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ABSTRACT

Hepatic metastasis in melanoma is affected by processes of tumor cell
adhesion to sinusoidal cells, avoidance ofcytotoxlc cells, and local growth
promoting activity. A role for iaterleuldn-1 (IL-i) in these events was
evaluated in vitro and in vivo by specifically blocking IL-i receptors using
the naturally occurring IL-i receptor antagonist (IL-iRa). At 10- and
100-fold molar excess, IL-IRa reduced the IL-i-mediated adhesion of B16
melanoma cells to cultured hepatic sinusoidal endothelial cells by 60 and
100%, respectively. Conditioned media derived from murine hepatic
sinusoidal endothelial cells contain growth-promoting activity for B16
cells, and IL-i increased Its production 2.5-fold (P .c 0.01). The addition of

IL-iRa to sinusoidal cells reduced the spontaneous release of the growth
promoting activity by 32% (P < 0.05). In addition, blocking IL-i receptors
on melanoma cells reduced their responsiveness to endothelial-condi
tinned medium (P .c 0.05). A single dose of IL-lEa (0.5 mglkaJ given to

mice i.p. 2 h prior to Intrasplenic injection of melanoma cells reduced the
number of hepatic metastases by 50% and the metastatic volume by 70%
compared to vehicle-injected controls (P < 0.01). When given 2, 4, and 6
days after the injection of tumor cells, IL-iRa reduced the volume of
metastases by 58% (P < 0.01). Fifty % of mice pretreated with 0.5 mgfkg
IL-iRa and given 3 additional doses on days 2, 4, and 6 died after 13.5 Â±
0.4 days compared to 11.3 Â±0.2 days for controls (P < 0.01). In mice
pretreated and given 10 daily doses at 5 mg/kg, there was an 80%
reduction in hepatic metastases Using this regimen, survival was 18.1 Â±
2.4 days in the IL-iRa group and 11.2 Â±1.5 in controls (P < 0.001). These
studies demonstrate a significant role for IL-i in implantation and growth
of metastatic melanoma in the liver.

INTRODUCTION

For tumor cells to metastasize to the liver, adhesion to the sinu
soidal endothelial wall (1), survival of local macrophage (2) and Pit
cell (3)-mediated cytotoxicity, and growth are necessary. The devel
opment of early micrometastases takes place in the periportal sag
ments of the sinusoidal network (4) in both rodent models and in
humans. Moreover, this intraorgan selective implantation occurs at the
same sites where progenitor blood cells form hematopoietic colonies
during experimental anemia (5, 6). Thus, the periportal sinusoid
microenvironment likely contains conditions required for metastasis.
The combination of these adhesion and growth-promoting events
suggests that noncancer-specific mechanisms may contribute to liver
colonization.

In contrast to the perivenous endothelium, the periportal endothe
hum consists of a well-defined population of cells with a high content
of surface sugars (7) and mannose-binding endogenous lectins (8).
Moreover, in vitro tumor cell binding to the sinusoidal endothelium is
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mediated, in part, by mannose receptors since the tumor-endothelium
binding is reduced by endothelial lectin blockade and enhanced after
in vitro enrichment of tumor cell surface mannose using deoxi
manojirimycine (8, 9). IL-i3 up-regulates mannose-binding receptors
on the sinusoidal endothelium, and this was associated with increased
tumor cell adhesion to the endothelium (9). The amount of IL-1@
which significantly increases mannose receptors begins at 1 pg/ml and
reaches a maxiumum effect at 1 ng/ml (8). These concentrations of
IL-113are present in the circulation of a variety of inflammatory and
infectious diseases (10).

The ability of IL-i to stimulate sinusoidal cell-tumor cell adhesion
and growth may explain the enhanced metastases observed in animals
pretreated with IL-i (11, 12). Experimentally induced hepatic hema
topoiesis also enhances metastatic growth of Bi6 melanoma and other
tumors in mice (6). In the liver, IL-i is produced by sinusoidal
endothelium and Kupffer cells in response to endotoxins and malig
nant cells (13). Therefore, IL-i production by sinusoidal cells in
response to malignant cells may contribute to metastasis by overcom
ing local homeostatic responses (14), i.e., by stimulating tumor cell
binding to endothelial cells (15â€”17).This concept is supported by the
observation that melanoma-derived IL-i creates a prometastatic
microenvironment (18).

In the present studies, we used the Bi6 melanoma model of
experimental hepatic metastasis (19). We tested the hypothesis that
IL-i contributes to melanoma metastasis and growth using specific
blockade of IL-i receptors by the IL-i receptor antagonist (IL-iRa)
(reviewed in Ref. 20). IL-iRa is a naturally occurring inhibitor of IL-i
activity which binds to IL-i receptors with the same affmity as bona
fide IL-i but without triggering biochemical responses in cells (21,
22). IL-iRa has been injected i.v. into healthy humans and induces no
clinical or metabolic effects (23). We studied the role of IL-i in the
production and activity of melanoma cell proliferation factors derived
from hepatic sinusoidal endothelium cultures in vitro in the presence
and absence of IL-i receptor blockade. Given the production of many
host factors affecting tumor cell metastasis and local growth in animal
models, we injected IL-iRa before and/or after intrasplenic injection
of melanoma cells in mice.

MATERIALS AND METHODS

Reagents. Tissue culture media, type I DNase, dimethyl sulfoxide, HEPES
buffer, and metrizamide were purchased from Sigma Chemical Co. (St. Louis,
MO). CollagenaseA, Pronasetype E, andtype I collagen fromcalf skin were
obtained from Boehringer Mannheim. Human recombinant IL-1f3had a spe
cific activity of 10@anita/mg of protein (24). IL-iRa was provided by Dr.
Daniel Tracey, Upjohn Co., Kalamazoo, MI (25). The endotoxin content of
IL-1@and IL-iRa was less than 20 pg/mg as assayed by the Limulus macho
cyte lysate (Associates of Cape Cod, Woods Hole, MA). BCECF was pur
chased from Molecular Probes, Eugene, OR.

3 The abbreviations used are: IL, interleukin; IL-iRa, interleukin 1 receptor antagonist;

HEPES, 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid; BCECF, 2',7'-bis-(2-car
boxyethyl)-5-(6)-carboxyfluorescein; B16HM, hepatic metastasizing B16 melanoma cell
line; DMEM, Dulbecco's minimal essential medium; FC.S,fetal calfserum; GBSS, Gey's
balanced salt solution; SEC. sinusoidal endothelial cells; SEC-CM, sinusoidal endotheial
cell conditioned medium; LMI, liver metastasis inhibition.
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Melanoma Cells. B16HMwas selectedas describedpreviously(19). Cells
were cultured in DMEM supplemented with 10% FCS, 100 units/mI penicillin,
and 100 p@g/mlstreptomycin (Sigma). Cultures were maintained at 37Â°Cin a
humidified atmosphere of 5% CO2.

Sinusoidal Cell Isolation. The liver from an anesthetizedmouse was first
perfused through the portal vein with GBSS. Tissue digestion was carried out
by perfusing 10 ml 0.1% Pronase in GBSS at 3 ml/min followed by 15 ml of
0.05% collagenase, 0.05% Pronase, and 0.0003% DNase in GBSS at 2 ml/min.
The liver was then minced and stirred in 20 ml GBSS containing 0.02%
Pronase, 0.05% collagenase, and 0.0003% DNase at 37Â°Cfor 10 min at a pH
of 7.4. The cell suspension was passed through a screen, washed, resuspended,
and centrifuged at 1,400 X g for 15 mm in GBSS containing 17.5% (w/v)
metrizamide. Endothelial cells were further separated by centrifugal elutriation
in a J2â€”2lcentrifuge using a JE6-B rotor (Beckman Instruments, Inc., Fuller
ton, CA) equipped with a standard chamber. Details of these procedures have
been described elsewhere (7, 26). In vitro identification of the sinusoidal
endothelium phenotype was carried out by flow cytometric analysis of sepa
rated cells pre-labeled with fluorescein isothiocyanate-conjugated ovalbumin,
123-rhodamine, and diacetylated low density lipoprotein (7, 26). Once sepa
rated, sinusoidal endothelial cells were cultured on collagen-coated 24-well
plates or flasks in a-modification of minimal essential medium supplemented
with antibiotics. Cultures were maintained at 37Â°Cin a humidified atmosphere

of5% CO2.

Tumor-Endothelial Cell Adherence Assay. Adhesion assays were carried
out using a quantitative method based on a fluorescence measurement system
adapted from R. Pearce-Pratt (The Population Council Laboratory, New York,
NY). For this measurement, B16HM cells are allowed to accumulate the
nonfluorescent esterase substrate BCECF-acetoxymethyl ester; this is subse
quently hydrolyzed it to its fluorescent product BCECF, which becomes
trapped inside the live cells. For the labeling, 50 ,.i.gof BCECF-acetoxymethyl
ester were dissolved in 5 pJ of dimethyl sulfoxide and diluted in RPMI 1640
to 1.1 ml (final concentration 40 @.i.g/ml).B16HM cells (5 X 106) were
resuspended in BCECF-acetoxymethyl ester solution and incubated at 37Â°Cfor
15 mm. After washing, the cells were resuspended in HEPES-buffered DMEM
without phenol red at a concentration of 2 X 106cells/ml.

Sinusoidal endothelial cells were used for the adhesion assay 24 h after
plating. The day of the assay, fresh HEPES-buffered DMEM without phenol
red was exchanged, and basal autofluorescence was determined using a
CytoFluor-2350 system (Millipore Co., Bedford, MA) at 485/22 nm excitation
with a 530/25 nm emission filter at high and intermediate sensitivity settings.

Labeled B16HM cells were added to cell cultures (0.1 ml/well) and also to
collagen precoated control wells. In order to determine the fluorescence of the
added number of cells in each well, a second determination was performed on
the CytoFluor-system. The plates were then incubated at 37Â°C,and 40 mm
later, wells were washed three times with fresh medium and read for a third

time for fluorescence. The number of adhering cells were quantified by
arbitrary fluorescence units based on the percentage of the initial number of
tumor cells added to the sinusoidal endothelial cells. The units were calculated
for each well as:

Fluorescence after third washâ€” nonspecific fluorescence before tumor addition

Fluorescence before incubation â€”nonspecific fluorescence before tumor addition

Each experiment was performed in sixtuplicate wells, and the
results are expressed as the mean value Â±SD. The average value of
B16 melanoma cell adhesion to untreated endothelium was 45 Â±4.1%
of cells added (n = 8). Endothelial cells were pretreated with
i0Opg/ml IL-i@3for 4h at 37Â°C and washed to remove the IL-i before
the addition of the tumor cells. To block IL-1@3,however, IL-iRa was
added 10 mm before the4h incubation with IL-i, after which time
endothelial cells were washed to remove both IL-if3 and IL-iRa.

Sinusoidal Endothelial Cell Conditioned Medium. SEC-CMwere har
vested from approximately 2 X 10@cells/cm2of 25 @2culture flask after 48
h in 7 ml of minmal essential medium with 2% FCS and antibiotics. The
supernatants were centrifuged at 1,000 X g for 10 mm. The supematants were
diluted 1:4 with fresh DMEM supplemented with 2% FCS. SEM-CM was then
added to 5 X i0@B16HM cells seeded into each well of a 96-microtiter plate.
After 48 h incubation, the wells were pulsed for 6 h with 2 pCi of [3H]dmd
(Amersham International, Buckinghamshire, England). After cell trypsiniza

tion, the DNA was harvested onto filter paper, and incorporated radioactivity
was measured in a beta counter. The data are expressed as relative values with
respect to proliferation of unstimulated B16HM cells.

Animal Studies. Male C57BL/6J mice (6- to 8-weeks old) were obtained
from IFFA Credo (L'Arbreole, France). Hepatic metastases were produced by

intrasplenic injection of 3 X 10@viable B16HM cells suspended in 0.1 ml
Hanks' balanced salt solution (19) into anesthetized mice (Nembutal, 50
mg/kg). Mice were sacrificed by cervical dislocation on the 10th day after the
injection of tumor cells. Livers were fixed, and 15 tissue sections were

obtained per liver. There were five groups approximately 500 p@mapart and
from each, three 4 p@msections were made every 100 p@m.Tissues were stained
with hematoxylin and eosin. Quantitation of the size and frequency of foci and
on the volume fraction of liver occupied by metastatic tissue was obtained
using an integrated image analysis system (SM!, Atlanta, GA). Densitometric
analysis of digitalized microscopic images was used to discriminate metastatic
B16HM melanoma from normal hepatic tissue and to determine both the
number of metastases and the percentage surface occupied by tumor in each
hepatic section. As described previously for stereological procedures (6, 19),
the following parameters were calculated: metastasis density, the number of
metastasis per 100 mm3 of liver; metastasis volume, the percentage of the
organ volume occupied by metastases; and the focal growth index, a measure
ment of metastasis volume/metastasis density/days after tumor cell injection.
LMIwas calculatedas:

Experimental metastasis volume
LMI=1â€” X100

Control metastasis volume

IL-iRa Treatment Protocols. In order to study the effect of IL-iRa on the
metastasis of B16HM cells, mice were given injections of either 0.1 ml saline
(0.5 mg) or 5.0 mg/kgof IL-iRa i.p. at differenttimesrelevantto the
intrasplenic injection of tumor cells as indicated in the text, Table 1, and the
legends to Figs. 3 and 4.

Statistical Analyses. In vitro data were analyzed by Student's unpaired
t test. The Kaplan-Meier survival curves were used for mouse mortality

studies. The log-rank, Mantel-Haenszel test was used for analysis of survival
studies.

RESULTS

IL-iRa Inhibition ofIL-1-mediated Stimulation ofB16HM Cell
Adhesion to Hepatic Sinusoidal Endothelium in Vitro B16HM
melanoma cells added to cultured sinusoidal cells preferentially select
the endothelial cell surface for adhesion. After 40 mm, only 3â€”10%of
the tumor cells bound to the collagen-coated surfaces compared to the
cultured endothelial cells. Variations in time of exposure (1â€”24h) and
concentration (1 pg-10 ng/ml) revealed that pretreatment of sinusoidal
endothelial cells with 100 pg/ml IL-1@3for 4 h was optimal for the
adhesion of Bi6 melanoma cells (9). Blocking IL-i receptors using
increasing concentrations of IL-iRa reduced the specific adherence of
the tumor cells (Fig. 1). When endothelial cells were pretreated for 10
mm with IL-iRa at a molar excess of IL-iRa to IL-i of 10:1, there
was a 60% reduction of B16HM cells adhering to the sinusoidal
endothelial cells (P < 0.05). At at molar excess of 100:1, complete
inhibition of the IL-i-mediated tumor-endothelium adhesion was ob
served. In SEC incubated with IL-iRa only (no IL-i), no differences
in tumor cell adhesion were observed compared to control SEC.

IL-iRa Inhibits Both the Production and Effect of Melanoma
Proliferation Factors from Sinusoidal Endothelial Cells. SEC-CM
stimulates [3H]dThd incorporation in B16HM cells compared to non
conditioned medium (P < 0.01; Fig. 2). Production of these stimula
tion factors was enhanced (2.5-fold stimulation; P < 0.01) when SEC
were cultured for 48 h in the presence of IL-if3. In contrast, when the
SEC were cultured in the presence of 10 ng/ml IL-iRa for 48 h, the
resulting supernatants contained significantly less (32%) stimulating
activity (P < 0.05). Control experiments were carried out to determine
if the carry-over of IL-iRa in the SEC-CM affected the proliferation
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Experimental groupsMetastasis
density

(no. foci/mm3)Metastasis
volume

(% liver volume)Focal

growth
index

(mm3/day)LMI
rate

(%inhibition)Vehicle12.00

Â±0.5846.00 Â±4.360.36 Â±0.030IL-iRa
pretreatment onlya

IL-iRa pretreatment + early treatmentc
IL-iRa early treatment onlyâ€•
IL-iRa late treatmente7.05

Â±1@05b
6. 05 Â±0.29â€•
9. 16 Â±1.48
9. 77 Â±0.4011.57

Â±1.28â€•
10.13 Â±1.35â€•
19.50 Â±3@21b
20.95 Â±221b0.17

Â±0â€¢01b
0.16 Â±0.01â€•
0.21 Â±0.01â€•
o.@oÂ±ao2â€•75

78
58
54
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of B16 cells.Concentrationsof IL-iRa from 10pg to 25 ng/ml added
to B16HM cells did not reduce their spontaneous proliferation and did
not affect viability (data not shown). These results suggest that there
is an autocrine production of growth-promoting factors from cultured
SEC which is IL-i dependent.

Since several melanoma growth-promoting factors are produced by
SEC, we next studied the effect of IL-i receptor blockade in B16HM
cells. The addition of IL-iRa (10 ng/ml) to B16HM cells 10 min
befrre the addition of SEC-CM resulted in a partial (50%) reduction
(P < 0.05) in the growth-promoting effect of the SEC-CM.

Effect of IL-iRa on B16HM Melanoma Liver Metastases and
Growth. To study the contribution of IL-i to the metastatic processes
of B16HM melanomacells in syngeneicmice, i.p. dosesof 0.5 mg/kg
IL-iRa were given before and/or after the injection of tumor cells
according to different administration schedules (Table 1). Due to the
highly malignant nature of B16HM cells, tumor progression is rapid
following intrasplenic injection. The tumor takes in the spleen, and all
mice develop hepatic metastases. By the 4th day, a visible melanotic
tumor (10 mm3) is observed in the spleen, which quickly grows to a
diameter of 2.5 cm. Hepatic metastases are detectable microscopically
from the 7th day. By the 10th day after the injection of tumor cells,
50% of the liver volume is occupied by metastatic tissue. Cachexia
results in death on days iOâ€”i4.

A single injection of IL-iRa given 2 h before the injection of tumor
cells significantly reduced the number of liver metastases. As shown
in Table 1, the number of metastatic foci was reduced by 50%. In
addition, there was a significant reduction in focal growth index
(45â€”50%)and, as a consequence, an overall LMI rate of 75%. When
additional IL-iRa was given on days 2, 4, and 6, no further significant
changes in the parameters of metastases were observed compared to
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Fig. 2. Effect of conditioned media from cultured sinusoidal endothelial cells on in
vitro cell proliferation rate of B16HM cells. Relative proliferation rates (Â± SD) were
calculated as described in â€œMaterialsand Methods.â€•Each addition to melanoma cells was
tested in eight wells per experiment. IL-1@-treatedSEC-CM was collected from endo
thelial cell cultures stimulated with 100 pgJml of lL-1f3 added every 12 h for 48 h.
IL-iRa-treated SEC-CM was obtained from endothelial cell cultures incubated with 10
ng/ml ofIL-iRa added every 12 h for 48 h. In some experiments, 10 ng/ml of IL-iRa were
addedto B16HMmelanomacells10minbeforestimulationby SEC-CM.Fiveseparate
preparations of conditioned medium were produced from five different endothelial cell
cultures. Each preparation was assayed twice in proliferation assays, using the experi
mental design shown in the figure. The data represent the mean of 10 proliferation
experiments; bars, SD. Differences were statistically significant with respect to prolifer
ation in control medium (unconditioned). , P < 0.05; @,P < 0.01. Differences were
statistically significant with respect to proliferation in SEC-CM. +, P < 0.05; + +,
P < 0.01.

mice receiving only a single preinjection of IL-iRa, and the LMI rate
using this schedule was 78%. Using splenic weight, this regimen of
IL-iRa reduced growth of the tumor in the spleen by approximately
40% compared to control mice.

Mice were also given IL-iRa after the injection of tumor cells.
Treatment with IL-iRa on days 2, 4, and 6 (early treatment) was
evaluated. The density of the metastases was reduced by 25%. How
ever, the focal growth index of established metastases was still re
duced by IL-iRa (42% reduction), and as a consequence, the volume
of metastasis was significantly reduced compared to vehicle-treated
mice. The LMI rate was 58%.

The ability of IL-iRa to act as growth inhibitor of metastasis was
observed when the antagonist was given late in the postimplantation
period of micrometastasis, i.e., in the period from days 5â€”9.IL-iRa
administration reduced the density of metastasis by only 18%, but the
focal growth index remained significantly inhibited (45% compared to
controls). The volume of metastases was reduced, and the LMI rate
was 54% (Table 1).

We next compared the effect of increasing the dose of IL-iRa on
the development of metastatic foci. IL-iRa was given 2 h prior to and
daily for 10 days; after the 10 day, mice were sacrificed, and the
number of metastatic foci assessed. At 0.5 mg/kg, there was a de
crease of approximately 50% (P < 0.01) compared to vehicle-injected
mice. At 5 mg/kg, the decrease was approximately 80% (P < 0.01

IL-i-treated (0.lng/ml)

0@

I
.@

200

100

I

n

Untreated 0 0.1 1 10@

IL-iRa (ng/ml)

Fig.1. IL-iRa inhibitsIL-i-mediatedB16HMcell adhesionto hepaticsinusoidal
endotheium. Percentage adhesion was Calculatedfrom the number of B16HM cells bound
to IL-1@-treatedendothelialcellsasa proportionofcellsboundto untreatedendothelium
(see â€œMaterialsand Methodsâ€•).IL-iRa was added 10 min before IL-1@. The results are
the mean of 4 separate experiments, each in sixtuplicate (n 24); inr@ SD. Reductions
in adhesionrateswithrespectto 1L-1@-treatedendotheialcellswerestatisticallysignif
leant by unpaired t test. , P < 0.05; @,P < 0.01.

Table 1 Effect ofIL-IRa on hepatic metastasis parameters
Data are expressed as mean values Â±SEM for 20 mice/group.

aIL-iRa (0.5mg/kg)wasadministeredasa singlei.p. injection2 h priorto the tumorcell injection.
bp < o.oi between IL-iRa-treated and vehicle-treated mice.
C IL-iRa (0.5 mg/kg) was administered as a single i.p. injection 2 h prior to and days 2, 4, and 6 after injection of tumor cells.

d IL-iRa (0.5 mg/kg) was administered on days 2, 4, and 6 after tumor cell injection.
efl@4Ra (0.5 mg/kg) was administered on days 5, 7, and 9 after tumor cell injection.
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property of IL-i and these specialized endothelial cells favor tumor
cell binding to this specific domain, which seems to contribute to the
periportal positioning of liver metastases (1, 4). Such a mechanism is
supported by the reduction in the number of metastases in mice
pretreated with IL-iRa.

A recent study using human melanoma cells in nude mice supports
the concept that endogenous IL-i plays an important role in promot
ing melanoma metastasis (28). In mice given endotoxin 4 h before an
i.v. injection of A375 cells, IL-iRa pre- and 1 h posttreatment endo
toxin injection completely reduced the number of lung metastatic
colonies assessed 6 weeks later. It is likely that the intrasplenic
injection of Bi6 cells used in the present study induces systemic IL-i
production, which up-regulates hepatic endothelial mannose receptors
for the melanoma implantations and accounts for the reduction, sim
ilar to that reported by Giavazzi et aL (12) that we observed in IL-iRa
pretreated mice. However, late treatment with IL-iRa revealed a role
for endogenous IL-i in subsequent metastases and focal growth.

It is clear from our studies that IL-i also contributes to the produc
tion of endothelial cell growth-promoting factors for B16HM cells by
increasing tumor cell proliferation within the sinusoidal microenvi
ronment. We observed inhibition of spontaneous in vitro sinusoidal
endothelium release of B16HM cell growth factors by blocking IL-i
receptors using IL-iRa, suggesting that such a mechanism may ex
plain the reduction in metastatic growth in mice treated with IL-iRa
after the implantation of metastases. Since â€œmetastasesfrom metas
tasesâ€•likely contribute to the total tumor density, late blockade of
IL-i receptors after the initial implantation may account for this
effect. In support of this mechanism, Kupifer and endothelial cells in
the sinusoids (13) may be the source of host-derived IL-i and act in

A 100

I

Control mice @1@111

IL-iRa Treated MIce

0 10 20 30
Daysafter tumor cell injection

Fig. 4. Effect ofiL-iRa on the survival of B16HM hepatic metastasis-bearing mice. A,
Kaplan-Meier survival curve for mice (n = 30) given one injection of 0.5 mg/kg IL-iRa
i.p. 2 h before and on days 2, 4, and 6 after intrasplenic injection of tumor cells. Control
mice were given injections of saline on the same days (n = 30). Average 50% survival
rates were 11.3 Â±0.2 days in control and 13.5 Â±0.4 days in IL-iRa-treated mice (P <
0.01; unpaired t test). B, survival curve for mice (n = 30) given a single i.p. injection of
IL-IRa (5 mg/kg) 2 h before the injection of tumor cells and daily for 10 days. The
average 50% survival was 11.2 Â±15 days for control mice and 18.1 Â±2.4 days in
IL-iRa-treated mice (P < 0.001; log-rank; Mantel-Haenszel test).
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Fig. 3. Inhibition of B16 melanoma liver metastasis by increasing doses of IL-lRa.

Mice (n = 20 per group) were treated with either saline vehicle (control) or increasing
doses of IL-IRa as depicted under the horizontal axis. In each group, mice were pretreated
i.p. 2 h before the intrasplenic injection of tumor cells and then daily for 10 days. After
the 10th day, mice were sacrificed, and microscopic metastases were assessed. The
number of foci/100 mm@in vehicle-treated mice was set at 100%.The mean reduction (%)
in each group was analyzed using an umpaired t test; bars, SD; , P < 0.01 compared to
vehicle; +, P < 0.01 compared to the 0.5 mg/kg dose.

compared to the 0.5 mg/kg dose); however, increasing IL-iRa to 10
mg/kg did not decrease further the reduction in metastases (Fig. 3).

Effect of IL-iRa on Survival. The effect of IL-iRa on the sur
vival of mice with metastatic B16HM was studied. Mice were pre
treated with 0.5 mg/kg IL-iRa 2 h prior to and again on days 2, 4, and
6 after the intrasplenic injection of tumor cells. Despite a 50%
reduction in the number of metastases, treatment with IL-iRa showed
only a short-term (2â€”3days) reduction (P < 0.01) in mortality (Fig.
4A).Fifty%of vehicle-treatedmicedied11.3Â±0.2daysafterthe
injection of tumor cells, whereas 50% of mice treated with IL-iRa
were dead after 13.5 Â±0.4 days. In a second study, the amount of
IL-iRa was increased. Mice were injected with either vehicle or
IL-iRa at 5 mg/kg 2 h prior to and daily for the next 10 days. As
shown in Fig. 4B, the average survival in mice was prolonged from
11.2 Â±1.5 days in controls to 18.1 Â±2.4 days in IL-iRa treated mice
(P < 0.001; log-rank, Mantel-Haenszel test).

IL-iRa Does Not Inhibit the Growth of B16HM Melanoma
Cells Directly. To rule out a direct effect of IL-iRa on tumor cell
growth, B16HM cells were incubated for 1 h at 37Â°Cwith IL-iRa (10
ng/ml/io6cells), washed, and injected into 20 mice. No significant
differences were found in the parameters of metastasis compared to
untreated cells (data not shown).

DISCUSSION

These studies demonstrate that in this model, IL-i plays an impor
tant role in the events concomitant with liver invasion by blood-borne
tumor cells. Tumor cells transiently residing in the hepatic sinusoidal
bed can take advantage of an IL-i-mediated increase in adhesion to
the capillary wall. By blocking IL-i receptors using IL-iRa, we
observed reduced implantation of tumor cells when IL-iRa was given
shortly before the tumor cells. When given after the injection of tumor
cells, IL-iRa reduced the growth rate of established micrometastases.
The effect of IL-iRa was dose dependent with an 80% reduction in
tumor density using a schedule of pretreatment followed by 10 daily
doses. Increased survival was also dose dependent.

Tumor cell adhesion to capillary endothelial cells is a critical step
in metastatic processes (27). Blocking IL-i receptors reduces meta
static seeding, presumably by reducing an IL-i-mediated increase in
tumor cell binding to the sinusoidal endothelium (9). IL-i likely
contributes to this process since IL-i up-regulates surface mannose
binding sites on the specialized endothelial cell subpopulation lining
the sinusoidal walls in the periportal area of liver lobules (8). This
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a paracrine fashion for the release of other growth factors. These
include previously reported growth-promoting factors for melanoma
cells such as IL-6, tumor necrosis factor (cr/(3), platelet-activating
factor, prostaglandin E2, prostaglandin D2, and transforming growth
factor @3;in most cases, the production of these factors is up-regulated
by IL-i (29â€”34).Moreover, blocking IL-i receptors in vitro or in vivo
reduces IL-6 production induced by endotoxin or inflammatory agents
(35â€”37).Somemelanomacells spontaneouslyreleaseIL-i (38â€”40),
which may contribute to local growth in the sinusoids.

Host-derived IL-i can also be considered a natural defense reaction
against tumor cells, enhancing immunological and nonimmunological
reductions in tumor growth as reviewed in (41). However, some
metastatic tumor cells usurp these responses. In fact, melanoma cells
which spontaneously produce IL-i up-regulate adhesion to endothe
hal cells (9, 18, 42). As the present studies suggest, IL-i from these
tumor cells would stimulate the sinusoidal endothelium to release
other growth factors, which furthers metastatic development. In the
opposite direction, some growth factors produced by the endothelium
selectively control the proliferative response of metastatic malignant
melanoma cells through organ-specific paracrine mechanisms. As
discussed above, tumor necrosis factor a, transforming growth factor
f3,IL-6,andIL-i aresinusoidalcell-derivedcytokineswhichhave
been proposed as candidate regulators for melanoma cell growth (13,
29â€”31).During the early stages of the malignant process, these factors
possess melanoma growth inhibition activity (41, 43, 44); however,
during advanced-stage melanoma, these cytokines fail to inhibit
growth and may even stimulate growth. Therefore, we conclude that
for IL-i, in this model, the dominant effect is to enhance not only
implantation but also promote the growth of the melanoma cells in the
liver.
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