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Summary. More than 80% of BALB/c mice bearing 
BAMC-1 ascites tumor were completely cured after five 
consecutive (once every 2 days) i. p. injections of a 0.1 mg 
dose of OK-432, beginning on day 2 after tumor implanta- 
tion. The antitumor effect of OK-432 was abolished in 
athymic nu/nu mice and in anti-thymocyte globulin-treat- 
ed euthymic BALB/c mice, so although OK-432 treatment 
did increase the length of survival, all animals eventually 
died as a result of  tumor growth. When peritoneal exudate 
cells (PEC), obtained on day 12 from OK-432-treated 
BAMC-l-bearing euthymic mice were evaluated for in vi- 
vo tumor neutralization activity, all mice receiving an i. p. 
injection of the admixture of the nonadherent PEC (1 × 107 
cells) with BAMC-1 cells (1 × 105) survived for more than 
60 days. When the same nonadherent PEC (1 × 10 7 cells) 
were i. p. transferred adoptively 1 day after the inoculation 
of 1 × 105 BAMC-1 tumor cells, again all mice survived. 

When these in vivo active PEC were tested for cytotox- 
icity in vitro against fresh BAMC-1 tumor cells, natural 
killer (NK) sensitive syngeneic R L d  1, NK-sensitive al- 
logeneic YAC-1 ceils, NK-resistant syngeneic Meth-A 
cells, allogeneic tumor cells (EL4, B16, and P815) and xe- 
nogenic human cells, the PEC were found to be capable of 
lysing BAMC-1 tumor cells together with almost all of the 
other tumor cells, including NK-resistant cells. Nonadher- 
ent PEC contained at least two subpopulations of killer 
cells. One, directed to syngeneic BAMC-1 cells, was both 
Thyl.2 and asialo GM1 positive, and another, directed to 
allogeneic YAC-1 cells, was asialo GM1 positive but 
Thyl.2 negative. A cold target inhibition assay also sug- 
gested the presence of more than two subpopulations. 

These results indicate that T cells play a determined 
role in the immunotherapeutic effect of OK-432 on 
BALB/c mice bearing BAMC-1 tumor, although the parti- 
cipation of activated macrophages could not be excluded. 
The cells responsible for killing BAMC-1 and other tumor 
cells appearing in the PEC on day 12 were characterized as 
containing at least two kinds of lymphokine-activated kill- 
er cells. 

Introduction 

A bacterial immunopotentiator OK-432, a killed Strepto- 
coccus preparation, has been extensively used as a thera- 
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peutic agent for malignant diseases in humans [26, 27, 31] 
and experimental animals [7, 21, 32] and has produced a 
number of successful results. 

Early studies indicated that one possible cause of the 
antitumor effect of OK-432 is due to its direct action on 
tumor cells, inhibiting both RNA and DNA synthesis [14]. 
Another is its host-mediated action, and early studies char- 
acterized OK-432 as a potent interferon gamma (IFNy) in- 
ducer [18, 19] along with bacille Calmette-Gu6nin and Co- 
rynebacterium parvum. Further studies disclosed its ability 
to induce interleukin 1 (IL-1) and interleukin 2 (IL-2) [8]. 
In concordance with these findings, OK-432 has also been 
shown to augment natural killer (NK) activity in humans 
and mice [15, 28, 29], to induce cytotoxic macrophages [9, 
20], and to activate cytotoxic polymorphonuclear leuko- 
cytes after in vivo administration [30]. OK-432 has also 
been known to induce cytotoxic T lymphocytes in the peri- 
toneal cavity of BC-47 solid tumor-bearing rats when in- 
jected i. p. [7]. These enhancements have been attributed to 
OK-432-induced IFNy [6, 19, 22]. According to the macro- 
phage-T cell lymphokine cascade reaction theory [3], the 
participation of IL-1, IL-2, and IFNy are a prerequisite to 
the appearance of cytotoxic T lymphocytes (CTL) [4], 
which are believed to mediate the direct destruction of tu- 
mor cells in vivo [2, 5, 25]. So far, however, little is known 
about the generation or infiltration of syngeneic CTL at 
the tumor site after OK-432 treatment. 

The purpose of this study was to characterize the effec- 
tot cells responsible for the significant antitumor effect of 
OK-432 in vivo. To accomplish this, in vivo effector cells 
were assessed by both Winn's neutralization assay and 
adoptive transfer to tumor-bearing mice. Next, an in vitro 
cell marker analysis was conducted with in vivo effector 
cell populations by a chromium release cytotoxic assay 
with a variety of target cells. 

Materials and methods 

Mice and tumor cell lines. Female, pathogen free BALB/c 
mice, 6 -8  weeks old, and female littermates nu/nu and 
n u / +  BALB/c mice, 7 weeks old, were purchased from 
Charles River Japan and Clea Japan (Tokyo). BAMC-I, 
methylcholanthrene-induced fibrosarcoma in BALB/c 
mice, was established in our laboratory and maintained in 
ascitic form by a weekly passage in syngeneic mice. The 
i.p. lethal dose of BAMC-1 was 103 cells/mouse. Other 
target cells used for the in vitro cytotoxicity test were syn- 
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geneic (Meth-A and R L d ) ,  allogeneic (EL4, B16, P815 
and YAC-1), and xenogenic human cells (K562, T24, PLC, 
and KATO3) of different NK sensitivity. These were 
maintained in RPMI-1640 medium (GIBCO, Grand Is- 
land, NY) supplemented with 10% heat-inactivated fetal 
bovine serum (FBS, gibco) and 60 ~tg/ml kanamycin (Mei- 
ji Seika Co., Ltd., Tokyo,). 

Therapeutic effect of 0K-432 against BAMC-1 tumor. A ly- 
ophilized preparation of OK-432 (Chugai Pharmaceutical 
Co., Ltd., Tokyo) was suspended in a saline solution at a 
concentration of 1 mg/ml and 0.1 ml i. p. injections were 
made on days 2, 4, 6, 8, and 10 after an i. p. inoculation of 
BAMC-1 (1 x 105 cells/mouse), unless otherwise stated. 
The control mice received 0.1 ml saline solution on the 
same schedule. The number of survivors was monitored 
for 40 days. 

Anti-thymocyte globulin (ATG, Microbiological Asso- 
ciates Inc., Bethesda Md., kindly provided Dr. T. Katao- 
ka) [10] was examined in vivo for influence on the thera- 
peutic effect of OK-432. The i. p. administration of ATG 
(0.25 ml/mouse) inhibited the T cell mitogen response of 
spleen cells, but not the B cell mitogen response (data not 
shown). The mitogens used were Concanavalin A (Sigma, 
St. Louis, Mo., USA), Phytohemagglutinin (Wellcome 
Reagent Ltd., Beckenham, Kent, England) and Lipopoly- 
saccharide (Difco Lab., Detroit, Mich., USA). 

Local Winn-type neutralization assay and adoptive transfer 
assay. Control mice received 1 × 105 (in 0.1 ml) viable 
BAMC-1 cells by i. p. injection. Experimental mice were 
inoculated with the same number of cells admixed with 
1 x 10 7 peritoneal exudate cells (PEC). PEC obtained on 
days 4 to 12 from OK-432-treated tumor-bearing mice 
were washed once with Eagle MEM (GIBCO, Grand Is- 
land, NY) and used either fractionated or unfractionated 
for the assay. Fractionation was carried out by plastic ad- 
herence to adherent (PA) and nonadherent (PNA) cells af- 
ter incubation for 1 h at 37 °C. When the Winn assay re- 
sult was positive, a more critical assay was conducted to 
examine the antitumor effect of the PEC in vivo by i. p. 
administration of the PEC 1 day after the mice had been 
i. p. inoculated with 1 x 105 BAMC-I cells (adoptive trans- 
fer assay). 

Cell depletion with antibody and complement. The PEC ob- 
tained from OK-432-treated tumor-bearing mice were col- 
lected in a cold MEM medium, washed once with MEM 
and suspended in a serum-free-RPMI-1640 medium at a 
concentration of 2 x 10  7 cells/ml. Then 1 ml of  cell suspen- 
sion was incubated for 30 min at 37 °C with either mono- 
clonal anti-Thyl.2 (Olac. clone F7D5) at 1/500 dilution or 
anti-asialo GMI (Wako Pure Chemical Ind., Tokyo) at 
1/50-1/200 dilution. Incubation was then continued for 
another 45 rain at 37 °C with a low toxic guinea pig com- 
plement (Cederlane Laboratories Ltd., Ontario, Canada) 
at 1/10 dilution. Treated cells were washed twice with 
MEM and dead cells were counted by trypan blue dye ex- 
clusion. Reconstitution for the cytotoxicity assay, how- 
ever, was made with the original volume of medium. 

In vitro cell mediated cytotoxicity assay. Cell mediated cy- 
totoxicity was assayed by a 4 h chromium release method 
[20]. Target cells (1 x 10  6 cell) were incubated with 100 p~Ci 

Na2CrO 4 for 1 h at 37 ° C, washed 3 times with MEM and 
resuspended in a 10% fetal bovine serum-RPMI medium at 
a concentration of 1 x l0 s cells/ml. Target cell suspensions 
(100 ~tl) were incubated with equal volumes of 1 x 1 0  7 to 
2.5 X 10  6 cells/ml of effector cell suspensions and then in- 
cubated for 4 h at 37 °C in a round-bottomed 96-well mi- 
crotiterplate (Nunclon, Nunc, Denmark). Samples of su- 
pernatant (100 ~tl) were then harvested and counted in a 
gamma counter (Aloka, Auto Well GAMMA System, 
ARC-500). The percentage of specific cytotoxicity was cal- 
culated using the following formula: 

% specific cytotoxicity = (Experimental cpm - Spon- 
taneous cpm) - (Total incorporated cpm - Spontaneous 
cpm) x 100 

Cold target cell inhibition assay. Isotopically unlabeled 
(cold) blocking cells were tested for the ability to inhibit 
the lysis of target tumor cells by OK-432-induced killer 
cells. BAMC-1, YAC-1, and B16 melanoma cells were 
used a blocking cells as well as target cells. Samples of 
50 gl of the cold blockers at the desired concentration 
were incubated with 50 ~tl of effector cells (5 x 105 cells) in 
a 96-well microplate for 30 min at 37 °C with B/E (blocker 
to effector) ratios o f 2 : l ,  1:1, and 0:5:1 respectively. Then 
100 ~tl of 5~Cr-labeled target cells were added to the wells 
at an effector to target cell ratio of 50 : 1. The plates were 
incubated for an additional 4 h prior to harvest, as de- 
scribed for the chromiun release assay. 

Statistical analysis. The differences in survival rates were 
evaluated by the method of Cox and Mantel. All determi- 
nations of 51Cr release assay were made in triplicate, and 
the results were evaluated for statistical significance by 
Student's t-test. 

Results 

In vivo antitumor effect of 0K-432 against BAMC-1 tumor 

After i. p. inoculation with BAMC-1 (1 x 105 cells/mouse), 
BALB/c mice received an i.p. injection of OK-432 at 
graded doses (0.2, 0.1, or 0.05 rag/mouse) for 5 consecu- 
tive days (once every 2 days) (Fig. 1). All control mice re- 
ceiving the saline solution died by day 16. However, 100% 
of mice bearing BAMC-1 ascites tumor, were completely 
cured after an i. p. injection of a 0.1 mg dose of OK-432, 
and in repeated experiments, more than 80% and almost 
100% indefinite survival rate was obtained at this dose. 
Higher (0.2 rag/mouse) and lower (0.05 rag/mouse) doses 
of OK-432 given under the same conditions were less ef- 
fective than the dose of 0.1 rag/mouse (Fig. 1). 

Antitumor effect of 0K-432 in athymie BALB/c  nu/nu mice 
and A TG-treated euthymic BALB/e  mice 

The next experiment was conducted to find the extent of T 
cell participation in the antitumor effect of OK-432. When 
the administration dose and schedule were repeated in 
athymic nu/nu mice (Fig. 2) and ATG-treated euthymic 
mice (Fig. 3), although survival was prolonged significant- 
ly in both groups, OK-432 did not reveal the same curative 
effect as was found in the control n u / +  (Fig. 2) and eu- 
thymic mice (Fig. 3). Although life-span was lengthened in 
the treated mice, these two groups of mice eventually died 
from tumor growth. When OK-432-treated mice received 
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Fig. 1. Dose effect of i.p. OK-432 on the survival of BALB/c mice 
bearing BAMC-1 tumor cells in ascitic form. BAMC-1 cells 
(1 × 105) were injected i. p. on day 0 to B A L B / c  mice. Five 
consecutive (once every 2 days) i. p. injections of  OK-432 
in 0.1 ml saline were per formed  as i l lustrated by the t ime 
schedule (below) 
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Fig. 2. Antitumor effect of OK-432 on the growth of BAMC-1 in 
BALB/c nu/nu and n u / +  mice, Five consecutive i. p. injections 
of 0.1 mg of OK-432 (as shown below) were used to treat BALB/c 
nu/nu and n u / +  mice receiving BAMC-1 cells (1 × 10 ~) on 
day  0 
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Fig. 3. Effect of in viva administration of ATG on antitumor ef- 
fect of OK-432. Experimental details are illustrated below the fi- 
gure. Other experimental procedures were as for Fig. i 

normal  rabbi t  serum (NRS) instead of  A T G  (Fig. 3), the 
therapeut ic  effect of  OK-432 was again evident,  resulting 
in the indefinite survival of  80% of  the mice. These obser- 
vat ions strongly suggest that T cell par t ic ipat ion  is a pre- 
requisite to the complete  recovery of  B A L B / c  mice from 
BAMC-1 tumor  death. 

In viva tumor neutralization activity of OK-432- 
induced killer cells 

In an at tempt to characterize the effector cells in cured eu- 
thymic mice, exudate cells, which appeared  on day 12 
(2 days after the last injection of  OK-432) in the per i toneal  
cavity of  OK-432-treated tumor-bear ing mice, were ex- 
amined for their in viva effect, using a local Winn- type  
neutral izat ion assay. The PEC obta ined  were separated in- 
to PA (75%) and P N A  cells (25%), and these two fractions, 
each adjusted to contain 1 × 10 7 cells, were admixed  with 
BAMC-1 cells (1 × 105) and injected i .p .  into normal  
B A L B / c  mice (Fig. 4). All  untreated control  mice died by 
day  17. When the mice received the admixture  of  tumor  
cells and  unfrac t ionated  or non-adheren t  PEC cells, how- 
ever, all survived for more than 60 days and the animals  
exper ienced a complete  tumor  regression. The mice given 
PA cells survived for a longer t ime than the control ,  and 
some actually survived, al though the tumors did  not  re- 
gress completely.  From these findings, it was considered 
that  tumor  associated macrophages  were able to inhibit  tu- 
mor  growth, but  only for a l imited per iod  [20]. The fact 
that  P N A  cells were more  effective in the Winn assay al- 
lowed us to further investigate these cell fractions contain- 
ing effector cells either in viva or in vitro. 

Therapeutic effect of these tumor associated lymphocytes 

Since these P N A  cells appear ing  in the per i toneal  cavity 
neutral ized BAMC-1 cells in viva, further evaluat ion of  
their kill ing activity was made  with an adopt ive  transfer  
assay. To do this, unfract ionated and nonadheren t  PEC 
obta ined  on day 12 from tumor-bear ing  mice were i .p .  
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Fig. 4. Antitumor effect of PEC from OK-432-treated tumor-bear- 
ing mice using Winn-type neutralization assay. PEC obtained 
from OK-432-treated tumor-bearing mice on day 12 were separat- 
ed into adherent and nonadherent cells. These two fractions and 
unfractionated PEC adjusted to 1 × 107 cells were mixed with 
BAMC-1 tumor cells (1 x 105). Admixture was injected i.p. into 
BALB/c mice 
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Fig. 5. Antitumor effect after adoptive i. p. transfer of PEC from 
OK-432-treated tumor-bearing mice. PEC obtained on day 12 
from tumor-bearing mice were separated into nonadherent and 
adherent cells. Nonadherent cells were i. p. transferredl day after 
inoculation of 1 x l0 s BAMC-1 tumor cells 

t ransferred adopt ively  1 day after the inocula t ion of  
1 x 105 BAMC-I  tumor  cells (Fig. 5). All  the mice receiving 
1 x 107 nonadherent  PEC survived and 5 out of  6 mice sur- 
vived when they received 1 x 107 unfrac t ionated  PEC. 
Mice receiving less than 3 x 106 nonadheren t  PEC, how- 
ever, showed only a slight increase in survival per iod  (data  
not  shown). These results clearly indica ted  that  the in vivo 
ant i tumor effect of  tumor  associated lymphocytes  is signi- 
ficant in the sense that  their adopt ive  transfer,  even 1 day 
after tumor  implanta t ion ,  showed a clear-cut therapeut ic  
effect in a cell number  dependent  manner .  

Induction of syngeneic killer cells from tumor-bearing mice 

The next experiment  was conducted  in vitro to see whether 
cytotoxic T cells could be detected against  syngeneic 
BAMC-1 cells in the per i toneal  exudates of  B A L B / c  mice 
on day  12 (Table 1). PEC taken from tumor-bear ing un- 
t reated mice on day 12 did not  show any detectable in vit- 
ro cytotoxic activities against  BAMC-1,  YAC-1,  B16, and  

EL4 cells. On the other hand,  PEC obta ined  on day 12 
from OK-432-treated mice were so highly cytotoxic that  
they kil led not  only BAMC-1,  B 16, and EL4 cells but  also 
N K  susceptible YAC-1 cells derived from a different H-2 
strain of  mice. This syngeneic kil ler cell activity in PEC 
appeared  from day 8 onwards,  but  not  on days 4 and 6 
(data  not  shown). In Table 1, it is also evident  that  3 al- 
though not 5 consecutive adminis t ra t ions  of  OK-432 on 
days 2, 4, and 6 or on days 2, 6, and 10 were just  as effec- 
tive in inducing the same, or related,  killer cells. The result 
was in concordance  with the ant i tumor  effect of  3 consecu- 
tive adminis t ra t ions  (Table 1). 

Characterization of syngeneic killer cells 

Since PEC obta ined on day 12 from OK-432-treated mice 
showed definite cytotoxic activity against  BAMC-1 and 
YAC-I  cells, further character izat ion of  these kil ler cells 
was at tempted.  When PEC obtained on day 12 from five 
consecutive OK-432-treated mice were incubated in plastic 
dishes to separate  P N A  cells from PA cells, cytotoxic ac- 
tivity was enhanced in the former  cell popula t ion .  When 
ant i -Thyl .2  and anti-asialo G M  1 t reatment  was conducted 
in order  to determine the phenotype  of  unfract ionated kill- 
er cells using a complement  dependent  cytotoxic assay 
(Table 2), cell kil l ing activity directed against  NK-sensi t ive 
YAC-1 cells did  not  decrease to a great extent with anti- 
Thyl .2  treatment,  but decreased by almost 100% with anti- 
asialo GM1 treatment.  Cytotoxic  activities directed to NK-  
resistant B-16 cells fol lowed almost  the same pattern.  Syn- 
geneic killer cell activity against  BAMC-I  tumor  cells, 
however,  was abol ished almost complete ly  by either anti- 
Thyl .2  or anti-asialo GM1 treatment.  The results indicated 
that  vir tually all BAMC-1 directed syngeneic killer cells 
were Thyl .2  + and asialo GM1 + 

Target cell specificity of syngeneic killer cells 

In an at tempt to determine the target cell specificity of  
these killer cells, several al logeneic and xenogenic  NK-  
resistant cell lines were used as target cells. As shown in 

Table 1. In vitro cytotoxic activity of PEC obtained after various administration schedules of OK-432 and their antitumor effect 

Days of OK-432 c administration 

E/T control b 2, 4, 6, 8, and 10 2, 4, 6 2, 6, 10 

% Cytotoxicity a 
Target: BAMC-1 100:1 

50:1 

YAC-I 100:1 
50:1 

B16 100:1 
50:1 

EL4 100:1 
50:1 

In vivo antitumor effect 
% survival on day 40 
Tumor free/total 

-0.1 15.5 d 18.1 d 14.5 d 
0.3 11.9 d 16.4 d 15.0 d 

-0 .8  50.4 d 18.1 d 14.5 d 
0.2 42.2 d 16.4 d 15.0 d 

0.5 62.2 a 49.4 ° 60.4 d 
0.3 40.9 d 34.0 d 42.9 ~ 

0.9 12.3 d NT NT 
0.1 10.5 d NT NT 

0 100 100 100 
0/6 6/6 5/6 5/6 

a 4 h 5JCr release assay result with PEC, obtained 12 days after tumor inoculation 
b Tumor(BAMC-1)-bearing control, receiving saline solution on days 2, 4, 6, 8, and 10 
c OK-432 0.1 mg/mouse, i.p. 
d Value significantly higher compared with control (P<0.01) 
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Treatment % Cytotoxicity a 

YAC-1 B-16 

100:1 b 50:1 

BAMC- 1 

100:1 50:1 100:1 50:1 

None 60.5 47.2 49.0 35.3 13.5 9.2 
C' 56.0 36.4 44.1 25.7 12.6 9.4 

Anti-AsGM1 (1/50) c + C' 4.7 d 1.2 d 1.7 d 0.5 d 1.9 a 2.3 d 
(1/100) + C' 5.8 d 1.9 d 2.2 d 0.7 d 2.5 d 3.0 d 
(1/200) +C '  13.3 d 4.5 d 5.9 ~ 0.9 d 0 d 1.4 d 

Anti-Tbyl + C' 35.3 d 19.90 17.3 d 8.7 d 1.4 d 0.8 d 

4 h 5~Cr release assay 
b Effector: target 
c Dilution of anti-asialo GM 1 (anti-AsGM 1) serum 
d Value significantly lower than that of C' treatment (P<0.005) 

Table 3. Target cell specificity of PEC obtained on day 12 in BAMC-1 inoculated mice receiving 5 consecutive OK-432 injections 

Target cells Origin H-2 % Cytotoxicity a 

Controlb OK-432 ° 

100:1 50:1 100:1 50:1 

BAMC- 1 BALB/c d sarcoma 
Meth-A d sarcoma 
RL d d lymphoma 
EL4 C57BL/6 b lymphoma 
B 16 b melanoma 
P815 DBA/2 d mastocytoma 
YAC-1 A/Sn k/d lymphoma 

K562 human erythroleukemia 
T24 bladder carcinoma 
PLC hepatoma 
KATO 3 gastric carcinoma 

BALB/c spleen cell 
FL human amniotic cell 

0.6 0.4 15.8 d 10Ad 
0.1 0.4 1.2 d 0.8 d 
7.9 6.1 22.8 d 16.5 d 
2.2 3.6 12.3 d 10.5 d 
1.2 0.2 34.8 d 23.6 d 
0.9 0.4 8.4 d 5.5 d 
9.3 3.0 51.2 a 47.2 d 

NT NT 28.8 19.6 
NT NT 19.0 11.9 
NT NT 20.3 16.8 
NT NT 21.3 17.0 

NT NT - 1.1 0.7 
NT NT 5.7 - 1.3 

~' Cytotoxicity against various target cells at an E:T of 100:l and 50:1 in a 4 h 5~Cr release assay 
PEC obtained on day 12 in tumor-bearing (BAMC- 1) control, receiving saline solution on days 2, 4, 6, 8, and 10 
PEC obtained on day 12 in tumor-bearing (BAMC-I) mice receiving OK-432 injection on days 2, 4, 6, 8, and 10 

d Value significantly higher than that of control (P< 0.01) 

Table 3, PEC from OK-432-treated tumor-bearing mice on 
day 12 showed cytotoxic activity not only against 
BAMC-1,  B16, YAC-1, and RLc~ 1 cells but also against 
NK-resistant  mouse EL4 and P815 cells (except for Met- 
h-A cells) and human K-562, T-24, PLC, and K A T O  3 
cells. However ,  they did not  kill spleen ceils of  B A L B / c  
mice and FL cells. This observation suggests that OK-432 
treatment induces killer cell populat ions to be cytotoxic, 
not only against BAMC-1 and N K  susceptible target ceils 
but also against some NK-resistant  mouse and human tar- 
get cells. The nature of  target specificity of  these killer cells 
also coincided with the cytotoxicity of  lymphokine-activat-  
ed killer (LAK) cells as previously reported [11, 13, 17]. 

Cold target inhibition test conducted with OK-432-induced 
killer cells on day 12 

As far as the results of  in vitro cytotoxic tests are con- 
cerned, definite activity o f  the same pantropic  spectra of  

target cell specificity was repeatedly obtained when we 
used PEC from tumor-bearing mice on day 12 after five 
consecutive treatments. Thus, in order to determine the 
killer cell populat ion among PEC populations,  a cold tar- 
get inhibition test was conducted (Fig. 6). In Fig. 6 A it is 
evident that the cytotoxicity directed to syngeneic 
BAMC-1 cells was not adsorbed by the addit ion of  YAC-1 
cells, indicating the presence of  a populat ion o f  killer cells 
specific to BAMC-1,  since this killing activity was com- 
pletely adsorbed when BAMC-1 cells were used for the ad- 
sorption. On the other hand, when YAC-1 cells were used 
for the target cells, although killing activity directed to 
YAC-I  cells was completely adsorbed by the addit ion of  
YAC-1 cells, some activity directed to YAC-I  cells re- 
mained after the addit ion of  BAMC-1 cells, in a B / E  ratio 
dependent  manner.  The adsorbed fraction must have been 
the killer cells directed to both YAC-1 and BAMC-1,  
whereas the fraction left after blocking seemed to be active 
solely against YAC-1 cells. Thus the presence of  at least 
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(A) 
Blocker B / E 

None 

YAC-I 2 . 0 :  I 

1 .0 :  I 

0 . 5 :  

BAMOI 1.0:  

% of cytotoxicity 

I0  2 0  

Target : BAMC-I  

(B) 

None 

B-16 2 . 0 :  

1 .0 :  

0 . 5 :  

BAMC-I 1.0 : 

(C) 

None 

YAC'I  2 .0  : 

1.0:  I 

0 . 5 :  I 

B-16 1.0 : I 

lO 15 

Target z BAMC- I 

20 4 0  

Target : B - I 6  

Blocker BIE 

None 

BAMC-I 2.0 : I 

l , O : l  

0 - 5 : 1  

YAC'I  1 . 0 : 1  

None 

BAMC'I 2 D  : I 

1 . 0 : 1  

0 . 5 :  I 

B-16  1 .0  : I 

None 

B-16 2.0:1 

1.0: I ~ t 

0.5 :1  

YAC-I 1.0:1 

% of cyt~oxicity 
20 4 0  

Target : YAC 

ip 2,o 

Target : B-16 

2 0  4 0  

Target : YAC-I 

Fig. 6. Cold target inhibition test for OK-432-induced killer cells. 
PEC obtained on day 12 after five consecutive i. p. injections on 
days 2, 4, 6, 8, and 10 were used as effector cells. % cytotoxicity 
obtained at different B/E ratios was illustrated when tested in the 
cold target inhibition assay (effector :target ratio, 50:1) 

two different killer groups (BAMC-1 +, YAC-1- and 
BAMC-1 +, YAC-1 +) was suggested in this experiment. 

In Fig. 6B, when mouse B16 cells (NK-resistant) were 
used instead of YAC-1 cells (NK-sensitive), the results ob- 
tained were essentially concordant with those in Fig. 6 A. 
Although the result does not necessarily mean that killer 
cells directed to both YAC-1 and BAMC-1 (adsorbed frac- 
tion after the blocking with BAMC-1 in Fig. 6A) are the 
same killer cells directed to both B16 and BAMC-1 (ad- 
sorbed fraction after the blocking with BAMC-1 in 
Fig. 6 B), killer cells used in the experiments were Thyl .2-  
and asialo GM1 + (as shown in Table2). In accordance 
with this consideration, Fig. 6C shows that when B16 cells 
were used as the target, cytotoxicity was blocked not only 
by B16 but also by YAC-1 cells. When YAC-1 cells were 
used as the target, B16 cells added at a B/E ratio of 2 : 1, 
again showed a blocking effect. Thus using a cold inhibi- 
tion test, the presence of more than two different killer 
cells in the PEC population was established and will be de- 
scribed elsewhere in more detail. 

Discussion 

Although OK-432 was shown in early 1972 to have direct 
cytotoxic activities [21] against various tumor cells in vitro, 
the in vivo antitumor effect of OK-432 has only recently 
been explained by its host mediated mechanisms. In this 

experiment, the i.p.-i, p. effect of OK-432 against 
BAMC-I tumors in BALB/c mice was not dose-depen- 
dent, and revealed highest therapeutic activity with a daily 
dose of 0.1 mg (Fig. 1). This is the dose known so far to be 
the most active against various mouse tumors originating 
in different strains of mice [21, 32]. The presence of an op- 
timal dose suggests that the antitumor effect of OK-432 is 
due to the activation of host defense mechanisms rather 
than direct cytotoxic activities. 

Uchida et al. reported that local administration of OK- 
432 in cancer patients caused an augmentation of N K  ac- 
tivity and autologous tumor cell killing [28, 29]. Effector 
cells, however, responsible for autologous tumor cell kill- 
ing in humans were ascribed to N K  cells (large granular 
lymphocytes). 

When athymic nu/nu mice or ATG-treated euthymic 
mice, which lack T cells or T cell functions, were used in 
this experiment, OK-432 administration did not initiate a 
final recovery in 50% of the treated mice (Fig. 2 and 3). A 
complete cure was observed only in hairy euthymic and 
n u / +  mice (Fig. 1, 2, and 3). These in vivo results suggest- 
ed that the participation of T cells was essential to reveal 
the antitumor effect of OK-432 in our system (Fig. 5), even 
though the initial participation of N K  cells cannot be 
ruled out. Moreover, most of the mice cured in this experi- 
ment rejected the same tumor in a specific manner, when 
rechallenged with BAMC-1 tumor cells (1 x 10  6 cells/ 
mouse s. c.) as late as the 90th day (data not shown). These 
observations led us to speculate that the development of 
antitumor immunity against BAMC-1 could be induced by 
the appearance of some kind of killer T cells, after consec- 
utive i.p. administration of OK-432 (Tables 1, 2, and 3). 
As described in 1981, i. p. injection of OK-432 resulted in 
a significant regression of the urinary bladder tumor 
BC-47, transplanted s. c. into syngeneic A C I / N  rats, even 
though the initial growth of the tumors in OK-432-treated 
rats was parallel to that of the control rats [7]. In the exper- 
iment, the researchers referred to the  appearance of cyto- 
toxic PEC after i.p. injection of OK-432. These plastic 
nonadherent PEC killed not only all of the different rat 
bladder tumor cells derived from A C I / N  rats and hepato- 
ma cells of the same rats, but also Meth-A mouse sarcoma 
cells. Thus they first established the appearance of relative- 
ly pan-spectra killer T cells after i. p. treatment of tumor- 
bearing rats with OK-432 [7]. 

It has already been reported that i. p. administration of 
OK-432 in nontumor-bearing mice augments N K  activity 
of PEC [15]. In this experiment, PEC obtained from OK- 
432-treated tumorbearers also demonstrated YAC-1 cell 
killing activity and syngeneic tumor cell killing activity in 
vitro (Tables 1, 2, and 3). The bulk of the population of 
syngeneic killer cells directed to BAMC-1 (NK-resistant), 
however, were PNA and their in vitro cell killing activity 
was abolished by treatment with either anti-Thyl.2 plus 
complement or anti-asialo GM1 plus complement 
(Table 2), suggesting that the bulk of cytotoxic cells were 
not N K  cells. From Table 2, however, it is also apparent 
that killing activity directed against YAC-1 cells was only 
partially abolished by anti-Thyl.2 treatment, suggesting 
the presence of another heterogenous subpopulation. The 
presence of more than two populations was actually 
proved by a cold target inhibition test (Fig. 6), which sug- 
gested the presence of at least two different populations. 
Furthermore, these PEC demonstrated in vitro cytotoxic 
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activity, not  only against  N K  susceptible target cells but  
also against  several NK-res is tant  al logeneic and xenogenic  
target cells (Table 3), suggesting that  they might have the 
same characterist ics as L A K  cells [11, 13, 16, 17]. In our 
experiments ,  PEC on day 12 did not  kill syngeneic fresh 
spleen cells and FL cells (Table 3), concordant  with the 
popula t ions  of  L A K  cells. The phenotype  of  mouse L A K  
is known to be Thyl .2  positive, and exhibits cytolyt ic  ac- 
t ivity against  a wide variety of  target cells, including NK-  
resistant and  N K  susceptible tumor  cells [11, 17]. 

A known interesting characterist ic  of  L A K  cells is that 
when they are p ropaga ted  in vitro in the presence of  IL-2, 
they exhibit s trong cytotoxic activities toward  a variety of  
fresh or cul tured syngeneic, al logeneic and xenogenic  tu- 
mor  cells, but  not toward  spleen lymphocytes .  Nonspecif ic  
b road  spectrum killer cells (LAK-l ike  cells) were also ob- 
ta ined from PEC in mice immunized  with al logeneic 
mouse spleen cells [24]. In other reports,  LAK-l ike  nonspe-  
cific cytolytic effectors were referred to as anomalous  kill- 
er cells [23], act ivated lymphocyte  kil ler cells [1] or anti- 
syngeneic tumor  kil ler cells [12], and were all generated in 
human  or mouse al logeneic mixed lymphocyte  reactions. 
Concordan t  with our results, Kedar ' s  L A K  (LCL in his de- 
f init ion) were both Thy 1.2 + and asialo GM1 + [11]. Al- 
though killer cells induced by OK-432 in vivo shared simi- 
lar characterist ics with the in vitro induced L A K  cells [11, 
17], the fact that  the i. p. inject ion of  OK-432 in mice not  
only  induced I F N y  but  also IL-1 and IL-2 [8] may  support  
the character izat ion of  these cells as a kind of  L A K  cell. 
The efficient induct ion of  L A K  cells in vivo was first 
achieved in this exper iment  by i. p. injection of  OK-432. 

The whole story may be explained in one of  two ways: 
(1) that  OK-432- induced killer cells contain a kind of  L A K  
cell together with specific kil ler T cells, (2) that  all kil ler 
cells obta ined from OK-432-treated B A L B / c  mice on day 
12 might be L A K  cells of  a heterogeneous populat ion.  
Whether  L A K  alone can induce such a long-last ing tumor  
specific immuni ty  in animals,  however,  is not  well defined. 
Thus the character izat ion of  T cells in PEC induced by 
OK-432 still remains  for further studies, with the expecta-  
t ion of  sequential  changes in T cell popula t ion  (e.g., from 
L A K  cells to specific kil ler cells) from time to time. 

In conclusion,  it is apparen t  that the par t ic ipa t ion  of  T 
cells is essential for a complete  BAMC-1 tumor  cure in 
mice, and that syngeneic kil ler cells are induced by OK- 
432 therapy at the tumor  site. Significant in vivo ant i tumor 
effects of  these nonadheren t  cells containing Thyl .2  + and 
asialo GM1 + cells have been demonst ra ted  by a local 
Winn assay and by adopt ive  transfer  of  the cells to tumor-  
bear ing animals.  
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