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Oral or percutaneous administration of
lipopolysaccharide of small molecular size may
cure various intractable diseases: a new
version of Coley’s toxin

Den-ichi Mizuno, PhD, and Gen-Ichire Soma, PhD

Biotechnology Research Center, Teikyo University, Nogawa, Kawasaki, Japan

Based on our new finding that an inflammation in which tumor necrosis factor (TNF) is primed or
triggered {ontogenic inflammation) can regulate the homeostasis in ontogenesis, we have identified a
new lipopolysaccharide from wheat flour (LPSw) that can induce ontogenic inflammation in adult
mice. LPSw can prime aduli mice to produce TNF when given orally or percutaneously, suggesting
that it may maintain homeostasis in adults. LPSw can cure experimental animals of diabetes, hyper-
lipidemia, ulcer, and herpes. It can also stimulate bone resorption and egg-laying, and shows a strong
analgesic effect that is blocked by naloxone. This effect even allows a release from drug addiction.
Suppression of serum cholesterol level by oral uptake of LPSw in Watanabe heritable hyperlipidemic
(WHHL) rabbit was also observed. Infection of toxoplasma was prevented by oral uptake of LPSw.
The realization that a single oral or percutaneous administration of LPSw may be a cure for multiple
intractable diseases may lead to the presentation of a nontoxic type of Coley’s toxin, which is known
to be an efficient cancer treatment, but has high toxicity.
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Intreduction

We have been studying Production of what we call an
ontogenic inflammation'= in an aduit to cure various
intractable diseases. We found an inflammmation in on-
togenesis corresponding to Metchinikoff’s phylogenic
inflammation.? The two stages were identified in rela-
tion to endogenous production of tumor necrosis fac-
tor (TNF); one is the primed stage and the other is the
triggered stage. Reproduction of the triggered stage in
an adult was performed through the endogenous pro-
duction of TNF and the results published using the
term exogenous endogenous TNF (EET) therapy.*?
The present report concerns reproduction of the
primed stage of ontogenic inflammation in an adult.
As previously reported,® 7 this stage can be in-
duced by various substances, such as Bacillus Cal-
mette-Guerin (BCG), lentinan, OK-432, polystyrene
latex, and various cytokines. Because we expected
that the stage would reversibly and rapidly return to
normal, we decided that the best induction would be
by cytokines such as interferon (IFN)-y, -, and -B,
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interleukin-2, TNF, and others. However, all the sam-
ples known are available only for parenteral use and
they invoke some degree of harm. We therefore sought
a new sample among foodstuffs, especially plants,
secking a substance that could activate macrophages
to the primed stage when administered orally!® or per-
cutaneously.” We found such a substance in wheat
flour as a lipopolysaccharide (LPSw) of small molec-
ular size (~5 kD)* and, as expected, it showed cura-
tive effect on various intractable diseases in experi-
mental animals, as well as in some human clinical
trials.?! We also found that LPS derived from Pantoea
agglomerans (gram-negative soil bacterium) of small
molecular size (~3 kD) could substitute for the whole
function of LPSw.*

Screening and identification of LPSw from
wheat flour*®*?

Water extracts of various foodstuffs were tested for
priming activity® to produce TNF. Early in the sam-
pling peried, limulus reaction—positive substance was
found, purified, and calied LPSw. Its molecular sizé is
-5 kD (hexosamine, 4; phosphorus (P), 1; 2-keto-3-
deoxy-p-mannooctonic acid (KDQ), 1). LPSw can
prime endogenous production of TNF in mice intrave-
nously (1 ng/mouse), intradermally (1 mg/mouse), and
orally (>>100 mg/mouse).?°
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Among 10 kinds of LPS of gram-negative soil bac-
teria, we selected an LPS of P agglomerans (~5 kD),
tested it similarly for the following activities, and ob-
tained the same effects as described in the following
sections,

Bone resorption, egg-layving, and thickness of
eggshell *32¢

Effect of oral uptake of LPSw on the bone resorption
of 18-day-old chick embryonic calvaria (10-100 ng/
ml)* was tested. The effect was comparable with that
of parathyroid hormone (1 U/ml). When 60 mg/ml was
given to a hen in drinking water ad libitum, the per-
centage of eggs with shell intensity of > 4 kg/cm? in-
creased from 12 to 32% in a 1-month period. The same
amount increased egg-laying by 28% in the same pe-
riod. Increase in the number of eggs laid may suggest
a stimulation of hormone excretion.

Diabetes®®

NOD mice were used. Intravenous or intradermal in-
Jection of LPSw (10 mg/mouse) was given once a week
and observation was made for 35 weeks. Occurrence
of the disease was delayed, and survival percentage
was remarkably enhanced.

Analgesic effect’” and blocking of drug
addiction®®

Adjuvant-induced arthritis in rats can be prevented by
LPSw when given 4 days before the induction of this
condition. This is comparable with the effect of phen-
yibutazone, but the analgesic effect is greater, The
writhing syndrome was used for the test. Duration of
the effect was far longer than that of phenylbutazone.
Such analgesic effect is obtained due to the production
of B-endorphin; the analgesic effect is blocked by nal-
oxone. Endorphin can be transcribed, translated, and
processed together with ACTH, which is known to be
induced by endogenous TNF production. Actually, we
were able to identify B-endorphin in mice by the ad-
ministration of LPSw. Based on this result, a curative
effect on drug addiction would be possible with LPSw
or LPSp.*

Hyperlipidemia®®

Hyperlipidemic (WHHL) rabbits, which were origi-
nally raised by Professor Watanabe and given to us by
Professor Takano, were used. We gave them a cross-
over examination. They were given drinking water
with or without LPSw. Water with LPSw was given to
one rabbit until the 50th day and to the other rabbit
from the 80th day. Cholesterol and LDL content in the
serum decreased upon administration of LPSw, and
the trace of cholesterol content in the serum of the two
rabbits crossed over on about the 100th day.
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Experimental ulcer™

LPSw provided fairly good protection from the occur-
rence of an experimental ulcer induced by indometh-
acin or water stress in mice. Before the stress, LPSw
(I mg or 100 ng/ml) in drinking water was given ab
libitum for 4~-6 days, The preventive effect as ex-
pressed on an ulcer index was marked, and this effect
was also observed in indomethacin and water stress.

Preventive effect of toxoplasma®’

A preventive effect of toxoplasma was observed even
when an extraordinarily small amount of LPSw (20
ng/ml in drinking water ad libitum) was given to mice
continuously.

Therapeutic effect of LPSw on viral infection

Because TNF at the molecular level can recognize vi-
rus-infected cells,”* we applied 1~10 mg/m%day of
LPSw liniment directly onto the lesion of a human
herpes (type 1, 2, or zoster) patient.?” The therapeutic
effect was remarkable. Most of the 50 patients treated
to date recovered within 1 to 2 weeks. The effect has
not been restricted to acute infection, but has included
chronic infection. A remarkable point is that pain oc-
curring as a sequela can be overcome by percutaneous
administration of LPSw. Mechanism of the analgesic
effect may involve the endogenous production of en-
dorphin as explained earlier.?”

This result has encouraged us to try the therapy on
other virus-infected diseases, including influenza, the
common cold, and even acquired immunodeficiency
syndrome. A small amount of TNF or precursor TNF
in or on the surface of a primed macrophage can rec-
ognize even the slightest difference that exists be-
tween virus-infected and normal cells, 3234

Discussion

Our original starting point was in Metchinikoff’s phy-
logenic concept of inflammation. We have developed a
new concept, ontogenic inflammation, where TNF is
automatically and endogenously produced as a self-
regulatory system.' Reproduction of this ontogenic
inflammation in an adult may benefit the body by reg-
ulating homeostasis. We have found two ways to re-
produce the ontogenic inflammation in an adult: one is
to induce the primed stage of endogenous TNF pro-
duction, and the other is to induce the triggered stage.
Used therapeutically, these two stages can be applied
to cure or prevent various intractable diseases, by the
primed stage as described in this article, and by the
triggered stage for cancer in EET therapy.*5-19:21

A single event, the activation of macrophages based
on the endogenous production of TNF at the primed
stage, can lead to a multiple curative effect in many
intractable diseases. This is an innovative concept, be-
cause drugs have conventionally been developed aim-
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ing at the relation of one drug versus one disease.
Therefore, the activation of macrophages at this stage
is very important. So far, we have found precursor
TNF on the membrane surface of the macrophage with
no apparent excretion of free TNF.1?

Because TNF or its precursor is automatically and
endogenously produced in a mouse fetus (i.e., onto-
genic inflammation takes place in ontogenesis auto-
matically), TNF may form a prototype of all inflam-
mations. 1t obviously plays an important role in main-
taining homeostasis in this stage with its own intrinsic
factors. This suggests that a fetus may excrete an LPS-
like substance intrinsically, a negatively charged am-
phiphilic substance (e.g., a ganglioside), to prime the
entire regulatory process of ontogenesis.

That a single use of the LPS with small molecular
size from wheat flour has curative impact on various
intractable diseases opens an innovative gateway not
only for therapeutic treatment but for fundamental bi-
ological sciences such as embryogenesis or morpho-
genesis, which clearly involves ontogenic inflamma-
tion.

As is well known, Coley’s toxin® is applicable even
now in cancer patients;*®*” however, it is not so highly
recommended because of its high toxicity when used
parenterally. We have shown that LPS of small mo-
lecuiar size (~5 kD) can be active when administered
orally or percutaneously, whereas conventional LPS
from Escherichia coli (~50 kD) is active only in par-
enteral use and then with high toxicity. A trial on can-
cer therapy with LPS in percutaneous use is now un-
derway, and we are very hopeful about the results.
Aside from this, our therapy of oral or percutaneous
administration of LPS of small molecular size may be
viewed as a new version of Coley’s toxin, but without
toxicity. This new version of Coley’s toxin appears to
hold promise in a different way, far from those ex-
pected by Coley,*® Starnes,*® and Rook.”

References

1. Mizuno D, Soma GI: Endogenous and exogenous TNF therapy
(EET therapy): conceptual and experimental grounds. Ann Inst
Pasteur Immunol 1988; 139:282-285.

2. Yamasu K, Onoe H, Soma GI, et al; Secretion of tumor necro-
sis factor during fetal and neonatal development of the mouse:
ontogenic inflammation. J Biof Response Mod 1989; 8:644-655.

3. Kohchi C, Mizuno D, Soma GI: Expression of {umor necrosis
factor-o and -B transcripts in embryonal carcinoma and tropho-
blast cell lines: inflammation-like state as possibly regulatory
mechanism for ontogenesis. Eur Cyfokine Net 1991; 2:245-255.

4, Mizuno D: Endogenous and exogenous tumor necrosis factor
therapy: EET therapy. In: Bonavida B, Gifford GE, Kirchner
H, et al (eds): Tumor Necrosis Factor/Cachectin and Related
Cytokines. Basel, Switzerland, Karger, 1988; 210-213.

5. Soma GI, Mizunc D: Exogenous and endogenous fumour ne-
crosis factor therapy, Cancer Surv 1989; 8:837-852.

6. Satoh M, Shimada Y, Inagawa H, et al: Priming effect of inter-
ferons and interleukin 2 on endogenous production of tumor
necrosis factor in mice. Jpn J Cancer Res (Gann) 1986; 77:342—
344,

7. Satoh M, Inagawa H, Minagawa H, et al: Endogenous produc-
tion of TNF in mice long after BCG sensitization. J Biol Re-
sponse Mod 1986; 5:117-123.

168

e

10.

il.

12.

13.

4.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25,

26.

27.

28.

Satoh M, Inagawa H, Minagawa H, et @l: Endogenous produc-
tion of TNF in mice with immune complex as a primer. J Biol
Response Mod 1986; 5:140-147.

Kajikawa T, Oshima H, Yamazaki M, et al: Induction by het-
erologous fibrinogen of release of TNF-like cytotoxic factor
from murine macrophages, J Biol Response Mod 1986; 5:283-
287.

Kajikawa T, Nakajima Y, Hirabayashi J, er al: Release of cy-
totoxin by macrophages on treatment with human placenta lec-
tin, Life Sci 1986; 39:1177-1181.

Kajikawa T, Shimada Y, Oshima H, et al: Endogenous produc-
tion of TNF-life cytotoxic factor in BCG-primed mice by het-
erologous fibrinogen. J Biol Response Mod 1987; 6:88-95.
Kajikawa T, Inagawa H, Shimada Y, et «l: Endogenous pro-
duction of cytotoxic factor in mice induced by a combipation of
interferon-y and heterologous fibrinogen. J Biol Response Mod
1987, 6:205-214.

Satoh M, Oshima H, Abe §, et al: Role of in vive scavenger
function of macrophages in priming for endogenous production
of tumor necrosis factor. J Biol Response Mod 1987, 6:499-511,
Satoh M, Inagawa H, Shimada Y, et al: Endogenous production
of tumor necrosis factor in normal mice and human cancer pa-
tients by interferons and other cytokines combined with biolog-
ical response modifiers of bacterial origin. J Biol Response Mod
1987; 6:512-524,

Kitahara-Tanabe N, Tanabe Y, Morikawa A, et al: Post-trans-
lational processing of tumor necrosis factor production. Chem
Pharm Bull 1991; 39:417-420.

Kato M, Kakehi R, Soma GI, et al: Antitumor therapy by in-
duction of endogenous tumor necrosis factor, Lancer 1983; 2
270,

Inagawa H, Oshima H, Soma GI, et al: TNF induces endoge-
nous TNF in vive: the basis of EET therapy as a combination of
TTNF together with endogenous TNF. J Biol Response Mod
1988; 7:596-607.

Wannemuchler MJ, Kiyono H, Bahb JL, et al; Lipopolysaccha-
ride (L.PS) regulation of the immune response: LPS converts
germiree mice to sensitivity to oral tolerance induction, J Im-
munol 1982; 129:959-965.

Mizuno D, Yoshioka O, Akamatsu M, et af: Antitumor effect of
intracutanecus infection of bacterial lipopolysaccharide. Can-
cer Res 1968; 28:1531-1537.

Nishizawa T, Inagawa H, Oshima H, er af: Homeostasis as
regulated by activated macrophage I. Lipopolysaccharide (LPS)
from wheat flour: isolation, purification and some biological
activities. Chem Pharm Bull 1992; 40:479-483.

Mizuno D: Significance of endogenous production of TNF. In:
Osawa T, Bonavida D {eds): Tumor Necrosis Factor: Struc-
ture~Function Relarionship and Clinical Application. Basel,
Switzerland, Karger, 1992; 1-24,

Inagawa H, Nishizawa T, Tsukicka D, ef al: Homeostasis as
regulated by activated macrophage II. LPS of plant origin other
than wheat flour and their concomitant bacteria, Chem Pharm
Bull 1992; 40:944-997,

Kawashima K, Endoh H, Nishizawa T, et al: Homeostasis as
regulated by activated macrophage VIII. LPSw (a lipopolysac-
charide from wheat flour) can regulate bone resorption of chick
embryo. Chem Pharm Bull 1992; 40:1271-1273.

Suzuki J, Nishizawa T, Inagawa H, et al: Homeostasis as reg-
ulated by activated macrophage IX. Enhancement effect of
LPSw (a lipopolysaccharide from wheat flour) on egg-laying and
breaking strength of eggshell. Chem Pharm Bull 1992; 40:1274-
1276.

Raisz LG: Stimulation of bone resorption by parathyroid hor-
mone in tissue culture. Nature 1963; 197:1015-1016,

Iguchi M, Inagawa H, Nishizawa T, et al: Homeostasis as reg-
ulated by activated macrophage V. Suppression of diabetes mel-
litus in non-obese diabetic mice by LPSw (a lipopolysaccharide
from wheat flour). Chem Pharm Bull 1992; 40:1004-1006.
Okutomi T, Nishizawa T, Inagawa H, ¢t al: Homeostasis as
regulated by activated macrephaage IV. Analgesic effect of
LPSw, a lipopolysaccharide from wheat flour. Chem Pharm
Bull 1992; 40:1001-1003,

Okutomi T, Nishizawa T, Inagawa H, et al: Inhibition of mor-

Mol. Biother., 1992, vol. 4, December



29.

30.

31

a2

phine dependence by a lipopolysaccharide from Pantoea agglo-
merans. Eur Cytokine Net (in press).

Okutomi T, Nishizawa T, Inagawa H, er al: Homeostasis as
regulated by activated macrophage VII. Suppression of serum
cholesterol level by LPSw (a lipopolysaccharide from wheat
flour) in WHHL rabbit. Chem Pharm Bull 1992; 40:1268-1270.
Inagawa H, Saitoh F, Iguchi M, et al: Homeostasis as regulated
by activated macrophage III. Protective effect of LPSw (lipo-
polysaccharide (LPS) of wheat flour) on gastric ulcer in mice as
compared with those of other LPS from various sources. Chem
Pharm Bull 1992; 40:998-1000,

Suzuki Y, Kobayashi A, Nishizawa T, er al: Homeostasis as
regulated by activated macrophage V1. Protective effect of
LPSw (a lipopolysaccharide form wheat flour) against acute in-
fection by Toxoplasma gondii in mice. Chern Pharm Bull 1992;
40:1266-1267.

Matsuyama T, Yoshiyama H, Hamamote Y, et al: Enhance-

Mol. Biother., 1992, vol. 4, December

New version of Coley’s toxin: D.-I. Mizuno and G.-[. Soma

33,

34,

5.

6.

37.

ment of HIV replication and giant cell formation by tumor ne-
crosis factor. AIDS Res Hum Retroviruses 1989; 5:139-146.
Matsuyama T, Hamano Y, Soma GI, ef al: Cytocidal effect of
{umor necrosis factor on cells chronically infected with human
immunodeficiency virus (HIV): enhancement of HIV replica-
tion. J Virol 1989, 63:2504--2509.

Suzuki M, Yamamoto N, Shinozaki F, ef af: Augmentation of in
vitro HIV replication in peripheral blood mononuclear cells of
AIDS and ARC-patients by tumor necrosis facter. Lancet 1989;
1:626.

Nauts HC, Swift WE, Coley BL: Treatment of malignant tu-
mors by bacterial toxins as developed by the late William B.
Coley, MD, reviewed in the light of modern research. Cancer
Res 1946,6:205-216.

Starnes CO: Coley’s toxins in perspective. Nature 1992; 357:
1i-12.

Rook G: Tumours and Coley’s toxins. Nature 1992; 357:545,

169




