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We investigated suppression of murine B16(F10) melanoma tumor growth following a therapy
which involved concomitant administration of cyclophosphamide and plasmid DNA bearing in-
terleukin-12 gene. Since both therapeutic factors display antiangiogenic capabilities, we assumed
that their use in blocking the formation of new blood vessels would result in augmented inhi-
bition of tumor growth. This combined therapy regimen indeed resulted in a considerable sup-
pression of tumor growth. We observed a statistically significant extension of treated animals’
lifespan. Interestingly, the therapeutic effect was also obtained using a plasmid without an inter-
leukin gene insert. This observation suggests that plasmid DNA, which has been widely applied
for treating neoplastic tumors, contains element(s) that elicit immune response in mice.
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INTRODUCTION

Formation of new blood vessels (angiogenesis)
is critical for continued growth of neoplastic tumors
(Folkman, 1971). Since tumor vasculature assures the
supply of necessary nutrients and oxygen, inhibit-
ing its formation should lead to the arrest of tumor
growth and spread (Longo et al., 2002; Indraccolo,
2004). The quest for effective inhibitors of neoangio-
genesis has been one of the most intensely explored
anticancer research strategies in recent years. Such
inhibition can ensue from the action of various fac-
tors, such as endogenous proteinaceous inhibitors,
exogenous compounds, gene therapy constructs
as well as chemotherapeutics (Longo et al., 2002;
Sivridis et al., 2003; Indracollo, 2004; Tandle et al.,
2004). In this report, we show data demonstrating
that suppression of tumor growth can result from
a combination of two therapeutic agents: a genetic
construct in the form of plasmid DNA containing
interleukin-12 (IL-12) gene and a chemotherapeutic,
cyclophosphamide (CTX).

IL-12 is a 72-kDa cytokine, consisting of two
subunits: p45 and p35 (Hendrzak & Brunda, 1995).

This cytokine stimulates proliferation of T lym-
phocytes and NK cells, induces synthesis of other
cytokines (among them INF-y and TNF-a) and dis-
plays antiangiogenic properties (Hendrzak & Brun-
da, 1995; Tandle et al., 2004).

Compounds employed primarily as chem-
otherapeutics can also be administered as anti-
angiogenic agents (Browder et al., 2000; Longo et al.,
2002; Kerbel & Kamen, 2004). They induce primarily
apoptosis of endothelial cells within the vascular
bed of a tumor. This, in turn, leads to apoptosis of
tumor cells (Browder et al., 2000). Drugs of this kind
are frequently dispensed in low doses (so-called met-
ronomic schedule). Such scheduling of chemothera-
peutics minimizes their toxicity (Longo et al.,, 2002).
Since combining independent antiangiogenic agents
may lead to synergy it appeared to us that the stra-
tegy of supplementing gene therapy with chemo-
therapy would perhaps improve the effectiveness
of treatment of tumors. We here demonstrate that
gene therapy based on an IL-12-containing plasmid
construct and accompanied by chemotherapy with
CTX results in significant suppression of B16(F10)
tumor growth in mice.

Abbreviations: CTX, cyclophosphamide; IL-12, interleukin-12; INF-vy, interferon-y; NK, natural killer; PBS, phosphate-
buffered saline; PMSF, phenylmethylsulfonyl fluoride; TNF-a, tumor necrosis factor-a.
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MATERIALS AND METHODS

Plasmids. We used in our therapeutic experi-
ments the pBCMGSNeo/mIL-12 plasmid that con-
tains sequences encoding both subunits of murine
IL-12 (p35 and 540, separated by an IRES sequence),
under the control of the CMV promoter (construct
obtained from Dr. H. Yamamoto from Osaka Univer-
sity, Japan). As a control, the pPBCMGSNeo plasmid
(obtained from Dr. H. Karasuyama from the former
Basel Institute of Immunology, Switzerland) was
used. For in vivo experiments plasmids were isolated
using EndoFree Giga Kit (Qiagen). Mice received in-
tratumorally, for 2 days, 50 ng of plasmid DNA in
100 pl Ringer’s solution with 0.05% lactose.

Cell culture. B16(F10) murine melanoma cell
line was cultured in RPMI 1640 medium supple-
mented with 10% fetal bovine serum (FBS) (ICN), at
37°C under 5% CO,.

Animals. Six- to eight-week-old C57BL/6 mice
were bred and maintained at an on-site animal facil-
ity.

B16(F10) tumors. Female C57BL/6 mice had
their dorsal side shaved and were inoculated sub-
cutaneously (2 x10° B16(F10) melanoma cells in
100 pl PBS™ per animal). Administration of therapeu-
tic DNA was started on day 8 of experiment, when
tumors were 4-5 mm in diameter. The size of the
tumors was calculated from the following formula:
Volume = (Width)? x Length x 0.52.

Cyclophosphamide (CTX). (Baxter Oncol-
ogy GmbH) was injected into mice intraperitoneally
(170 mg/kg, in 0.9% NaCl) every 6 days (Browder et
al., 2002).

IL-12 determination in tumor tissue. Plas-
mid DNA (50 pg) in 100 pl of Ringer’s solution was
administered into neoplastic tumors (6—7 mm) once.
After 3, 6, 9 or 24 h the tumors were excised and
homogenized in lysis buffer (Promega) supplement-
ed with 1mM EDTA (pH 8.0) as well as protease in-
hibitors (1 mM PMSF and 1 mM benzamidine). IL-12
concentration in homogenates was determined using
Mouse Quantikine M IL-12 p70 kit (R&D Systems).

RESULTS AND DISCUSSION

This short report summarizes the results of
B16(F10) murine melanoma therapy achieved using
a combination of two agents: a plasmid construct
containing an IL-12 gene insert (genetic therapy) and
CTX (chemotherapy).

Plasmid DNA carrying cloned IL-12 gene was
injected intratumorally without the use of a carrier.
Two different administration schedules (twice a
week or every two days) were evaluated. The more
frequent administration of the IL-12 insert-containing

plasmid resulted in improved therapeutic efficiency.
Possibly, this was the consequence of the very brief
duration (6-9 h) of the IL-12 residence in the tu-
mor (Fig. 1). Within 24 h of DNA administration,
the amount of this cytokine drops down to levels
comparable to those in a tumor not subjected to the
treatment. An increase of the IL-12 level was also
noted following administration of a control plasmid
(without insert), but in this case the cytokine was
present for no longer than 6 h. This transitory occur-
rence probably represents an immune response due
to the presence of CpG sequences in plasmid DNA
(Carpentier et al., 2003).

Some authors reported (Budryk et al., 2000;
Shi et al., 2002) that IL-12 gene administration yield-
ed total regression of Renca (murine renal carcino-
ma) and CT26 (murine adenocarcinoma) tumors. In
our study we could not achieve a complete tumor
eradication. This might be because we examined a
different tumor model which is less immunogenic
than either CT26 or Renca.

As a chemotherapeutic,c, we used CTX. Ini-
tially, administration schedules were analogous with
those adopted by Browder et al. (2000). The observed
side effects were, however, much stronger than those
reported therein. If drug administration was repeat-
ed more than four times, the animals’ body mass
started to decrease and even some mice harbor-
ing small tumors died. This was especially striking
in cases where the combined therapy regimen was
applied. When using DNA, we were constrained to
limit the application of CTX to three doses and we
decided to administer the therapeutic factors inter-
mittently. This treatment limited body weight loss.
Typically, the therapy was initiated by injecting the
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Figure 1. Determination of IL-12 level in tumors.

The experiments were carried out on mice harboring tu-
mors 5-6 mm in diameter. IL-12 concentration was asses-
sed following single administration of 50 ug of DNA in
100 pl Ringer’s solution with 0.05% lactose. Tumors were
excised after 3, 6, 9 or 24 h. Each data point represents
an average of three determinations. IL-12 concentration is
expressed in pg per ml of tissue homogenate. As control,
tissue from untreated tumor was used.
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Figure 2. Suppression of tumor growth following admin-
istration of CTX and IL-12.

C57Bl/6 mice were inoculated subcutaneously with
B16(F10) cell suspension. CTX was administered intraperi-
toneally (170 mg per kilogram of body mass; large arrows).
DNA (empty pBCMGSNeo plasmid or pBCMGSNeo with
IL-12 gene insert) was administered intratumorally (50 ng/
100 pl of Ringer’s solution supplemented with 0.05% lacto-
se; small arrows). Eight mice were used per experimental
and control group each.

animals with CTX on the 3rd day after inoculation
with neoplastic cells. A postponed start of the therapy
(after mice had already developed identifiable tu-
mors) yielded much worse therapeutic effects (not
published). This observation agrees with the earlier
data published by Budryk et al. (2000).

In our experiments which tested a combina-
tion therapy the animals first received two doses
of the chemotherapeutic agent on days 3 and 9 of
therapy. Then, plasmid DNA administration (either
empty vector or vector containing IL-12 insert) en-
sued from day 11 to day 25. Following this, on days
27 and 33 the mice again received the chemothera-
peutic and the therapy was concluded with plas-
mid DNA readministration between days 35 and
49. Upon premature termination of therapy, tumors
quickly regrew and animal survival was reduced as
compared to that in full-length therapy.
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Figure 3. Survival of mice subjected to combined the-
rapy.

Administration of CTX alone only yielded a
minor therapeutic effect. Although the rate of tumor
growth was diminished, the survival of treated ani-
mals did not differ significantly from that of control
mice.

In the case of combined therapy used by us
the rate of tumor growth was decidedly lower com-
pared to that in mice receiving CTX only (Fig. 2).
To explain this effect, one should consider immune
response mechanisms. Plasmid DNA contains un-
methylated CpG sequences, which are known to in-
duce expression of proinflammatory cytokines at the
tumor site (Carpentier et al., 2003). For the empty
plasmid the effect was weaker compared to plasmid
DNA containing the IL-12 insert. Nonetheless, also
in this case suppression of tumor growth was ob-
served and animal survival was better than that of
mice treated with CTX only (Fig. 3).

To conclude: a combined therapy using an
appropriate administration schedule of an IL-12
gene construct and CTX distinctly reduces the rate
of murine melanoma tumor growth and prolongs
animal survival.
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