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ABSTRACT

Cell surface antigens, the expression of which is highly enhanced along
with the transformation of cells, were analyzed. VV14and YY31,EJ-ras
oncogene-induced transformants of a WKA rat fetus-derived fibroblast
\\ I H. strongly expressed several transformation-associated antigens as
defined by monoclonal antibodies 109, 061, and 081. These monoclonal
antibodies recognized M, 86,000, 62,000, and 101,000 molecules, each
composed of a single polypeptide chain. The expression of these trans
formation-associated antigens was negligible on parental Wl H cells.
Transforming growth factor-/} could enhance the expression of all of
these transformation-associated antigens, but platelet-derived growth
factor could only enhance the M, 86,000 k,, molecule expression. In the
cytotoxicity assays, poly-I:C-induced rat splenic NK cells were cytotoxic
to VV14 and W31, but not to VVFB. The data also showed that the
cytotoxicity by these NK cells against NK-sensitive YAC-1 cells was
absorbed with the addition of VV14,VV31,platelet-derived growth factor,
or transforming growth factor-^-stimulated WFB cells. This indicates
that NK cells may recognize common target antigens that are expressed
among these target cells. It was also indicated that M, 86,000 and 62,000
molecules were strongly involved in this cytotoxicity, possibly as the
target antigens, since F(ab')2 fragments of monoclonal antibodies 109

and 061 strongly inhibited the cytotoxicity. The addition of monoclonal
antibody 109, but not 061, inhibited the cytotoxicity even at 60 min after
mixing with the effector and target cells, suggesting that the V/,86,000
molecule may participate in the lethal hit phase of cytotoxicity by NK
cells. These data may indicate that some, but not all, transformation-
associated antigens are virtually important in the antitumor surveillance
mechanisms by the host effector cells, such as NK cells.

INTRODUCTION

It has generally been considered that NK.3cells contribute to

the maintenance of homeostasis of animal hosts such as the
elimination of virally infected cells and the regulation of the
hematopoietic cell proliferation (1, 2). Surface phenotypes and
the ontogeny of NK cells have been widely studied, and there
seems to be considerable heterogeneity among the NK cell
populations (3, 4).

The assumption that NK cells provide tumor surveillance in
vivo is currently considered as hypothetical. However, Trimble
et al. (5) showed that the oncogene-transformed cells became
susceptible to the non-MHC-restricted effector cells, possibly
NK cells. Parental nontransformed cells were not susceptible
to these effector cells. This fact simply suggests that the trans
formation of cells could confer the susceptibility on the cells to
the host effector mechanisms such as NK cells. However, little
is known about the target structures that are recognized by NK
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cells except for a very limited number of reports (6-11).
In this report, we have demonstrated 2 different candidates

of the NK target molecules, namely M, 86,000 and 62,000
proteins, which are composed of a single polypeptide chain.
These were defined by mAbs 109 and 061, respectively, and
were highly associated with the oncogene-induced transforma
tion of a WKA rat fetus-derived fibroblast WFB. Pretreatment
of W14 and W31 target cells by F(ab')2 fragments of these 2

mAbs could inhibit almost completely the poly-I:C-induced NK
cytotoxicity against W14 and W31 cells. This cytotoxicity was
also inhibited by the addition of mAb 109 but not 061 in the
cytotoxicity assay even at 60 min after mixing the effector and
target cells. These facts may imply that mAb 109-defined M,
86,000 molecule acts as a NK target molecule, which is impor
tant in the lethal phase of the cytotoxicity of target cells by NK
cells. Furthermore, it is suggested by the cold target inhibition
study that NK-sensitive YAC-1 cells may have molecules in
common with W14 and W31 cells. These molecules could be
recognized by poly-I:C-induced NK cells, although YAC-1 cells
themselves do not have mAb 109- and 061-defined epitopes. It
is also strongly suggested that the expression of M, 86,000 but
not of A/r 62,000 molecule was enhanced on WFB cells when
they were stimulated by PDGF. TGF-/3 could induce both of
these molecules on WFB cells. The data suggest that these 2
different molecules are directly involved in the interactions
between poly-I:C-induced NK and target cells. They may play
important roles in the antitumor surveillance mechanisms by
the hosts.

MATERIALS AND METHODS

Animals, Cells, Procedures for Monoclonal Antibody Development,
FACS Analysis, and the Cytotoxicity Assay Using Poly-I:C-induced
Splenic Cytotoxic Cells. These materials and methods were already
described in our previous paper (12-14). W14 and W31 cells are the
EJ-ras oncogene-transformants of the parental WKA rat fetus fibro
blast, WFB. These are independent clones as determined by Southern
blot analysis using an EJ-ras oncogene probe (12). The anchorage
independence and tumorigenic potential as well as the determination
of oncogene insertion on Southern blot analysis were also described in
our previous papers (12, 13). NK-sensitive YAC-1 and resistant EL-4,
and TNF-sensitive LM and resistant LR cells were also used in the
cytotoxicity as described previously (15, 16).

Assessment of Poly-I:C-induced Rat Splenic Cytotoxic Cells by Anti-
Asialo-GMl Antibody and 3.2.3. mAb. To study the characteristics of
poly-I:C-induced WKA rat splenic cytotoxic cells, we used rabbit anti-
asialo-GMl antibody (Wako Chemical, Tokyo, Japan) and 3.2.3. mAb.
Asialo-GM 1-positive cells were removed by using complement-depend
ent cytotoxicity as described previously (17); 3.2.3. mAb (18, 19) was
used for the depletion of 3.2.3.-positive cells by using goat anti-mouse
Ig conjugated with magnetic beads (BioMag; Advanced Magnetic Inc.,
Cambridge, MA) as described previously (20).

F(ab')i Fragment Preparation and the Application to the Cytotoxicity
by Poly-I:C-induced Splenic Cytotoxic Cells. Mouse IgG F(ab')2 frag

ments were obtained by pepsin digestion as described by Parham (21).
Briefly, purified mAbs (1-2 mg/ml) with the IgGl isotype such as
mAbs 109, 061, and R48B1 (12), were digested for 8 h at 37Â°C,pH
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3.5, in the presence of 25 Mgpepsin (Sigma Chemical Co., St. Louis,
MO)/ml and 0.1 M citrate. Then, the digestion was stopped by increas
ing the pH up to 7.0 with the addition of 3.0 M Tris-HCl, pH 8.6. The
solution was dialyzed against PBS and was concentrated by a YM-10

membrane (Amicon Corp., Lexington, MA). The fractions containing
F(ab')2 fragments were obtained by Sephadex G-150 gel filtration. mAb
with IgG2a isotype like mAb 081 was digested at pH 4.1. These F(ab')2

fragments were concentrated to approximately 0.1-0.2 mg/ml PBS.
Usually, lOOx diluted F(ab')2 fragments and lOOx diluted intact mAbs

(1-2 mg/ml) showed almost the same reactivity against indicator cells
such as W14 when studied by FACS. These Ffab'h preparations were

used in the cytotoxicity assays by poly-I:C-induced effector cells against
W14 and W31, and the involvement of these mAb-defined molecules
in this cytotoxicity was assessed. In some experiments, these fragments
were used for the pretreatment of target cells, and in other experiments
these were added in the cytotoxic cultures after mixing effector and
target cells.

Anti-TNF Antibody Treatment of the Cytotoxicity of Poly-I:C-induced
Cytotoxic Cells. To assess whether the cytotoxicity by poly-I:C-induced
cytotoxic cells against W14 target cells was attributed to TNF-like
cytokine, rabbit anti-TNF antibody (Endogen, Boston, MA) was added
in the cytotoxicity assays using 5lCr. We also studied the sensitivity of
W14 cells against recombinant human TNF (2 x IO7units of specific

activity/mg; Genzyme, Boston, MA). This cytotoxicity was assessed by
the dye-uptake method with only a slight modification (22).

Growth Factor Treatment. Approximately 5 x IO5 WFB cells that
were cultured on a plastic culture plate in 5% fetal calf serum-minimal
essential medium were stimulated for 3 days by the addition of 2 ng/
ml of PDGF and 0.2 ng/ml of TGF-/3 (R & D Systems, Inc., Minne
apolis, MN). The cells were gently trypsinized, washed twice with PBS,
and analyzed for the expression of the mAb-defined antigen using
FACStar (Becton Dickinson). These cells were also used as the cold
target cells in the poly-I:C-induced NK cytotoxicity assay.

Cell Surface Radioiodinization, Radioimmunoprecipitation, Western
Blot Analysis, and Sodium Dodecyl Sulfate-Polyacrylamide Gel Electro-
phoresis. The procedures for immunoprecipitation and cell surface
iodination used in this study have already been described elsewhere
(12). For the mAb 061-defined antigen, we used the Western blot
analysis as described previously (14), since this mAb could not form
stable immunoprecipitates.

RESULTS

Development of mAbs Reacting against the Transformation-
associated Antigens of WFB. BALB/c mice were immunized
with W14 or W31 cells that were the activated H-ras oncogene-
induced transformant clones derived from the same parental
WFB untransformed cells. The spleen cells were hybridized by
a conventional procedure using hypoxanthine-guanine-phos-
phorybosyl transferase-deficient BALB/c mouse myeloma NS-
1 cells. We selected three hybrids, namely 109 (IgGl), 061
(IgGl), and 081 (IgG2a), which produce mAbs recognizing the
cell surface antigens, and an initial part of the work was reported
previously (12). It was indicated in Fig. la that the expression
of these mAb-defined antigens was moderately enhanced in
W14 and was strongly enhanced in W31 transformants when
compared with parental WFB cells. This fact may indicate that
the expression of these antigens is associated with the transfor
mation or the transforming process of WFB cells. However, it
could not be determined whether the expression of each of these
antigens was closely associated with the complete transforma
tion of WFB. We compared the expression of these molecules
among WFB, W14, and W31. A possibility exists that the
expression of these antigens could be enhanced as one of the
cell surface products on WFB cells along with enhanced DNA
synthesis. Therefore, we stimulated the WFB cell growth by
PDGF and assessed the expression of these antigens. When 2

ng/ml of PDGF was added to the culture medium, WFB showed
an obviously enhanced DNA synthesis, a shorter doubling time
of cells, and an increased saturation density on the monolayer
cell culture. However, PDGF-stimulated WFB cells could not
grow in 0.3% soft agar, which contained 2 ng/ml of PDGF
throughout the cultivation of cells. This implies that WFB cells
respond well to the PDGF growth stimulation, even though
these cells were not yet transformed. We assessed the expression
of 109,061, and 081-defined cell surface antigens on WFB cells
stimulated for 72 h by PDGF. As shown in Fig. 1Â¿>,the
expression of 109 antigen was enhanced on PDGF-stimulated
WFB cells. However, the expression of 061 and 081 antigens
on PDGF-stimulated WFB cells was not enhanced, and actually
was almost the same density as that of unstimulated WFB cells.
Furthermore, Fig.l b also showed the effect of TGF-/3 on the
expression of these antigens of WFB cells, indicating that the
expression of all 3 antigens could be enhanced on TGF-/3-
stimulated WFB cells. It was also confirmed that TGF-0-
stimulated WFB cells could grow well in 0.3% soft agar (data
not shown). These data may indicate that the expression of 061
and 081, but not 109 antigens, is associated with the anchorage-
independent growth potential of WFB cells, and may suggest
that 061 and 081 antigens are defined as the "true" tumor
antigens. In contrast, 109 molecule might be a "pseudo" tumor

antigen, since this antigen is simply expressed on untrans
formed WFB cells with the enhanced DNA synthesis and cell
division.

Molecular Characteristics of Antigens. In Fig. 2A, the molec
ular characteristics on the Western blot analysis of sodium

a) b)
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Fig. 1. a, FACS pattern of the expression of 109. 061, and 081 mAb-defined
cell surface antigens on parental WFB and its EJ-rai oncogene-induced transfor
mant clones, W14 and W31. The cells were incubated with a saturated amount
of mAbs for 60 min at 4Â°Cand washed. Then the cells Â»ereincubated with FITC-
conjugated goat anti-mouse serum for 60 min at 4'C. washed, and fixed in 1-2%
paraformaldehyde-PBS. For control of the nonspecific binding of mouse immu-
noglobulin or FITC-conjugated goat anti-mouse serum to the cells, parallel
samples were made by staining with a normal mouse serum and FITC-conjugated
goat anti-mouse immunoglobulin alone. The FACS pattern of this control serum
is not shown here, since this was almost the same as seen in each mAb reacted
with WFB cells. Abscissa, log of fluorescence intensity; ordinate, relative cell
number. A, FACS pattern of the expression of each mAb-defined cell surface
antigen on PDGF or TGF-/J-stimulated WFB cells. Approximately 5x10' WFB
cells were cultured in the absence (â€”)or presence of 2 ng/ml PDGF ( ) or
0.2 ng/ml TGF-Ã–(â€”)for 3 days. Then the cells were gently trypsinized, washed
twice with PBS, and studied for the expression of the antigen using a FACS
analyzer.
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Fig. 2. A, 061-defined antigen of W31 cells by the Western blot analysis.
Approximately 50 g of \% Nonident P-40-solubilized antigens of W31 was run
on 7.5% sodium dodecyl sulfate-polyacrylamide gel electrophoresis under a re
duced condition. The antigens in a polyacrylamide gel were transferred to a
nitrocellulose membrane and Â»erereacted with a saturated amount of mAb 061.
Y-1 is a control mAb and does not react with W31 cells. For details, see our
previous paper (12, 13). fi, sodium dodecyl sulfate-polyacrylamide gel electropho
resis analysis of immunoprecipitates made with 081 or control Y-1 mAb and
W31 cell surface lysates. Immune complexes were applied to 7.5% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis under a reduced condition. For details,
see our previous paper (12, 13).
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Fig. 3. a, susceptibility of WFB and EJ-ras-transformant clones, W14 and

W31, by rat poly-I:C-induced splenic effector cells. WKA rats, approximately 15
weeks old, were given i.p. injections of 1 mg poly-I:C 1 day before splenectomy.
Single cell preparations of spleens were incubated with 10% fetal calf serum-
RPMI 1640 for 5 h at 37Â°C in 5% CO2-humidified air. The target cells were

labeled with "Cr for 3 h and were mixed with poly-I:C-treated splenic cells at a

200:1 effector-target ratio. The cytotoxic culture was performed for 10-12 h in

U-bottomed microtiter plates (Costar 3799). The radioactivity in the supernatant

was expressed as the percentage of specific cytotoxicity as described previously
(37). Bars, mean Â±SE. b, cold target inhibition assay of effector activity against
W14 cells. "Cr-labeled hot W14 cells were admixed with unlabeled (cold) W14,

WFB, or W31 and with poly-l:C-treated splenic effector cells. The ratio of hot

targets:cold targets:effectors 1:1:200. The culture was performed as described
above.

dodecyl sulfate-polyacrylamide gel electrophoresis of 061-de
fined antigen of W31 cells was demonstrated, and in Fig. IB,
081-defined immunoprecipitates with W31 cells were shown.
It is clearly indicated that the antigens defined by these mAbs
are M, 62,000 and 101,000, respectively. Control Y-1 mAb
could not react with W31 cells. Each of these antigens seems
to be composed of a single polypeptide chain, since there was
almost the same electrophoretic mobility between the reduced

and nonreduced conditions. There was no remarkable difference
of electrophoretic mobilities among other WFB-transformed
clones such as W14 cells (data not shown). For 109-defined
molecule, we have already reported that this antigen is com
posed of a single polypeptide chain of M, 86,000 (12). mAbs
109 and 081 recognize the specific polypeptide portion of each
antigen molecule, since Pronase or trypsin treatment of cells
reduces the reactivity of mAb against cells. mAb 061, in con
trast, recognizes the carbohydrate portion of antigen molecules
(data not shown).

Assessment of the Nature of Poly-I:C-induced Effector Cells
and the Involvement of Antigens in the Cytotoxicity. One of the
critical issues for the enhanced expression of these antigens on
the surface of transformed cells is how significant these mole
cules are on the host immune surveillance against the tumor.
We analyzed the involvement of these molecules in the cytotox
icity by poly-I:C-induced rat splenic NK cells. As shown in Fig.
3a, W14 and W31 clearly become susceptible to NK lysis.
However, parental WFB cells were not lysed by NK cells even
with a 200 effector-to-target ratio. Furthermore, cold W14 and
W31 but not WFB cells could absorb NK activity against hot
(radiolabeled) W14 target cells (Fig. 36). To assess whether
poly-I:C-induced splenic effector cells could be so-called NK
cells, we studied several features of effector cells used in the
experiment. As shown in Fig. 4a, NK activity against W14 cells
was almost completely abrogated, when poly-I:C-induced effec
tor cells were treated with rabbit anti-asialo-GM 1 antibody plus
complement. However, this NK activity was found when effec
tor cells were treated with complement or anti-asialo-GM 1

1 cytotoxicUy
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cn^ileaent

anti-aslaloGNl
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b. target
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poly I:C target
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Fig. 4. a, effect of anti-asialo-GM 1 treatment in the cytotoxicity of poly-l:C-
induced splenic cells against W14 target cells. Poly-l:C-treated splenic cells were
reacted with anti-asialo-GM 1 and complement as described previously (17). They
were assessedfor their cytotoxic activity against W14 target cells at a 200:1
effector-target ratio. As controls, effector cells treated with antibody or the
complement alone were also assessedfor cytotoxicity. The cytotoxic culture was
performed as described above, b, cytotoxicity of poly-I:C-treated splenic cells
against YAC-1 and EL-4 targets at a 200:1 effector-target ratio, c, inducibility of
effector cells by poly-I:C against W14 and W31 target cells. Splenic cells treated
or untreated with poly-I:C in rats were admixed with target cells at a 200:1
effector-target ratio. The cytotoxic culture was done as described above, d,
assessment of MHC class 1 molecule involvement in poly-I:C-induced effector
activity against W14 cells. W14 cells Â»erepretreated at 4Â°Cfor l h with a
saturated amount of F(ab')2 fragments of R48B1, washed with PBS, and used as

target cells. The cytotoxic culture was done as described above.
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antibody alone. Moreover, Fig. 4b indicated that poly-I:C-
induced rat NK cells showed the high cytotoxic potential against
YAC-1, but not EL-4. Neither W14 nor W31 cells were suscep
tible to the cytotoxicity by poly-I:C nontreated splenic effector
cells, and they were not highly susceptible to poly-I:C-treated
effector cells (Fig. 4c). In this cytotoxicity, MHC class I mole
cules could not be involved, since the treatment of W14 target
cells by F(ab')2 fragments of mAb R48B1 that could react with

rat MHC class I nonpolymorphic determinants did not affect
the cytotoxicity by poly-I:C-induced effector cells (Fig. 4d). We
further characterized poly-I:C-induced effector cells by 3.2.3.
mAb that selectively reacts with rat NK cells (18, 19). We
depleted 3.2.3.-positive cells by use of magnetic beads conju
gated with goat anti-mouse immunoglobin. FACS data showed
that one cycle of 3.2.3. depletion procedure only reduced the
percent positive cell population for 3.2.3. mAb-defined antigen
from 5 to 6% in nondepleted cells to 1 to 2% in depleted cells
(data not shown). As shown in Fig. 5, the effector cells depleted
with 3.2.3. reduced the potential cytotoxicity against W14
target. These data suggest that poly-I:C-induced rat effector
cells were non-MHC-linked cytotoxic cells, but possibly NK
cells.

The use of long term cytotoxicity assays is problematic, since
NK cells as well as TNF-secreting nonspecific killer cells may
contribute to the killing activity. To clarify this problem, we
first studied the short term cytotoxicity of poly-I:C-induced
effector cells against W14 and W31 cells. As shown in Fig. 6,
W14 and W31 cells were clearly lysed at 2 h of cytotoxic
cultures. Furthermore, not only TNF-sensitive LM cells but
TNF-resistant LR cells are similarly lysed by these cytotoxic
cells in the same fashion as W14 and W31. Also, the influence
of anti-TNF antibody was assessed in the poly-I:C-induced
effector function against W14 cells. The mixture of effectors,
W14 target cells, and anti-TNF antibody was cultured for 10 h
at 37Â°C.Fig. la indicates that anti-TNF antibody addition in

the culture did not give any influence to the cytotoxicity. On
the other hand, W14 itself was highly sensitive to human
recombinant TNF, and anti-TNF antibody clearly inhibited this
effect as shown in Fig. Ib. Our previous data also indicated
that: (a) lipopolysaccharide-stimulated rat mononuclear cells
could produce enough TNF to be cytotoxic against WFB, W14,
and W31 cells after culturing for more than 18 h in vitro; and
(b) the cytotoxicity against these cells of this TNF was blocked
by the anti-TNF antibody (16). These data strongly suggested

7.CTX 50

effectors T, cytotoxicity
20

non-depleted

depletedwith 3.2.3.
:H

Fig. 5. Effect on the cytotoxicity (CTX) to W14 target cells by poly-I:C-induced
effector cells that were treated by 3.2.3. mAb. Depletion of 3.2.3.-positive cells.
A saturated amount of 3.2.3. mAb was reacted with poly-I:C-induced cells at 4Â°C
for 60 min and were washed with PBS. The cells were then reacted at 20Â°Cfor
30 min with gentle shaking in the presence of goat anti-mouse immunoglobulin
coupled to magnetic beads. The bound cells to beads were separated magnetically
by a Biomag Separator (Advanced Magnetics Inc.). The cells were used in the
cytotoxic assays to W14 (D) and WFB (â€¢)targets at a 200:1 effector-target ratio.

2 " 10

incubationof CTX assay (h)

Fig. 6. Time course of cytotoxicity (CTX) by poly-I:C-induced effector cells to
W14. W31, TNF-sensitive LM, and TNF-resistant LR cells. The cytotoxic assay
was done as described above.

a) anti-TNF effect of the poly I:C Induced effectors

targets anti-TNF NRS I CTX

W14 +

W14 +

b) anti-TNF effect of rTNF

targets rTNF anti-TNF NRS 0
(5u/ml)

W14 +

W14 +

U14 +

Z CTX
100

Fig. 7. Effect of anti-TNF antibody in the cytotoxicity (CTX) of W14 by poly-
I:C-induced effector cells, a, mixture of effectors. W14 target cells, and anti-TNF
antibody (5 neutralizing units/ml), or 1000 x diluted normal rabbit serum (NRS)
was cultured for 10 h at 37Â°C.This rabbit anti-TNF antibody has a specific

activity of more than 10.000 neutralizing units/ml as described in our previous
paper (16). Â¿>,susceptibility of W14 to rTNF (5 units/ml) and the blocking by
anti-TNF antibody. For further technical details, see our previous paper (16).

that TNF is not involved in the cytotoxic mechanism of poly-
I:C-induced effector cells against W14 and W31 cells.

The above data suggest that NK-susceptible target molecules
were conferred on W14 and W31 cells during the transforming
process of parental WFB cells. We further investigated the
expression of these NK-susceptible molecules. WFB was cul
tured for 3 days in the presence of 2 ng/ml PDGF or 0.2 ng/
ml TGF-/3, and these stimulated cells were used as cold (unla-
beled) target cells in the cytotoxicity of poly-I:C-induced effec
tor cells against hot (labeled) W14. To study the possibility for
the participation of the NK target molecules of YAC-1 in this
cytotoxic mechanism we also used cold YAC-1 and EL-4 cells.
Fig. 8 showed that the addition of cold PDGF or TGF-/3-
stimulated WFB cells resulted in the absorption of cytotoxicity.
YAC-1 but not EL-4 cells could also partially inhibit the
cytotoxicity. When YAC-1 cells were used as hot target cells,
almost reciprocal results were obtained (Fig. 9). It was interest
ing that TGF-ÃŸ-stimulated WFB is highly capable of absorbing
the cytotoxicity of the poly-I:C-induced effector function
against W14 and YAC-1 target cells. Furthermore, these effec
tor cells directly lysed PDGF or TGF-/3-stimulated WFB targets
that were labeled with 51Cr (data not shown). These data
strongly suggest that the WFB transformation-associated NK-
susceptible molecules are also expressed definitively on WFB
that is stimulated by these growth factors. Moreover, these
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Fig. 8. Cold target inhibition of the cytotoxicily to W14 by poly-I:C-induced
effector cells. W'FB was cultured for 3 days in the presence of 2 ng/ml PDGF or
0.2 ng/ml TGF-fi. The stimulated cells were used as cold target cells in the
cytotoxicity (CTX) of poly l:C-induced effector cells against \V 14 hot target cells
at a 200:1:1 effector-hot target-cold target ratio. Mouse YAC-1 and EL-4 lines
Â«erealso used as cold targets.

molecules might be commonly present in NK-sensitive YAC-1

cells.
Blocking Study of the Cytotoxicity by F(ab'>2 Fragments of

mAbs. As we mentioned above, mAbs 109-, 061-, and 081-
defined antigens showed a remarkably enhanced expression
along with the H-ras gene-induced transformation of parental
WFB untransformed cells. PDGF stimulation results in 109-
defined antigen expression, and TGF-Â£iresults in all these three
antigen expressions. Our data indicate that H-ras transformed
and these growth factor-stimulated cells become susceptible to
NK lysis. Therefore, we assessed the influence of these mAbs
on NK activity. The W14 and W31 target cells were treated at
4Â°Cfor 60 min with a saturated amount of F(ab')2 fragments

of mAbs, were washed with PBS, and were mixed with effector
cells for the cytotoxicity assays. As shown in Fig. 10, 109 and
061, but not 081, could clearly block the poly-I:C-induced NK
lysis against W14 cells. Furthermore, 109 and 061 mAbs to
gether gave additive inhibition of the cytotoxicity. These two
mAbs together could almost completely inhibit the cytotoxicity
against W14. In contrast, F(ab')2 fragments of R48B1 (IgGl),

which recognizes rat MHC class I nonpolymorphic antigen
(23), could not inhibit this NK activity. We also used F(ab')2

fragments of mAbs 031 and 023 (both IgGl) that react with
the non-MHC surface membrane antigens expressed on W14
and W31 as well as parental WFB cells, indicating no inhibitory
potential of these mAbs (data not shown). Taken together, the
data may indicate that 109- and 061-defined antigens on the
cell surface are candidates for the target molecules involved in
NK cytotoxicity. As described above, YAC-1 cells are the sus
ceptible target of poly-I:C-induced rat splenic NK cells. How
ever, YAC-1 cells themselves do not have 109- and 061-defined
epitopes. Therefore, we did not study the influence of mAbs in
NK activity against YAC-1 cells.

Participation of mAb-defined Antigens to the Different Steps
Involving Cytotoxic Mechanisms. We further studied how mAb
109- and 061-defined molecules are involved in the cytotoxic
mechanisms of poly-I:C-induced NK cells to W14 target cells.
A saturated amount of F(ab')2 fragments of 109, 061, and the
mixture of F(ab'h fragments of these 2 mAbs, were added in

the cytotoxic cultures at 60 min before mixing with the effector
and target cells. These preparations were also added at 0, 15,
30, 60, and 120 min after mixing with these cells. The data
demonstrated in Fig. 11 clearly indicate that mAb 109 could
block the cytotoxic activity at each time, possibly even at 120

min, of mAb addition. However, 061 could not block the
cytotoxicity when 061 was added in the cytotoxic cultures after
mixing with the effector and target cells. These results suggest
that 109-defined antigen is involved in the lethal hit mecha
nisms of target cells by poly-I:C-induced NK cells. In contrast,
it is likely that 061-defined antigen may have other functional
roles such as a cell adhesion molecule, since only pretreatment
of the cells with 061 mAb could inhibit the cytotoxicity. When
analyzed by FACS, 109 and 061 mAb-defined antigens could
not be detected at all on poly-I:C -induced effector cell popu
lations (data not shown). Therefore, we considered that these
antigens play roles solely on target cells such as W14 and W31
cells.

DISCUSSION

It has been suggested that the lysis of tumor cells by NK cells
could play the main role in the host's surveillance against the

tumors (2, 5). There are numerous reports demonstrating the
characteristics of phenotypes, ontogeny, and differentiation of
NK cells (3, 4). However, little is known about the molecular
nature of target structures involved in NK lysis except for a
limited number of reports (5-11). Our study introduces two
candidates of molecules that may act as target structures on
NK lysis against tumor cells.

YAC-1 hot

YAC-1

YAC-1

YAC-1

YAC-1

YAC-1

YAC-1

YAC-1

YAC-1

cold

UFB

U14

W31

PDGF-WFB

TGF-beta-WFB

YAC-1

EL-4

I CTX

Fig. 9. Cold target inhibition of the cytotoxicity (CTX) to NK-sensitive YAC-
1 by poly-l:C-induced effector cells. The same cold targets as in Fig. 8 were used.
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W31
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Fig. 10. Blocking experiment of the cytotoxicity (CTX) by F(ab')2 fragments
of mAbs 109, 061. 081, and R48B1. W14 or W3I target cells were treated at 4Â°C
for 60 min with a saturated amount of I lab' I fragments of mAbs, washed with

PBS. and were assessed for the susceptibility to the cytotoxicity by poly-I:C-
induced effector cells. In some experiments, the additive effect of a saturated
amount of 109 plus 061 was studied. The cytotoxic assays were done for 10 h at
a 200:1 effector-target ratio.
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Fig. 11. Effect of the addition of F(ab')2 fragments of mAbs in the cytotoxicity
between W14 target cells and poly-I:C-induced effector cells before or after mixing
with the effector and target cells. A saturated amount of F(ab')2 fragments of
109, 061, and the mixture of these two mAb F(ab')2 fragments was added to the
cytotoxic cultures at 60 min (â€”60min) before mixing with the effector and target
cells. These preparations were also added at 0, 15. 30, 60, and 120 min after
mixing with the effector and target cells. The cytotoxic assays were done for 10
h at a 200:1 effector-target ratio.

When we used the WKA rat fetus-derived fibroblast as non-
transformed parental cells in the transformation experiment
using activated oncogenes, the expression of antigens 109 and
061 was strongly enhanced during the transforming process.
Antigen 109 expression was also enhanced on WFB cells, which
were proliferated by PDGF stimulation, although PDGF-stim-
ulated WFB cells have not gained transformed phenotypes as
determined by the growth potential in soft agar. However, the
expression of antigen 061 was not induced by PDGF stimula
tion on WFB cells. Thus, it is unlikely that the expression of
109-defined antigen is associated with the WFB cell transfor
mation or transforming process. In contrast, the fibroblasts
could have the tumorigenic phenotypes by stimulation with
TGF-/3 (24). In fact, fetal fibroblast line WFB showed an
anchorage-independent growth with a TGF-0 addition to the
culture, and the expression of antigens 061 as well as 109 was
clearly induced by TGF-0. Hence, the expression of antigen
061 seems to be strongly linked with the phenotypes of WFB
transformation (24).

There is a possibility that 109- and 061-defined molecules
may be related to the products of endogenous murine retrovirus.
However, using polyclonal antibodies reacting against murine
retrovirus products such as murine leukemia virus and murine
mammary tumor virus, parental WFB already expressed these
murine retrovirus-related antigens on the cell surface, and the
density of these antigens among WFB, W14, and W31 was
almost the same, negating the above-mentioned possibility.

There were several reports indicating that tumor cells that
are highly susceptible to NK lysis show a reduced MHC class I
expression (25-27). Our data were compatible with these pre
vious findings. When we assessed the expression of MHC class
I antigen among WFB, W14, and W31 cells, W14 and W31
cells showed the reduced, but still clear expression as compared

with WFB by FACS using R48B1 mAb (28). However, it is
presently uncertain how class I products could influence poly-
I:C-induced NK cytotoxicity against W14 and W31 cells. The
fact that R48B1 F(ab')2 treatment of target cells could not

affect this killing mechanism may suggest that class I product
does not have an important role in this cytotoxicity.

Target W14 is susceptible to the cytotoxicity by TNF. How
ever, we confirmed that TNF is not involved in the poly-I:C-
induced NK lysis against W14 cells, since: (a) TNF-resistant
LR cells are lysed by these effector cells; and (b) anti-TNF
antibody could not block this lysis. Furthermore, LPS-stimu-
lated macrophages could usually produce natural TNF for more
than 18 h of culture in vitro (16), whereas poly-I:C-induced
effector cells showed their cytotoxicity even at 2 h in the
cytotoxic cultures. When the cytotoxicity of poly-I:C-induced
effectors was studied at 8-10 h of incubation, a strong cytotox
icity was observed. These results strongly deny the participation
of TNF in the cytotoxicity. We also confirmed that mAbs 109
and 061 could not block the effect of recombinant TNF on
W14 cells (data not shown). We have not yet assessed the
possibility that 109- and/or 061-defined molecules might be
acceptors for the NK cytotoxic factor (3). However, it seems
that this possibility is very slim since there might not be a great
difference in the density of acceptors for NK cytotoxic factor
among clonal derived cells. There is also an inverse relationship
between the density of sialic acid on target cells and the suscep
tibility to NK lysis (3). mAbs 109 and 061 recognize the peptide
and carbohydrate portions of antigen molecules, respectively,
and treatment of cells by neuraminidase did not give any effect
for the susceptibility of W14 cells to NK lysis.

In this work, we showed that poly-I:C-induced rat NK cells
are cytotoxic to YAC-1 cells. In contrast, these 2 mAbs could
not react with YAC-1 cells, indicating that YAC-1 does not
have at least these epitopes. However, there is a possibility that
YAC-1 cells have the domain-like structures that are common
with YAC-1, WFB transformant clones, and PDGF- or TGF-
,8-stimulated WFB cells. To assess this question, a polyclonal
antibody reacting against these mAb-defined molecules will be
required.

Our present data indicate that pretreatment of either mAb
109 or 061 can significantly reduce the measurable NK activity.
Pretreatment of target cells by these mAbs together could give
an almost complete inhibition of NK cytotoxicity. We studied
the effect of delayed addition of these mAbs on the cytotoxicity.
The data indicate that mAb 109 clearly inhibited the cytotox
icity by poly-I:C-induced NK cells at 0, 15, 30, and 60 min after
mixing with the effector and target cells. Even at 120 min after
mixing, the cytotoxicity was partially reduced. In contrast, mAb
061 could not inhibit the cytotoxicity when mAb was added
after mixing with the effector and target cells, although pre
treatment of target cells by this mAb clearly blocked the cyto
toxicity. These data strongly suggest that: (a) 109-defined an
tigen is involved in the lethal step of cytotoxicity: and (b) 061-
defined antigen may participate in other functional phases like
the cell adhesion process between effector and target cells.

Recent reports have demonstrated some significant roles of
the cell adhesion molecules such as LFA-3 and ICAM-1 in NK
lysis (29, 30). However, 109- and 061-defined antigens are
supposed to be different from these reported molecules in terms
of their biochemical characteristics (30). Furthermore, it is
generally accepted that the expression of cell adhesion mole
cules is not correlated, or is rather reduced along with the cell
transformation (31, 32). It is currently uncertain whether 109
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and 061 mAb-treated target cells are still capable of binding to
effector cells. This kind of experiment may be difficult to assess
without use of functional NK lines, since poly-I:C-induced NK
cells are not homogenous, and represent a small percent of the
spleen cell population (18, 19, 33) as studied using 3.2.3. mAb.
Currently, we do not have the established functional NK clones.
Unfortunately, RNK16 (34) and SPB lines (35) that are grown
in our laboratory show only a weak cytotoxicity to YAC-1 as
well as W14 cells, and these lines are not useful in the
experiments.

There is a question as to whether mechanisms of blocking
are due to a shedding of antigen/antibody complexes, which
could potentially down-regulate NK activity independent of the
specificity of the mAbs (36). To eliminate this possibility, we
used F(ab')2 fragments of other mAbs of IgGl isotype such as

023 and 031, which recognize non-MHC class 1 cell surface
molecules expressed on WFB as well as W14 and W31 cells.
The data showed that all of these mAbs could not inhibit the
cytotoxicity (data not shown). This fact simply removes the
above possibility. Furthermore, 109 and 061 could not react
with poly-I:C-induced NK cells, denying the possibility that
these mAbs detached from the treated target cells in vitro might
block the cytotoxicity at the effector level. Taken together, the
data may strongly support our notion that 109- and 061 -defined
antigens act as the target structures for NK cells.
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