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Abstract Lipopolysaccharide (LPS) has been recognizeain. Three of the five evaluable tumors showed a signif-
as a potent antitumor agent in animal tumor modelgant response to our combined therapy. Intradermally
however, its use in human cancer therapy has been limi@diministered, LPS was less toxic and elicited a tumor
to only one trial, in which LPS fronsalmonellawvas given response in combination with cyclophosphamide; it can
intravenously. It was not very successful because of pabus can be applied to cancer treatment even in humans.
tumor response and was also toxic. We originally developed
LPS prepared fronfPantoea agglomerandPSp), and this Key words Lipopolysaccharide Tumor necrosis factor
was a well-purified, small-molecular-mass (5 kDa) agerinmunotherapy Cytokine- LPSp
We chose intradermal rather than intravenous administra-
tion in the hope that the former would release LPS slowly
into the bloodstream, and thus be less toxic while preserv
ing antitumor activity. In our animal tumor models, intraintroduction
dermal administration was indeed less toxic and more
beneficial for tumor regression than intravenous adminigbout a century ago Coley (1881-1935) showed the
tration. We made a pilot study with intradermal adminigherapeutic efficacy of a mixed bacterial vaccine, so-called
tration of LPSp on the treatment of ten advanced cand@oley’s toxin, to human cancer [18]. According to a report
patients. Five of them had evaluable tumor, which hdsy Nauts, the 5-year survival rate without recurrence was
failed earlier to respond to conventional chemotherap2% in 204 patients with inoperable advanced cancer who
Cyclophosphamide was also administered in this trial, ieceived only this vaccine [18]. Regardless of how one
anticipation of its synergistic effect with LPSp. In this studjnterprets this result, this information shows that a patient’s
LPSp was injected intradermally into each patient twiceimmune system, when given appropriate immunostimula-
week, starting with an initial dose of 0.4 ng/kg, and raisingon, can attack its own cancer and cause complete regres-
it to 600 or 1800 ng/kg. A 400-mg/trdose of cyclophos- sion of the tumor. In that period, however, there was no
phamide was given intravenously every 2 weeks. Afténowledge of the mechanism involved in tumor regression
completion of the dose escalation, the treatment whg Coley’s toxin. Unfortunately, clinical interest in Coley’s
continued for at least 4 months, and it was found thgéierapy diminished in preference to radiotherapy and che-
1800 ng/kg LPSp was well tolerated. A significant level ofotherapy in the course of their advent into cancer therapy
cytokines was observed in the sera for at least 8 h. Thg48]. It has not developed into an established biotherapy for
results indicate higher tolerable doses and remarkably magncer.
continuous induction of the cytokines than were reported in In 1943 Shear and Turner isolated lipopolysaccharide
a previous study by others using intravenous administi@PS) as the active agent in Coley’s toxin [16], and since
that time the mechanism underlying the therapeutic efficacy
of LPS for cancer has been studied using animal models.
LPS is well recognized as a potent immune stimulator as
] ] well as a multicytokine inducer, and is known to have
g: Goto- S. Sakar J. Kera- Y. Suma- G.-I. Soma- S. Takeuchi — hotent antitumor activity through a host-defense mecha-
iotechnology Research Center, Teikyo University, 907 Nogawa, . .
Miyamae-ku, Kawasaki, Kanagawa, 216 Japan nism. Practically, LPS hf_;\s b_een very clearly demonstrat_ed
S. Goto () to cause tumor regression in anl_mal tumor models. It is
The Institute of Bioregulation, Scarf-kaikan 5F, 1-2 Sumiyoshityo, viewed as promising for cancer |n_1munotherapy even in
Naka-ku, Yokohama, Kanagawa, 231 Japan humans, as previously shown in animals. However, its use
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256

since LPS is rather difficult to prepare as a pure and stalbkeseline physiological function, including hematological status, renal

product and i also toxic. The one trial was performed BT Z2c ToRETE Hotaer, B B oy falure. Al previous

'Erlgelhal.’dt et al. “5'”9, LPS froBalmonella Wh'c,h they conventional therapieé had been discontinued for more than 4 weeks.

injected intravenously into advanced cancer patients [4, Slgned informed consent was obtained from all ten individuals.

This study showed that the maximum tolerated dose (MTD)

was 8.0 ng/kg, and this dose resulted in only 1 case of )

partial response out of 24 [4]. This indicates that, althougii!dy design

LPS can cause tumlor r_egressmn even in human, its MTDA'Iﬁthe patients were hospitalized for observation while they underwent

too low to be effective in human cancer therapy when it ifis therapy. A 20Q4 sample of LPSp solution was carefuily injected

administered by the intravenous route. intradermally in an upper limb twice a week; the initial dose was 0.4 ng/
LPS prepared fronPantoea agglomerand_PSp) was X9 since this dose had no adverse effect even when administered by

brep 99 &LPSp) the intravenous route, according to Engelhardt et al. [4, 5]. It was

originally developed in our institute. LPSp is a WeII'planned to raise the dose to 600 ng in the first five patients and then,

purified, small-molecular-mass (5 kDa) LPS which hagier evaluation of the MTD, to raise it in the next five patients to
been standardized and stabilized as an investigation&0 ng/kg. A 400-mg/th dose of cyclophosphamide was given
medical drug [8, 13, 17]. For the treatment of cancéitravenously every 2 weeks, anticipating its synergistic effect with

; ; ; p, as had been observed earlier in a mouse experiment [1, 2]. When
patients, we chose intradermal rather than mtravenogf tumor regressed or was stable, the treatment with these doses was

administration of LPSp in the hope that the former woulghntinued for at least a further 4 months. Indomethacin (50 mg), which

release LPS slowly into the bloodstream, and thus be less cyclooxygenase inhibitor, was given 30 min before LPSp injection.

toxic, and preserve antitumor activity. In our animal tumorhis was shown to be beneficial for reducing the degree of fever, while

models, intradermal administration was indeed less toﬁzsuppressmg the release of cytokines such as tumor necrosis factor
.. . . F) [4, 5]. Vital signs were monitored every 30 min until at least 6 h

and more beneficial for tumor regression than intravenolig. iniection. The patients were evaluated weekly for complete blood

administration. We examined the antitumor effect of LPSunt, coagulation profile, liver function and renal function. An

on various murine syngeneic tumors. Well-establisheelgctronic cardiogram and chest roentgenogram were performed after

poorly immunogenic tumors such as MH134 hepatonfgmPpletion of the dose escalation.

and Lewis lung carcinoma were found to regress comple-

tely without regrowth when LPSp was administered by th@easurement of serum cytokines levels

intradermal route in combination with cyclophosphamide

[2]. Administration of LPSp alone or cyclophosphamidét the completion of the dose escalation to 600 ng/kg, sera were

; ; ained just before and 1, 2, 4ch8 h after LPSp injection, and stored
alone showed suppression of the tumor growth, but ne'”ﬁ?"—som until analysis. At the completion of the dose escalation to

caused complete regression [2]. Intravenous administratiffhy ng/kg in cases 610, the sera were obtained just before and 2 h
of LPSp showed less antitumor effect than intradermager injection of LPSp. The level of TNF, interleukin-6 (IL-6) and

administration, and did not cause complete regressi@mgnulocyte-colony-stimulating factor (G-CSF) was measured by en-
even in combination with cyclophosphamide. the medi me-linked immunosorbent assay with commercially available kits

. P . edgenix Diagnostics, Brussels, Belgium; Endogen Inc., Massachu-
lethal dose for intradermal administration was observ tts, USA; Amersham, Buckinghamshire, England). The sensitivities

to l:_)e five times higher than that for intravenous adminigs the assay for TNF, IL-6 and G-CSF were 5 pg/ml, 4 pg/ml and 10 pg/
tration [9]. ml respectively.

In a pilot study on the treatment of advanced cancer
patients with intradermal administration of LPSp in combi- .

. . . . .Evaluation of tumor response
nation with cyclophosphamide, we evaluated the toxicity
and biological effect, and sought evidence of antitumQumor responses were evaluated by physical examination, appropriate
activity of this combined therapy. We report here that thisentogenic studies and ultrasound, and assay of serum tumor markers
treatment induced continuous release of cytokines ah#iey were available, at appropriate intervals.
caused tumor response with less toxicity.

Results
Materials and methods Patients studied
Preparation of LPS Ten patients were studied (Table 1), ranging in age from 22

Lipopolysaccharide was isolated frdfantoea agglomerartsy the hot to 66 year_s with 51_ years as the. median. Cllnlcal dlagno_ses
phenol method of Westphal in our institute [13]. LPSp was dissolved W€re uterine cervical cancer in three patients, ovarian
saline and prepared in different concentrations. cancer in six and malignant brain meningioma in one.
Prior therapy other than surgery consisted of chemotherapy
in six patients, radiotherapy in two, chemotherapy and
Selection of patients radiotherapy in two. Five (cases 1, 2, 4, 6 and 9) out of

Patients eligible for this study were those with histologically confirmegqe ten patients had evaluable tumor at the start of treat-

advanced cancer on whom conventional therapies were not expecte@¥@nt, and in all these five, the tumor had been shown to
have an effect, with 0—3 points of performance status and adequpt@gress during the prior chemotherapy. In four out of these
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Table 1 Characteristics of the patients in this study. Ten patients weteo. Five out of the ten patients had evaluable tumor at the start of
studied. Prior therapy other than surgery consisted of chemotherapyrgatment, and in all these five the tumor had been shown to progress
six patients, radiotherapy in two, chemotherapy and radiotherapyduring the prior therapysS surgery,C chemotherapyR irradiation

Case Age Diagnosis Histology Maximum dose Prior therapy Evaluable
(years) (ng/kg) tumor

1 59 Ovarian cancer Clear-cell carcinoma 8 S, C Yes
2 43 Cervical cancer Adenocarcinoma 600 S,C,R Yes
3 44 Cervical cancer Squamous-cell carcinoma 600 S, R No
4 61 Ovarian cancer Endometrioid adenocarcinoma 600 S, C Yes
5 57 Ovarian cancer Mucinous cystadenocarcinoma 600 S, C No
6 50 Ovarian cancer Clear-cell carcinoma 1800 S, C Yes
7 52 Ovarian cancer Undifferentiated carcinoma 1800 S, C No
8 66 Ovarian cancer Endometrioid adenocarcinoma 1800 S, C No
9 22 Brain tumor Malignant meningioma 1800 S,C,R Yes

10 53 Cervical cancer Sqguamous-cell carcinoma 1800 SR No

Table 2 Dose and toxicity profile for intradermal administration oftolerated the administration of LPSp at 600 ng/kg or 1800 ng/kg well,
lipopolysaccharide fronf. agglomerangLPSp) to patients. LPSp was and showed minimum side-effects, including fever, fatigue and mild
injected intradermally into ten patients, starting with an initial dose ofausea. One patient had a fever even at a dose of 0.4 ng/kg, probably
0.4 ng/kg. It was planned to raise the dose of 600 ng in the first filmecause of inflammatory carcinomatous peritonitis of her advanced
patients and then, after evaluation of the maximum tolerated dosept@rian carcinoma, so the dose was raised to no more than 8.0 ng/kg.
raise it in the next five patients to 1800 ng/kg. Nine of the ten patienthe numbers of patients are shown in parentheses

Dose of LPS (ng/kg)

04 10 20 40 80 200 40.0 100.0200.0400.0600.0 800.0 1000 1200 1400 1600 1800
(10) (10) (10) (10) 10) 9 (® ©@ ©@ ©@ © 6 6 6 6 6 6

Fever
WHO grade | 1 1 1 1 1 - - 1 1 2 2 3 3 4 1 1 -
WHO grade I - - - - - - - - - 1 1 - - - 3 3 4
WHO grade I - - - - - - - - - - - - - - — — _
Fatigue - - - - - - - 1 1 1 2 2 3 3 4 3 4
Nausea - - - - - - - - - - - - 1 1 1 2 3

Hypotension - - - - - - - - - - - — — _
Dyspnea - - - - - - - - - - - - - - - - —
Hepatic toxicity - - - - - - - - - - - - - - - - -
Renal toxicity - - - - - - - - - - - - - - - - -

five (cases 1, 2, 4 and 6), prior chemotherapy includesbrmal within 12 h in all patients. Mild fatigue was

cyclophosphamide and cisplatin as a conventional regimelnserved in most of the patients with fever, and three out

for ovarian and cervical cancer. of five (60%) had mild nausea at 1800 ng/kg. No other
toxicities including hepatic, renal toxicity, hypotension or
dyspnea were observed.

Toxicity

Nine of the ten patients tolerated the administration &fytokine levels in serum

LPSp at 600 ng/kg or 1800 ng/kg well, and showed

minimum side-effects. One patient had a fever even at tiéhen dose escalation to 600 ng/kg LPS was completed, the
dose of 0.4 ng/kg, probably because of inflammatoiserum levels of TNF, IL-6 and G-CSF were determined by
carcinomatous peritonitis of her advanced ovarian carcineazyme-linked immunosorbent assay (Table 3). Baseline
ma, so the dose was raised to no more than 8.0 ng/kg. THeF levels were below 15 ng/kg in all patients. In eight out
incidence of clinically adverse effects is shown in Table &f nine patients, a significant level of TNF was induced,
Fever and chills was seen in three out of nine patienanging between 200 pg/ml and 2800 pg/ml. The levels in
(33%) at a dose of 600 ng/kg and in four out of five patientsera peaked 1 h or 2 h after the injection and at 8 h still
(80%) at 1800 ng/kg. The fever, regardless of its WH@mained at a significant amount. The average peak level of
grade, could be inhibited by additional administration ofFNF was 680 pg/ml, and the other cytokines, G-CSF and
25 mg or 50 mg indomethacin. All fevers returned ttL-6, were observed to be significantly induced following
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Table 3 Serum level of tumor necrosis factarNF), interleukin-6 (L-  the assay for TNF, IL-6 and G-CSF are 5 pg/ml, 4 pg/ml and 10 pg/ml
6) and granulocyte-colony-stimulating fact@8{CSH in nine patients respectively. Baseline TNF levels were below 15 ng/kg in all patients.
after intradermal administration of LPSp. At the completion of the dose eight out of nine patients, a significant level of TNF was induced,
escalation to 600 ng/kg, the sera were obtained just before and 1, 2adging between 200 pg/ml and 2800 pg/ml. The levels in sera peaked
and 8 h after LPSp injection. At the completion of the dose escalatidrh or 2 h after the injection and at 8 h still remained significant. The
of 1800 ng/kg in cases 6—10, the sera were obtained just before andd@her cytokines, G-CSF and IL-6, were observed to be significantly
after injection of LPSp. The levels of TNF, IL-6 and G-CSF werénduced, following the release of TNF, and also to remain for at least
measured by enzyme-linked immunosorbent assay. The sensitivitie8 ¢f. ND not detected

Case Dose TNF IL-6 G-CSF
ng/kg

0h 1h 2h 4 h 8h 0h 1h 2h 4 h 8h 0h 1h 2h 4 h 8h

2 600 15 460 220 64 52 45 29 186 ND ND ND ND 251 557 236

3 600 9 780 460 146 102 40 75 37 20 36 ND ND 786 438 150

4 600 15 1027 2800 1227 326 32 165 2020 1560 296 ND ND 801 425 103

5 600 15 28 202 42 32 ND ND 10 12 6 ND ND 62 44 46

6 600 13 102 320 80 40 20 22 707 112 102 ND 11 483 126 86
1800 13 - 720 - - 22 - 1020 - - ND - 762 - -

7 600 10 38 210 50 30 ND ND 100 18 16 ND ND 56 24 20
1800 15 - 520 - - ND - 326 - - ND - 216 - -

8 600 10 17 18 14 10 ND ND 25 6 8 ND ND ND ND ND
1800 10 - 36 - - ND - 28 - - ND - ND ND ND

9 600 12 182 1800 620 180 11 132 2010 425 282 ND ND 236 52 50
1800 10 - 1960 - - ND - 2570 - - ND - 326 - -

10 600 10 325 120 190 102 ND 106 256 244 182 ND ND 216 78 36

1800 8 - 318 - - ND - 362 - - ND - 268 - -

the release of TNF, and also remained for at least 8 h. Whgchedule of LPS administration

1800 ng/kg LPSp was administered in cases 6—10, the

serum level of the cytokines was determined. The cytokingéter the 4 months of treatment, the 600 ng/kg or 1800 ng/
were induced significantly 2 h after injection in four out okg LPSp was adminstered to several patients in this study at
five patients, and the level was higher than that observedviarious intervals. The influence of the interval between
the 600-ng/kg administration. administrations was determined by assaying toxicity and

Fig. 1 The serum level of tumor
necrosis factor (TNF) in cases 2
(0), 3 @) and 9 @) after intra-
dermal administration of lipopo-
lysaccharide fronf. agglomerans
(LPSp at various intervals. After
the 4 months of treatment, the
LPSp was administered at various
intervals to patients 2, 3 and 9.
The time of injection is indicated
in each patient. £). Serum sam-
ples were obtained 2 h after LPSp
injectin on several occasions. The
serum level of TNF is shown. As
in case 2, daily consecutive in-
jections resulted in remarkable
attenuation of TNF response.
However, there was no difference
in induction of TNFx between
repeated injections twice a week
and those at longer intervals

2,000}

Serum concentration (pg/ml)

1wk 1wk 1wk
Time (wks)

Injection Case2 ‘ ‘ ‘ ‘ ‘ ““
of  Case3 A 4 4 A 44 A
LPSp  Case9 A 4 4 A 4 4 A A 4



259

Fig. 2a, b Computed tomography (CT) scan film of the pelvis o

patient 4 befored) and after ) treatment. The patient had a giant

tumor of ovarian cancer in the pelvis. After treatment the tumdrig. 3@, b CT scan of the liver of patient 6 before)(and after )

decreased 30% in sizé)( treatment. This patient with ovarian cancer had multiple metastatic
tumors in the liver (a). After treatment the density of the tumor
remarkably decreased in CT scan (b). The lysis of these tumors was
obvious

cytokine release in these patients, but no toxicity higher

than that observed during the earlier 4 months of treatment
was seen. Serum samples were obtained 2 h after LRy@rian cancer in the pelvis and the tumor decreased 30% in
injection on several occasions, and the level of GNFas size (Fig. 2) after the treatment; the other patient had
determined (Fig. 1). As shown in case 2, consecutive dafyalignant meningioma with extracranial invasion. The
injections resulted in a remarkable attenuation of the @NRnvasive tumor at the neck decreased in size, which was
response; however, there was no difference in induction jgtiged to be a minor response. In one patient with ovarian
TNFa between injections repeated twice a week and thosgncer with multiple metastatic tumors in the liver (case 6),
at longer intervals. the lysis of these tumors was clearly demonstrated by
computed tomography scan (Fig. 3). In one patient (case
2), the tumor remained stable during the 4 months of
treatment.

Tumor response

Five out of ten patients were evaluable for tumor response.

In one, the dose was raised to no more than 8.0 ng/kg.-

four out of five patients (cases 2, 4, 6 and 9), tumdiscussion

response could be evaluated after 4 months of treatment

with 600 ng/kg or 1800 ng/kg. In three of these four, In an earlier mouse experiment, we had found that anti-
favorable change in the tumor was noted. Minor respongemor activity of intradermally administered LPSp was
with significant decrease of tumor markers was seen in toagmented by repeated injections at shorter intervals and
patients (cases 4 and 9), one of whom had a giant tumorcoimbination with cyclophosphamide [2]. As a feasible
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schedule of clinical application, expecting a more favorabtee MTD or 1.0—2.0 ng/kg LPS respectively was adminis-
therapeutic effect, we selected frequently repeated admiered [5]. In these studies the concentration of these
istration of LPSp, i.e. twice a week. In such a schedule oftokines returned to pretreatment levels within only
repeated injection, however, development of LPS toleran8e-4 h after injection [4, 5, 12]. Our results showed that
must be taken into consideration. Previous reports hatie peak level of cytokines was lower, but was much more
shown that this was greatly influenced by several factors.dontinuous. The peak level of TNF after 600 ng/kg LPSp
was enhanced by application of larger amounts of LP®jection ranged between 200 pg/ml and 2800 pg/ml and a
shorter intervals between the injections and a higher contsignificant level of TNF was maintained f& h or more.
of protein in the agent [5, 7]. One earlier report showed th@ihese doses of LPSp might induce tumor regression and be
during intravenous administration of 4.0 ng/kg LPS tolose to optimal biological doses, judging from the results
humans, monitored by release of TdlFtolerance was that the peak TNF level that appeared in sera following
developed with repeated weekly injections, but was lesgradermal administration of LPSp was about 5000 pg/ml
with bi-weekly injections [5]. Another report showed thatn mice showing complete tumor regression (unpublished
repeated injections of 30 ng of LPS every 2 days did nobservations). Intradermally administered LPSp was ab-
lead to tolerance to induction of leukocytosis of LPS, but sorbed very slowly and stayed in the dermis at the site of
tolerance to pyrogenic properties [7]. In our administratianjection for more than 48 h [9]. It may thus have a priming
schedule, using intradermal injection of less than the MT&nd triggering effect on dendritic cells and Langerhans cells
of LPSp, it was difficult to predict to what degree toleranc# the dermis, and these activated cells and LPSp may
was developed. In this pilot study, the development ebntinuously enter the bloodstream and reach the local
tolerance was not evaluated in detail. However, we hatwmor site, resulting in the continuous release of TNF [9,
some results that suggest that tolerance of LPSp was h@}. These effects might be the cause of the continuous
greatly developed in this study. To several patients of otglease of the serum cytokines observed in this study. In the
study, after the 4-month treatment, the LPSp was adminisouse experiment we evaluated TNF induction following
tered at intervals of more than 2 weeks. However, wetradermal administration of LPSp, and found that TNF
observed that there was not much increase of toxicity was continuously induced in the tumor site as well as in
release of cytokines even at these intervals. Further caera. A significant amount of TNF was still present in the
trolled study is necessary to determine what dosage dnochor site even 24 h after intradermal administration
intervals result in tolerance of LPSp by intradermal admirfeinpublished observation). The patients showed marked
istration. individual differences of cytokine release in response to
This study demonstrated that, when administered by thBSp. There seemed to be a tendency for a greater amount
intradermal route twice a week, 1800 ng/kg LPSp wa¥ cytokines to be induced by LPSp in patients with a large
much less toxic than when given intravenously and thévaluable tumor. No clear relation was observed between
dose was apparently still below the MTD. By the intravethe amount of cytokines induced and the tumor response
nous route, the MTD of LPS administered repeatedly abtained, since the number of patients in this study was low.
weekly intervals was reported to be 8.0 ng/kg, and that if our trial TNF, IL-6 and G-CSF were determined as
first challenge was determined to be 4.0 ng/kg [4]. Theytokines released in the sera, since they could be measured
MTD in this trial is much higher than that for intravenousising the serum samples. Other members of the cytokine
injection. The bacterial origin of LPS used in our study wasetwork, such as interferop (IFNy) and IL-12, might be
different from that used by Engelhardt et al., which migtexpected to be induced as well.
have allowed a higher MTD for the LPSp. The biological Several previous studies have demonstrated that induc-
activities of LPSp were extensively studied in our institutéon of endogenous TNF caused tumor regression even in
using various animal models [8, 13], and compared to thoseman patients. We developed an anticancer therapy by
of LPS of other bacterial origins. These studies revealéwucing endogenous TNF with administration of interferon
that, when given intravenously, there was not much diffey-and OK432 (aStreptococcupreparation) [10]. Although
ence in toxicities between LPSp and the other LPS sfill limited, in 1985 (when we reported it) some efficacy
higher molecular mass prepared frdBscherichia coli It was seen in cancer patients [10]. In the present study with
follows that the much higher MTD in our study cannot welintradermal administration of LPSp combined with cyclo-
be explained by the difference in bacterial origin; it mighthosphamide, we obtained tumor responses in three out of
instead be due to the route of administration, apart from thiee patients with less toxic doses. We chose to treat the
bacterial origin or administration schedule. patients with the combination of LPSp and cyclophospha-
The cytokines were significantly released after intrademide rather than LPSp therapy alone since cyclophospha-
mal administration of 600 ng/kg LPSp. Earlier studies haveide was observed in our animal experiments to augment
shown that administration of LPS induces release of cytthe effect of LPSp synergistically [2]. Several other inves-
kines such as TNF and IL-6 [4, 5, 6, 12]. Michie et altigators have also reported that the antitumor effect of
measured serum TNF levels in 13 healthy volunteers aftsrdogenous TNF induced by LPS was enhanced by combi-
intravenous administration of LPS frol. coli [12], and nation with cyclophosphamide [1, 14]. They showed that its
showed that 4.0 ng/kg elicited about 240 pg/ml TNF at thability to enhance the antitumor effect was related to the
peak level. Engelhardt et al. reported that the peak levelafmination of some of the immunosuppressive mechanisms
TNF in sera was roughly 9000 pg/ml or 1500 pg/ml whethat negatively regulated LPS-induced effects. The five
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patients had failed to respond to prior chemotherapy. Engelhardt R, Mackensen A, Galanos C, Andreesen R (1990)

99 9 P y patients with advanced cancer. J Biol Response Modif 9:480

phospham@e alone, but fo its Comblnatlon with LPSp an% Engelhardt R, Mackensen A, Galanos C (1991) Phase | trial of

CPM. Continuous release of cytokines, but at a lower peak intravenously administered endotoxBalmonella abortus egyin

level, might be beneficial in achieving an antitumor effect cancer patients. Cancer Res 51:2524

with less toxicity. We report here the results from only 46 ggrq?h;haMrgl?Jawser:eLrlr_i’s "/I'Dafi/lnao '\AL’TWSeért";aggr fgwgasri":?k({?g"éb )

mon.ths of treatment; in Some patlen_ts_, the treatment was Endotoxin eIi(‘:its increaéed ycirchlatin%Z-lFN}lL-ﬁ |¥1 man.

continued, and the evaluation of toxicity and outcome of 3 mmunol 142:2321

these long-term treatments is now in progress. 7. Galanos C, Westphal L (1984) Isolation and purification of a
LPS has recently been shown to be a potent stimulator of standardized lipopolysaccharide frédalmonella abortus equin:

macrophages, releasing not only TNF but also IL-12 [3]. Homma JY, Kanegasak S, Luderitz O, Shiba T, Westphal O (eds)

- . ; Bacterial endotoxin chemical, biological and clinical aspects.
IL-12 has been noted for its central role in causing cell- \yeinhein, Basel, p 409 9 P

mediated immunity [11]. TNF was reported to cause acutg. Inagawa H, Nishizawa T, Tsukioka D, Suda T, Chiba Y, Okutomi T,
hemorrhagic necrosis of the tumor and to be a co-stimulator Morikawa A, Soma G-I, Mizuno D (1992) Homeostasis as

of IL-12 by accelerating IFM production from natural regulated by activated macrophage. Il. LPS of plant origin other

killer cells and T cells [20]. Recombinant products of %a:ggvzheatflourand their concomitant bacteria. Chem Pharm Bull

TNF, IFNy and IL-12 are now available and clinical 9. jnagawa H, Chiba Y, Nishizawa T, Okutomi T, Soma G-I,
application of these cytokines has been attempted. It was Mizuno D (1994) Intradermally administered lipopolysaccharide
found, however, that the efficacy of TNF or IFNwhen stimulates TNF-driven inflammation systemically to cure

. : . implanted tumour. Eur Cytokine Netw 5:273
administered exogenously as single agents, was limited Ry K;’to M. Kakehi R, SomayG_I, Gatanaga T. Mizuno D (1985) Anti-

severe tOXiCitY [15, _19]? the efﬁCff‘Cy of IL-12 is not yet ~ {ymor therapy by induction of endogenous tumor necrosis factor.
known as clinical trials are now in progress. Tumor cell Lancet 2:270

kiling is mediated by the cooperative action of varioul. Manetti R, Parronchi P, Giudizi MG, Piccinni MP, Maggi E,

; ; ; ; ; ; Trichieri G, Romagnani S (1993) Natural killer cell stimulatory
immunological cells and CytOKInGS'_From this point Of.VIeW’ factor (Interleukin 12 [IL-12]) induces T helper type 1 (Thl)-
LPS therapy may be more beneficial for tumor eradication gpecific immune responses and inhibits the development of IL-4-
in vivo, than a single-cytokine therapy. producing Th cells. J Exp Med 177:1199

We have found that LPS, when intradermally adminig2. Michie HR, Manogue KR, Spriggs DR, Revhaug A, O’Dwyer S,

tered, is less toxic, elicits a tumor response in combination E(i)rr‘]agf?'gi’rgﬁétﬁzr%“r; cf;' ch\elglrfésSis'\Af’a\é\{grrngfrt?engr\ml d(gt%?(?g aDc?rtr?i(r:]-is
with cyclophosphamide and thus can be applied to cancer ... "\ Engl J Med 318:1481

treatment even in humans. Our emphasis here is thus on tbenishizawa T, Inagawa H, Oshima H, Okutomi T, Tsukioka D,
intradermal route for LPS administration. Further escalation Iguchi M, Soma G-I, Mizuno D (1992) Homeostasis as regulated
of the doses and combined use with other biological by activated macrophage. I. Lipopolysaccharide (LPS) from wheat

P flour: isolation, purification and some biological activities. Chem
response modifiers may offer even more hope. Pharm Bull 40-479

) ) ) 14. Noso Y, Becker J, Riveau G, Audibert F, Chedid L (1990)
Acknowledgements We are grateful to Yuko Chiba for informing us  Production and enhanced antitumor activity of tumor necrosis
of the detailed results of animal experiments and to Muneo Yamada for factor in mice treated with cyclophosphamide. Jpn J Cancer Res
measuring the level of serum cytokines. This research was supported g1:942

by a grant from the Japanese Foundation for Multidisciplinary Treafs. Schaadt M, Pfreundschuh M, Lorscheidt G, Peter KM, Steinmetz

ment of Cancer. T, Diehl V (1990) Phase Il study of recombinant human tumor
necrosis factor in colorectal carcinoma. J Biol Response Modif
9:247

16. Shear MJ, Turner FC (1943) Chemical treatment of tumors;
isolation of hemorrhagic-producing fraction froBerratia mar-
cescengBacillus prodigiosus culture filtrate. J Natl Cancer Inst

References 4:81

17. Soma G-I, Mizuno D (1993) Further developments of the therapy

1. Abe S, Takahashi K, Yamazaki M, Mizuno D (1985) Complete With lipopolysaccharide of a small molecular size on various
regression of Lewis lung carcinoma by cyclophosphamide in intractable diseaes. A new version of Coley’s toxin. In: Fiers W,
combinaion with immunomodulators. Jpn J Cancer Res (Gann) Buurman WA (eds) Tumor necrosis factor: molecular and cellular
76:626 biology and clinical relevance. Karger, Basel, p 203

2. Chiba Y, Inagawa H, Okutomi T, Nishizawa T, Goto S, Soma G-18. Starnes CO (1992) Coley’s toxin in perspective. Nature 357:11
Mizuno D (1994) Antitumor effect with complete regression byt9- Retsas S, Leslie M, Bottomley D (1989) Intralesional tumor
lipopolysaccharide (LPSp) purified froPantoea agglomerartsy necrosis factor combined with interferon gamma in metastatic
intradermal administration. Eur Cytokine Netw 5:231 melanoma. Br Med J 298:1290 .

3. D’Andrea A, Aste-Amezaga M, Valiante NM, Ma X, Kubin M, 20. Tripp CS, Wolf SF, Unanue ER (1993) Interleukin 12 and tumor
Trinchieri G (1993) Interleukin 10 (IL-10) inhibits human lym-  Necrosis factor a are costimulators of interfefoproduction by
phocyte interferory-production by suppressing natural killer cell natural killer cells in severe combined immunodeficiency mice

stimulatory factor/IL-12 synthesis in accessory cells. J Exp Med with Iisteriosis, and interleukin 10 is a physiologic antagonist. Proc
178:1041 Natl Acad Sci USA 90:3725




