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ABSTRACT

Streptococcal preparation, OK-432, was examined for its therapeutic effect on experi-
mental infection due to Mycobacterium lepraemurium (Mlm) in mice, When C3H/Jms
mice (Mlm-sensitive strain) were infected with 108 Mlm to the left hind footpad, weekly
injections of OK-432 wvia the peritoneal route (0.1mg dry weight per injection), it
" considerably enhanced elimination of organisms from the infection site during the first
6 weeks, and thereafter suppressed the growth of organisms during 6 to 23 weeks after
infection. In contrast, weekly injections of OK-432 to the infection site (left hind
footpad) resulted in the enhanced growth of Mlm in the infection site, indicating that
multiple injections of OK-432 to the infection site might generate suppressor cells and/
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or antagonizing factors against the host defense mechanisms to Mlm.

We previously reported that OK-432, penicillin
G-treated Streptococcus pyogenes strain Su?,
did not show any significant protective and/or
therapeutic effects against infection with Myco-
bacterium intracellulare in mice and that mul-
tiple injections of this agent occasionally induced
reduction in the host resistance to the organ-
isms, probably due to generation of certain
types of suppressor cells®?, In the present study,
we investigated the effects of OK-432 admini-
stration to abdominal cavity or to the infection
site in mice on the host resistance to the
infection due to Mpycobacterium lepraemurium
(Mlm), an obligate intracellular parasite.

Male C3H/Jms (Mlm-sensitive) mice were
infected with 108 M. lepraemurium Hawaiian
strain in the left hind footpad (LFP) and were
given weekly doses of OK-432 (0.03-0.1 mg)
intraperitoneally or subcutaneously to the LFP.
At various intervals up to 23 weeks after infec-
tion, the mice were sacrificed and the number
of Mlm in the LFP was determined according
to the method of Shepard!®. Delayed type
hypersensitivity (DTH) in Mlm-infected mice
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was tested by measuring the swelling of the
right hind footpad (RFP) 24 hr after elicitation
by 30 pl of Mlm-sonicate (10® bacilli equivalent).

As shown in Fig. 1, the number of Mlm in
the LFP of C3H/Jms mice without OK-432
treatment markedly decreased (about one log)
during the first 6 weeks after infection and
thereafter continuously increased over the initial
inoculum until the termination of the experi-
ment. This feature resembles that reported by
Poulter and Lefford®: As they mentioned, it
is felt that the elimination of Mlm from the
infection site during the early phase is attribut-
able to the expression of anti-Mlm immunity,
and the subsequent continuous multiplication
of Mlm is a result of generation of some
immunosuppressive factors and/or suppressor
cells specific to Mlm infection. In fact, anti-
Mlm DTH response of C3H/Jms mice was
considerably strong at an early phase (6 weeks)
but markedly reduced at 14 weeks after infec-
tion (Table 1). Multiple intraperitoneal (ip.)
injections of OK-432 induced an enhanced elimi-
nation of Mim in the early phase, and sub-
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Fig. 1. Effect of OK-432 on the fate of Mlm
infected to the hind footpad of C3H/Jms (Mim-
sensitive strain) mice. Mice were infected by 108
Mlm to the LFP and were given weekly injections
of OK-432 to the LFP (A) (0.03mg per injec-
tion) or via the ip. route (@) (0.1 mg per injec-
tion). Open circles and open squares shows the
results of untreated C3H/Jms and C3H/He (MIm-
resistant) mice, respectively.

Table 1. Anti-Mlm delayed type hypersznsitivity
in the Mlm-infected mice with or without injec-
tion of OK-432

Footpad reaction?

OK-432 injection”

G-week 14-week

0.45+0.09 0.1440.10
0.50£0.11 0.03+£0.03
0.2240.02 0.19£0.05

None

Intraperitoneal injection

Subcutaneous injection
to the LFP

?70K-432 was weekly injected into mice in doses
of 0,1 mg and 0,03 mg per injection wvia ip, and
sc., respectively,

®Footpad swelling at 24 hr after antigen-elicitation
is indicated (the mean+SE, n=3), TFootpad reac-
tion testing was performed 6 and 14 weeks after
infection,

sequently a considerable suppression of Mlm
growth (Fig. 1, closed circles). Thus, it can be
regarded that ip. injection of OK-~432 has thera-
peutic activity against the infection with Mlm,
which seems to be due to the immunopotenti-
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Fig. 2. Changes in the footpad thickness of
Mlm-infected mice after infection. Mice were
infected with Mlm and treated with OK-432 as
described in Fig, 1. Thickness of the LFP (Mlm-
infection site) was recorded up to 23 weeks after
injection. The details and the symbols are the
same as described in Fig, 1. Broken and dotted
lines indicate footpad thickness of normal mice.

ating activity of OK-432151® It is known
that OK-432 enhances host resistance against
infection due to Candida, one of the facultative
intracellular parasites'?, We observed that OK-
432 stimulates macrophage H;0, releasing func-
tion!®, which is important for the expression
of antimicrobial activity of the phagocytes?.
When OK-432 was injected subcutaneously
(topically) into the Mlm-infection site (LFP),
the early elimination of Mlm was suppressed
and the subsequent Mlm growth was enhanced
(Fig. 1, closed triangles), This indicates that
immunosuppressive reaction occurred around
the infection site due to interactions between
the biological reactions elicited by OK-432 and
by Mlm. It should be noted that anti-Mlm
DTH reactivity at the early phase (6 weeks)
after infection was markedly reduced by local
injection of OK-432 to the infection site as
compared to untreated control mice (Table 1).
As shown in Fig. 2, the footpad swelling at
the infection site (LFP) of Mlm was most
remarkable in the animals given OK-432 to
the LFP, while it was considerably more depres-
sed in mice injected intraperitoneally with OK-
432 than untreated control mice. Thus, a good
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correlation was noted between ‘the number of
bacteria at the infection site and the extent of
chronic inflammatory reaction, especially edema
due to the infection. :

When Mlm-resistant C3H/He mice were in-
fected with the same inoculum size (10%) as
that for C3H/Jms, the early elimination of
organisms during the first 6 weeks, and the
subsequent suppressed growth of Mlm was re-
makable as compared with those of Mlm sen-
sitive C3H/Jms mice (Fig. 1, open squares).
It should be noteworthy that the LFP-swelling
in C3H/He mice was more intensive than that
in C3H/Jms during the first 14 weeks and
weak 23 weeks after infection (Fig. 2, open
square). This is remarkably different from the
pattern observed in C3H/Jms mice, indicating
that the footpad swelling due to Mlm-infection
involves at least two types of inflammatory
reactions: one is related to the host anti-Mlm
resistance such as anti-Mlm DTH reaction,
and the other, although not functioning in the
host defense mechanisms against Mlm, may
antagonize the host immune response against
Mlm in some cases. In fact, we previously
observed that phorbol myristate acetate (a potent
tumor promoter) which elicits inflammatory re-
actions, promoted the growth of Mlm, when
mice were infected by 10* organisms!®.

In this study, it was proved that a strepto-
coccal preparation, OK-432, exhibited dual ef-
fects against Mlm infection depending on the
route of injection: When it was administered
intraperitoneally into mice infected with Mlm
to the LFP, it acts therapeutically, whereas
when it was injected into the infection site the
agent antagonized the host anti-Mlm resistance.
Because weekly injections of OK-432 to the
LFP induced severe DTH reaction specific to
OK-432 antigens (data not shown), it is likely
that inflammatory reactions due to repeated
DTH responses by multiple injections of OK-
432 may abrogate the expression of anti-Mlm
immune responses by unknown mechanisms.
Induction of certain types of suppressor cells
or immuno-suppressive factors may be the rea-
son for this phenomenon, as described by
other investigators!3=6 16,17,

10.

11,

12,

13,

. Lefford, M. J. and Mackaness, G. B.

233

REFERENCES

. Bullock, W.E., Evans, P. E. and Filomeno,

A.R. 1977. Impairment of cell-mediated immune
responses by infection with Mycobacterium lepra-
emurium. Infect, Immun, 18 : 157-164,
Johnston, R.B., Jr. 1978, Oxygen metabolism
and microbicidal activity of macrophages. Fed.
Proc, 37 : 2759-2764,

Kato, K. and Yamamoto, K. 1982, Involvement
of prostaglandin E; in delayed-type hypersensiti-
vity suppression induced with live Mycobacterium
bovis BCG, Infect, Immun, 36 : 426-429.
Klinpel, G.R. and Henney, C.S. 1978, BCG-
induced suppressor cells. I, Demonstration of a
macrophage like suppressor cell that inhibits cyto-
toxic T cell generation in witro. J. Immunol,
120 : 563-569,

1977. Sup-
pression of immunity to Mycobacterium lepra-
emurium infection, Infect. Immun, 18 : 363-369,

. Lichtenstein, A., Murahata, R., Sugasawara,

R. and Zighelboim, J. 1981, Suppressor T cell
and Suppressor macrophages induced by Coryne-
bacterium parvum. Cell, Immunol, 58 : 257-268,

. Okamoto, H., Shoin, S., Koshimura, S. and

Shimizu, R. 1967, Studies on the anticancer
and streptolysin S-forming abilities of hemolytic
streptococci, Jpn, J. Microbiol, 11 : 323-336.
Poulter, L. W. and Lefford, M. J. 1978, Rela-
tionship between delayed-type hypersensitivity and
the progression of Mycobacterium lepraemurium
infection, Infect, Immun, 20 : 530-540,

. Saito, H., Nagashima, K. and Tomioka, H.

1983, Effects of bacterial immunopotentiators, LC
9018 and OK-432, on the resistance against My-
cobacterium intracellulare infection in mice. Hi-
roshima J. Med, Sci, 32 : 145-148,

Saito, H., Tomioka, H. and Watanabe, T.
1981, HyO,-releasing function of macrophages ac-
tivated with various mycobacteria based on wheat
germ agglutinin and phorbol myristate acetate
triggering, J. Reticuloendothel, Soc, 29 : 193-204,
Sakai, S., Ryoyama, K. Koshimura, S. and
Migita, S. 1970. Studies on the properties of
streptococcal preparation OK-432 (NCS-B116209)
as an immunopotentiator, 1, Activation of serum
complement components and peritoneal exudate
cells by group A streptococcus. Jpn. J. Exp.
Med, 46 : 123-133.

Shepard, C.C. 1960. The experimental disease
that follows the injection of human leprosy bacilli
into footpad of mice. J. Exp. Med. 112 : 445-454,
Shima, K., Sakamoto, H., Takenaka, S., Hi-
guchi, S. Tamiya, J., Fugise, T. and Tokuomi,
H. 1976, Immunological study on the effects of
OK-432. Cancer & Chemother, (in Japanese) 4 :
509-514,



234

14,

15,

.Tomioka, H. and Saito, H.

NOTE

Shiraishi, A. Mikami, Y. and Arai, T. 1979,
Protective effect of OK-432 (a streptococcal pre-
paration) on experimental candidasis. Microbiol,
Immunol, 23 : 549-554,

1983, Effect of
phorbol myristate acetate, a tumor-promoting
agent, on the growth of Mpycobacterium lepra-
emurium in the mouse footpad. Microbiol. Im-

16,

17.

munol, (in press).

Turcotte, R. 1981, Evidence for two distinct
populations of suppressor cells in the spleen of
Mycobacterium bovis BCG-sensitized mice. Infect,
Immun, 34 :315-322,

Wing, E. J. 1981. Bacillus Calmette-Guérin
(BCG) decreases resistance to Listeria monocyto-
genes infection in mice. Immunology 44 : 509-515.



