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ABSTRACT

A WKA rat fetus-derived fibroblast cell line WFB showed strict
nontransformant phenotypes in vitro such as anchorage dependency of
cell growth in soft agar, contact inhibition, and serum dependency on the
monolayer cell culture. Transfection of 6.6-kilobase EJras oncogene into
WFB resulted in the acquisition of tumorigenicity in vitro and in vivo.
The cell surface antigen that is moderately or highly expressed on these
WFB transformants, designated as W14 and W31, was analyzed using
monoclonal antibody 109 that was produced after the immunization of
BALB/c mice with W31. Moab 109 recognized a glycoprotein with a
molecular weight of 86,000 composed of a single polypeptide chain with
5.4 isoelectric point value. This antigen was highly expressed on WFB
EJras and polyoma middle T-DNA transformants, but was undetectable
or at the best only faintly recognized on WFB parental cells, transfectants
of WFB with c-myc, and normal thymus, liver and kidney of WKA adult
rats. It was also clearly expressed on the EJras transformants of Fisher
rat fetus-derived 3Y1 fibroblast, but very faintly on parental 3Y1. Fur
thermore, this antigen was detected on some rat T-lymphoma and glio-
sarcoma lines. However, it was undetectable on EJras transformants on
NRK-49F rat kidney cells and NIH3T3 and BALB3T3 mouse cells. In
addition, this antigen appeared on the cell surface of concanavalin A-
activated WKA rat lymphocytes and WKA rat on the 16th day of embryo
but not on the 8th. These results suggested that the cell surface antigen
detected by Moab 109 was clearly unrelated to the ras oncogene product
p21 that was highly expressed on EJ ros-transforman ts of WFB or 3Y1
cells. Furthermore, it was shown that W14 and W31 cells but not parental
WFB cells were susceptible to rat splenic NK cells that were induced by
poly(I-C) treatment. Pretreatment of these W14 or W31 cells with Moab
109 could block the NK cell activity against W14 and W31. These data
suggest that this antigen may act as one of the NK target structures, and
plays an important role as a tumor antigen on the host tumor surveillance,
since the antigen was expressed (a) on the cell surface after the cell
transformation or enhanced DNA synthesis of some particular cells, and
(e) in the W31 tumor developing progressively in the syngeneic rats.

INTRODUCTION

The process of cell transformation is not a single event but
rather one of multiple steps (1,2). These steps might be asso
ciated with or result in a new or enhanced expression of cell
surface antigens (3-9). These antigens are oncogene products
(10), heat shock proteins (11), and the product of an activated
endogenous provirus (12). It is also possible that the product
of particular genomic DNA of the cells could be expressed as a
result of the gene activation dependent on the specific site of
oncogene insertion or the activation of other metabolic proc
esses. It is important to investigate whether the tumor antigens
on the cell surface of neoplastic cells are directly associated
with the cell transformation or linked with the mechanisms
responsible for transformation process, since these approaches
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lead to a clarification of the nature of the so called "tumor
antigens" (13).

In the present paper, we have analyzed the expression of the
cell surface molecule associated with the cell transformation
process. The data indicated that Moab3 109 could recognize

such a cell surface molecule which showed the enhanced expres
sion on the transformed rat fetus-derived fibroblast WFB but
only a faint expression on the nontransformed parental WFB.
This antigen was also clearly expressed on some of the rat
tumor lines and at the 16th day of fetus cells. Furthermore,
Con A-activated rat lymphocytes could enhance the expression
of this molecule as well. It was shown that Moab 109 could
inhibit the rat splenic NK activity against W14 and W31 cells,
indicating that Moab 109 defined molecule could be one of NK
target structure molecules. In this paper we discuss the char
acteristics and significance of this molecule as a tumor antigen
which could be involved in antitumor surveillance mechanisms
of the host.

MATERIALS AND METHODS

Animals. Inbred Wister-King-Aptekman (WKA)-H rats and BALB/
c nude mice were obtained from CLEA Japan Inc., Shizuoka, Japan.
In the experiment, 6- to 10-week-old males were used. In some exper
iments, 8- and 16-day-old embryos were also used.

Cells, Oncogenes, and DNA Transfection. A WKA rat fetus-derived
cell, designated as WFB, was established (14) and employed as main
recipient cells for the oncogene transfection in this study. It was shown
that WFB demonstrated an approximate 37-h doubling time in vitro.
The strict phenotypes for nontransformant such as anchorage depend
ency of cell growth in 0.3% agar, and contact inhibition and high serum
dependency on the monolayer cell growth in Eagle's modified culture

medium supplemented with 6% fetal calf serum and 292 Mg/ml of L-
glutamine were carried out. Presently the culture of WFB is counted as
over 200 passage generations in vitro. In this study, we employed
NIH3T3 and BALB3T3 mouse cells, and Fisher rat fetus-derived 3Y1
and kidney-derived NRK-49F rat cells for the DNA transfection exper
iments. In some experiments, whole tissue of WKA rat embryo of the
eighth and 16th day was minced, and a single cell suspension was
obtained. Moreover, some human and murine tumor lines were also
used; T24, human bladder carcinoma line; HL60, human leukemia line;
C-C36, mouse colon line; SP56 and SP50, rat gliosarcoma lines; FTL13
and FTL43, rat T-lymphoma lines; and KMT50 and KMT114, rat
fibrosarcoma lines.

Oncogenes employed in this study were 6.6-kilobase EJras (IS),
recombinant mouse c-myc inserted at the /fami 11 site of pUCIS plas-
mid DNA (16), and polyoma MT DNA inserted at the AzmHl site of
pBR322 plasmid DNA (17). The detail of these oncogenes was previ
ously described (14).

The calcium phosphate coprecipitation method was used to transfect
several oncogenes into cells (18), and some steps of this procedure were
already reported (9, 14). Briefly, at 24 h before DNA transfection,
subconfluent recipient cells on the monolayer culture were replenished

3The abbreviations used are: Moab, monoclonal antibody; NK, natural killer;

polyoma MT, polyoma middle T; LcH, Lens culinaris lectin; PBS, phosphate
buffered saline; F1TC, fluorescein isothiocyanate; Con A, concanavalin A; FACS,
fluorescein-activated cell sorter; SDS-PAGE, sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis; MHC, major histocompatibility complex.
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with 4.5 ml of complete medium in 60-mm Petri dishes (3003; Falcon
Plastics, Oxnard, CA). A 225 Â¿ilper dish of solution containing various
amounts of the DNAs were added to 250 n\ of twofold concentrated 4-
(2-hydroxyethyl)-l-piperazineethanesulfonic acid buffer (19), and then
mixed by a vortex. To this solution 25 fil of 2.5 M CaClj was gently
added, and the mixture was incubated at room temperature for 15 min.
Thus, 500 n\ per dish of the resolving calcium phosphate DNA copre-
cipitates were added directly to the culture medium. After 6 h of
incubation under 5% CO2 at 37Â°Cwith a subsequent shock of 10%

dimethyl sulfoxide for 10 min, the medium was removed from the
dishes. The cell monolayer was rinsed with 5 ml of the medium, and
was cultured with a fresh 7.5-ml medium. After incubation for 18 h,
the cells in the dishes were trypsinized, plated again in two or three 60-
mm Petri dishes, and fed every 2 or 3 days with a fresh medium. After
21 days of culture, piling-op foci on the monolayer of cells were
observed, and some of these foci were picked up. In order to gain WFB-
c-myc transfectants, WFB was cotransfected with a mixture of DNAs
at a ratio of one to ten mol of pSVneo containing a neomycin-resistant
gene (20) and c-myc. At 48 h after transfection, the cells were trypsin
ized, and each dish was split into four dishes, and once again another
48 h later, a medium containing 400 jig/ml of G418 (GIBCO Labora
tories, Grand Island, NY) was fed every 3 days. After 21 days of culture,
G418-resistant colonies were picked up from the dishes.

Cells transfected by the oncogenes were assessed for their growth
potential in 0.3% soft agar. The procedure was already reported in our
previous paper (21, 22).

Southern Blot Analysis. To confirm the insertion of transfected DNA
into recipient cells, the cellular DNA of transfected clones were assessed
by Southern blot hybridization (23). The cellular DNA was prepared
from cultured cells as described elsewhere (9). After cleavage of 20 /ig
of cell DNA or 50-100 ng of recombinant plasmid DNA by various
restriction endonucleases, these DNAs were run by 0.9% agarose gel
electrophoresis, denatured in situ, and transferred onto a nitrocellulose
membrane filter (Bio-Rad Laboratories, Richmond, CA). DNA frag
ments immobilized on the membrane filter were hybridized with "P-

labeled DNA probes and detected by autoradiography.
Tumorigenicity Assays. The tumorigenicity of the clones that were

obtained by oncogene transfection was determined by using 0.3% soft
agar culture in vitro and by injecting cells s.c. to BALB/c nude mice or
syngeneic animals.

Production of Monoclonal Antibody. BALB/c mice were immunized
i.p. with 1 x 10' cells of a WFB EJras transformant clone, W31, twice

at an interval of 14 days. Five days after the last immunization,
approximately 2 x IO8 of spleen cells were fused with 4 x IO7 NS-1

mouse myeloma cells by polyethyleneglycol 4000, according to the
method described by Lemke et al. (24). After cell fusion, the cells were
suspended in 360 ml of RPMI 1640 medium with 10% heat-inactivated
fetal calf serum and hypoxanthine-aminopterin-thymidine (25), and the
mixture was seeded into the wells in the presence of feeder cells obtained
from BALB/c mouse spleen. After cultivation for 10 days, the culture
medium was replaced by a medium containing HT, and the supernatants
were screened for antibody activity against W31 but not WFB by
indirect immunofluorescence. The positive hybrids were cloned by
limiting dilution. Thus, one hybridoma clone Moab 109 with Igd
isotype was selected and subjected to further study.

Cell Surface Radioiodination, Radioimmunoprecipitation, and SDS-
PAGE. The procedures for immunoprecipitation and cell surface iodi-
nation used in this study have already been described elsewhere (9).
Briefly, the cells were labeled with '"I by use of lactoperoxidase (Sigma

Chemicals Co., St. Louis, MO). Cells were washed twice with PBS and
lysed with lysis buffer containing 0.5% NP-40, 50 mM Tris, 1 mM
phenylmethylsulfonyl fluoride (Sigma), 0.2 ng/ml aprotinin, 20 mM
iodoacetoamide (pH 7.4). Lysate was separated from the cell pellet by
centrifugal ion at 2000 rpm for 10 min. The mixture of 0.1 ml lysate
and an equal volume of Moab 109 or control Moab iY-1) with the same
isotype of immunoglobulin as 109 was incubated for 4 h at 0Â°C.This

mixture was added to 0.04 ml goat anti-mouse immunoglobulin coupled
to Affigel 10 beads and 1 ml of 10% Staphylococcus aureus Cowan I.
After the immunocomplex was bound to the solid phase, unbound
material was washed away with PBS, and the bound molecules were

assessed with SDS-PAGE. The immunocomplex was resuspended in
0.04 ml SDS sample buffer containing 50 mM Tris (pH 7.0), and 2.0%
SDS with 5% 2-mercaptoethanol. The solubilized sample in SDS buffer
was applied to SDS-PAGE. The radioactivity in the slab gel was
visualized by autoradiography with a Cornex intensifying screen. When
two-dimensional SDS-PAGE was performed, the immunocomplex was
resuspended in isoelectric focusing sample buffer containing 9.5 M urea,
0.2% NP-40, 5% 2-mercaptoethanol, 1 ml ampholine (pH 5-7), and
0.25 ml ampholine (pH 3.5-10) for l h at room temperature, and was
run by the method originally described by O'Farrell et al. (26).

We analyzed the affinity of the Moab 109 defined molecule to lectins.
125I-labeledantigens described above were separated using Sepharose

4B beads (Pharmacia Fine Chemicals, Uppsala, Sweden) coupled with
Moab 109. The antigen was eluted by a 20 mM citrate buffer (pH 3.0),
and aliquots with approximately 20,000 cpm. The antigen was reacted
with LcH that were coupled to cyanogen bromide-activated Sepharose
4B at a concentration of 4-5 mg Sepharose/ml. The column was
equilibrated and washed with a 2.5 mM phosphate buffer (pH 7.4),
containing 0.5 M NaCl and 0.01% sodium azide. The effluent was then
changed to 3% a-D-methylmannoside in the same buffer. Fractions
bound or unbound to LcH were collected, and their radioactivity was
assayed.

Immunohistochemical Staining. Cryostat sections of W31 tumor
growing in WKA rats were obtained. These sections were fixed in
acetone for 10 min at 4"( ', and were incubated with or without Moab

109 for l h at room temperature. These sections were washed with PBS
for 20 min and reincubated with 200x diluted serum of biotinylated
goat antimouse Â¡mmunoglobulins (Ig) for l h at room temperature.
After washing with PBS for another 20 min, these sections were stained
by the biotin-avidin horseradish peroxidase method (Vectastain, Vector
Laboratories Inc.).

Indirect Immunofluorescence. The cells were treated with a saturating
amount of 0.1 ml of Moab for 30 min at 4"C and were washed twice

with PBS. These cells were then incubated with fluorescein-conjugated
goat antimouse Ig antibody for 30 min at 4"( '. After being washed twice

with PBS, the cells were mounted on glass slides and observed for
surface immunofluorescence under a Nikon Fluohot with a vertical IV
illuminator.

FACS Analysis of Cells Stained with Moab. The cells were washed
twice with PBS, and 1-2 x IO6cells in 0.2 ml PBS were incubated with
a saturated amount of Moab for 30 min at 4Â°C.Cells were washed

twice with PBS and incubated with 0.1 ml of FITC-conjugated goat
antimouse Ig diluted 1:40 in PBS for 30 min at 4 C. Cells were then
washed twice with PBS and fixed in 1-2% paraformaldehyde-PBS.
Samples were run on a FACS analyzer of Becton-Dickinson. For
control of the nonspecific binding of mouse Ig or FITC-conjugated goat
antimouse serum to the cells, parallel samples were made by staining
with a normal mouse serum diluted 1:5 and/or FITC-conjugated goat
antimouse Ig alone diluted 1:40. We routinely analyzed 1-2 x 10s cells

per sample.
Preparation of Con A-activated Lymphocytes. Activated rat lympho

cytes were obtained by culturing WKA rat spleen cells at a cell density
of 2 x IO6cells/ml in the presence of 4 ^g/ml Con A (Sigma Chemical

Co., St. Louis, MO). The cells at 0, 1, 3, and 5 days of culture were
assessed for the expression of antigen defined by Moab 109.

p21 Determination. The monoclonal antibody rp!2 that is specific
for the activated ras product p21 was a generous gift of Dr. Kuzumaki
at the Laboratory of Molecular Genetics of Hokkaido University School
of Medicine. The procedures for p21 determination analysis used in
this study have been reported elsewhere (27). Briefly, cells grown in
multiplates (Flow Laboratories, Irvine KA 12 8NB, U. K.) were fixed
in 3.7% formaldehyde in PBS for 10 min at room temperature, followed
by permeabilization with 0.1% Triton X-100 in PBS for 5 min at room
temperature. The cells were then incubated in a solution containing
0.1% saponin in PBS for 10 min at room temperature and were
incubated with 0.1 ml anti-p21 Moab rpl2 for 30 min at 4Â°C.They

were incubated with 50x diluted FITC-conjugated goat antimouse Ig
antibody, and were observed with a Nikon Fluohot microscope.

Cytotoxicity Assays. The "Cr release cytotoxicity assays for the

determination of WKA rat splenic NK cell activity were performed.
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WFB, W14, and W31 target cells were labeled by 100 MCisodium 51Cr

chromate (New England Nuclear, Boston, MA) and were incubated for
3 h at 37'C. The cells were washed five times with PBS, and 1 x IO4

target cells in 0.1 ml medium were seeded into U-bottomed microtiter
plates (Coster 3799). NK cells were obtained from WKA adult rat
spleen cells. One day before separation of effector cells, rats were
injected i.p. with 1 mg of poly(I-C) (Sigma). Spleen cells were cultured
at 37"C in 5% CO2 incubator for 5 h in order to remove the adherent

cells. Nonadherent cells were harvested and were used as NK cells. An
effector cell suspension of 0.1 ml at a predetermined dose at various
effector/target ratios was added, and the plates were centrifuged at 200
x g for 5 min. After 12 h of incubation at 37Â°C,0.1 ml of culture

supernatants was harvested and counted with a liquid scintillation
counter (Packard Auto-Gamma scintillation spectrometer). The per
centage of lysis was determined as: % specific lysis = (experimental
release - spontaneous release) x 100/(maximal release - spontaneous
release). To determine maximal release, 0.1 ml of 1% Nonidet P-40
(Nakarai Chemical Co., Kyoto, Japan) was added to the appropriate
wells. A spontaneous release was assessed by incubation of target cells
with the medium alone, and it was usually below 15% in the experi
ments. All determinations were made in triplicate, and the data were
represented as the mean Â±SE. In a separate experiment, the effect of
Moab 109 on the NK cytotoxicity against W14 cells was assessed. W14
target cells were treated with saturated amounts of Moab 109 or anti-
rat MHC class I Moab R4-8B1 at 4Â°Cfor 60 min. The cells were

washed twice with PBS, and used in the cytotoxicity assays.

RESULTS

Insertion of Transfected DNAs. We transfected EJras,
polyoma MT and c-myc DNA to WFB, 3Y1, NRK-49F rat
cells, and NIH3T3 and BALB3T3 mouse cells by calcium
phosphate coprecipitation of DNAs. In this study, we used the
following transfected cell clones that are transformed cells
except for Wmyc-2 and Wwyc-4; W14 and W31, WFB trans
formants by EJras; V/myc-2 and W/nyc-4, WFB transfectants
by c-myc and pSVneo containing a neomycin-resistant gene;
WMT-1, a transformant of WFB cotransfected by polyoma MT
and pSVneo; 3Y1-6, 3Y1-8-1 and 3Y1-8-3, 3Y1 transformants
by EJras; 3Y1-MT5, a 3Y1 transformant by polyoma MT;
NRKros-1, a NRK-49-F transformant by EJras and pSVneo;
N3-31-1, N3-31-2 and N3-31-3, NIH3T3 transformants by
W31 cell DNA; Bros-d and Bros-h, BALB3T3 transformants
by EJras. Southern blot analysis of these clones demonstrated
the insertion of each transfected DNA to the cells, and Fig. 1
demonstrates such a representative experiment for W31, N3-
31-1, N3-31-2, and N-3-31-3. It is clearly shown that 2.9-
kilobase specific DNA sequences of Sacl-digested EJras were
detected in these cell DNAs. Although the photographs of
Southern blot analysis for other cells used in the experiments
are not shown in this paper, we have already confirmed the
insertion of transfected DNAs to these cells.

Table 1 showed representative data of the potentials in the
anchorage-independent growth of cells and tumorigenicity in
vivo of parental WFB, and W14 and W31 transformants. When
IO4of cells were seeded into 0.3% soft agar, W31 demonstrated

a very high capability to grow in this agar. W14 showed mod
erate potential but could obviously grow in agar. However,
WFB could not form any clusters or colonies of cells during 6
to 10 weeks of cultivation after seeding of cells. Furthermore,
both W14 and W31 showed a 100% incidence of tumor growth
in nude mice and syngeneic WKA adult male rats when injected
s.c. with IO6 cells to three to five animals for each group.

However, parental WFB cells could not develop any tumors
during 15 weeks after injections of cells even if 5 x IO7 cells

were injected. These data indicated that the parental WFB line

5 7 i i1 3 Ã¨ = s ss

..
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Kig. 1. Southern blot analysis for the integration of oncogenes to the trans

fected cells. 20 ng of cellular DNAs from WFB, W31, T24, NIH3T3, N3-31-1,
N3-31-2, and N3-31-3 or approximately 50 ng of 6.6-kilobase EJras DNA
(marker) that were digested by Sad were run on a 0.9% agarose gel electropho-
resis. DNAs of W31, T24, N3-31-1, N3-31-2, and N3-31-3 demonstrate clearly
the insertion of 2.9-kilobase-speeific DNA sequence of EJras.

Table I Tumorigenic potentials of WFB cells and their EJras transformed clones,
WÃŒ4and W3ÃŒ

WFB W14 W31

Colony formation in 0.3%
agar (% plating efficiency)
IO4 cells seeded/60-mm

dish

Tumorigenicity in vivo"
10'' inoculum/animal

0 47.0 Â±15.1 85.3 Â±10.4

NudemiceWKA
rats5x10'

inoculum/animalNude

miceWKA
rats0000100100100100

Â°Three to five animals for each group were injected with 10' or 5 x IO7cells

s.c., and were observed for the tumor growth. Data, % tumor incidence.

grows anchorage dependently and lacks the tumorigenic poten
tial in vivo.

Development of Moab 109 Reacting with WFB EJras Trans
formants. BALB/c mice were immunized i.p. with a WFB EJras
transformant, W31, and their spleen cells were fused with NS-
1 myeloma cells. The hybrids that could grow in hypoxanthine-
aminopterin-thymidine selection medium were screened for
their antibody activity on several target cells. We attempted to
pick up the hybrids secreting antibody reacting clearly against
W31 and W14, but with markedly reduced level against WFB
parental cells. One clone, Moab 109, was finally selected. Fig.
2 shows the FACS pattern of the reactivity of cells stained with
109. It is clearly demonstrated that Moab 109 could react
strongly with W31. 109 also reacted with W14, but its intensity
of fluorescence was less than that of W31. Although it seemed
that WFB does not express this antigen at least with a detectable
level in our experimental protocol for the routine indirect
immunofluorescence techniques of this study, FACS analysis
showed that parental WFB cells also expressed this antigen
only with a very reduced level.

For the immunochemical characterization of 109-defined
antigens, 109 was made to react with 125I-labeled W31, W14,
3Y1-6, and WFB cell surface antigens. As shown in Fig. 3,
SDS-PAGE analysis under the addition of 5% 2-mercaptoeth-
anol, performed on immunoprecipitates made with 109, dem
onstrated one component with the molecular weight of 86,000
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Fig. 2. FACS analysis patterns of Moab 109 against cells. The cells were
washed with PBS, and 1-2 x 10' cells in 0.2 ml PBS were incubated with a
saturated amount of Moab 109 for 30 min at 4"C. Cells were washed with PBS
and incubated with FITC-conjugated goat antimouse serum diluted 1:40 in PBS
for 30 min at 4'C. Cells were then washed with PBS and fixed in 1-2%
paraformaldehyde-PBS. Samples were run on a FACS analyzer of Becton-Dick-
inson. For controls for nonspecific reaction of the FITC-conjugated antiserum to
the cells, parallel samples were run that were stained with this antiserum alone.
Although WFB shows only a week reactivity (bottom) with Moab 109, W31
shows highly enhanced expression (tup), and W14 intermediately enhanced
expression (middle) of 109-defined antigen on the cell surface. When the median
channel number of FACS was set at approximately 110, percentage of positive
immunofluorescence was 86.9% for W3I, 63.4% for W14, and 21.8% for WFB
cells.

1109 Y-1

I1
râ€” "Kf 1â€”

5 5 5

Fig. 4 demonstrates the two-dimensional analysis of the mole
cules, indicating a pi 5.4 of 109 defined antigens. We analyzed
the affinity of this molecule to LcH coupled to Sepharose 4B
gels. Table 2 indicates that 109 defined molecule shows the
high affinity to LcH demonstrating that this antigen is a gly-
coprotein with a molecular weight of 86,000 containing man-
noside residues.

Expression of 109-defined Cell Surface Antigens on Transfec-
tants by Oncogenes. The reactivity of Moab 109 with the
transfectants of various recipient cells by the oncogenes includ
ing EJras, polyoma MT, and c-myc was studied by routine
indirect immunofluorescence. For this experiment, we analyzed
the enhancement of the expression of 109-defined antigen when
compared with the level of 109 antigen on WFB parental cells.
We set a representative (+) level for W14 and (++) for W31.
This scoring system is compatible with the data obtained by
FACS profiles, which is as follows; WFB cells reacted with
Moab 109 usually showed a fluorescence of cells below 25%
when the median channel number was set at approximately 110
(+, 25 through 75%; ++, more than 75% fluorescence of cells).
Table 3 summarizes such results of the expression of 109
antigen on the cell surface. In addition to W31, this antigen
could be expressed remarkably on highly tumorigenic clones
such as WMT-1, 3Y1-6, and 3Y1MT-5. 109 also reacted mod
erately with 3Y1-8-1 and 3Y-8-3. These latter cells are all
tumorigenic in vitro and in vivo, but their potentials are lower
than W31, WMT-1, 3Y1-6, and 3Y1MT-5. Both V/myc-2 and
W/Hye-4 do not enhance the expression of this antigen, even if
their saturation densities of cells in vitro on the monolayer
culture were obviously higher than that of WFB. Therefore, it
seemed that the expression of 109 defined molecule was well

5.4

86k ^ v 4

86 k-

Fig. 3. SDS-PAGE analysis of immunoprecipitates made with 109 (left) or
control Y-1 Moab (right) and cell surface lysates. Immune complexes were applied
to 7.5% SDS-PAGE with 5% 2-mercaptoethanol.

in W31, W14, and 3Y1-6, while this Moab could form only a
faint band of immunoprecipitates with WFB cell antigens. It is
indicated that a control Moab Y-1 that has the same IgGÂ¡
isotype as immunoglobulin could not react with these cell
antigens. This M, 86,000 component appeared to consist of a
single polypeptide chain containing no disulfide bonds, as sug
gested by the fact that the chain ran identically in gels under
both reducing and nonreducing conditions (data not shown).

Fig. 4. Two-dimensional SDS-PAGE. Immune complexes were suspended in
isoelectric focusing sample buffer containing 0.5 M urea, 0.2% NP-40, 5% 2-
mercaptoethanol, 1 ml ampholine (pH 5-7), and 0.25 ml ampholine (pH 3.5-10)
for 1 li at room temperature, and was run according to the method by O'Farrell

et al. (26).

Table 2 Affinity of Moab 109-defined antigen to LcH
Fractions to LcH column" Radioactivity (cpm)

Bound
Unbound

16480
592

" '"1-labeled Moab 109-defined antigen was purified using Sepharose 4B beads

coupled with Moab 109. Aliquots with approximately 20,000 cpm were reacted
with LcH affinity column chromatography. The bound fractions to LcH were
eluted with 3% a-D-methylmannoside, Both unbound and bound fractions were
assessed for their radioactivity. The detail was written in "Materials and Meth
ods."
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Table 3 Enhancement of expression ofMoab 109-defined cell surface antigen on
the transfectants of recipient celts by the oncogenes

Table 4 Reactivity ofMoab 109 against the cell lines, rat fetus and Con A-
activated rat lymphocytes

CellsWFBW14W31Wmyc-2Wm>>c-4WMT-l'3Y13Y1-63

Y1-8-13
Y1-8-3NRK-49FNRKras-l*NIH3T3N3-3I-1N3-31-2N3-31-3BALB3T3Bros-dlimi

liT24HL60C-C36Oncogene

transfectednoEJrasEJrasc-mycc-mycpolyoma

MTnoEJrosEJrasEJrasDOEJrasnoW31

DNAW31
DNAW31
DNAnoEJrasEJrasAnchorage-independent

growth in agar" 109*p21câ€”+

++++
+++_
__â€”
â€”â€”++

++ND"_
__++

++ND+
+ND+
-HNDND++

-ND_
__++
â€”+++
â€”+++
â€”+ND++

-ND++
-ND++
-++
â€”+++
- +

" Anchorage-independent growth of cells in 0.3% agar was assessed for each

cell: ++, almost all cells in the agar could form colony that was detectable even
at 7 days after cultivation; *. cells with intermediate potential between (++) and
complete lack (â€”)of colony formation.

*The cell surface expression of 109-defined antigen was enhanced with high
(++), intermediate (+), and unchanged level (â€”)of immunofluorescence as
compared with that of WFB cells. This scoring system is illustrated in "Materials
and Methods" of the text.

c P2I expression as determined by Moab rp21 was shown for enhanced p21
level (+) and for unchanged (â€”).

A plasmid, pSVnio, containing the neomycin-resistant gene was cotrans-
fected with oncogenes at a ratio of 1 mol of pSVnro to 10 mol of oncogene
DNAs.

' ND, not determined.

associated with the tumorigenicity of the cells. However, Moab
109 could not react with a NRKras-1 that is a NRK rat cell
transformant by EJras. Moreover, NIH3T3 and BALB3T3
transformant clones by W31 DNA or EJras oncogenes such as
N3-31-1, N3-31-2, N3-31-3, Bras-d and Bras-h did not react
with 109. There was no reaction of 109 with human-derived
T24 and HL60 cells. Table 3 also shows the expression of the
p2lras product assessed by Moab rpl2. It clearly showed that
there was no correlation of expression between 109-defined

antigen and p21.
Expression of 109-defined Antigen on the Rat Cell Lines, Rat

Fetus, Activated Lymphocytes, and W31 Tumor in Vivo. The
data demonstrated above suggest that the expression of 109-
defined antigen was restricted to the transformed rat-fetus
fibroblasts such as WFB and 3Y1 other than NRK-49F rat
kidney cells and mouse-derived fibroblasts. Then, we studied
the expression of this molecule for the rat tumor lines, WKA
rat fetus and Con A-activated rat lymphocytes. As shown in
Table 4, some lines like gliosarcoma SP56 and T-lymphoma
FTL43 express the 109 antigen. Gliosarcoma line SP50, T-
lymphoma FTL13, and WKA fibrosarcomas KMT50 and
KM II14 did not express the 109 antigen. It is interesting that
the antigen was detected on the free cells on the 16th but not
8th day of rat fetus, while this antigen was not detected in any
organs of adult WKA rats except for the bone marrow. More
over, rat lymphocytes that were cultured in vitro for more than
3 days by Con A could express this antigen on the cell surface.
However, it was not detected on the T-lymphocytes cultured
with Con A for less than 24 h.

We also analyzed the expression of this molecule in W31
tumor developing in syngeneic rats in order to implicate this
molecule on the host tumor resistance. Fig. 5 demonstrates an
immunohistochemical staining of W31 tumor, clearly indicat-

Cells
Enhancement of 109

expression

WFB
W31
KMT50 fibrosarcoma
KMT 114 fibrosarcoma
SP50 gliosarcoma
SP56 gliosarcoma
FTL 13 T-lymphoma
FTL43 T-lymphoma
WKA rat. 8th day embryo
WKA rat, 16th day embryo

WKA rat Con A-activated lymphocytes cultured for
0 days
1 day
3 days
5 days

' See Footnote * of Table 3.

Fig. 5. The immunohistochemical analysis by using Moab 109 and frozen
sections of W31 tumor growing in the syngeneic rats. Cryostat sections of
approximately 4 Â¿tgin thickness were fixed in acetone for 10 min at 4 ( . and
were preincubated with 5% bovine serum albumin at room temperature for 60
min. These sections were then incubated with (A) or without (/Â¡IMoab 109 for 1
h at room temperature, and were washed with PBS for 20 min and reincubated
with 200 x diluted serum of biotinylated goat-antimouse immunoglobulins for 1
h at room temperature. After washing with PBS for another 20 min, these sections
were stained by a biotin-avidin horseradish peroxidase method. It is demonstrated
that highly enhanced expression of 109-defined antigen is seen in rapidly growing
W31 tumors in vivo, and almost all tumor cells seem to express this antigen on
the cell surface (A) when compared with the control staining I/O. Magnification
(x 400) of microscopic photograph.

ing a high expression of 109-defined antigen in rapidly growing
W31 tumor in vivo. It seems that almost all tumor cells express
this antigen on the cell surface.

NK Susceptibility of WFB Transformants and Inhibition by
Moab 109. We assessed the NK susceptibility of parental WFB,
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and EJras transformants W14 and W31 cells. Fig. 6A shows
that W14 and W31 cells were obviously susceptible to poly(I-
C)-induced splenic NK cells of WKA rats. The data indicated
that W31 was more sensitive than W14, since W31 became
cytolytic with 100 effector/target ratio, but not W14. WFB was
not susceptible even with a higher effector/target ratio. These
data suggest that W31 and W14 cells have expressed NK target
structures during the transformation process of WFB. There
fore, we analyzed the effect of Moab 109 on this NK cytotox-
icity. W14 and W31 cells were treated with saturated amounts
of Moab 109 at 4Â°Cfor 60 min, and were washed twice with

PBS. Thereafter, these targets were brought on NK cytotoxicity
assays. The data demonstrated in Fig. 6B show clearly the
inhibition of poly(I-C)-induced NK activity against W14 cells
and partially against W31 cells. The reason why the killing of
W31 by NK cells was only marginally inhibited by this antibody
might be that the density of the 109 molecule on W31 was so
much higher than that of W14 cells, and the blocking by Moab
109 on this NK cytotoxicity assays was not enough due to the
current experimental protocol. It is also possible to consider
that there is the marked polymorphism of NK target structures
expressed on W31 cells, and that the killing of W31 by NK was
not strongly blocked by only 109 treatment. Meanwhile, the
inhibition was not detected with anti-rat MHC class I Moab
R4-8B1. These data indicate that Moab 109-defined cell surface
molecule could be at least one of the NK target structures in
rats.

DISCUSSION

The characterization and immunological significance of tu
mor antigens have been studied by many researchers for the
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Fig. 6. NK susceptibility of WFB transformants and inhibition by Moab 109.
A, susceptibility of W14, W31, and WFB cells against poly(l-C)-induced rat
splenic NK cells. "Cr-labeled targets were mixed with these effectors at effector/
target ratios of 200, 100, and 50, and were cultured at 37'C for 12 h in a CO2
incubator. For detail, see "Materials and Methods." B, inhibition of poly(I-C)-

induced rat splenic NK activity W14 and W31 cells by Moab 109. W14 and W31
cells were pretreated with PBS only (D), saturated amount of Moab 109 (M) or
with anti-rat MHC class I Moab R4-8B1 (â€¢),and were assessed for the suscep
tibility of cytotoxicity by poly(I-C)-induced NK cells. Effector/target ratio was set
at 200, and the cultures were continued for 12 h at 37'C.

past SOyears. In fact, there is much accumulation of knowledge
on characteristics of human tumors as well as experimental
tumors (13, 28). However, there is a lack of investigation on
the antigens that are virtually associated with the cell transfor
mation. In other words, we have not compared at a clonal level
of cells the expression of antigens on the cell surface between
the parental nontransformed cells and their neoplastic cells.
Recently, the tumor cell DNA transfection containing the trans
forming genes has extensively been clarified as to the mecha
nisms of malignant transformation of cells and their products
at the molecular level (29-31). This contribution has made it
also possible to investigate the expression mechanisms of cell
surface antigens at a clonal level that are directly or indirectly
associated with cell transformation.

We have already reported that a WKA rat fetus-derived cell,
WFB, is one of the ideal cells for this series of experiments that
strictly maintain several characteristics of the nontransformed
cells (14). In this present paper, using WFB transformants or
transfectants obtained by the transfection with several onco-
genes including EJras, polyoma MT, and mouse c-myc DNAs,
we have demonstrated the antigen defined by Moab 109. The
data show that this antigen is expressed on the WFB cells
transformed by EJras and polyoma MT. The intensity of its
expression was paralleled to the tumorigenicity of the cells. The
transformants of allogeneic 3Y1 fibroblasts also showed the
high expression of this antigen. The parental 3Y1 cell is one of
several cells that show strict phenotypes as transformed cells,
and the 109-defined antigen could not be detected on this
parental line. There was no detection on the WFB transfectants
by c-myc gene although the saturation density of the cells was
enhanced. Furthermore, immunoelectronmicroscopic analysis
showed that this antigen was expressed not only on the cell
surface but also on the rough endoplasmic reticulum (data not
shown), suggesting enhanced expression possibly at transcrip-
tional and translational levels of this molecule. The immuno-
chemical analysis demonstrated that this antigen is a glycopro-
tein with a molecular weight of 86,000 with a 5.4 isoelectric
point. Although the expression of this antigen seems to be
associated with the tumorigenicity of the cells, we could detect
the expression of this molecule on the T-lymphocytes that were
activated for more than 3 days with Con A. This fact suggests
that Moab 109-defined antigen may be associated with the
events on the cell surface of enhanced DNA synthesis on the
rat T-cells. However, the fact that transformed NRK rat kidney
derived cells could not express this molecule may indicate the
selectivity of expression dependent on the tissue or origin of
the recipient cells. The cells derived at the 16th fetus day but
not the 8th day could express this antigen. Moreover, some
tumor lines such as rat T-lymphoma FTL43 and rat gliosar-
coma SP56 also express this molecule. These data may support
the tissue selectivity of expression of the molecule.

It is clearly shown that the Moab 109-defined molecule is
not a product of an activated ras gene or polyoma MT gene,
since there were differences in the molecular weights, antigen
localization in the cells, and the diversity of expression of cells
between 109-defined and p21 molecules. We presently have no
data suggesting that the 109-defined molecule is a candidate
for receptors of the growth factor, since (a) Moab 109 could
not down- or up-regulate the cell growth, and (b) there were no
studies demonstrating the molecular similarity between the
109-defined molecule and the already reported one. Recently,
Becker et al. (12) indicated the pro viral activation in the cells
when NIH3T3 was transformed by the cell DNAs of human
breast carcinoma MCF7. We could not deny the above possi-
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bility even for this molecule, although there were no data
demonstrating the homology of the 109 molecule with endog
enous provirus.

Schreiber and colleagues have recently characterized a tumor
rejection antigen from a UV-induced mouse tumor as an altered
MHC class I antigen, and the antigen has been cloned and
sequenced (32, 33). This tumor antigen was involved in the
cytotoxicity by cytotoxic T-lymphocytes but not by NK cells.
The data described in this paper indicated a high expression of
109-defined antigen even in the W31 tumor that was developing
rapidly in the syngeneic rats. The question is whether this
antigen could act as the tumor antigen, since in the WFB cells
this molecule was expressed after the cell transformation. How
ever, this molecule is not a tumor specific antigen, as suggested
by the fact that the antigen was detected in not only many
transformed cells but also Con A-activated T-cells. In this point
of view, the 109-defined molecule is not the antigen such as the
tumor-specific transplantation antigen. We think, however, that
it may be possible that this molecule could act as the target
structure for cytotoxicity by natural killer cells, because the
distribution of Moab 109-defmed antigen expression was some
what similar to that of natural killer sensitive cells (34). Our
present data suggested that Moab 109-defined molecule is one
of NK target structures, since the cytotoxicity by poly(I-C)-
induced NK cells was inhibited by pretreatment of W14 or W31
transformed cells with Moab 109.

As Roder et al. (35) and Herberman et al. (36) have pointed
out in the literature, the nature of target structures of NK-
susceptible target cells is still unknown, although a number of
indirect approaches have been studied. There is presently no
definitive report that shows the NK target structure using
monoclonal antibodies. In this point of view, our new infor
mation on blocking of NK-mediated killing by Moab 109 is
quite interesting, and suggests the important role of this mole
cule in immune surveillance against the transformed cells or
cells on the transforming process.
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