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molecules in vitro (8â€”10).This has been associated with increased
adhesiveness of the endothelium for cancer cells in static assays
(8â€”10)and with rolling and cell arrest under conditions of fluid shear
(1 1, 12). In vivo, treatment of host animals with cytokines prior to the
injection of cancer cells into the circulation has been associated with
an increase in the rates of metastasis to target organs such as the lung
(13â€”16)or bone (17). (c) Experimental metastasis of some tumors has
been blocked by peptides (18â€”20)or antibodies (21 , 22) that compete
for adhesive binding sites on the endothelial surface.

In the present study, we have used intravital videomicroscopy to
examine the arrest of intravascular B l6Fl melanoma cells in the livers
of C57 bl/6 mice pretreated with IL-la before cell injection. We have
obtained evidence that adhesive interactions between cancer cells and
the hepatic microvasculature may influence the subsequent develop
ment of experimental liver metastases. Treatment of C57 bl/6 mice
with IL-la 4 h before injection of B16F1 cells into the portal circu
lation led to an increase in the retention of â€˜25I-labeledUdR-labeled
cells in the liver and in hepatic metastasis when compared to controls.
Intravital videomicroscopy demonstrated that cells injected into IL
lcr-pretreated mice arrested primarily within large presinusoidal por
tal veins, whereas arrest occurred in the hepatic sinusoids of control
animals. In vitro assays showed that the adhesion of B16F1 cells to
liver sections was increased when the liver sections were from ani
mals that had been pretreated with IL-la and that this phenomenon
could be blocked by GRGDS peptides and antibodies against vascular
adhesion molecules. We postulate that these observations provide
evidence in vivo that intravascular arrest can be regulated by host cell
adhesion molecules and that the site of arrest can influence the
subsequent fate of metastatic cells.

MATERIALS AND METHODS

Materials. Cell culture media and plastic ware were obtained from Life

Technologies, Inc. (Edmonton, Canada). Eighteen 20-g female C57b1/6 mice
were supplied by Charles River (Montreal, Canada) and were housed accord
ing to University of Manitoba standards. Human recombinant IL- Ia was a gift
of Richard Chizzonite (Hoffman-LaRoche, Nutley, NJ). â€˜251-labeledUdR was
purchased from Dupont/New England Nuclear (Missassauga, Canada). Calcein
AM was obtainedfrom MolecularProbes(Eugene,OR.)

Cell Culture. BI6F1 murinemelanomacells were grownto confluence in
the presence of 10% fetal bovine serum and 1% penicillin/streptomycin in
a-MEM at 37Â°Cand 5% CO2. The cells were detached using 5 mMEGTA in
PBS, pH 7.4, and washed once in supplementeda-MEM. The washing was
repeated twice with unsupplemented medium. The cells were passaged through

a 20 gauge needle to obtain a single cell suspension at a final concentration of
3 X 106 cells/mI. Viability was assessed using trypan blue exclusion. In
experiments using the fluorescent label calcein AM, the cells were grown to

confluence, washed twice in PBS, and incubated in 10 ml of PBS with 4 @.dof
calcein (5 mg/mI) for 45 mm. The cells were washed twice more with PBS and
harvested as stated previously. Cells used for the in vivo radioactivity study
were cultured to approximately 50â€”60%confluence and then incubated with
2 @Ci/ml 25I-labeled UdR for 48 h at 37Â°C.The cells were harvested with 5
mM EGTA as described.

Metastasis Assay. Animals were injected i.p. with I .5 @.tgof human IL-I a
or an equal volume of saline. Four h later, the animals were anesthetized using
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ABSTRACT

There have been few reported visual observations of metastatic cancer

cell arrest in vivo. To seek evidence that Inducible vascular adhesive

properties can regulate hepatic metastasis, groups of 9-14 c57b1/6 mice
were given 15 pg of lnterleukin-la (IL-la) 4 h before the injection of
3 x 10' B16F1 melanoma cells into a mesenteric vein. After 7 days, these
mice had an 11â€”22-foldgreater hepatic tumor burden than controls given
Lp. saline. In both groups, small metastases were seen In the portal tract
region. Twice as many @asI@labeledUdR-labeled B16F1 cells were detected
in the livers of IL-la-treated animals 5 mlii after Injection,and 7 times as
many were found after 24 h. Intravital videomicroscopy showed marked
differences in the arrest pattern of the B16F1 cells between controls and
IL-la-treated mice. In controls, arrest occurred at a median distance of 32
@imbeyond the sinusoidal Inlet, where the median sinusoidal diameter was

16 @&m.However, In IL-la-treated mice, arrest occurred in the presinu
soldal portal vein branches, which had a median diameter of 34 gun.
Maximum observed tumor cell velocities were 2-fold less in the IL-la
treated mice, althOugh there was no significant difference in the flow rate
of RBCs. To look for effects on the adhesive properties of the hepatic
microvasculature, S x 1O@Bl6Fl cells were Incubated for 15 mm on 5-,.&m
sections of liver from control and IL-la-treated mice. Three-fold more
cells adhered to sections of liver from IL-la-treated mice This phenom
enon was blocked by GRGDS peptides and by antibodies to E-selectin,
ICAM-l, VCAM-l, and the av integrin subunit. We postulate that pre
treatment of mice with IL-la alters a number of adhesive Interactions
between Bl6Fl cells and the hepatic microvasculature, contributing to the
site of arrest and to the subsequent fate of the arrested cells.

INTRODUCTION

It has been generally accepted that the hematogenous spread of
cancer is an important mechanism for tumor cell dissemination, but
there has been controversy as to how cancer cells arrest within the
vasculature (1, 2). Evidence for mechanical trapping includes the
following: (a) the anatonucal 4istribution of metastasis in the first
microvascular bed encountered by circulating cancer cells (3); (b) the
infrequent occurrence of metastases in relationship to large vessel
systems; and (c) studies by intravital videomicroscopy showing that
B16 cells are trapped in the sinusoids of the liver in the absence of
previous treatment of animals with cytokines (4, 5). At the same time,
other observations support a role for adhesion molecules in the arrest
phase of metastasis. (a) The propensity of some cancer cells to
metastasize to specific organs correlates with their preferential adhe
sion to endothelial cells derived from those organs (6, 7). (b) Cyto
kines such as IL-I a3 or tumor necrosis factor have the ability to
up-regulate the expression of inducible endothelial surface adhesion
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Table 1 Formation of hepatic metastases by BJ6FI melanoma injected into theportalvenous
system of controls and IL-la-pretreazedmiceFemale

C57bl/6 mice were pretreated 4 h prior to surgery with an i.p. injection of 1.5
p.g of IL-la or an equal volume of saline. A serum-free cell suspension of 3 X lO@Bl6Flmurine

melanoma cells in 0. 1 ml was injected into a mesentenc vein. Seven days later,thetumor
was quantified by counting discrete nodules on the hepatic surface. Three stan

dardized sections were taken from each liver, and the percentage of area occupiedbytumor
was assessed for each section by histomorphometry. Values are expressedasmedian
and range.Experiment

Controls IL-IatreatmentExperiment

I (n per group =12)No.
of metastatic nodules 19 (0â€”300)129(22â€”300)â€•%

areaoccupiedbytumor 1(0â€”li) 21(8â€”35)â€•Experiment
2 (n per group =14)No.

of metastatic nodules 43 (0â€”135)159(68-292)â€•%
areaoccupiedbytumor I(0â€”4) 11(4â€”25)â€•Experiment

3 (n per group =13)No.
of metastatic nodules 48 (24â€”300) 122(10â€”300)â€•%

areaoccupiedbytumor 0.4(0â€”12) 7(0â€”13)â€•â€˜a
Significant by the Mann-Whitney U test (P < 0.04).

MICROVASCIJLARREGULATIONOF HEPATICMETASTASIS

removed and washed by dipping each three times in three changes of HBSS to
remove any nonadherent cells, fixed in 70% ethanol for a minimum of I h, and
stained with H&E. In experiments using GRGDS peptides or antibodies, the
inhibitory agents were placed into the tissue culture plate before the cells were
added. Microscopic examination was used to determine the distribution of the
cells on the sections. Six sections per group were examined in each experi
ment, and 20â€”25fields were analyzed per section.

Metastasis Assay. Metastatic tumors were detected on the liver
surface of C57bl/6 mice 7 days after injection of 3 X i0@B16FI cells
into the portal venous circulation. In control animals, the median
number of metastatic nodules varied between 19 and 48, in three
separate experiments (Table 1). These nodules occupied 0.4â€”1%of
the total area of the liver as assessed by histomorphometry. In all three
experiments, the number of nodules and the percentage of area they
occupied was significantly increased if the mice were pretreated with
IL- hi 4 h before the cells were injected i.v. (P < 0.04). In the
IL-la-treated animals, the number of metastatic nodules was 2.5â€”7-
fold greater than controls, and the total area occupied by the nodules
was increased by 11â€”21-fold.In both control and IL-la groups,
histological examination of small hepatic metastases demonstrated
tumor growth within presinusoidal portal vein branches and portal
triads (Fig. 1A). Tumor growth was not seen in the mid-zone sinus
oidal region or central areas of the liver lobule until the metastases had
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Fig. 1. Histological sections of liver from C57b1/6 mice 7 days after 3 X l0@BI6FI
cells were injected into the mesenteric vein. A, early growth of cells attached to the
endothelium of a portal tract capillary and within the portal triads of a control mouse. B,
tumor growth in a mouse pretreated with IL-la 4 h before the injection of Bl6Fl cells.
PPv, presinusoidal portal vein; 7', metastatic tumor. H&E staining; X400.

RESULTS

A

B
PPV

Avertin at a dose of 0.02 mllg of body weight and prepared for surgery. A
midline incision was made over the lower abdomen of the mouse, and an

appropriate mesenteric vein was exposed and canulated. B16F1 cells (3 X l0@
cells; 0. 1 ml) were injected over a period of 30 s. The incision was closed, and
the mouse was allowed to recover under an external heat source. The animals
were returned to the housing facility until the end point of the experiment,
when they were euthanized using CO2 and autopsies were carried out. All
organs were fixed in 4% neutral buffered formalin and examined for metas
tases. Liver tumor burden was quantified macroscopically by counting the
visible nodules on the liver surface and microscopically by taking three
standardized sections from each liver in both experimental groups. The sec
tions were stained using H&E, and the percentage of area of normal liver,
tumor, and other tissue was determined for each section using a Mertz
graticule.

Retention of B16F1 Cells in the Liver. â€˜251-labeledUdR-labeledcells
were injected as described. The time points of euthanasia of these animals
ranged from 0 to 24 h, with 9â€”12animals at each point. Autopsies were
performed immediately after death. The organs were fixed and counted in a
gamma counter following the method of Fidler (23). The number of cells
present was determined by comparing the counts in each organ to the counts
found on an aliquot of cells representing the total number of cells injected.
These control cells were introduced directly into a scintillation vial via a
canula.

Intravital Videomicroscopy. Cells were labeled with calcein. Animals
were injected with with 1.5 p.g of either human IL-la i.p. or saline. Four h
later, animals were anesthetized using Avertin. A canula was introduced i.p. to
administer anesthetic as needed. A midline incision was made from the
sternum to the pubic ramus, exposing both the liver and the intestinal area. An
appropriate mesenteric vein was canulated with a 30 gauge needle, which was
fixed in place with tissue cement. The liver was exposed; one lobe was placed
onto the modified stage of an inverted microscope. Using oblique illumination
(4, 5), a liver lobule was identified and oriented with a presinusoidal portal
vein branch and adjacent sinusoids in the center of the visual field. The
fluorescently labeled B16F1 cells were injected until they appeared in the
chosen vessel. The sequence of events was recorded on a Panasonic Super
VHS videotape recorder. Analysis and quantification of tumor cell-endothe
hum interactions were undertaken subsequently by tracing the vessel system

from the monitor, marking the positions of arrested cells. The velocities of
individual cells were determined by tracing their movements frame by frame.

These values were pooled, providing a velocity profile for cells injected into
control or IL-I a-treated animals.

Adhesion of Melanoma Cells to Frozen Liver Sections. Female C57b116
mice were pretreated with either 1.5 g.@gof IL-la or an equal volume of saline
i.p. Four h later, the livers were harvested, mounted on cork using OCT

compound, and snap frozen in methyl butane cooled in liquid nitrogen. The
tissue was stored at â€”80Â°Cuntil needed. Five-g@m sections were cut using a

cryostat, mounted on plastic Thermanox discs, and placed in 24 well plates.

Five X l0@ B16F1 cells suspended in 1 ml of HBSS were placed over the
sections and incubated at room temperature for 15 mm. The discs were

i'@v@
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Table2 Quantitativeintravitalmicroscopicevaluationof thearrest sitesoffluorescently
labeled BJ6FJ cells in the hepaticmicrovasculatureFemale

C57b1/6micewerepretreated4 h beforesurgerywith 1.5 p.gof eitherIL-laor
salinei!. Themicewerepreparedformicroscopy,andBl6Fl cellsat a concentration

of 1 X 10 cells in 0. 1 ml were injected until cells were viewed in the microvascularbedimaged
on a television monitor. Data were calculated from analysis of recordedimages.n

per control group, 50 cells from 10 animals; n per IL-la group, 70 cells from 9animals.Group

n Vessel size (p.m) Distance into sinusoids(p.m)Control

50 16 (9â€”23) 32(0â€”74)IL-
1a 70 34 (26â€”51)â€œ 0(0â€”18)â€•a

Values(medianandrange)arestatisticallydifferentfromcontrolbyMann-WhitneyU
test (P < 0.005).

*

MICROVASCULAR REGULATION OF HEPATIC METASTASIS

become large enough to destroy the lobular architecture of the liver
(Fig. 1B).

Retention of B16F1 Cells in the Liver. When the mice were
injected with 3 x iO@â€˜251-labeledUdR-labeled B l6Fl cells, radio
active counts corresponding to 8.6 X l0@ Â± 1.6 X 10â€•cells were
detected in the livers of control animals 5 mm after the injection. In
animals pretreated with IL-la, counts corresponding to
1.6 X 10@Â±0.3 x l0@cells were detected at the same time point,
representing a 2-fold increase over control. Sevenfold more cells were
detected in the livers of IL-la-pretreated mice at 24 h (Fig. 2).
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Intravital Videomicroscopy. The hepatic lobular structure and
blood flow within the hepatic microvasculature were identified by
intravital videomicroscopy. Real-time images of initial arrest events
were obtained during injection of 1 X 106 B16F1 cells into the portal
venous system. These images showed differences in the anatomical
site of arrest of B16F1 cells between control animals and animals that
had been pretreated with IL-la (Fig. 3 and Table 2). The median
diameter of the cancer cells was 16 p@m(range, 8â€”28p@m).In the
control groups, cells entered and were trapped within the sinusoids,

* which had a median diameter of 16 p.m. and they traveled a median

distance of 32 j.@minto the sinusoids, consistent with mechanical
arrest (Fig. 3A). In contrast, after IL-la pretreatment, arrest occurred
in larger vessels corresponding to presinusoidal portal vein branches
with a median diameter of 34 @.&m;the cells did not enter the sinusoids

(Fig. 3B). A frame-by-frame kinetic analysis of cell movement dem
onstrated that the B16F1 cells traveled more slowly in the portal vein
branches of IL-Ia-treated mice than did the controls, consistent with
â€œrollingâ€•or transient adhesion to the endothelial wall. The median
velocity of moving cells in IL-la-treated mice was 295 p.m/s (range,
200â€”410 p.mls) compared to 570 @tm/s(range, 480â€”720 sm/s) in

*
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Fig. 2. Retention of â€˜25I-IabeledUdR-labeled cells in the livers of C57bl/6 mice after
mesentericveininjection.â€˜25I-labeledUdR-labeledBl6Fl cells(3 X lO-@)wereinjected
via a mesenteric vein into controls (â€¢)or animals that had been treated with I.5 p.g of
IL-la i.p.4 h previously(0). At variousperiodsof timeaftertumorinjection,animals
were killed and livers prepared for gamma counting as described (n 9â€”12mice per
observation). Data points. mean; bars. SD. P < 0.05.
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Fig.3. Intravitalmicroscopicdemonstrationof thearrestsitesof calcein-labeledBl6Fl cellsfollowingtheirinjectionintoa mesentericvein.A.an-estin controlC57bl/6mice.B,
cellsthathavearrestedin animalspretreatedwithIL-la 4 h previously.Toppanel inA andB.hepaticarchitecturebeforeentryof cellsintothe hepaticlobule.PPV,presinusoidal
portal vein; TC, tumor cell. Fluorescence microscopy; X400.
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Table3 Distributionof adherentBI6FI melanomacellson liversectionsfromcontrol
and IL-Ia-treated C57bL/6miceFemale

C56bl/6 mice were injected i.p. with either saline, 1 p.g of IL-la, or 1.5 p.g
IL-la 4 h beforeresectionof the livers.whichweredissectedintolobes,mountedonto
cork with OCT compound, and snap frozen in methyl butane cooled in liquid nitrogen.
The tissue was stored at â€”80Â°Cuntil used. Five-pm sections were cut on a cryostat,
mounted on Thermanox discs, and placed into 24-well plates. Bl6Fl cells (5 X l0@)in
HBSS were placed on each section and incubated for 15 mm before nonadherent cells
were removed by washing three times in HBSS. The sections were fixed in 70% ethanol,
stained with H&E, and examined microscopically to determine the cell distribution. All
conditions represent replicates of six sections, and data are expressed as mean Â±SD.IL-la

IL-la
Experiment Control I p.g 1.5p.gExperiment

I
Totalcells/hpfâ€• 10Â±4 27Â±l0@' 37Â±10â€•
Cellson hepatocytes/hpf 6 Â±2 17Â±6â€• 23 Â±7â€•
Cells on sinusoids/hpf 3 Â±2 9 Â±4b 12 Â±3â€•
Cells on portal veins/hpf 0.2 Â±0.1 0.8 Â±0.7 1.4 Â±0.6â€•Experiment

2
Totalcells/hpf 8 Â±4 20 Â±7b 30 Â±5b
Cells on hepatocytes/hpf 7 Â±4 12 Â±4b 16 Â±3b
Cells on sinusoids/hpf 1 Â±0.5 7 Â±3â€• 14 Â±
Cells on portal veins/hpf 0.2 Â±0.1 0.4 Â±07b 0.7 Â±0.1â€•Experiment

3
Total cells/hpf I I Â±4 24 Â±10â€• 35 Â±24â€•
Cells on hepatocytes/hpf 8 Â±4 14 Â±5 21 Â±3
Cellson sinusoids/hpf 2 Â±0.8 9 Â±5@' 11Â±
Cells on portal veins/hpf 0.4 Â±0.2 1 Â±0.4 3.7 Â±2â€•

MICROVASCULARREGULATION OF HEPATIC METASTASIS

controls (Fig. 4). To determine whether this phenomenon could be
related to differences in hepatic blood flow rate, we traced the veloc
ities of RBCs within the portal vein branches. This analysis showed no
significant difference between flow rates in IL-la-treated and control
animals [468 p@ni/s(range, 3 19â€”975p@m/s)versus 704 j.tm/s (range,
281â€”932p,m/s), respectively].

Adhesion of Cancer Cells to Frozen Liver Sections. To deter
mine whether the events observed in metastasis assays and in intra
vital videomicroscopy might be related to alterations in the adhesive
properties of the hepatic microvasculature, we evaluated the attach
ment of B16F1 cells to sections of liver from control and IL-la
treated animals. Per high-power field, 3.5-fold more cells adhered to
liver sections from animals pretreated with IL- la compared to con
trols. This was related to a 2.5-fold increase in adhesion to hepato
cytes, a >5-fold increase in adhesion to sinusoidal regions, and a
â€”10-fold increase in adhesion to the endothelium of presinusoidal

portal vein branches (Table 3, Fig. 5). GRODS peptides at a concen
tration of 50 p.Mcompletely inhibited the IL-la-mediated increase in
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-85 -60 -35 -10 15 40 Fig. 5. Adhesion of B16FI melanoma cells to sections of liver harvested from mice

pretreated with IL-la (A) or saline (B). C5Th1/6mice were injected with 1.5 p.g of IL-la
Distance (pm) or saline i.p. 4 h before resection of the livers. Five-pm sections were cut on a cryostat

Fig. 4. Velocity profile and arrest site of Bl6Fl cells within the liver microvasculature. and mounted on Thermanox discs. B16F1 cells (5 X l0@) in HBSS were added to each
Data(expressedas medianvalues)arebasedona frame-by-framekineticanalysisof cell@ andallowedto adherefor 15mm.Nonadherentcellswerewashedoff, and the
movement. Values on the abscissa represent distances from the sinusoidal inlet (arrow).@ were stained with H&E. CV. central vein; PPV. @aesinusoidaliortal vein; TC.
0, IL-la group;analysisof70cellsfrom9 animals.â€¢,controlgroup;analysisof50cells tumorcell.H&Estaining;X400.
from 10animals.

ahpf.highpowerfield.
b Values are statistically significant using Student's t test (P < 0.05).
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adhesion to hepatocytes, sinusoids, and portal veins. In contrast,
GRGES peptides at the same concentration inhibited overall adhesion
by 17% and adhesion to hepatocytes by 33% but did not alter adhesion
to sinusoidal lining cells or portal venous endothelium (Table 4).
Anti-av and anti-ICAM-l antibodies also inhibited the attachment of
cells to hepatocytes, sinusoids, and portal vein branches. Anti-av at a
concentration of 10 pg/mi inhibited the adhesion to each compartment
by approximately 80% and blocked adhesion within presinusoidal
portal vein branches by 90%. At a concentration of 20 @ag/m1,no
further decrease was seen. Anti-ICAM-I antibodies at 10 ,zg/ml
inhibited overall adhesion by 73%, adhesion to hepatocytes by 72%,
and adhesion to sinusoids by 78% but only inhibited adhesion to
presinusoidal portal veins by 30%. When the concentration of anti
body was increased to 20 @g/ml,a further slight decrease was seen for
overall adhesion and for adhesion to hepatocytes and sinusoids; the
adhesion to presinusoidal portal vein branches was inhibited by 76%.
Anti-VCAM-1 and anti-E-selectin antibodies had little effect on the
adhesion of cancer cells to the frozen sections; with these two anti
bodies, significant decreases in adhesion were seen only for the
number of cells attached to the portal vein branches (Table 4).

DISCUSSION

The purpose of these experiments was to study the regulation of
cancer cell arrest in the microvasculature in vivo. We used the B16
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Table 4 Inhibition ofBl6FI melanoma cells adhesion to liver sectionsfrom IL Ia-treated C57bl/6 mice
Female C56bl/6 mice were injected i.p. with saline, 1 @gof IL-la, or 1.5 @gof IL-la 4 h before resection of the livers, which were dissected into lobes, mounted onto cork with

OCT compound, and snap frozen in methyl butane cooled in liquid nitrogen. The tissue was stored at â€”80Â°Cuntil 5-sm sections of the tissue were cut on a cryostat, mounted on
Thermanox discs, and placed into 24-well plates. Peptides or antibodies were added to the adhesion assay 30 s before 5 X l0@B16F1 cells. The cells were incubated for 15 mm before
nonadherentcellswereremovedby washingthreetimesin HBSS.Thesectionswerefixedin 70%ethanol,stainedusingH&E,andexaminedmicroscopicallyto determinethecell
distribution.Sixsectionsper groupwereexaminedin eachexperiment,and20â€”25fieldswereanalyzedpersection.Valuesrepresentmedianandrangeof % inhibitionof positive
control; control data were comparable to values shown in Table 3.

InhibitorTotal
cells/0Cells on hepatocytes/hpfCells on sinusoids/hpfCells onppv/hpfGRGDS

(50 @LM)100 (68â€”100)100(75â€”100)100(82â€”100)100(75â€”100)GRGES
(50 .LM)17 (0â€”77)33 (0â€”80)0(0â€”50)0(0-50)Anti-avl0j@g/ml81(71â€”100)79(66â€”100)81(79â€”100)90(50â€”100)20

@ag/ml76 (71â€”100)75 (69â€”100)75 (74â€”100)87(50â€”100)Anti-ICAM-l10

p@g/mi73 (69â€”100)72 (71â€”100)78(63â€”100)30(0-100)20
p@g/mi84 (74â€”100)85 (74â€”100)83(75â€”100)76(0-100)Anti-VCAM-l10
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melanoma cell line on the basis of the studies by Chambers and
coworkers (4, 5, 24, 25), who have examined the arrest and metastasis
of these cells in chonoallantoic membranes, murine muscle, and liver.
The liver is an end organ in which mechanical trapping of cancer cells
has been demonstrated (26). At the same time, it has a segmental
anatomy with a vasculature that exhibits differential, inducible endo
thelial adhesion molecule expression (27â€”29).To our knowledge,
previous intravital videomicroscopic analyses have not examined the
effects of agents that can potentially alter the expression of these
molecules. As a baseline for subsequent work, it was important that
three experiments demonstrated a reproducible increase in the number
of surface nodules and in the area occupied by tumor after IL-l a. We
also found that early tumor growth was specifically located in the
presinusoidal portal vein branches and in adjacent triads with little or
no involvement of the mid-zonal or central vein regions until the
tumors had become large enough to replace large areas of liver,
destroying the lobular architecture.

We postulate that the differences in metastatic burden between
IL- 1a-treated animals and controls can be related to differences in
tumor cell retention and the site of tumor cell arrest. First, our
experiments using radioactively labeled cells demonstrated reten
tion of greater numbers of cells in the livers of IL- 1a-treated mice
as early as 5 mm after intraportal injection, and this difference was
sustained over a 24-h period, providing the IL-la-treated animals
with a â€”7-fold greater initial cell burden than controls. Second,
intravital videomicroscopy confirmed previous observations (4, 5)
that B16 melanoma cells enter the hepatic sinusoids of non-IL-la
pretreated mice and arrest there in a manner consistent with size
restriction (mechanical trapping). However, we found that after
IL- 1a treatment, the tumor cells adhered to the endothelial surfaces
of vessels that were more than twice their size, positioning them at
a distinctly different anatomical location (i.e. , within the presinu
soidal portal vein branches). Kinetic analysis of the B16 cell traffic
prior to arrest suggested that this may relate to specific transient
adhesion (rolling) of the B 16 cells on the portal vein endothelium
of IL-l a-treated mice because the velocities of these cells were
less than in controls and because measurements of blood cell flow
rate in these vessels were not different between IL- 1a and control
groups.

We argue that the increased adhesion of B l6Fl cells to sections of
liver from IL-la-treated mice supports the interpretation that the
effect of IL-la on metastasis, cell retention, and arrest site can be
related to altered adhesive properties of the liver. This corroborates
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other data showing enhanced expression of hepatic adhesion mole
cules after cytokine stimulation (22). The results of antibody blocking
studies imply that more than one molecular interaction may be in
volved, and the results are consonant with our previous observations
on attachment of a panel of human neoplastic cells to IL-l a-stimu
lated endothelium (30).

Greater numbers of B 16 melanoma cells were retained in the liver
and more metastases formed subsequently when tumor cells arrested
in the presinusoidal portal venous branches than in the sinusoids.
Moreover, all early metastases were identified in the portal tract
regions adjacent to the presinusoidal portal veins. These observations
are consistent with data that have demonstrated a cytotoxic effect of
Kupffer cells on tumor cell lines (3 1â€”33)and provide additional
evidence for a growth advantage for metastatic tumors in portal triads
and on the liver surface (5, 34). The observations made by intravital
microscopy, coupled with data from the cell localization experiment,
suggest that both the number of cells that arrest and the site of arrest
contribute to the greater numbers of metastases after IL- 1 adminis
tration.

On the basis of the present work, we postulate that the repertoire of
adhesion molecules expressed on hepatic vascular lining cells varies
between the anatomical compartments of murine liver lobules and is
susceptible to modulation by environmental factors. Changes in the
expression of adhesion molecules on hepatic microvascular cells may
regulate their interactions with cancer cells in the hepatic microvas
culature. IL-la and other cytokines of host or tumor origin may
regulate the expression of endothelial surface adhesion molecules
(e.g., E-selectin, ICAM-l, VCAM-l, and/or a@ integrin) in the presi

nusoidal portal venous branches, causing arrest of intravascular cancer
cells cells in the portal tract region as they enter the liver from primary
tumors. In this case, more metastases would form than when cancer
cells arrest in the sinusoids. We are currently performing experiments
to look for correlations between the expression of specific adhesion
molecules and sites of tumor cell arrest and to examine the cytotoxic
properties of the hepatic sinusoid in vivo.
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