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ABSTRACT

Highly metastatic sublines of the murine RAW117-P large cell lym-
phonta parental line have been selected sequentially in viro for enhanced
blood-borne organ colonization. We found that the subline RAW117-
H10, selected 10 times for liver colonization, formed more than 200 times
as many liver tumor nodules than the RAW117-P line and showed loss
of cell surface RNA tumor virus M, 70,000 envelope glycoprotein and
sensitivity to activated macrophage-mediated cytostasis. Superinfection
of RAW117-H10 cells with endogenous RNA tumor virus isolated from
RAW117-P cells caused increases in M, 70,000 envelope glycoprotein
expression and sensitivity to activated macrophage-mediated cytostasis
concomitant with loss of liver metastatic properties. The results suggest
that RAW117 cell surface M, 70,000 envelope glycoprotein is involved
in host macrophage-mediated surveillance mechanisms and metastatic
properties.

INTRODUCTION

Tumor cell surface glycoproteins are important as determi
nants involved in blood-borne tumor cell implantation, inva
sion, and establishment of metastatic colonies (1-4). Using
animal tumor models established to study various aspects of
metastasis, we and other researchers have found differences in
cell surface properties, and in some cases these have been related
to differences in the abilities of host tumor surveillance mech
anisms to inhibit the growth of or kill highly metastatic cells.
In many metastatic systems, the abilities of highly malignant
cells to escape host macrophage-mediated cytolysis or cytostasis
could be important in rendering these cells more metastatic (5-

10).
Using the murine large cell lymph orna line RAW 117, we

developed a hepatic metastasis model by sequential selection
for enhanced liver colonization (11). After 10 such selections
in vivo, a highly metastatic subline, RAW117-H10, was estab
lished that forms more than 200 times as many solid tumor
nodules in liver than the parental RAW117-P cells after i.v. or
S.C. injection (11, 12). The highly metastatic RAW117-H10
cells snowed alterations in the display of cell surface glycopro
teins, such as the RNA tumor virus-encoded gp706 and the

internal virus components M, 30,000 protein and M, 13,000
protein (12). The loss of gp70 in highly metastatic RAW117
cells correlated with their reduced sensitivities to activated
macrophage-mediated cytolysis and cytostasis (6, 13). To dem-

Received 8/25/86; revised 2/16/87; accepted 2/19/87.
The costs of publication of this article were defrayed in part by the payment

of page charges. This article must therefore be hereby marked advertisement in
accordance with 18 U.S.C. Section 1734 solely to indicate this fact.

' Supported by National Cancer Institute Grant R01-CA29571 to G. L. Ni

colson.
1Present address: Pharmacology Division, National Cancer Center Research

Institutes, Tsukiji 5-chome, Chuo-ku, Tokyo 104, Japan.
' Supported by National Cancer Institute Grant R23-CA39803.
'Supported by National Cancer Institute Grant R01-CA39319.
*To whom requests for reprints should be addressed.
'The abbreviations used are: gp70, M, 70,000 envelope glycoprotein; A-

MuLV, Abelson murine leukemia virus; Mo-MuLV, Moloney murine leukemia
virus; Con A, concanavalin A; DM1 M. Dulbecco's modified Eagle's medium;
SDS-PAGE, sodium dodecyl sulfate-polyacrylamide gel electrophoresis; E:T ra
tio, eflectortarget ratio; polyI:C, polyinosinic-polycytidylic acid.

onstrate a possible role for cell surface viral components in
RAW117 metastatic and host surveillance properties, we used
superinfection of highly RAVVII? metastatic cells by virus
isolated from the low metastatic RAW117-P parental cells. The
superinfected RAW117-H10 cells possess altered metastatic
and other properties.

MATERIALS AND METHODS

Animals. BALB/c mice were bred and maintained in the animal
colony of the M. D. Anderson Hospital and Tumor Institute under
guidelines established by the University of Texas System Cancer Center
and the NIH. Animals were fed normal rodent chow and sodium-free
spring water ad libitum, and they were routinely examined and found
to be free of Mycoplasma and murine virus infections.

Cell Lilies and Culture Conditions. The mouse large cell lymphoma
cell line RAW 117-P, obtained from spleen cultures of BALB/c mice
infected with A-MuLV (14), and the highly metastatic subline
RAW117-H10, selected 10 times for enhanced liver colonization (11),
were cultured in Pel ri dishes in DMEM supplemented with high glucose
(4.5 g/liter) fetal bovine serum (10%) and Ar-2-hydroxyethylpiperazine-
Ar'-2-ethanesulfonic acid buffer (25 IHM).Cell cultures were used within

10 passages (4 to 6 weeks) from frozen stocks to eliminate possible
drift in metastatic properties (15).

Superinfection of RAVVII7 Cells. Because RAW 117-P cells were
derived by infection with a virus complex consisting of replication-
defective A-MuLV and replication-competent Mo-MuLV, these cells
were expected to release infective Mo-MuLV and A-MuLV pseudo-
types into the culture medium. To confirm this, KAW 117-P culture
medium was harvested, filtered, and used to infect NIH/3T3 cells by
the procedure of Wong and Gallick (16). Infection resulted in complete
transformation of NIH/3T3 cells, indicating the presence of infectious
A-MuLV. In addition, immunoprecipitation with antisera to Mo-
MuLV structrual proteins confirmed that the Mo-MuLV genome was
being expressed. Superinfection of RAW117-H10 cells was carried out
using the RAW 117-P cell culture medium filtrate (0.23-/im MILLEX-
GS filter; Millipore Corporation, Bedford, MA). RAW117-H10 cells
(10*cells) were suspended in 2 ml of DMEM containing DEAE-dextran
(56 MR/ml).An equal volume of RAW117-P cell culture medium was
added, and the RAW 117-H10 cells were incubated for l h at 37'C with

mild shaking. For mock infections, the RAW 117-P culture medium
was omitted. After incubation, the infected and mock-infected
RAW 117-H10 cells were resuspended in 30 ml of growth medium and
allowed to grow for a few passages. The cells were then cloned by
limiting dilution (6, 12), and individual cell clones were examined for
expression of Mo-MuLV cellular components (see next section).

Detection of gp70 in RAW! 17 Cells by Immunoprecipitation. Meta
bolic labeling of cells, immunoprecipitation, and resolution of immu
noprecipitated proteins by SDS-PAGE were performed as described by
Gallick et al. (17). Briefly, cells were rinsed twice in Earle's balanced

salt solution and then incubated for 2 h in leucine-free medium con
taining 500 pCi/ml [3H]leucine (New England Nuclear, North Billerica,
MA; specific activity, 40-60 Ci/mmol). Cells were lysed in a detergent
containing buffer as previously described (18), and the lysates were
clarified at 1000 rpm for 10 min. The resulting supernatant was
incubated with 10 ^ I of gp70 antiserum (obtained through the Office of
Program Reserves and Logistics, Viral Oncology Branch, National
Cancer Institute). Immune complexes were precipitated with the for
malin-inactivated Cowan strain of Staphylococcus aureus (Calbiochem-
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Behring, LaJolla, CA), prepared according to the manufacturer's in
structions. Precipitates were washed 3 times and prepared for SDS-
PAGE as described below. The gp70 proteins were resolved on 8%
polyacrylamidegels.

Detectionof gp70 in RAW117 Cells by Let-tinStaining. Cell lysates
of RAW117-P, RAW117-H10, and superinfected RAW117-H10 cells
were prepared as described previously (19, 20). Briefly, cells were
washed with Dulbecco's phosphate-buffered saline and then with 10
mM Tris-HCl, 0.25 M sucrose, 50 jtM CaCh, and 0.4 mM phenyl-
methylsulfonyl fluoride, pH 6.7, and lysed at a concentration of 3 x
10' cells/ml in the same buffer containing 0.5% Nonidet P-40 for 30
min at room temperature. After centrifugalinn at 1000 x g, the super
natant was collected and mixed with 0.5 volume of 187.5 mM Tris-
phosphate buffer, 6% SDS, 3% 2-mercaptoethanol, 1.5 mM EDTA,
30% glycerin, and 0.01% bromophenol blue, pH 6.7. Samples were
stored at -20Â°Cand then heated at 100'C for 5 min before SDS-
PAGE. SDS-PAGE was performed using 1.5-mm-thick 7.5% polyac
rylamide running gelsand 3%stacking gelscontaining 0.1% SDS. After
electrophoresis, Western blotting by the method of Towbin et al. (21)
was used to transfer the proteins onto nitrocellulose membranes (Mi
cron Sep, 0.1 /im; MSI, New York, NY). The detection of gp70 on the
nitrocellulose membranes was carried out by 125I-ConA lectin or
peroxidase-labeledCon A (Sigma Chemical Co., St. Louis, MO) stain
ing (19, 20).

Experimental Metastasis Assays, the metastatic potentials of unin-
fected and superinfected RAW117 cells were determined by i.v. injec
tion of 5 x IO3cells (0.2 ml of inoculum) into groups of 6- to 8-week-
old BALB/c mice (11, 12, 22). Twelve days after the injection mice
were killed, and visible tumor nodules were counted in liver, spleen,
and lung. Tumor involvement of organs was confirmed by histolÃ³gica!
assay (22).

ActivatedMacrophage-mediatedCytolysisAssays. Syngeneicperito
neal exÃºdatecellswereobtained by i.p. injection of 3 ml of thioglycollate
(Difco Laboratories, Detroit, MI) into BALB/c mice. Three days later
the peritoneal cavities were flushed with 10 ml of cold Dulbecco's
phosphate-buffered saline (pH 7.2) containing gentamicin (100 Mg/ml)
(6). The cell suspension was centrifuged at 400 x g for 5 min at 4"C,

and the cell pellet was resuspended in DMEM; 0.1 ml aliquots of the
suspension were placed into wells of 94-well, flat-bottomed microcul
ture plates (Costar, Cambridge, MA) at different cell densities. After 4
h incubation at 37'C, the cell monolayers were washed twice with

DMEM to remove nonadherent cells, and 40 ng of polyI:C (Sigma)
were added to each well to activate the macrophages. After 24 h, the
medium was replaced with fresh growth medium containing 40 nf!of
polyI:C. RAW117-P, RAW117-H10, and superinfected RAW117-H10
cells from low density cultures were added (2 x 10*cells/ml in 0.1-ml
aliquots) to each well as target cells for cytostasis assays. Tumor cell
sensitivity to macrophage-mediated cytostasis in 24-h cultures was
examined by inhibiting DNA synthesis by the [3H]thymidine(74 Ci/

mmol, Amersham, Arlington Heights, IL; and 2.0 Ci/mmol, ICN
Radiochemicals, Irvine, CA) incorporation method of Germain et al.
(23). pHjThymidinc was added to each culture well, and after 8 h of
incubation, the cells were harvested with a cell harvester and washed
with a cold 5% trichloroacetic acid solution. Radioactivity was mea
sured in a Beckman LS7500 liquid scintillation counter (Beckman
Instruments, Irvine, CA), and the results were expressed as

E - T,
% of cytostasis = 1 - â€”â€”â€”x 100

C â€”TI

where E and C are the [3H]thymidineincorporation of target cells in
wells with or without macrophages, respectively,and /', and 72are the

background radioactivities with and without added macrophages, re
spectively. Differences among control and experimental groups were
analyzedbyone-wayanalysisof variance.The significanceof differences
between sublines was determined by the Mann-Whitney U test.

RESULTS

Detection of Viral gp70 in RAW117 Cells. Analysis of cellular
glycoproteins in RAW 117-P and RAW 117-H10 cells after elec
trophoresis and Western transfer with I25l-Con A showed a

significant loss of a Mr 70,000 component in the highly meta
static RAW117-H10 cells (Fig. 1). The M, 70,000 component
was identified as a RNA tumor virus envelope glycoprotein
(gp70) by immunoprecipitation of RAW117-P and RAW117-
H10 cell lysates from cells metabolically labeled with [3HJ-

leucine with antivral gp70. The results confirmed that the M,
70,000 component detected by I25l-Con A was gp70 and that
this protein was dramatically reduced in the RAW 117-H 10 cell
lysates (Fig. 1), indicating that selections for enhanced meta
static properties result in reduced expression of this major virus
envelope glycoprotein (12).

To determine the relationshp between gp70 and the meta
static properties of RAW117 cells, we superinfected RAW117-
H10 cells with endogenous RNA tumor virus obtained from
RAW117-P cells. Shortly after superinfection of RAW117-H10
cells, increased concentrations of cellular gp70 were not de
tected; however, within 9 culture passages cell lysates of the
superinfected RAW117-H10/P cells showed significant in
creases in gp70, while mock-infected RAW 117-H 10 cells did
not show alterations in gp70 (data not shown). That the super-
infected RAW 117-H 10/P cells expressed gp70 heterogeneously
was shown by subsequent cell cloning of the superinfected cell
cultures. Two such cell clones were chosen for further anti-
gp70 immunoprecipitation analysis, and one of these,
RAW117-H 10/P clone 2, expressed much higher levels of gp70
than did the uninfected RAW117-H 10 cells (Fig. 2).

Metastatic Potentials of RAW117 Cells. Injection of

Cell Immuno-
Lysate precipitant
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Fig. 1. SDS-PAGE-Western autoradiogram of RAW117-P and RAW1I7-
HIO cell lysates and anti-gp70 immunoprecipitates. Cells were lysed as described
in "Materials and Methods," and precipitation was peformed by adding antiviral

gp70 and protein A. After electrophoresis, the proteins were transferred onto anitrocellulose membrane by Western blotting and stained with ' " I < on A. Arrow

indicates position of gp70. Molecular weight markers are myosin (\n : M,
-200.000). phosphorylase b (PH; M, -92,500), bovine serum albumin (BA\ M,
-68,000). ovalbumin (OV\ M, -45,000), and a-chymotrypsinogen (CH; M,
-25,700).
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Fig. 2. Cellular levels of viral gp70 in RAW117 cells and derivative cell clones
with or without endogenous virus superinfection. For methods see Fig. 1 legend.
Clones 1 and 2 were derived from superinfected RAVVII7 1110 cells by the
limiting-dilution method. A. molecular weight in thousands.

RAW117-P cells i.v. into BALB/c mice resulted in a median
number of liver tumor nodules of 0 with all animals surviving
at day 12 after injection (Table 1). In contrast, RAW117-H10

cells killed all mice by day 12, and these animals had a median
of >200 liver tumor nodules. Superinfection of RAW117-H10
cells with endogenous virus from RAW117-P cells did not result
in an immediate change in metastatic properties (data not
shown). After several culture passages, however, the metastatic
properties of the superinfected RAW117-H10/P cells were
intermediate between RAW 117-P and RAW 117-H10 cells (Ta
ble 1). Mock-infected RAW117-H10 cells produced numbers
of liver tumor colonies similar to those of the uninfected
RAW117-H10 subline.

Sensitivities of RAW 117 Cells to Activated Macrophage-me-
diated Cytostasis. We used the macrophage-mediated inhibition

of DNA synthesis assay of Germain et al. (23) to monitor the
sensitivities of RAW117 cells to host effector mechanisms.
Previous research had shown differences in RAW117 cell sen
sitivities to activated macrophage-mediated cytostasis that cor
related with metastatic properties (6, 13). In this system acti
vation of macrophages is necessary to obtain reproducible re
sults (6). At E:T ratios higher than 10, there was essentially no
difference in the sensitivities of various RAW117 cell sublines
to activated macrophage-mediated cytostasis. At lower E:T
ratios, however, uninfected and superinfected RAW 117-H 10
cells were found to differ significantly in the abilities of activated
macrophages to inhibit tumor cell growth. Confirming previous
data (6, 13), the RAW117-P cells were the most sensitive and
RAW 117-H 10 cells the least sensitive to activated macrophage-
mediated cytostasis (Table 2). These differences were significant
at an E:T ratio of 3 (Table 2). Examination of superinfected
RAW117-H10/P cells revealed that they were intermediate
between RAW 117-P and RAW117-H10 cells in their sensitiv
ities to activated macrophage-mediated growth inhibition (Ta
ble 2). Although the superinfected RAW117-H10/P lines were
not different from RAW 117-H 10 cells shortly after superin
fection, within several culture passages the superinfected
RAW117-H10/P cells appeared intermediate between
RAW 117-P and RAW117-H10 cells in their sensitivities to
activated macrophage-mediated cytostasis, corresponding to
the observed increase in gp70 levels. Mock-infected RAW117-
H10 cells were similar at low or high passage numbers to
uninfected RAW117-H10 cells in their sensitivities to macro
phage-mediated cytostasis (Table 2). Examination of two cell
clones from the superinfected RAW 117-H 10 cells indicated
heterogeneity in macrophage sensitivity (Table 3).

DISCUSSION

During selection for metastatic variant sublines of RAW 117,
the expression of the virally encoded gp70 was greatly reduced
(12,15). This occurred with in vivo selection for enhanced liver
metastasis (12) and with /;/ vitro selection for loss of immobi
lized Con A adherence (22) and increased partitioning in
aqueous 2-phase solutions (24). Examination of several
RAW117 cell sublines and cell clones revealed a good correla
tion (r = 0.94) between reduction of gp70 and increased meta
static properties (15). The selected highly metastatic RAW117

Table 1 Metastatic properties of uninfected and superinfected RAW117 cells
BALB/c mice (6 to 8 weeks old) were given i.v. injections of 5 x 103 cells, and experimental mÃ©tastaseswere counted at day 12.

Superin-
Cell linefectionRAW117-PRAW117-H10

RAW117-H10+line
1

RAW1I7-H10/P+line
2

RAW117-H10/P +
Iine3

RAW117-H10/P +
line 4

RAW117-H10/P
lineM*RAW117-H10/P

+
clone 2Celi

passage1212282828

28

2845Survival"IO/IO0/10

9/100/100/10

8/10

4/1010/10No.

of liver tumorcolonies0,

0, 0, 0, 0, 0, 0, 0, 5,780,
130, 152, 180, >200,

>200, >200, >200,
>200, >200

5, 20, 28, 43, 73, 74,75,76,
120, 130

67, 80, 85, 86, 88,130,160,
170,>200,>200

51,57,68,70,80,93,
100, 160, >200, >200

18,26,31,44,51,60,
65, 164, >200,>200

70,72,130,130, 180,
>200, >200, >200,
>200, >200

17,21,23,28,32,40,
42,44,62, 115Median0>200

738880

51

>20032No.

of animals
with splenic
tumors/total0/102/10

8/108/109/107/10

5/10

Â°Number of animals alive at day 12/total number of animals.
* Mock-infected cells.
' ND, not determined.
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Table 2 Sensitivities of KAW117 cells to polyI:C-activated macrophage-mediated cytostasis

TargetcellsNoneRAW117-PRAW117-H10RAW117-H10/PlineiRAW117-H10/Pline

2RAW117-H10/Pline

3RAW117-H10/Pline

4RAW117-H10/Pline

M'Cell

passage21199999[3H]Thymidine

incorporation*E:T

=10143

Â±16470
Â±86(98)'650

Â±115(98)2,632
Â±363(94)1,861

Â±372(95)1,666

Â±307(95)955

Â±254(98)824

Â±227 (98)E:T

=7306

Â±641,947Â±
173(92)9,351

Â±226(63)14,710
Â±986(64)1

0,520 Â±1,068(72)10,658

Â±1,245(68)14,570

Â±2,684(63)13,780

+ 2,168(58)E:T

=3782

Â±4310,
138 Â±686(53)19,554

Â±853(22)"24,
142 Â±4,551(41)"20,419

Â±2,233(46)''17,142

Â±555(50)"23,72

1Â±1,392(40)''27,801

Â±1,210(15)E:T

=0*180

Â±7420,148
Â±976(0)24,337
Â±2,348(0)40,036
Â±4,390(0)36,286

Â±2,128(0)33,009

Â±2,148(0)38,424

Â±3,164(0)32,076

Â±2,634 (0)

â€¢cpm/well (mean Â±SE).
* No effector cells present.
' Numbers in parentheses, percentage of cytostasis as calculated in "Materials and Methods."
' P < 0.001 by Mann-Whitney {/ test.
' Mock-infected cells.

Table 3 Sensitivities of RAW! 17 cells to polyl:C-activated
macrophage-mediated cytostasis

TargetcellsNone

RAW117-P
RAW117-H10
RAW117-HIO/P
RAW117-H10/PCell

passage20

20
18
18[3H]Thymidine

incorpora
tion"E:T

=7299
Â±IS"

859 Â±1114065
Â±679

2167 Â±168
4731 Â±916E:T

=0"320

Â±195703
Â±715

4480 Â±183
5233 Â±510
5070 Â±482%of

cyto
stasis*90yof7F<0.001NS'

<0.001NS

clone 1
RAW117-H10/P 18 2506 Â±332 6300 Â±364 63' <0.001

clone 2
Â°See Table 2.
Â»SeeTable 2.
' Significance between control and experimental samples determined by one

way analysis of variance.
* No effector cells present.
' Significant difference (/' < 0.001) between RAW117-H10 cells and superin

fected cells was determined by the Mann-Whitney f ' test.
' NS, not significant.

cells were also more resistant to activated macrophage-media
ted cytostasis and cytolysis (6,13), but we failed to demonstrate
differences in antitumor response mediated by T-cells, natural
killer cells, antibody-dependent cytotoxic cells, or natural anti
bodies against RAW117 cells of different metastatic potentials
(13). In addition, by suppressing macrophage-mediated ant Â¡tu
mor response in vivo, the metastatic properties of RAW117-P
but not RAW117-H10 cells were increased, suggesting that
host macrophages may respond differentially to the low meta
static potential, high gp70 expression RAVVII? cells (13).
Milani et al. (25) stressed the importance of cytostasis in
antitumor immunity, and it is likely, judging by in vitro and //;
vivo experiments with RAW117 cells, that macrophage-medi
ated antitumor responses are important in the system (6, 13).

To test the proposal that cell surface gp70 may be involved
in the metastatic and host surveillance properties of RAW117
cells, we modified cell surface antigens by viral superinfection.
We chose to study gp70 because this retrovirus env gene product
is known to be present exclusively on the cell surface. During
virus replication, env gene mRNA is translated into a high
molecular weight precursor, gPr80env (26), and transported to

the cell membrane, where it is further glycosylated and terminal
sialic acid and fucose residues are added (27). gPr80env is then

cleaved at the cell surface to yield gp70 and pl5E (26, 28, 29).
Since we have also demonstrated that gPrSO"" is decreased in

more highly metastatic RAVVII7 cell lines (data not shown),
we correlated cytostasis with gp70 expression. Todaro et al.
(30) previously used double viral infection to modify the anti-

genie and growth properties of cultured mouse cells, and Vesely
et al. (31) were able to alter the malignancies of cultured rat
mammary and fibroblastic cells by superinfection with avian
sarcoma and SR-RSV-D viruses. In the in vivo studies of
Veseley et al. (31), viral superinfection of the rat cell lines
resulted in increased host resistance and loss of transplantation
properties in different rat strains. We had similar results with
the use of virus isolated from RAW117-P cells to superinfect
selected highly metastatic RAW117-H10 cells of low gp70
expression and sensitivity to activated macrophage-mediated
cytostasis. This resulted in increased gp70 expression and sen
sitivity to activated macrophage-mediated cytostasis in
RAW117-H10/P sublines and intermediate metastatic poten
tials between RAW117-P and RAW117-H10 cells.

In the B16 melanoma cell system, Stackpole and Demsey
(32) obtained somewhat contradictory results concerning the
expression of gp70-related antigens and metastasis. A compar
ison of some of these B16 cell lines, such as B16-F1 and B16
Fl1^*, showed that differences in the expression of gp70-related

surface proteins were apparently unrelated to metastatic poten
tial. Whether the gp-70-related proteins identified by these
authors were of viral or cellular origin was not determined.
Stackpole and Demsey (32) found no correlation between an
tibody response to gp70-related proteins and protection of mice
to challenge by B16 cells, which supports our suggestion that
macrophage-mediated cytostasis is likely to be the more impor
tant host response to cell surface gp70.

The modification of RAW117-H10 cells by superinfection
seems to be caused by progressive changes in the expression of
viral components in the infected cells. Superinfection of
RAW117-H10 cells did not result immediately in widespread
changes in gp70 expression, sensitivity to activated macro
phage-mediated cytostasis, or malignancy. The changes oc
curred gradually over several cell culture passages. This pro
gressive change suggested that with time, the spread of infec
tious virus resulted in more RAW117-H10 cells becoming
stably superinfected. In addition, in view of the heterogeneous
expression of gp70 among various cell clones, such cells might
result from differences in the sites of integration of the super-
infecting virus. In contrast, mock infection of RAW117-H10
cells did not change any of the properties examined. Thus, our
results confirm previous studies which related loss of gp70 and
decreased sensitivity to macrophage-mediated antitumor re
sponse to increased metastatic potential, and our study further
suggests a role for gp70 in macrophage antitumor surveillance
mechanisms against RAW117 cells.
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