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Abstract Spleen cells derived from tumor-bearing 
mice prove useful for the elucidation of the mechanism 
determining how tumor cells evade cytotoxic 
T lymphocytes (CTL) in tumor-bearing hosts. Our 
data indicate that inactive CTL or precursor CTL 
specific for tumor antigens are present among 
lymphocytes of tumor-bearing mice. However, their 
activity is inhibited by a soluble factor produced by 
other cells present in the same source. Inhibition 
of the cytolytic reaction was also detected in the culture 
supernatant of spleen cells obtained from normal 
mice, precultured in the presence of tumor cell culture 
supernatant and interleukin-2 (IL-2). Cell-depletion 
and cell-purification studies let us conclude that cells 
that produced the CTL-inhibitory factor (CTL-IF) 
were 7/8 T cells. The 7/8 T cells that were activated in 
vivo in tumor bearers were able to produce CTL-IF 
after isolation and in vitro culture. Maximum activa- 
tion of 7/8 T cells was achieved by antigenic stimula- 
tion and by suppression of cells that interfered with the 
activation of 7/8 T cells. CTL-IF, which was assayed by 
use of CTL clones, did not show antigen specificity. 
Inhibition depended on a relatively heat- and acid- 
stable, but alkali-labile molecule with a molecular mass 
of less than 10 kDa. The latter characteristics imply 
that CTL-IF does not resemble any of the known 
lymphokines produced by 7/8 T cells. These observa- 
tions emphasize the crucial role of the 7/8 T cells in 
the escape of tumor cells from the attack of tumor- 
specific CTL. 
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introduction 

The presence of tumor-associated antigens recognized 
by cytotoxic T lymphocytes has been demonstrated for 
various experimental tumor cells. However, the tumor 
cells of mice carrying tumor-associated antigens can be 
transplanted to normal syngeneic mice. The latter be- 
come tumor-bearing mice that apparently lack an im- 
mune reaction against proliferating tumor cells. 
Lymphocytes obtained from cancer patients were ex- 
panded by in vitro culture in the presence of inter- 
leukin-2 (IL-2) [-lymphokine-activated killers (LAK) 
and tumor-infiltrating lymphocytes (TIL)] and used 
clinically for treatment of these patients [30, 32]. LAK 
and TIL contained tumor-specific cytotoxic T lympho- 
cytes (CTL), which were predominantly of the 
cx/13TCR + and CD8 + phenotypes. Therefore CTL pre- 
cursors or inactive CTL were present among lympho- 
cytes in tumor bearers and were activated and 
propagated during the in vitro culture. Although these 
cells exhibited a strong in vitro cytotoxic activity 
against tumor cells, treatment of patients with cells 
proliferated in vitro was sometimes ineffective. CTL 
transfused to tumor-bearing patients tended to cease 
proliferating and to lose their cytotoxic activity 
[-2, 21, 26, 27, 31, 34]. It seems that either induction of 
CTL or cytolytic activity of CTL is suppressed in 
tumor bearers. It is therefore essential to elucidate the 
mechanism of such suppression. 

To explain the suppression of T cell function in 
tumor bearers, four main mechanisms have been pro- 
posed: (a) suppression by soluble factors released by 
tumor cells [19, 22, 37, 391, (b) clonal expansion of the 
suppressor cells [-9, 16], (c) deletion of tumor-specific 
T cells [43], and (d) unresponsiveness of T cells caused 
by reduced expression of maj or histocompatibility anti- 
gens and co-stimulatory molecules on tumor cells 
[13,40]. Most of these studies revealed that sup- 
pression takes place during induction of the functional 
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T cells. With regard to the inactivation of CTL in 
tumor bearers, it was reported that a yet unidentified 
factor released by tumor cells, which was not trans- 
forming growth factor [3 (TGF[3), inhibited the 
cytotoxicity reaction by affecting the CD3-associated 
signal-transduction molecule of the effector cells 
[19, 23]. These findings, however, have not been fully 
utilized to abrogate suppression. 

We have reported that tumor-associated Q5 antigen, 
which is a non-classical histocompatibility class I 
antigen encoded by the Q5 gene located in the 
Qa-2,3 gene region of the mouse chromosome 17, is 
expressed on the surface of various experimental 
tumor cells of mice [351. The MM2 ascites tumor 
cell line, derived from C3H/He mice, is a Q5 + im- 
munogenic tumor cell line. Its ascites tumor showed 
regression simply after removal of the tumor cells 
with the ascites from the host animals at a certain 
stage of tumor progression [38J. After the regression 
the mice acquired immunity to transplanted MM2 
cells. As shown in our report, Q5-specific CTL bearing 
c~/[3 T cell receptor (TCR) and CD8 molecules were 
induced by in vitro stimulation of lymphocytes ob- 
tained from the tumor regressors. A low CTL activity 
was observed when lymphocytes derived from the tu- 
mor bearers were similarly stimulated in vitro. These 
findings suggested that the activity of Q5-specific CTL 
was suppressed in tumor-bearing mice while removal of 
most tumor cells from the host abrogated suppression. 
The mechanism that causes suppression of the CTL 
activity, related to this phenomenon,  was studied in this 
report. 

Materials and methods 

Mice and tumor cells 

C3H/He (H-2k), C57BL/6 (B6) (H-2 b) and B6.K1 mice were used. B6 
(Qa-1-2+3 +) and B6.K1 (Qa-1 +2 3-) are congenic with respect to 
Qa antigens [33]. BW5147 is an in vitro cell line derived from 
a T cell lymphoma of an AKR mouse. MM2, MM46 and MH134 
ascites tumor cells were maintained by serial passages in the perito- 
neal cavities of C3H/He mice. MM2 and MM46 were derived from 
virally induced mammary carcinoma of C3H/He. MH134 was de- 
rived from a chemically induced hepatoma of C3H/He. EL-4 ascites 
tumor cells, a T cell lymphoma cell line derived from B6, was 
maintained by passages in B6 mice. 

Antibodies, complement and reagents 

The monoclonal antibody (mAb) 141-15.8, which is specific for the 
Qa-2 antigen, was obtained from the American Type Culture Collec- 
tion, Rockville, Md. This mAb is cross-reactive to the Q5 gene 
product (the Q5 antigen) [35]. A hamster mAb, H57-597, with 
specificity for mouse T cell receptors of the c~/13 type (c(/13TCR) and 
a hamster mAb GL3 with specificity to those of the "//8 type (7/8- 
TCR) were purchased from PharMingen, Calif. Mouse mAb specific 
to H-2K u and H-2D b were purchased from the Meiji Institute of 
Health Science, Kanagawa. Rat mAb specific to mouse CD3 (KT3), 

CD4 (YTS191.1) and CD8 (YTS169.4) were purchased fi'om Caltag 
Laboratories Inc., Calif. An affinity-purified goat antibody specific 
for hamster IgG and the flourescein isothiocyanate (FITC) deriva- 
tive of the antibody were purchased from Organon Teknika Corp., 
Durham. Rabbit complement with low toxicity to mouse lympho- 
cytes was purchased from Cedar Lane Laboratories, Westbury. 
Human recombinant interleukin-2 (rIL-2) was obtained from 
Shionogi Inc. Ltd., Osaka. Human recombinant transforming 
growth factor 13 (TGF]3) was purchased from Boehringer Mannheim 
GmbH, Mannheim. 

Generation of CTL clones 

Anti-Qa-2,3 CTL were induced by immunizing B6.K1 mice with 
biweekly intraperitoneal inoculations of 2 x 106 B6 lymphocytes. 
The spleen cells obtained from immunized mice were cultured 
at a density of 1 x 106 cells/ml in RPMI-1640 medium containing 
rIL-2 (50 U/ml), 10% fetal calf serum (FCS) and 10% rat con- 
canavalin A supernatant and stimulated every 2 weeks with 
mitomycin-C-treated B6 lymphocytes at a concentration of 
5x 105cells/mh The rat concanavalin A supernatant was 
prepared by culturing rat spleen cells (2 x 106 cells/ml) in RPMI- 
I640 medium containing concanavalin A (5 ~tg/ml) and 10% 
FCS for 2 days. Four days after the last stimulation, the cells 
were harvested and used as anti-Qa-2,3 CTL. Cross-reactivity 
of these CTL to the Q5 antigen has been observed [28]. Q5- 
specific CTL clones were obtained from the anti-Qa-2,3 CTL 
by limiting dilution. Cytotoxic activity and the antigen specificity 
of each clone were determined by cytotoxicity assays using 
~iCr-labelled BW5147 target cells (Q5 + and Qa-2- ,3-)  and by 
inhibiting the CTL activity using a Q5-specific mAb 141-15.8. 
Four Q5-specific CTL clones with high cytotoxic activity were 
established. All of these clones were shown to have CD8 + and 
c(/f3TCR + phenotypes. Anti-H-2 u CTL were induced by immunizing 
C3H/He mice by biweekly repeated intraperitoneal inoculation of 
2 x 106 B6 lymphocytes, followed by in vitro stimulation similar to 
that used for the induction of anti-Qa-2,3 CTL. H-2D b- and H-2K b- 
specific CTL clones were generated by limiting dilution of the 
anti-H-2 b CTL. The cytotoxicity and antigen specificity of each 
clone was determined by the CTL assays using 51Cr-labelled B6 
lymphoblasts as the target cells and by inhibiting the cytotoxicity 
with H-2D b- or H-2Kb-specific mAb. Two H-2Db-specific CTL 
clones and 8 H-2KU-specific CTL clones were established. All of 
these clones were shown to have CD8 + and c~/]3TCR* phenotypes 
by flonrescence-activated cell sorter analysis (FACScan, Beckton 
Dickinson, California). 

Purification of y/8 T cells 

Spleen cells were obtained from normal mice and from tumor- 
bearing mice 2 weeks after inoculation of MM2 cells. They were 
hemolysed with 0.17 M ammonium chloride [5] and the dish-adher- 
ent cells were removed by incubating the spleen cells in tissue culture 
dishes for 1 h in a CO2 incubator. T cells were enriched from the 
cells not adhering to the dish by passing the cells through a 
nylonwool column. In order to separate 7/8 T cells, the nylon- 
wool-nonadherent cells were incubated with affinity-purified 
anti-(mouse y/STCR) hamster mAb GL3 for 30 rain at 4 ~ The 
antibody-coated cells were incubated with anti-(hamster-IgG)- 
conjugated magnetic beads at a ratio of three beads per cell. Anti- 
(hamster-IgG)-conjugated magnetic beads were prepared by a 
standard method using tosyl-activated Dynabeads M-450 (Dynal 
Inc., Greatneck, N.Y.) and an afffinity-purified goat IgG specific for 
hamster IgG. Cells bound to the magnetic beads were collected by 
using a magnet and cultured in a CO2 incubator overnight to 
separate the cells from the beads. 
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Assay of cytotoxicity 

Cytotoxic activities of the Q5-specific and the H-2Kb-specific CTL 
clones were assayed by incubating 1 x 104 51Cr-labelled BW5147 or 
EL-4 target cells, respectively, with the same number of effector cells 
in 0.4 ml RPMI-1640 medium supplemented with 10% FCS at 37 ~ 
in a CO2 incubator for 16 h. Anti-MM2 CTL were induced by 
culturing spleen cells from the MM2-bearing or the MM2-regressor 
mice for 5 days in RPMI-1640 medium supplemented with 10% 
I~CS at a concentration of 2 x 106 cells/ml with the addition of 
mitomycin-C-treated MM2 cells at a concentration of 4x  105 
cells/ml. The activity of the CTL induced was assayed by incubating 
various numbers of the effector cells with 51Cr-labelled MM2 
target cells for 18h. After the incubation, the radioactivity 
released into the medium and that remaining in the cells was deter- 
mined. The percentage specific lysis was calculated as previously 
described [18]. 

Preparation of culture supernatant with CTL inhibitory activity 

MM2, MM46, MH134 or EL-4 tumor cells were harvested freshly 
from the ascites. The cells were washed three times with Dulbecco's 
minimal essential medium (DMEM) using centrifugation at 
1000 rpm for 10 s. The harvested cells contained more than 99% 
pure tumor cells. The cells were incubated overnight in D M E M  
supplemented with 10% FCS at a concentration of 2 • 106 cells/ml 
in a CO2 incubator. The tumor cell culture supernatants (TCCS) 
were obtained by removing the cells through centrifugation at 
1500 rpm for 5 rain. The culture supernatant of MM2 cells was used 
as TCCS unless otherwise stated. Lymphocytes obtained from nor- 
mal C3H/He mice were cultured for 10 days at a concentration of 
2 x 106 cells/ml in RPMI-1640 medium supplemented with rIL-2 
(50 U/ml), 10% FCS and in the presence or absence of 50% TCCS. 
The cultured cells were washed three times with D M E M  and then 
recultured at a concentration of 2 x 106 cells/ml in RPMI-1640 me- 
dium supplemented with rIL-2 (50 U/mI) and 10% FCS for 3 
days. The culture supernatants obtained from the recultures were 
used to determine the inhibitory activity in a cytotoxicity assay. The 
culture supernatants were designated as NSCS(10d) and 
NSCS(TCCS, 10d), indicating that they are culture supernatants of 
normal splenocytes precultured for 10 days in normal culture me- 
dium or in the presence of TCCS. The inhibition assay was carried 
out by adding the supernatant to the reaction mixture of the 
cytotoxicity assay of a Q5-specific CTL clone unless otherwise 
stated. When the y/8 T cells separated from spleen cells of normal or 
MM2-bearing C3H/He were used, they were cultured either for 
4 days or for 10 days in RPMI-1640 medium supplemented with 
rIL-2 (50 U/ml), 10% FCS with or without addition of 50% TCCS 
either in culture dishes coated with CD3-specific mAb (KT3) or in 
non-treated dishes. Mitomycin-C-treated spleen cells of C3H/He 
mice were added as feeder cells. Cultured cells were collected by 
centrifugation, washed and recultured for 1 day at a concentration of 
4 x l0 s cells/ml in the medium described above. The following cul- 
ture supernatants were used: TBy/SCS(4d), culture supernatant of 
tumor-bearer y/8 T cells after preculture for 4 days in normal culture 
medium; TBy/SCS(TCCS-CD3,4d), that of tumor-bearer y/8 T cells 
after preculture for 4 days in the presence of TCCS and CD3 
stimulation: Ny/SCS(TCCS, 10d), that of normal Y/8 T cells precul- 
tured in the presence of TCCS for 10 days, etc. 

Characterization of the effective components 
in the culture supernatants 

The approximate molecular masses of the supernatants's active 
components were estimated by ultrafiltration on a Microcon appar- 
atus (Amicon, Mass). The expected cut-off molecular masses of 

YM3, YM10, YM30 and YM100 membranes are 3,10,30 and 
100 kDa, respectively. The stability of the components in acidic and 
alkaline conditions was tested by adjusting the pH of the culture 
supernatants to 3 with 0.154M hydrochloric acid or to 10 with 
0.154M sodium hydroxide. The solutions were kept at room tem- 
perature for 30 rain and were then neutralized using sodium hydrox- 
ide and hydrochloric acid of the same concentration. The heat 
stability of the components was tested by treating the culture super- 
natants either at 50 ~ for 30 min or at 100 ~ for 5 min. 

Results 

CTL suppression detected in assays using MM2- 
induced effector cells derived from tumor-bearer 
spleens 

Spleen cells, obtained from non-immunized C3H/He 
mice following tumor regression and cultured in vitro 
in the presence of mitomycin-C-treated MM2 cells as 
stimulation, elicited considerable cytolytic activity. 
Cytotoxicity was observed at all effector-to-target (E/T) 
ratios examined (Fig. 1B). The cytotoxic activity is sup- 
posed to be produced by CTL because it was inhibited 
strongly by an ~/J3TCR~specific mAb (H57-597) (data 
not shown). When the spleen cells, obtained from 
MM2-bearing C3H/He, were cultured similarly and 
used as effector cells in the cytotoxicity assays the CTL 
activity was observed only at low E/T ratios (Fig. 1A). 
In accordance with the increase of the number of effec- 
tot spleen cells in an assay mixture, the activity de- 
creased to an undetectable level. The experiments, 
which were highly reproducible, revealed two results. 
First, CTL can be induced from lymphocytes of the 
tumor bearers. Second, cultured spleen cells used as the 
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Fig. IA, B Effect of effector/target (E/T) ratio on MM2-1ytic 
activity induced by mouse spleen cells cultured in vitro in the 
presence of mitomycin-C-treated MM2 cells. Spleen cells were ob- 
tained from MM2-bearing (A) or MM2-regressor (B) C3H/He mice. 
Cytotoxic activities at various E/T ratios are shown. O Cytotoxic 
activity of the effector cells obtained by standard culture; �9 serum 
from MM2-bearing C3H/He mice was added to the culture medium 
for induction of cytotoxic T lymphocytes (CTL) at a concentration 
of 10%; x serum from normal C3H/He mice was added similarly. 
Data are expressed as means + SE of the results of duplicate experi- 
ments 
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source of the effector cells contained cells that were 
inhibitory to cytolytic reactions by the CTL. The ratio 
of the cytotoxic cells to the inhibitory cells in the 
effector cell mixture was identical, irrespective of the 
E/T ratios. Therefore a similar extent of suppression at 
various E/T ratios, and hence an increase of the 
cytotoxicity in accordance with the increase of E/T 
ratio, may be expected if the suppressive cells interact 
directly with the effector cells. Stronger inhibition at 
higher E/T ratios would be expected if the inhibition 
were mediated by a soluble factor (or factors) produced 
by the suppressive cells during the culture for the 
cytotoxicity assays. The reaction mixture at higher E/T 
ratios contains larger numbers of the suppressive cells. 
This would result in a higher concentration of the 
suppressive mediator and the mediator would exert the 
activity in a concentration-dependent manner. Since 
such a pattern of cytotoxicity was only observed when 
spleen cells from the tumor bearers were used, it is 
conceivable that the cells showing inhibitory activity 
were generated under the influence of tumor cells. Sup- 
pressive cells might have been activated by direct inter- 
action with the tumor cells or by a soluble factor(s) 
produced in the tumor-bearing mice. The latter possi- 
bility seems more likely because effector cells exhibited 
a similar pattern of cytotoxic activity with stronger 
suppression in the presence of a larger number of the 
effector spleen cells when serum from an MM2-bearing 
C3H/He mouse was added to the culture of the MM2- 
regressor spleen cells to induce CTL (Fig. 1B). In a con- 
trol experiment, addition of normal mouse serum to the 
culture resulted in a slight decrease of the cytotoxic 
activity even though strong suppression at high E/T 
ratios was not observed. These results suggest that 
a component (or components) in the tumor-bearer 
serum, which may be produced by tumor cells or by 
other cells under the influence of tumor cells, directly or 
indirectly activated the suppressive cells. 

Production of the CTL-inhibitory factor (CTL-IF) by 
normal spleen cells cultured in the presence of tumor 
cell culture supernatant 

We examined whether the component in the tumor- 
bearer serum that activated the suppressive cells was 
directly or indirectly produced by tumor cells. To this 
end, spleen cells obtained from normal mice were 
precultured in the presence of TCCS and recultured 
in its absence. The harvested culture supernatant 
[NSCS(TCCS,10d)] was added to the CTL assays. 
Q5-specific CTL clones and H-2Kb-specific CTL 
clones, all bearing ct/]3TCR, were used as the effector 
cells and Q5 § BW5147 lymphoma cells and EL-4 
(H-2 u) cells were used as the target cells. Inhibition 
of the activity of two representative CTL clones by 
NSCS(TCCS, 10d) is shown in Fig. 2. The CTL activity 
of these clones and of other clones was inhibited in 
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Fig. 2A, B Inhibition of cytotoxic activity by normal splenocyte 
culture supernatants cultured for 10 days in the presence of tumor 
cell culture supernatants [-NSCS(TCCS, 10d)]. The activity of a Q5- 
specific CTL clone (A) and that of an H-2Kb-specific CTL clone (B) 
was assayed using BW5147 and EL-4 target cells respectively. 
NSCS(TCCS, 10d) (O) or NSCS(10d) (O) was added to the reaction 
mixtures of the cytotoxicity assays at various concentrations. The 
CTL assays were carried out at E/T = 1 

a dose-dependent manner. Activities of the Q5-specific 
CTL clones and the H-2Kb-specific CTL clones were 
inhibited to a similar extent, showing that the 
inhibition is not antigen-specific. Inhibition of the 
CTL activity was not detected in the reculture super- 
natant of 4-day spleen cell cultures, even though 
TCCS was added to the cultures. Maximum activity 
was only detected in 10-day cultures. The requirement 
for long-term culture to achieve activation implies 
that a cascade of events eventually leads to the final 
activation of the suppressive cells. Alternatively, effec- 
tive suppression will only be detected if the suppressive 
cells expand. Spleen cells cultured for 10 days in the 
absence of TCCS did not mount a detectable CTL- 
inhibitory activity. Even the addition of TCCS directly 
to the CTL assays did not yield an inhibition (data not 
shown). 

We then examined the capability of various tumor 
cells to produce the CTL-IF-inducing material 
(Table 1). When ascites tumor cells (MM2, MM46, 
MH134 and EL4), maintained by in vivo passages, 
were freshly harvested from the hosts and cultured, the 
culture supernatant showed the CTL-IF-inducing ac- 
tivity. Suppression of CTL activity therefore seems to 
be a common phenomenon in tumor bearers. In con- 
trast, supernatants of tumor cells cultured in vitro, such 
as BW5147, lacked the activity. Moreover, TGF[3 did 
not replace the CTL-IF-inducing activity (data not 
shown). 

As shown in Fig. 3, effector cells that had been pre- 
treated with NSCS(TCCS,10d) showed a decrease of 
activity. Pretreatment of target cells did not have any 
effect. CTL-IF in the spleen cell culture supernatants 
therefore seems to exert its activity by affecting the 
effector cells rather than blocking or protecting the 
target cells. 
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Table 1 The cytotoxic-T-lymphocyte-inhibitory factor (CTL-IF)- 
inducing activity in the culture supernatants of various tumor cells. 
Fresh ascites tumor cells obtained from the respective tumor-bear- 
ing mice and purified by centrifugation were cultured for 24 h in 
order to produce tumor cell culture supernatants (TCCS). Normal 
splenocyte culture supernatant cultured for 10 days in the presence 
of TCCS [NSCS(TCCS,10d)] was prepared using each TCCS and 
assayed for the CTL-inhibitory activity. A Q5-specific CTL clone 
and BW5147 target cells were used for CTL assays (E/T = 1). 
NSCS(10d) or NSCS(TCCS,10d) was added to the assays at a 
concentration of 80%. Percentage inhibition was calculated 
from the percentage specific lysis detected in the presence of 
NSCS(TCCS, 10d) and the control CTL activity in the presence of 
NSCS(10d). The values are means _+ SE of the results of two experi- 
ments for each TCCS. The control CTL activities ranged between 
50.6% and 82.8% 

Tumor cells used to obtain TCCS Inhibition (%) 

MM2 65_6 + 5.9 
MM46 45.9 _+ 4.3 
MH134 43.1 _+ 6.3 
EL-4 38.0 + 3.9 
BW5147 1.6 _+ 3.0 
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Fig. 3 Effect of pretreatment of effector or target cells with 
NSCS(TCCS,10d). A QS-specific CTL clone and BW5147 target 
cells were used for the CTL assays (E/T = 1). A Control cytotoxic 
activity (neither effector nor target cells were pretreated), B the target 
cells were pretreated, and C the effector cells were pretreated. Pre- 
treatment was carried out by culturing the cells either for 1 h (a) or 
for 6 h (b) in a medium containing NSCS(TCCS, 10d) at a concen- 
tration of 80%. Cultured cells were washed three times with Dul- 
becco's minimal essential medium and used for the cytotoxicity 
assays 

Ident i f ica t ion  of  the cells tha t  p r o d u c e  the C T L - I F  

In  o rder  to ana lyze  the p h e n o t y p e s  of  the cells tha t  
p r o d u c e  the C T L - I F ,  we harves ted  spleen cells cu l tured  
in the presence  of  T C C S  and  t rea ted  the cells 
with var ious  m A b  a nd  complemen t .  T he  lat ter  cells 
were recul tured  and  the s u p e r n a t a n t  was tested for its 
abili ty to inhibi t  the cytotoxic i ty .  T r e a t m e n t  of  the cells 
with a CD3-speci f ic  m A b  and  c o m p l e m e n t  or  with 
a 7 /STCR-speci f ic  m A b  and  c o m p l e m e n t  caused  a sig- 
nif icant  decrease  of  the inh ib i to ry  activity. The  p r o d u c -  
t ion of  the inh ib i to ry  fac tor  persis ted after t r ea tmen t  of  
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Fig. 4 Characteristics of the ceils that produce the CTL-inhibitory 
factor (CTDIF). Spleen cells obtained from normal C3H/He mice 
were precultured in the presence of TCCS for 10 days, harvested, 
treated with various mAb and complement and recultured for 
3 days. The CTL-inhibitory activity was examined by adding culture 
supernatant to the CTL assay at a concentration of 80%. A Q5- 
specific CTL clone and BW5147 target cells were used for the CTL 
assays (E/T = 1). The culture supernatants added were as follows: 
a none (the control CTL activity), b culture supernatant of non- 
treated precultured cells, c culture supernatant of cells treated with 
complement only, d that of cells treated with CD3-specific mAb 
and complement, e that of cells treated with CD4-specific mAb and 
complement, f that of cells treated with CD8-specific mAb and 
complement, 9 that of cells treated with a/13 T cell receptor(TCR)- 
specific mAb and complement, h that of cells treated with 7/8 
TCR-specific mAb and complement 

the cells with ei ther  the ~/[3TCR-specific m A b  or the 
CD4-speci f ic  m A b  or  the C D 8 - s  ~ecific m A b  and  c o m p -  
lement.  The  results were reproduc ib le  and  a representa-  
tive example  of  t hem is shown  in Fig. 4. These  da ta  
suggest  tha t  the p r o d u c t i o n  of  the inh ib i tory  fac tor  is 
dependen t  on  C D 4 - ,  C D 8 -  T cells bear ing  7 /STCR.  
This  f inding was conf i rmed  by isola t ing 7/8 T cells f rom 
the spleen cells using a hams t e r  m A b  specific for m o u s e  
y / S T C R  and  magne t i c  beads  con juga t ed  with a m o u s e  
an t i - (hamster  IgG)  an t ibody .  After the purif icat ion,  
m o r e  than  95% of  the cells were of  the y / S T C R  + 
p h e n o t y p e  and  fewer than  3% were of  the 0~/I3TCR + 
pheno type ,  as shown  in Fig. 5. The  recovery  was 
2 x 106 and  1 x 10 6 7/8 T cells f rom 1 x 108 or iginal  
spleen cells isolated f rom the M M 2 - b e a r i n g  mice and  
n o r m a l  mice, respectively. After cul ture  of  purif ied cells 
der ived f rom the M M 2 - b e a r i n g  mice, the suppressive 
act ivi ty was detected in the cul ture  supe rna tan t s  
[ T B y / S C S ( 4 d )  and  T B y / S C S ( T C C S , 4 d ) ] .  The  4-day  
cul ture  in the presence or  absence  of  T C C S  and  recul- 
ture  for 1 day  in its absence  was sufficient to p r o d u c e  
a detectable  C T L - i n h i b i t o r y  act ivi ty (Fig. 6A). These  
results show tha t  the y/8 T cells are ac t iva ted  in t u m o r -  
bear ing  mice and  tha t  they are capable  of  releasing 
C T L - I F .  W h e n  the initial cul tures were carr ied  ou t  in 
dishes coa ted  with the CD3-speci f ic  m A b  KT3,  the 
inh ib i to ry  activities in the recul ture  supe rna tan t s  
[ T B y / S C S ( C D 3 , 4 d )  and  T B y / S C S ( T C C S - C D 3 , 4 d ) ]  
were signif icantly enhanced ,  indica t ing  tha t  an  anti-  
genic s t imula t ion  of  the 7/8 T cells via T C R  is necessary  
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Fig. 5 A - D  Fluorescence-activated cell sorting (FACS) pat terns of 
the y/8 T cell fractions obtained from spleen cells of MM2-bearing 
C3H/He  and normal C3H/He mice. The T-cell-enriched fraction 
obtained by passing cells not adhering to the dish through a nylon- 
wool column was subjected to a purification of 7/8 T cells using 
magnetic beads. A T-cell-enriched fraction of spleen cells from 
MM2-bearing C3H/He,  C the fraction from normal C3H/He,  B y/8 
T cell fraction from T-cell-enriched spleen cells of MM2-bearing 
C3H/He,  D the fraction from T-cell-enriched spleen cells of normal 
C3H/He.  The cells were stained using an c~/lITCR-specific mAb 
( - ) or a y/STCR-specific mAb ( ) as the first antibody. 
A control without treatment with the first ant ibody  is also shown 
( -  ). Fluorescein- isothiocyanate-conjugated goat  anti-(hamster 
IgG) was used as second antibody 
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Fig. 6A, B Effect of the culture supernatants of Y/8 T cells purified 
from spleen cells of the tumor bearing or normal mice on CTL 
activity. The following culture supernatants were added  to the 
CTL assays at a concentra t ion of 80%. A a none (the control CTL 
activity), b TBy/SCS(4d), c TBy/SCS(TCCS,4d), d TBy/SCS (CD3,4d), 
e TBT/SCS(TCCS-CD3,4d). B a None, b NT/SCS(4d), c 
Ny/SCS (TCCS,4d), d Ny/SCS(CD3,4d),  e NT/SCS(TCCS-CD3,4d).  
A Q5-specific CTL clone and BW5147 target cells were used for the 
CTL assays (E/T = 1) 

for the maximal production of CTL-IF. However, cul- 
ture supernatants of the purified 7/8 T cells obtained 
from normal spleen cells did not show any inhibitory 
activity as long as the precultures were carried out for 
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Fig. 7 Detection of the CTL-inhibitory activity in the culture super- 
natants of 7/8 T cells purified from spleen cells of normal mice 
and precultured for 10 days. The following culture supernatants 
were added to the CTL assays at a concentra t ion of 80%: a none 
(control CTL activity), b Ny/SCS(10d), c Ny/SCS(TCCS, 10d), 
d Ny/SCS(CD3,10d),  e Ny/SCS(TCCS-CD3,10d) .  A Q5-specific 
CTL clone and BW5147 target cells were used for the CTL assays 
(E/T = 1) 

4 days. Even culturing in the presence of TCCS and in 
dishes coated with mAb KT3 [Ny/SCS(CD3,4d) and 
NT/SCS(TCCS-CD3,4d)] did not raise any inhibitory 
activity (Fig. 6B). Prolonged preculture, however, of the 
y/8 T cells derived from normal spleen cells in the 
presence of rIL-2 but in the absence of TCCS and CD3 
stimulation, resulted in a suppressive activity in the 
reculture supernatants [Ny/SCS(CD3,10d) and 
N T / S C S ( T C C S - C D 3 , 1 0 d ) ]  (Fig. 7). Add i t i on  of  T C C S  
to the culture medium did not have any effect in this 
experiment either. Compared to the results obtained 
from unfractionated normal spleen cells (Fig. 2), this 
finding suggests that the effect of the tumor-derived 
factor on the 7/8 T cells may be indirect and mediated 
by cells other than y/8 T cells. We examined the ratio of 
y/8 T cells by FACS analyses in the T cell fraction of 
normal spleen cells under CTL-IF-producing TCCS 
culture conditions. The ratio before culture was 1 : 19.6 
and that after the 10-day culture was 1:28.5. The ratio 
in the T cell fraction obtained from tumor-bearer 
spleen cells was 1:11.9. Although the number of 7/8 
T cells increased 1.6 times in tumor-bearing mice, in 
vitro propagation of the y/8 T cells was not necessary 
for the maximal induction of the inhibitory activity. 
Therefore a cascade of activation events, including cells 
other than 7/8 T cells in the unfractionated spleen cells, 
may take place in the prolonged culture. 

Characteristics of the CTL-IF 

As shown in Table 2, some chemical characteristics of 
the CTL-IF were examined. The approximate molecu- 
lar mass of CTL-IF in NSCS(TCCS,10d) was 
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T a b l e  2 Chemicai characteristics of CTL-IF. A Q5-specific CTL 
clone and BW5147 target cells were used to assay the CTL activity. 
NSCS(TCCS, 10d) fractionated or treated as above was added to the 
CTL assays at a concentration of 80% as the source of CTL-IF. The 
values are means _+ SE of the results of duplicate experiments. The 
control CTL activities ranged between 37.2% and 82.9% 

Addition Suppression 
(%) 

NSCS(TCCS,10d) fractionated according to molecular size 
Unfractionated 79.2 _+ 1.9 
YM100-retained 5.6 _+ 4.8 
YM100-passed and YM30-retained 4.9 +_ 1.9 
YM30-passed and YM10-retained 13.9 + 5.8 
YM10-passed and YM3-retained 72.9 -- 2.1 
YM3-passed 83.3 _+ 0.5 

NSCS(TCCS, 10d) after treatment with acid or alkali 
Nontreated 79.2 
pH 3 at room temperature for 30 min 
pH 10 at room temperature for 30 min 

NSCS(TCCS, 10d) after heat treatment 
Nontreated 
100 ~ for 5 min 
50 ~ for 30 min 

+ 1.6 
89.6 _+ 0.5 
27.8 + 1.9 

65.2 _+ 1.2 
- 2.2 _+ 1.1 
74.8 _+ 3.9 

estimated by ultrafiltration. The activity was associated 
with materials that passed through YM100, YM30 
and YM10 membranes. The activity was also detected 
in both YM3-passed and YM3-retained fractions. 
We conclude from these results that the molecular 
mass of the CTL-IF is below 10 kDa. The factor was 
stable at pH 3 but labile at pH 10. Although the factor 
resisted heat treatment at 50~ it lost its activity 
completely after treatment at 100 ~ for 5 rain. In addi- 
tion, similar experiments were carried out with regard 
to the CTL-IF-inducing activity detected in TCCS. The 
molecular mass of the tumor-cell-derived factor seemed 
to be higher than 30 kDa. The activity was lost after 
exposure to either pH 3 or pH 10 or 50 ~ (data not 
shown). 

Discussion 

It has been reported that the ratio of y/8 T cells to 
lymphocytes in tumorous tissues is sometimes higher 
than in peripheral blood lymphocytes [17]. The in- 
crease of 7/8 T cells has been interpreted as an indica- 
tion of an antitumor immune response because the 7/8 
T cells that were recovered from the tumorous tissues 
and cultured in vitro in the presence of IL-2 killed 
tumor cells [1, 17,44]. Concerning recognition speci- 
ficities of the 7/8 T cells, it has been shown that y/STCR 
can recognize non-classical histocompatibility class 
I antigens such as murine Qa, TL and CDlc,  directly or 
as restriction molecules [3, 4, 8, 12, 28, 29, 42] as well as 
heat-shock proteins presented by class I antigens 
[10, 15,20,41]. Antigen recognition by the 7/8 T cells 

either leads to proliferation of the 7/8 T cells and IL-2 
production or lysis of the target cells. We have reported 
that the Q5 antigen, a member of the Qa antigens, is 
expressed on the surface of certain murine tumor cells 
as a tumor-associated antigen. Cytotoxic lymphocytes 
activated by immunopotentiators contain 7/8 T cells 
with specificity for the Q5 antigen [28, 35, 38]. Peptides 
derived from heat-shock proteins and presented by 
class I molecules on the surface of tumor cells are also 
recognized as tumor antigens by the 7/8 T cells. This 
observation suggests that some of the 7/8 T cells can 
recognize tumor cells and respond to them. In addition 
it was reported that 7/8 T cells play a role as immuno- 
modulators by producing cytokines [6, 11, 24, 25]. The 
cytokines produced by 7/8 T cells include IL-2, tumor 
necrosis factor ~, interferon 7 and granulocyte macro- 
phage-colony-stimulating factor. Moreover, Kaufmann 
et al. reported that in vivo depletion of 7/8 T cells by 
7/STCR-specific mAb caused vigorous proliferation 
and functional activation of ~/~3 T cells in vitro [14]. 
The so-called cross-talk between ~/f3 T cells and 7/8 
T cells, implies a role for 7/8 T cells in the regulation of 
the c~/13 T cell functions. In the present report, we 
demonstrated that 7/8 T cells obtained from tumor- 
bearing mice produced a soluble material, CTL-IF, 
which regulated the activity of cytotoxic ~/~3 T cells. 
The low molecular mass and relative heat- and acid- 
stability of this factor imply that the factor is different 
from any lymphokine known to be produced by 7/8 
T cells. The enhancing effect of TCCS on the produc- 
tion of the CTL-IF was only observed with unfrac- 
tionated spleen cells. The purified 7/8 T cells, however, 
were not affected by TCCS. The observation that the 
effect of the tumor-derived factor on the 7/8 T cells is 
indirect suggests that cells other than 7/8 T cells con- 
tained in the spleen cells suppress the CTL-IF release of 
y/8 T cells while the activity of the suppressive cells is 
abrogated by the effect of the tumor-derived factor. 
Activation of 7/8 T cells in normal spleen cells may 
involve a series of events. Foremost, the activity of the 
cells that are inhibitory to 7/8 T cells would be ab- 
rogated, then the 7/8 T cells would recover from the 
suppression and eventually become activated. The se- 
quence of these events may account for the time-con- 
suming activation of the 7/8 T cells. With regard to the 
7/8 T cells of tumor bearers, the suppression is inhibited 
in vivo under the influence of tumor cells. The activa- 
tion of purified 7/8 T cells isolated from their spleen 
cells therefore proceeded faster. Though a 4-day culture 
in the presence of rIL-2 was sufficient to detect the 
production of the CTL-IF, activation of 7/8 T cells was 
accelerated by stimulation with CD3-specific mAb. If 
7/8 T cells purified from normal spleen cells are cul- 
tured, further processes might be necessary for the 
activation. The 4-day culture period seemed too short 
to observe effects of these processes. After cells had 
been cultured for 10 days in the presence of rIL-2, 
production of the CTL-IF was detected. The prolonged 
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culture period appeared to result in maximal activa- 
tion. Additional activation by stimulation with CD3- 
specific mAb was not observed. 

Spaner et al. produced a line of TCR 7/8 double 
transgenic SCID mice [36]. The mice lack r T cells 
and have only 7/8 T cells with a known antigen specifi- 
city. When the mice were stimulated with the antigen, 
7/8 T cells responded excessively but most of them 
subsequently died by apoptosis. Such a phenomenon 
was not observed after stimulation of a normal mouse, 
having both c~/13 T and y/8 T cells, with the antigen. It is 
conceivable that the response of y/8 T cells is sup- 
pressed in the presence of a/13 T cells, and the cells that 
suppress the production of CTL-IF by 7/8 T cells might 
be a/J3 T cells. It seems that cross-talk between 7/8 
T cells and r T cells mutually regulates their activity. 

Stimulation of 7/8 T cells obtained from tumor 
bearers with a CD3-specific mAb accelerated the ac- 
tivation of the cells to produce CTL-IF. The activation 
of cells by antigenic stimulation through the TCR 
raises the possibility that these cells recognize specific 
tumor antigens. Indeed certain 7/8 T cells, mostly those 
with in vitro cytotoxic activity are tumor-antigen- 
specific. At present it is unclear whether the tumor- 
antigen-specific 7/8 T cells with the tumor-specific lytic 
activity are identical to those with CTL-IF-producing 
activity. It was reported that mature CD8 + cytolytic 
cells, when activated in the presence of IL-4, switched 
to CD8 , CD4-  cells with TH2 activity [7]. Likewise, it 
might be possible to convert the phenotype of 7/8 
T cells that produce CTL-IF in tumor bearers to the 
phenotype of in vitro cultured and IL-2-supplemented 
cytolytic 7/8 T cells that display a recognition specifi- 
city similar to that of 7/8 T cells stimulated in vivo by 
immunopotentiators.  The culture supernatant of the 
y/8 T cells that inhibited the lyric activity of CTL clones 
also inhibited growth of the CTL clones (data not 
shown). Whether or not the two activities are the prop- 
erties of a single factor remains to be solved by further 
chemical characterization of the CTL-IF. 

Our present results indicate the involvement of 7/8 
T cells in tumor-induced suppression of the immune 
responsiveness in tumor bearers. The real value of this 
observation is that the depletion of 7/8 T cells in vivo is 
a means to overcome suppression and to improve the 
efficacy of anticancer immunotherapy. At present, trials 
to test this possibility are in progress. 
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