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ABSTRACT

Selective malignant cell invasion at secondary sites mediated by organ-

specific (paracrine) motility factors may be of importance in preferential
organ colonization of metastatic cells. In this study we isolated and exam
ined a migration-stimulating activity present in mouse hepatic sinusoidal
endothelial cell-conditioned medium (HSE-CM). HSE-CM contains mi
gration-stimulating activity for highly liver-metastatic (RAW117-H10) and
highly lung- and liver-metastatic (KAW117-L17) mouse large cell lym-
phoma sublines but not for the poorly metastatic parental line (RAW 117-
P). A migration-stimulating factor for H10 cells was purified from
HSE-CM by hydroxylapatite affinity and DEAE aniÃ³nexchange chroma-
tography, Sephacryl S-200 gel filtration, and preparative native gel elec-

trophoresis. The activity in each of the purification fractions was mea
sured in a Transwell chamber assay using 3-/Â¿mdiameter pore filters.

Upon sodium dodecyl sulfate polyacrylamide gel electrophoresis, the com
ponent migrated as a single component of M, 200,000 (nonreducing
conditions) or as two components of Mr ~110,000 and ~67,000 (reducing

conditions). The factor was bound to Concanavalin A-Sepharose but not to
heparin- or gelatin-Sepharose affinity columns, induced mainly H10 che-

motactic cell activity and some chemokinetic activity, and preferentially
stimulated the chemotaxis of liver-colonizing RAW117 sublines (H10 >
L17 > P). Ml .-iiTininal amino acid sequence analysis of each subunit
indicated that the HSE-CM-derived migration-stimulating factor was a
proteolytic fragment of complement component C3. HSE-derived migra
tion-stimulating factors may be important in determining the ability of

RAYV117 tumor cells to invade and colonize the liver.

INTRODUCTION

Metastasis formation often occurs nonrandomly to secondary sites
in a process that cannot be explained by mechanical lodgement or
anatomical considerations. The metastatic colonization of specific
organ sites by malignant cells appears to be determined by the unique
properties of particular tumor cells and the different characteristics of
each organ microenvironment (1, 2). Some of the tumor cell and host
organ properties important in organ-selective metastasis have been

identified using metastatic model systems where cell variants are
available that possess different organ colonization properties (2, 3).
Using these metastatic models various investigators demonstrated that
the specific adhesive interactions of tumor cells with target organ
microvessel endothelial and parenchymal cells (2-6), and the selective

growth or survival properties of the tumor cells at secondary sites (2,
7-11), are important in organ selectivity of metastasis.

A property of organ-preferring metastatic cells that has received

only scant attention is their ability to selective invade secondary site
tissues that are targets for metastatic colonization (7, 12, 13). Tumor
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cell motility is an essential element of metastatic cell invasion (2, 14,
15). The ability of tumor cells to respond to organ-specific or organ-

associated chemoattractants may be an important determinant in the
selective migration of tumor cells into specific tissues (2, 12, 13, 16).

Organ-derived chemotactic factors for tumor cells have been iden

tified and in some cases partially purified. Orr et al. (17) found a
bone-derived chemotactic factor for cultured Walker carcinosarcoma

cells, and Hujanen and Terranova (18) demonstrated that tumor cells
that metastasize to brain or liver migrate toward a concentration
gradient of soluble components extracted from brain or liver, respec
tively. Using a murine colon carcinoma metastatic system Bresalier et
al. (19) observed that highly liver-metastasizing cells preferentially

migrated toward a concentration gradient of liver extract than to
gradients made from extracts of lung or brain.

In addition to soluble factors, chemotactic factors present in lung
ECM4 can stimulate the migration of highly lung-colonizing mela

noma cells at higher rates than poorly lung-colonizing or liver-colo
nizing cells (20). In contrast, liver ECM stimulates migration of liver-

colonizing melanoma and reticulum cell sarcoma cells at higher rates
than lung-colonizing melanoma cells (21). These reports suggest that
organ-derived chemotactic factors present in secondary sites may play
an important role in organ-selective tumor cell invasion.

Since the vascular endothelium is the first cell type encountered by
circulating tumor cells in target organs, and differences in the prop
erties of microvessel endothelial cells from different organs are known
(22, 23), we have examined the tumor cell motility factors of target
organ microvessel endothelial cells by studying the interactions be
tween murine large cell lymphoma cells and motility factors isolated
from mouse HSE cells. We report on the purification and some prop
erties of a migration-stimulating activity secreted by HSE cells that
differentially stimulates the migration of liver-metastatic lymphoma

cells.

MATERIALS AND METHODS

Cells. The murine large-cell lymphoma cell line RAW117 was derived

from BALB/c splenocytes infected with Abelson leukemia virus. The parental
cell line (RAW117-P) possessed poor metastatic potential in syngeneic mice.
A variant subline (RAW117-H10) selected 10 times for liver colonization was

highly metastatic after i.v. or s.c. injection (24). Another variant subline
(RAW117-L17), selected 17 times for lung colonization, formed metastatic

foci in lung and liver (25). These cell lines were grown as suspension cultures
in plastic Petri dishes with DME (GIBCO, Gaitherburg, MD) supplemented
with 5% FBS and 2.2 HIMn-glucose.

Mouse HSE cells were isolated from the microvasculature of mouse liver by
collagenase digestion (26). The cloned endothelial cells were characterized by
their morphologies, lack of platelet binding, presence of Factor VIII, binding
of acetylated low-density lipoprotein, composition of their ECM, and other
properties (26). HSE cells were grown on gelatin-coated tissue culture dishes

in a 1:1 (v/v) mixture of DME and F12 medium (DME/F12) supplemented

4 The abbreviations used are: C3b, complement component-3b; ECM, extracellular
matrix; HSE, hepatic sinusoidal endothelial cells; HSE-CM, HSE-conditioned medium:
HSE-MSF, HSE-migration-stimulating factor: DME, Dulbecco-modified Eagle's minimal

essential medium; FBS, fetal bovine serum: SDS-PAGE, sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis.
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MIGRATION-STIMULATING FACTOR C3B AND METASTATICA CELLS

with 5r/r FBS and 50 fig/ml of endothcliul cell mitogcn (BiomÃ©dicalTech

nologies, Stoughton, MA).
HSE-cunditiuned Medium. When USE cells (passage numbers 8-13)

plated on gelatin-coated tissue culture dishes reached confluencv. the medium

was discarded, and the monolaycr cultures were washed twice with DME/F12
medium and then incubated with DME/F12 medium for 24 h. The cultures
were replaced with fresh DME/F12 medium and incubated for 2 to 4 days. The
medium was collected and centrifuged at 8(M)X g for 10 min; the supernatants

were recentrifuged at 25.000 X g for I h, filtered through 0.22 fim filters, and
stored at -20Â°C until use.

Migration-stimulating Activity Assay. Tumor cell migration was assayed
in Transwell chambers (C'ostar. Cambridge. MA) with 6.5-mm diameter tissue

culture-treated membranes of 3 firn pore size according to Repesh (27) with
some modifications. Tumor cells (2 X 10'Vml) were suspended in DME supple

mented with i>-glucosu and 0.1% bovine serum albumin. The cell suspensions

(100 fil) were placed into the upper compartment of a Transwell chamber.
USE-CM (or purified fractions from HSE-CM) dialyzed against DME/F12
medium were placed into the lower compartment. After a 5-6-h incubation,
cells that migrated through the membranes were counted (C'oulter Counter
Model ZM: C'oulter Electronics, Hialeah, FL). Each membrane was fixed with
3% glutaraldehyde in Dulhecco's phosphate-buffered saline and stained in

Giemsa solution, and the cells attached lo the lower side of (he membrane were
counted using a microscope. The total numbers of cells in the lower Transwell
compartment and on the lower side of membrane were determined, and cell
migration was expressed as the cell number penetrating through the membrane
per 2 X 10s cells added to the upper chamber. To compare the specific activity

of migration-stimulating activity at each purification step. I unit of migration-

stimulating activity activity was defined as that amount required to increase the
rate of cell migration 2 times above the rate of the negative control.

Purification of HSE-MSF. Hydroxylapalite affinity chromatography was
performed as a first step to purify a MSF for HID cells from HSE-CM.
Hydroxylapatite (Calbiochem. La Jolla. C'A) was mixed with HSE-C'M (15

g/liler). and the mixture was stirred at 4Â°Cfor 12 h. collected on a Buchner

funnel, and washed with 10 imi phosphate buffer. pH 7.O. The washed gel was
poured into a 2.5 X 50-cm column, bound proteins were fluted with a con
tinuous 400-ml linear gradient of 10-500 niM sodium phosphate (applied at a

rate of 0.8 nil/min). and fractions (8 ml) were collected. The active pool was
dialyzed against 20 imi phosphate buffer. pH 7.0, and applied to an aniÃ³n
exchange DEAE-Sephacel column (2.5 x 14 cm). The bound material was

eluted with a continuous linear gradient of 0-0.5 M NaCl in 20 imi phosphate

buffer, pH 7.0 (400 ml total volume). Fractions (5 ml) were collected at a How
rate of 0.5 ml/niin. The active pool from the DEAE-Sephacel step was dialyzed
against 20 imi phosphate-buffered saline and 0.15 MNaCl, pH 7.0. and applied
to a 2.5 X 70 cm Sephacryl S-200 gel filtration column, and the column was

eluted with the same buffer. Fractions (2.2 ml) were collected al a flow rate of
0.22 ml/min. The active pool of material from gel filtration step was separated
by native gel electrophoresis. The acrvlamidc solution contained 0.37 MTris,
0.17 MHCI, 5% acrylamide, and 0.257r bis-acrylamide. Gels (16 x 16 X 0.15
cm) were polymerized in a slab gel apparatus using a /V.W./V.A'-tetramcthyl-

ethylene diamine, ammonium persulfate catalyst, and were preelectrophoresed
at 50 mA constant current in the leading phase buffer (0.37 MTris-0.17 MMCI)
and anolyle (20.16 imi Tris-0.01 MHC1) for 30 min prior to the application of

test samples. The samples dialyzed against electrophoresis gel buffer were
mixed with an equal volume of sample buffer (0.37 M Tris-0.17 M HCI con

taining 20% glycerol and 0.02% bromphenol blue) and applied to the gel, and
electrophoresis was performed at 50 mA constant current in catholyle (0.02 M
glycine-0.01 M KOH) and anolyle until Ihe marker dye was 1 cm from the

bottom ot the glass plate. Alter electrophoresis, a strip was removed from one
edge of the gel. and proteins were detected by silver- or Coomassie blue-

staining. The strip was aligned with the remainder of the gel. and the portions
corresponding to the stained band and other portions were cut out and clcc-
troeluted to collect proteins. All operations were carried out at room tempera-

lure, except Ihe dialysis steps and the native gel electrophoresis. which were
performed at 4Â°C.

Heparin-, (Â¿rlalin-,and Con A-Affinity Chromatography. The partially
purified HSE-MSF from the DEAE-Sephacel step was dialyzed against Ihe

equilibrating buffer for each affinity matrix before chromatography. A heparin-
Sepharose CL-6B (1X8 cm: Pharmacia, Piscataway, NJ) column was equili
brated with 10 niMTris-HCl-50 niM NaC'l, pH 7.0. Bound materials were eluted

with a step gradient of 0.2, 0.5, 1.0, 2.0, and 3.0 M NaCl in the equilibrating
buffer. A gelatin-Sepharose CL-4B (1X8 cm: Pharmacia) column was equili
brated with 50 niM Tris-HCI. pH 7.5, and hound materials were eluted with a

step gradient of 1.0 M NaCl or 1.0 M arginine in the equilibrating buffer. A
ConA-Sepharose 4B (1 x 8 cm; Pharmacia) column was equilibrated with 20
HIMphosphate-buffered saline-0.15 MNaCl, pH 7.0, and bound materials were
eluted with a step gradient of 0.1 or 0.5 M a-methyl mannoside in the equili

brating buffer.
Sequencing of HSE-MSF. Concentrated, purified HSE-MSF was diluted

with 1 volume of reducing SDS-PAGE sample buffer and heated at 95Â°Cfor

10 min. Six equal aliquots were placed in the wells of a preelectrophoresed
10% T, 2.5% C (piperazine diacrylamide; BioRad) polyacrylamide gel that
contained a buffer system that consisted of the [/>/.v-(2-hydroxyethly)-imino)-
-/m-(hydroxymethyl)-methane (Bis-Tris. ULTROL grade: Calbiochem, San
Diego, CA), HCI and 2-{(frÃ -(hydroxymethyl)-mcthyl|-amino}-ethanesul-

fonic acid (TES. ULTROL grade; Calbiochem). The resolved proteins were
electrophoretically transferred to a nitrocellulose sheet (0.1-mm pore size,
Schleicher & Schuell, Keene, NH) in ice-cold transfer buffer containing IO imi
TES, 10 HIMNaOH. and 0.5 min 2-mercaptoethanol (pH 8.0; 23Â°C)for 90 min

at 250 mA constant current (10-15 V/cm). The blotted membrane was rinsed
with HiO. stained for 30-40 s with 0.1 % Ponceau S in 1% acetic acid, briefly

destained with H2O, and immediately photographed. Bands were carefully cut
out with a clean scalpel and shipped moist in a cleaned, ^-flushed. O-ring-
sealed vial (1.5 ml cell-freezing vial; Sarsteadt) with dry ice to Dr. W. S. Lane,

Harvard Microchemistry Facility. Boston, MA. Tryptic digestion, high perfor
mance liquid chromalography separation of peptides, and NHi-terminal se

quencing of the separated peptides were performed by standard procedures.

RESULTS

HSE-CM stimulated the migration of highly liver-metastatic (H10)
and highly liver- and lung-mctastatic (L17) RAW117 cells at higher

rates than the poorly metastatic parental (P) cell line (Fig. 1). The
results paralleled the liver-metastatic potentials (UK) > LI7 Â» P) of

these cell lines (7, 10).
We purified a motility factor (HSE-MSF) present in HSE-CM. The

HSE-MSF was hound to a hydroxylapatite affinity chromatography
column and eluted with relatively broad concentration range (!()â€”45

HIM)of sodium phosphate. The active pool from the hydroxylapatite
column was applied to a DEAE-Sephacel aniÃ³nexchange chromatog
raphy column, and a major HSE-MSF was eluted at approximately
0.15 MNaCl (Fig. 2/4). The active pool from the DEAE-Sephacel step
was then applied to a Sephacryl S-200 gel filtration column. The
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Fig. I. Migration-stimulating activity of HSF.-C'M tor RAWl 17 cells. Cell mulility was
measured as dcserihccl in "Materials and Methods." (Wf/m/i.v unii /wry. means and SO of

triplicate samples, respectively.
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MIGRATION-STIMULATING FACTOR C3B AND METASTATICA CELLS
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Fig. 2. Purification of a HSE-MSF. A, aniÃ³n exchange chromatography of partially
purified HSE-MSF. The active pool of material from hydroxylapatitc affinity chromatog
raphy step was applied to DEAE-Scphaccl column and the hound material was elutcd.
Activity was determined with RAW117-1110 cells, fl, gel filtration of partially purified
HSE-MSF. The active pool of material from the aniÃ³nexchange chromatography step was
applied to a Sephaeryl S-200 column and eluted. Markers were: ÃŸ-amylase (M,
-200,000); alcohol dchydrogena.se (M, ~ 150,000), bovine serum albumin (M, -66,000);
carbonic anhydrase (M, 29,OOO); and cytochrome C (M, ~I2, 400). Activity was
determined with RAWI17-1110 cells. C, native gel electrophoresis of HSE-MSF. The

Fig. 3. SDS-polyacrylamide gel electrophoresis of HSE-MSF from the native gel
electrophoresis step. HSE-MSF was analyzed by SDS-PAGE using a 10% polyacrvlamide
gel. Left lane, 2 jig HSE-MSF reduced with 2-mercaptoelhanol, Righi lane. 2 jig unre
duced HSE-MSF.

HSE-MSF migrated as a high M, (>2()().()00) component (Fig. 2B).

The active material was further purified by preparative native gel
electrophoresis, and it migrated as a single component with an R, of
approximately 0.35 (Fig. 2C). Aliquots of samples from each purifi
cation step were assayed using the same passage of HH) cells. The
final specific activity indicated that the HSE-MSF was purified â€”¿�20-
fold at the final purification step. When the HSE-MSF was analyzed
by SDS-PAGE under nonreducing conditions, it migrated as a single
silver-stained component of M, >20(),000 (Fig. 3). We occasionally
found an additional faint component of M, ~ 130,000, but for the most
part the HSE-MSF was one band on SDS-PAGE (Fig. 3). After re
duction with 2-mercaptoethanol, the HSE-MSF migrated as two com
ponents of M, -110,000 and -67,000 (Fig. 3). Efforts at separating

these two components were unsuccessful, and we concluded that
purified HSE-MSF probably contained two subunits of M, â€”¿�110,000
and -67,000.

The HSE-MSF obtained from the native gel step as well as crude
HSE-CM preferentially stimulated the chemotaxis of liver-metastatic

sublines (H10 and L17), whereas the poorly metastatic parental line
(P) was not stimulated above control values (Fig. 44). The purified
HSE-MSF stimulated chemotaxis in a dose-dependent manner (Fig.
4B) Furthermore, it was found by checkerboard analysis that HSE-

MSF stimulated mainly chemotactic activity of H10 cells but some
chemokinetic activity was also seen (Table 1).

Although it is known that some heparin-binding growth factors can

induce chemotactic responses in several types of cells, the partially
purified HSE-MSF from the DEAE-Sephacel procedure was not

bound to a heparin affinity column (data not shown). In addition, the
HSE-MSF was not bound to a gelatin affinity column, whereas this

same column bound fibronectin (data not shown). Fibronectin can act
as a chemoattractant for many types of cells. The HSE-MSF was

active pool from the gel filtration step was dialyzed against buffer and separated by
preparative native clectrophoresis as described in "Materials and Methods." Left, silver-

stained native gel strip. Activity with RAWI I7-H10 cells recovered from each gel slice
indicated by the horiztmlul lines at the right side of the gel strip. Columns and bars, means
and SD of triplicate samples, respectively.
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Fig. 4. A. migration-stimulating activity of HSE-MSF electroelutcd from native gel
procedure using RAW117-HIO cells, H. dose-dependent rÃ©ponseof H10 cells to HSE-

MSF. Columns ami bars, means and SD of triplicate samples, respectively.

Table 1 Checkerboard analvix of RAW117-H 10 cell migration indiimi hy HSE-MSF

from HSEcellsConcentration

of
HSE-MSF in the

lower compartment
((ig/rnl)02.5510Migrated

cell no./filter/6 h"

(concentration of HSE-MSF in the upper

compartment,ng/ml)0975

(171)1575

(171)2150

(191)3025

(263)2.512IX)

(356)1450

(370)1625

(275)2550

(265)51100(141)1275

(206)2075

(263)2275

(300)101025

(96)1200

(140)1250

(173)1950

(173)
" Migration-stimulating activity was measured as described in "Materials and Meth

ods." Data are expressed as mean of triplicate samples. Numbers in parentheses, SD.

eluted from a Con A-affinity column with 0.1 Ma-methyl mannosidc

(data not shown), indicating that it is a glycoprotein.
NHi-terminal sequence analysis of both peptide chains of the pu

rified HSE-MSF indicated that the motility factor was identical to

murine complement component C3b (37, 38) (Fig. 5). The sequence
analysis indicated that the component was not derived from the FBS
used to grow HSE cells. Furthermore, FBS did not contain a MSF for
RAW117cells.

DISCUSSION

We have demonstrated that mouse HSE cells in vitro secret a
HSE-MSF identical to a proteolytic fragment of C3 that stimulates
chemotactic response of highly but not poorly liver-metastatic mouse
lymphoma cells. The HSE-MSF (C3b) molecule was purified using a

four step procedure, and after removal of a single band from native gel
electrophoresis, the factor appeared to be composed of two subunits of
M, -110,000 and M, -67,000 held together by interchain disulfide

bonds. HSE-MSF migrated as a single component with M, -200,000
in nonreducing SDS-PAGE. Sequence analysis of both the a and ÃŸ
chains of HSE-MSF indicated that this motility factor is murine C3b
(28, 29). Consistant with the properties of C3b, the HSE-MSF is a
glycoprotein because it bound to a ConA-affinity column and was
eluted with 0.1 M a-methyl mannoside. A very faint band of M,
â€”¿�130,000 was occasionally detected by SDS-PAGE under nonreduc

ing conditions. Although we can not rule out the possibility of minor
contamination by another protein, it appears that the M, ~ 130,000
component is a degradative product of the A/r â€”¿�200,000component,

since additional bands were not found on reducing SDS-PAGE in such
samples. There are also additional non-C3 HSE-MSF produced by
HSE cells.5

There are only a few reports of organ-derived chemotactic factors

for malignant cells. Hujanen and Terranova (18) found that extracts
from various organs could differentially induce chemotaxis of organ-
specific malignant cells; lung-, brain-, or liver-colonizing cells mi

grated toward extracts from lung, brain or liver, respectively. The
chemotactic activity of their liver extract for liver-colonizing M5076

reticulum cell sarcoma cells was partially purified as a mixture of
components of M, -100,000 to -150,000 by Sepharose CL-6B gel

filtration. From their migration on gel filtration columns, it seems
unlikely that HSE-MSF and the chemotactic factor from whole liver

extract are the same molecule. Further characterization will be nec
essary to clearify the relationship, if any, between these two factors. A
resorbing bone-derived chemotactic factor for bone-colonizing
Walker carcinosarcoma cells and a lung ECM-derived chemotactic
factor for lung-colonizing B16 melanoma cells have reported by other

investigators (17, 20). The molecular weights of these factors esti
mated by gel filtration chromatography were A/r â€”¿�6,000and
â€”¿�71,000,respectively, which are much lower than that of HSE-MSF

(C3b). Chemotactic activity present in mouse liver ECM reported by
Cerra and Nathanson (21) was eluted in four fractions of M,
>25<),000, -245,000, -120,000, and -30,000 by gel filtration chro
matography. Although there is a possibility that the HSE-MSF (C3b)

may be similar to the components of high molecular weight isolated
by Cerra and Nathanson (21), further characterization of the proteins
isolated by Cerra and Nathanson (21) will be necessary to compare
them with HSE-MSF (C3b).

Low molecular weight cleavege products of complement compo
nents are known to possess chemotactic activities. A low molecular
weight chemotactic factor derived from complement component C5
was found to be active in neutrophil migration (30). C5a has a M, of
â€”¿�11,000, and although several proteases can produce active chemo

tactic peptides from C5, all of the active peptides are of M, < 15.000
(31). Orr et al. (32) have described a chemotactic factor for tumor
cells derived from component C5a. Low molecular weight fragments
with chemotactic activity have also been derived from C3. Bokisch el
al. (33) found that trypsin or plasmin cleaved C3 and produced a
chemotactic factor of M, â€”¿�6,000(C3a). This finding was subse

quently confirmed by Damerau et al. (34) who found that Â¡.p.injection
of 50-150 /ng/ml C3a caused significant dose-dependent accumula

tion of neutrophils in vivo.
Endothelial cells are known to produce a variety of peptide growth

factors and cytokines (26, 35-38). Of these factors, platelet-derived
growth factor, fibroblast growth factors, granulocyte colony-stimulat
ing factor, granulocyte-macrophage colony-stimulating factor, inter-
leukin 6, monocyte chemoattractant protein-1/monocyte chemotactic
and activating factor, and intcrleukin-8 can promote the motility of
various kinds of normal or malignant cells (39^14). Unlike HSE-MSF
(C3b), some of these factors (platelet-derived growth factor, fibroblast

5 Unpublished observations.
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MIGRATION-STIMULATING PACTOR C.1B AND METASTATICA CELLS

Fig. 5. Nonterminal amino acid sequence com
parison between the a and ÃŸchains of HSE-MSF
and the a chain (top sec/nenccs) and ÃŸchain (bot-
ittm sequence) of murine complement component
C3.

N-Terminal Amino Acid Sequence Analysis of HSE-Derived Migration Stimulating Factor

1 40
murine C3a SVQLMERRMDKAGQYTDKGLRKCCEDGMRDIPMRYSCQRR

C3ba

41

murine C3a ARL I TQGENC I KAF I DCCNH I TKLREQHRRDHVLGLARSE
HSE-MSFa

80

SE

81
murine C3ba

HSE-MSFa
LEED
LEED1

PEED
1PEED

120
I ISRSHFPQSWLWT IEELKEPEKNGI STKV

3
121 160
MNIPLNDSITTMEILAVSLSDKKGICVADPYEIRVMQDFF

murine C3ÃŸ
HSE-MSFÃŸ

IPMYS
IPMYS

ITPNVLRLESE
ITPNVLRLESE

40
ETIVLEAHDAQGDIPVTVTVQDF

growth factors, granulocyte colony-stimulating factor, monocyte che-
moattractant protein-1/monocyte chemotactic and activating factor,
and interleukin-8) hind to heparin. RAW117 cells did not show che
motactic responses to interleukin-6 and interleukin-8.4

Cultured endothelial cells are known to produce particular ECM
components, such as fibronectin, laminin, type IV collagen, and
thromhospondin (45, 46), that can stimulate tumor cell chemotaxis
(47^9). Some of these endothelial cell-produced ECM components
bind to heparin and/or gelatin (50-52). None of the RAW117 cell

sublines used here showed chemotactic responses with intact fibro
nectin, laminin or type IV collagen.4

Motility factors have received increased attention because of their
potential role in cancer metastasis (2, 15). One of these is autocrine
motility factor that is secreted by tumor cells and stimulates autocrine
chemokinetic cell motility (53-55). Another motility factor is scatter

factor that induces the in vitro movement of epithelial cells and is
produced by embryo fibroblasts and certain fibroblast lines (56). Fi
nally, a migration-stimulating factor produced by fetal and adult fi

broblasts from cancer patients stimulates the migration of producing
or nonproducing adult normal fibroblasts through collagen gels (57).

The migratory response of RAW117 cells to the HSE-MSF may

play a important role in stimulating the movement of malignant cells
that become localized in the liver sinusoids. We found that HSE-MSF

(C3b) stimulated both tumor cell chemotactic and chemokinetic cell
movement. The cloned HSE cells used in our study maintained their
endothelial cell characteristics for several passages in culture, al
though we do not have strong evidence that they are the same as liver
sinusoidal endothelial cells in vivo, nor do we have evidence that
HSE-MSF is secreted in vivo under physiological conditions, although

reports suggest that it is (58). The properties of endothelial cells can
be modified by exposure to inflammation-related cytokines, such as
interleukin 1, interferon-y and tumor necrosis factor a (59), y-irra

diation (60), or treatment with certain chemotherapeutic drugs (61).
We have evidence that the activity is secreted by murine liver endo
thelial cells but not by lung or brain microvessel endothelial cells (62).
In contrast to the HSE-CM, the highly liver-metastatic H10 line was

not stimulated by motility factors from conditioned medium of lung or
brain microvessel endothelial cells (62). In vivo liver endothelial cells
might produce HSE-MSF (C3b) and other factors in response to local

injury or by their interactions with invasive malignant cells.

Finally, why do the RAW117 tumor cells migrate into liver paren
chyma if one (or more) HSE-MSF is produced by sinusoidal endo

thelial cells? This might be explained by differences in secretion of
factor by hepatocytes and endothelial cells (hepatocytes > endothelial
cells) (63). If a gradient of motility factor exists in vivo between
hepatocytes and sinusoidal endothelial cells, as suggested from im-

munohistochemical experiments (64), then directional cell movement
and invasion could be explained by tumor cell response to such a
gradient.

Note Added in Proof

We have found that another potent HSE-MSF can be purified

through the first several steps used for purification of C3b. This
HSE-MSF cannot be removed by anti-C3, suggesting that there are

multile MSF produced by HSE cells.
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