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Inhibition of colon tumor growth by IL-15 immunogene therapy
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Abstract.Interleukin-15isapleiotropic cytokine thathas poten-
tial for cancer immunegene therapy. We previously reported
the construction and characterization of IL-15 overexpression
vectors pHi2-IL15-CMV-tat (L1) and pHi2-spIL15-CMV-tat
(L3), as well as carcinoembryonic antigen promoter-amplified
IL-15 expression plasmid vectors pHi2-IL15-CEA-tat (L2) and
pHi2-spIL15-CEA-tat (L4). In the current study, we evaluated
the expression and therapeutic efficacy of these vectors using
a mouse colon carcinoma model. Plasmid vectors were trans-
fected into SW480 and MCF-7 cells, and IL-15 overexpression
was confirmed. IL-15 expressed by transfected tumor cells
stimulated spleen cell proliferation in vitro. Intraperitoneal
injection of plasmid pHi2-spIL15-CMV-tat (L3) into mice
resulted in transgene expression by peritoneal mesothelial
cells, inhibited CT-26 tumor growth and prolonged the survival
of tumor-bearing mice. In addition, the in vivo transfection
of plasmid pHi2-spIL15-CMV-tat (L3) via electroporation
slowed the tumor formation of subcutaneously inoculated
CT-26 cells. These data suggest that IL-15 overexpression
achieves therapeutic effects in a mouse cancer model and that
these gene transfer approaches should be further evaluated for
use in the treatment of human cancers.

Introduction

Immunotherapy has emerged as a promising approach for
cancer treatment. Cytokine-based immune gene therapy,
aimed to boost the anti-tumor immune responses via cytokine
gene transfer, has been rigorously investigated. Numerous
cytokines have been tested in preclinical settings and in
phase I/IT gene therapy clinical trials, including granulocyte-
macrophage colony-stimulating factor (GM-CSF), tumor
necrosis factor-a (TNF-a), IFN-v, interleukin-2 and inter-
leukin-12 (1,2). Currently, interleukin-15 (IL-15) is attracting
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attention for its use in cancer immune gene therapy due to its
specific activities on both innate and adaptive immune cells.

IL-15 is a pleiotropic cytokine that promotes the expan-
sion, activation and maintenance of natural killer (NK) cells
and CD8* T cells, as well as stimulating the function of
neutrophils, macrophages and dendritic cells (3). IL-15 is a
potent inducer of CC-, CXC- and C-type chemokine expres-
sion in T lymphocytes. In contrast to IL-2, IL-15 inhibits
antigen-induced cell death, and previous data have shown
that IL-15 is capable of reversing T-cell anergy (4). Therefore,
IL-15 is a promising cytokine for cancer immunotherapy.
However, IL-15 signaling occurs through a complicated
trans-presentation mechanism by binding to its high affinity
receptor IL-15Ra (5), which limits the use of recombinant
IL-15 in cancer therapy. Expressing IL-15 in vivo via a
genetic approach may therefore be a more effective strategy.
In a previous study (6) we constructed the IL-15 overexpres-
sion plasmid vector, pHi2-spIL15-CMV-tat, as well as the
carcinoembryonic antigen (CEA) promoter-controlled IL-15
overexpression plasmid vector, pHi2-spIL15-CEA-tat. In both
of these vectors, the HIV2 promoter directs IL-15 expression
and a CMV or CEA promoter drives the expression of the
transcriptional transactivator, tat, to enhance the efficacy of
the HIV2 promoter. The CEA-specific positively controlled
IL-15 overexpression plasmid led to a significant amount of
IL-15 production in CEA-positive human colon carcinoma
SW480 cells (6). In the present study, we further evaluated the
expression and therapeutic efficacy of these vectors in vitro
and in vivo using a clinically relevant gene transfer approach
for IL-15 gene therapy in a mouse model. The data revealed
that IL-15 expressed by transfected tumor cells stimulated
spleen cell proliferation in vitro, and that IL-15 gene transfer
enhanced NK cell activity. Intraperitoneal injection of the
pHi2-spIL15-CMV-tat plasmid resulted in transgene expres-
sion by peritoneal mesothelial cells and inhibited mouse
colon carcinoma CT-26 tumor growth in vivo. In addition,
transfection of plasmid pHi2-spIL15-CMV-tat via electro-
poration slowed subcutaneously inoculated CT-26 tumor
formation.

Materials and methods

Animal and cell lines. BALB/c mice (aged 6-12 weeks) were
purchased from the animal center of the Institute of Radiation
Medicine, Chinese Academy of Medical Sciences (Tianjin,
China) and were maintained in the animal facility at the



HE et al: 1L-15 IMMUNOGENE THERAPY FOR MURINE COLON CANCER 97

Tianjin Medical University General Hospital. Human colon
carcinoma SW480 cells, human breast carcinoma MCF-7 cells
and mouse colon carcinoma CT-26 cells were obtained from
the American Type Culture Collection (Manassas, VA, USA).
Cells were maintained in RPMI-1640 supplemented with 10%
fetal bovine serum (Invitrogen, Beijing, China), 2 mM gluta-
mine, | mM pyruvate, 50 uM 2-mercaptoethanol, penicillin
(200 U/ml) and streptomycin (200 pug/ml) at 37°C in a 5%
CO,/95% air atmosphere.

Genetic constructs. The IL-15 expression plasmid
vectors used in this study were pHi2-IL15-CMV-tat (L1),
pHi2-IL15-CEA-tat (L2), pHi2-spIL15-CMV-tat (L3) and
pHi2-spIL15-CEA-tat (L4). The construction and character-
ization of these vectors has previously been described (6).
Briefly, IL-15 expression was driven by the HIV2 promoter
in all these vectors and the activity of the HIV2 promoter was
amplified by the expression of tat driven by the CM'V promoter
(L1 and L3) or the CEA promoter (L2 and L4). In plasmids
pHi2-spIL15-CMV-tat (L3) and pHi2-spIL15-CEA-tat (L4),
high levels of IL-15 expression were achieved by replacing
the IL-15 signal sequence with the IL-2 signal sequence. In
addition, pHi2-EGFP-CMV-tat (L6) vectors, in which the
gene encoding enhanced green fluorescence protein (EGFP)
was cloned into the same backbone plasmid as L1 behind the
HIV2 promoter, were used to evaluate transfection efficiency.
Backbone vector pHi2-MCS-CM V-tat was used as a control
and was generously provided by Dr Harris at the University of
Arizona (AZ, USA).

Cell transfection. Tumor cells were transfected with plasmid
DNA by electroporation. Briefly, cells were plated at a
concentration of 5x10° cells/well in 2 ml medium in 6-well
plates and grown to 70-80% confluence. Just prior to transfec-
tion, the culture medium was removed and cells were washed
with phosphate-buffered saline (PBS). A 20 ug plasmid DNA
diluted in 100 ul OptiMEM (Gibco, Rockville, MD, USA)
medium was added to each well. Pulses were applied to the
tumor cells through the petri dish electrode using a power
supply device (BTX ECM 830, Genetronic, CA, USA). For
MCEF-7 cells, the parameters were 140 V/cm, six 20-msec
pulses. For SW480 cells, the parameters were 200 V/cm,
six 20-msec pulses. Following electroporation, fresh RPMI
was added to the well for a total volume of 2 ml. Cells were
cultured for 24 h, after which time the culture supernatant
was collected.

Enzyme-linked immunosorbent assay (ELISA) for IL-15
production. Following 24 h of transfection, culture super-
natants were collected and tested for IL-15 expression using
ELISA according to the manufacturer's instructions (R&D
Systems, MN, USA). Briefly, a 96-well plate was coated with
anti-mouse IL-15 antibody and blocked with bovine serum
albumin-containing buffer. After washing the cells, a stan-
dardized IL-15 solution and the cell culture supernatants were
added to the wells. Following 2 h of incubation, the plate was
washed, and the biotin-labeled detection antibody and avidin-
horseradish peroxidase (HRP) were added. Following an
additional 1-h incubation and washing, the substrate solution
was added and absorbance was detected at 450 nm.

Cell proliferation assay. Spleen cells were harvested from
BALB/c mice and were cultured at a concentration of
4x10%ml in RPMI for 48 h with 100 gl culture supernatants
from transfected cells. A total of 20 ul of methyl thiazolyl
tetrazolium (MTT) (5 mg/ml) was then added to the wells
and the assay plates were incubated for an additional 4 h. The
supernatants were discarded and 150 ul of DMSO was added
to each well. After the crystals dissolved, the 490 nm absor-
bance was detected using a microplate reader.

NK cell cytotoxicity assay. BALB/c mice were injected
intraperitoneally with IL-15-expressing plasmid or backbone
plasmid at days 1,4 and 7. A group of mice were administered
PBS solution as a control. Mice were sacrificed at day 10 and
their spleens were harvested. NK cells were isolated by nega-
tive selection using MACS NK Cell Isolation Kit (Miltenyi
Biotec Inc., CA, USA) according to the manufacturer's instruc-
tions. Briefly, spleen cells were treated with biotin-antibody
cocktail and then mixed with anti-biotin microbeads. After
washing with buffer, the cell suspension was applied onto the
column placed in the magnetic field in a MidiMACS Separator
(Miltenyi Biotec). Unlabeled cells that passed through the
column were collected as effector cells. The Yac-1 cells were
used as target cells. Cytotoxicity assays were performed using
a CytoTox96 non-radioactive cytotoxicity assay kit (Promega,
Madison, WI, USA). Briefly, a constant number of target cells
and various numbers of effector cells were co-cultured in
100 pl of medium in a round-bottomed 96-well plate for 12
h. A total of 50 ul of supernatant was harvested and lactate
dehydrogenase (LDH) in the supernatant was measured using
a 30-min coupled enzymatic assay. Absorbance data at 490 nm
were collected using a microplate reader.

In vivo animal fluorescence optical imaging. In vivo animal
fluorescence optical imaging was performed using the
Xenogen system (Xenogen, Alameda, CA, USA). Twenty
four hours prior to imaging, each mouse was administered an
intraperitoneal injection of 200 ul of formulation containing
50 pg plasmid DNA or 200 ul PBS. Just prior to imaging, the
mouse was sacrificed and its abdomen opened, and it was
placed in the light-tight chamber. Fluorescent images and
bright field photographs were captured for each imaging time.
The merged bright field photographs and fluorescent images
were generated and analyzed with the Igor (WaveMetrics,
Lake Oswego, OR, USA) and IVIS Living Image (Xenogen,
Alameda) software packages.

In vivo animal study. Mice were inoculated intraperitoneally
with 1x107 CT-26 cells, treated by abdominal injections of
PBS, plasmid pHi2-MCS-CM V-tat or pHi2-spIL.15-CMV-tat
on days 3, 5 and 7, and were monitored for survival. For
intra-tumor gene transfer, BALB/c mice were subcutaneously
injected with 5x10° CT-26 cells. When the tumors reached 6-8
mm in diameter at day 7, the animals were anesthetized and
injected with purified plasmids formulated at 0.1 M PBS. A
formulation containing 50 yg DNA was injected directly into
each tumor for the experimental group while the control group
received an injection of 50 ug naked plasmid. For electro-
poration following DNA injection, the two heads of a caliper
electrode were positioned on opposite sides of the tumor with
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Figure 1. IL-15 expressed by transfected tumor cells stimulated spleen cell proliferation in vitro. (A) SW480 and MCF-7 cells were transfected with the IL-15
expression plasmids pHi2-IL15-CMV-tat (L1), pHi2-IL15-CEA-tat (L2), pHi2-spIL15-CMV-tat (L3) and pHi2-spIL15-CEA-tat (L4) by electroporation.
Culture supernatant was collected 24 h following transfection, and IL-15 expression was detected by ELISA. The mean + SD of a representative of three
triplicate experiments is shown. (B) Spleen cells were isolated and treated with the supernatant from IL-15 expression plasmid-transfected tumor cells. MTT
assays were used to determine the proliferation of spleen cells. Supernatant from non-transfected tumor cells was used as a control. Data are representative of
three triplicate experiments. ELISA, enzyme-linked immunosorbent assay; MTT, methyl thiazolyl tetrazolium.

contact to the skin. Pulses were applied to the tumor through
the electrode using a power supply device (BTX ECM 830,
Genetronic). The parameters were 200 V/cm, six 20-msec
pulses. Plasmid injection and electroporation were performed
twice, on days 7 and 10. Tumors were measured every three
days with calipers, and the tumor volume was calculated using
the formula: length x width? x 7/6.

Statistical analysis. Values are expressed as the means +
standard deviations (SD). Results were compared using the
Student's t-test. A p-value less than 0.05 was accepted as indi-
cating a significant difference. Animal survival was evaluated
by the Kaplan-Meier analysis.

Results

IL-15expressionbytumorcellsfollowingelectroporationinvitro.
SW480 and MCF-7 cells were transfected with plasmids pHi2-
IL15-CMV-tat, pHi-IL15-CEA-tat, pHi2-spIL15-CMV-tat
and pHi2-spIL15-CEA-tat by electroporation. As previously
described, plasmids pHi2-IL15-CMV-tat and pHi2-spIL15-
CMV-tat have the CMV promoter driving tat expression,
whereas pHi2-IL15-CEA-tat and pHi-spIL15-CEA-tat have
the CEA promoter driving tat expression. Plasmids pHi2-
IL15-CMV-tat and pHi2-IL15-CEA-tat have the natural
IL-15 signal peptide, whereas pHi2-spIL15-CMV-tat and
pHi-spIL15-CEA-tat have the IL-2 signal peptide, replacing
the IL-15 signal peptide. As shown in Fig. 1A, pHi2-spIL15-
CMV-tat gave rise to the highest level of IL-15 expression in
the two cell lines (178.0 pg/ml for SW480 cells and 369.9 pg/
ml for MCF-7 cells). For the pHi2-spIL15-CEA-tat plasmid,
a comparable level of IL-15 expression was achieved in
CEA-positive SW480 cells (163.7 vs. 178.0 pg/ml, p>0.05),
whereas in CEA-negative MCF-7 cells, a significantly lower
IL-15 expression was detected (140.0 vs. 369.9 pg/ml,
p<0.05). Plasmids pHi2-IL15-CMV-tat and pHi2-IL15-CEA-
tat gave rise to lower levels of IL-15 expression compared

to pHi2-spIL15-CMV-tat and pHi-spIL15-CEA-tat. These
results confirmed that the IL-2 signal peptide was more effi-
cient in causing IL-15 expression and that the CEA promoter
was capable of inducing a targeted transgene expression in
CEA-positive tumor cells. The transfection efficiency was
~20% for SW480 cells and ~26% for MCF-7 cells, as deter-
mined by transfection of the EGFP-expressing plasmid under
the same conditions (data not shown).

IL-15 expressed by transfected tumor cells stimulated spleen
cell proliferation in vitro. To determine the function of IL-15,
spleen cells were cultured with the supernatant of tumor

80 r
-=— Control

—o— pHi2-MCS-CMV-tat
—+— pHi2-splL15-CMV-tat

60 r

40 t

30

Specific lysis (%)

10 +

40:1 201 10:1 5:1

E:T ratio

Figure 2. IL-15 gene transfer increased the cytotoxicity of NK cells. NK
cells were isolated via negative selection using a MACS NK Cell Isolation
Kit. Yac-1 cells were used as target cells. Cytotoxicity assays were per-
formed using a CytoTox96 non-radioactive cytotoxicity assay kit. Specific
lysis at four E:T ratios is shown. NK cells isolated from naive mice were
used as a control group. Data are representative of three triplicate experi-
ments.
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Figure 3. Gene expression of intraperitoneal and intra-tumor gene transfer. For intraperitoneal gene transfer, each mouse was injected intraperitoneally with
200 pl of formulation containing (A and C) 50 ug pHi2-EGFP-CM V-tat plasmid DNA or (B and D) 200 u1 PBS, 24 h prior to imaging. Transgene expression
was assessed by in vivo animal fluorescence and optical imaging was performed using the Xenogen system. (A) and (B) show whole-body imaging prior to
opening the abdomen, and (C) and (D) show whole-body imaging after opening the abdomen. Images are representative of two experiments with 4 mice in
each group. For intra-tumor gene transfer, the plasmid pHi2-EGFP-CM V-tat was injected into CT-26 tumors formed by the subcutaneous inoculation of CT-26
cells. Each mouse received (E) 50 pg of naked plasmid or (F) PBS, followed by electroporation. Tumor tissue was harvested 24 h following gene transfer and
was observed using a fluorescence microscope. Images are representative of two experiments with 4 mice in each group.

cells transfected with the IL-15 expression plasmids, and the
proliferation of the spleen cells was monitored. Compared
to the control medium, all supernatants harvested from the
IL-15 expression plasmid-transfected SW480 cells, and
supernatants harvested from pHi2-IL15-CMV-tat-, pHi2-
spIL15-CMV-tat- and pHi2-spIL15-CEA-tat-transfected
MCEF-7 cells, significantly stimulated spleen cell proliferation
(p<0.05) (Fig. 1B). The stimulatory activity of supernatant
harvested from pHi2-spIL16-CM V-tat-transfected SW480
cells resembled the activity of 125 pg/ml of recombinant
IL-15 (absorbance value 0.690+0.100 vs. 0.695+0.030). These

results indicate that IL-15 expressed by genetically modified
tumor cells is biologically active and can stimulate spleen cell
proliferation.

Enhanced cytotoxic activity of NK cells following IL-15 gene
transfer. The cytotoxic activity of NK cells isolated from
mice treated with IL-15-expressing plasmids was assessed
using Yac-1 cells as target cells. BALB/c mice were injected
intraperitoneally with IL-15-expressing plasmids or backbone
plasmid on days 1, 4 and 7, and spleen cells were collected on
day 10. NK cells were isolated from the control mice, backbone
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Figure 4. IL-15 plasmid injection increased the survival of mice
inoculated with CT-26 tumor cells and decreased CT-26 tumor growth.
(A) Mice were inoculated intraperitoneally with 1x107 CT-26 tumor
cells and treated by abdominal injection with PBS (solid line), backbone
plasmid pHi2-MCS-CMV-tat (dotted line), or IL-15 expression plasmid
pHi2-spIL15-CMV-tat (dashed line) on days 3,5 and 7, and survival time was
monitored. pHi2-spIL15-CMV-tat vs. PBS or pHi2-MCS-CMV-tat (n=10
for each group), P<0.05. Animal survival is shown using the Kaplan-Meier
survival curves. (B) Mice were inoculated subcutaneously with 5x10° CT-26
tumor cells. After tumors were palpable at days 7 and 10, PBS (solid triangle),
50 ug backbone plasmid pHi2-MCS-CM V-tat (square) or 50 ug IL-15 expres-
sion plasmid pHi2-spIL15-CMV-tat (diamond) were electroporated into the
tumor, and tumor volumes were monitored. Each value is the mean + SD
(n=6 for each group). pHi2-spIL15-CMV-tat vs. PBS or pHi2-MCS-CMV-
tat, P<0.05. PBS, phosphate-buffered saline.

vector-treated mice and IL-15 expression plasmid-treated mice
via negative selection using MACS beads. As shown in Fig. 2,
NK cells isolated from all groups lysed Yac-1 cells efficiently.
A significant increase in cytotoxicity was observed in the
NK cells prepared from mice treated with IL-15-expressing
plasmids. At the effector to target cell ratio of 40:1, the specific
lysis of NK cells prepared from pHi2-spIL15-CM V-tat-treated
mice was 65.6%, whereas the specific lysis of NK cells
prepared from control and pHi2-MCS-CM V-tat-treated mice
was 31.6 and 36.7%, respectively (p<0.05).

Transgene expression in the peritoneum followed intra-
peritoneal injection of naked DNA plasmid or in vivo
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electroporation. To determine whether intraperitoneal plasmid
injection is capable of inducing efficient transgene expression,
EGFP-expressing plasmid pHi2-EGFP-CM V-tat was injected
into the peritoneal cavity of BALB/c mice. Each mouse was
injected with 200 ul of formulation containing 50 pg plasmid
DNA or 200 p1 PBS 24 h prior to imaging. Transgene expression
was assessed by in vivo animal fluorescence optical imaging
using the Xenogen system (Xenogen). GFP expression was
observed in the plasmid-treated mice (Fig. 3 A-D), indicating
that the peritoneal mesothelial cells acquired the plasmids and
that the transgene was expressed. In addition, to assess in vivo
transgene expression in tumor tissue following electroporation,
the pHi2-EGFP-CM V-tat plasmid was injected into tumors
formed by the subcutaneous inoculation of CT-26 cells. Each
mouse received 50 pg of naked plasmid or PBS, followed by
electroporation. Tumor tissue was harvested 24 h following
gene transfer and observed using a fluorescence microscope.
GFP expression was observed in pHi2-GFP-CM V-tat-treated
tumor tissue (Fig. 3E and F).

Decreased intraperitoneal and subcutaneous tumor forma-
tion following IL-15 expression plasmid gene transfer. The
therapeutic effect of IL-15-expressing plasmids was assessed
using an intraperitoneal tumor formation model or a subcu-
taneous tumor formation model with CT-26 cells in BALB/c
mice. We monitored the mice for 45 days following intraperi-
toneal inoculation of the CT-26 cells. Most mice in the control
groups died in the fourth week post-inoculation; however, 80%
of the mice treated with IL-15 expression plasmids survived,
and there was no sign of tumor growth in these animals during
the observation period (Fig. 4A). These data indicate that
an intraperitoneal injection of the IL-15 expression plasmid
pHi2-spIL15-CMV-tat is capable of increasing the survival
of mice inoculated intraperitoneally with CT-26 tumor cells.
Similarly, electroporation of pHi2-spIL15-CMV-tat also
inhibited the formation of tumors in mice subcutaneously
injected with CT-26 cells. Compared to the PBS control and
backbone vector groups, all of the tumors stopped growing
in mice that received three treatments of electroporation with
50 ug pHi2-spIL15-CMV-tat plasmid (Fig. 4B). Mice were
monitored for a total of 45 days and revealed no signs of tumor
recurrence.

Discussion

Cytokines play an essential role in the regulation of immune
responses and hold great promise for cancer immunotherapy.
IL-15, with its broad activity on cells involved both in innate
and adaptive immunity, is an attractive candidate for immu-
nogene therapy. IL-15 was first isolated from a simian kidney
epithelial cell line in 1994 by Grabstein ef al (7). It promotes
the survival, proliferation, activation and maintenance of
NK and CD8* T cells, and it also stimulates the function of
neutrophils, macrophages and dendritic cells. Overexpression
of IL-15 has been shown to result in the expansion and acti-
vation of NK cells, CD44M"CD8+memory cells and yOT
cells (8). IL-15 contributes to enhanced immune memory by
selectively propagating memory T cells and by blocking IL-2-
mediated T-cell death (9). IL-15 has also been shown to be a
chemoattractant for T lymphocytes, NK cells and neutrophils.
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In addition, IL-15 is a potent inducer of CC-, CXC- and C-type
chemokine production in T Ilymphocytes (10).

The administration of IL-15 has been shown to effectively
inhibit tumor growth in mice (11). Enhanced tumor immu-
nosurveillance has been demonstrated in IL-15 transgenic
mice (12). Using IL-15 transgenic mice, Yajima et al (13)
examined the effects of in vivo IL-15 overexpression on protec-
tion against murine B16 melanoma, and they demonstrated
that tumor growth was severely retarded in transgenic mice
following subcutaneous inoculation with B16.44 or B16F10
cells. IL-15 transgenic mice revealed enhanced antitumor
activities of NK cells and CD8* T cells (13). In a previous study,
we constructed the amplified IL-15-expressing plasmid vector,
pHi2-spIL15-CMV-tat, to achieve a high level of IL-15 expres-
sion (6). In the present study, we applied our IL-15 expression
vector to a clinically relevant technique. We demonstrated that
intraperitoneal gene transfer and electroporation of plasmid
pHi-spIL15-CM V-tat protected mice from CT-26 tumor chal-
lenge.

The peritoneal cavity is a common site for colon and
gastrointestinal cancer metastasis and recurrence following
surgical treatment. There are abundant mesothelial cells in
the peritoneal cavity. Previous studies have indicated that
peritoneal mesothelial cells have a potent ability to produce
a number of cytokines (14). Tanaka et al reported that IL-10
expressed by peritoneal mesothelial cells via gene transfer was
capable of suppressing the peritoneal dissemination of malig-
nant tumor cells (15). In this study, we investigated whether
the expression of IL-15 within the peritoneal cavity was
capable of enhancing the ability of immune cells to control
tumor growth. We demonstrated that the intraperitoneal injec-
tion of our plasmid vector resulted in a significant amount of
transgene expression by mesothelial cells and, importantly,
that intraperitoneal IL-15 gene transfer decreased the growth
of CT-26 tumors. Naked DNA has been shown to be a safe,
simple and inexpensive approach for gene delivery. Therefore,
intraperitoneal IL-15 gene therapy may be used in clinical
settings to control peritoneal carcinomatosis caused by tumor
recurrence following surgery.

To investigate whether the expression of IL-15 in the tumor
tissue would result in a biological effect, we transfected a
subcutaneously grown tumor with IL-15 plasmid via electro-
poration. Electroporation is one of the most commonly used
methods for in vivo gene transfer, and numerous cytokines
have been investigated for cancer immunogene therapy using
electroporation, including IL-2, IL-12 and GM-CSF (16-18).
Electroporation has also been applied in clinical trials; Daud
et al (19) reported that IL-12 plasmid electroporation in
patients with metastatic melanoma resulted in increases of
IL-12 protein levels proportional to the plasmid dose, as well
as marked tumor necrosis and lymphocytic infiltration. A total
of 42% of patients in that study exhibited disease stabilization
or a partial response (19). In the present study, we have demon-
strated that intratumoral IL-15 gene transfer by electroporation
is capable of decreasing tumor growth.

In conclusion, the IL-15-expressing plasmids we
constructed achieved efficient transgene expression following
in vitro and in vivo gene transfer. Intraperitoneal injection of
plasmids results in transgene expression by epithelial cells in
the peritoneum. An IL-15-expressing plasmid is capable of

decreasing the growth of inoculated tumor cells following
intraperitoneal injection and is capable of prolonging mouse
survival. Electroporation of the IL-15-expressing plasmid into
tumor tissue may retard the growth of tumors in mice subcu-
taneously inoculated with CT-16 cancer cells. Therefore, this
study provides evidence for the application of IL-15 in cancer
gene therapy and for the continued examination of ampli-
fied IL-15 expression plasmid vectors for use in preclinical
settings.
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