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48 hours. Mice with tumors that receivech@/ml of phlL-15

and EP at this protocol showed a 10.5 and 28 fold increase
over the injection only controp( 0.001) at 12 and 18 hours
after delivery respectively and maintained an elevated level of
expression from 24 to 48 hours. When phlL-15 was delivered
to tumors using 130@/cm 100 s pulses as a single delivery
the IL-15 expression was lower that of the groups that received
500V/cm 20ms pulses at 12, 18, and 48 hours but comparable
at 24 hours. When phlL-15 fig/ml)was delivered to tumors
using 1300//cm 100 s pulses expression appeared to peak
after 24 hours and showed a 15.1 fold increase over the injec
tion only control (p  0.0001). When phlIL-15 (@g/ml) was
delivered by EP using this protocol, IL-15 expression peaked
at 12 hours after the single delivery and remained through
24 hours before falling off at 48 hours.

When phlIL-15 (2ng/ml) was deliveredsing 500//cm, 20ms

or 1300v/cm, 100s pulses, IL-15 expression remained-ele
vated at similar levels above control at 12 hours after delivery.
Using these parameters and this plasmid concentration we
further investigated the effects on IL-15 expression after three
deliveries of plL-15 using EP on days 0, 3, and 6 (Figure 2).
Tumors were collected 12 hours after the day 3 and day 6
deliveries in separate experiments. IL-15 expression was also
measured in the serum by ELISA (data not shown) and found
to be less thang/ml in all groups tested. When tumors

Figure 1: Analysis of tumor homogenate for hiL-15 expression after a
single delivery of phlL-15. Expression of hiL-15 was measured by ELISA at
12, 18, 24, and 48 hours after a single intratumoral delivery df 50

of phlL-15 at a concentration of Infy/ml (A) or at a concentration of
2.0mg/ml B) using electroporation with various parameters delivered by a
circular 6 penetrating electrode array. Data is represented as the mean
hIL-15 concentration (pg/0.1g of tumor). Error bars represent standard
deviation. Student t-test was performed to calculate signi cance for each
group compared to injection only at that time point. The number of animals
in each group tested were between 8 and 16. P pulses; *p value 0.05. No
samples were tested at 24 and 48 hours for mice that received phlL-15 with
six 20ms pulses at 20&/cm.

. . Figure 2: Analysis of tumor homogenate for hiL-15 expression after a
at 24 and 48 hours. The hlgheSt IL-15 expression levels WeFr?SItiple deliveries of phlL-15. Expression of phlL-15 was measured by

detected at 12 and 18 hogrs after a single delivery in al samg|isa 12 hours after two intratumoral deliveries of 50f phiL-15

ples that were treated with 53cm 20ms pulses. Mouse (2.0mg/ml) on days 0 and 3 and 12 hours after three deliveries bb50
tumors that receivedriig/ml of phlL-15 and EP using this phIL-15 (2.0mg/ml) on days 0, 3, and 6 using electroporation with various
protocol showed a 17.6 and 26.4 fold increase over injectioﬁslrameters delivered by a circular 6 penetrating electrode array. Data is pre

. sented as the mean hIL-15 concentration (pg/@fitumor) over time. Error
Only control (p 0'001) at 12 and 18 hours after de“\lery bars represent standard deviation. Studeest was performed on each

r?Sp_eCtiveW- 'Expression degrgas?d thereafter but remaingghpie and signi cance calculated based on the injection only group at each
signi cantly higher than the injection only control through time point. n 12 for each group tested. P pulses; *p value 0.05.
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were collected after the day 3 and 6 deliveries, both EP con-
ditions used showed significantly elevated IL-15 expression
in the tumor compared to the injection only control. These
levels were not higher than the levels detected 48 hours after
a single delivery. From these results it does not appear that
multiple deliveries of plasmid using EP elevates IL-15 levels
in the tumors to those seen 12 hours after a single delivery.
However, it is clear that multiple deliveries can effectively
sustain IL-15 expression at statistically significant levels
above injection only control in tumors for more than six days.
This indicates that the animals are either building a resis-
tance to the foreign human protein or that the human IL-15
is unstable and is being regulated in some other way after it
is secreted. Studies have shown that the IL-15Ra is impor-
tant in stabilizing IL-15 in vivo and preventing degradation
through the proteasome (40). Other studies show that for-
mation of a complex between the IL-15 and the IL-15Ra is
essential for trans-presentation and subsequent signaling on
neighboring cells (41). Since the experiments in this report
did not include co-delivery of an IL-15Ro plasmid this could
be a contributing factor to the low levels of IL-15 seen in the
tumor after plasmid delivery with EP and the low levels seen
in the serum at corresponding time points (data not shown).

IL-15 is a tightly regulated cytokine and its expression is con-
trolled at the levels of transcription, translation and intracel-
lular trafficking (42). The plasmid used in this study encodes
human IL-15 and was optimized in an attempt to overcome
these impediments and produces a biologically active protein
that expresses 80-fold higher than the native construct (33).
Human IL-15 shares a 73% homology with the mouse gene. It
enhances antigen specific CD8+ immune responses and elic-
its an anti-tumor response when delivered by EP to melanoma

pVAX1

Control 1300 V/cm, 100 ps,

Day 14

Day 50

Figure 3: Effect of delivery of plasmid by electroporation on animal skin. All animals except controls received three deliveries of plasmid using EP on days
0, 3, and 6. Images were captured on day 14 (A-E) and day 50 (F-J). Images depict untreated (A) and treated tumors (B-E and G-J) and (F) naive mouse.

pVAX1
500 V/cm, 20 ms,
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(31, 33). Human IL-15 binds to mouse IL-15Ra with a simi-
lar affinity as the mouse IL-15 but the specific activity of the
human protein expressed in the mouse is much lower than the
mouse protein (43). The human IL-15 was shown to be less
effective at increasing the number and activity of spleen NK
and CD8+ cells in the mouse than the mouse IL-15 protein.
It was also suggested that IL-15 can be physiologically active
in some systems without the involvement of the IL-15Ra.
This provides evidence that the levels of human IL-15 gener-
ated in the tumors bind to the endogenous mouse IL-15Ra
and are most likely physiologically active.

Electroporation has been shown to be an effective means of
delivering plasmid DNA to tissues. The selection of electrodes
and pulse parameters such as pulse number, length and ampli-
tude are important to the efficiency of permeabilization of cells
in a given tissue (7, 44). The objective is to achieve tissue per-
meabilization without causing cell death. It has been reported
that various EP protocols can result in gene transfer (45). Pro-
tocols using millisecond pulses at relatively low voltage usu-
ally result in higher, prolonged gene expression compared to
high voltage millisecond pulses. In this study we evaluated
three EP conditions: six 200 V/cm, 20ms pulses; six 500 V/cm,
20ms pulses; and six 1300 V/cm, 100 s pulses. All pulses were
delivered using an applicator with a circular array of six pen-
etrating electrodes placed around the tumor. We found that the
200V/cm, 20ms EP pulses were not sufficient to generate high
levels of IL-15 after the plasmid was delivered. The most effi-
cient delivery of the plasmid as evidenced by gene expression
was shown by the 500V/cm, 20ms pulses followed by the
1300 V/ecm, 100 us pulses. Though the 500 V/cm pulses gener-
ate higher gene expression, they generate visible tissue damage
(Figure 3) that resulted in scarring of the skin and tissue.

phiL-15
1300 V/cm, 100 ps,

phiL-15
500 V/cm, 20 ms,
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Delivery of pIL-15 Using EP Results in Tumor Regression
and Long-term Survival

To determine the potential of delivering phIL-15 to tumors
using EP as an antitumor therapy, we delivered 50ug of
phIL-15 (2mg/ml) in sterile saline into established tumors
on C57BL/6J mice followed by EP on days 0, 3, and 6. Pre-
vious studies have shown the efficacy of a three treatment
EP mediated delivery of plasmid DNA for tumor regression
(32, 46). An applicator consisting of six penetrating elec-
trodes in a circular array was used to deliver six 1300 V/cm,
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100 us pulses or 500 V/cm, 20 ms pulses to the tumor. The
mice were monitored over the course of 50 days and the
tumor volume recorded (Figure 4). The data are expressed
as the percent of the tumor volume on day zero (% day zero
volume) and reported for non-responders (Figure 4A) as
well as responders (Figure 4B). Percent survival is reported
in Figure 5.

Control mice that received only injection of phIL-15 (no EP)
showed no response to treatment, their tumors increased in
size and the animals were humanely euthanized about two

-+ phiL-15 Injection Only (n = 12/12)

== pVAX1 + 1300V/cm, 100us, 6P (n = 8/14)
—+ phiL-15 + 1300Vicm, 100us, 6P (n=0/11)
++ pVAX1 + 500Vicm, 20ms, 6P (n=3/13)
- phiL-15 + 500V/em, 20ms, 6P (n = 6{12)

0
0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51
Time (Days)
(B) 180 —

-+ phiL-15 Injection Only (n = 0/12)

140 — === pVAX1 + 1300Vfem, 100us, 6P (n = 6/14)
—= phiL-15 + 1300V/cm, 100us, 6P (n = 11/11)

120 — = pVAX1 + 500V/em, 20ms, 6P (n = 10/13)
-2 phiL-15 + 500V/cm, 20ms, 6P (n = 6/12)

-
o
o

% Day Zero Volume
o«
(=1

60
40
20
0
0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51
Time (Days)

Figure 4: Tumor regression after multiple deliveries of phIL-15 using electroporation. Tumor volume (mm?) monitored over 50 days for non-responders (A)
and responders (B) following intratumoral delivery of 50 il of phIL-15 (2.0 mg/ml) on days 0, 3, and 6 using either six 100 us pulses at 1300 V/cm or six 20 ms
pulses at 500 V/cm delivered by penetrating electrode array. The group that received phIL-15 using six 20ms pulses at 500 V/cm had one mouse represented
on the non-responder graph (A), with a tumor that increased in volume up to day 30 and then regressed. On day 51 there was a measureable mass. Data is
represented as the average percentage of the volume of the tumor at day zero. Error bars represent standard deviation. The number of responders or non-
responders is indicated on the graph as a fraction of the total number of animals in each group. P pulses; pVAXI control plasmid; phIL-15 plasmid encoding

the hIL-15 gene.
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Figure 5: Survival after multiple deliveries of phIL-15 using electropo-

ration. The percentage survival of mice represented in Figure 4 is pre-
sented as a survival curve. Survival was monitored after the delivery of
50ul of phIL-15 (2.0 mg/ml) on days 0, 3, and 6 using EP with the
indicated conditions.

weeks after the last delivery. Plasmid DNA (phIL-15 as well
as control plasmid pVAXI1) delivered to tumors using EP
induced tumor regression and long-term survival in a percent-
age of the animals in each group (Figure 4B). Tumor volume
steadily decreased over the first three weeks and the animals
were all tumor free by day 24. These animals remained tumor
free for the duration of the experiment and were challenged
on day 56. No additional treatments were administered. One
animal in the group that was treated with control plasmid
and 20ms pulses at 500 V/cm showed a partial response
until day 39, after which the tumor volume began increasing
(Figure 4A). In the group that was treated with phIL-15 using
this pulse protocol, one animal showed a partial response as
well. In this case the tumor volume slowly increased over the
first four weeks, remained constant for a few days and then
decreased thereafter (Figure 4A). Melanoma is an aggres-
sive cancer with metastatic properties so it is important to
note that in some cases cells may have already migrated from
the primary site before the plasmid was delivered and there-
fore would not be treated. This would result in the animal
being classified as non-responsive to the phIL-15 therapy due
to the growth of a distant untreated tumor.

Mice that received phIL-15 delivered with 1300 V/cm 100 s
pulses showed 100% survival compared to a 43% survival
for mice given control plasmid using the same EP conditions.
phIL-15 delivered using 500 V/cm 20ms pulses showed
58% survival compared to a 77% survival for mice given
the control vector (pVAXI1). Pulses delivered under this EP
condition using this penetrating electrode array caused vis-
ible damage to the skin of the animal and potentially to the
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underlying tissues (Figure 3). Pulses delivered at 1300 V/cm
for 100us did not cause any visible damage to the skin of
the animals. The interesting finding in this study is the tumor
regression, long-term survival and the generation of a tumor-
specific memory response by the mice that received control
plasmid. Studies have shown that EP can act as an adjuvant in
recruiting immune cells to the site of administration (11, 12).
This effect of the EP pulses combined with the tissue damag-
ing nature of the 20ms pulses at 500 V/cm could lead to an
increased presence of immune cells in the tumor and account
for the increase in tumor regression and long-term survival
seen in mice receiving the control plasmid with EP. The lack
of visible damage to the tissue when 1300 V/cm pulses were
delivered might lead to fewer immune cells recruited to the
tumor, resulting in the lower survival rates observed for mice
receiving the control plasmid. Since the EP adjuvant effect
appears to be muted under these conditions the higher sur-
vival rate of mice receiving phIL-15 with EP at 1300 V/cm
could then be attributed to the physiological function of IL-15
in the tumor.

Plasmid DNA that does not encode a therapeutic gene deliv-
ered by EP has anti-tumor effects (11). Heller et al. showed
that the delivery of a plasmid encoding luciferase using ten
Sms pulses at 800 V/ecm with caliper electrodes induced
greater tumor regression and long-term survival than plas-
mid delivered using 1300 V/cm pulses. Delivery of pUCIS,
a plasmid that contains no mammalian sequences, using
Sms pulses at 800 V/cm resulted in tumor regression and
long-term survival in 70% of the mice. These findings are
similar to what was observed for pVAXI delivered by EP in
this report where vector control plasmid delivered by 20 ms
pulses at 500 V/cm resulted in greater survival than vector
plasmid delivered by 100 us pulses at 1300 V/cm. These anti-
tumor effects could be attributed to the CpG motifs that are
present on the plasmid DNA as these sequences can cause
tumor-specific immune responses (47-50). Plasmid delivery
by EP alters endogenous mRNA and protein expression of
cytokines and chemokines in melanoma based on the pulse
parameters used (10). EP itself has also been shown to acti-
vate proinflammatory chemokine and stress genes and cause
an influx of inflammatory cells to the site of administration
(51, 52). The generation of these cytokines could play a role
in the tumor-specific responses demonstrated in this report in
groups of mice that received control plasmid with EP.

From this study we have shown that three deliveries of
phIL-15 can increase the percentage survival of the animals
treated when compared to a previous study with two admin-
istrations of phIL-15 (31). Using three deliveries the group
treated with six 100us pulses at 1300 V/cm and showed 100%
survival at day 51, an improvement over the 40% survival
shown by mice that received phIL-15 delivered using a simi-
lar electroporation protocol, six 100 us pulses at 1500 V/cm.
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The three treatment protocol using the 1300 V/cm pulses also
increased the survival of mice that were given the vector con-
trol plasmid when compared to the two treatment protocol
using the 1500 V/cm pulses.

Delivery of phIL-15 Using EP Confers Resistance
to Challenge

Mice with tumors that completely regressed with long-term,
tumor-free survival were challenged by subcutaneous injec-
tion on the opposite flank of 50ul B16.F10 melanoma cells
(0.5 X 10%cells). No additional treatments with phIL-15
or EP were administered. The mice were monitored for an
additional 50 days and tumor growth, if any was quantified.
The outcome of the challenge was represented as percentage
overall survival in Table I. Mice were called “resistant” if
they remained tumor free for the duration and “non-resistant”
if tumors grew at the secondary inoculation site. Of the mice
given phlL-15 delivered with 1300 V/cm, 100us pulses 5
out of 11 (45% of the original n) were resistant compared to
the control plasmid group in which 3 out of the 6 challenged
(21% of the original n) were resistant. The mice that received
phIL-15 using 500 V/cm, 20ms pulses had 5 out of 7 mice
challenged (42% of the original n) were resistant to challenge
compared to 3 out of 9 (23% of the original n) being resistant
in the control plasmid group using the same EP condition.
This is a noteworthy observation, however the underlying
molecular mechanism of how delivery of control plasmid
leads to long-term survival and resistance to challenge in a
small percentage of animals is unclear at this time. These
results suggest that EP plays a large role in the tumor regres-
sion and resistance to challenge that were observed. They
also imply the generation of a memory immune response by
the animals to melanoma tumor antigens resulting from the
treatment of the initial subcutaneous tumor on the left flank.

Table I
Delivery of phIL-15 by electroporation results in long-term survival and
resistance to challenge. Mice that remained tumor free after the primary
inoculation of B16.F10 melanoma cells and delivery of pDNA using elec-
troporation were challenged on the opposite flank with a subcutaneous injec-
tion of B16.F10 melanoma cells. They were monitored for an additional 50
days. Data represents animals that were tumor free 50 days post challenge.

Challenge
Total animals Overall
(n) Day 0 (n) Day 50 (n) survival (%)
phIL-15 injection 12 0 0 -
pVAXI1+1300V/cm 14 3 21
phIL-15+1300 V/cm 11 11 5 45
pVAX1+500V/cm 13 9* 3 23
phIL-15+500 V/ecm 12 7* 5 42

*Of the 10 surviving animals in this group one was found dead on day 48.
*There was one mouse in this group that had a small tumor on day 51
that completely regressed by day O of challenge and was included in the
challenge.

Marrero et al.

This study has demonstrated the usefulness of using EP to
deliver phIL-15 as an anti-melanoma therapy. We have dem-
onstrated that the therapeutic protein IL-15 can be expressed
in the tumor at levels sufficient to cause tumor regression and
generate a specific memory response that protects the animal
from developing tumors when challenged. We cannot rule
out that the delivery of the empty vector using EP may play a
role in the overall anti-tumor effect. However, it is clear from
these data that the delivery of IL-15 expressing plasmid by
EP results in a higher percentage of animals resistant to chal-
lenge. Additional studies need to be carried out to enhance the
stability of thell.-15 protein once it is produced to improve
the efficacy of the therapy. Another plasmid backbone could
be used in future experiments to express the therapeutic gene
in order to further study the effect of delivering non-coding
DNA by electroporation.
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