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ABSTRACT

The highly malignant and metastatic RAW 117-1110 cell line was
developed by in vivo selection from the Abelson leukemia virus induced
parental RAW117-P lymphoma. In this study we have characterized
these cell lines with regard to their expression of lymphocyte and mac
rophage differentiation antigens, adherence, phagocytic properties, bind
ing of various lei-tins, binding of antibodies to glycolipid asialo-monogan-

glioside, and the role of butano! extractadle cell surface molecules to
determine if any of these cell surface properties are associated with the
malignant potential of RAW117-H10 cells. The only major difference in
immunological phenotypes between RAW 117 1' and RAW 117-11HI cells
was an increased expression of Thy-1 molecules by the latter. However,
the highly malignant RAWl 17-1110 cells bound significantly less con-
canavalin A, Ricinia commuais agglutinin, succinylated wheat germ
agglutinili, and particularly anti-asialomonoganglioside than their paren
tal counterpart and were resistant to natural killer cell mediated cytolysis.
Removal of butano! extractable cell surface molecules significantly de
creased the malignancy of RAW 117-11Id cells and increased their sus
ceptibility to natural killer cell mediated cytolysis. The butano! treated
RAW117-H10 cells regained high In vivo malignancy when recultured
for 3 days to permit regeneration of their cell surface components. The
butano! extracted RAW 117-1110 cells still expressed high levels of Thy-
1 indicating that this most probably represented "inappropriate'" antigen

expression. Since the expression of lymphocyte differentiation antigens
did not correlate with the malignant behavior of the cells, we postulate
that these antigenic differences merely represent phenotypic variation.
The decreased malignant potential of the butanol treated RAW117-H10
cells did correlate with increased cell surface anti-asialomonoganglioside
binding (glycolipid) and increased natural killer cell susceptibility.

INTRODUCTION

The immunological phenotype of lymphoma cells appears to
be important to prognosis since it has been suggested that
patients with T-cell tumors generally do less well than patients
with B-cell malignancies, although this is controversial (1-3).
Potentially, this difference arises because of the importance of
immunological interactions between the host and tumor cells.
Such interactions appear to be involved in the generation of
antigenic diversity of the tumor cells and may be associated
with evolution of the metastatic phenotype (4). Several animal
tumor models have been developed in which highly malignant
or metastatic cell lines have been obtained by selection for
comparison to the less malignant and metastatic parental tumor
cell lines from which they were derived (5-11). Included among
these is a large cell lymphoma (lymphosarcoma) model system
developed by Brunson and Nicolson (6) using the Abelson
leukemia virus induced murine lymphoma (RAW117-P). A
highly malignant and metastatic variant RAW 117-H10 cell line
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was obtained by ten sequential in vivo selections for host liver
colonization. This metastatic variant killed the syngeneic host
animals rapidly and formed as many as 200 times more gross
liver tumor nodules after i.v. injection than the parental tumor
cell line, RAW117-P. These cells have been shown to exhibit
antigenic diversity in that they differentially express two cell
surface glycoprotein antigens (12-14).

The question as to whether the immunological phenotype of
this highly metastatic variant correlates with its ability to me-
tastasize, in comparison to the parental line from which it was
derived, has not been addressed. This investigation was de
signed initially to determine if any component of the immuno
logical phenotype (lymphocyte and macrophage cell surface
markers, adherence, and phagocytic properties) of RAW117-
H10 cells correlated with its metastatic capabilities. No obvious
correlations involving these markers were observed; however,
the lectin and anti-asialo-GMi4 binding proportions of these

lymphoma cells did correlate inversely with metastatic capabil
ity and resistance to NK cell mediated cytotoxicity. Further
more, the metastasis associated molecules were noncytolytically
extractable by butanol, a process which increased the suscepti
bility of highly malignant RAW117-H10 cells to NK cell me
diated cytotoxicity and at the same time decreased their in vivo
malignant properties.

MATERIALS AND METHODS

Cell Culture. Clones of both the RAW117-P and RAW117-H 10 cells
were maintained in 60- x 10-mm Petri dishes (Falcon 1007; Falcon
Plastics, Oxnard, CA) containing DMEM with 10% PCS (Flow Labo
ratories, McLean, VA), penicillin (100 units/ml), and streptomycin
(100 /ig/ml) (Flow Laboratories).

Measurement of Plating Efficiency (Adherence). Five thousand cells
per ml (total, 10 ml) were plated in 100- x 15-mm (Falcon 1001) Petri
dishes. Cells were then incubated for 72 h at 37*C in an atmosphere

containing 5% CO2 and 95% air. After the incubation period, nonad-
herent (floating) cells were first carefully removed with a pipet, and any
settled nonadherent cells were removed by immediate gentle washing
of the dish with 2 volumes of 5 ml of DMEM. Five ml of 0.02 M EDTA
(Sigma Chemical Co., St. Louis, MO) in calcium-free phosphate buff
ered saline, pH 7.2, were added to each dish and the dishes were
incubated at 37'C for 5 min. Adherent cells were then harvested by

repeated pipeting. Cell suspension samples were counted and the per
centage of adherent cells in each total population was determined (14).

Flow Cytometric Analysis. One million of either RAW117-P or
RAW 117-H 10 cells were placed in 96-well microtiter plates. Either
antibodies or lectins (0.1 ml) were added to the cells. Biotinylated rat
anti-mouse monoclonal antibodies to Thy-1.2 (clone 30-H12) (15), Ly-
1 (clone 53-7.3) (15), Lyt-2 (clone 53-6.7) (15), and a biotinylated goat
anti-mouse Fab2 polyclonal antibody specific to surface membrane
immunoglobulin heavy and light chain (Tago, Inc., Burlingame, CA)
were used. (Fluoresceinated avidin was used to detect the cells tagged
with these biotinylated antibodies.) For asialo-GMi staining, rabbit anti-

J The abbreviations used are: asialo-GMi, asialomonoganglioside; NK cell,
natural killer cell: DMEM, Dulbecco's modified Eagle's medium; PCS, fetal calf
serum; PBS, phosphate buffered saline; PNA, peanut agglutinin; Con A, concan-
avalin A; SWGA, succinylated wheat germ agglutinin; WGA, wheat germ agglu
tinin; Â¡.t..intrathymically; A-MuLV, Abelson murine leukemia virus; gp70, M,
70,000 glycoprotein; plSE, M, 15,000 envelope protein.
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asialo-GMi antibodies (Wako Chemicals, Dallas, TX) and fluorescein-
ated anti-rabbit immunoglobulin were used (KPL, Gaithersburg, MD).
In addition, rat anti-mouse monoclonal antibodies to murine IgM
determinants (16), Maci (clone M1-70-15) (17), L3T4 (clone GK 1.5)
(18), and monoclonal antibodies to pre-B-cells (clone 14.8) (19) were
used. Cells were detected with fluoresceinated anti-rat immunoglobulin
(KPL). Each plate was incubated for 30 min on ice. The cells were then
washed with cold PBS containing 2% FCS by centrifuging the plates
at 1500 rpm in a Lourdes 10R CLINI-FUGE centrifuge (Vernitron
Medical Products, Inc., Carlstadt, NJ). After 3 washes, cells were
incubated in an ice bath with 100 /<1of fluorescent avidin or fluores
ceinated second antibody. The cells were washed 3 times with cold PBS
containing 2% FCS. Cells were then transferred to glass culture tubes
containing 2 ml of PBS with 2% FCS and quantitated using an Ortho
50H cytofluorograph equipped with a Data General 2150 computer for
data analysis. Five thousand cells were analyzed for each sample. A 3%
positive cutoff gate was set for the background (nonspecific binding of
fluoresceinated avidin or second antibody to the cell surface). The total
percentage of positive cells was calculated by subtracting the 3% positive
fluorescent background from the percentage of positive cells from each
sample as we have described previously (20).

Resetting Technique. For the immunoglobulin Fc and complement
receptors, the resetting techniques were used following the method
described by Mishell and Henry (21). The total number of rosettes was
counted and the results were expressed as percentage of resetted cells
compared to the total number of cells.

Phagocytosis Assay. One million of either RAW117-P or RAW117-
H10 cells were suspended in 1 ml of DMEM containing 10% FCS,
followed by the addition of 25 Â¿tlof latex particles (diameter, 0.81 ^m;
Difco Laboratories, Detroit, MI). After a 30-min incubation at 37Â°C,

the cells were centrifuged, washed twice and resuspended in 0.5 ml of
the same medium. Phagocytic cells were identified under the inverted
light microscope and counted.

Butanol Extraction of Cell Surface Molecules. For the butano! ex
traction, we followed a modified method of LeGrue et al. (22). Twenty
million viable lymphoma cells were treated with 2.5% butanol in
phosphate buffered saline for 5 min at room temperature. Cells were
centrifuged for 10 min at 2000 rpm using an IEC centrifuge. Butanol
treated cells were then washed twice with RPMI without serum and
resuspended in serum free RPMI for in vivo injection or in RF10
medium for flow cytometric analysis of the cell surface. In addition,
another aliquot of butanol treated cells was then cultured in RF10
medium for 3 days and used for in vivo inoculation.

In Vivo Experiment with Butanol Treated Cells. Five thousand
RAW117-H10 cells either treated with butanol or recultured for 3 days
after butanol treatment were injected i.v. into syngeneic BALB/c mice
(0.1 ml/mouse). Untreated RAW117-H 10 cells were also injected into
a control group of animals. Each group contained 8 animals. The mice
were observed daily and the time of death was noted.

Natural Killer Cell Cytotoxicity Assay. Spleen cells were prepared by
disrupting the spleens from BALB/c mice by repeated aspiration with
a I ml tuberculin syringe without a needle. The cell suspensions were
transferred to a conical 15-ml centrifuge tube and allowed to settle on
ice for 5 min. The supernatant was transferred to another 15-ml conical
centrifuge tube and centrifuged at 200 x g for 10 min. The spleen cell
pellet was resuspended in 2 ml of ammonium chloride in Tris buffer,
pH 7.2, to lyse the RBC, for 5 min at room temperature, washed in
RF10 medium, and resuspended in RF10 medium for counting. The
cell suspension was adjusted to an appropriate concentration according
to the assay. Control YAC-1 cells and RAW 117-P or RAW117-H10
cells treated or untreated with butanol were labeled with "Cr. Five
million target cells were incubated with 100 /Â¿Ciof "Cr (as sodium
chromate) for 45 min at 37Â°C.The labeled cells were washed twice with
RF10 medium and adjusted to a concentration of 2.5 x IO5cells/ml.

NK cytotoxicity assay was performed using varying effectortarget cell
ratios, i.e., 100:1, 50:1, 25:1, 12.5:1. Cells were incubated in round
bottomed microtiter plates for 4 h at 37"C. The total volume per well

was 0.2 ml. Spontaneous release and total release controls were used
for each experiment. Triplicate samples were used for each experimen
tal point. The supernatants were harvested using a Titertech superna

tant harvester. 51Crrelease was measured using a LKB gamma counter

and the percentage of cytotoxicity was calculated.

RESULTS

Fig. 1 illustrates the morphological heterogeneity of these
lymphoma cells grown in culture. Although the majority of
both the RAW 117-P and RAW 117-H 10 cell populations were
spherical and of typical lymphoid morphology, a certain per
centage of these cells exhibited irregular shapes and sizes. Since
both RAW 117-P and RAW117-H10 cells exhibited these mor
phological features it appeared that there was no correlation
between this morphological heterogeneity and the increased
malignancy and metastatic properties of RAW117-H10 cells.

Table 1 lists the values for the expression of various lympho
cyte differentiation antigen markers on RAW 117-P and
RAW117-H 10 cells as determined by flow cytometric analysis.
As shown in Table 1, there was an increased expression of some
surface marker antigens on RAW 117-H 10 cells. The major
difference in immunological cell markers was about a 7-fold
increase in Thy-1 expression, in that 14.4% of highly malignant
metastatic RAW117-H10 cells stained positively for this
marker as compared to only 2.0% of the low metastatic parental
cells. The other differences included 8.2% of RAW117-H10
cells which stained positively for surface membrane immuno
globulin expression as compared to 2.5% of RAW117-P cells
and 4.1% positive staining of RAW117-H10 cells for surface n
marker compared to 1.4% of the less malignant RAW 117-P
cells. Both cell lines had a low percentage of cells expressing
the lymphocyte differentiation antigen Ly-1 and no cells of
either the RAW117-P or RAW117-H10 populations expressed
the antigens L3T4 and Lyt-2. There was no significant differ
ence in the percentage of RAW117-P cells positive for Maci
(26%) compared to RAW117-H10 (28%) although this value
represented about a 5-fold increase over that obtained for
normal spleen cells.

The RAW117-P and RAW117-H10 cells had similar per
centages of cells bearing other surface markers such as comple
ment receptors (18 Â±4% and 16 Â±4) and Fc receptors (25 Â±
5% and 16 Â±4%, respectively) as revealed by rosetting tech
niques. Both cell lines also had populations of cells which
adhered to the culture dish when grown in vitro as shown for
RAW 117-H 10 cells in Fig. 1. We also found that the percent
ages of adherent cells in RAW 117-P and RAW 117-H 10 lines
were similar (9 Â±3% and 12 Â±3%). The phagocytic properties
of these cells as measured using latex particles or sheep RBC
ingestion were also similar (8 Â±3% and 12 Â±3%).

Table 2 illustrates the flow cytometric analysis of these lym
phoma cells for their lectin binding properties and the binding
of antibodies to the glycolipid asialo-GMi. Overall, the less
malignant parental cells (RAW 117-P) generally bound more
lectin than the highly malignant and metastatic RAW117-H 10
cells. Both cell lines bound a similar amount of the lectin PNA.
However, 91% of RAW 117-P cells bound Con A compared to
68% of the RAW117-H10 cells. We also used SWGA, which
binds nonsialylated residues on the cell surface. Only 24% of
the highly metastatic variant RAW117-H10 cells were positive
for SWGA, whereas 59% of their parental counterpart
RAW117-P cell line bound SWGA. When Ricinis communis
agglutinin 1 was used, 74% of the parental cells were positive
as compared to 41% of the highly metastatic RAW117-H10
cells. A greater proportion of RAW 117-P cells were asialo-GMi
positive (88%) compared to the metastatic variant RAW117-
H10 cells which had a lower percentage of asialo-GMi positive
cells (41%).
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Fig. 1. RAW 117-P and RAW117-H10
large cell lymphoma ceils grown in vitro. In A.
the majority of both RAW 117-P and
RAW 117-H 10 cells are spherical as illustrated
by this field of RAW 117-P cells. In B, some
RAW1I7-P and H10 lymphoma cells are ir
regular and elongated as illustrated by this field
of H10 cells. C, adherent cells visualized
among RAW 117-H 10 lymphoma cells (No-
marsky modification). Adherent cells were also
seen in RAW! 17-P cultures, x 350.

Table 1 Cell surface markers/and antigens on lymphoma cells

% of positivecellsAntigens/markersSurface

immunoglobu-
lin

Surface /;
14.8(B220)
Thy-1
L3T4
Ly-1
Lyt-2
MACIRAW

117-P2.5
Â±0.1"1.4

Â±0.3Â°
Background"

2.0 Â±0.7Â°
Background"

1.2 Â±0.3Â°
Background"

26.0 Â±1.7Â°RAW117-H108.2

Â±0.4"-*4.1

Â±0.2"-*
Background"
14.4 Â±0.7Â°'*
Background"

3.6 Â±0.5Â°'*
Background"
28.0 Â±1.4Â°Normal

spleen
cells28.0

Â±3.726.0

Â±2.0
18.5 Â±1.4
33.2 Â±1.6
19.2 Â±1.3
32.4 Â±1.6
10.8 Â±0.6
4.9 Â±0.9

" Significantly different from spleen cells at P n 0.05.
* Significantly different from RAW 117-P cells at P ^ 0.05.

Table 2 Flow cytometric analysis of RAWI17 lymphoma cells for their
expression oflectin receptors and the glycolipid asialo-GH,

RAW117-PLectins/glycolipidPeanut

agglutinin
Concanavalin A
WGA
SWGA
ti. communis agglu

tinin 1
Anti-asialo-GMi%

of positive
cells81.8

Â±0.3
91.1 Â±1.0
91.5 Â±7.7
59.5 Â±4.973.5

Â±4.488.0

Â±1.8MCFÂ°331

169745

344
396526RAW117-H10%

of positive
cells83.8

Â±0.4
68.4 Â±10.0*

86.6 Â±10.8
24.0 Â±4.2*
40.5 Â±1.5*4

1.3 Â±5.6*MCF114

69
618
143
171326

Â°MCF, mean channel fluorescence from a representative experiment.
* Significantly different from the value for RAW 117-P cells at P < 0.05.

Table 2 also shows the mean channel fluorescence of the
lectins bound by RAW 117-P and RAWI 17-H 10 cells. There
was an increased mean channel of fluorescence for the less
malignant RAW 117-P cells as compared to the highly malig
nant RAWI 17-H 10 cells, indicating increased levels oflectin
receptors on RAWI 17-P cells. In repeat experiments, although
the absolute values varied, the above mentioned pattern was
maintained. These results suggested an inverse relationship
between the expression of certain lectin receptors and the
malignant and metastatic nature of these tumor cells.

The above results suggested the possibilities that either in
creased expression of immunological markers, particularly Thy-
1, or alternatively decreased expression of glycosylated mole
cules, particularly glycolipids, could be associated with the
increased tumorigeri idi y of RAWI 17-H 10 cells. To further
probe the consistency of this association we examined the
expression of these markers on RAWI 17-H 10 cells the surfaces
of which had been extracted with butanol. Fig. 2 demonstrates
that the in vivo tumorigenic properties of butanol treated highly
malignant RAW 117-H 10 cells were significantly decreased
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Fig. 2. In vim malignant properties of butanol treated highly malignant

RAW 117-H 10 cells. Untreated RAW 117-H 10 control (â€¢);RAW 117-H 10 treated
with butanol (â€¢);RAWI 17-H 10 cells treated with butanol and recul lured for 72
h (A).

Table 3 Cell surface changes of butanol treated RA W117 lymphoma cells

MarkerThy-1.

2Asialo-GMiSWGAWGARAWI

17 cell
linePH10P

H10P

H10P

H10Butanol

extracted:
nonextractedratio1.24

Â±0.38
1.95Â±1.011.40

Â±0.08Â°
4.61 Â±1.15"0.93

Â±0.11
0.79 Â±0.05Â°0.88

Â±0.08
0.90 Â±0.02Â°

Â°Significantly different from 1.0 at P > 0.05.

when compared to untreated RAW 117-H 10 cells. The same
RAW 117-H 10 cells recultured for 3 days after butanol treat
ment regained the highly tumorigenic properties of untreated
RAWI 17-H10 cells.

Flow cytometric analysis (Table 3) of the cell surface prop
erties of butanol treated lymphoma cells revealed that compared
to pretreatment values (see Table 1), butanol treatment signif
icantly increased the expression of the cell surface glycolipid
asialo-Gmi on the butanol treated cells while the expression of
Thy-1, WGA and SWGA was not changed markedly. The
pattern of asialo-GMi staining of the butanol treated RAWI 17-
H10 cells was comparable to that of the untreated less malig
nant RAWI 17-P cells (Fig. 3). Fig. 3 shows one example of the
binding of antibodies to cell surface glycolipid asialo-GMi on
these RAWI 17 lymphoma cells after butanol treatment as
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Fig. 3. Flow cytometric analysis of butano! treated RAW117-H10 cells for
their expression of glycolipid asialo-GM>. Cells were treated with butanol and
then with rabbit anti-asialo-GMi antibodies, stained with fluoresceinated anti-
rabbii immunoglobulin, and analyzed for the number of positive cells (ordinale)
of a given amount of fluorescence (abscissa). A, RAW117-P cells; B, RAW117-
H10 cells; C, butanol treated RAW! 17-H10 second antibody stained control; /',
bulanol treated RAVV117-H10 stained anti-asialo-GMi cells. +17:'. positive.

revealed by flow cytometry techniques. The parental RAW117-
P cells demonstrated a higher percentage (94%) of cells positive
for asialo-GMi whereas RAW117-H10 cells showed only 41%
â€¢isi.ilo(IM, positive cells. This indicated an inverse relationship
between the cell surface glycolipid asialo-GMi expression and
malignancy of the lymphoma cells. After butanol treatment,
not only the percentage of positive cells but also the mean
channel fluorescence (which can be correlated with the amount
of staining per cell) was increased from 193 before extraction
to 368 after treatment. This was not simply due to an increased
"stickiness" of the butanol treated cells as can be seen from the

second antibody stained control (Fig. 3Q. Additionally, the
staining for Thy-1 was not increased considerably nor was the
percentage of WGA or SWGA expression changed signifi
cantly. Thus the increased expression of Thy-1 on RAW117-
H10 cells did not correlate with tumorigenicity and therefore
probably represents phenotypic diversity. In contrast, the de
creased expression of glycolipid on RAW117-H10 cells and its
increase following butanol extraction did correlate directly with
the in vivo tumorigenic nature of these cells. Furthermore, the
molecules responsible for this decreased expression on the
highly malignant cells were butanol extractable.

Fig. 4 demonstrates the NK susceptibility of the butanol
treated RAW117 lymphoma cells. Our results showed that the
highly malignant and metastatic RAW 117-H10 cells were more
resistant to NK cell mediated cytolysis than their less metastatic
parental counterpart RAW117-P cells. Following butanol treat
ment, the NK susceptibility of both the RAW 117-P and
RAW117-H10 cells was increased significantly. The sponta
neous chromium release in the butanol treated cells was as low
as 9%, further indicating the noncytotoxicity of the butanol
treatment. Although there was an increase in NK susceptibility
in both RAW117-P and RAW117-H10 cells, the increase in
NK susceptibility seen in the metastatic variant RAW117-H 10
cells was greater and much more significant than the parental
cells.

DISCUSSION

These results confirm and significantly expand the previously
reported properties of RAW 117 lymphoma cells (6, 12). These
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Fig. 4. Susceptibility of untreated and butanol treated RAW! 17 lymphoma

cells to NK cell mediated cytotoxicity. Untreated or RAW 117-P or RAW 117-
H10 cells were treated with butanol and labeled with 51Cr. The labeled treated
and untreated cells were used as target cells in a NK cytotoxicity assay. A,
RAW117-P cells; B, RAW 117-H 10 cells. E:T ratio, effectontarget cell ratio.

cells are heterogeneous with regard to their light microscopic
morphology. When these cells were separated on a Ficoll-
Hypaque density gradient, we obtained as many as seven bands
which also indicates the heterogeneity of cell size in the
RAW1171ines(23).

Even though the Abelson virus is known to transform cells
of the B-cell and macrophage lineages, these cells show stable
expression of some "inappropriate'" lymphocyte differentiation

antigen markers, particularly Thy-1. Thy-1 antigen expression
is not restricted to T-cells and is also found on brain tissue,
fibroblasts, and epidermal cells as shown by Katz (24). Thy-1
is also found on primitive hematopoietic cells in the rat (25)
and the mouse (26). Cook (27) has reported the induction of
thymomas in BALB/c mice following i.t. injection of A-MuLV.
A-MuLV induced thymomas in BALB/c mice were predomi
nantly Thy-1 negative. On the other hand, A-MuLV induced
thymomas in C57BL/Ka mice were predominantly Thy-1 pos
itive. On the basis of Cook's data we cannot rule out the

possibility of a Thy-1 positive T-cell population in our RAW 117
lymphoma system, although this would imply a wider target
range of the Abelson virus than previously considered. The
presence of bona fide T-cells is unlikely because of lack of
expression of other T-cell specific markers.

Altevogt et al. (28) reported the differential expression of the
Ly-1 differentiation antigen and cell surface glycoprotein by a
murine T-lymphoma line and its metastatic variant. Their met
astatic variant lymphoma line was shown to be Thy-1 negative
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and Ly-1 positive, whereas the low metastatic cells were Thy-1
positive and Ly-1 negative. Potentially, the expression of the
Thy-1 and Ly-1 antigens on these cells may simply indicate

their hematopoietic origin. The expression of inappropriate
specificities on tumor cells has been reported previously and
might not be of direct relevance to the variations in the meta
static potential. In normal mice, before antigenic challenge 40-
60% of all B-cells express surface membrane IgM while 10%
express IgG. In our studies, a small percentage of the lymphoma
cells expressed some surface immunoglobulin (Table 1). Sur
prisingly, the RAW117 lymphoma cells did not express the li
celi marker 14.8 (B220). These lymphoma cells did not express
the T-cell specific surface antigen marker Lyt-2 although a
significant proportion expressed Maci which is a marker of
macrophages and is also expressed on NK cells. Thus, some
RAW117 lymphoma cells may belong to a B-lineage, although
others have characteristics that might be associated with mac
rophages, i.e., Maci expression, adherence, and phagocytic
properties. It is not yet clear whether stable subpopulations
exist or if a dynamic state of surface properties exists, perhaps
relating to cell cycle phenomena. Thus, our studies of the
immunophenotype of these lymphoma cells did not indicate
any good correlation between a particular marker and the
malignant potential of these cells. The increased expression of
Thy-1.2 on metastatic RAW117-H10 cells in this tumor model
seems merely to represent phenotypic diversity.

As shown in Table 2, except for the lectins PNA and WGA,
these cells have differential lectin binding properties. Both cell
lines bind almost equal amounts of PNA which, like all lectins,
binds to carbohydrate moieties. Studies by Logtenberg and de
Gast (29) have shown that PNA is a nonspecific marker of
undifferentiated cells including pre-T-cells and pluripotent stem
cells, as well as immature B-cells. There are some indications
that PNA may primarily be a marker of proliferating undiffer
entiated cells (29). The primary exception to this generalization
appears to be the observation that plasma cells are PNA positive
(30). In this regard, the only difference in oncogene expression
that we have been able to define between RAW 117-P and
RAW117-H10 cells is a relative increase in expression of the
plasmacytoma associated oncogene mas in RAW117-P cells.5

Other lectin binding properties of these two cell lines were
different. The expression of receptors for lectins such as Con
A and SWGA was lower on RAW117-H10 than on the
RAW117-P cell line. Nicolson et al. (31) have studied the
various lectin reactivities of these cells using an agglutination
method and have found only a few differences in lectin mediated
agglutination of the parental cells compared to highly malignant
RAW117-H10 cells. Using radiolabeled 125I-Con A, they fur

ther demonstrated that parental cells bound more Con A than
RAW117-H10 cells even though they could not detect differ
ences in Con A mediated agglutination of these cells. In the
present study, we have used the more sensitive method of flow
cytometric analysis which provided results for Con A similar
to those obtained by Nicolson et al. (31) using radiolabeled Con
A.

As in the case of lectin receptors, the low metastatic
RAW 117-P cell line contained a higher percentage of glycolipid
asialo-GM) positive cells than the metastatic variant RAW117-
H10 line. Habu et al. (32) have demonstrated the expression of
relatively high amounts of asialo-GMi on NK cells. When we
tested the NK cytotoxicity of these lymphoma cells, there was
no significant cytototoxic effect of these cells against 51Cr

1Unpublished data.

labeled YAC-1 target cells. The role of this glycolipid on
RAW117 lymphoma cells is not known. The differential
amounts of lectin and antibody to glycolipid asialo-GMi binding
indicated differences in the glycoconjugates expressed by
RAW 117-P versus RAW117-H10 cells. This suggested that cell
surface glycosylation, particularly differential glycolipid expres
sion, played an important role in metastasis in this murine
lymphoma system. Growth of RAW117-P cells in the presence
of tunicamycin caused decreased surface glycosylation and in
creased their tumorigenic potential to levels approaching that
exhibited by the highly metastatic RAW117-H10 cell line (14).
It is interesting to note that the cytotoxicity of at least some
NK cells which are implicated as a major immunological de
fense mechanism against malignancy can be blocked by certain
sugars (33). It is possible that the significance of the inverse
correlation between the lectin binding characteristics of these
lymphoma cells and their high metastatic potential lies in their
ability to resist NK surveillance. This possibility was then
subjected to a more detailed evaluation.

The untreated RAW 117-H 10 cells were very resistant to NK
cell mediated cytolysis (Fig. 4). Butano! treatment increased
the NK cell cytolysis of both RAW117-P and RAW117-H10
cells. In particular, the NK susceptibility of the highly malig
nan i/me tasi at ic RAW 117-H 10 cells was dramatically increased
(Fig. 4). These NK assay results suggested that the butanol
unmasked the NK recognition molecules on the RAW117-H 10
cells; hence these cells became more susceptible to NK cell
mediated cytolysis. Butanol extraction of cell surface molecules
from the highly malignant RAW 117-H 10 cells also signifi
cantly decreased their in vivo tumorigenicity (Fig. 2). Butanol
treatment was not toxic to these cells because the cells were
determined to be viable by the trypan blue dye exclusion test
and grew readily in culture following butanol treatment. Fur
thermore, a similar butanol extraction performed on mouse
bone marrow cells does not alter their spleen colony forming
ability in the assay of Till and McCulloch (34) (data not shown).
In addition, butanol treated RAW117 lymphoma cells grew
well in semisolid agar. Furthermore, following a period of
culture to permit regeneration of the cell surface molecules, the
butanol treated RAW 117-H 10 cells regained their in vivo tu
morigenicity to a level comparable to untreated RAW 117-H 10
cells (Fig. 2). These in vivo observations clearly indicated an
important role played by the butanol extractable cell surface
molecules in the malignant behavior of the cells. Furthermore,
the butanol extractable cell surface components apparently
include molecules involved in the interactions between the
lymphoma cells and the host defense system, particularly in
NK cell mediated cytolysis. These molecules clearly differ be
tween RAW117-P and RAW117-H10 cells.

Differential antigenicity of low and high metastatic tumor
cells has been demonstrated by us previously using these lym
phoma cells (12) and by others studying other metastatic tumors
(35-38). Boon (35) has reported the antigenic variation caused
by a mutagenic compound on tumor cell lines. Similar antigenic
differences on malignant variant tumor cells have also been
demonstrated by Gorelik et al. (39). Recently, we have also
reported the differential expression of glycoprotein antigens on
these RAW117 lymphoma cells (40). These molecules are re
moved by butanol extraction.5

The altered in vivo behavior of butanol extracted tumor cells
was first described by LeGrue (41). He reported increased
pulmonary but not extrapulmonary mÃ©tastasesof butanol ex
tracted B16 melanoma and MCA-F fibrosarcoma cells. Sur
prisingly, using the RAW117 large cell lymphoma model, we

3555

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/47/13/3551/2428289/cr0470133551.pdf by guest on 19 M

ay 2023



SURFACE PROPERTIES OF METASTATIC LYMPHOMA

observed decreased metastatic potential of the butanol extracted
tumor cells. The reasons for these differences are not entirely
clear. LeGrue (42) has extensively reviewed the noncytolytic
extraction of cell surface antigens using butanol and has pointed
out that significantly more butanol treated tumor cells were
arrested in the lungs after i.v. injection. Since the lung is the
primary site of metastasis of the B16 and MCA-F tumor cells
used by LeGrue, whereas an extrapulmonary site, the liver, is
the primary metastatic site of RAW117 cells, this differential
target organ specificity may account for the difference between
our results and those of LeGrue (41). Comparative organ dis
tribution of these different tumor cells after butanol extraction
may resolve the basis of these differences. It is interesting to
note that butanol extraction appears to remove some retroviral
envelope glycoprotein, gp 70, and the associated peptide pl5E
(42). We have reported an antigenic difference between
RAW117-P and RAW117-H10 cells (40). This involves a de
creased expression of gp70 on RAW117-H10 cells, which has
been noted also by Reading et al. (43), but an increased expres
sion of a less glycosylated M, 70,000 molecule on RAW 117-
H10 cells. If NK cells are recognizing target RAW117 cells via
gp70 associated molecules, their reduced expression on
RAW117-H10 cells might explain their resistance to NK cell
mediated cytotoxicity. In this case, butanol extraction of
RAW117-H10 cells possibly enhances gp70 expression by re
moving the other molecule. Possibly also, NK cell cytotoxicity
might not be as important a host defense mechanism in the
control of B16 and MCA-F lung mÃ©tastases.These possibilities
require further investigation.

In summary, the characteristics of both the RAW117-P and
RAW117-H10 cells are compatible with the description that
some of these tumor cells belong to the B-cell lineage and some
have macrophage-like characteristics. There is no "causative"

correlation between the differential immunophenotype of these
cells and their metastatic and malignant behavior. However,
our results suggest that cell surface lectin binding moieties do
play an important role in the metastatic potential of these cells,
in that decreased expression of such residues, particularly gly-
colipid moieties, appears to correlate with the highly malignant
properties and decreased NK cell susceptibility of the RAW117-
H10 line. Noncytolytic removal of RAW117-H10 cell surface
molecules by butanol restores their NK cell susceptibility and
decreases their in vivo malignancy. Thus, butanol extractable
cell surface molecules appear to have a direct role in decreased
expression of metastasis associated molecules on RAW 117-
H10 cells and thus have a role in the expression of the malignant
and metastatic potential of these lymphoma cells. This property
should facilitate a more detailed biochemical characterization
of these metastasis associated molecules.
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