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I . Inhibition of metastasis of weakly immunogenic fibrosarcoma

and other tumor cells by intestinal bacteria and their components

ABSTRACT

It has been reported previously that abdominal irradiation
caused inhibition of lung metastases and that transmigration and
growth of Enterobacter cloacae in mesenteric lynph nodes coincided
with this phenomenon, abdoninal irradiation-induced inhibition of
lung metastases (AIRIM). 1In this section of the Lthesis, I show
that AIRIM was caused not only by E.cloacae, but also by another
intestinal bacteria, E.coli. Furthermore, I found that

colony
formation in the lung of certain tumor cells which were injected

intravenously after intravenous injection of E.coli or E.cloacae,
was markedly inhibited. The inhibition was caused by killed
bacteria as well as living bacteria. Further analysis disclosed
that the inhibition activity was predominantly located in
lipopolysaccharide (LPS), which is an important constituent of the
outer nmembrane of these bacteria, although some other components
seen to be involved also in the metastatic inhibition by the
bacteria. The antimetastatic activity of LPS was found to depend
on the tumor cell type; colony formation of fibrosarcona was
extensively inhibited by LPS but that of mammary adenocarcinoma
was only partially inhibited. These results suggest that under

certain conditions intestinal bacteria play some role in Lthe

natural prevention of tumor metastasis.




INTRODUCTION

Exposure of animals to wide-field irradiation before tumor
challenge usually causes enhanced tumor growth and netastasis (1).
liowever, Ando et al. found that abdominal irradiation of mice
prior to an intravenous challenge of syngeneic fibrosarcoma

cells(NFSa) reduced metastases. This phenonenon was designated as

abdominal irradiation-induced inhibition of lung metastases(AIRIH)
(2,3,4).  Neither gern-free mice nor antibiotic-treated nice

exerted AIRIN. After abdominal irradiation, transmigration and

growth of intestinal E.cloacae in mesenteric lynph nodes was noted
and found to be essential for the induction of ATRIM (4).
In this thesis I show that AIRIM was also caused by E:

herichia
coli, if the bacterium was present in the intestinal flora in the

experinmental animals, and that intravenous injection of either

bacteriun reduced lung colony formation of injected tumor cells. I

also show that a bacterial conponent played a significal role in
this inhibition.




HATERTALS AND HETHODS

Anipals. The mice used were 8-to-12-week-old males of strains,
C3li/lleJ and C3ll/Hle. They were kept in specific pathogen-free(SPF)

facilities or conventional ones. Bacteria isolated from the

intestine of the SPF mice were Bacteroides, Bifidobacterium,
idium Enterobacter, Lactobacillus, Staphylococcus,
Streptococcus, fusiform bacteria and the flora were free of

E.coli. In contrast, the intestinal flora of the conventional mice
contained E.coli instead of Enterobacter.
Tumors

. A veakly immunogenic fibrosarcoma (NFSa), which arose
spontaneously in a C3lif/Kan female mouse, was kept in liquid
nitrogen, and the 17th generation of its cells was used for the
present experiments. Strongly immunogenic fibrosarcoma (FSA),
squanous cell carcinoma (NRS1 and SSCVI), nammary adenocarcinoma
(MMca), and parotid adenocarcinoma (NRPG) that had been stored in
liquid nitrogen were also employed.

Single-cell  suspensions of tumor cells were prepared as
described previously (4). Briefly, tumors were removed, ninced
with scissors, and then mixed with 20 nl of Dulbecco’s solution
containing 0.2% trypsin (Difco 1:250), 0.02% pancreatin Grade VI
(P-1750; Sigma Chemical Co., St.Louis, M0) and 5
deoxyribonuclease 1 Grade II (Boehringer, Vest
beaker was gently stirred at 35°C for 5 min. The supernatant was

discarded and fresh solution was added for another 20-min

mg
Germany). The

enzyne
treatment. The second supernatant was filtered through stainless
steel mesh (#200) and centrifuged at 154 x g for 8 nin. The
pellets were resuspended at the appropriate cell concentration in
Hanks’ balanced salt solution (lIBSS) supplemented with 10 ¢ feta
calf serun (FCS). The wviability of cell suspensions
exceeded 95 % (4).

Radiation. For abdominal irradiation, a 137Cs sealed-type

always

-
-cell with a dose rate of 0.75 Gy/min, and a 200 KVp X-ray machine




(HVL 1.2 nm Cu, FSD 81.3cm) with a dose rate of 0.45 Gy/min were
employed. Mice were anesthetized by an intrapenitoneal injection
of sodium pentobarbital (50 mg/kg). The head, chest, and legs of
each mouse were shielded by 5mm of lead from the X-ray beam and by
a 50-mm slab from the 137Cs ¥ -ray beam. This resulted in a dose
to the thorax of less than 8 % of the dose specified to the
abdomen. To sterilize bacteria, a 6OCo ¥ -ray unit with a dose
rate of 60.3 Gy/min was used.

Bacterial Examination. At various times after abdomina
irradiation, the bacterial nunber and species in the cecum were
examined. The cecal contents were homogenized and diluted 10-fold
with phosphate buffered saline(PBS). Colonies of E.coli and
E.cloacae were counted after both aerobic and anaerobic
incubation (5).

Dried Bacteria and Lipopolysaccharide(LPS). E.cloacae was grown
in L-broth at 37°C for 24hr., harvested by centrifugation
(5000rpm, 20 min), and washed 2 times with pyrogen-free saline.
The cells were washed with ethanol, acetate, and ether, in this
order. They were dried and preserved as dried bacteria at roon
temperature. The weight of dried bacteria was 28 pg per 108
bacteria.

LPS of E.cloacae was extracted from dried bacteria or their

outer nmembrane with phenol-water at 70°C and purified by
centrifugation (6). The LPS preparation contained less than 0.1 %
protein as determined by the Lowry procedure, and there was no
detectable nucleic acid (absorbance at 260nm). The yield of LPS
was 0.5 pg from 108 bacteria.

Outer Membrane (OM) and Inner Hembrane (IM) of E.cloacae.

Freshly harvested bacteria were destroyed with a French press and
suspended in 10mM HEPES buffer (pH 7.4). The yielding suspension
was layered on a discontinuous sucrose density gradient (1.5ml of
2.024, 5.5m1 of 1.44M and 4ml of 0.77M sucrose in the buffer) and
centrifuged as described previously (7), and the fractions of OM

and IM were collected. After washing 3 times with water, the




fractions were frozen and dried. The yields of OM and IN from 108
bacteria were 1.0ug and 0.37pg, respectively. The supernatant
fraction in the top layer was also tested for the antimetastatic
activity.

Lung _ Colony  Assays. To produce artificial pulnonary
netastases, tumor cells were injected intravenously into mice in
an injection volume of 0.5nl of HBSS supplemented with 10% FCS.
After tumor inoculation, nice were killed at 9 day for NRSI, 11
day for FSA and NFSa, 14 day for SSCVI, 17 day for NRPG, and 25
day for MHCa. The 1lungs were removed and fixed in Bouin’s
solution. The number of tumor nodules on the surface of the lungs

was counted macroscopically. The significance of the differences
between groups (5 nmice were used for each group) was determined
using the Wilcoxon test; P values less than 0.05 were considered
significant.




RESULTS

Numbers of E.cloacae and E.coli Counts in the Intestine Before
and After Irradiation. The number of E.cloacae and E.coli in the
cecun was determined before and after abdominal irradiation. As
shown in Fig. 1, the numbers of each bacterium increased by a
factor of 100-1000 at day 3 after irradiation, and they returned

to their original levels at day 14. Sinultaneously with the
increased bacteria in intestinal contents, Lthe same bacteria were
found in nmesenteric lymph nodes (data not shown), and AIRIM
concomitantly took place. I therefore assumed that these bacteria
played some role in AIRIM.

Effects of Ex Administration of E.cloacae and E.coli on

E inental Hetastases. When living

was
injected intravenously 3 days before NISa challenge, lung
netastases were found to be inhibited (Table 1). The inhibition
depended on the number of bacteria injected, such that few
colonies were found in the lungs of mice Lhat received 107
bacteria. A similar inhibition was also found when killed bacteria
vwere enployed instead of living bacteria (Table 2), although the
activity was 10 times lower than that with living bacteria. These
bacteria were injected intravenously 7 days before tumor
challenge.

Since killed bacteria were also effective, bacterial components
were fractionated and tested for antimetastatic activity. The most
prominent activity was found in the outer membrane fraction (0H),
and the inner membrane fraction (IN) showed intermediate activity.
As shown in Fig. 2, the antimetastatic activities of OM and IH
vere dose dependent. When lipopolysaccharide (LPS), a constituent

of OM, was extracted from E.cloacae and tested for antimetastatic

activity, it was found that LPS was much more effective than 0Y




based on their weights. To learn if LPS was the only effective
component, I employed C3li/lle], LPS low-responder mice, to compare
the antinetastatic effect of LPS with C3ll/lle mice. In C3N/lle] mice
LPS failed to affect lung colony formation of NFSa, but both OH
and TH fractions clearly inhibited metastases in C3li/lle] nice
(Table 3). The results indicated that sonme other components
besides LPS were also involved in the antimetastatic activity of
the bacterium.

As shown in Fig. 3, both dried bacteria and LPS, which were
adninistered 1 day before injection of the tumor cells, exhibited
the strongest antimetastatic activity, and the longer before the
administration was, the less the antimetastatic effect was
observed. In this experiment, the antimetastatic activities of lpu
g LPS and ]07 dried bacteria were tested during a period ranging
fron 13 days prior to and 4 days after tumor inoculation. Dried
bacteria or LPS administered 2 hours before the injection of tumor
cells at day 0 was still effective, but no reduction of netastatic
colonies was observed after 2 days.

Hetas

astatic Ability of Various Tumor Cells after Administration
of LPS. The effect of LPS on the inhibition of netastases of
various types of tumor cells was investigated. Tumor cells tested
here included two fibrosarcomas, two squamous cell carcinomas, one

mannary adenocarcinoma, and one parotid gland tumor; all were

C3ll/lle-mouse origin. As shown in Table 4, lung colony formation of
NFSa, FSA, and SSCVI tumor cells were strongly inhibited, while
those of NRS1, MMca, and NRPG cells were narginally inhibited.

NFSa and FSA were different in inmunogenicity, but

they were
equally well inhibited, suggesting that the inhibition was not

related to the surface difference of these cells.




DISCUSSTON

In this section I showed that inhibition of lung nmetastases was
caused by abdominal irradiation, accompanied by the growth of
E.coli, as well as E.cloacae, in the intestine and mesenteric
lymph nodes. The antimetastatic effect by the irradiation was
replace by previous administration of living or killed bacteria.
It is believed that transmigration of bacteria to lymph nodes or
other sites of the body is caused by irradiation through various
nechanisns, including radiation injury to the intestinal nucosa,
changes in the intestinal nicroflora, and depression of host
defense mechanisns (8-10).

After more than 1000 roentgens of whole-body irradiation, a
najority of the epithelial cells of the intestinal mucosa in mice
perished within 3 to 4 days. The survival time of mice receiving a
gastrointestinal death-dose of irradiation was proportional to the
life span of intestinal mucosal cells(11) and it vas shorter for
conventional mice than for germ-free mice(12,13) or antibiotic-
treated mice(14). After lethal whole body irradiation, the number
of bacteria found in feces was larger for sterilized mice than for
survived nice. I showed in this thesis that a sublethal
irradiation to the abdomen induced the nultiplication

transmigration of E.coli (Fig. 1), and the number of

and

oli in the

intestine returned to the pretreatment level by 14 days, similar
to mice that survived after a nidlethal dose of whole-body
irradiation (15). As a cause of AIRIM, qualitative and

quantitative alterations in the microbial population in the gut

to the intestinal
mucosa. After local irradiation to the gut, bacteria translocated

may be as significant as radiation injury

to the nesenteric lymph nodes, yet the host defense mechanisns
remained intact enough to prevent bacterenia and animal death.

Hetastatic tumor cells in the circulation must evade a nunber

11




of host defenses, including NK cells, activated macrophages, and
lymphocytes. The tumor cells must survive the physical trauma' of
blood flow and be arrested in the venous or capillary bed of the
target organ. Once the tumor cell has been arrested, it must pass
through the vascular well to enter the organ parenchyma and grow
in this organ (16-18).In the present study, T showed that the
injection of living and killed bacteria into nmice also inhibited
lung metastases, and that LPS could replace bacteria. LPS exhibits
a variety of actions, such as the activation of macrophages, NK
cells and complements, the induction of TNF, interleukin 1 and
interferon, platelet aggregation, vascular endothelial damage, and
augnentation of the adhesion of granulocytes and lymphocytes (19-
27). These pleotropic activities of LPS are considered to cause
the inhibition of lung metastases. Hany investigators have shown
that metastases are well inhibited by the activation of NK cells
or macrophages (28-30). In the following section I, T studied
further whether nmacrophage and NK cell functions are related to
the inhibition of metastases in the present systen.

Finally, since OM and I inhibited netastases in LPS lou-
responder nice, some other components besides LPS also seen Lo
possess antimetastatic activity. Bacterial components such as
peptidoglycan (31) and deoxyribonucreotide (32) have been shown to
possess antitumor activity. In particular,

nuranyl dipeptide, a
part of peptidoglycan, which resides in OM, is known to
various activity similar to LPS.

exhibit




Table 1 Antimetastatic activities of living E.coli and E.cloacae

Hice received living E.coli or E.cloacae 3 days before injection
of 1)(105 NFSa cells. Mice were sacrificed 11 days after tumor

challenge.

Treatment Number of mice Mean number of lung colonies(range)
Saline 5 122.6(105-164)

104 E.coli 5 80.6(40-130) Ns2
107 E.coli 5 1.6 (1-2) xb

108 E.coli 5 0 *

10" E.cloacae 5 50.4(42-79) X

107 E.cloacae 5 0 3

a

Not significant
b peo.o1




Table 2 Effect of prior injection of living or killed E.cloacae on lung
colony formation of NFSa cells

Mice received indicated numbers of E.cloacae 7 days prior to injection
of 1x10° NFSa cells.

Mean number of lung colonies(range) after
injection of E.cloacae at a dose of

E.cloacae - 107 108 109

= 91.6(49-153) - . -
y -ray-killed - 72.6(28-98)3  13.6(6-24)>  19.6(6-34)b
Fornalin-killed - 25.8(3-36)P 8.4(4-10)b  2.6(0-7)b
Dried - 72.8(52-85)2  26.0(16-3NP  1.2(0-4)b
Living - 29.8(10-47)b 1.0(0-2)b ob

3 Not significant
b pco.01




Table 3 Antinmetastatic activities of various bacterial components injected
to LPS-lowresponder C3H/Hel and LPS-responder C3li/lle mice

50pg of IM, OM and LPS was injected intravenously 3 days
transplantation of NFSa cells.

before

Mean number of lung colonies(range) in

Experiment Injection LPS-lowresponder LPS-responder
C3M/led C3li/le
e Saline 222.0 (183-258) 117.0 (84-143)
50 g LPS 212.5 (149-252) 8.5 (1-15)¢
S0pg IM ND 0.8 (0-1)¢
50 g OM ND 1.2 (0-2)¢
nb Saline 132.4 (92-158) ND
50pg TH 63.7 (31-123)d ND
50png OM 18.3 (23-79)¢ ND

a 15105 or b 5x10% NFSa cells were injected.
ND: Not done.

€ p<0.01

d p0.025

€ P<0.005




Table 4 Effect of LPS on lung colony formation of various tumors

C3H/lle mice received 0.2 or 1.0z g LPS/0.5nl saline 3 days before
transplantation of tumor cells.

Mean number of lung colonies in mice which
Number of had received
Tumor cells injected = 0.2 pgLPS 1.0 ¢ gLPS

Fibrosarcoma  (NFSa) 1x10° 139.2(63-191) 7.0(1-12)2 0.6(0-3)2
Fibrosarcoma  (FSA) 1x108  52.6(17-84) 3.2(1-5)2 1.6(0-4)2
Squanous cell °?§§é%’ a 2.5x109 79.3(69-100) 3.8(0-9)2 4.0(2-6)3
Squamous cell cgrcinoma 1x105 123.6(104-134) 60.6(39-71)2  70.8(53-83)2
Breast adenocar%ﬁﬂgg 2.5x108  43.8(11-70) 31.2(17-55)P  17.6(5-42)b

Parotid gland 1x105  169.6(132-210) 172.0(144-205)b141.2(104-170) b
adenocarcanona (NRPG)

2 p<0.01
b Not significant
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Il.  On the nechanisns of the antimetastatic activity of
intravenously-injected lipopolysaccharide

ABSTRACT

In the preceding section I showed that bacterial LPS exerted

prominent antimetastatic activities. I studied further on the

nechanism of the antimetastatic activities of LPS.
treatment of fibrosarcoma (NFSa) cells with LPS did

In vitro
not change
their nmetastatic ability in syngeneic nice, regardless of the
incubation time and LPS concentration in the mediun. The

indicated no direct effect of LPS on the tumor cells.

results

Although treatment of nmice with anti-asialo GH1 antibody or
silica before injection of tumor cells significantly increased
lung colony formation whether the mice had or had not received
LPS, the rate of colony reduction by LPS was scarcely affected by

the treatments. Furthermore, a maxinunm increase of asialo GM1

positive cells was observed 5 days after injection of LPS, whereas

peak inhibition of metastasis was observed 1-2 days after

injection. These results suggest that LPS-sensitive cells, such as

natural killer(NK) cells or splenogenic macrophages, were not

directly involved in the present antimetastatic activity of [LpS.

The experimental results on the pulmonary retention of

radiolabeled NFSa cells showed that LPS affected retention of the
tumor cells in the lung, and that this was not suppressed by anti-
asialo GM1 antibody. Thus, the antimetastatic activities of LPS

were primary due to inhibition of the initial arrest of tumor

cells in the lung. The inhibition was partially suppressed by
whole-body irradiation.



INTRODUCTTON

Prior to nmetastatic establishment,  tumor cells in the

circulation must disseminate to distant organs and be arrested in
capillaries by adherence to endothelial cell surfaces and/or the
exposed basement membrane. Extravasation and nultiplication of
tumor cells in the extravascular space of the invaded organs

take place continuously (1).

nust
An extrenely high rate of tumor cell
destruction has been reported in the blood,
injected tumor

and only 0 to 1% of
cells survive and develop macroscopic metastases

(2). During the migration in the blood, tumor cells interact with

NK cells, activated nacrophages, other WBC, conmplenents, and

antibodies. Aggregated platelets and fibrin coagulation may also
be important in tumor cell arrest in capillaries (3).

The effects of biological response modifier(BRH)-induced NK

cell activation in vivo on host resistance against tumor

netastases  have been reported (4-6). For exanple, the

adninistration of BRMs, such as Bacillus Calmette-Guerin,
and  poly(I:C)-boosted macrophage and NK

cell activities, enhanced the destruction of

Corynebacterium parvunm,

circulating tumor
cells and inhibited lung colonization. The antimetastatic activity
was most marked when BRMs were injected before, but not after,
intravenous tumor cell inoculation, thus supporting the idea that
NK cells and macrophages are most effective in destroying blood-
borne tumor cells in the vascular capillary bed before

extravasation into the organ parenchyna (7).

their
llovever, the direct
evidence for the antimetastatic activities of NK cells and
activated macrophages has not been presented.

To explore the role of NK cells in tumor growth and netastases,
anti-asialo GHI antibody, a glycolipid surface marker on NK cel
has been employed (8,9). The antibody has been
selectively elininate NK cells,

s,
shown to
to increase the tumorigenicity of

cells in an artificial metastasis model (10,11), and to abrogate
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the antimetastatic activity induced by heparin, warfarin, or

prostaglandin Iy (12,13). It has also been claimed that silica
exhibits a selective lethal effect on nouse macrophages(14), and
that it continuously eliminates NK activity (15,16).

In the preceding section of this thesis, 1 showed that living
and killed intestinal bacteria were effective in reducing colony
formation of fibrosarcoma cells in the lung. T also showed that
bacterial components, especially lipopolysaccharide (LPS), were
effective for this activity. I studied further on the mechanism of
the antimetastatic activity of LPS. In this section, I showed that
NK cells or macrophages were not involved in the activity, but
that the initial arrest of tumor cells was affected by LPS
treatment.




HATERTALS AND METHODS

C31l/lle] and C31I/lleMsNrs male nice were bred and kept

in specific pathogen-free facilities at the National Institute of
Radiological Sciences. They were used for experiments at 8§ to 12
veeks of age.

Tumors. A weakly inmunogenic fibrosarcoma(NFSa), which

spontaneously in a C3lIf/Kan fenmale nouse,
nitrogen,

arose
was kept in liquid
and the 17th generation of its cells was used for these
experiments. Tumors were inoculated into the lower legs of C3II/lle

nice before use. Single-cell suspensions of tumor cells were

prepared as previously described(17).

appropriate cell concentration in llanks’

Cells were suspended at an

balanced salt solution
(IBSS) supplemented with 10 % fetal calf serun (FCS).

Drugs. Rabbit  anti-asialo GM1 antibody  (Wako
Chenical,0Osaka) was reconstituted in distilled water,
stored at -20°C, and diluted from 1:25 to 1:400 in phosphate
buffered saline (PBS) before intravenous injection. Silica (2-10
n, BIO-RAD) was suspended in PBS and sonicated before use.
rabbit serum (NRS) was diluted 1:25 in PBS before
injection.

LPS of E.cloacae was extracted fron dry bacteria with phenol -
vater as described (18). The LPS preparation contained less than
0.1 % protein, as deternined by the Lowry procedure, and no
detectable nucleic acid (absorbance at 260nn)

Lung Colony Assays. To  prodice
metastases,

Pure

Normal

intravenous

artificial pulmonary
tumor cells were injected intravenously into mice in
an injection volume of 0.5n1 of HBSS supplemented with 10% FCs.
Hice were killed 11 days after the injection, and the lungs were
renoved and fixed in Bouin’s solution. The nunber of tumor nodules
on the surface of the lungs was counted.

The significance of the

differences among groups (each group contained 5 nmice) was

deternined using the Wilcoxon test; P value less than 0.05 were
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considered significant.

Treatnents of Tumor Cells with LPS in Vitro. NFSa cells were
plated at a density of 5)(1()5 cells per 75—cm2 flask, and .after
cultivation for 2 days, incubated with LPS in HEM supplenented
with 108 FCS for a period ranging from 0 to 72 hrs. The cells were
washed with MEM and trypsinized for 15 min, to detach them
the flask. After washing 3 times with HEM, the

from
cells were
resuspended in HEM supplemented with 10% FCS, and 0.5 nl aliquots
of each cell suspension (containing 5x101 cells) were injected
into the lateral tail vein of mice.

Staining of Peripheral Blood Leukocytes.  Peripheral blood
leukocyles were stained innunohistochenically with anti-asialo GH1
antibody. The peripheral blood was obtained by cardiac puncture,
and washed twice in PBS. Leukocytes were harvested by
centrifugation, suspended in Tris-0.83% Nli4C1 solution, to lyse
erythrocytes, washed 3 times in PBS, and smeared on albumin-coated
glass slides. The slides were incubated with a 1:50 dilution of
anti-asialo GH1 antibody for 30 min. After washing 4 times in PBS
for 20 min, the slides were incubated with a 1:40 dilution of
peroxidase conjugated goat anti-Rabbit IgG (Jackson Labo.
further 30 min. After washing, the color was
3,3’ Dianinobenzidine (Wako, Osaka).

Jeforta
developed with
A1l incubations were carried
out at room temperature. The slides were counterstained with
nethylgreen(chrona) and mounted with cover slips.
Transfer of Spleen Cells. Spleen cells of nice were suspended
in Tris-0.83%NIIiCl solution to lyse erythrocytes, washed 3 tines
in IIBSS, and suspended in RPHI1640 supplemented with 10 ¢ FCS. The
cells (2xl07/m1) were incubated for lh in the presence of 1 rg/nl
LPS and washed 3 times with IIBSS. One hundred ni]lion(lxl[)g)
spleen cells were transferred to recipient mice in a volume of 0.5

nl of RPHI1640 1 day before NFSa challenge (5x10% cells).

Lung Retention of Tumor Cells. Tumor cells prelabeled in vitro
were injected intravenously into mice. The labeling procedures

were described previously(19). Briefly, NFSa cells were plated at
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2x108 cells per 75-ca? flask in HEN supplenented with 10§ FCS. On
the following day, the mediun was replaced by a fresh one
containing 5-[1251]Iodo-Z'-deoxyuridine (44Ci/nl,1Ci=37GRq;
Anershan International Plc.). After 24hr incubation, the cells
were treat-ed for 15 min with 0.25% trypsin-0.02% EDTA solution to
detach them from the flask, and they were washed 3 tinmes by
centrifugation. A suspension containing 5x104 cells in MEM was
injected into the tail vein of C3li/lle nice. Ten nin and 2,4,6, and
24hr  after tumor cell inoculation, nmice were sacrificed by
cervical dislocation, and the lungs were removed to determine
radioactivity.




RESULTS

Colony-forming Ability of f LPS-treated NFSa Cells in the

_Lung.
To elucidate the mechanism of the antimetastatic activity of LPS,

I examined if LPS directly acted on NFSa cells to
metastatic activities. NFSa cells were

nedium containing either 0.1 or 1.0 pg/ml of LPS,

reduce
plated and cultured in
which was
effective enough to inhibit metastases. As shown in Table 1 the
cells did not change their metastatic ability by the LPS
treatment. The result indicates that inhibition of metastases by
LPS was not caused by direct interaction between LPS and the tumor
cells.

Effects of Anti-asialo GH1 Antibody and Other r Treatments on the
Dgyglgem .L,lr_ng,arLH,c,LﬁLasgg-‘ Anti-asialo GH1 antibody, a
selective inhibitor for NK cell

function in the spleen and blood,

was injected intravenously, to learn if NK cells were concerned

with the reduction of tumor metastases. As shown in Mg, "1,
dose-dependent increase in the number of

a
lung colonies was
observed when the antibody was injected into mice that had not
received LPS. llovever, as shown in Table 2 , anti-asialo GM1
antibody scarcely affected the metastatic rate in LPS-treated to
control mice, although it promoted the formation of lung colonies
both in control and LPS-treated mice. Sinmilarly, the injection of

silica, which inhibits NK cell- and macrophage activity only

marginally, increased the metastatic rate in LPS-treated nice from
1.4% to 7.5%.

Furthermore, in peripheral blood, the number of asialo GMI1-
positive cells began to increase as early as day 1 after LPS
treatment, and it peaked at day 5, whereas the peak inhibition of
netastasis was observed 1-2 days after injection of LP§ (Table 3).
The results indicate that asialo GMl-positive cells were important

for the reduction of tumor cells, but the cells did not concern
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the present antimetastatic activity exhibited by LPS.

It was found that the LPS-induced antinetastatic effect was

significantly suppressed by whole-body ¥ -irradiation of 6 Gy 4

days before tumor cell injection, although irradiation with 3 Gy

exhibited no significant effect. NK cells and macrophages are

known to be resistant to such doses of irradiation.
suggested that moderate-irradiation-sensitive

These results

cells, such as
granulocytes, were concerned to the antimetastatic effect exerted
by LPS.

Effect of LPS and Anti-asi M1 Antibody on The Pulmonary
Retention

R n_of NFSa Cells. To learn the effect of LPS on the
pulmonary retention of tumor cells,

NPSa cells were radiolabeled
and radioactivity in lung was determined.

radioactivity of the cells reduced at a
exponential rate,

As shown in Fig. 2, the
characteristic negative
vwhether or not the mice had received LPS and/or

the antibody. Prior administration of LPS enhanced the reduction

rate of tumor cells in the lung. At 6 hr after injection, 22.4% of

injected cells remained in the lung of control mice, whereas only

11.9% remained in mice treated with LPS. The

rate of retention between control

difference in the
and LPS-treated mice increased
at 24 hours; 4% and 0.64% in the control and LPS-treated mice,
respectively. On the other hand, anti-asialo GHI antibody did not
affect the retention rate up to 6 hours, and the rate was slightly
increased 24 hours after injection of the tumor cells. In the
LPS-treated nice, also, anti-asialo GNI antibody only slightly
influenced tumor clearance.

Effect of Transfer of LPS-treated Spleen Cells on_ Tumor
Metastasis. The spleen contains various types of cells that are

activated by LPS. Experiments were designed to

exanine whether

LPS-treated spleen cells injected into non treated mice could

affect lung metastasis. Spleen cells derived fronm C3li/lle
C3ll/lle] nmice were incubated with

and
LPS for 1 hours and injected
intravenously to these mice. Significantly lower nunbers of tumor

colonies were obtained in the lungs of C3Il/lie mice injected with
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LPS-treated spleen cells, regardless of whether the cells were
derived from C3li/lle or C3N/lle] mice. In contrast, LPS-treated
spleen cells derived from either nice did not influence lung
colony formation in LPS low-responder C31I/lle] nice. The results
suggest that LPS, which had been trapped by the spleen cells
during incubation, but not spleen cells themselves, was effective

in reducting colonies in the lung (Table 4).

DISCUSSTON

The mechanism of cancer metastases is a conplex cascade of
various steps. Interruption of the sequence at any of these steps
can prevent the production of metastases. The results of this
study, as discussed more precisely later, showed that the
antimetastatic effects of LPS were chiefly due to the inhibition
of tumor cell retention in the lung, and that NK cells and
nacrophages, which are thought to be activated by LPS (20-22),
were not directly concerned with the present effect of LPS. The
LPS effect was eliminated by relatively higher doses of whole-body
v -irradiation, suggesting that the high-irradiation-sensitive
cells were concerned in the reduction of tumor nigration
lung.

in the

LPS has been known as a kind of BRM. Tt activates nacrophages

and NK cells, and as a result inhibits lung metastases. In fact,

in my own experiments, injection of anti-asialo GH1 antibody or

silica increased the number of metastases of NFSa cells, and the

administration of LPS increased the number of asialo GH1-positive
cells in peripheral blood. Treatment with anti-asialo GHI antibody

is known to be one of the nmost specific methods currently

available for the removal of NK cells. The treatment was reported
to suppress spleen NK cell activity, to accelerate the initial
retention rate of BI6 melanoma and MADB106 cells in the lung, and
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to increase the number of netastases(10) (12) (13).
mice with Poly(I:C) and C.parvun
activity and inhibited the initial
netastases (12).

Treatment of

augnented spleen NK cell
retention rate of BIB

However, in the present experinent, LPS-induced inhibition of

netastases did not coincide with the increase of asialo GMI1-
positive cells in the peripheral blood.
asialo GMl antibody nor silica

antimetastatic activity of LPS.

Horeover, neither anti-
treatments abrogated the
No direcl interaction between LPS
and NFSa cells was found. Furthermore when LPS-treated

spleen
cells from C3H/lle nice were

transferred to C3ll/lleJ mice, no

antimetastatic effect was induced. These data indicate that

activation of NK cells or macrophages had little to do with the
LPS-induced inhibition of metastases shown above.

Although most radiolabeled tumor cells were initially arrested

in the lung, as shown in the results, they were rapidly eliminated

from the lung with or without destruction and only a few cells
were sustained in the lung and formed metastatic

of tumor cells in the

foci. Retention
lung is known to coincide well with the

incidence of metastases (23,24). llovever, little is known about

the exact mechanisms of the retention or arrest of tumor cells in

the lung. llanna and Fidler reported, using B16 nmelanoma cells,

that the enhanced metastases in mice exhibiting low activity of NK

cells is not due to enhanced tumor cell arrest in the lung, but

this study,
treatment with anti-asialo GM1 antibody increased the nunber of

netastases, but did not accelerate the initial retention rate of

rather to increased tumor cell survival (6). TIn

NFSa cells in the lung. Therefore, the reduction of metastasis by

NK cells and/or macrophages, and that by LPS, seen to be two

independent phenomena. LPS is known to induce various effects

other than NK cell activation. These include vascular endothelial

damage, pulnonary vascular sequestation of granulocytes, the

induction of various lymphokines, etc.(25-29). For the LPS-induced

antimetastatic effect in the present experiments, other cell
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factors seem of concern, which are inhibitable by whole-body ¥

-irradiation.

Granulocytes and platelets are known to be concerned with

lung
injury

after the intravenous injection of endotoxin (LPS).

These
cells are sensitive to whole-body ¥y

-irradiation, in contrast to
NK cells and macrophages, which are relatively radio-resistant
(33,34). Activated granulocytes possess strong lytic
against tumor cells (30-32). Platelet
fornation are considered to be the

activity
aggregation and fibrin
nechanisns involved in the
adhesion of tumor cells to the endothelial surface of blood
vessels, tumor cell arrest, and extravasation (28).
the present experiments, the injection of L
cell  inoculation did not exhibit

Section I). Acute responses,

llovever, in
PS 2 hours before tumor
antinetastatic effects(See
such as the decrease of granulocytes
and activation of complements may not be the main
factor for the inhibition of netastases (29).
remains, however, that

and platelets,

A possibility
these alterations affected the state or
character of endothelial cells or the basement nenbrane, which in
turn affected the arrest of tumor cells in the lung. The mechanisn
of cancer metastases is compronised and further studies are needed

to clarify the mechanism of the antimetastatic effects of LPS.




Table 1 MHetastatic capacity of NFSa cells incubated with LPS

After the incubation in LPS-containing medium, NFSa cells were washed 2 times
with HBSS, resuspended in HBSS (5x104 cells/0.5ml) and injected intravenously
to C3li/lle mice. A group of 5 mice was used for each experiment.

Hean number of lung colonies(range) after incubation for
LPS Oh 1h 18h T2h

s 55.4(15-80) 5 ) i
0.1pg/nl 53.8(34-71)2 72.2(51-97)2 61.2(47-85)2 2
1.0z g/nl 42.7(30-67)2 51.2(24-77)2 53.0(27-80)2 36.6(21-52)2

2 No significant difference(P>0.05) from control.



Table 2  Antimetastatic effect of LPS in mice treated with anti-asialo GHl

antibody, silica, or whole body irradiation

In experiment I, C3H/He mice received silica(2.5mg/0.4ml PBS) or anti-asialo
GH1 antibody (diluted 1:20 with PBS) 1 day before or 1 and 3 days before NFSa
cell challenge. LPS(1xg/0.3n1 PBS)

or PBS was injected 1 day before tumor
challenge. In experiment II

C3li/lle mice were irradiated with 3 or 6 Gy ¥

-rays 4 days before tumor challenge. A group of 5 nmice were used for each

experiment.
Hean number of lung colonies(range)
in mice received
$inhibition
nunber of NFSa  PBS(control) LPS  factor exerted

Exp. Treatment cells challenged by treatment?
1 none 1x109  56.8(36-70)  0.8(0-4)3 -

Silica 1x108  106.0(80-122)  8.0(2-14)2 1.06

anti-asGH1(0.2nl/once) 5x104 192.2(139-224) 7.4(5-11)2 1.04

anti-asGH1(0.4nl/tuice)  2.5x10% 161.8(136-177) 0.4(0-1)2 1.00

I none 1x109 66.2(32-110)  0.4(0-2)2 4
Vhole body irradiation(3 Gy) 1x10° 62.2(53-69) 1.0(0-2)2 1.01
Whole body irradiation(6 Gy) 1x109 132.5(104-154) 50.6(33-75)2 1.61

a, p<0.01

b. (LPS/control in no treatment group) / (LPS/control in treatment group)
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Table 3 Effect of LPS on the induction of asialo GM1 positive cells and on
the development of NFSa metastases

LPS (12 g/0.5 ml in PBS) was injected to C3Hi/lle mice and total WBC and asialo

GMl positive cells in the peripheral blood were counted at the periods
indicated. NFSa cells were challenged at the periods indicated and lung
colonies were counted 11 days after the challenge.

Hean number of counts(range)?

Day after LPS NO. of asialo GM1 Mean number of
injection WBC positive cells lung colonies(range)
none 4250(3900-4650) 400(380-430) 139.2(63-191)

1 2700(2200-3200) 760(672-870) 1.2(0-2)

3 5300(4300-5800)  2210(2030-2370) 1.2(0-5)

5 7200(7000-7400)  3170(2760-3410) 15.2(6-22)

8 6180(5000-6900) 970(700-1380) 75.0(67-90)

10 4970(4570-5330) 790(750-840) 101.0(73-146)

13 6830(6750-6900)  1080(830-1330) z

a. Three mice/group.




\ Table 4 Inhibition of netastases by the
cells

adoptive transfer of spleen

Spleen cells derived from C3H/lle and C3li/Hel mice (2x107/ml) were incubated
for 1 h at 37°C with or without LPS 1pxg/nl. Washed spleen cells (lx108) were
transferred to recipient mice 1 day before NFSa cell challenge, 5x10% for Exp.
I and 1x105 for Exp.1l. Each data was obtained from 5 mice.

Experiment Recipient Donor Adoptive transfer Number of metastases

(Range)
1 C3Hi/le = 3 69.2(30-107)
C3H/He C3H/He control spleen cells 63.0(40-89)2
C3l/He C3li/He LPS-spleen cells 3.8(0-7)P
C3ll/HeJ  C3H/He control spleen cells 117.2(60-165)
| C3H/He]  C3H/lle LPS-spleen cells 86.3(57-141)2
Il C3li/lle z = 139.6(121-158)
C3ll/1e C3ll/lleJ control spleen cells 143.4(49-202)2
C3l/lle C3H/lle]  LPS-spleen cells 33.6(27-39)P

2 Not significant
b p<o.01
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Fig. 1. Effects of anti-asialo GN1 antibody on lung colony
formation of NFSa cells. Anti-asialo GHI antibody(asGH1) in 0.5 ml
(indicated dilution) was injected intravenously into C3ll/lle mice 3
days before 5)(104 NFSa challenge. As a control, normal rabbit
serun (NRS; 0.5 ml, 1:25 dilution) was injected. MHéan value

obtained with 5 mice was shown as a column with +SD as a bar.
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Fig. 2. Effect of LPS and anti-asialo GHl antibody on pulmonary
retention of NFSa cells. C3ll/He mice were received LPS(1ug)
or/and anti-asGHl antibody (0.5 ml, dilution 1:50) or nothing 1
day before intravenous injection of 5x101 radiolabeled NFSa cells.
The pulmonary radioactivity was determined 10 min(0 hr), 2,4,6 and
24 hr after tumor cell administration. Results obtained with 4
nice were plotted for each point as symbols and bars(Hcan;iSEH).
@ ,controls; A ,anti-asialo Gl antibody; O,LPS; A,LPS plus
anti-asialo GHl antibody.
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