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Abstract Interleukin(IL)-1 differs from most other cyto- dendritic cells were seen in the B16/Il31or control
kines in its lack of a signal sequence. This results tamours. Following in vivo growth, all the tumours up-
intracellular retention of the immature proform. The releasegulated ICAM-1 on their cell surfaces. However, the
of IL-1 has been shown to be restricted predominantly percentage of ICAM-1-expressing cells was two- to four-
activated monocytes and macrophages and to be associ&tt higher in B16/ssIL-B tumours compared to the con-
with apoptosis of the producer cell. These features hatrel. The data suggest that ILRJacts in vivo, either directly
limited the investigation of IL-1 in early immune response®r indirectly, as a chemotactic factor for monocytes, T
In order to study the biological effects of local 131 helper cells and dendritic cells. This supports IRHaving
release during an antitumour immune response, we usetegulatory effect on tumour growth when locally released
B16 mouse melanoma cells transduced with mature humiarthe tumour area.

IL-13 cDNA constructs. To obtain a released form of

human IL-B (ssIL-18), the signal sequence from theKey words IL-13 release Signal sequence Tumour
related IL-1 receptor antagonist was ligated to the cDNgrowth inhibition

that encoded the mature form of IlB1When cells of the

poorly immunogenic B16 melanoma cell line were trans-

duced with IL-13 by retroviral infection, high levels of the
protein were detected intracellularly, whereas cells trariatroduction

duced with IL-3 containing the signal sequence secreted

most of their protein. The in vitro growth of the melanom&he transduction of tumour cells with certain cytokine
cells was unaffected by the ILBlor ssIL-1B gene transfer. genes, leading to localised release in the tumour, has been
In contrast, the in vivo subcutaneous tumour growth of tlghown to be a highly efficient way to induce increased
sslL-13-transduced B16 cells in syngeneic C57BL/6 miceytokine-mediated antitumour activity. Transduction of a
was significantly reduced compared with the IB-Jand the number of different cytokines such as interleukin(ilg-1
mock-transduced controls. Immunohistochemical analy$, IL-2 [37], IL-4 [17], IL-7 [19], tumor necrosis factoa
revealed the infiltration of macrophages to be strong {TNFa) [4], interferony (IFNy) [34], granulocyte/macro-
B16/ssIL-13, moderate in B16/IL-f and minimal in con- phage(GM)-colony-stimulating factor (CSF) [13] and
trol tumours. Furthermore, a moderate infiltration of GD4others [8], into tumour cells has been shown to inhibit
cells and of scattered dendritic cells was detected in Blttimour growth in a number of different in vivo models. The
sslL-1B tumours whereas very few or no Cbd4ells and rejection of established wild-type tumours has also been
obtained through immunisation by tumour cells that secrete
IL-2, IL-4, IFNy, and GM-CSF [13, 17, 34, 37]. Targeting
the expression and release of cytokines to the tumour is
favourable since it improves the specificity and reduces the
toxicity of the therapy compared with the systemic admin-
istration of cytokines. It also has the advantage of repre-
senting a more physiological mode of action since the
action of most cytokines is paracrine (or autocrine) rather
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sponses [12]. The expression of II3-is strictly controlled ials and h
by transcriptional regulation, posttranslational processirf§aterials and methods
release of soluble neutralising IL-1 type-Il decoy recepto&s
. . e
and accumulation of intra- and extracellular IL-1 receptor
antagonists [3, 9, 12]. IL{1is synthesised as a 31- to 34The construction of the human ILBlexpression vectors used is
kDa inactive precursor molecule. It is subsequently prdescribed in detail by Gijtoff-Wingren et al. [16]. The GP+E-86
cessed into a 17-kDa bioactive protein [12]. The fact that, packaging cell lines [29] producing the different viruses were gener-

. . ated using Transfectam (Promega, Madison, Wis.) in accordance with
contrast to most other cytokines, Il3llacks a typical the manufacturer’s instructions. The B16 F10 cell lines [14], stably

signal sequence has raised the question of how it dgressing the mature form of human IR-ar ssiL-13, were generated
released. However, Hogquist and co-workers have obtaingdretroviral infection as described previously [29]. In briefx1L06

results showing both that ILRLrelease is correlated withB16 F10 cells were seeded in 25-2fflasks in complete medium

. : PMI-1640; Gibco BRL, Life Technologies Inc., Paisley, Scotland)
cellinjury and that the processing of the precursor mOIGCLg pplemented with 2 mM glutamine and 10% fetal calf serum and

0_n|y occurs EfﬁCientlY in cells that are undergoing apoptQiowed to adhere overnight. A 1-ml sample of filter-sterilised viral
sis [20, 21]. Apoptosis of human peripheral monocytes hagpernatant, containing pLXSN (mock), pLXSN/IB-Ior pLXSN/
been shown to be related to the IB-tonverting enzyme sslL-13, was added to the cells together with polybrene (Sigma

; i Chemical Co., St. Louis, Mo.), in a final concentration ofug/ml.
[7, 30], which specifically cleaves the ILB1precursor, fter 2 h at 37°C, 4 ml complete medium was added and, 48 h later,

releasing the m,atl'_'re form of the pmte'r_‘ extracellular e cells were selected in medium containing 0.8 mg/ml G418 (Gibco
[7, 22, 36]. The finding that the IL{3-converting enzyme is BRL, Life Technologies Inc., Gaithersburg, Md.). Confluent cells were
homologous to the product of ti& elegansell-death gene harvested and seeded at 0.5 cell/well in 96-well plates so as to obtain
ced-3 [30, 38] provides further support for the relatiorflones. After 3-4 weeks, when clones were generated, freeze/thaw

. extracts of 5x 106 cells and supernatants from these cells were
assumed between ILlrelease and apoptosis of the proémalysed by the enzyme-linked immunosorbent assay (ELISA) techni-

ducer cell. que [26] for IL-1B content. The clones expressing the highest levels of
IL-1B has important pro-inflammatory and immunoloiL-1 were chosen for further studies. The clones were analysed

gical properties, such as activating endothelial cells, ifgularly by ELISA for IL-13 production.

creasing the expression of adhesion molecules in various

cell types, costimulating T cell activation by increasing IL;, -1 ELISA

2 receptor expression and inducing IL-2 production [12].

IL-1B also induces gene expression of a number of othBre IL-18 content in supernatants and in freeze/thaw extracts was

cytokines such as IL-1, IL-4, IL-6, IL-8, TN and TNIB _ o8t e o ere conted bvernight SLath mAb ILBLHE

as well as enhancing natural killer cell activity [12]. Thesg ul/well,ylg ng/mi) diluted in phosp?qate-bufrered saline (PBS).

features make it tempting to speculate that R-When The wells were washed with PBS/0.1% bovine serum albumin (BSA;

locally released in the tumour area, has the capacity Bdehringer Mannheim, Germany) and were blocked with RD6%

inducing antitumour activity. In a previous study [16], w@orﬂ-fatdrylmilk/PES for2hat rot?_m tetmlpegur% A(fjterwdasginlg,l?o

developed a biological model in which ILBlexpression yi& SREE. o B, R IAN, TRRCTEs B hres

can be targeted extracellularly without affecting the via vere added in duplicate and were incubated for 2 h at room temper-

lity of the producer cell. In order to obtain the released for@ture. After washing, 10fl/well of a 1/3000 dilution of streptavidin-

of IL-1[3, several cell lines were transduced with the matuperoxidase (Vector Laboratories, Burlingame, Calif.) in 1% BSA/PBS

human IL-13 cDNA fused to a signal sequence. The sign#fas added to the wells and plates were incubated for 1 h at room

- perature. After washing, 1@Q0/well H202 and o-phenylendiamine
sequence used was derived from the structurally relaﬁﬁ drochloride (Sigma Chemical Company, St. Louis, Mich.) in

mouse IL-1 receptor antagonist. The fusion of the sign@irate buffer (pH 4.9) was added and the plates were incubated for
sequence to the ILfLgene (sslIL-B) encoding the mature 15-20 min, in the dark. Absorbance was measured at 450 nm by a
17-kDa protein, resulted in the release of large amountsW'tiscanl“’S'gdr%ad?r:e(';%?ts\zgtrgmbEnginsk(iign'I’T“Eg)ioa'\?gtgﬂ?cssamg'es
IL-1B, whereas the mature “.‘B]'WIthOUt the S|gnal Se- \’/\lv%r.engz))f Meas)tljrement of ILBL.content was performed in the Ii’near”
quence (IL-B) accumulated intracellularly. This modelpan of the standard curve.

provides opportunities for evaluating the biological effects

of IL-1P release during an antitumour immune response.

In the present study, we used the poorly immunogerfgluence of IL-13 on in vitro tumour growth of B16 melanoma cells

B16 F10 mouse melanoma cell line, ransduced with [BL_]The in vitro growth of the B16/IL-f, B16/ssIL-B and B16 mock-

or SS“—'JBa.tO investigate whether th? ad_dition of a signalansfected cells was analysed by seedinglt? cells in 25-cn flasks
sequence influences tumour growth in vivo. We found that complete medium. Thereafter, the cells were trypsinized and viable

subcutaneous (s.c.) inoculations of ssli-ttansduced B16 cells were counted every day for 5 days.
melanoma cells in syngeneic mice resulted in reduced
tumour growth and in prolonged survival compared wit
mock-transfected as well as tumour cells transfected wit
IL-13 without the signal sequence. The data suggest tirainale C57BL/6 mice were obtained from Charles River, Sulzfeld,
inhibition of the growth of the genetically engineeredermany, and Bomholtgaard, Ry, Denmark. Mice were kept under

tumour cells depends on the secretion of B-Which standardised conditions and were used when they reached the age of
10-18 weeks. Tumour growth was analysed by s.c. inoculations of

either directly or indirectly functions as a chemotactigitterent doses of viable B16/pLXSN, B16/ILBlor B16/ssIL-P cells,
factor for macrophages, CB4'h-cells and dendritic cells. in the right flank of syngeneic mice. The cells were resuspended in

neration of IL-B-producing mouse melanoma cells

imal model and tumour growth in vivo
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Fig. 1 The addition of a signal sequence to the interleukin(IB)-1 Days

gene directs the protein extracellularly. Mock- and IB-ttansduced

B16 cells and B16 cells transduced with 1B-Tontaining the signal Fig. 2 In vitro growth of B16/pLXSN-, B16/IL-B- and B16/ssIL-{B-
sequence (sslLf) and supernatants thereof were harvested. Cefhnsfected cells. Samples containing 10+ cells were seeded in 25-
lysates (5x 106 cells) were prepared by freezing and then thawingmg flasks, the cells being detached and counted on days 1, 2, 3, 4 and
the cells. The cell lysatedl() and supernatants () were analysed for 5. One experiment of two similar experiments performed

human IL-3B content by enzyme-linked immunosorbent assay. One

representative of five experiments performed

Collagenase treatment
0.2 ml PBS containing 1% syngeneic mouse serum. Tumour diameter
was determined with a caliper two or three times/week. Animals wetgmours from the sacrificed animals were treated with a collagenase
sacrificed when the tumour volume exceeded 10003ramwhen the  medium in order to obtain single-cell suspensions. After removal of as
general condition of the animals was affected. The tumour volume w@gich of the capsule as possible, the tumours were cut into small pieces
calculated by the formulav(mn®) = 0.4 x length (mm) x [width  and were transferred to 50 ml collagenase medium, containing col-
(mm)P. lagenase (fug/ml), hyaluronidase (0.fig/ml) and DNase (0.0@g/ml)
diluted in complete medium without fetal calf serum. The mixture was
rotated gently at room temperature for 1 h and then filtered through
Statistical analysis two layers of sterile cotton-weave compresses. The resulting cell
suspension was further centrifuged on a fetal calf serum density
The statistical significance of differences in tumour growth wagradient in order to remove cell debris. Finally, the cells were
assessed by the nonparametric Mann-Whitbetest. resuspended in complete medium and were either stained directly for
flow-cytometric analysis or recultured in vitro for 2—4 weeks prior to
flow-cytometric analysis.

Immunohistochemical staining of tumour sections

Tumours and spleens from the sacrificed animals were removed &fCS analysis of collagenase-treated tumours

snap-frozen in isopentan (precooled to =89. Cryostat sections of

5 um were fixed in ice-cooled acetone and air-dried. Sections weréow-cytometric analysis was performed using standard settings on a
blocked for 15 min in avidin, washed in PBS and then blocked fdrACScan flow cytometer (Beckton Dickinson). The antibodies used:
15 min in biotin (Avidin/Biotin blocking kit; Vector Laboratories Inc.) rat anti-(mouse 1.B16.6) mAb, hamster anti-(mouse CD54) conjugated
before staining. The following primary antibodies were used: rat IgG2th phycoerythrin, (PharMingen), and fluorescein-isothiocyanate-
anti-(mouse Mac-1) (clone M1/70) (Boehringer Mannheim, Manreonjugated donkey anti-(rat 1gG) F(ah (Jackson Immunoresearch
heim, Germany); rat IlgG2b anti-(mouse 1.B16.6) (previously describegboratories Inc., West Grove, Pa.).

[24]); hamster 1gG anti-(mouse N418) (kindly provided by Dr. R.

Holmdahl, Department of Cell and Molecular Biology, Lund, Sweden);

rat 1gG2b anti-(mouse F4/80) (Serotec, United Kingdom); rat 1gG2&
anti-(mouse CD4) (clone RM4-5), rat IgG2a anti-(mouse CD8a) (clofRasults
53-6.7), hamster IgG anti-(mouse CD54) (clone 3E2), rat IgGb,

anti-(mouse CD45), isotype control rat IgG2a anti-(mouse Ig), isoty . . .
control rat IgG2b anti-(mouse Ig) and isotype control hamster 1gG an‘}lT‘?us'On of a signal sequence to the IB-¢éDNA directs the

(mouse Ig), all from PharMingen, San Diego, Calif., USA. Stainingrotein from cytoplasmic accumulation to extracellular
with primary antibodies was followed by biotinylated goat anti-(ratelease
IgG) or goat anti-(hamster 1gG) (both from Jackson Immunoresearch

Laboratories Inc., West Grove, Pa.) at a 1:400 or 1:300 diluti . .
respectively, for 30 min. The sections were then incubated for 30 n?rrhe retroviral vector pLXSN containing the ILBIor sslL-

with Vectastain ABC alkaline phosphatase (Vector Labs) or extrAvidik3 gene constructs [16] was used to transduce B16 mouse
horseradish peroxidase (Sigma Immuno Chemicals). The antigenelanoma cells by retroviral infection. The transduced cell
antibody complexes were made visible by using either diaminobengihes were further cloned in order to obtain cells with a high
dine (Vector Labs) for 5 min or an alkaline phosphatase substrate k| tloduction as was described in Materials and methods. To

(Vector Labs) for 35 min. Finally, the slides were counterstained . . .
hematoxylin and were mounted in DPX medium (KEBO Lab, Sping&valuate whether the addition of a signal sequence influ-

Sweden). enced the secretion pattern, freeze/thaw extracts and super-
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Fig. 3A—F In vivo growth of A 3000— g4 B 3000 gyen-1 C 30004 g1e/ssil
mock-, IL-1B- or ssIL-1B-trans- 16/pLXSN P ssiL-1p
duced cells. Syngeneic C57BL/6 2500+ 2500 2500+
mice were inoculated s.c. in the
. . 2000 2000 2000
right flank with 3 x 104 (A—C) or
1 x 104 (D—F) viable tumour 1500 15004 1500
cells. The growth of pLXSN-, IL-
1p- and ssIL-B-transduced tu- . 1000+ 1000 - 1000+
mour cells was followed over ‘é’ 500 500 500
time, the tumour burden being g
measured two or three times ~ 0 0 0
weekly. Each line represents the QE) 0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60
individual tumour growth of one 3
animal =6 inA-C andn=8in g
D-F) 5 D 3000 Byg/pLxsN E 30009 gygnL1p F 30004 g1g/ssi-1p
g 2500~ 2500-] 2500
= 2000 2000- 2000

1500 1500

1000+ 1000+

500 500

0

0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60

Days after inoculation

natants from the transduced cell lines were analysed for kupernatant. In contrast, ssli3-tfransduced B16 cells con-
1B content by the ELISA technique (Fig. 1). Cell lysatetined only marginal levels of ILfi intracellularly but
from the IL-1B-transduced B16 cells contained high levelsonsiderable amounts in the culture supernatants. No IL-
of IL-13, whereas very low levels were detected in th&3 was detectable in the mock-transfected control cells

(B16/pLXSN).
A 1000rgrerTER ? 3000 ersn
800- P 2500 P
600-] fggg‘ The expression of IL3 does not influence the in vitro cell
400- 10004 growth
200 500
04—=— = o=, , In order to determine whether gene transfer of the BL-1
o o2 oot 2% constructs affects cell growth in vitro, 1 10# cells were
E 1000 57gLAp S0 TBTEIL TR seeded in culture flasks and detached and the cells were
g 800+ 00, counted after 1, 2, 3, 4 and 5 days. As can be seen in Fig. 2,
H 600+ 1500- the mock-, IL-B- and sslL-B-transduced cells showed
s :Zg‘ 1000- é similar in vitro growth. The in vitro cell growth was also
<] - i T . S .
E = L 508_ [ analysed by measuring t_he DNA syntheS|s3hE]thym|d|ne
F 15 18 20 17 o1 26 uptake. The results confirmed that the expression offil.-1
C1000 F 3000 either intracellularly or extracellularly, did not influence the
500 | E16/5SIL-1B o500 B16/ssIL-1B in vitro cell proliferation (data not shown).
6004 2000
400 1500+
o 10 - IL-1B release in the t diates reduced t
2004 - o0, T -1B release in the tumour area mediates reduced tumour
0 e N m— O ] growth in vivo
15 18 22 17 21 26
Days after inoculation To examine the relation between I3 1release in the

tumour area and tumour growth in vivo, syngeneic

Fig. 4A-F IL-1B-secreting tumours show significant reduction i ; ; : ;
tumour growth. The tumour volumes are presented by box plots §57BL/6 mice were inoculated s.c. with either B16/

which the boxes represent 50% of the measured values, the lisXSN, B16/IL-13 or B16/ssIL-B cells. Tumour cells
extending vertically from the boxes constituting the upper and tiBoculated into mice at 3x 104 (high) cells/animal or
lower 25% of the measured values. Median tumour volumes after 13-x 10* (low) cells/animal resulted in distinct growth

22 (A—C) and 17-26 D-F) days of tumour growth are shown. The ioti
animals were inoculated with 8 10 (A-C) or with 1 x 10¢ (D-F) characteristics of the transfectants. There was a marked

cells. One representative experiment of three experiments performigdUction in tumour growth rate in the mice receiving B16/
*P<0.05 versus both B16/pLXSN and B16/IB1 ** P<0.001 SSIL-1B transfectants as compared with mice inoculated

versus both B16/pLXSN and B16/ILB1 with mock- or IL-13-transduced tumour cells, although the
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18 » Fig. 7A-D Infiltration of dendritic cells in tumours secreting IL31
0 10 20 30 40 50 60 70 The sections were stained with the dendritic-cell-related mAb N418

: . (5 pl/ml). A B16/pLXSN,B B16/IL-13, C B16/ssIL-1B, D the staining
Days after inoculation of B16/ssIL-PB with a hamster IgG isotype-matched control antibody
Fig. 5A,B The reduction in tumour growth of IL8tsecreting tu- (5 pg/ml). The bound antibodies were made visible by use of

mours correlated with the prolongation of survival. The animals wefdminobenzidine. Sections were counterstained in hematoxylin. The
sacrificed when the tumour burden exceeded< L0 mms. The Positively stained cellsafrows) are brown. $cale bars0 um, valid for

tumours were induced by s.c. injections ofx310# (A) or 1 x 104 A=
(B) B16/pLXSN, B16/IL-13 or B16/ssIL-B cells in the flank of
syngeneic mice (six to eight mice/group). One representative experi-

t of th iments performed . L . .
ment of fhree experiments periorme In contrast, in the mice inoculated with ILBisecreting B16
transfectants, the same tumour volume was reached ap-
proximately between days 40 and 45 (Fig. 3D-F). The
difference was less pronounced when the higher tumour d&imour volume in animals receiving & 10¢ cells was

dose was administered [Fig. 3A—C (high) and D-F (low)fImost tenfold reduced on day 26 in the B16/ssfi.gtoup
The low dose resulted in tumours reaching a volume gpmpared with the B16/pLXSN and B16/IlB1groups

control group and days 25 and 30 in the B16/IR-droup.

Fig. 8A-D IL-1B-secreting tumour cells induce a moderate infiltra-
tion of CD4 cells in focal areas of the tumouk. B16/pLXSN,B B16/

Fig. 6A-D Strong infiltration of macrophages in the tumour areas ofi.-1p3, andC B16/ssIL-13 were stained with the anti-CD4 mAb (&/
IL-1B-secreting tumour cellA B16/pLXSN,B B16/IL-13 andC B16/ ml), D shows the staining of a section from a B16/ssp.tdmour with
sslL-13 were stained with the mAb MAC-1 (fg/ml). D The staining anti CD8 mAb. The anti-CD8 stainings were similar for all the tumour
of B16/ssIL-B with an isotype-matched (IgG2b) control antibodytransfectants (data not shown). The bound antibodies were made
(5 pg/ml). The bound antibodies were made visible by use ofisible by the use of Vectés red substrate. Sections were counter-
diaminobenzidine. Sections were counterstained in hematoxylin. Teained in hematoxylin. The positively stained cells appear as red.
positively stained cells are browrS¢ale bar50 pum, valid for A-D)  (Scale bar50 um, valid for A-D)
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Fig. 9A-D The frequency of
ICAM-1-expressing tumour cells
is elevated in the in vivo grown
B16/ssIL-B cells as compared
with the in vivo grown B16/
pLXSN cells. Single-cell suspen-
sions of the tumours were pre-
pared and were analysed by
FACS. Tumours were removed
from the animals when the tu-
mour volume exceeded 1 108
mmB. A—C The tumour cells
being analysed for ICAM-1 ex-
pression after growth in vivo and
thereafter being recultured for 3
weeks in vitro.D—F In vitro cul-
tured tumour cells; one represen- -
tative experiment of three similar 27 1%
experiments performed - . 88

1 g © X
- T e
107 101 402 1a3 104 10

30 41

68

ICAM-1

1l 10
1.B16.6

volume was significantly reduced in animals inoculatedl4/80 correlated with the MAC-1 staining, confirming the
with 3 x 104 B16/ssIL-B cells compared with thoserecruitment of macrophages to the B16/IB-hnd B16/
inoculated with mock- or IL-B-transduced B16 cells sslL-13 tumours (data not shown). Furthermore, to deter-
(P<0.001, Fig. 4A-C). mine whether dendritic cells were present in the tumour

The reduced in vivo tumour growth rate of the B16/sslLarea, tumour sections were stained with the dendrite-related
1B tumours correlated with prolonged survival in animalsiAb N418. The staining with N418 mAb was significant in
receiving 3x 104 (high) or 1x 10# (low) cells (Fig. 5A,B). sslL-13-transduced tumours but was absent in mock- and
Approximately 30% of the animals challenged witkk 104 IL-1[3-transduced tumours (Fig. 7A-C). Moreover, a mod-
cells remained tumour-free after 60 days whereas noneeoéte infiltration of CD4 T helper cells was detected in the
the animals remained tumour-free after inoculation of B165IL-13-secreting tumours whereas very few CDHcells
pPLXSN or B16/IL-13 cells (Fig. 5B). were present in the ILf3or mock-transduced tumours

Thus, genetic manipulation of the parental B16 melan@Fig. 8A—-C). No CD8 cells were detected in any of the
ma cells to secrete ILfLseems to convert this aggressiveumours (Fig. 8D). In contrast, a strong Cb&aining was
and poorly immunogenic tumour into a less tumorigenizbserved in the spleens of all the animals investigated (data
variant. not shown).

Phenotype of tumour-infiltrating cells in response to locaUp-regulation of ICAM-1 on tumour cells in vivo
IL-1(3 secretion

In order to analyse the expression of surface antigens on the
In order to investigate whether the reduced tumorigenicityarious tumour cells after in vivo growth, we prepared
correlated with an increase in the infiltration of leucocytesjngle-cell suspensions from tumour biopsies and perform-
immunohistochemical analysis of tumour biopsies wasl flow-cytometric analysis. An up-regulation of ICAM-1
performed. In the mock-transfected tumours, very limiteddas detected on the cell surface of all the three B16-
numbers of CD45leucocytes were detected whereas in theansduced tumours after in vivo growth. This up-regulation
B16/IL-13 and B16/sslIL-B tumours a substantial infiltra- was constitutive and remained elevated even after 3 weeks
tion was recorded (data not shown). Staining the tumoaf in vitro reculture (Fig. 9A-C), as compared with cells
sections with the mAb 1.B16.6, which specifically reactsultured in vitro (Fig. 9D—F). Interestingly, the percentage
with B16 melanoma cells [24], confirmed that the biopsiesf ICAM-1-expressing 1.B16:6tumour cells in the IL-§-
contained melanoma cells (data not shown). A stromsgcreting B16 transfectants was elevated more than twofold
infiltration of MAC-1*+ macrophages was recorded in theompared with the mock transfectants. The percentage of
B16/ssIL-PB tumours (Fig. 6C), whereas a moderate infilB16/IL-1f3 tumour cells expressing ICAM-1 was elevated
tration was observed in the B16/ILB3lItumours (Fig. 6B). only slightly. Analysis of the expression of MHC class | and
Moreover, in the B16/ssILfi tumours, MAC-* cells II, which was marginal or absent in the in vitro cultured
infiltrated the entire tumour, whereas only local ared316 cells, failed to show any modulation after in vivo
stained positively for MAC-1 in the B16/ILf tumours. growth (data not shown). Moreover, expression of neither
The mock-transfected tumours contained only marginBlF.1 nor B7.2 was recorded on the tumour cells after in
numbers of MAC-1 cells (Fig. 6A). To verify that the vivo growth. In contrast, almost all the tumour-infiltrating
cells staining positively for MAC-1 were macrophages, thélAC-1+ macrophages expressed both B7.1 and B7.2 (data
mAb F4/80 was used. The staining pattern obtained witiot shown).



279

sively, all of these animals being moribund after 30 days.
The reduction in tumour growth rate in the mice receiving
. . . . . B16/sslL-PB transfectants was not due to clonal effects,
IL-1B is one of the most pleiotropic cytokines possessing e gifferent B16/ssIL clones showed similar reduced
bOFh potent pron_wflammato_ry and |mmunqs_t|mulatory ProRyrowth compared to control B16-transfected cells (data not
erties [12]. IL-1 is a cytokine that can elicit such multipl hown). The sslL-f-transduced tumours seemed not to
antitumour mechanisms as the enhancement of CytOtf)rﬁlu%diate any IL-B-related side-effects, the levels of 1131
activity of monocytes [31], natural killer cells and Ty yho serym from these animals being undetectable (data
lymphocytes [11]. Moreover, IL-1 mediates increased ey shown). This can be explained by I3hctivity being
pression of several cytokine genes, including 1L-2, IL- trictly controlled at different levels, including the protein
and GM-CSF [12], that have been shown to have antityny the receptor level [9]. Colotta and co-workers have
mour activity [13, 17, 37]. It has also been proposed thaf,,,n that several chemotactic agents, including C5a,
IL-1p exerts direct cytotoxic effects on various tumour Ce:_IFIateIet-activating factor, and IL-8, cause a rapid reduction
[28, 311' However, in most of the st.ud|es performed, & the IL-1-binding capacity of human polymorphonuclear
cytokine has been applied systemically, which often {§,.qcvtes through the release of IL-1 type-ll receptors
accompanied by detrimental effects on the host, such @8; Thys, chemoattractant-induced IL-1 type-Il decoy
fever, anorexia, neutrophilia and hypotension [35]. receptors, released systemically, may limit the endocrine

We have demonstrated here that the release of a genet: s of 1L-1 while preserving the capacity of the im-

ically modified 1L-18 locally in the tumour area has themunocompetent cells to respond to paracrine IL-1 secretion

potential of converting an aggressive, poorly |mmunoge;§ the tumour site. It is, therefore, tempting to speculate that
!

Discussion

tumour into a less tumorigenic form. IL-1 lacks a signgl,q of the IL-B released into the circulation is neutralised

peptjde [5] and the mechanism forthe_release of IL—l.is SBY soluble IL-1 type-1l decoy receptors. Alternatively, the
elusive. However, recent results obtained by Hongs'g aNthour cells themselves may produce some as yet uniden-
co-workers [20, 21] suggest that the release of it |4 IL-1B-neutralising factor.

associated with cell injury and that the processing of the o th inhibition seemed to correlate with the ability of
precursor molecule only occurs efficiently in cells that arg,

d : is | . dv 116 h ﬁ£ secreted ILf3 to induce the massive infiltration of
undergoing apoptosis. In a previous study [16], we show nocytes, together with the moderate recruitment of €D4
that the transfection of NIH 3T3 cells with the mature for

™ helper cells and dendritic cells into the tumour area. The

of human IL-18 cDNA that was fused to a signal SequenCgiqinq that the modulation of tumour growth by ssiB-h
directed the protein from cytoplasmic accumulation to thg, 1 nodeficient nude mice was less than the reduction in
secretory pathway. This resulted in an excessive releasg gf,, r growth observed in immunocompetent syngenic
IL-1 without the V'ab'l'ty of ”!‘? producer cell being e (data not shown) indicates that the GD®& helper
affected. Thus, genetically modified IL-1 allows the proge|is may play a crucial role in the inhibition of growth. The
ducer cell to act as an accessory cell with the ability 19, yyjtic cells detected in the sslipdransfected tumours
regulate a long-lasting immune response. In the pres y also play a prominent role in the inhibition of tumour
StUdY’ We_extend the scope of the previous study thrqu wth, since these are the most potent antigen-presenting
the inclusion of IL-B-transduced melanoma cells, whic ells, expressing high levels of MHC | and MHC II, as well
provides a model for in vivo tumour-biological studies. Thgg e costimulatory molecules B7.1 and B7.2 It has

girisrt?r?r)lljigia'?hoen iI\ct)rrochiiitr:lg dhu;aen Irfgggsffgmbinadbéegg previously been shown that dendritic cells may be success-
9 gene p 9 y used in several tumour vaccination protocols [23, 27].

murine IL-1B. There is an extensive sequence homology, significant growth inhibition was observed when tu-
between the mouse and hL_jman_ I_B-geng product and mour cells were transduced with IL31without a signal
human IL-13 shows strong bioactivity against both mousge, ence, despite the substantial infiltration of monocytes
and human T cells. The different B16 clones used in this o yymour. It can be speculated that minimal tumour cell
study all expressed low amounts of MHC class | a ath occurs during the initial growth of a tumour, resulting
in marginal levels of released ILB1 As the tumour grows,

construct did not induce a change in the growth pattejiyy, ces infiltration of blood monocytes. However, by this

(data not shown). Thus, it seems highly likely that thg,o e tymour can have progressed to a stage in which it

results in this study are entirely reflecting the release f |, \fected by the immune response. Early Bsecre-

bioactive IL-1 in the tumour area and that potential immung, - may be crucial to mediating an early inflammatory

react(ijonhs againstlthe human product will not have inflyzgnonse that results in the recruitment of €D4ells and
en(fl_eh ttese frestg ts tofany”_majtor %X:Egm' | I dendritic cells. It is well known that IL-1 induces the

e lranstection of SS .{1.9. melanoma Cesexpression of several adhesion molecules, such as
resulted in a significant inhibition of tumour growth~ap.1 [33], ELAM-1 [6] and VCAM-1 [32], on various

(Figs. 3, 4), which correlated with prolonged survival, et celis. Furthermore, IL-1 is a stimulator of cytokine

Indeed, about 30%-40% of the animals inoculated wi Qo
! h ression in both T cells and macrophages. Several of the
1 x 104 B16/ssIL-3B cells remained tumour-free after more, b ighiac

tokines induced by IL-1, such as TNFIL-2, IL-4, and
than 60 days. In contrast, control tumours grew progreévM_CSF [4, 13, 17, 37], are known to have antitumour
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activity. The pattern of endogenous cytokines produced i#
the tumour area is currently being investigated immunohis-
tochemically.

FACS analysis of disaggregated cells from tumours;,
revealed a strong up-regulation of ICAM-1 on ssif-1
transduced tumour cells grown in vivo. The up-regulation
was constitutive and remained even after 3 weeks of in vitr
reculturing. ICAM-1 has been shown to have costimulatory”
effects on T cells and to be essential when the levels of the
MHC 1I/Ag peptide complex are low [1, 15]. However, the 7.
augmented expression of ICAM-1 on tumour cells has also
been found to be associated with an increased risk of
metastasis [18, 25]. Thus, ICAM-1 seems able to exed.
dual effects in tumour development and progression.

Apte and co-workers have demonstrated reduced tumor-
igenicity of IL-1a-producing cell lines [2, 39]. They also ™
detected an immunological memory in conjunction with the
rejection of IL-a-producing fibrosarcomas. In contrast]o.
Gilboa and co-workers reported the gene transfer of the
proform of IL-1a and IL-13 to have only weak effects in
the therapeutic vaccination of bladder cancer. Howevgg,
since the proform of IL-f has to be processed in order for
it to express biological activity, and since not all cell types
express IL-B-converting enzyme, it is likely that these
cells were unable to cleave the proform. Alternatively, singg
our transfectants only marginally released IR-in the

Asher AL, Mule JJ, Kasid A, Restifo NP, Salo JC, Reishert CM,
Jaffe G, Fendly B, Kreigler M, Rosenberg SA (1991) Murine
tumor cells transduced with the gene for tumour necrosis factor-

J Immunol 146:3227-3234

Auron PE, Webb AC, Rosenwasser LJ, Mucci SF, Rich A,
Wolf SM, Dinarello CA (1984) Nucleotide sequence of human
monocyte interleukin 1 precursor complementary DNA. Proc Natl
Acad Sci USA 81:7907-7911

8 Bevilacqua MP, Pober JS, Mendrick DL, Cotran RS, Gimbrone MA

(1987) Identification of an inducible endothelial-leukocyte adhe-
sion molecule. Proc Natl Acad SciUSA 84:9238-9242

Cerretti DP, Kozlosky CJ, Mosley B, Nelson N, Van Ness K,
Greenstreet TA, March CJ, Kronheim SR, Druck T, Cannizarro
LA, Huebner K, Black RA (1992) Molecular cloning of the
interleukin-13 converting enzyme. Science 256:97-100

Colombo MP, Forni G (1994) Cytokine gene transfer in tumour
inhibition and tumour therapy: where are we now? Immunol Today
15:48-51

Colotta F, Dower SK, Sims JE, Mantovani A (1994) The type Il
“decoy” receptor: a novel regulatory pathway for interleukin 1.
Immunol Today 15:562-566

Colotta F, Orlando S, Fadlon EJ, Sozzani S, Matteucci C, Manto-
vani A (1995) Chemoattractants induce rapid release of interleu-
kin-1 type Il decoy receptor in human polymorphonuclear cells.
J Exp Med 181:2181-2188
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leukocyte pyrogen/lymphocyte-activating, T cell growth factor,
and interferon on human natural killer activity. J Immunol
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absence of a signal sequence, the cells may have failed 3o Dranoff G, Jaffee E, Lazenby A, Golumbek P, Levitsky H, Brose K,

secrete the protein.

Our results suggest that ILB1possesses antitumour
activity and acts, either directly or indirectly, as a chemo-
tactic factor for macrophages, CBZ cells and dendritic
cells in vivo. This supports IL{3 having a regulatory role 14-
during a local antitumour response. The targeted extrac%—
lular delivery of mature IL-B protein provides a unique =
approach to evaluating the importance of IB-&xpression
for a primary antitumour immune response. Currently we
are investigating the effects of combining IL-1 and IL-2

Jackson V, Hamada H, Pardoll D, Mulligan RC (1993) Vaccination
with irradiated tumour cells engineered to secrete murine granu-
locyte-macrophage colony-stimulating factor stimulates potent,
specific, and long-lasting anti-tumour immunity. Proc Natl Acad
Sci USA 90:3539-3543

Fidler 13 (1975) Biological behavior of malignant melanoma cells
correlated to their survival in vivo. Cancer Res 35:218-224
Fischer H, Gjdoff Wingren A, Hedlund G, Hedman H, Lund-
gren E, Kalland T, Sjgren HO, Dohlsten M (1992) Stimulation of
human naive and memory T helper cells with bacterial super-
antigen. Naive CD#5RAr T cells require a costimulatory signal
mediated through the LFA-1/ICAM-1 pathway. J Immunol
148:1993-1998

gene transfer in efforts to enhance the IB-hduced 15 Gijuioff Wingren A, Bjerkdahl O, Labuda T, Bjk L, Anders-
antitumour response. Such an approach may serve to recrultson U, Gullberg U, Hedlund G, Sjoen HO, Kalland T, Wide-

and expand the CD4and CD8 T cells further at the
tumour site.
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