
EXPERIMENTAL and MOLECULAR MEDICINE, Vol. 29, No 1, 53-58, March 1997

Retroviral-mediated IL-12 gene therapy for advanced
murine tumors

Seon Hee Kim,1,2 Chung Sun An,2

Hideaki Tahara,3,4 Chaehwa Park,5

Michael T. Lotze,3,4 Paul D. Robbins4 and
Sunyoung Kim1,6

1 Institute for Molecular Biology and Genetics, Seoul National 

University, Seoul 151-742, Korea

2 Department of Biology, Seoul National University, Seoul 151-742, 

Korea

3 Department of Surgery, University of Pittsburgh School of Medicine, 

Pittsburgh, PA  15261, U.S.A.

4 Department of Molecular Genetics and Biochemistry, University of 

Pittsburgh School of Medicine Pittsburgh, PA  15261, U.S.A.

5 Division of Hematology/Oncology, Samsung Medical Center, 

Seoul 135-230, Korea

6 Corresponding author

Accepted 6 February 1997

Abbreviation: IL-12, interleukin 12

Abstract

Interleukin 12 (IL-12), a heterodimeric cytokine,
promotes an effective antitumor response against
tumors of various histological types when delivered
systemically as a protein or locally by gene transfer.
We investigated parameters that influenced the effect-
iveness of IL-12 retroviral-mediated gene therapy of
cancer in animals using the murine breast cancer line
TS/A. Syngeneic fibroblasts (TIB80), stably transduced
with a retrovirus expressing murine IL-12, were used
for peritumoral injection. Injection of fibroblasts into
established tumors resulted in complete regression
of tumor in 40 % of animals in a dose dependent
manner when treated on day 4, and 20 % when treated
on day 8. Significant inhibition of growth of day 21 and
day 40 tumors was observed following peritumoral
injection of IL-12-expressing fibroblasts in a dose-
dependent manner. Delivery of IL-12 by syngeneic
fibroblasts at a tumor site is effective in eradicating
established, weakly immunogenic TS/A tumors.
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Introduction

Gene therapy strategies recently have been widely
applied to the treatment of cancer. One strategy involves

immunotherapy where immunomodulatory proteins are
delivered using either a viral or non-viral vector. For
example, delivery of cytokine genes such as interleukin
(IL-2) (Fearon et al., 1990; Gansbacher et al, 1990a), IL-
4 (Tepper et al., 1989), IL-12 (Tahara et al., 1994), TNF-
α (Asher et al., 1991), γ −INF (Gansbacher et al., 1990b),
and GM-CSF (Dranoff et al., 1991) have all been shown
to stimulate an immune response to mouse tumors.
Alternatively, expression of specific co-stimulatory mole-
cules such as CD80 (Freedman et al., 1991) or antigenic
proteins such as HLA -B7.1(Crowley et al., 1990; Nabel
et al., 1992) have been used to induce effective anti-tumor
immune responses. An alternative strategy involves the
use of suicide genes which converts an inactive prodrug
to a cytotoxic drug (Moolten et al., 1991; Plautz et al.,
1991), resulting in death of that cell and, to variable
extent, the surrounding cells. It is also possible to deliver
defective tumor suppressor genes such as p53 or Rb to
tumor cells, which can suppress cell growth or induce
apoptosis (Weinberg 1991; Zhang et al ., 1993). An
alternative, indirect approach for gene therapy of cancer
is to deliver genes expressing proteins such as the multi-
drug resistance gene (MDR) to drug-sensitive cells,
such as bone marrow stem cells, to facilitate protection
during dose-escalated anti-tumor chemotherapy (Galski
et al., 1989; Podda et al., 1992).

Of these approaches, cytokine-mediated cancer gene
therapy is the most attractive in many aspects. First, the
gene does not have to be delivered into the all tumor cells,
as cytokine expression in a few target cells theoretically
would be sufficient to elicit anti-tumor immune function.
In addition, the effect of enhanced cytokine expression
could induce systemic immune response, thereby treating
metastatic tumors. Furthermore, although systemic
administration of cytokines has been effective in a subset
of patients, the associated systemic toxicity makes clinical
application difficult (Tracy et al., 1988). The use of local
gene transfer of specific cytokines reduces the toxicity
associated with systemic administration, but enhances
the therapeutic efficacy (Fearon et al., 1990; Gansba-
cher et al., 1990; Tahara et al., 1994). Furthermore, gene
delivery can allow substantial levels of gene expression
for a prolonged period, so gene transfer is ideal for
delivery of unstable cytokines.

We investigated the anti-tumor effect of IL-12 in the
context of retroviral gene therapy. IL-12 is a heterodimer
consisting of p35 and p40 subunits (Kobayashi et al. ,
1990; Stern et al., 1990). IL-12 is produced mainly by
professional antigen presenting cells such as activated
macrophages, dendritic cells, and B cells (Gulber et al.,
1991; Wolf et al., 1991). IL-12 functions mainly on NK
and T-cells, stimulating production of IFN-γ and other



cytokines, enhancing the lytic activity of NK cells and
promoting expansion of activated NK and T cells (Chan
et al., 1991; Gately et al., 199; Nastala et al., 1994). L-
12 induces primarily a TH1 response promoting the
development of an effective cell-mediated immunity
(Manetti et al., 1993; Hsieh et al., 1993).

Delivery of recombinant IL-12 protein has a potent
antitumor effect when administered by direct peritumoral
injection or systemic administration (Brunda et al., 1993;
Tahara et al.,1994). However, clinical administration of
IL-12 has been associated with several side effects (Atkins
et al., 1996), suggesting that alternative strategies to
deliver IL-12 may be required. Potent anti-tumor effects
in established murine tumor models have been observed
with IL-12, when delivered using either tumor cells or
fibroblasts genetically engineered to secret murine IL-12
(Tahara et al., 1994; Tahara et al., 1995). In a series of
experiments, it was shown that various tumor cells
secreting IL-12 failed to establish tumors and that local
peritumoral injection of IL-12 secreting allogeneic or
syngeneic cells into established subcutaneous tumors
resulted in regression and complete disappearance of
these tumors in a dose-dependent manner. These results
suggest that IL-12 gene therapy may be highly effective
in treating human cancers. 

We have further investigated factors affecting the anti-
tumor potential of IL-12 in vivo using the murine breast
cancer line TS/A. Here we report that perilesional injection
of IL-12 expressing syngeneic fibroblasts exhibited
potent anti-tumor effects. The therapeutic efficacy was
influenced by the number of IL-12 expressing fibroblasts
injected and the time of establishment of the tumor. Of
particular significance, an effect on day 21 and day 40
tumors was also observed. These results, together with
previously published reports (Tahara et al., 1994, 1995;
Zitvogel et al., 1995), support the development of clinical
trials using local delivery of IL-12.

Materials and Methods

Tumor lines, animals, and in vivo tumor
experiments

The TS/A cell line is an aggressive and poorly immuno-
genic clone derived from murine breast adenocarcinoma
(Nanni et al., 1983). This cell was maintained in the
RPMI1640 containing 10% fetal bovine serum, 100 U/ml
penicillin and 200 μg/ml streptomycin. The syngeneic
fibroblast line TIB80 from BALB/c (ATCC, TIB80) was
maintained in DMEM containing 10% fetal bovine serum,
penicillin and streptomycin as described above. The CRIP
packaging line (Danos and Mulligan, 1988) and NIH3T3
cells were maintained in Dulbecco’s modified Eagle’s
medium (DMEM) containing 10% calf serum, 100 units
of penicillin/ml, 200 μg/ml streptomycin. The producer
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line derived from the CRIP packaging line was cultured
under the same condition. The TS/A tumor cells and
non-transformed fibroblast line TIB80 were transduced
with recombinant retrovirus from CRIP-IL-12 and CRIP-
NEO producer lines as described above. Stably infected
cells were selected in 0.75 mg/ml G418 media and the
G418-resistant colonies were pooled and used in murine
experiments. To establish tumors in mice, TS/A cells were
washed three times and resuspended at a density of 2

105 cells/100 μl, and inoculated subcutaneously in the
shaved area of the left flank of BALB/c mice. Syngeneic
BALB/c mice (Seoul National University) used in the
experiments were all 4-week-old and female. P a l p a b l e
tumors were detected consistently in 3-4 days postino-
culation of tumor cells. To test antitumor effects of IL-
12, cells harboring recombinant retroviruses or control
cells were injected into the appropriate site, d e p e n d i n g
on the experiment. Five to ten mice per group were used
in all animal experiments.

Retroviral constructs, producer lines, and IL-
12-expressing fibroblasts.

The retroviral vector containing genes for both p35 and
p40 (TFG-mIL12) was previously described ( Tahara et
a l., 1995). In the first day, 1 1 06 cells of CRIP packaging
line were seeded onto 100-mm dish, and next day,
retroviral constructs (MFG-mIL12 and MFG-NEO
plasmids) were transfected into CRIP cells using the
calcium phosphate precipitation method (Chen and
Okayama, 1987). After about 2 weeks, G418-resistant
colonies were formed which were then expanded
sequentially onto 96-, 24- and 6-well plates. IL-12 assay
was performed during expansion. Only IL-12-producing
cells were chosen for further experiment. The CRIP-
mIL12 and CRIP-NEO producers were cultivated at a
density of 1 1 06 cells/60-mm dish in 5 ml of fresh DME-
media at 37˚C. The supernatant containing virus was
harvested 36 h later and filtered with 0.45 μm pore
syringe filter and the unconcentrated viral stock were
either used directly or stored at -80˚C. One million of
TIB80 or TS/A cells were incubated with 5 ml of viral
supernatant in the presence of 8 μg/ml polybrene for 24
h in a 37˚C CO2 incubator. The viral supernatant were
then replaced with fresh medium containing 0.8 mg/ml
of G418. IL-12 was measured by both the antibody-
capture bioassay and ELISA using rat antibody specific
to IL-12 p75 heterodimer (Tahara et al., 1994, 1995;
Zitvogel et al., 1994, 1995).

Results

To test the anti-tumor effect of locally-delivered IL-12 in
vivo, we employed the procedure described previously
using genetically engineered fibroblasts for delivery of
IL-12, as summarized in Figure 1. The unique feature of
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this protocol is the use of normal syngeneic fibroblasts,
not the tumor cells, to express and deliver IL-12. The
retroviral vector expressing the two subunits of IL-12
and a neo r marker gene was transfected into the
packaging line CRIP to generate a stable producer line.
Cell-free viral supernatant from the CRIP-IL12 producer
was used to transduce the syngeneic fibroblast line
TIB80 and both non-selected and G418-selected
populations tested for the production of biologically active
IL-12. G418-selected fibroblasts produced
approximately 10 ng /106 cells/48 h of biologically active
IL-12 as measured in a 4-day PHA blast assay
performed on protein captured by solid phase anti-
murine p40 monoclonal antibody. The activity was
confirmed to be murine IL-12 by ELISA using rat
antibody specifically detecting IL-12 p75 heterodimer.

Eradication of established tumor (day 4) by
syngeneic fibroblasts expressing IL-12
We initially evaluated the effect of peritumoral injection
of syngeneic fibroblasts expressing IL-12 on the growth

of established tumor at early stage, days 4 and 8. The
weakly immunogenic murine breast cancer line TS/A
was subcutaneously injected into mice to induce tumor.
At appropriate times, IL-12 expressing fibroblasts were
injected into the tumor site or at distant sites as indicated,
and tumor growth monitored. When mice were inoculated
with 2 1 05 wild-type tumor cells TS/A on day 0, palpable
tumors (size 4 mm3) were readily detectable on day 4 and
they gradually grew during the course of experiments.
One million syngeneic fibroblasts expressing IL-12
( T I B 8 0 - I L12) were injected twice into the tumor site on
days 4 and 8. As a control, the same number of TIB80
cells transduced with the retrovirus lacking the IL-12
genes (TIB80-NEO) were used. All mice developed
palpable tumors on day 4. In control mice injected with
TIB80-NEO, tumors continued to grow (Figure 2). In
contrast, when mice were injected with TIB80-IL12,
palpable tumors detected on day 4 disappeared in 40%
of mice. Mice in which tumors were eradicated were
rechallenged with 2 1 05 wild-type tumor cells on day
40. The injected mice were immune to rechallenge,
suggesting the induction of long-term, systemic
immunity conferred by IL-12. When 1 105 TIB80-IL12
cells were injected into the tumor site, the effectiveness
of this therapy was reduced to 20% (Figure 2). Once the
tumor was eradicated, however, the mice were immune
to tumor rechallenge regardless of the number of IL-12-
expressing fibroblasts used in the first injection. These

Figure 1. Overall procedure for retroviral-mediated IL-12 gene therapy of cancer. TFG-

IL-12 ( Tahara et al., 1995) was tranfected to the packaging line CRIP and the producer

line constructed. Syngeneic fibroblasts (TIB80) were transduced with retroviral

supernatant from the producer line and selected in the presence of G418. Antibiotic-

resistant cell populations were subcutaneously injected to the appropriate site of mice.

Figure 2. Eradication of established tumor with IL-12 gene therapy. Two 1 05 T S / A

tumor cells were inoculated i.d. in the shaved area of the left flank of Balb/c mice. All mice
had palpable tumors by day 4. On days 4 and 8, high (1 1 06) and low (1 1 05)

concentrations of IL-12-expressing fibroblasts (TIB80-IL-12) or control cells (TIB80-NEO)

were peritumorally injected as indicated as arrows on the X-axis. On day 40, animals

without tumor were rechallenged with 2 105 original TS/A tumor cells in the o r i g i n a l

tumor site. The tumor-free animals were counted every 4 days and compared to those of

the TIB80-NEO-treated control group.
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results indicate that peritumoral injection of syngeneic
fibroblasts expressing IL-12 could eradicate early stage
tumors and that this protocol could protect against
rechallenge of wild type tumors. In mice where tumor
growth was not eradicated, tumor growth was slowed by
injection with cells expressing IL-12. In two separate
experiments, tumor size in mice injected with TIB80-
IL12 was smaller by 30-50% at day 30 than in control
mice, indicating that IL-12 was able to partially inhibit

tumor growth even in mice with non-regressing tumor
(Figure 3).

Effects of tumor ages on anti-tumor activity of
IL-12 expressing cells

In the above experiments, early stage tumors were used
to test the anti-tumor effects of IL-12. To test the effect
of the age of tumor of the therapeutic efficacy of IL-12,
we compared effects of peritumoral injection of TIB80-

Figure 3. Delayed growth of established tumor with IL-12 gene therapy.  Retroviral-

mediated IL-12 gene therapy was carried out as described in Figure 2. Tumor size was

measured from mice in which tumor grew and compared between experimental groups.
Tumor volume was calculated as (shorter diameter2 longer diameter; in mm3).

Tumor-free animals were excluded from this analysis.

Figure 4. Effects of tumor ages on anti-tumor activity of IL-12. Retroviral-mediated IL-12

gene therapy was carried out as described in Figure 2 except that 1 X 106 TIB80-IL-12

cells were subcutaneously inoculated on days 4 and 8, respectively. Control cells

(TIB80-NEO) were injected only on day 4.

Figure 5. Effect of IL-12 gene therapy on advanced tumor. Tumors were induced as
described in Materials and Methods. On day 21 and day 40, 1 106 or 1 107

syngeneic fibroblast expressing with IL-12 (TIB80-IL-12) or control cells (TIB80-NEO)

were peritumorally injected.
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IL12 cells on day 4 and 8 tumors. In all control animals
injected with TIB80-NEO cells, tumors developed and
continued to grow. When 2 106 TIB80-IL12 cells were
injected into the 4-day-old tumor, tumors were eradicated
in 40-60 % of animals (Figure 4) whereas in tumors
injected on day 8, tumor eradication occurred in 20% of
animals. This result indicated that the age and/or size of
tumor is important for effective treatment of tumors with
IL-12 gene therapy.

We also tested whether IL-12 gene transfer could be
used to slow down the growth of advanced tumors.
TIB80-IL12 cells were injected into the tumor site of day
21 tumor. When mice were injected with 1 1 06 c e l l s
expressing IL-12 into the tumor site, the size of the tumor
was reduced by almost 4-fold than in control mice (Figure
5A). It appeared that the more advanced tumor required
a larger number of IL-12 expressing cells. Injection of 1

106 cells expressing IL-12 into the tumor site of day
40 tumors did not seem to have significant effects on
the growth of mature tumors (data not shown). However,
when mice were injected with a higher dose of TIB80-
IL12 cells (1 107), the size of the tumors was reduced
by more than 2-fold than in control mice. It should be
noted that injection of 1 107 cells resulted in tumor cell
necrosis accompanying bleeding from the center of tumor
mass into which IL-12-expressing cells were injected.
However, this phenomenon was restricted to the tumor
site. This result suggested that cells exp-ressing IL-12
could be effective against mature tumors, but the dose of
transduced cells used for injection had to be determined
carefully.

Discussion

Using a retrovirus-mediated gene therapy protocol, we
have demonstrated that IL-12 has potent antitumor
activity against murine tumors. Therapeutic intervention
by IL-12 gene therapy could be initiated when tumors
were well established. When the treatment was initiated
on day 4, established tumors were eradicated in 40% of
animals. Even in mice which developed tumors, tumor
growth was delayed especially during the late stage of
tumor development. Tumor free mice were immune to a
subsequent challenge with wild type indicator tumor,
induction of systemic immunity. 

The time of treatment was important as a smaller
fraction of experimental mice were protected when tumors
were treated on day 8. We have previously shown that
tumor regression in a day 7 model was as efficient as in
a day 3 model (Zitvogel et al .,1995). One possibility for
this difference is the level of IL-12 produced between
transduced cells used in the two reports as our TIB80-
IL12 secreted lower amounts of IL-12. The second
possibility is that there is a difference in the tumor model
used, MCA 207 fibrosarcoma compared to the TS/A

tumor in this report. For example it is known that TS/A
is less immunogenic than MCA207. 

To more closely simulate the clinical situation, we
have tested anti-tumor effect on day 21 and day 40
tumors. At the concentration used for young tumors,
our protocol significantly slowed growth of day 21
tumor. However the same numbers of IL-12 expressing
cells did not have effects on growth of day 40 tumor.
Only when the larger number of IL-12-expressing cells
were used, tumor growth was significantly inhibited,
despite hemorrhage around the injection site. This
suggests that there might be a direct correlation
between tumor age and therapeutic levels of IL-12, and
that IL-12 might be effective against highly advanced
tumor when the appropriate cell number is used. In
overall, our results indicate that IL-12 gene therapy is a
viable form of cancer treatment, and warrants f u r t h e r
investigation.
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