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Increasing evidence suggests that an intimate correlation may exist between the production of a
cytokine, granulocyte-macrophage colony-stimulating factor (GM-CSF) and the ability to metastasize
spontaneously in the lungs in murine transplantable tumors. In the present study, we further examined
the cytokine production by tumor cells with the ability to metastasize in the liver. Four out of 8 test
tumors, which produced metastasis in the lungs but not in the liver, exhibited the ability to produce
GM-CSF activity in culture, Three other tumors produced metastasis in the liver but not in the lungs.
These tumor cells exhibited ne ability to produce GM-CSF, but two of them expressed an interleukin-
6 (IL-6) mRNA and also produced IL-6 activity in the culture fluids. One of the two IL-6-producing
tumors and the remaining liver metastatic tumor produced interleukin-1 (IL-1) as revealed by
bioassay and neutralization test. In the tumor cells producing pulmonary metastasis, neither IL-6 gene
expression nor IL-1 production could be detected. The last test tumor, which produced no metastasis
either in the lungs or liver, produced neither GM-CSF, IL-1 nor IL-6. Furthermore, injection of
antisera reactive to recombinant murine IL-6 caused a marked decrease of the number of liver
metastases of an IL-6-producing tumor, but not lung metastases of a GM-CSF-producing tumor, which
could be markedly inhibited by injection of anti-recombinant murine GM-CSF sera. These results
suggest the possibility that there may be a correlation between the cytokines produced by tumor cells
and their organ specificity in spontaneous metastasis, and also indicate that these tumor models may

provide a useful tool for studies on the role of cytokines in tumor metastasis.
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Cytokines, a group of protein cell regulators which are
produced by a wide variety of cells in the body, play an
important role in many physiological responses. Current
studies on structure-function relationships, ligand-
receptor interactions, and intracellular mechanisms of
action should enable the effective use of these important
biological mediators. On the other hand, however, recent
investigations on the production of cytokines in diseases
have revealed that certain cytokines may be involved in
the pathophysiology of a range of diseases (reviews in
Refs. 1, 2 and 3).

It has been reported that cytokine activities can be
detected in conditioned media from cell lines of murine
transplantable tumors and established human tumor celi
lines.*” Using a model of highly and weakly metastatic
tumor variants, it has been shown that a correlation may
exist between the production of a cytokine, colony-stimu-

' To whom requests for reprints should be addressed.

? Abbreviations: CSF, colony-stimulating factor; GM-CSF,
granulocyte/macrophage CSF; IL-1, interleukin-1; IL-6, inter-
leukin- 6; rmGM-CSF or rmlIL-#6, recombinant murine
GM-CSF or IL-6; rmIL-1 or rhIL-1, recombinant murine or
human IL-1; CHX, cycloheximide.
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lating factor(s) (CSF)* and the metastatic ability of
tumor cells.*” We also have shown that some, but not
other, transplantable murine tumor strains in culture
produced CSF activity, which was identified as granulo-
cyte-macrophage (GM)-CSF by its reactivity to a
specific antibody to murine recombinant GM-CSF.® Sub-
sequently, we have shown that a series of murine trans-
plantable tumor cells can be divided into two groups
according to their ability to develop metastasis in mice:
(1) tumors developing macroscopical or microscopical
metastasis in the lungs and lymph nodes and expressing
GM-CSF mRNA in the cell, and (2) tumors developing
no metastasis in those organs and expressing no GM-CSF
mRNA. These results suggest that an intimate relation
may exist between the ability of tumor cells to produce
GM-CSF and development of tumors in certain organs
such as the lungs.” During such investigations, we found
three tumors, which developed no pulmonary metastasis
and expressed no GM-CSF mRNA, but developed severe
nodular metastasis in the liver. We were, therefore, inter-
ested to know whether these tumor cells had the capacity
to produce certain cytokine(s) other than GM-CSF,
which might be correlated to the development of
metastasis in the liver.

1299



Jpn. J. Cancer Res. 82, November 1991

In the present paper, we show that tumors with
metastatic capability in the liver produce the hepatocyte-
activating cytokines interleukin-6 (IL-6) and/or inter-
leukin-1 (IL-1), in place of GM-CSF found in the tumor
cells metastatic to the lungs. In addition, we show that
injection of anti-IL-6 sera in mice caused a marked
decrease in the number of liver metastases of an IL-6-
producing tumor, while injection of anti-GM-CSF sera
resulted in a marked inhibition of lung metastasis of a
GM-CSF-producing tumor.

MATERIALS AND METHODS

Mice and tumors Table I shows the tumor cells used for
the experiments (5 ascitic and 3 solid forms), X5563,'
MM48,'" NR-S1,'> 3LL-SA,' B16,® RL31," P815'
and L5178Y," with their histological classifications, de-
scribed for the original tumors developed in the mouse
and mouse strains bearing the respective tumors. All the
mice and tumors transplanted were syngeneic with each
other. Mice, specific pathogen-free and 5-7 weeks old,
were purchased from our university farm or Funabashi
Farm Laboratories, Tokyo. Ascitic tumors were main-
tained by weekly transplantation of ascitic into the peri-
toneal cavity of recipient mice. Solid tumors were pas-
saged by subcutaneous inoculation of finely chopped
fragments into the recipient mice using a syringe with an
18 gauge needle.

Preparation of tumor cells For preparation of ascitic
tumor cells, the ascitic fluids were harvested from the
peritoneal cavity of tumor-bearing mice into a syringe
containing heparin. The tumor cells were washed three
times by centrifugation (800 rpm) for 1 or 2 min in
phosphate-buffered saline (PBS). With this repeated

washing, tumor cells with markedly decreased contami- -

nation by leukocytes were obtained. The washed cells
were then suspended in PBS and left to stand at 4°C for

Table I. Test Tumors, Forms of Tumor Mass, Histological
Classification and Tumor-bearing Mouse Sirains

Form of tumor:

Histological Mouse strain

Tumor asmt-esu]o T classification bearing tumor
solid
X5563 A Plasmacytoma C3H/He
MM48 A Mammary carcinoma C3H/He
NR-S1 8 Squamous carcinoma C3H/He
3LL-SA A Lung carcinoma C57BL/6
Bl6 K] Melanoma C57BL/6
RL31 A Lymphoma BALB/c
P81s5 A Mastocytoma DBA/2
L5178Y S Lymphoma DBA/2

a) A=ascites, S=solid.
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20 min. After careful removal of the supernatants con-
taining cell debris, the sedimented tumor cells were col-
lected, suspended in PBS, and adjusted to the required
concentration for use in experiments.

To prepare single cell suspensions from solid tumors,
the finely chopped tissue fragments were enzymatically
treated at 37°C for 15 min with collagenase (Sigma type
1V, 600 units/ml} and DNase (Sigma type I, 0.2 mg/ml),
followed by centrifugation three times at 1,500 rpm for 5
min in PBS, as previously described.**'® The final single
cell preparations were suspended in RPMI1640 medium
at the required concentration.

These preparation methods generally yielded homoge-
neous tumor cell suspensions with a purity of nearly 95%
and viability exceeding 95%. The purified tumor cells
contained less than 2 or 3% macrophages detected by
non-specific esterase staining. A few T lymphocytes enu-
merated by immunofluorescence staining with anti-Thyl
serum were also present. In some experimenis, tumor
cells, from which contaminating macrophages or gran-
ulocytes or T lymphocytes were further removed, were
prepared as previously described.*'®
Evaluation of tumor metastasis In the present study, s.c.
inoculation of tumor cells was principally used. The
method can result in local growth and subsequent dis-
semination to other organs (lungs and liver in most test
systems). It can be considered a model for the whole,
multistep metastatic process and is usually referred to as
spontaneous metastasis. The root of the left thigh was
inoculated s.c. with a suspension of 2.5 X 10° tumor cells
prepared as described above. Four or 5 weeks later, when
the diameters of local tumors had reached 15 to 20 mm,
lungs, liver and other organs were removed and fixed
in Bouin’s solution to facilitate visualization of tumor
colonies.® The number of tumor colonies in the lungs
and liver was determined with a dissecting microscope.
Grades of metastasis were designated as ++, + and —,
representing > 50, 1-50 and O colonies, respectively.

Lung and liver tissues were also routinely processed,
embedded in paraffin, sectioned at 6 gm, and stained with
hematoxylin-eosin and Gomori’s reticulum staining solu-
tion for microscopical examination. Fifty microscopical
fields were selected at random and viewed at a magnifica-
tion of X40Q to score tumor cell metastases. Micro-
scopical metastases were graded according to numbers of
tumor cells detected in the 50 microscopical fields:
“poor” for undetectable in all the fields, *“low” for detect-
able only as microfoci in all or part of the fields, “high”
for detectable as large foci in all or part of the fields.

In all the recipients, tumor metastases in other organs
such as regional lymph nodes or spleen were examined
macroscopically or sometimes microscopically.
Detection of cytokine production in tumor cell culture
To test the production of cytokines by tumor cells, sus-



pensions of tumor cells at a concentration of 5 10*/ml
in RPMI1640 containing 1% fresh syngeneic normal
mouse serum (NMS) were cultured at 37°C for desired
periods. Supernatants were then collected, passed
through a membrane filter, and assayed for cytokine
activities. IL-6 activity was measured by using the IL-6-
dependent cell line, PIL-6."” PIL-6 cells were cultured in
96-well flat-bottomed microtiter plates at 2 % 10° cells per
well in triplicate cultures with serial twofold dilutions of
samples for 5 days. Cells were pulsed with *H-TdR for
4 h, and the incorporated radioactivity was measured.
IL-1 activity was measured by ConA-comitogenic assay
using murine thymocytes.'”

Other cytokines in the culture supernatants of tumor

cells, IL-2, TL-3 and IL-5 were assayed by using cell lines
dependent upon the cytokines, CTLL-2 (IL-2),"” FDC-
P2 (IL-3)" and T88-M (IL-5),” respectively.
Cytokines and antisera Recombinant murine GM-CSF
(rmGM-CSF) was supplied by Dr. K. Irie (Sumitomo,
Takarazuka). Rabbit antiserum for rmGM-CSF was pre-
pared by injecting rabbits in multiple intradermal sites
with purified rmGM-CSF in complete Freund’s adju-
vant.” Recombinant murine IL-6 (rmIL-6) and human
1L-6 (rh1l-6) were supplied by the Genetics Institute
(G.I.,, Cambridge, MA). Goat antiserum specifically
reactive to rmIL-6 was supplied by Drs. T. Matsuda and
T. Hirano, Osaka University. Recombinant murine IL-1
(rmIL-1) and rabbit anti-mouse IL-la serum were
purchased from Genzyme Co. Ltd. (Boston, MA).
Northern blot analysis For the isolation of RNA from
the tumor cells, purified tumor cells were cultured in
RPMI1640 medium containing 109% fetal calf serum
(FCS) at 37°C for 3 h, in the presence of cycloheximide
(CHX) at 10 pg/ml” Total RNA was prepared as
previously described,” and the mRNA was hybridized
with IL-6 or GM-CSF ¢cDNA probe. cDNA probes for
murine IL-6 and GM-CSF were generous gifts from the
Genetics Institute.
Assay for inhibition of tumor metastasis by anti-rmGM-
CSF and rmIL-6 For the experiments, a suspension of
1.5 10% tumor cells in 0.2 ml of 3LL-SA and P815
tumor cells were inoculated 1.v. into CS7BL/6 and DBA/
2 mice, respectively. Mice were given 0.2 ml i.p. injec-
tions of antisera, which were started 24 h before tumor
inoculation®" and continued once a day for 13 days (Day
—1 to Day +13). Mice were killed one day after termi-
nation of treatment with antisera. The number of tumor
colonies in the lungs and liver was determined with a
dissecting microscope.

RESULTS

Metastasis of tumor cells in the liver Mice were s.c.
inoculated with 2.5 < 10° cells per mouse of test tumors.

IL-6/1L-1 Production and Liver Metastasis
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Fig. 1. Metastatic growth in the lungs (upper figures) and
liver (lower figures) of mice inoculated s.c. with test tumor
cells. Lungs and liver were removed from the mice 35-40 days
after inoculation with the tumor cells indicated and fixed with
Bouin’s solution.

B16

Table II. Incidence of Spontaneous Metastasis of Test
Tumors in the Lungs and Liver of Mice®

No. positive/No. tested

Microscopical

Tumor Metastatic nodules i :
metastatic foci
Lung Liver Lung Liver
X5563 12712 0/12 High Poor
MM48 12/129 0/12 High Poor
NR-S1 12/12% 0/12 High Poor
3LL-SA 12/12 0/12 High Poor
P815 0/12 12/129 Poor High
RLEL 0712 12/129 Poor High
L5178Y 0/12 127129 Poor High
B16 0/15 0/15 Poor Poor

a) 28-35 days after inoculation with 2.5 % 10° tumor cells.

b) Grades of metastasis were ++ in all the mice.

¢) Grades of metastasis were ++ in 10 and + in 2 out of 12
mice.

d) Grades of metastasis were  + in all the mice.

All the tumors developed locally in all the inoculated
animals. Autopsies were performed on the mice that died
of tumors or were killed in the terminal stage of tumors,

1301



Jpn. J. Cancer Res. 82, November 1991

and the lungs, liver and other tissues were assayed for
visible metastasis. A representative result of the ex-
periments is shown in Fig. 1, which shows the lungs and
liver of mice inoculated with the 8 test tumor strains. As
shown in the figure, four tumor cells, namely, X5563,
MM48, NR-S1 and 3LL-SA produced spontaneous
metastatic nodules in the lungs, as previously described,”
whereas none of these tumor cells produced obvious
metastatic nodules in the liver. On the other hand, three
tumor strains, namely, P815, RL31 and L5178Y, pro-
duced severe metastatic nodules in the liver, whereas
none of these strains produced obvious pulmonary
metastasis during the entire observation period, even in
the terminal stages when the mice died of tumors. As
shown in Table II, repeated experiments revealed that
such an organ specificity of tumor metastasis for each
tumor was obtained with all the individual mice tested.
Table II also shows that P815, RL31 and L5178Y pro-
duced numerous microscopical metastatic foci in the
liver but not in the lungs, while X5563, MM48, NR-Si
and 3LL-SA produced such foci in the Iungs but not in
the liver. No visible metastases appeared either macro-
scopically or microscopically either in the lungs or in the
liver of the mice inoculated s.c. with the strain of Bl6
tumor cells used, as previously described.”

Detection and characterization of mitogenic activities in
the culture supernatants of tumor cells Our previous
reports™® indicated that there may be an intimate corre-
lation between GM-CSF gene expression in tumor cells
and spontaneous metastasis in the lungs. Therefore, we
examined whether there may also be a correlation be-
tween metastasis in the liver and the production of cer-
tain cytokines by P815, RLE1 and L5178Y. Figure 2
shows the results of experiments, in which the culture
supernatants of each tumor were examined for stimulat-
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Fig. 2. Proliferative response of bone marrow cells incubated
with the supernatants of tumor cell cultures. The culture fluids
were collected 48 h after culture of cells at a concentration of
5% 10° cells/ml in RPMI1640 containing 1% syngeneic normal
mouse serum. The supernatants were passed through a mem-
brane filter, and added to bone marrow ecells (13X 10°) removed
from the syngeneic mice, then triplicate cultures were made at
the indicated concentrations. The mean* 8D of background
*H-TdR incorporation by bone marrow cells (1X10%) in the
absence of tumor-culture supernatants was 1,020 180,

Table III. Neutralization Tests by Anti-rmGM-CSF of Proliferative Response of Bone-marrow Cells to Culture

Supernatants of Tumor Cells

*H-TdR incorporation, cpm (% inhibition} with anti-rmGM-CSF

Test culture fluid Concentration /125 171000
X5563 25% 10,648 52 1,079+321 (90) 3,145+432 (70)
NR-S1 10% 12,916 £ 382 L177+£54  (91) 2,759194 (79
MMA48 25% 33,6161+4,780 1,744 352 (95) 2,289+54 (93)
P815 25% 2,7851915 286485 (—3) ND
RL31 25% 2,419+ 639 2,206191  (9) ND
L5178Y 25% 3,850+284 3,574£170 () ND
rmGM-CSF 1 ng/ml (500 U/ml) 13,844 =530 1,380£57  (90) 241150 (83)

Bone-marrow cells (5% 10°/ml) were incubated with culture fluids of tumor cells, or rmGM-CSF at the concentrations
indicated in the presence of rabbit anti-rmGM-CSF serum at 1/125 or 1/1,000 in a volume of 200 z1 for 3 days. *H-TdR
(0.5 u#Ci/well) was added to each well 8 h before the termination of culture, and radioactivity was counted. The values

represent the mean of triplicate cultures.
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Table IV. Neutralization Tests by Anti-rmIL-6 Antibody of Proliferative Response of Bone-marrow Cells to Culture
Supernatants of P815, RL & 1 and L5178Y Tumor Cells

*H-TdR incorporation, cpm (% inhibition) with anti-rmIL-6

Test culture fluid Concentration 0 1/500 /1000
P815 25% 4,267 +228 1,235+115 (90) 1,580+ 258 (80)
RL31 25% 4,001L£186 1,5831+134 (8%) 1,680+ 350 (75)
L5178Y 25% 3,541+285 2,8721295 27 3,141£175 (15)
rmlIL-6 50U 3,572+417 885100 (100) 1,041 67 (96)

Bone-marrow cells {5xX10°/ml) were incubated with culture fluids of tumor cells, or rmlIL-6 at the concentrations
indicated in the presence of goat anti-rmIL-6 serum at 1/500 or 1/1000 in 2 volume of 200 41 for 3 days. *H-TdR (0.5 4 Ci/
well) was added to each well 8 h before the termination of culture, and radioactivity was counted. The values represent

the mean of triplicate cultures.

ing activity on the bone marrow cells. The results clearly
indicate that -X35563, MM48, NR-S1 and 3LL-SA (pro-
ducing pulmonary metastasis in the lungs) produced high
mitogenic activity against bone marrow cells in culture.
It was also found that the culture supernatants of P815,
RL%1 and L5178Y tumor cells contained mitogenic
activities, though less than those of tumors producing
pulmonary metastasis. No mitogenic activity could be de-
tected in the remaining tumor cell line B16, which lacked
definite spontaneous metastatic ability.

As can be seen in Table III, when the mitogenic
activities of culture supernatants were examined in the
presence of a specific antiserum against rmGM-CSF, the
activities produced by X5563, MM48, NR-S1 and 3LL-
SA were neutralized by the serum, as shown in our
previous studies.*” On the other hand, the mitogenic
activities produced by P815, RL&1 and L5178Y tumor
cells were found not to be neutralized by the GM-CSF
antiserum. As previously shown,” GM-CSF mRNA can
be detected in all of these pulmonary metastatic tumors,
but not in P815, RLE1 and L5178Y tumor cells (data not
shown).

Detection of IL-6 gene expression in P815 and RL31
cells As shown in Table IV, we further found that the
mitogenic activities against bone marrow cells detectable
in the culture fiuids of P815 and RL31 but not L5178Y
cells, all producing liver metastasis, were almost com-
pletely neutralized by a specific rabbit antiserum against
murine recombinant IL-6, as was the rmIL-6. Figure 3
also shows the results of experiments in which the culture
supernatants of test tumors were examined for their
mitogenic activities on IL-6-dependent cell line, PIL-6.
The results clearly indicate that a high mitogenic
response of PIL-6 cells was induced by the culture super-
natants of P815 and RLE1 but not by those of L5178Y
and other tumor cells. On the other hand, none of the
culture supernatants of P815 and RL&1 showed any
mitogenic activity against CTLL-2, FDC-P2 and T88-M
cell lines (data not shown). These results indicate that
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Fig. 3. Proliferative response of PIL-6 cells incubated with

the supernatants of tumor cell cultures. The culture fluids were
collected, passed through a membrane filter, added to the PIL-
6 cells, and assayed for growth-stimulating activity as described
in “Materials and Methods.” The data represent the mean = SD
of triplicate cultures at the indicated dilutions of the superna-
tants.

the tumor cells, P815 and RLE1 had the ability to pro-
duce IL-6 in culture, but produced no detectable levels of
IL-2, IL-3 or IL-5.

Furthermore, detection of IL-6 mRNA from the test
tumor cells was carried out by Northern hybridization
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(Fig. 4). Transcripts corresponding to the IL-6 mRNA
were detected only in P815 and RL31 tumors among the
& test tumors. Further experiments, in which mRNA was
extracted from the tumor cells (P815) depleted of ad-
herent cells and T lymphocytes and then hybridized with
IL-6 cDNA probe, showed that IL-6 transcripts could be
obtained at similar levels to those detected in the original
preparations (data not shown). These results may ex-
clude the possibility that the cells transcribing IL-6 are
host cells such as macrophages or lymphocytes con-
taminating tumor tissues, but not tumor cells themselves.
These results are quite similar to those for secretion of
GM-CSF from the tumor cells with metastatic capability
in the lungs.”

Detection of IL-1 in the culture fluids of RL31 and
L5178Y tumor cells Next, we characterized the mito-
genic activity of L5178Y tumor cell culture fluids using
other bipassay systems. As shown in Table V, a high
ConA-comitogenic activity against murine thymocytes
was found in the culture fluids of L5178Y. Although low
or variable levels of IL-1 activity were found in one other
strain {RL&1) that metastasized to the liver, no activity

- X5563
MM48

- P815
RL& 1
L5178Y

- NR-S1
~ 3LL-SA
'B16

Fig. 4. Northern blots showing expression of IL-6 mRNA in
tumor cells. Each lane contained 10 ig of total RNA extracted
by CHX treatment from the source cited. The size marker was
18 8 rRNA.

was found in any of the tumors producing pulmonary
metastasis or in the liver metastatic tumor, P815, Table
VI shows the results of experiments in which the co-
mitogenic activity against murine thymocytes found in
L5178Y culture fluids was examined in the presence of a
specific antiserum against murine IL-1 {«), as compared
with the mitogenic activities of murine and human rIT-1.
The mitogenic activities of L5178Y and rmIL-le were
specifically neutralized by the antiserum. The mitogenic
activity against murine bone marrow cells found in
L5178Y culture fluids was also neutralized by a specific
anti-IL-1 serum {data not shown).

These results indicate that the three tumor cells, P815,
RL31 and L5178Y with metastatic capability in the liver,
produce IL-6 (P815) or IL-1 (L5178Y) or both (RL31),
in contrast with production of GM-CSF by X5563,
MM48, NR-81 and 3LL-SA, all of which exhibit pulmo-
nary metastasis. B16 tumor cells without spontaneous
metastatic capability showed no production of any of IL-
1, IL-6 and GM-CSF.

Table V. ConA-comitogenic Assay for Murine Thymocytes
in the Culture Supernatants of Tumor Cells

Culture *H-TdR incorporation (cpm)

supernatant of Concentration of culture supernatants

tamor cells 1/4 1/8

X5563 693168 780126
MM48 849+246 921+157
NR-S1 9531143 8501202
JLL-SA 8761202 8611165
P81s 44+ 14 305186
RL31 2,209478 1,239+ 155
L5178Y 10,006+ 1,713 8,7951+1,078
Bl16 8251101 652169
rmIL-1, 50 U 10,012 £673

The culture supernatants were collected 48 h after culture of
cells, passed through a filter membrane, added to the thymo-
cytes in the presence of ConA, and subjected to ConA-comito-
genic assays. The data represent the mean+8D of triplicate
cultures at the indicated dilutions of the culture fluids.

Table VI. Neutralization Tests by Anti-rmIL-1a of ConA-comitogenic Activity by L3178Y Culture Fluids
Test culture fluid Concentration H-TdR incorporation, cpm (% inhibition) with anti-rmIL-1g
0 1720 1/40
L5178Y 50% 37,531+8,243 387L30  (99) 4,3371+695 (88)
rmIL-1z 100U 20,633+ 1,434 701£30 97 873L£14  (96)
rhIL-1a 100U 88,785£5,704 31,271+1,863 (65) 71,286 6,817 (20)

ConA-comitogenic activity of L5178Y culture fluids or rmIL-ler or rhIL-1a at the concentrations indicated was assayed
using thymocytes of C3H/He mice in the presence of anti-rmIL-1g at the indicated dilutions.
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Table VII.

IL-6/1IL-1 Production and Liver Metastasis

Effect of Anti-rmGM-CSF on Experimental Lung Metastasis of 3LL-SA Tumor Cells and That of Anti-

rmIL-6 on Experimental Liver Metastasis of P815 Tumor Cells

No. of lung No. of liver
T T metastases Inhibition metastases Inhibition
umor reatment on day 15 (%) on day 15 (%)
meantSD (range) mean+SD (range)
3LL-SA a-rmGM-CSF 102141 (15-4) 83 /
normal rabbit serum 59.0+21.4 (84-55) — /
P815 a-rmIL-6 / 42,0170 (54-30) 75
normal goat serum / 170.4£17.0 (199-155) —
a-rmGM-CSF / 207.21+46.6 (280-163) —22

Five mice per group inoculated with 3LL-SA or P815 tumor cells were given 0.2 m! of anti-rmGM-CSF (at 1:60 dilution
of serum) or anti-rmIL-6 (at 1:60 dilution of serum) as described in “Materjals and Methods.” As a control serum, normal

rabbit or goat serum at 1:60 dilution was used.

Inhibition by anti-IL-6 or -GM-CSF sera of tumor
metastasis To test the possibility that GM-CSF and IL-
6 production may be involved in the selective metastasis
of the test tumors in the lungs and liver, we examined
whether antibodies capable of neutralizing specifically
the growth-stimulating activities of GM-CSF and IL-6
would inhibit formation of metastatic foci in the respec-
tive organs. C57BL/6 mice inoculated i.v. with 3LL-SA
were injected with anti-rmGM-CSF for two weeks and
the lung tumor colonies were counted 15 days after
tumor inoculation. Data from a representative experi-
ment are shown in Table VII. The number of lung tumor
colonies was significantly reduced by injection of anti-
GM-CSF. On the other hand, DBA/2 mice inoculated
i.v. with P815, as well as C57BL/6 mice with 3LL-SA,
were treated with anti-IL-6. The results (Table VII lower
column) showed that anti-rmIL-6 was effective for the
inhibition of liver metastasis of P815 tumor cells but not
lung metastasis of 3LL-SA tumor cells. These results
suggest that the anti-tmGM-CSF and -rmIL-6 sera spe-
cifically inhibited the metastasis of 3LL-SA in the lungs
and that of P15 in the liver, respectively.

DISCUSSION

The development of tumor metastasis is a complex
biological phenomenon, the outcome of which depends
on the interplay between host elements and intrinsic
factors of the tumor cells.”® Biocactive substances pro-
duced by tumor cells may be one of the factors involved
in the regulation of tumor growth, by influencing cellular
metabolism of a factor produced by the tumor cells itself.
Such substances may also play an important role in the
regulation of tumor metastasis by altering cellular inter-
actions between tumor cells and their surrounding
tissues.

In the previous report,” we investigated the relation-
ship between the spontaneous metastatic potential of
murine tumor cells and their ability to produce cytokines.
The results indicated that all of the tumor cells producing
nodular metastasis in the lungs of mice expressed
GM-CSF mRNA in the cells and produced GM-CSF in
the culture fluids, suggesting the possibility that
GM-CSF gene expression in tumor cells may be cor-
related with ability to metastasize to the lungs. In the
present report, we further investigated the cytokine pro-
duction of a group of tumors, which had the ability to
produce metastasis in the liver, but not in the lungs. It
was found that none of the tumors expressed GM-CSF
mRNA or produced GM-CSF activity in the cultures.
They did, however, produce mitogenic activity against
bone marrow cells in the culture fluids, which appeared
to be distinct from GM-CSF. One of the factors involved
was identified as IL-6, and another was IL-1. In contrast,
tumor cells producing pulmonary metastasis produced
neither IL-6 nor IL-1. These results suggest the possi-
bility that the ability of murine transplantable tumors
to metastasize in the liver correlates with production
of IL-6 and/or IL-1, as the ability to metastasize in the
lungs correlates with production of GM-CSF.?

Recently, it has been recognized that a variety of
murine and human tumor cells produce at least one
hematopoietic growth factor that can stimulate their own
proliferation in vitro.™ For example, most human acute
myelomonocytic leukemia (AMML) cells produce
GM-CSF and respond to it.”” It has also been reported
that more than 80% of primary human acute myeloid
leukemia (AML) cells release significant quantities of IL-
1a.** Leukemic cells isolated from patients with adult T
cell leukemia (ATL) also produced IL-1-like factors.?®
Specific antibodies for IL-1 inhibited spontaneous cell
proliferation in certain cases of AML. These results
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suggest that GM-CSF and IL-1 may act as autocrine
growth factors in most cases of AML. It has also been
shown that IL-6 may be important in the pathology of
human myeloma,” chronic lymphocytic leukemia of B-
cell origin (B-CLL)* and prostate cancer,” where IL-6
may play a role as an autocrine growth factor. Thus, it
appears that both IL-1 and IL-6, as well as GM-CSF,
may be important elements in the pathogenesis of some
lymphoma or lymphocytic leukemia or other tumors,
although other lymphoid growth factors may aiso be
involved.

In the present work, we have shown that production of
IL-1 and IL-6 can be detected only in tumor cells with
the ability to metastasize to the liver. Preliminary experi-
ments (Table VII) also showed that injection of anti-
rmlL-6 sera in mice markedly inhibited the liver metas-
tasis of an IL-6-producing tumor, P815, but not lung
metastasis of a GM-CSF-producing tumor, 3LL-SA.
These results suggest the possibility that production of
IL-6 may be involved in the liver metastasis of IL-6-
producing tumor cells, as may be GM-CSF in the lung
metastasis of GM-CSF-producing tumors,

The role played by tumor IL-6 and IL-1, if any, in the
production of tumor metastasis in the liver remains un-
determined. It has, however, been shown that IL-6 is
functionally and immunologically related to hepatocyte-
stimulating factor (HSF) derived from human mono-
cytes ***" and that injection of IL-6 into adult male rats
elicited cytokine-specific changes in the liver expression
of acute-phase proteins.” " IL-6 was also found to be
the factor that stimulates hepatocyte production of
fibronectin.’

IL-1, which is produced by a variety of cells, is a
cytokine with a multifunctional activity.*® In vivo or in
vitro stimulation with IL-1 induces hepatocytes or hep-
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