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Butanol-Extractable and Detergent-Solubilized Cell
Surface Components From Murine Large Cell
Lymphoma Cells Associated With Adhesion to Organ
Microvessel Endothelial Cells
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Abstract Metastatic variant cell lines of the murine RAW117 large cell lymphoma were used to study the cell
surface components involved in syngeneic tumor cell/microvessel endothelial cell interactions. Poorly liver-metastatic
parental RAW117-P cell line adhered to murine hepatic sinusoidal endothelial cell monolayers at significantly lower
rates than the liver-selected, highly liver-metastatic RAW117-H10 line and both cell lines were poorly adherent to lung
microvessel and bovine aorta endothelial cells. Viable, 2% 1-butanol—treated RAW117-H10 tumor cells formed fewer
liver tumor nodules in experimental metastasis assays than untreated H10 cells and were significantly less adherent to
murine hepatic sinusoidal endothelial cell monolayers. When 2% 1-butano! extracts of metabolically labeled or CHAPS
detergent lysates of cell surface-labeled tumor cells were analyzed for their ability to bind to fixed microvessel
endothelial cell monolayers, quantitative differences were found in the extractable tumor cell surface components that
bound to the different organ-derived microvessel endothelial cells. Cell surface components (1-butanol extractable), of
M, ~ 85,000-90,000 and ~ 37,000—40,000 bound to hepatic sinusoidal endothelial cell monolayers to a greater extent
than to murine lung microvessel endothelial or bovine aortic endothelial cell monolayers, whereas tumor cell surface
components of M, ~ 45,000, ~ 33,000, and ~ 25,000 bound similarly to endothelial cells regardless of origin. The
results suggest but do not prove that tumor cell/endothelial cell adhesion involves multiple tumor cell surface
components, some of which commonly bind to various endothelial cells and others for which binding may be dictated
by the tissue origin and type of endothelial cell. Particular RAW117 butanol-extractable cell membrane components
were associated with tumor cell-endothelial cell adhesion, and these components could be responsible, in part, for the
preferential adhesion of RAW117 cells to liver sinusoidal endothelial cells and metastasis to liver.
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The process of blood-borne metastasis forma- considerations, such as the random arrest of

tion at distant sites for many tumors cannot be
explained solely by mechanical or anatomical
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malignant cells in the microcirculation [1-4].
Once malignant cells enter the blood vascular
system, their successful colonization of distant
organs requires implantation in a microvessel,
usually by tumor cell adhesion to microvascular
endothelial cells. Arrested metastatic cells subse-
quently penetrate the vascular basement mem-
brane, invade surrounding tissue, and establish
a favorable microenvironment for survival and
growth [3,4]. When malignant cells metastasize
to particular organs, specific tumor cell and host
properties are thought to be involved [3,4]. One
of the critical events in this process, the adhe-
sion of tumor cells to organ microvessel endothe-
lial cells, is related to the organ preference of
metastasis formation in several tumor systems
[2-6].

To study the organ preference of metastasis
we have used an Abelson virus-induced murine
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large cell lymphoma parental line (RAW117-P)
and have selected variant lines in vivo for en-
hanced liver (RAW117-H10) [7] or lung plus
liver (RAW117-1.17) [8] colonization properties.
Compared with poorly metastatic parental cells,
highly metastatic RAW117 lines (such as
RAW117-H10) show loss of lectin-binding sites
[9,10], RNA tumor virus-encoded cell surface
gp70 and internal components p30 and p15[11],
Increased partitioning in aqueous 2-phase solu-
tions [12], increased expression of cell surface
gpl150 [13], sialoglycoproteins [14], lymphoid
antigens, and loss of particular glycolipids [15].
None of these properties, however, has been
related to the organ preference of colonization of
RAW117 cells or to endothelial cell adhesion.
The cell surface is important in many of the
steps involved in metastasis formation [1-4]. To
demonstrate the involvement of cell surface com-
ponents in metastasis, they have been selec-
tively removed by extraction of highly meta-
static tumor cells with 1-butanol [15,16]. LeGrue
[16] reported that 1l-butanol extraction de-
creased the experimental metastatic properties
of murine B16 melanoma and MCA-F fibrosar-
coma cells, and Joshi et al. [14] found that
experimental metastases of 1-butanol-treated
murine RAW117 cells were reduced without af-
fecting cell viability or tumorigenicity. Here we
report on the effects of 1-butanol extraction on
the adhesion of RAW117 cells to syngeneic organ-
derived microvascular endothelial cells and the
development of an endothelial cell affinity assay
to identify butanol-extractable tumor cell sur-
face components associated with adhesion to
particular organ-derived endothelial cells.

MATERIALS AND METHODS
Tumor Cells

RAW117-P and RAW117-H10 cell lines were
grown as suspension cultures in plastic Petri
dishes (Falcon Plastics, Lincoln Park, PA) in
SDMEM (GIBCO, Grand Island, NY) supple-
mented with 10% heat-inactivated FBS (Hy-
clone, Logan, UT) and 2.2 mM D-glucose with-
out antibiotics. Cells were tested routinely for
Mycoplasma contamination by Hoescht staining
and Gen Probe® analysis (Gen Probe, Inc., San
Diego, CA) and were found to be negative.

Endothelial Cells

Bovine aorta (BAE), murine lung microvessel
endothelial (LE), and murine hepatic sinusoidal

endothelial (HSE) cells were isolated and charac-
terized as described previously [17,18]. Briefly,
microvessel trees from various murine organs
were isolated, collagenase digested, and cul-
tured. Colonies of cells having endothelium-like
morphologies were then isolated and character-
ized biochemically, histologically, enzymati-
cally, and electron microscopically. For example,
the endothelial cells were characterized by their
cell morphologies and presence of intercellular
junctions, lack of platelet binding, presence of
Von Willebrand factor antigen and angiotensin
converting enzyme, binding of acetylated low-
density lipoprotein, and synthesis of a subendot-
helial matrix containing laminin and type IV
collagen [17,18]. Endothelial cells were cultured
in 1:1 (v/v) DMEM/F12 (GIBCO) containing 2%
horse serum (Hyclone), 5% FBS (Hazelton, Le-
nexa, KS), non-essential amino acids (GIBCQ),
1 mM sodium pyruvate (GIBCO), 0.1 mM L-glu-
tamine (GIBCO), and 0.1 mg/ml endothelial
mitogen (Biomedical Technologies, Inc., Stough-
ton, MA) in gelatin-coated 12-well plastic tissue
culture dishes (Costar, Cambridge, MA) at 37°C
in a 5% CO,~95% air atmosphere.

Metastasis Assays

RAW117 cells were washed three times in
serum-free SDMEM and injected intraveneously
(5,000 viable cells) in 0.2 ml serum-free SD-
MEM into groups of 5-6-week-old BALB/c mice.
Experiments were continued either until the
mice died or until 12-14 days after injection at
which time the remaining mice were sacrificed
and necropsied. Visible tumor colonies were
counted in all major organs [7-10].

CHAPS Detergent and 1-Butanol Extracts

RAW117 tumor cells were metabolically la-
beled with 10 uCi/ml [*®*S]methionine (ICN, Ir-
vine, CA; specific activity 400 Ci/mmol) for 5-8
h in methionine-free medium (GIBCO) plus 5%
FBS (HyClone) at 37°C. The cells were washed
by centrifugation (500g), and resuspension 2 to
3 times at a concentration of 5 x 107 cells/ml
DPBS at rocom temperature. They were then
solubilized for 15 min on ice in a solution contain-
ing 2% CHAPS (Sigma, St. Louis, MO), 0.05 mM
CaCl,, 10 mM Tris-HCI (pH 7.2), 10% sucrose,
5% glycerol, 1 mM MgCl,, 1 uM phenylmethyl-
sulfonyl fluoride (Sigma), and 1 uM leupeptin
(Sigma). After solubilization, the detergent ly-
sates were centrifuged at 11,000g for 5 min, and
the supernatants collected and used immedi-
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ately or stored frozen at —80°C. The method of
LeGrue [16] was used for 1-butanol extraction
of RAW117 tumor cells. [**SImethionine-labeled
RAW117 cells were collected by centrifugation
at 500g and resuspension in DPBS. After repeat-
ing this procedure twice, the cells were sus-
pended at a concentration of 1.5 x 107 cells/ml
in 2% 1-butanol in DPBS and incubated for 5
min at room temperature in this solution. In
some experiments the cells were pelleted by
centrifugation, as described above, resuspended
in adhesion medium, and immediately used in
the adhesion assays. The 1-butanol extracts were
diluted with 3 vol of BPBS and concentrated to
2.5-5 X 107 cell equivalents/ml with Amicon
YM-10 membranes to remove excess 1-butanol,
and the extracts were then equilibrated with
DPBS containing 1% BSA, 1% CHAPS (Sigma),
1 pM phenylmethylsulfonyl fluoride (Sigma),
and 1 pM leupeptin (Sigma) and stored in ali-
quots at —70°C until used in the binding assays.

Gel Electrophoresis

Cellular extracts and endothelial cell-adher-
ent tumor cell components were mixed with 0.5
vol of 6% SDS, 3% 2-mercaptoethanol, 1.5 mM
EDTA, 30% glycerin, and 187.5 mM Tris-phos-
phate buffer, pH 6.8 (3X sample buffer). After
centrifugation for 5 min at 10,000g, the superna-
tants were collected and heated at 100°C for 10
min. SDS-PAGE was performed in 1 mm thick
5-15% linear gradient polyacrylamide gels as
described previously [12,13]. The gels were
treated with EnHance (New England Nuclear,
Boston, MA) and dried, and radioactive proteins
were identified by fluorography with X-AR5 film
(Kodak, Rochester, NY). The developed films
were scanned with a densitometer (Beckman
model DU-8) to quantitate relative band intensi-
ties.

Adhesion Assays

Adhesion assays were performed, in general,
as described previously [19]. Confluent monolay-
ers of endothelial cells cultured in 24-well tissue
culture dishes (Costar) were washed once with 1
ml of serum-free medium and incubated for 3 h
in 1 ml of serum-free medium. The medium was
then removed, and 1 m! of fresh serum-free
medium was added. RAW117 cells (2 x 10% in
30 ml of complete medium were labeled over-
night with 0.5 n.Ci/ml of [*S]methionine, washed
in serum-free medium 3 times, and added to
wells containing confluent endothelial cell mono-

layers (approximately 2 x 10° cells/well) in
HEPES-buffered DMEM plus 1% BSA (adhe-
sion medium). In some experiments the tumor
cells were extracted with 1-butanol as described
above prior to the adhesion assays; otherwise,
the endothelial cell monolayers were fixed with
0.0125% glutaraldehyde in DPBS for 30~45 min
with rocking at room temperature, excess glu-
taraldehyde was removed, and the fixed monolay-
ers were washed 3 times with DPBS, incubated
with 1% BSA in DPBS for 1 h, and then stored at
—70°C or used as described above in the adhe-
sion assays. The tumor cells were incubated on
the endothelial monolayers at 37°C with or with-
out fluid shear [19]. At various times the nonad-
herent tumor cells were removed by gentle aspi-
ration, followed by addition of serum-free
medium. This was repeated four times, and the
remaining adherent tumor cells were solubilized
with 150 pl 1 M NaOH, neutralized with 150 ul
1 M acetic acid, and mixed with ScintiVerse 11
scintillation cocktail (Fisher Scientific, Pitts-
burgh, PA), and radioactivity was quantitated
with a Beckman Model LS 7500 scintillation
counter.

Inhibition of RAW117 cell adhesion by tumor
cell surface components was carried out as fol-
lows. CHAPS detergent lysates (100 pl) or 1-bu-
tanol extracts (50 ul) of RAW117 cells were
incubated with fixed endothelial cell monolayers
overnight at 4°C under the same conditions as
described for the quantitative binding assays.
After being rinsed with 0.05% Tween 20 in
DPBS, the endothelial cell monolayers were
rinsed 3 times with DPBS alone, incubated for 1
h at room temperature with 1 ml of adhesion
medium, and used in adhesion assays with radio-
labeled RAW117 cells. Control samples con-
tained equivalent amounts of CHAPS solu-
bilization buffer preincubated on endothelial
monolayers. The number of adherent tumor
cells was calculated using the equation

No. bound cells/well =
(Total CPM bound/well)/(CPM/cell).

The assays were performed in triplicate, and the
standard deviation was calculated for each exper-
iment. ANOVA statistical analysis was per-
formed on various time points in the assays.

Cell Affinity Binding Assays

Confluent BAE, HSE, or LE cell monolayers
in 12-well tissue culture dishes were incubated
for 2-3 days after reaching confluency with



Tumor Cell-Endothelial Cell Adhesion Components 165

DMEM/F12 plus 5% FBS, rinsed once with se-
rum-free medium, and incubated for 3 h in
serum-free medium (1 ml/well) at 37°C. The
wells were rinsed 2 times with DPBS and fixed
with 0.0125% glutaradehyde (Ted Pella, Tustin,
CA) in DPBS for 45 min at room temperature
with rocking, then rinsed 2 times with DPBS
and incubated with 30 mM ethanolamine in
PBS for 1 h with rocking at room temperature.
The fixed endothelial cell monolayers were then
stored frozen at —70°C or used immediately.
Frozen endothelial cell monolayers were thawed
and incubated with 1 ml of 1% BSA in DPBS for
1 h at room temperature immediately prior to
use. The medium was aspirated, 0.5 ml of DPBS
plus 0.05% Tween 20 was added to each well,
and [*S]methionine-labeled CHAPS detergent
lysates or 1-butanol extracts of RAW117 cells
(25 or 50 pl) were added to each well. After an
incubation at room temperature for 2—4 h with
rocking, the wells were rinsed 4 times with
DPBS/Tween 20. The radiolabeled, adherent
tumor cell components were eluted with 0.5%
SDS in H,0 and the TCA-precipitable radioactiv-
ity determined. Endothelial cell-bound compo-
nents were then analyzed by SDS-PAGE, and
fluorography and densitometric scanning were
performed.

For the preclearance assays, 1-butanol ex-
tracts of RAW117 cells were incubated on fixed
endothelial monolayers (usually BAFE cell mono-
layers) for 4 h at room temperature. The nonad-
herent fractions were collected and reincubated
on various endothelial monolayers, and the ad-
herent components were quantitated by the
TCA-precipitable radioactivity. ANOVA statisti-
cal analysis was performed to determine signifi-
cance.

RESULTS

When 5 x 10° RAW117-P cells were injected
i.v. into BALB/c mice, few liver (median = 0,
range = 0-12) or lung (median = 0, range = 0)
tumor nodules were visible 12-14 days later.
Injection of the same number of RAW117-H10
cells resulted in liver tumors too numerous to
count (median = > 200, range = > 200) but few
lung nodules (median = 1, range = 1-8) [19].

When the endothelial cell adhesive properties
of RAW117 cells were examined, the highly liver-
metastatic H10 variant adhered at a signifi-
cantly higher rate to HSE cell monolayers than
the poorly metastatic P cell line (P < 0.001)
(Fig. 1). RAW117 cell lines were significantly

—0-— P-HSE
~—8— P/BUOH-HSE
—O0-— HI10-HSE
«+=@=-- H10/BUOH-HSE

Percent Adhesion
8

T T . T
20 40 60 80 100
Time (min)

P-BAE
P/BUOH-BAE
H10-BAE
H10/BuOH-BAE

Percent Adhesion

Time (min)

Fig. 1. Effect of 2% 1-butanol extraction of RAW117 cells on
their rate of adhesion to murine hepatic sinusoidal endothelial
(HSE) or bovine aorta endothelial (BAE) cell monolayers with-
out shear. Values are expressed as cells bound (percent of total
cells xSD) to a 24-well tissue culture plate (2 X 10° cells added
per well; quadruplicate samples). a: Adhesion of RAW117-P or
-H10 cells with (P/BuOH-HSE, H10/BuOH-HSE) or without
(P-HSE or H10-HSE) prior 2% 1-butanol treatment to HSE cell
monolayers, b: Adhesion of RAW117-P or -H10 cells with
(P/BuOH-BAE; H10/BuOH-BAE) or without (P-BAE; H10-BAE)
prior 2% 1-butanol treatment to BAE cell monolayers.

more adherent to HSE than to LE monolayers
and BAE cell monolayers (P < 0.0001) (Fig. 1).
Thus the quantitative difference in tumor cell
adhesion to the endothelial cell monolayers par-
alleled their organ colonization properties [19].
Similar patterns of adhesion were obtained when
viable RAW117 cells were allowed to adhere to
fixed endothelial cell monolayers (Fig. 2). Al-
though the rates and extents of adhesion of
RAW117 cells to the fixed endothelial monolay-
ers were lower than to viable endothelial cell
monolayers, possibly due to the lack of mem-
brane receptor mobility on the cell surfaces of
the fixed endothelial monolayers or the inactiva-
tion of receptors by fixation, significant differ-
ences between the rates of H10 and P adhesion
to HSE cell monolayers were preserved (P <
0.0001), as well as the preference of both of
these cell lines to adhere to HSE cell monolayers
at higher rates than to BAE cell monolayers
(P < 0.0001) (Fig. 2).

The 1-butanol extraction of P and H10 cells
resulted in decreased rates of adhesion of the
extracted cells to HSE and BAE cell monolayers
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Fig. 2. FEffect of 2% 1-butano! extracts of RAW117-H10 cells
on the rate of adhesion of RAW117 cells to fixed endothelial cell
monolayers. Values are expressed as cells bound (percent of
total cells £SD) to a 24-well tissue culture plate (2 x 10° cells
added per well; quadruplicate samples). a: RAW117-P or -H10
cell adhesion to HSE cell monolayers with (H10-HSE + BuOH
extract; P-HSE + BuOH extract) or without (P-HSE or H10-
HSE) preincubation of the monolayers with H10-1-butanol—
extracted components (50 wl/well). b: RAW117-P or -H10 cell
adhesion to BAE cell monolayers with (P-BAE + BuOH extract;
H10-BAE + BuOH extract) or without (P-BAE or H10-BAE)
preincubation of the monolayers with H10-1-butanol—extracted
components (50 pl/well).

and abolished the differences in adhesion be-
tween H10 and P cells to HSE cell monolayers
(Fig. 1). Thus the effect of 1-butanol extraction
on adhesion of RAW117 cells was not equivalent
for the two cell lines. After incubation for 40—45
min with the endothelial cell monolayers, 74%
fewer H10 cells (P < 0.0001) and 49% fewer P
cells (P < 0.0001) were adherent to HSE cell
monolayers after 1-butanol extraction (Fig. 1a).
In a similar incubation, adhesion of 1-butanol—
extracted H10 and P cells to BAE cell monolay-
ers was decreased by 82% (P < 0.0001) and 25%
(P < 0.0001), respectively, after 1-butanol ex-
traction (Fig. 1b).

The ability of RAW117-P and -H10 dialyzed
CHAPS lysates to inhibit the binding of viable
RAW117 cells to fixed endothelial cell monolay-
ers was assessed in a 70 min adhesion assay
(Fig. 3). The adhesion of H10 cells to HSE cell
monolayers was inhibited 21 + 2% by P CHAPS
cell lysates, whereas H10 CHAPS cell lysates
inhibited H10 adhesion to HSE cell monolayers
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Fig. 3. Effect of CHAPS detergent lysates of RAW117 cells on
the rate of adhesion of RAW117 cells to fixed endothelial cell
monolayers. Values are expressed as cells bound (percent of
total cells =SD) to a 24-well tissue culture plate (2 x 10> cells
added per well; quadruplicate samples). a: RAW117-H10 cell
adhesion to HSE cell monolayers with (H10-HSE + H10/
CHAPS lysate; H10-HSE + P/CHAPS lysate) or without preincu-
bation of the monolayers with H10 or P/CHAPS detergent
lysates (50 pl/well). b: RAW117-P cell adhesion to HSE cell
monolayers with (P-HSE + H10/CHAPS lysate; P-HSE + P/
CHAPS lysate) or without preincubation of the monolayers with
H10 or P/CHAPS detergent lysates (50 pl/well).

by 56 = 3% (Fig. 3a). Preincubation of glutaral-
dehyde-fixed HSE: cell monolayers with P cell
CHAPS lysates did not significantly inhibit the
adhesion of viable P cells to HSE cell monolay-
ers, whereas the H10 cell lysates inhibited P cell
adhesion to fixed HSE cell monolayers by 58 +
2% (P < 0.002) (Fig. 3b). CHAPS cell lysates
from other cell types (murine hepatocytes, hu-
man erythrocytes, murine lymphocytes) had no
significant effect on RAW117 cell adhesion to
fixed HSE cell monolayers (data not shown).

We also examined the effects of 2% 1-butanol
extracts of RAW117 cells on RAW117—endothe-
lial cell adhesion (Fig. 2). Preincubation of HSE
cell monolayers with H10 I-butanol extracts
inhibited P cell adhesion to HSE cell monolayers
by 25 + 1% at 45 min (P < 0.001), whereas H10
cell adhesion to HSE monolayers in the presence
of H10 1-butanol extracts was decreased by 15 =
1% (P < 0.01) (Fig. 2a). Differences in RAW117
cell adhesion to BAE cell monolayers in the
presence or absence of RAW117 1-butanol ex-
tracts were not significant (Fig. 2b).
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TABLE 1. Binding of Surface-Radiolabeled RAW117 Cell Detergent Lysates or
1-Butanol Extracts to Fixed Endothelial Cell Monolayers*

CPM radioactivity bound + SD (% cell equivalents bound + SD)
to fixed endothelial cell monolayers

Preparation/cell type HSE BAE
[**1)Surface-labeled CHAPS detergent

lysate

RAWI117-H10 19,622 + 3728 (100 = 19) 12,754 = 1275 (65 = 10)

RAW117-P 13,175 = 1581 (67 + 12) 7,246 = 435 (36 = 6)
[*SIMethionine-labeled 2% 1-butanol

extract

RAW117-H10 9,960 = 398 (100 = 4) 6,574 = 329 (66 + 5)

*["*I1Surface-labeled CHAPS detergent lysates (50 pl) or [**SImethionine-labeled 2% 1-butanol extracts (50 ul) (protein yield
approximately 320 wg/1.5 x 107 cells; final concentration 1,070 pg/ml at 1,380 cpm/ug) were incubated on glutaraldehyde-fixed
endothelial cell monolayers for 2—4 h, washed, and bound TCA-precipitable radioactivity determined. The values represent
CPM bound = SD for triplicate samples and represent approximately 7.2 ug protein bound to HSE and 4.8 ug protein bound to

BAE cell monolayers. HSE > BAE, P < 0.005; H10 > P, P < 0.005.

We next measured the amounts of CHAPS
solubilized or 1-butanol extracted cell mem-
brane components from H10 or P cells that
bound to fixed HSE or BAE cell monolayers.
Significantly more TCA-precipitable radioactiv-
ity from CHAPS lysates or 1-butanol extracts
from cell-surface labeled P or H10 cells bound to
HSE than to BAE cell monolayers (P < 0.005),
suggesting that endothelial cells of different tis-
sue origins have differing abilities to bind
RAW117 tumor cell surface components and
that some components bind to various types of
endothelial cells regardless of their origin (Table
I). In addition, significantly more TCA-precipita-
ble radioactivity from CHAPS lysates of H10
cells bound to HSE or BAE cell monolayers than
did P/CHAPS lysates (P < 0.005) (Table 1).
Preincubation of HSE cell monolayers with un-
labeled H10 1-butanol extracts resulted in a 50%
decrease (from 10,105 to 5,088 cpm) in the bind-
ing of radioactivity from cell-surface labeled H10
CHAPS lysates to the fixed HSE cell monolay-
ers. The specificity of binding of the cell-surface
labeled H10 CHAPS lysates to the fixed HSE cell
monolayers was assessed in experiments where
murine hepatocytes or human erythrocytes were
substituted for HSE cell monolayers. In such
experiments, low levels of radioactivity were
bound to the murine hepatocytes and human
erythrocytes, and the addition of unlabeled H10
1-butanol extracts failed to inhibit binding (data
not shown).

The 1-butanol-extractable components that
bound to the various endothelial monolayers
were analyzed by SDS-PAGE and autoradiogra-
phy (Figs. 4, 5). Since in these experiments the

cell equivalents were adjusted for maximum
binding of radioactivity, differences in the bind-
ing of radiolabeled P or H10 to HSE cell mono-
layers (as in Table I) were not seen (Figs. 4, 5).
Some of the endothelial cell-bound components
from RAW117 cells were commonly bound to all
of the endothelial cell lines tested, such as the
major P and H10 cell surface components of
M, ~ 45,000, ~33,000, and ~ 25,000 that were
adherent to all of the endothelial cell monolay-
ers (Fig. 4a, lanes 1-6; Fig. 4b, scans 1-6; Fig. 5,
lanes 1-6). Other components bound in dif-
fering amounts to the various endothelial cell
monolayers. For example, 1l-butanol-extract-
able components of M, ~ 85,000-90,000 and
~37,000-40,000 from P or H10 cells bound
preferentially to HSE cell monolayers rather
than to LE or BAE cell monolayers (Fig. 4a,
lanes 3, 4; Fig. 4b, scans 3, 4; Fig. 5, lanes 1, 2).

DISCUSSION

The organ preference of metastasis appears to
be dictated, in part, by cell adhesion molecules
whose expression appears to be tissue depen-
dent in particular organs [1-6, 19-23]. Adhe-
sion molecules involved in cell “homing” are
also important in normal biological processes,
including neural development, tissue-specific
lymphocyte trafficking, and embryogenesis [24—
28]. Various related families of cell adhesion
molecules, such as integrins [29], cadherins [30],
neural cell adhesion molecules [31], and intercel-
lular adhesion molecule-1 {32], can be expressed
by different cell types and function in the posi-
tioning or homing of cells to various tissues or
organs. Nakache et al. [28] identified an M, ~
58,000-66,000 tissue-specific ‘‘vascular addres-



168

as5K- |

33K-

25K-

A 1 2 3 4 5 6

Fig.4. SDS-PAGE analysis of [**S]methionine-labeled RAW117
1-butanol-extracted components that bound to fixed bovine
aorta (BAE), lung microvessel (LE), or hepatic sinusoidal (HSE)
endothelial cell monolayers. a: Fluorograph of [*’SImethionine-
labeled RAW117 1-butanol-extracted components that bound
to various endothelial cell monolayers. Lane 1, RAW117-P
1-butanol-extracted components bound to BAE cell monolay-
ers; lane 2, RAW117-H10 1-butanol-extracted components
bound to BAE cell monolayers; lane 3, RAW117-H10 1-butanol—
extracted components bound to HSE cell monolayers; lane 4,
RAW117-P 1-butanol-extracted components bound to HSE cell
monolayers; lane 5, RAW117-P 1-butanol-extracted compo-
nents bound to LE cell monolayers; lane 6, RAW117-H10 1-bu-

sin” adhesion molecule on high endothelial
venules, and this molecule appeared to be in-
volved in lymphocyte homing to mucosal tis-
sues. The lymphocyte receptors for vascular ad-
dressins have been identified as M, ~ 90,000
glycoproteins [33,34].

While the ability of tumor cells to adhere to
extracellular components is important in the
process of invasion and secondary tumor forma-
tion at distant organ sites [35-38], the initial
arrest and adhesion of tumor cells occurs to the
endothelial cells lining the microvasculature of
the target organ. It is only after damage and/or
retraction of the endothelial cells that the tumor
cells are able to bind to the subendothelial ma-
trix or basement membrane. Thus tumor cell-
endothelial cell adhesion is probably the first
step in the process of organ preference of me-
tastasis, whereas the adhesion of tumor cells to
the subendothelial basement membrane is sub-
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tanol—extracted components bound to LE cell monolayers. b:
Densitometric scans of fluorographs of labeled RAW117 1-bu-
tanol—extracted components that bound to various endothelial
cell monolayers. Scan 1, RAW117-P 1-butanol—extracted com-
ponents bound to BAE cell monolayers; scan 2, RAW117-H10
1-butanol-extracted components bound to BAE cell monolay-
ers; scan 3, RAW117-P 1-butanol-extracted components bound
to HSE cell monolayers; scan 4, RAW117-H10 1-butanol-
extracted components bound to HSE cell monolayers; scan 5,
RAW117-P 1-butanol-extracted components bound to LE cell
monolayers; scan 6, RAW117-H10 1-butanol-extracted compo-
nents bound to LE cell monolayers.

sequently important in the invasion of tumor
cells into the target organ after their initial
arrest [39]. In the RAW117 system the rates of
adhesion of these large-cell lymphoma cells to
microvessel endothelial cells were always higher
than to subendothelial extracellular matrix, and
in contrast to organ-derived microvessel endothe-
lial cells differences were not found in the rates
of adhesion of RAW117-P or -H10 cells to suben-
dothelial extracellular matrix derived from vari-
ous organ sources [19].

Various investigators have shown that treat-
ment of tumor cells with 1-butanol can alter
their growth and dissemination properties
[14,16,40-46]. Most of these studies suggested
that 1-butanol—extracted components functioned
by affecting the host’s immune response to a
tumor. Using the murine RAW117 large-cell
lymphoma tumor model Joshi et al. [14] showed
that injection with 1-butanol-extracted H10 cells
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Fig. 5. Fluorograph of [**SImethionine-labeled RAW117 1-bu-
tanol—extracted components that bound to various endothelial
cell monolayers (SDS-PAGE analysis). Lane 1, RAW117-H10
1-butanol-extracted components bound to HSE cell monolay-
ers; lane 2, RAW117-P 1-butanol-extracted components bound
to HSE cell monolayers; lane 3, RAW117-H10 1-butanol-
extracted components bound to BAE cell monolayers; lane 4,
RAW117-P 1-butanol—extracted components bound to BAE cell
monolayers; lane 5, RAW117-H10 1-butanol—extracted compo-
nents bound to LE cell monolayers; lane 6, RAW117-P 1-bu-
tanol—extracted components bound to LE cell monolayers.

resulted in fewer liver tumor colonies than with
untreated H10 cells. This result could have been
due to the reduced endothelial cell adhesive prop-
erties of 1-butanol-treated cells. We have char-
acterized the in vitro endothelial cell adhesion
properties of metastatic variants of RAW117
cells and found that their adhesion properties
parallel their metastatic potential [19], suggest-
ing that the ability of RAW117 cells to preferen-
tially adhere to HSE cells is necessary for their
ability to colonize the liver with high efficiency.
Additional evidence supporting this premise is
that when we sequentially selected RAW117-P
cells for increased adhesion to HSE monolayers,
the selected tumor cell variants also showed
increased metastatic potential to liver (unpub-
lished data). In contrast, RAW117-P cells that
were sequentially selected for increased resis-

tance to interferon-y were significantly less ad-
herent to HSE monolayers and also less meta-
static than unselected RAW117-P cells (H.
Zhang, R.J. Tressler, R. LaBiche and G.L. Nicol-
son, manuscript in preparation).

We have analyzed the properties of 1-butanol—
treated RAW117 cells and the cell surface compo-
nents extracted with 1-butanol that are associ-
ated with endothelial cell adhesion. We found
that the rate of adhesion of 1-butanol—extracted
highly metastatic H10 cells to HSE cell monolay-
ers was decreased to a level similar to that of
1-butanol-extracted P cells, paralleling the in
vivo effect of 1-butanocl extraction on the liver
colonization properties of these cells [14]. Ours
is the first attempt at elucidating the molecular
basis of the altered metastatic phenotype of
1-butanol-extracted cells and demonstrating
that the 1-butanol-extractable cell surface com-
ponents are associated with tumor cell adhesion
to endothelial cells. The ability of the 1-butanol-
extracted components to inhibit the adhesion of
RAW117 cells to various fixed endothelial cell
monolayers, although significant, was not as
great as that of the detergent lysates of the same
tumor cells. This difference could be due to
various factors. The 1-butanol extraction is not
nearly as good a membrane protein solubilizer
as CHAPS detergent, or the extraction of adhe-
sion-associated components with 1-butanol could
have a deleterious effect on their affinity or
avidity to the endothelial cell monolayers. Alter-
natively, the 1-butano! extraction of RAW117
cells could remove peripheral membrane compo-
nents essential to the activity or display of non-
extractable integral membrane adhesion compo-
nents, or such treatment could stimulate
turnover of integral membrane components.
When the 1-butanol-extracted H10 cells were
allowed to recover for 3 days in culture, they
remained viable, grew, and regained their high
liver colonization potential [14], indicating that
1-butanol extraction of H10 cells does not mod-
ify cell viability or growth properties, nor does it
have a permanent effect on the metastatic phe-
notype of these cells.

When the 1-butanol-extracted components of
RAW117 cells that bound to different organ-
derived microvessel endothelial cell monolayers
were analyzed by SDS-PAGE, multiple cell sur-
face components were identified. The 1-butanol—
extracted RAW117 cell surface components of
M, ~ 45,000, ~ 33,000, and ~ 25,000 bound to
all of the endothelial cell monolayers tested,
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whereas components of M, ~ 85,000-90,000
and ~ 37,000-40,000 showed preferential adhe-
sion to HSE cell monolayers established from
the target organ for metastasis formation for
RAW117 cells. Kraal et al. [47] have generated a
monoclonal antibody, CT4, that is able to inhibit
guinea pig lymphocyte/high endothelial venule
adhesion, and this antibody immunoprecipi-
tates a M, ~ 36,000 component from the surface
of guinea pig lymphocytes. It is not known at
this time whether the M, ~ 37,000—40,000 1-bu-
tanol-extractable component from murine
RAW117 cells that binds preferentially to HSE
cell monolayers is related to this protein from
guinea pig lymphocytes. In addition, other mole-
cules, such as glycolipids, could be involved in
the 1-butanol extract inhibition of RAW117/
endothelial cell adhesion.

While many studies have characterized inte-
gral membrane components in the process of
cell adhesion, the results of our study are the
first to implicate 1-butanol-extractable periph-
eral membrane components in the process of
tumor cell-endothelial cell adhesion. Future ex-
periments will focus on the possible role of the
individual 1-butanol-extracted components, if
any, in endothelial cell adhesion. Dissecting the
role of individual tumor cell-endothelial cell ad-
hesion components in the organ preference of
metastasis could lead to the development of
specific agents that might prevent organ implan-
tation of blood-borne malignant cells in the mi-
crocirculation. OQur results suggest but do not
prove that RAW117 cell/endothelial cell adhe-
sion is mediated by multiple molecular interac-
tions, some components common to various en-
dothelial cells and others more restricted in
their organ expression. If this proves to be cor-
rect, then it might be possible to selectively
interfere with adhesion by blocking combina-
tions of common and unique tumor cell/endothe-
lial cell adhesion molecules [48].
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