u

) <

The University of Osaka
Institutional Knowledge Archive

Anti-Tumour Effect of a Streptococcal

Title Preparation (0K-432) 1. Positive Co-Relation
Between the Anti-Tumour Effect and Delayed Type
Hypersensitivity Reaction to 0K-432 in Mice

Author(s) |#EE%, I5F,; Wl, B—; MR, 3N

Citation | HAEZMGTIEFSMES. 1984, 44(2), p. 379-390

Version Type|VoR

URL https://hdl. handle.net/11094/20476

rights

Note

The University of Osaka Institutional Knowledge Archive : OUKA

https://ir. library. osaka-u. ac. jp/

The University of Osaka



FEFI594F 2 A25H

379—(45)

Anti-Tumour Effect of a Streptococcal Preparation (OK-432)
1. Positive Co-Relation Between the Anti-Tumour Effect and
Delayed Type Hypersensitivity Reaction to OK-432 in Mice

Reiko Makidono and Keiichi Matsuura
Department of Radiology, Faculty of Medicine, Kyushu University, Fukuoka, Japan
Atsushi Makidono
Department of Experimental Radiology, Faculty of Medicine, Kyushu University, Fukuoka, Japan

Research Code No. : 600.4

Key Words

: Streptococcal preparation, Antibody Response,

Cell-mediated immunity, Neoplasm, Adjuvant fo

Radiotherapy

BEEEH (OK-432) DHilEL%

I =Y RKBIH3 O0K-432 © (OK-432 iciz\ 3 5)
B IEFBECE G & B U 7 g

AR EFBHH R EE

" OB ® T

/A B S

MK FEFRUHREREFHE

L

Zich

=

(FBFNS84E 8 A 12 B 44 5138 #)
(FBFNS84E12 8 2 B BEMmZ)

BHEENA (0K-432, vo.t=—a) 12, 85
Bk o REEREE > FFRRINCRE GRS L, #
EEM 0D B 2 EMmbh, BERERCD
BREhTW5, KTIE, OK-432 #5H iR
BFICHNZ 5 (OK-432 i3 %) B RIG L H
BB OBIREY Lo, +olERlF ot & &
bES B EEAHLT A XN E L, £
DFER OK-432 OfiEEMIXE & L CEBERBE
ERIGDOI & —H LTk b, BEERBERG
BT ARD, FhodfoBEHERE

L CHHUEEMNE S RE T 5 T EENTR Shi:,
R FLBAE UG v A B 0 Hidk BE A 033 B R
Bcix, EEHRER OK-432 2 8nEsE 15 o &
X ) FUESHE IS S hie, KBOFGESR
PEBEYHASEAEREIE LR, Licdis
T OK-432 5 X b HilEEH 2 HiE X e 5
Wi OK-432 12 7c\ 3 % B RE R 0 [T % ik
SRLEEE (BE5E, REERS) 2BLNE
DBHBHLEEZLRS,

Abstract

A streptococcal preparation, OK-432 augmented the anti-tumour immunity to a spontaneous hepatoma
cell line (MH134), and concurrently induced the immune responses to its own antigens in mice. The anti-
tumour activity of OK-432, therefore, was analysed in connection with the immune responses to OK-432 in
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mice.

Antibody production and hypersensitivity reactions of the immediate and the delayed type, to OK-432
depended on the dosage and the route of administration as well as the strain of mice. By using solid and
ascitic forms of MH134, the anti-tumour effect of OK-432 was assessed in C3H/He mice in which the
antibody production and the delayed type hypersensitivity reaction completely dissociated. Rejection of the
solid tumour was enhanced by OK-432 pretreatment under specific conditions: OK-432 inhibited the tumour
growth to a marked extent as long as generalized delayed type hypersensitivity reaction to OK-432 was
maintained in mice without requiring local application. If a little opsonic antibody was produced con-
comitantly with the delayed type hypersensitivity reactions, tumour rejection was enhanced by the local
application of OK-432. High titers of opsonic antibody to OK-432 completely abrogated the anti-tumour
effect on the solid tumour. OK-432 failed to inhibit, and even promoted the proliferation of the tumour cells in
ascitic form in the peritoneal cavity.

Introduction

The bacterial preparation OK-432 (Picibanil) has been in somewhat wide clinical use in Japan in the
earnest hope of enhancing the anti-tumour activity of the tumour-bearing host. OK-432 is a lyophilized
preparation of an attenuated strain of Streptococcus haemolyticus. Attempts to develop the preparation
originated with the observation that cancer sometimes undergoss spontaneous regression in patients
following an attack of erysipelas (infection with Streptococcus haemolyticus))~3). Subsequent studies have
suggested that the preparation exerts its anti-tumour effect by direct cytotoxic effect on tumour cells 93, and
by activating macrophages®~#. It has also been reported that infection with certain organisms produces a
high resistance towards other unrelated organisms and murine tumour cells®~13),

However, due to difficulties in obtaining autologous tumour cells from enough number of the patients for
the study, much remains to be elucidated about the mechanism of its anti-tumour activity and its therapeutic
benefit. We, therefore, tried new approach to assist the immunotherapy: This study was designed to |
determine whether anti-tumour activity and the immune responses to OK-432 have a special correlation, the
latter being inevitably induced after the injection(s). If so, immune responses to the agent may serve as an
indicator for assessing anti-tumour effect during the OK-432 treatment in man. It revealed that anti-tumour
activity coincides with the delayed-type hypersensitivity reaction to OK-432. To enchance anti-tumour
activity by using OK-432, therefore, such administration method that dominatly induces the delayed-type
hypersensitivity reaction to the agent may be the choice.

Some characteristics of the immune responses are also discussed.

Materials and Methods

Animals. Male mice of inbred C57BL/6Ms, AKR/Ms and C3H/HeMs strains were obtained from the
breeding unit of Kyushu University, Faculty of Medicine. Eight to ten week old mice were used for the
experiments.

Antigens. OK-432 (Picibanil, Chugai Pharmaceutical Co. Ltd., Japan) was dissolved in saline to an
appropriate concentration before use. As an animal model of OK-432 treatment of man, that being the
purpose of this study, it was given to the mice basically following the same techniques and shedules used for
the patients in our clinics (to be published): It was injected intramuscularly every other day into the right and

Abbreviations: DTH (delayed type hypersensitivity), HBSS (Hanks’ balanced salt soultion),
PBS (phosphate buffered saline), PFC (plaque forming cells), SRBC (sheep red blood cells),
2ME (2 mercaptoethanol), VBC (veronal buffered saline).
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left thighs, alternately in a dose of 0.2ml of a suspension containing 0.05 clinical unit (KE) per ml, sub-
cutaneously on alternate days into 4 different sites near the axillary or inguinal region in a total dose of 0.4 ml
of a suspension containing 0.025 KE per ml, or intravenously in a dose of 0.4 ml of the same suspension. Sheep
red blood cells (SRBC) were obtained from a single animal and stored in Alsever’s solution (Japan Biotest
Laboratories Inc., Tokyo, Japan). Sheep RBC were washed three times in saline before use.

Tumor cells. A transplantable mouse hepatoma line, MH134 of C3H/He origin was used!). The tumour
cell line has been maintained by serial transplant into syngeneic mice either in the solid or ascitic form.

Tumour elimination. Each of the mice implanted with tumour cells intraperitoneally received 4 ml of
HBSS (containing 5 units/ml of heparin). After gentle massage, the peritoneal exudate was collected and
centrifuged at 1,000 rpm for 10 minutes. The cells were stained with PAS-Giermnsa and Papanicolaou stains.
A mouse was considered to have rejected the tumour cells if not even a single tumour cell was present in the
smears on observing 5—7 slides.

Detection of anti-OK-432 antibodies. Blood was collected from each animal by bleeding from the retro-
orbital plexus. The serum was separated and then stored at —70°C until antibody titration. Immediately
before titration the serum was inactivated by incubation at 56°C for 30 minutes.

(1) Detection of complement-fixing antibody

The serum was serially diluted in the wells of microtiter U plate (Model 220—24A,, Kowa Kizai Co. Ltd.,
Japan) with veronal buffered saline (VBS) (pH 8.0). An equal volume (0.025ml) of OK-432 suspension (& x
10-3 KE/ml concentration) was pipetted into each well and the mixture was allowed to react at room tem-
perature for 30 minutes. Then 0.025 ml of 1:100 diluted guinea-pig complement (dry complement, Japan
Biotest Laboratories) was added to each well. The plate was incubated for 16 hours at 4°C, and to the wells
0.025 ml of a 2 x 108/ml suspension of SRBC sensitized with 5 units of rabbit anti-SRBC antibody (hemolysin)
(Japan Biotest Laboratories) were added. The plate was then incubated for a further 30 min. at 37°C. The
titre of complement-fixing antibody was expressed as the weakest dilution of the serum that was capable of
inducing 50% hemolysis.

(2) Titration of hemagglutinating antibody

The antigen for the estimation of antibody, OK-432-SRBC was prepared by adding 1.0ml of OK-432
suspension (0.5 KE/ml) to each milliliter of a 2 x 108/ml suspension of tannic acid treated SKBC'?. The serial
two fold dilution of the serum were prepared in the wells of the microtitration V-plate (Model 220—25A,
Kowa Kizai Co. Ltd., Japan) in accordance with the microtitration technique. An equal volume (0.025 ml) of
an OK-432-SRBC suspension of a 1 x 10%/ml concentration was then added to each well. The plate was in-
cubated at 4°C for subsequent reading of agglutination titer at 3 and 24 hours. For the titration of 2 Mer-
captoethanol (2ME) resistant 7S antibody, the serum was subjected to similar multiple dilution with saline
containing 0.01M 2ME in the wells of the microtitration plate and, after incubation at 37°C for 30 minutes,
an OK-432-SRBC suspension was added to the wells. The passive hemagglutinating antibody titre was
expressed as the greatest dilution of the serum that induced complete agglutination of OK-432-SRBC.

(3) Estimation of opsonic antibody titer

Opsonizing antibody was measured by the method of Cunningham ef al. with slight modifications!6).

Amount of opsonizing antibody to OK-432 was assayed on peritoneal exudate cells collected 48 hours
after the intraperitoneal infusion of 0.5ml horse serum in each mouse. The peritoneal exudate cells were
washed twice by centrifugation at 1,000 rpm for 10 minutes with medium 199 (Difco Laboratories, U.S.A.)
containing 5% syngeneic mouse serum (frozen for 2 days following extraction). Then, 1.5ml of a suspension
of the cells adjusted to a concentration of 1 x 108/ml was pipetted into tubes containing a flying coverslip, and
incubated at 37°C in an COs-incubator (95% air, 5% CO,) for 6 hours. The tubes were gently shaken and the
medium was exchanged to remove non-adherent cells. One milliliter of OK-432 suspension (1.0 KE/ml) and
the same volume of test serum (containing anti-OK-432 antibody) in different concentrations prepared by



382—(48) HARFHRARY M F4E H25

serial dilution with medium 199 (Difco, U.S.A.) supplemented with 10% normal mouse serum, were poured
on the glass-adherent cells and the mixture incubated at 37°C for 1 hour. Normal mouse serum which had
been frozen and thawed once served as a control. After incubation the fraction of OK-432 not phagocyted by
the cells was washed out thoroughly. The cells were fixed in methanol-acetone and stained with Gram and
Giemsa stains. The percentage of phagocytic cells containing ingested streptococci was estimated by
microscopic examination of 1,000 cells. From 1—3% of the glass-adherent peritoneal exudate cells were
phagocytic in the presence of normal mouse serum. Accordingly, the opsonic antibody titer is expressed as
the highest dilution of test serum that in three separate tests induced phagocytosis in 20% or more.

Footpad assay of immediate and delayed type hypersensitivity (DTH) reactions. Each mouse was injected
with 10l of a OK-432 suspension (0.1 KE) in phosphate buffered saline (PBS) (pH 7.2) or 204l of SRBC
suspension in PBS (1 x 108 SRBC) in one hind foot-pad and with the volume of diluent in the other. Three and
24 hours after antigen injection, the dorso-ventral thickness of each hind foot-pad was measured in tenths of a
millimeter using a dissecting microscope and a graduated eyepiece. Specific swelling was calculated by
subtracting the thickness of the foot-pad injected with PBS alone from that of the foot-pad treated with
antigen, OK-432 or SRBC.

Assay of plaque-forming cells (PFC). Cell suspensions were made from the spleens of mice receiving
various doses of OK-432 or immunized with 1 x 10¢ SRBC, PFC assay was performed by the method of
Cunningham and Szenberg!?.

Histological examinations. Immediately after foot-pad assay, mouse feet were fixed in 10% formol
saline, decalcified, and embedded in paraffin wax. Five um sections were cut and stained with hematoxylin
and eosin.

Statistical analysis. Results are given as the mean number of PFC or tumour size (cm3) = standard
deviation. The means of the different groups were compared by Student’s t-test. Means were considered
significantly different when p was <0.01.

Results

Antibody response to OK-432

In all mouse strains studied, namely C57BL/6, C3H/He and AKR mice, OK-432 administered on alter-
nate days in a dose of 0.01 KE resulted in the production of antibody to OK-432 by any of subcutaneous,
intramuscular and intravenous route. Since almost no difference was noted in this regard between the
subcutaneous and intramuscular routes, the results obtained only with the subcutaneous route in 3 inbred
strain mice are shown in Fig. 1. In all strains of mice, antibody production was greater after administration by
the intravenous route than by the subcutaneous or intramuscular. There was a strain difference in the
production of antibodies following intravenous administration of OK-432, C57BL/6 mice yielding the highest
titers.
Immediate and delayed type hypersensitivity reactions to OK-432

Ninety-six animals each of C57BL/6, AKR and C3H/He strains were divided into 12 groups and injected
subcutaneously, intramuscularly or intravenously with 0.01 KE of OK-432 every other day up to a total
dosage of 0.1, 0.2, 0.3 or 0.4 KE. Each group of mice was then submitted to the foot-pad test to detect the
immediate and the delayed type hypersensitivity reactions. All these reacted as 0.1 KE was already a
sufficient amount to induce hypersensitivity reactions in all strains of mice (Figs. 2 and 3). Since no difference
was noted between the subcutaneous and intramuscular routes, only the results obtained with the sub-
cutaneous route are shown in Fig. 2. There were strain differences in both types of hypersensitivity reactions
in mice injected with OK-432 by the subcutaneous or intramuscular route: The reaction was the most intense
in C57BL/6 mice, followed by AKR and C3H/He mice. The 24 hr. foot-pad swelling was more intense with
the increase in subcutaneous or intramuscular doses of the preparation in all strains and almost the same
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Fig. 1 Antibody response to OK-432 in mice. OK-432 was inoculated intraveniously or subcutaneously every other day.
When total dosage of the preparation amounted to 0.1, 0.2, 0.3 or 0.4 KE, passive hemagglutinating (@—®), com-
plement fixing (Ml —IB) and opsonic (O—O) antibodies were determined. Each point represents the mean of 5 = SD.
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Fig. 2 Immediate and delayed-type hypersensitivity reactions to OK-432 in C3H/He (A), AKR
(@) and C57BL/6 (M) mice. Mice were administered subcutaneously with 0.01 KE of OK-432
every other day up to total dosage of 0.1, 0.2, 0.3 or 0.4 KE. Each point represents the mean of
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Fig. 3 Immediate and delayed-type hypersensitivity reactions to OK-432 in C3H/He (A ), AKR
(@) and C57BL/6 (M) mice. Mice were administered intravenously with 0.01 KE of OK-432
every other day up to total dosage of 0.1, 0.2, 0.3 or 0.4 KE. Each point represents the mean of
5+8D.

degree in all strains of mice, regardless of the dose of OK-432 administered by the intravenous route (Fig. 3).

Since foot-pad thickness assay is not necessarily only a good correlate of DTH reactions!®~29, we also
determined the type of hypersensitivity reactions induced by OK-432 in C3H/He mice by histological
examinations. In non-treated mice, and mice pretreated subcutaneously with 0.1 KE of OK-432, severe
interstitial oedema with a small number of infiltrating polymorphonuclear leukocytes was the outstanding
histological feature of the foot-pad at 3 hrs. After 24 hrs the cellular infiltrate was predominantly
mononuclear in nature (Fig. 4A). In mice pretreated subcutaneously with 0.2 or 0.3 KE of OK-432, severe
interstitial oedema with an almost pure polymorphonuclear response was observed at 3 hrs and polymor-
phonuclear leukocytes with loose collections of eosinophils and mononuclear cells at 24 hrs (Fig. 4B). In
animals receiving 0.4 KE of OK-432 by the subcutaneous route or 0.1.—0.4 KE of OK-432 by the intravenous
route, a moderate interstitial oedema and infiltrating polymorphonuclear leukocytes were observed at 3 and
24 hrs (Fig. 4C). These findings demonstrated that a true DTH reaction was induced in C3H/He mice by
0.1—0.3 KE subcutaneous doses of OK-432, although foot-pads remained swollen at 24 hours in all mice
pretreated with 0.1—0.4 KE of OK-432.
Immune response to an unrelated antigen in OK-432 treated mice

Sixty animals each of C57/BL/6, AKR and C3H/He strain mice were divided into 4 groups and injected
subcutaneously with 0.01 KE of OK-432 on alternate days. When total dosage of the preparation amounted to
0.1, 0.2, 0.3 or 0.4 KE, 5 mice of each group were injected intravenously with 1 > 106, 1 x 107, 1 x 108 of
SRBC. An additional dose of SRBC (1 x 108) was injected 4 days later into the foot-pad of the mice which had
received 1 x 106 or 1 x 107 SRBC to examine for the DTH reaction to SRBC. Pretreatment with OK-43
suppressed the DTH reaction to SRBC in all strain mice immunized with 1 x 107 SRBC. Mice given 0.1--0.2
KE of OK-432, however, showed enhanced DTH reaction to SRBC after intravenous immunization with 1 x
108 SRBC (Fig. 5). The number of PFC in the spleen of mice immunized with 1 x 108 SRBC were examined
on the 5th day (Table 1). Mice receiving 0.1—0.2 KE of OK-432 had significantly more PFC than control
mice (p<0.01).
Rejection of syngeneic tumour cells in OK-432 treated mice

Confirming DTH reaction and the antibody production to OK-432 in C3H/He mice (Figs. 1 and 2), we
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Fig. 4A Cellular response in the footpad of a
C3H/He mouse treated with 0.1 KE of subcutane-
ous dose of OK-432. The section was prepared 24
hours after injection of OK-432 (Hematoxylin and
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Fig. 4B Cellular response in the footpad of a
C3H/He mouse treated with 0.2 KE of subcutane-
ous dose of OK-432 at 24 hr. (Hematoxylin and
eosin, x940).
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Fig. 4C Cellular response in the footpad of a
C3H/He mouse treated with 0.4 KE of subcutane-
ous dose of OK-432 at 24 hr. (Hematoxylin and
eosin, x940).

analysed the correlation between the immune responses and the anti-tumour effect of OK-432 in this strain
mice by using syngeneic MH134 tumour cells. In groups of 15 C3H/He mice receiving 0.01 KE on alternate
days up to a total dosage of 0.1, 0.2 or 0.4 KE of OK-432 respectively, 1 x 105, 5 x 105 or 1 x 10® MH134
tumour cells were intraperitoneally implanted with or without 1.0 KE of OK-432. One representative of three
comparable experiments is presented in Table 2. Pretreatment of mice with any dosage of OK-432 rather
enhanced intraperitoneal tumour growth. An additional dose of 1.0 KE of OK-432 to the site of tumour im-
plantation showed tumour growth enhancing effect in non-treated mice. However, virtually no effect was
observed when same dose of OK-432 was administered 24 hours before implantation of the tumour cells.

A similar study was performed with 3 x 107 MH134 tumour cells implanting into the thigh muscle of non-
treated as well as OK-432 treated mice (Table 3). Administration of 1.0 KE of OK-432 with the tumour
implant increased rejection of the tumour at 40% in untreated mice. Mice pretreated with 0.1 KE of OK-432,
having DTH reaction to OK-432, had an augmented ability to eliminate the tumour cells. In these mice an
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Fig. 5 Delayed-type hypersensitivity reaction to sheep RBC in OK-432 treated (@) and normal
non-treated (O) mice. Mice were administered subcutaneously with 0.01 KE of OK-432 every
other day. When dosage amounted to 0.1, 0.2 0.3 or 0.4 KE mice were injected intravenously
with 1 x 106 SRBC and subjected to footpad test on the 4th day. Each point represents the
mean of 5 = SD.

Table 1 Number of plaque-forming cells against sheep RBC in OK-432 pretreated mice

PFC/10¢ spleen cells
Mice OK-432 0OK-432 0OK-432 0K-432 0K-432
0KE 0.1KE 0.2KE 0.3KE 0.4KE
C3H/He 504+ 962 1321+422* 741+139 432+139 256128
AKR 59+ 25 73+ 21 263+ 78* 46+ 16 3+ 7
C57BL/6 725+152 1201+456 1521+441* 925+379 604297

a) Mean PFC =+ standard deviation. Cumulative data of 3 separate experiments (n=15).
* Significantly different by statistical analysis (p<0.01).

additional dose of 1.0 or 0.1 KE of OK-432 had no effect on the rejection of tumour, although tumour growth
by the 7th day being markedly inhibited. In 0.2 KE pretreated mice, these having a small amount of antibody
co-existing with a DTH reaction, and in 0.4 KE pretreated mice, where production of antibody to OK-432
was the predominant feature of immune response, had no ability to reject the given number of the tumour
cells. Additional 1.0 or 0.1 KE of OK-432 mixed to the implanted tumour cells, however, strikingly ac-
celerated tumour elimination in 0.2 KE pretreated mice. Only, smaller amount of OK-432 (0.1 KE) had same
effect, but to a less marked extent in 0.4 KE pretreated mice.

Discussion

Growth of intramuscularly implanted tumour cells was suppressed in OK-432 pretreated mice, in which
DTH reaction was predominated. In these mice additional doses of OK-432 to the site of implantation did not
change the rate of elimination of tumour. However, these mice invariably had smaller tumours than those
which had not received additional doses of OK-432. It is not always possible to administer OK-432 in
adequate concentration directly to the site of tumour. A finding of great implication in this connection is that
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Table 2 Anti-tumour effect of OK-432 on ascitic MH134 tumour cells in C3H/He mice
Daose of Treatment Tumour-rejection
OK-432 —day 1 day 0 onday 16

0 KE — 1=x10* MH134 i.p 100% (20/20)w
— 5x10* MH134 i.p 75% (15/20)
- 1x10% MH134 i.p 0% ( 0/20)
- 5x10% MH134 i.p + 1.OKE i.p 0% ( 0/20)
1.0KEip 5x10° MH134 i.p 65% (13/20)
0.1 KE - 5x10* MH134 i.p 33% ( 5/15)
- 5x10% MH134 i.p + 1.OKE i.p 33% ( 6/18)
1.0EKEip 5x10® MH134 i.p 28% ( 5/18)
0.2KE - 5x10® MH134 i.p 37% ( 7/19)
- 5x10* MH134 ip+1.0KEip 33% ( 6/18)
1.0KEip 5x10* MH134 i.p 39% ( 7/18)
04 KE - 5x10° MH134 i.p 0% ( 0/18)
- 5x10* MH134 ip+1.0KEip 0% ( 0/16)
1.0KE i.p 5x10* MH134 i.p 0% ( 0/20)
a) 0.01 KE of OK-432 was injected subcutaneously on alternate days up to a total dosage in-

dicated.
b) Number of tumour-rejected mice.

Table 3 Anti-tumour effect of OK-432 on the MH134 solid tumour in C3H/He mice

Dose of# Treatment Size of tumour Tumour-rejection
0K-432 —day 1 day 0 on day 7 on day 16
0 KE - 3x107" MH134 im 3.00+0.41% (10)9 0% (0/10)
— 3x10" MH134 im + 1.0 KE i.m 2.27+1.04 (10) 40% (4/10)
0.1KE o 3x107 MH134 i.m 1.57+0.34 (13)* 38% (5/13)
— 3x10" MH134 iim + 1.0 KE i.m 0.62+0.24 ( 9)* 44% (4/ 9)
- 3x10" MH134 im + 0.1 KE i.m 0.67+0.14 ( 9* 44% (4/ 9)
0.2 KE - 3x10" MH134 i.m 2.12+0.92 (11) 0% (0/11)
- 3x10" MH134 im + 1.0 KE i.m 0.23x0.25 (10)* 80% (8/10)
— 3x10" MH134 i.m + 0.1 KE i.m 0.48+0.26 ( 9)* 89% (8/ 9)
0.4 KE - 3x10" MH134 i.m 3.2520.36 (10) 0% (0/10)
—~ 3x107 MH134 i.m + 1.0 KE i.m 2.98+0.91 (12) 0% (0/12)
- 3x10" MH134 im + 0.1 KE i.m 1.18+0.51 (15)* 27% (4/15)

a) Asin Table 2 footnote a)

b) Mean volume of tumours (cm?®) + standard deviation.

¢) Number of tumour-bearing mice. None of the tumours were rejected on day 7.
* significantly different from control by statistical analysis (p<0.01).

OK-432 requires no local application to exert its anti-tumour effect on solid tumours wherever they are
located in the body as long as generalized DTH reactions are maintained (without the production of opsonic
antibody). It was also shown that anti-tumour activity of OK-432, under circumstances that permit its direct
application to the site of tumour, can be greatly enhanced by the presence of a minimum amount of antibody
(particularly opsonic antibody) compatible with DTH reaction. It is conceivable in this case that opsonic
antibody causes macrophages to ingest OK-432 in increased quantities, leading to enhanced activation of
macrophages2»29 and/or that antigen (OK-432)-antibody complexes produced in the site of implantation lead
sensitized lymphocytes and macrophages to migrate there®).

It has been well established by Mackaness and others that mice pretreated with various bacterial
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preparations have an increased resistance to tumours and the role of the macrophage as an effector cell in
non-specific cell-mediated immunity to tumours has been emphasized by a great number of in-
vestigators52s)~31),

The hemolytic streptococcal organisms (Group A, type 3) from which OK-432 is prepared, possess type
specific protein M and non-type-specific antigens on their surfaces?24523%), Of these, type-specific M protein
on the surface of the organism renders it resistant to the phagocytic defense of the non-immune host.
Phagocytic cells such as neutrophilic leukocytes and macrophages can efficiently digest the organism only in
the presence of antibody to protein M (opsonic antibody) or antibody together with complement22433), A
moderate titer of opsonic antibody was produced in all animal strains examined by any route of ad-
ministration and was found to have both beneficial and deleterious effects on the rejection of tumour cells by
the tumour-bearing host.

Among the other kinds of antibody produced at different intervals following administration of OK-432,
some complement-fixing antibody is known to be related to immediate type hypersensitivity reactions®, In
this study immediate type hypersensitivity reaction approximately coincided with the appearance of this type
of antibody.

The interrelationship between the humoral and cell-mediated immune responses to a given antigen
remains largely obscure. A negative correlation often exists between the production of antibody and DTH
reaction to the same antigen!®39~36), and passive transfer of antibody resulted in reduced DTH reaction’”.
There was also an inverse relationship between humoral and cell-mediated immune response to OK-432.
Repeated doses of OK-432 induced heightened levels of antibody but reduced levels of DTH. When OK-432
was given intermittently at a certain intervals, antibody production was also promoted while DTH reaction
became less persistent (data not shown). As to the relationship between the route of administration of QK-
432 and the type of resultant immune response, DTH reaction was more readily induced with OK-432 given
intramuscularly or subcutaneously than intravenously. OQur experience with OK-432 in man has indicated
that, in particular when it was administered intradermally, DTH reaction persisted for a long time, taking
place readily and without association with antibody production, which was extremely limited (Makidono et
al., Ms. in preparation).

Of the animal strains used C57BL/6 exhibited the most intense immune response to both humoral and the
cell-mediated types, the other 2 strains, i.e., AKR and C3H/He, being compatible in this respect. There is
some evidence for the existence of genetic control in the immune response to infectious organisms3®3), and
the same might apply to the immune response to hemolytic streptococci or OK-432, although no definitive
data in support of this presumption has yet been obtained.

Enhanced immune response to SRBC, both humoral and cellular, coincided with the development of
DTH reactions to OK-432. This finding suggests that OK-432 induced anti-tumour activity is im-
munologically non-specific and probably mediated as a consequence, either by lymphokines (mediators of
cellular immunity) or by activated macrophages. Because of the fact that many tumours are susceptible to the
growth inhibitory effects of macrophages, the latter possible mechanism, macrophage-mediated anti-tumour
activity of OK-432, should be further analysed by using same tumour cells (MH134) as well as tumours of
different origin. A study of this aspect is in progress.
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