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Murine Lewis lung (3LL) tumors are characterized by the
appearance of lung metastases after a regular period
following their s.c. transplantation. We tested the respective
efficiencies of various antitumor treatments: (i) electroche-
motherapy (ECT), i.e. the systemic injection of bleomycin
associated with electric puises, locally delivered, that
permeabilizes the tumor cells; (i) intratumoral injection of
histoincompatible cells that have been engineered in vitro to
secrete high amounts of interleukin-2; and (jii) the combina-
tion of these two treatments. The growth of the s.c.
transplanted tumors was followed up and the number of
lung metastases was counted 14 days after the treatment.
ECT alone resulted in the reduction of both the size of the
tumor and the number of lung metastases. This latter effect
can be partially explained by the effects of ECT on the s.c.
tumor mass from which 3LL cells escape to colonize the
lungs. The injection of IL-2-secreting cells alone had no
effect on the s.c. mass and only a limited effect on the
number of lung metastases. However, the combined treat-
ment ECT plus IL-2-secreting cells resulted in antimetastatic
effects potentiation that could resuit from stimulation of a
non-specific immune response through an increase of NK
activity. [« 1998 Lippincott-Raven Publishers.]
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Introduction

Electrochemotherapy (ECT) is a new antitumor treat-
ment based on the large potentiation of the antitumor
effect of bleomycin (a cytotoxic non-permeant drug)
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by the local delivery of permeabilizing e¢lectric
pulses.'™® These electric pulses result in the electro-
permeabilization (also termed electroporation) of the
cells in the tissue, allowing an increased drug delivery
inside the tumor cells.*™® Consequently bleomycin
antitumor effects are greatly enhanced in the electric
pulses-treated tumor, in the absence of side effects.
We have described the bases of electrochemotherapy
in vitro, including the mechanisms of cell death
induced by bleomycin.”® Using external electrodes,
we showed ECT effectiveness on s.c. tumors in
mice,'” rabbits” and cats,'"" as well as its clinical
feasibility on patients affected by permeation nodules
of head and neck squamous cell carcinoma.'''? Other
types of tumors have also been treated in patients.>"'?

In previous experiments, we demonstrated that the
host’s immune system plays a central role in the long-
term control of tumor growth and cure after ECT, and
that the systemic injection of interleukin-2 (IL-2)
results in an increase of the cure rate in mice.'* We
also reported the therapeutic benefits in mice of the
local and continuous presence of 1L-2 obtained by the
injection of histoincompatible 1L-2-secreting cells'® in
the peritumoral edema which appears after ECT.'®!”
We showed that the combination of ECT with IL-2-
secreting histoincompatible cells can be almost 100%
effective in causing the regression and cure of a locally
treated, established immunogenic fibrosarcoma.'® It
also caused regression and cure of a smaller, contra-
lateral, untreated established tumor of the same
histological origin.'” Finally, cured animals acquired a
long-term memory and appeared to be protected
against a later challenge by the same tumor cells.
These effects can transform ECT from a local
antitumoral treatment to a systemic anticancer treat-
ment, that might also act on metastases.
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In this context, we analyzed the antitumor and
antimetastatic  effects  of these treaments on a
classical tumor model, the 3LL Lewis lung carcino-
ma'® prone to regularly generate lung metastases.
The 3LL murine model has been used to study the
effects of surgery,'” of chemotherapy? and  of
various biological response modifiers?'** on metas-
tases development. The effects of the combination
of conventional chemotherapy with immunotherapy
have also been analyzed in the 3LL  murine
model.>*** The specific purposes of the work here
presented were to evaluate the effects of ECT, of
injections of IL-2-secreting cells, and of their
combination on the growth of transplanted 3LL
tumors and on the number of spontancously arising
3LL lung metastases.

Materials and methods
Tumor model

3LL tumors were maintained by serial passages in
C57Bl/6 mice (R Janvier, Orléans, France). Seven days
before the ECT, tumors were explanted, mechanically
dissociated and 10° 3LL cells were injected in the left
flanks of female C57Bl/6 mice 6-8 weeks old. Each
experimental group comprised eight to 10 mice with
tumors of 100-300 mm* on average.

Treatments

Electrochemothberapy. BLM (10 pg) was injected i.v.
and 4 min later, eight electric pulses of 1300 V/cm and
100 ps were applied at a frequency of 1 Hz through
external electrodes located at each side of the tumor.
The electric pulses were generated by a PS-15 cell
clectropulsator  (Jouan, Saint-Herblain, France) and
controlled using a digital storage oscilloscope VC-
6025 Hitachi (Tokyo, Japan).

Immunotherapy with  bistoincompatible, xeno-
geneic, [l-2-secreting cells. Chinese hamster ovary
CHO(L-2) cells were cultured under the usual cell
culture conditions in MEM culture medium supple-
mented with 8% fetal calf serum and antibiotics
(Gibco, Cergy-Pontoise, France). Before their inocu-
lation, cells were resuspended in MEM medium in
the absence of serum and 100 pl aliquots containing
10° CHOAL-2) cells were injected in the peritumoral
edema after ECT, or inside or close to the left flank
tumor in the absence of ECT, at various times after
the day of ECT.
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Follow-up

Tumors longest (@) and perpendicular largest (b)
diameters were measured at regular intervals with a
calliper-square. Volume was calculated by the formula
V=7rabz/(,. Mean tumor volume is the mean of all the
volumes, including 0 for complete regressions.

Determination of the metastatic burden in
the lungs

Animals were sacrificed 14 or 15 days after the day of
the treatment of the ECT-treated groups. India ink was
injected through the trachea to stain the normal lung
tissue, leaving the metastases as uncolored spots that
can be counted using a binocular microscope. After
the India ink injection, lungs were removed and
immersed in Bouin's fixative solution. After lung
fixation, the number and the individual size of the
metastases were determined.

Statistical analysis

The statistical significance of differences between the
groups was determined by Student’s unpaired f-test.

Results

Effects of the various treatments on the
growth of the s.c. transplanted tumors

Untreated tumors grew regularly and some untreated
mice died before the end-point of the experiment
(Figure 1). ECT produced a transient slight reduction
of the mean tumor volume at day 2 and tumor growth
was significantly delayed (Figure 1 and Table 1).
Contrary to untreated group, no mouse died during
the period between ECT and mouse  sacrifice
(Figure 1). The effects of the CHO(L-2) cells alone
on tumor growth were much less, both at day 2 and at
day 14 after the beginning of the injections (Figure 1
and Table 1). Whatever the number of injections of the
CHOL-2) cells (five injections, as in Figure 1 and in
Table 1, experiments 1 and 2, or three injections,
Table 1, experiment 3 and other data not shown), only
a slight slow down of tumor growth was obtained. The
combination of ECT and of injections of CHO(L-2)
cells resulted in significant antitumor effects in
contrast with tumor growth in the untreated control
mice (Table 1 and Figure 1). However, this combina-
tion did not significantly modify the tumor growth



with respect to ECT alone, except in experiment 1
(Table D).
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Figure 1. Tumor growth in mice treated by ECT or by

injections of CHO(IL-2) cells or by their combination. Circles,
controls (10 mice at day O; numbers between brackets
indicate the number of mice alive, showing that deaths
occurred before the experiment end-point in mice with the
largest and deepest tumors); squares, CHO(IL-2) cells alone
(10 mice at day 0); triangles, ECT alone (nine mice at day 0);
diamonds, ECT + CHO(IL-2) cells {(nine mice at day 0).

Table 1. Tumor volumes 14 days after ECT or after
injections of CHO(IL-2) cells or after their combination

Experiment Control CHO ECT ECT+CHO
(IL-2) (IL-2)

1 100 - 394+12°  16+10%°
(n=10) (n=10 (n=12)
2 100 65+30° 27+18° 1548°
(n=10) (n=10)  (n=10) (n=10)
3 100 66+29° 21+10° 14+9°
{n=7) (n=8) (n=9) (n=9)

Results of three representative independent experiments are
reported. In the first and second ones, the treatment using
CHO(IL-2) cells consisted of five injections of 10° cells at days O,
1, 2, 3 and 4; in the third experiment, only three injections were
performed at days 0, 1 and 2. Treatment efficacy was evaluated 14
days after the treatment. Results are reported as the percentage
(x SD) of the mean of tumor volumes in the experimental group with
respect to the mean of tumor volumes in the control group. Absolute
values of the control tumors mean volumes at day 14 were:
3600 + 900, 4400 + 1300 and 6100+ 900 mm? for experiments 1, 2
and 3, respectively. Significance of the differences in tumor volumes
at day 14 is reported in the table (°p<0.05 and ®p<0.001 with respect
to’the control group; °p<0.05 with respect to the ECT alone group).

Antimetastatic effects of electrochemotherapy

Effects of the various treatments on the
number of lung metastases

The effects of the various treatments on the small
(diameter less than 1 mm) or on the large (diameter
greater than 1 mm) metastases were different.

For the small metastases (Figure 2 and Table 2),
injections of CHO(L-2) cells alone did not result in a
significant reduction in the number of metastases
with respect to the untreated control group. ECT
alone produced a significant reduction in the
number of small metastases (p<0.001 in three
separate experiments). When both treatments were
simultaneously applied to mice, a significant reduc-
tion was obtained in the number of small metastases
with respect to the treatment by ECT alone in some
experiments as well as when all the data were
analyzed together (<0.01).

For the large metastases (Figure 3 and Table 2),
the injections of CHO(L-2) cells alone, the ECT
alone as well as their combination displayed
significant effects in some experiments (#<0.05) as
well as when the data were analyzed together
(p<0.01). However, the combined treatment did
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Figure 2. Number of small metastases, with an apparent

diameter less than 1 mm, in mice treated by ECT or by
injections of CHO(IL-2) cells or by their combination.
Metastases numbers and sizes were determined as
described in Materials and methods on groups of 27
(control), 18 (CHO(IL-2) cells), 29 (ECT) and 31 (ECT +
CHO(IL-2) cells) mice corresponding to the mice entered in
the three independent experiments of Table 1.
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Table 2. Number of lung metastases 14 days after ECT or after injections of CHO(IL-2) cells or after their combination

Control CHO(IL-2) ECT ECT+CHO(IL-2)

Mean number of 22+15 15+10 39+6.0° 0.7+1.4%¢
metastases with

diameter <1 mm

Mean number of 77+6.3 3.1+3.22 3.0+3.72 1.7+2.72
metastases with

diameter >1 mm

Number of mice 0/27 018 529 (17%) 16/31 (52%)

without metastases

The results of the three experiments separately reported in Table 1 have been pooled. The number and the size of lung metastases was
determined after necropsy of the mice at day 14, staining of the lungs and visual determination of the presence of metastases, as described in
Materials and methods, on groups of 27 (control), 18 (CHO(IL-2) cells), 29 (ECT) and 31 (ECT + CHO(IL-2) cells) mice. Values are mean + SD.
Significance of the differences in metastases numbers is reported in the table (*p<0.01 and °p<0.001 with respect to the control group; ¢p<0.01

with respect to the ECT alone group).
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Figure 3. Number of large metastases, with an apparent
diameter greater than 1 mm, in mice treated by ECT or by
injections of CHO(IL-2) cells or by their combination.
Metastases numbers and sizes were determined as
described in Fig. 2.

not display a significant reduction of the number of
large metastases with respect to the ECT alone.

These results can also be expressed according to the
number of mice without metastases. All the mice of
the control and CHOL-2) cells alone groups showed
lung metastases at the necropsy. After ECT alone, 17%
of the mice did not display lung metastases at the
necropsy. This result was clearly improved in the case
of the combined treatment, that resulted in more than
50% of mice without metastases (Table 2).
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Discussion

Antitumor effects of ECT

Our results show that Lewis lung tumor treatment by
ECT transiently slowed down or arrested the tumor
growth and reduced the number of metastases
counted at necropsy on a fixed day. Therefore, ECT
had clear antitumor effects cven if, contrary to
situations previously reported with other murine
tumors,"*>** no complete regression nor cures of
animals was achieved. 3LL has been a tumor model
frequently used in the past.'” "% It was already
known that it was characterized by a poor immuno-
genicity.” Since we demonstrated the role of the host
immune response to obtain cures after ECT,'"!” the
poor immunogenicity of the 3LL carcinoma can be
related to the findings reported here that the 3LL
tumors are less responsive than other immunogenic
murine tumor models previously used.'*>2°

The local antitumor effects of ECT here reported
should be due, as in other situations histologically
documented, to a large tumor cell killing in the tumor
mass.” '’ This should result in a decrease in the
shedding of metastatic cells that could explain the
reduction in the number of lung metastases in the ECT-
treated mice.

Effects of the IL-2-based immunotherapy
alone or in combination with the ECT

The IL-2-based immunotherapy alone did not result in
net antitumor effects, neither on the volume of the
transplanted mass nor in the number of metastases.
However, compared to ECT alone, the combination of



ECT with the injections of CHO(L-2) cells provoked a
decrease of the metastases number and an increase in
the number of mice without lung metastases. It is
noteworthy that these beneficial effects were observed
even if the combined treatment did not result in
increased local antitumor effects on the s.c. trans-
planted tumor. Thus the reduction in metastases
number observed after the combined treatment
cannot be merely due to a decrease in the shedding
of metastatic cells as a result of tumor cell death in the
treated volume. Consequently, this reduction in
metastases number could be due, at least in part, to
stimulation of the host immune response by IL-2 in the
context of the ECT-treated tumor. This host’s anti-3LL
response could be due to the stimulation of the NK
activity since the role of the non-specific immune
response and, in particular, the role of the IL-2-
stimulatable NK cells has already been reported in
the 3LL model.”

CHO(L-2) cells seem to be an interesting immuno-
therapeutic agent when combined to ECT because, on
an immunogenic fibrosarcoma, the prolonged pre-
sence of the IL-2 secreted by these xenogeneic cells
may potentiate the host’s immune response up to the
effects previously reported.'” In the weakly immuno-
genic 3LL tumor, we now report that the combination
of ECT with the continuous presence of large amounts
of IL-2 in the vicinity of the tumor (secreted by the
intratumorally or peritumorally injected CHO(L-2)
cells) results in a clear decrease in the number of
countable metastases. Therefore, in conclusion, our
results suggest that it seems beneficial to combine ECT
with a locally delivered I1L-2-based immunotherapy not
only in the case of highly immunogenic tumors but
also in the case of weakly immunogenic tumors.
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