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In contrast, Ahlers et al. [13] found that the suppression of Eherapy with soluble mIL-13R-Fc leads to antitumor response
cytotoxic T lymphocytes-inducing vaccine apparently was direnaddels where type Il NKT cells inhibit natural tumor immuno-
least in part to NKT cells, because they were able to enhance vaaeiedlance by a mechanism involving IL-13, whereas IL-12 stimu-
efficacy by blockade of IL-13 or by using CD1-deficient mice ktats several antitumor pathways, including type | NKT activation.
lack NKT cells. Terabe et al. [14] showed that, in the absence oftberth, we associated gene therapy with chemotherapy by using &
type | NKT cells and T-reg cells, type Il (nont¥J 18+) NKT cyclopalladated drug (7A) that has been shown to be protective in
cells were responsible for suppression of immunosurveillance. Mierehallenged subcutaneously with B16F10-NEX2 melanoma cells
fore, NKT cells can regulate positively or negatively the immuri@Xk-The combination of gene therapy and chemotherapy conferred
sponse, and a strategy that would involve stimulation of NKT typeréased protection against melanoma with 30% mice free of tumor
subpopulation (e.g., by administering IL-12) and suppression oatdhe end of experiment.
trol of NKT type Il cells might render a more efficient antitumor
immune response.

NKT type Il cells regulate negatively the immune response pfalterials and Methods
ably through the production of IL-13. First described in 1993 [15],

IL-13 is secreted preferentially by activatglyimphocytes and Cell Lines and Reagents

NKT cells, but macrophages, DCs, NK cells, mast cells, and baB&6F10-Nex2 is a subline from B16F10 murine melanoma [32],
phils can also produce it. This interleukin inhibits inflammatsojated at the Experimental Oncology Unit (UNONEX). It is char-
cytokine and chemokine production, up-regulates MHC classtidrized by low immunogenicity and moderate virulence. The mela-
expression and CD23 on monocytes [15,16], increases the expressiancells were maintained in culture in RPMI 1640 medium
of VCAM-1 on endothelial cells [17], and promotes B-cell prah 7.2, supplemented with 10% heat-inactivated fetal calf serum,
eration and IgE class switching [18,19]. It plays crucial roles it@haM HEPES Nl -2-hydroxyethylpiperazihe2-ethanesulphonic
pathophysiology of allergic asthma, helminthiasis, autoimmunadi; 24 mM NaHCQ, all from GIBCO (Minneapolis, MN), and
orders, and chronic diseases [20]. IL-13 signaling requires bindifignbg/ml gentamycin sulfate (Hipolabor Farmacéutica, Sabara, MG,
the IL-13R 1 receptor, which then forms heterodimers with Beazil). Monoclonal antibodies (mAbs) conjugated with phycoery-
IL-4 receptor (IL-4R) [21-23]. IL-13, however, shows higher afhrin (PE) against mouse CD3, CD4, and CD8, mAbs conjugated
finity binding to the 2 chain of the IL-13 receptor (IL-13B, with flourescein isothiocyanate (FITC) against mouse NK1.1 and
which may function as a decoy receptor and is important to d&éwWf80, and mAbs biotinylated against cytokines were all purchased
regulate ag2-mediated immune response [24]. This chain is unétge PharMingen (San Diego, CA).

of signaling because it has a short cytoplasmic tail and does not ac-

tivate the STAT6 pathway [25]. However, Fichtner-Feigl et al. Plage

found that IL-13 binding to IL-13R2 may activate AP-1 transcrip- Inbred male 6- to 8-week-old C57BL/6 mice were purchased
tional factor to induce secretion of transforming growth factor foeta Centro de Desenvolvimento de Modelos Experimentais at Fed-
(TGF-). eral University of Sdo Paulo (BRESP). All animal experiments

The role of IL-13 on tumor immunity seems to be complex arete approved by the Animal &xmental Ethics Committee of
may depend on both the tumor type and the genetic backgrouttN&FESP, protocol number 1340/2003. In all experiments, 10 mice
the host. Previous studies have shown that IL-13 enhanced antitver®msed per group.
responses in some model systems [27] or did not affect tumor growth
[28,29]. Conversely, mIL-13R-Fc prevented IL-iBediated sup- Construction of the mIL-13Ra2-Fc DNA Vaccine
pression of tumor immunosurveillance [3,14]. In a 15-12RM fibrofo construct the mIL-13R2-Fc (murine IL-13 receptor alpha-2/
sarcoma model of tumor recurrence, the authors showed tfiat IgB®a Fc fusion protein) chimera, the sequence corresponding to
CTL-mediated tumor elimination was suppressed by IL-13 prodilm=dxtracellular domain of the receptor (amino acids 1-332) was ob-
by CD1d-restricted T cells and activated IL-EIAT6 signaling tained from macrophage total RNA, whereas those from Fc regions
pathway. IL-4R knockout (KO) and STAT6 KO mice but no{CH2-CH3) were amplified from hybridoma 17C [33], both using
IL-4 KO mice were resistant to tumor recurrence. When theserkvdrse transcriptiggolymerase chain reaction (RT-PCR). RNA ex-
KO mice were treated with soluble inhibitor of IL-13, they becaraetions from mouse peritoneal macrophages pretreated with 1L-13
resistant to tumor recurrence indicating that IL-13 was resporaibldrom hybridoma 17C were carried out using Trizol reagent
for the suppression of tumor immunosurveillance in this model. Mbreitrogen Brasil, Sdo Paulo, Brazil), following the manufadturer
over, CD1d-KO mice were also resistant to tumor growth becstusetions with minor modifications. Reverse transcrmiigmerase
they lack NKT cells hence did not produce IL-13. In a metastds reaction was performed uSiffitgermo Script RT-PCR Sys-
model of colon carcinoma, the same mechanism was observedenféirevitrogen) and oligo dT, according to the manufastingruc-
treatment with soluble protein IL-13RFc diminished the numbertions. DNA was eliminated after treatment with DNase | (Rnase-free;
of metastasis [7]. An effector mechanism in this suppressiveAradrsham GE Healthcare, PiscayaiNJ), and controls without
way was proposed by Terabe et al. [4], who showed that ‘CDrElierse transcription were included in all reactions. The PCR mixture
Gr-1" myeloid cells produced TGPy a mechanism dependent otonsisted of 1/10 of the RT reactidag buffer (20 mM Tris-HCI
the presende vivoof both IL-13 and CD1d-restricted T cells. Becaysé 8.4, 50 mM KCI), 200 M deoxynucleoside triphosphates (ANTP),

T cells do not respond to IL-13 [16], other cells are stimulated to htomM MgC), 2.5 UTagDNA polymerase (Invitrogen), and\ of
duce TGF- that can be the cytokine responsible for the inhibiteesch primer. The oligonucleotide primers used to amplify mI2-13R
of CTL activity. Now, this hypothesis can be examined by studsintFc region were as followsd&TC GAC ATG GCT TTT GTG
IL-13R 2 chain function in macrophages responding to IL-13 [26,8HT ATC AGA TGC- 3 (forward, P1); 5d TCC GGA GCC CTT
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TGA GTC TGG CCC TGT GTA- 3 (reverse, P2) and&l GGC and 100 | of H,O, in PBS and blocked with distilled water. The
TCC GGAM GCA CCT AAC CTC TTG GGT G- 3 (forward, biologic activity (high and specific interaction with IL-13) was assesse
P3);5-d TCTAGATCATTTACC CGG AGT CCG GGA- Jre- in a chemiluminescent enzyme-linked immunosorbent assay (ELISA)
verse, P4). The mIL-13R and Fc coding sequences were ampliBzefly, white immulon-2 plates (it Roskilde, Denmark) were coated
after 35 cycles at 94°C for 1 minute, 59°C (or 60°C for Fc) for 2 mith recombinant murine IL-13 (2)/ml; Peprotech, Ribeirdo, Brazil)
utes, and 72°C for 1 minute. Each fragments was cloned into a pGERBS overnight. Plates were washed with PBST and blocked witt
T easy vector (Promega, Madison, WI), the inserts were automafiB&h1% BSA (3 hours at 37°C). Purified supernatant from trans-
sequenced, and the sequences compared with those availabltedatetheells diluted in RPRS6 BSA was added and incubated for 3 hours
GenBank (IL-13R2, gi = 6680404; CH2-CH3 IgG2a, gi =at 37°C. Biotinylated goat antimouse IL-13R. g/ml; R&D Sys-
51767065 and gi = 406252). Nucleotide sequencing was caeies) was added and incubated overnight at 4°C. Peroxidase-labelc
out in the facilities of the Center of Human Genome at Sao Pstnéptavidin (1:1000; 1 hour at 37°C) was used to detect biotinylated
University (USP). To generate the final construct (1656 bp) engbd¥Finally, 1:50 ECL (Enhanced Chemiluminescent detection Kit;
ing IL-13R 2 fused in frame with the Fc region through the spasmiersham Pharmacia Biotech) was added, diluted in 0.5 M carbonate
Gly-Ser-Gly, we followed a modified PCR overlap technique jg&rbonate buffer pH 9.6. Readindat{ve luminescent units) were re-
using both plasmids as template (10 ng id @breaction mixture). corded in a luminometer (Cambridge Technology, Auburn, CA). The
The first round of PCR (35 cycles at 95°C for 30 seconds, 55°€ofmrentration of mIL-13R-Fc in the sample was determined from a
30 seconds, and 72°C for 2 minutes) was run in the presensarialFfold diluted standard mIL-12~higG1 (R&D Systems). Con-

0.4 M ofeachinternal primer (P2, P3),M of each external primertrols with empty vector were used in all experiments.

(P1, P4) Tagbuffer, 1.5 mM MgC], 200 M of each dNTP, and

2.5 U of platinumTaq polymeradavitrogen). Reamplification of;;_;5 pricmid

the product, used as template at 1:100, took only external primefge expression vector encoding IL-12 was provided by Alexande
atan annealing temperature of 58°C. Polymerase chain reactiogpigdilevich [35] from the University of Wisconsin and tested for

ucts were purified usingioclean for Purification of DNA Bahdsj, itro activity before gene therapy. The plasmid (pPWRG3169) con-

(Blotoo!s, Brazil) and cloned into a pGEM-T vector. The SCQUERRE sequences encoding the p35 and p40 subunits of murine IL-12,
of the final construct was confirmed by automatically sequensiiged in opposite direction and each driven by its own cyto-
the insert in both directions using sense T7 and antisense SP6}eel9irus (CMV) ile promoter/enhancer, simian virus 40 sd/sa
primers. The insert was then subcloned igiallrestriction site o sequence, bovine growth hormone polyadenylation sequence
of a VR1012 vector (Vical Co., San Diego, CA), which was used {03 mpicillin-resistant gene. A control vector containing Iuciferase

transform DH5 bacteria by heat shock. Plasmids from a sel A under the CMV promoter was constructed as described by
clone were purified in CsCI gradient with ethidium bromide a&ﬁéng et al. [36].

ultracentrifugation at 500,0ffor 16_hour§ (VTi 90 rotor; Beckman, To confirm the production of IL-12, this plasmid was used to
Fullerton, CA), followed by washing with saturated butanol (1qt6isfect B16F10-Nex2 tumor cells as described above, followec
move bromide). Ple_lsmld§ were precipitated with ethanol 1Oo%’yﬂE'LISA of the supernatant. The biologic activity of the recombi-
3 days, washed twice with ethanol 70%, and then resuspenqgd,in .12 was tested by production of nitric oxide (NO) in a mac-
sterile phosphate-buffered saline (PBS). rophage activation assay. Nitric oxide was quantified as nitrite by

Griess reagent.
Production and Analysis of the Recombinant

Protein IL-13Ra2-Fc
B16F10-Nex2 tumor cells were transiently transfected wgth &yclopalladated Drug

of the expression plasmid with lipofectin (Invitrogen). Culture sde cyclopalladated drug 7A was synthesizel forlimethyl-
pernatants that contained secreted mIL-23R were filtered 1-Phenethylamine, complexed to 1,2 ethanebis(diphenylphosphine;

through Millipore Millidisk (0.22m) and purified through protein/i92nd, and was activevitroandin vivoagainst B16F10-Nex2 mu-

G Sepharose affinity chromatography (Pharmacia, Uppsala, Swifefielanoma cells as previously described [31].

The solid phase was equilibrated with PBS pH 7.4, washed with

PBS, and eluted with 0.1 M glycine, pH 2.8. The eluate was deWivo Experiments

tralized by 1:5 volume of Tris-HCI 1 M, pH 9.0. The final product C57BI/6 male mice were injected subcutaneously in the right
was examined by reducing SDSPAGined with silver nitrateflank with 5 x 10 B16F10-Nex2 viable tumor cells, and on day
and its identity confirmed by immunoblot analysis. Briefly, the santhe animals were vaccinated with pIL-12 (IPPer animal)

ple was reduced with DTT, separated in 8% SDS-PAGE, and ¢hevith the empty plasmid, intradermally at the tail base. The treat-
transferred onto a nitrocellulose membrane (@;2Amersham ment with 10 M of the 7A drug started 4 days later, three times
Bioscience, England) by electroblot analysis. The blot was blackeek by intraperitoneal route, until the tumor volume reached
with PBS containing 5% dry skim milk and then incubated oon?. On day 5 and subsequently at 5-day intervals, the animals
night at 4°C with biotinylated polyclonal goat antibody to murireeived the plL-13R vaccine (VR1012 vector + mILZ-BR)
IL-13R 2 (0.2 g/ml; R&D Systems, S&o Paulo, Brazil) dilutedanthe respective empty plasmid (1§f@nimal), i.d. at the tail base,
PBS-1% BSA (bovine serum albumin). After three washes wiitil day 30. The therapeutic efficacy was evaluated by tumor growth
0.05% Tween 20 in PBS (PBST) and once with PBS, horseradidhsurvival index. The tumor volume was measured every 3 day:
peroxidaseonjugated streptavid{f:1000; Jackson Immuno-using a caliper according to the formka:0.52 xD,? x D3, where
Research Laboratories, West Grove, PA) was added (1 hour at37&0i D5 are the short and long diameters, respectively. All experi-
The blot was developed with 5 mg of DAB (Sigma, Sdo Paulo, Breifs included 10 mice per group, and the animals with maximum
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The eluate was examined by reduced SDS-PAGE developed witktsivbaited with 30% of the supernatant obtained after transfection

nitrate, showing a recombinant protein of approximately 85 widh pIL-12 showed a production of 5M NO, after 72 hours in

(Figure 2). Immunoblot analysis was carried out to confirm its idertitjture (data not shown).

(Figure B). The biologic activity (binding to IL-13) was evaluated

by chemiluminescent ELISA testeTsensitivity of this assay wasene Therapy and Association with Drug 7A Effectively

250 ng/ml, and the concentration of IL-12RFc in the sample Protected Mice Challenged with BI16F10-Nex2 Cells Resulting

was determined from serial dilution of a standard commercial #1elayed Tumor Growth and 30% Tumor-Free Animals

13R 2-hlgG1 (R&D Systems). The sample had 0§/l of C57BI/6 male mice were injected subcutaneously with  x 10

mIL-13R 2-Fc (Figure @). Controls with supernatants obtain@16F10-Nex2 tumor cells and were vaccinated with pIL-12 alone,

after transfection with the empty vector were used in all experiniérts3R alone, together, and in association with the cyclopalladatec
drug 7A. Treatmerin vivowith pIL-13R or plL-12 alone protected
mice significantly prolonging their survival (Figures 3 and 4). DNA

IL-12 Plasmid vaccine with plL-12 prolonged survival to day 39, and the associa-

The expression vector encoding IL-12 (pIL-12) was initially tagedwyith drug 7A to day 43. DNA vaccine with plL-13R was also

in vitroin transfected B16F10-Nex2 tumor cells, followed by ELff8étective, resulting in increased survival compared to the untreatec

of the supernatant to evaluate IL-12 production. A high produatiemtrol animals until day 41 when administered alone or associatec

of IL-12, ca. 7 ng/ml protein, was obtained. The secreted IL-12withsdrug 7A. The combined therapy with pIL-12 or pIL-13R and

biologically active, as judged by its ability to induce NO produdtiry 7A significantly delayed tumor growth and was more efficacious

in macrophages from C57BI/6 mice. Positive controls with lipogply: .05) than the therapy with plasmid alone, controlled by vacci-

saccharide and IFNwere used in all experiments, and negatiggion with the empty plasmid. Mice injected with drug 7A alone

controls consisted of macrophages stimulated with supernatanié@also partially protected and survived until day 42. By adminis-

cells transfected with the empty vector or untreated. Macropk@g&s both DNA vaccines associated with drug 7A, the best results
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Figure 3. Therapeutic effect of plL-12 against subcutaneous murine melanoma. (A) Tumor development in animals vaccinated with plL-
12. (B) Combined treatment with pIL-12 and drug 7A. (C) Increased survival of IL-12 and IL-12 + drug 7A-treated mice. C57BIl/6 mice
were injected with 5 x 10 * B16F10-Nex2 tumor cells, and on day 2, the animals were vaccinated with pIL-12 or plasmid with drug 7A.
Drug 7A was administered i.p. three times a week, 10 M per animal. Control groups were vaccinated with empty plasmid. For each
group, n = 10; Kaplan-Meier test for the control and vaccinated groups with pIL-12 ( P = .023) or plL-12 + drug 7A ( P = .009).
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Figure 4. Therapeutic effect of pIL-13R against subcutaneous murine melanoma. (A) Tumor development in animals vaccinated with pIL-
13R. (B) Combined treatment with pIL-13R and drug 7A. (C) Increased survival of pIL-13R and pIL-13R plus drug 7Atreated mice. C57Bl/
6 mice were injected with 5 x 10 % B16F10-Nex2 tumor cells, and on days 5, 10, 15, 20, 25 and 30, the animals were vaccinated with plL-
13R (plasmid VR1012 containing the insert IL-13R 2-Fc; (A). The same protocol was used in association with drug 7A (B). Drug 7A was
administered i.p. three times a week, 10 M per animal. Control groups were vaccinated with empty plasmid. For each group, n = 10.
Kaplan-Meier test for the control and the vaccinated groups with pIL-13R (P = .0298) or with pIL-13R + drug 7A ( P = .0005).

were obtained with protection of 30% of mice that remained turposducing IL-10. Data are representative of three independent ex-

free until the end of the experiment (Figure 5). In the group paciments with similar results.

cinated with both plasmids, animals survived until the 47th dayonvaccinated tumor-bearing mice showed a mixed cytokine pro-

In all experiments, mice of the control groups died before dajil84with cells producing IFN-IL-6, IL-2, and TNF- fewer than

Four control groups were always used, which were vaccinatedellstiproducing IL-10, IL-13, TGE-and IL-4 showing a tendency

both empty plasmids, with only one empty plasmid (pCMVtaward immunosuppression. Mice challenged with tumor cells and

VR1012) and PBS. No significant differences were observed aubngtted to biochemotherapy (gene therapy + drug 7A) showed

these control groups. an increased frequency of cells producing proinflammatory IFN-

IL-6, IL-2, TNF- , and IL-12 (Table 1). Cells producing IFN-

Gene Therapy Associated with Drug 7A Induced CD4" and had a relative increase per 100 cells by 15.8-fold. Comparatively,

CD8* TCel[cyag well as F4/80" Cells Producing Mainly Type I the CD4 and CD8 T cells producing IFN-represented 40.9%

Proinflammatory Cytokines compared to 33.6% of IL-30roducing cells (Figure 6). Other cyto-
The immune response of mice to gene therapy was asseddgadsbwere also produced such as TN#2.1%), IL-6 (41.0%),

FACS of splenocytes to measure the expression of surface raadder® (39.5%) with a balance toward a proinflammatory type | re-

and intracellular interleukins. The results for T lymphocytesspo@se. As expected, treatment also increased the numbei of F4/8C

shown in Figure 6. Untreated, tumor-bearing animals had 2cB%s producing IL-12 (25.1%), more than eightfold compared to

CD4" and CDS8 T cells producing IFN-compared to 17.6% cellscells from untreated mice (3.0%) and sevenfold more IL-6 as well.
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Cells producing IL-4, TGFrand IL-13 were also represented wittith three fluorescent conjugates, and the results are summarize
12.1%, 29.5%, and 31.9%, respectively. Therefore, the comhbimédgure 7. The combined therapy used in the present work in-
gene therapy and drug treatment, although showing a marked draied IFN- production and down-regulated IL-10 and IL-13. Ac-
flammatory immune response, also produced type Il cytokinescdraéngly, NKT cells from vaccinated mice produced much more
inflammation induced by DNA vaccines is then controlled by imifN- than those from untreated turitzearing mice (Figure 7).
noregulatory cytokines. It seems that IReduction is the most Seemingly, a polarized immune response was induced. Type | NKT
important cytokine for a protective effect against melanoma cellsdB8predominated in mice given biochemotherapy and were respons
and that the IFN-/IL-10 ratio must be >1 as in the vaccinated mibée for IFN- production, whereas untreated mice had more type |l
NKT cells that were responsible for IL-13 and IL-10 production.
In these subpopulations, CDK1.1" cells were the main source of
IL-13 in tumor-bearing mice, and after therapy, this production was

Combined Therapy ) . )
. . abolished (Figur®&y. Cells with both markers (CINK1.1") also pro-
Among splenocytes, populations of NKLgells (CD3NKL. 1", guced more IFN-than other subpopulations in vaccinated mice.

CD4'NK1.1", and CD8NKZ1.1" cells) were also evaluated for their
ability to produce IFN-, IL-10, and IL-13. NK1.1T cells include
classic NKT cells (type I cells), nonclassic NKT cells (type Il cBisjussion

and NKT-like cells. CDBK1.1" cells included CD4/CD8 double- In the present work, we report on the protective effeitoof
negative cells (CD@D8 NK1.1%). Cells were labeled simultaneouglgne therapy with plasmids expressing IL-12 and [122BRin a

NKI1.1" T Cells Increase IEN-7y Production in Mice Given the
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Figure 5. Therapeutic effects of gene therapy with and without cyclopalladated drug 7A against subcutaneous murine melanoma. (A)
Tumor development in animals vaccinated with pIL-12 plus pIL-13R or (B) both plasmids in association with drug 7A. (C) Survival curves
with 30% tumor-free animals in the biochemotherapy protocol. C57BI/6 mice were injected with 5 x 10 * B16F10-Nex2 tumor cells; on
day 2, the animals were vaccinated with plL-12; and on days 5, 10, 15, 20, 25, and 30 with pIL-13R. Drug 7A was administered i.p., three
times a week, 10 M per animal. Control groups were vaccinated with the empty plasmid. For each group, n =10. Kaplan-Meier test for
the control group (empty vectors) and the vaccinated group with both plasmids ( P =.0005) or the vaccinated group with both plasmids +
drug 7A (P = .0001).
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A O control (PBS) tumor models, a lower IL-12 dose or delayed administration of
_ W vaccinated mice IL-12 revealed the role of NKT cells in tumor protection. Both
s 4 NK and NKT cells thus seem to contribute to natural and-4L-12
= 3 induced immunity against tumors, and the relative role of each popu-
+: ) lation is tumor- and therapy-dependent.

g Not all NK1.1" T cells are classic NKT cells [53]. NKT.Tells
z 1 include type | and type Il NKT cells (CD1d-dependent) and other
é 0 : : NKT-like cells (CD1d-independent). When type | and type 1l NKT
IFN-y IL-10 IL-13 cells were stimulated simultaneously, type 1l NKT cells seemed to
suppress the activationvitro and the protective efféntvivo of

B type | NKT cells. Furthermore, when type | cells were absent, the
S 6 suppressive effect of type Il cells increased, suggesting that type | ce
z 5 can control the suppressive effects of type Il NKT cells in a new im-
2 4 munoregulatory axis [6,54].
+:. 3 Our strategy for antitumor immune protection through gene ther-
§ 2 apy aimed at stimulating IFNproduction by type | NKT cells
Lo 4 h among other cells stimulated by IL-12 while suppressing the immu-
g 0 : : . noregulatory properties of type Il NKT cells. In fact, type Il NKT

IFN-y IL-10 IL-13 cells were responsible for Ikvh@diated inhibition of tumor im-
munosurveillance [14]. Interleukin 13 has emerged as an important

C mediator of ;2 immune response with immunoregulatory activities
S in many experimental models such as allergic asthma [55,56], schis
< 3 tosomiasis [57,58], leishmaniasis [59], nematode parasitism [60], fi-
3 ) brosis [26], and cancer$7,61]. IL-13 produced by CDZ cells
— inhibited CD8 CTL [3] by inducing the production of TGFby
g ) 1 CD11b'Gr-1" myeloid-derived cells [4]. Another mechanism pro-

& posed for IL-13mediated immunosuppression is macrophage polar-
8 o+ . . ization toward the M2 phenotype, inhibiting the generation of
IFN-y IL-10 IL-13 tumoricidal M1 macrophages [5]. We, therefore, engineered a con-
cytokines struct containing the cDNA encoding IL-13 receptor chain-2 fused

to the Fc region of migG2a and obtained the IL-P3Rc chimera
Figure 7. Cytokine expression in NK1.1* T cells by using FACS. DNA vaccine. As also described by Zheng et al. [37], we observec
The splenocytes were obtained from tumor-bearing animals vac-  that IL-13R 2 is regulated by its own ligand, IL-13. Macrophages
cinated with both plasmids in association with drug 7A (black  stimulated with IL-13 expressed the IL2LBceptor unlike the un-
bars) or injected with PBS (white bars). (A) Cells were labeled with  stimulated macrophages. Recent studies showed that therapy wit
FITC-conjugated anti-NK1.1 monoclonal antibody (mAb) and PE-  so|uble IL-13R2-Fc protein effectively stimulated antitumor immu-
conjugated anti-CD3 mAb or (B) PE-conjugated anti-CD4 mAb or i anhanced vaccine efficacy, and prevented some chronic diseas

(C) PE-conjugated anti-CD8 mAb. Intracellular detection of cyto- .
kines in permeabilized cells was carried out with anti —cytokine bio- [3,13,57,61]. Therefore, IL-13R may act as ‘alecoy receptdr,

tinylated antibody and labeled with APC-conjugated streptavidin. ~SUPPressing the action of the IL-13, thus helping to maintain tumor
Data are representative of three independent experiments with ~ immunosurveillance [3]. Presently, we show that treatment of

similar results and show the percentage of the positive labeled  C57BI/6 mice with plasmid containing IL-13RFc vaccine and/

cells for each cytokine within a defined subpopulation. or plasmid encoding IL-12 significantly prolonged survival of mice
challenged with tumor cells ahettthe combined gene therapy

as Cui et al. [12]. Although their results failed to confirm an essantisthemotherapy conferred a significant level of protection agains

role of NKT cells in B16 melanoma, Park et al. [48] agreed that IB1@F10-Nex2. Such therapy led to a high production of proinflam-

can stimulate diverse mechanisms of resistance to tumors, depeatbngcytokines by CD4&nd CDS cells, particularly IFN- Anti-

on tumor cell type, tumor microenvironment, and mouse strainnflammatory cytokines were produced in greater amounts in cells

our B16F10-Nex2 system, it is clear that CD1d-dependent NKT frelta unvaccinated tumor-bearing mice. Analysis of the NKT subsets

are critical for antitumor response in untreated tumor-bearing shioeed a type l/type Il balance, as in an immunoregulatory axis [6]

(Dias et al., unpublished data). Type | NKT cells predominated inwih- cytokines being produced depending on the stimulus. It has

cinated mice and were responsible for Iipkeduction which is the been shown that NKT cells can produce IFM--4, IL-10, and

key factor in antimelanoma immune response. Some other studi8g62-64]. Presently, we show that CRK1.1" cells from vac-

confirmed the critical role of NKT cells in antitumor responseciirated mice produced threefold more IRNan cells from unvac-

which NKT cells promote potent tumor rejection in responseittated mice, probably by a mechanism mediated by IL-12 DNA

exogenous factors such as IL-12 [49] a@@ICer [11,50,51] asvaccine. In addition, COMK1.1" cells from tumor-bearing mice

well as in the absence of exogenous stimuli [8,52]. Smyth withbut any vaccine treatment or exogenous stimulus produced pre

[49] demonstrated that, at high dose, IL-12 induced tumor immhominantly IL-13 but did not produce detectable IEMnd this

nity mediated preferentially by NK cells in a perforin-dependlerii3 production was abolished after combined therapy. After ther-

mechanism. In B16F10 melanoaral RM-1 prostate carcinomapy with IL-12 and IL-13 receptor DNA vaccines associated with
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drug 7A, cells produced IFNinstead of IL-10 and IL-13. Recently11]
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Toura |, Kawano T, Akutsu Y, Nakayama T, Ochiai T, and Taniguchi M (1999).

the existence of functionally distinct NKT cell subsets has been re6:_utting edge: inhibition of experimental tumor metastasis by dendritic cells

ognized [65]. The authors demonstrated that murine type | I\{lfz]'

cells that responded teGalCermediated antitumor activity are
found only in the liver-derived COZD8™ subset but not in the

pulsed with alpha-galactosylcerandittemunol 63, 23872391.

Cui J, Shin T, Kawano T, Sato H, Kondo E, Toura I, Kaneko Y, Koseki H,
Kanno M, and Taniguchi M (1997). Requirement for Valphal4 NKT cells in
IL-12-mediated rejection of tumo8cienc278, 1623-1626.

CD4" subset. Spleen- and thymus-derived NKT cells did not cdhierAhlers JD, Belyakov IM, Terabe M, Koka R, Donaldson DD, Thomas EK, and

similar protective responses. CRKT cells could be the exclusive
producers of interleukins IL-4 and IL-13 on primary stimulation,
whereas double-negative NKT cells had a stdighrofile [63]. Ac-
cording to our results, COMNKT cells can produce bothyT and [14]

Berzofsky JA (2002). A push-pull approach to maximize vaccine efficacy: abrogat-
ing suppression with an IL-13 inhibitor while augmenting help with granulocyte/
macrophage colony-stimulating factor and COR@ic. Natl Acad Sci US%
13026-13025.

Terabe M, Swann J, Ambrosino E, Sinha P, Takaku S, Hayakawa Y, Godfrey DI,

Tw2 cytokines as also found by Gumperz et al. [66]. In conclusion Ostrand-Rosenberg S, Smyth MJ, and Berzofsky JA (2005). A nonclassical non

we observed a significant delay in tumor evolution and prolonged
survival using a protocol of one dose of plL-12 followed by six ﬂ%}i

of pIL-13R and continuous treatment with cyclopalladated drug 7

alphal4Jalphal8 CD1d-restricted (type 1) NKT cell is sufficient for down-
regulation of tumor immunosurveillant&xp Med02, 16271633.

eI§inty A, Chalon P, Derocg JM, Dumont X, Guillemot JC, Kaghad M, Labit
»C, Leplatois P, Liauzun P, Miloux B, et al. (1993). Interleukin-13 is a new hu-

obtaining 30% of tumor-free mice. To elucidate the mechanisms thainan lymphokine regulating inflammatory and immune respdakes362,
mediated the antitumor effects, we assessed the T cells produci¢p-250.

cytokines in the tumor-bearing mice that had been vaccinated 4t

the complete protocdh vivoinduction of proinflammatory cyto-

ﬁurawski G and de Vries JE (1994). Interleukin 13, an interledikia dy-

tokine that acts on monocytes and B cells, but not on Tireflsnol Today
15, 19-26.

kines was detected in mice given gene therapy plus chemotherapy; SHeshner BS, Kiunk DA, Sterbinsky SA, Coffman RL, and Schleimer RP (1995).
gesting that it was sufficient to stimulate a strong immune response-13 selectively induces vascular cell adhesion molecule-1 expression in humar

mediated by IFN- production. Likely IFN- increase was IL-12

mediated and IL-13 decreased on administration of IL.21B& [18]

vaccine, whereas drug 7A directly killed B16F10-Nex2 tumor cell

endothelial cells. Immunol54, 799-803.
Punnonen J and de Vries JE (1994). IL-13 induces proliferation, lg isotype
switching, and Ig synthesis by immature human fetal Bl deilsunoll52,

$1094-1102.

These results can also be explained by immunoregulatory NKT16€llSi YH and Mosmann TR (1999). Mouse IL-13 enhances antibody production

of different subsets producing functionally distinct cytokines.

[20]
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Wynn TA (2003). IL-13 effector functiodmnu Rev Immun2l, 425-456.
Aman MJ, Tayebi N, Obiri NI, Puri RK, Modi WS, and Leonard WJ (1996).

The authors thank Alexander Rakhmilevich for the I1L-12 plasmidcDNA cloning and characterization of the human interleukin 13 receptor alpha
and Wagner Batista for help with molecular techniques and helpehain.J Biol Chera71, 29265-29270.

ful suggestions. [22]

References

[1] Thornton AM and Shevach EM (1998). CB®H25" immunoregulatory T [23]
cells suppress polyclonal T cell activatiaitro by inhibiting interleukin 2
production.J Exp Med88, 287-296. [24]
Mosmann TR and Coffman RL (1989). TH1 and TH2 cells: different patterns
of lymphokine secretion lead to different functional propArtresRev Immu-
nol7, 145-173.

Terabe M, Matsui S, Noben-Trauth N, Chen H, Watson C, Donaldson D[25]
Carbone DP, Paul WE, and Berzofsky JA (2000). Nknesliated repression

of tumor immunosurveillance by IL-13 and the ILSIRAT6 pathwayNat
Immunoll, 515-520.

Terabe M, Matsui S, Park JM, Mamura M, Noben-Trauth N, Donaldson D[26]

(2]

(3]

[4]

Hilton DJ, Zhang JG, Metcalf D, Alexander WS, Nicola NA, and Willson TA
(1996). Cloning and characterization of a binding subunit of the interleukin 13
receptor that is also a component of the interleukin 4 re€eptoNatl Acad

Sci USA3, 497-501.

Callard RE, Matthews DJ, and Hibbert L (1996). IL-4 and IL-13 receptors: are
they one and the samefmunol Today7, 108-110.

Donaldson DD, Whitters MJ, Fitz LJ, Neben TY, Finnerty H, Henderson SL,
O’Hara RM Jr, Beier DR, Turner KJ, Wood CR, et al. (1998). The murine IL-

13 receptor alpha 2: molecular cloning, characterization, and comparison with
murine IL-13 receptor alphadlmmunol6l, 23172324,

Kawakami K, Taguchi J, Murata T, and Puri RK (2001). The interleukin-13
receptor alpha2 chain: an essential component for binding and internalization
but not for interleukin-13nduced signal transduction through the STAT6
pathwayBlood7, 2673-2679.

Fichtner-Feigl S, Strober W, Kawakami K, Puri RK, and Kitani A (2006). IL-13

Chen W, Wahl SM, Ledbetter S, Pratt B, et al. (2003). Transforming growth signaling through the IL-13alpha2 receptor is involved in induction of TGF-
factor-beta production and myeloid cells are an effector mechanism through whichetal production and fibrodéat Med12, 99-106.

CD1d-restricted T cells block cytotoxic T lymphenyeeiated tumor immuno- [27]
surveillance: abrogation prevents tumor recuddixqeMed98, 1741-1752.

[5] SinhaP, Clements VK, and Ostrand-Rosenberg S (2005). Interletsgudaged

Ma HL, Whitters MJ, Jacobson BA, Donaldson DD, Collins M, and Dunussi-
Joannopoulos K (2004). Tumor cells secreting IL-13 but not IL-13Ralpha2 fu-
sion protein have reduced tumorigenigcitgvo Int Immunoll6, 1009-1017.

M2 macrophages in combination with myeloid suppressor cells block imf@8heOstrand-Rosenberg S, Clements VK, Terabe M, Park JM, Berzofsky JA, and

surveillance against metast@aiscer Ré6S, 11743-11751.
(6]

immunity: a new immunoregulatory aXiends Immun@aB, 491-496.

Dissanayake SK (2002). Resistance to metastatic disease in STAT6-deficient

Terabe M and Berzofsky JA (2007). NKT cells in immunoregulation of tumor mice requires hemopoietic and nonhemopoietic cells and is IFN-gamma depen-

dent.J Immunol69, 5796-5804.

Park JM, Terabe M, van den Broeke LT, Donaldson DD, and Berzofsk{29A Terabe M, Khanna C, Bose S, Melchionda F, Mendoza A, Mackall CL, Helman

(2005). Unmasking immunosurveillance against a syngeneic colon cancer blyJ, and Berzofsky JA (2006). CD1d-restricted natural killer T cells can down-

regulate tumor immunosurveillance independent of interleukin-4 receptor-signal
transducer and activator of transcription 6 or transforming growth factor-
Cancer Ré8, 3869-3875.

Macdonald TT (2006). Decoy receptor springs to life and eases Mbtosis.

bition of early tumor growth requires J alpha 18-positive (nhatural killer T) ¢&lls. Rodrigues EG, Silva LS, Fausto DM, Hayashi MS, Dreher S, Santos EL, Pesquero

JB, Travassos LR, and Caires AC (2003). Cyclopalladated compounds as chemo

[7]
elimination of CD4 NKT regulatory cells and IL-18t J Cancert14, 80-87.
[8] Crowe NY, Smyth MJ, and Godfrey DI (2002). A critical role for natural killer
T cells in immunosurveillance of methylcholanthrene-induced salcerpas.
Med196, 119-127. [30]
[9] Stewart TJ, Smyth MJ, Fernando GJ, Frazer IH, and Leggatt GR (2003). Inhi- Med12, 13-14.
Cancer R&3, 3058-3060.
[10] Zhou D (2007). OX40 signaling directly triggers the antitumor effects of NKT

cells.J Clin Invest17, 3169-3172.

therapeutic agents: antitumor activity against a murine melanomaleo¢ll line.
Cancel07, 498-504.



120

(32

(33]

(34]

(35]

(36]

(37]

(38]

(39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

Combined Gene- and Chemotherapy of Melanoma

Hebeler-BarbosaTearadlational Oncology Vol. 1, No. 3, 2008

Fidler 13 (1975). Biological behavior of malignant melanoma cells correlgte@] tditamura H, lwakabe K, Yahata T, Nishimura S, Ohta A, Ohmi Y, Sato M,

their survivain vivo Cancer R&$, 218-224.

Takeda K, Okumura K, Van Kaer L, et al. (1999). The natural killer T (NKT)

GesztesiJL, Puccia R, Travassos LR, Vicentini AP, Franco MF, and Lopes JD (199&kll ligand alpha-galactosylceramide demonstrates its immunopotentiating effec

Monoclonal antibodies against the 43,000 Da glycoproteifdragoccidioides

by inducing interleukin (IL)-12 production by dendritic cells and IL-12 receptor

brasiliensieodulate laminin-mediated fungal adhesion to epithelial cells and path-expression on NKT cellsExp Med89, 1121+1128.

ogenesislybridomas, 415-422.
Davidson RC, Blankenship JR, Kraus PR, de Jesus Berrios M, HulbG\D

(51]

Smyth MJ, Crowe NY, Pellicci DG, Kyparissoudis K, Kelly JM, Takeda K,
Yagita H, and Godfrey DI (2002). Sequential production of interferon-gamma

C, Wang P, and Heitman J (2002). A PCR-based strategy to generate integrativiey NK1.1(+) T cells and natural killer cells is essential for the antimetastatic effect

targeting alleles with large regions of homdliggbiologl48, 2607-2615.
Rakhmilevich AL, Turner J, Ford MJ, McCabe D, Sun WH, Sondel PM, Gi{&2]
K, and Yang NS (1996). Gene gmediated skin transfection with interleukin 12

of alpha-galactosylceramileod9, 1259-1266.
Smyth MJ, Thia KY, Street SE, Cretney E, Trapani JA, Taniguchi M, Kawano
T, Pelikan SB, Crowe NY, and Godfrey DI (2000). Differential tumor surveil-

gene results in regression of established primary and metastatic murine tumotance by natural killer (NK) and NKT cellsExp Med91, 661-668.

Proc Natl Acad Sci U83\ 6291-6296.
Cheng L, Ziegelhoffer PR, and Yang NS (1993)vopromoter activity and

(53]

Godfrey DI, MacDonald HR, Kronenberg M, Smyth MJ, and Van Kaer L
(2004). NKT cells: whatin a nameRat Rev Immund], 231:-237.

transgene expression in mammalian somatic tissues evaluated by usingd#rtidiebrosino E, Terabe M, Halder RC, Peng J, Takaku S, Miyake S, Yamamura T,

bombardmentProc Natl Acad Sci US@, 4455-4459.
Zheng T, Zhu Z, Liu W, Lee CG, Chen Q, Homer RJ, and Elias JA (2003).
Cytokine regulation of IL-13Ralpha2 and IL-13Ralphaivoandin vitra J

Allergy Clin Immunalt1, 720-728. [55]

Kumar V, and Berzofsky JA (2007). Cross-regulation between type | and type Il
NKT cells in regulating tumor immunity: a new immunoregulatory) dxis.
munol179, 5126-5136.

Wills-Karp M, Luyimbazi J, Xu X, Schofield B, Neben TY, Karp CL, and

Rodrigues EG, Garofalo AS, and Travassos LR (2002). Endogenous accumulBonaldson DD (1998). Interleukin-13: central mediator of allergic aSttima.

tion of IFN-gamma in IFN-gamma-R{) mice increases resistance to B16F10-

ences2, 2258-2261.

Nex2 murine melanoma: a model for direct IFN-gamma anti-tumor cytotoxisy Grunig G, Warnock M, Wakil AE, Venkayya R, Brombacher F, Rennick DM,

in vitroandin vivo Cytokines Cell Mol Tierl07-116. Erratum inCytokines
Cell Mol TheR006;8, 188.

Sheppard D, Mohrs M, Donaldson DD, Locksley RM, et al. (1998). Requirement
for IL-13 independently of IL-4 in experimental astBeianc282, 2261-2263.

Grimm EA, Mazumder A, Zhang HZ, and Rosenberg SA (1982). LymphoKii#&+ Chiaramonte MG, Schopf LR, Neben TY, Cheever AW, Donaldson DD, and

activated killer cell phenomenon. Lysis of natural-elé&tant fresh solid
tumor cells by interleukir-ctivated autologous human peripheral blood lym-
phocytes] Exp Med55, 1823-1841.

Morton DL, Essner R, Kirkwood JM, and Wollman RC (2006). The skin.[68]
Malignant Melanoma in Cancer Mediciftd\7 Kufe, RC Bast Jr, WN Hait,

WK Hong, RE Pollock, RR Weichselbaum, JF Holland, and E Frei Il (Eds.)
BC Decker Inc., Hamilton, Ontario, pp. 1644662.

Finn OJ (2003). Cancer vaccines: between the idea and theNataRyy [59]
Immunol3, 630-641.

Colombo MP and Trinchieri G (2002). Interleukin-12 in anti-tumor immunity
and immunotherapgZytokine Growth Factor R&v155-168. [60]

Wynn TA (1999). IL-13 is a key regulatory cytokine fg2 €el-mediated
pulmonary granuloma formatiand IgE responses inducedSghistosoma
mansoneéggsJ Immunol62, 920-930.

Mentink-Kane MM, Cheever AW, Thompson RW, Hari DM, Kabatereine NB,
Vennervald BJ, Ouma JH, Mwatha JK, Jones FM, Donaldson DD, et al. (2004).
IL-13 receptor alpha 2 down-modulates granulomatous inflammation and pro-
longs host survival in schistosomiasis. Natl Acad Sci US#4, 586-590.
Matthews DJ, Emson CL, McKenzie GJ, Jolin HE, Blackwell JM, and McKenzie
AN (2000). IL-13 is a susceptibility factorlfeishmania majorfection.J Im-
munol164, 1458-1462.

Urban JF Jr, Noben-Trauth N, Donaldson DD, Madden KB, Morris SC, Collins

Trinchieri G (2003). Interleukin-12 and the regulation of innate resistance and M, and Finkelman FD (1998). IL-13, IL-4Ralpha, and Stat6 are required for the

adaptive immunityNat Rev Immundg), 133-146.

expulsion of the gastrointestinal nematode patggitestrongylus brasiliensis

Lesinski GB, Badgwell B, Zimmerer J, Crespin T, Hu Y, Abood G, and Carson Immunity8, 255-264.

WE III (2004). IL-12 pretreatments enhance IFN-aipldaced Janus kinase [61]

Park JM, Terabe M, Donaldson DD, Forni G, and Berzofsky JA (2008). Nat-

STAT signaling and potentiate the antitumor effects of IFN-alpha in a murine ural immunosurveillance against spontaneous, autochthonous breast cancer

model of malignant melanorddmmunol72, 7368-7376.

Brunda MJ, Luistro L, Warrier RR, Wright RB, Hubbard BR, Murphy M, Wolf
SF, and Gately MK (1993). Antitumor and antimetastatic activity of interle (&)
12 against murine tumotsExp Med78, 1223-1230.

Lucas ML, Heller L, Coppola D, and Heller R (2002). IL-12 plasmid delivery

revealed and enhanced by blockade of-inddated negative regulation.
Cancer Immunol Immunotsgr 907-912.

Akbari O, Stock P, Meyer E, Kronenberg M, Sidobre S, Nakayama T, Taniguchi
M, Grusby MJ, DeKruyff RH, and Umetsu DT (2003). Essential role of NKT
cells producing IL-4 and IL-13 in the development of allergen-induced airway

by in vivoelectroporation for the successful treatment of established subcutahyperreactivitfNat Med9, 582-588.

neous B16.F10 melanonhdol Thers, 668-675. [63]

Lee PT, Benlagha K, Teyton L, and Bendelac A (2002). Distinct functional

Takeda K, Seki S, Ogasawara K, Anzai R, Hashimoto W, Sugiura K, TakahasHineages of human V(alpha)24 natural killer T deisp Med95, 637-641.

M, Satoh M, and Kumagai K (1996). Liver NK1CD4" alpha beta T cells [64]

activated by IL-12 as a major effector in inhibition of experimental tumor me-

tastasis] Immunol 56, 3366-3373.

Park SH, Kyin T, Bendelac A, and Carnaud C (2003). The contributiorj6&i
NKT cells, NK cells, and other gamma-ckiependent non-T non-B cells

to IL-12-mediated rejection of tumodslmmunol70, 11971201.

Smyth MJ, Taniguchi M, and Street SE (2000). The anti-tumor activity of[@6]
12: mechanisms of innate immunity that are model and dose depkelment.
munol165, 2665-2670.

Zlotnik A, Godfrey DI, Fischer M, and Suda T (1992). Cytokine production by
mature and immature CD@D8" T cells. Alpha befacell receptéiCD4 CD8”

T cells produce IL-4.Immunol49, 1213+1215.

Crowe NY, Coquet JM, Berzins SP, Kyparissoudis K, Keating R, Pellicci DG,
Hayakawa Y, Godfrey DI, and Smyth MJ (2005). Differential antitumor immu-
nity mediated by NKT cell subsets/ivo J Exp Med02, 1279-1288.

Gumperz JE, Miyake S, Yamamura T, and Brenner MB (2002). Functionally
distinct subsets of CD1d-restricted natural killer T cells revealed by CD1d tet-
ramer stainingl Exp Med95, 625-636.



