dried
ternary complex of HA or CS was rehydrated with 500 ul
of PBS for intratumoral injection. When the size of the
subcutaneous tumor reached 5-8 mm in diameter, the
resuspended complex containing 100 pg of the plasmid
was injected intratumorally every day for 3 days. These
animal studies were approved by the Ehime University
Review Board.

Inhibition of intraperitoneal ovarian
tumor growth in syngeneic mice

To simulate a clinical trial of gene therapy for ovarian can-

cer, the orthotopic intraperitoneal carcinomatosis model
was used because ovarian cancer remains localized within
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the peritoneal cavity in a large proportion of patients,
ultimately causing local morbidity and lethal complica-
tions. Murine OVHM cells (1 x 10%) were injected into
the abdominal cavity of female (C57BL/6 x C3H/He) F;
mice (CLEA Japan Inc.). Freeze-dried ternary complex of
HA or CS was rehydrated with 7ml of PBS. Four to
nine days after intraperitoneal inoculation of OVHM cells,
the re-suspended and diluted complex containing 100 pg
of plasmid was injected intraperitoneally and subcuta-
neously every day for 6days. A 2-ml portion of 7ml of
ternary complex containing PBS was injected into the
OVHM cell-injected abdominal skin to prevent local recur-
rence of OVHM tumor, and the remaining 5 ml of ternary
complex containing PBS was injected into the peritoneal
space because this subcutaneous injection prevents local
recurrence, whereas no subcutaneous injection induced
local recurrence in more than 80% of mice, and this excess
amount of intraperitoneal injection could increase the anti-
tumor activity of ternary complex. These animal studies
were approved by the Ehime University Review Board.

Statistical analysis

Values are reported as the mean -+ SD, and were exam-
ined with the unpaired t-test, Welch test and regression
analysis. Survival data were plotted on Kaplan-Meier
curves, and examined with the log-rank test using the
LIFETEST procedure. p < 0.05 was considered statistically
significant.

Results

Ten-kilodalton (kDa) CS yields efficient
tumor-specific transfection

To obtain strong antitumor activity, high-molecular-
weight (730kDa) HA and the low-molecular-weight CS,
which are present in tumor matrix and glycosaminoglycans,
were compared as the anionic component of ternary DNA
complex. In the {-potential assay, DNA and binary and
ternary complexes were charged negatively, positively
and negatively, respectively (Figure 1A). In the luciferase
assay, luciferase activity of ternary complex with 10-kDa
shark CS was three-fold higher than that of chicken
HA and significantly higher than those of other higher-
molecular-weight fractions of shark or cattle CS (Figure 1B).
This 10-kDa shark CS was therefore used as an anionic
component of ternary complex in this experiment. The size
of DNA/PEI/CS was distributed from 59 to 164 nm, which

- is smaller than that of DNA/PEI/HA from 79 to 531, and

the peak size of DNA/PEI/CS was 79 nm, which is 65%
of that of DNA/PEI/HA at 122nm (Figure 1C). Although
binary GFP/PEI aggregated red blood cells (Figure 2A),
ternary GFP/PEI/CS did not (Figure 2B). GFP plasmid
yielded GFP-positive cells in none of the cell lines tested.
LF2000 transfection and binary GFP/PEI did not yield
significant differences in the numbers of GFP-positive cells
between normal and cancer cells. The rate of transfection
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Figure 1. (A) {-potentials (V) of DNA, binary DNA/PEI and
ternary DNA/PEI/HA and CS complexes. (B) Luciferase activity
of luciferase/PEI coated with HA from chicken and each molecular
weight fraction of CS from shark or cow in cultured OVHM cells.
RLU, relative light units. (C) The size of ternary DNA/PEI/HA
and CS complexes.

with ternary GFP/PEI/HA or GFP/PEI/CS transfection in
cancer cells was significantly higher than that in normal
cells, and the rate of transfection with ternary GFP/PEl/
CS transfection was significantly higher than that with
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Figure 2. Binary GFP/PEI complex (A) and ternary GFP/PEl/CS
complex (B) was incubated with red blood cells. Magnification:
x 60.

GFP/PEI/HA transfection in all cancer cell lines examined
(Figure 3A). LF2000 was highly toxic for all cell lines
compared with binary and ternary complexes. Binary
complex was more toxic than ternary complexes for
all cell lines tested, except OVHM and ASP (Figure 3B).
GFP expression by ternary GFP/PEI/CS or GFP/PEI/HA
transfection peaked at days 2 or 3 and persisted for
9-27 days in cancer cells (Figure 4).

Antitumor effect of small mGM-CSF/PEl/
CS ternary complex on subcutaneous
tumor-bearing mice

Small DNA/PEI/HA or CS complexes were prepared
with mGM-CSF-coding plasmid. It was freeze-dried and
rehydrated at 200 pg/ml for intratumoral injection. Mice
bearing OVHM tumor were injected with the complex
three times daily (each injection, 100 ug/500 pl of plasmid
per mouse). All control mice injected with medium died
within 102 days. Binary mGM-CSG/PEI complex yielded
a 20% rate of complete tumor reduction, whereas ternary
mGM-CSF/PEI/HA complex and ternary mGM-CSE/PEl/CS
complex yielded rates of 82% and 100%, respectively
(Figure 5A). These rates of reductions were significantly
different among types of treatment.
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Antitumor effect of small mGM-CSF/PEI/CS
ternary complex on intraperitoneal
tumor-bearing mice

Small DNA/PEI/HA or CS complexes were prepared with
mGM-CSF-coding plasmid. It was freeze-dried, rehydrated
and diluted in 7 ml of PBS for intraperitoneal and subcuta-
neous injection. Mice bearing intraperitoneal OVHM tumor
were injected with the complex six times daily (each injec-
tion, 100 pg of the plasmid per mouse). All control mice
injected with medium or binary mGM-CSG/PEI complex
died within 31 and 28 days, respectively. Ternary mGM-
CSF/PEI/HA complex significantly prolonged the survival
of mice compared to mice injected with medium control
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or binary complex, although all mice died within 71 days.
Furthermore, prolongation of survival was more pro-
nounced with ternary mGM-CSF/PEI/CS complex than
with mGM-CSF/PEI/HA, although all mice died within
130days (Figure 5B).

Discussion

The numbers of deaths as a result of ovarian cancer in
Japan and the USA are, respectively, 4000 and 14000
per year [14]. Of gynecologic cancers, ovarian cancer is
the most important and has the poorest prognosis. Al-
though the rate of recurrence of FIGO III stage ovarian
cancer remains 60-70%, ovarian cancer in this stage of in-
traperitoneal carcinomatosis is curable because metastasis
is local and within the abdominal cavity and not distant.
Ovarian cancer readily metastasizes to the abdominal cav-
ity because the ovaries abut the abdominal cavity. The
present study demonstrated that ternary mGM-CSF/PEl/
CS complex treatment significantly prolonged the survival
of mice with intraperitoneal carcinomatosis treated
with it despite a lack of complete remission, because
100 pg/500ul of ternary complex is a concentration
sufficient to treat 5-8mm subcutaneous tumors but
100 ng/7 ml is not sufficient to treat tumors in the large
intraperitoneal space. We set the upper limit of the dose
at 600 ug/body considering safety with intraperitoneal
administration because a greater than 1000 pg/body
intraperitoneal injection of ternary complex induced
20-30% of mouse death, whereas less than 1000 pg/body
that did not. It will be necessary to prolong the half-life of
ternary DNA complex in the abdominal cavity because it
readily migrates from the peritoneum to the systemic
circulation and excess intraperitoneal doses of ternary
DNA complex induce fatal side-effects as a result of PEI
toxicity. A large amount of liquid solution, Sml of 7 ml,
was used to treat intraperitoneal tumors because the
500 ul volume of liquid solution used for subcutaneous
tumors cannot reach all of the intraperitoneal space. A
2ml portion of 7ml of ternary complex solution was
injected into the OVHM cell-injected skin in the present
study. This subcutaneous injection completely prevented
the local recurrence of OVHM tumors in the injected skin
because more than 80% of mice exhibited recurrence
in the injected skin without any subcutaneous injection
of ternary complex solution. It appears likely that the
treatment with this ternary GM-CSF/PEI/CS complex
only cannot achieve cure but may furthermore improve
survival in cases of intraperitoneal ovarian carcinomatosis,
together with anticancer agents such as taxols, cisplatin,
and others.

GM-CSF, which has broad biological activity, was one of
the first cytokines to be identified [15]. GM-CSF regulates
the viability, proliferation, differentiation and function of
hematopoietic progenitor cells at the same time as
increasing the viability and function of dendritic cells,
the differentiation and growth of dermal Langerhans
cells, and the ability of antigen-presenting cells to capture
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Figure 4. Time course of transfection efficiency of HA or 10-kDa CS in human ovarian carcinoma PA-1 (A), RMG-1 (B), OVCAR3
(C), OCC1 (D), HEY (E) and murine ovarian carcinoma OVHM (F) cells. Percentage (%) of GFP-positive cells was determined

with a fluorescence microscope as the transfection efficiency.

foreign antigens [16]. GM-CSF alone or in combination
with other cytokines has been reported to enhance
immunity in cancer treatment [17,18]. Despite these
pharmacological properties, GM-CSF has a very short
biological half-life and therefore requires frequent
injection throughout treatment, which results in problem-
atic side-effects. In addition, the very limited serum
stability of cytokines and easy destruction and inactiva-
tion of body proteins indicate the need for the inves-
tigation of new routes of administration of GM-CSF. We
therefore investigated the efficacy of systems providing

Copyright © 2012 John Wiley & Sons, Ltd.

long durations of action in treatment with plasmid DNA
coding GM-CSF.

Binary GM-CSF/chitosan and GM-CSF/PEI complexes
were previously reported to induce immune responses to
Staphylococcus aureus infection in dairy cattle [19] and
to enhance antigen presentation in dendritic cell-based
vaccination [17], respectively. Although ternary mGM-
CSF/PEI/HA complex has been reported to inhibit the
growth of mouse melanoma cell tumors [11], this has
not yet been reported for ternary mGM-CSF/PEI/CS. We
used a gene delivery system prepared with PEI in the
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antitumor effect of mGM-CSF/PEI/HA or 10-kDa CS ternary complex in mice bearing intraperitoneal OVHM tumors. The complex
(100 pg/7 ml) was intraperitoneally and subcutaneously administered six times daily after the intraperitoneal inoculation of OVHM

cells (1 x 10° cells).

present study because that with chitosan is lower in trans-
fection efficiency [19,20]. Ternary complexes coated with
seamless, bovine or shark > 14-kDa CSs were reported
previously [21-23]. We have reported here for the first
time use of a 10-kDa fraction of CS as an anionic compo-
nent of ternary complex, and have shown that ternary
complex coated with this fraction exhibited higher
luciferase activity than when fractions of CS > 14-kDa or
high-molecular-weight HA were used. Furthermore, the
10-kDa fraction CS-coated mGM-CSF complex inhibited
the growth of intraperitoneal and subcutaneous tumor
in a syngeneic mouse model to a greater extent than did
ternary mGM-CSF/PEl/HA complex. In the present study,
the CS polymer was higher in gene expression efficiency
than the HA polymer, and the size of the CS polymer
was approximately two-thirds of that of the HA polymer.
Regarding the size after the polymer processing being
small, it is suggested to be advantageous for uptake in
the cell after attachment to the CD44 receptor on the cell
membrane. Furthermore, as we reported previously
[24,25], addition of polyanions, such as HA and polyeth-
ylene glycol derivatives, to the DNA/polycation complex
caused the loosening of the complex particles and improved
transcription efficiency by the effect of the charge balance in
the polyampholyte. The addition of CS would thus also

Copyright © 2012 John Wiley & Sons, Ltd.

loosen the complex. The loosening effect of CS would be
stronger than that with HA because CS has many strong
acid (sulfuric acid) pendants along the chain.

Three intratumoral injections of 100ug of ternary
mGM-CSF/PEI/CS complex induced complete tumor re-
duction in all subcutaneous tumors. There are many types
of tumors that can be directly injected in intratumoral
fashion, such as head and neck cancers, thyroid cancer,
esophageal cancer, breast cancer and skin cancer, as well
as gynecological cancers, such as vaginal cancer, vulvar
cancer and cervical cancer. Deep organ cancers such as
lung cancer, liver cancer, brain tumor and others and
digestive organ cancers such as gastric cancers, colon can-
cers, and others are, respectively, computed tomography-
or echo-guided and endoscopically-injectable tumors.
These tumors can therefore be radically treated only with
three intratumoral injections of ternary GM-CSF/PEI/CS
complex. This local treatment procedure appears promis-
ing because radical surgery for these tumors often
features severe postoperative complications, such as
behavioural disorders, dysphagia, eating disorders, weight
loss, incontinence and cosmetic problems, which often
decrease quality of life and make full social rehabilitation
impossible. Our method of ternary complex gene therapy
by intratumoral injection does not require hospitalization
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and could radically cure any cancer subject to monitoring
visually or by echographic, endoscopic, computed tomog-
raphy or other types of monitoring in the outpatient clinic.
This gene therapy could reduce the physical and financial
burden on patients, as well as national medical expenses.
Local intratumoral injection by GM-CSF/PEI/CS ternary
complex thus has the potential to replace surgery for
locally injectable tumors in the near future. Furthermore,
it appears very likely that it will become an important
method of treatment in place of anticancer drugs with
the further development of systemic treatment of cancers.
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