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O E Autotaxin, a potent human tumor cell motility-
1) Young H., Murata J., Clair T., Polymeropouos stimulating exophosphodiesterase, was isolated and
M. H., Torres R., Manrow R. E., Liotta L. A. cloned from the human teratocarcinoma cell line
and Stracke M. L.: Cloning, chromosomal NTera2Dl. The deduced amino acid sequence for
localization, and tissue expression of autotax- the teratocarcinoma autotaxin has 94 9% identity to
in from human teratocarcinoma cells. Bip- the melanoma-derived protein, 90 % identity to rat
chem. Biophys. Res. Commun., 218 : 714-719, brain phosphodiesterase I/nucleotide pyrophos-

1996. phatase (PD-IE¢), and 44 % identity to the plasma
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Fig. 1 Differential tissue expression of ATX. Northern blots were prepared usins 2 ug/
well of poly-(A) mRNA from multiple human tissues. A[**P] radiolabeled 776 bp
cDNA fragment from teratocarcinoma ATX was used as probe. ATX expression is
highest in brain, placenta, ovary and small intestines.

cell membrane marker PC-1. Utilizing polymerase 2) Saiki I., Koike C., Obata A., Fujii H., Murata
chain reaction screening of the CEPH YAC library, J., Kiso M., Hasegawa A., Komazawa H.,
we localized the autotaxin gene to human chromo- Tsukada H., Azuma 1., Okada S. and Oku N. :
some 8q23-24. Northern blot analysis of relative Functional role of sialyl] Lewis X and fi-
mRNA from multiple human tissues revealed that bronectin-derived RGDS peptide analogue on
autotaxin mRNA steady state expression is most tumor cell arrest in lungs followed by
abundant in brain, placenta, ovary, and small intes- extravasation. Int. J. Cancer, 65: 833-839,
tine (Figure 1). 1996.

Fig. 2 -PET image of [2-'*F]FDG-labelled cell accumulation in lungs. C57BL/6 mice were
injected with [2 -'*F]FDG - labelled melanoma cells (5 X 10°) with or without SLe*/
liposomes, Me-SLe*/liposomes, empty liposomes (3 nmol as EPC), or Ar(DRGDS);. The
emission scan of PET was started immediately after tumor injection and performed over
90 min.



ABSTRACT : The present study demonstrated
that synthetic sialyl Lewis X (SLe¥) as a ligand for
selectins and fibronectin - derived RGDS peptide
analogue [Ar (DRGDS),] inhibited lung metastasis
produced by i.v.co-injection of B16-BL6 melanoma
cells. To investigate their inhibitory mechanisms in
a living animal, we performed positron emission
tomography (PET) analysis after i.v. injection of [2-
1BF]2-fluoro-2-fluoro-2-deoxy-D-glucose-labeled
tumor cells with or without liposomal SLe* or Ar
(DRGDS);. The real-time PET measurement for
first 120 min started immediately after injection
showed that tumor cell arrest i.e. accumulation in
the target organ (lung) was remarkably inhibited
by liposomal SLeX, but not inhibited by Ar
(DRGDS); or liposomal Me - SLe* which is not
recognized by selectins (Figure 2). In contrast, Ar
(DRGDS) , inhibited the invasion of B16-BL6 cells
into reconstituted basement membrane (Matrigel)
following the tumor arrest, whereas SLe*-or Me-
SLe*- entrapped liposomes did not affect tumor
invasion. In the metastatic processes containing
tumor cell lodgement and arrest in the target organ
followed by extravasation (invasion), SLe* resulted
in the inhibition of initial arrest of tumor cells,
presumably tumor-endothelium interaction, while
Ar (DRGDS); achieved the inhibition of tumor
invasion into basement membrane at later steps of
the cascade, consequently leading to the inhibition
of metastasis. Thus, tumor cell arrest in lungs in the
metastatic processes must be precisely and properly
controlled by different adhesion molecules at differ-
ent stages, which are similar to those observed in
leukocyte-endothelium interaction.

3) Sato K., Yoo Y. C., Matsuzawa K., Watanabe
R., Saiki I., Tono-oka S. and Azuma I. : Tolerance
to the anti-metastatic effect of lipopolysac-
charide against liver metastasis of tumor in
mice. Int. J. Cancer, 66 : 98-103, 1996.

We describe the involvement of endotoxin toler-
ance in the refractoriness of its anti-metastatic
effect against murine syngeneic tumors. Three i.v.
administrations of LPS at intervals of 4 days after
tumor inoculation inhibited liver metastasis of
L5178 YML25 cells, whereas 3 consecutive i.v.
administrations of LPS showed only a slight sup-
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pressive effect. Multiple i.v. administrations of LPS,
synthetic lipid A, its synthetic derivative DT-5461,
Staphylococcus aureus (S. aureus) BioParticles or
Staphylococcal enterotoxin B (SEB) on days 1, 5
and 9 after tumor inoculation inhibited liver metas-
tasis of T-lymphoma cells in normal mice. The anti-
metastatic effects of LPS, synthetic lipid A or DT-
5461 but not S. aureus BioParticles or SEB were
diminished in mice injected with LPS at daily inter-
vals for 7 days before tumor inoculation. Mice
receiving 3 consecutive i.v. administrations of LPS
at daily intervals exhibited suppression of LPS-
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Fig. 3 -Suppression of LPS-induced protein tyrosine
phosphorylation in macrophages from LPS-toler-
ant mice. Three CDF1 mice per group were given i.
v. injections of 10 xg/mouse of LPS on the indicat-
ed days, and the macrophages were obtained 3 days
after the last injection. The cells (5X10°) were
either unstimulated (lane 1, 3, 5) or incubated (lane
2, 4, 6) with LPS (0.1 zg/ml) for 20 min at 37°C.
The cell lysates (a) or the immunoprecipitations
with anti - MAP kinase anti -sera (&) were
fractionated by SDS-PAGE and blotted onto PVDF
membranes, as described in “Material and
Methods”. Tyrosine-phosphorylated proteins were
detected by ECL using HRP-conjugated anti-phos-
photyrosine MAb. Lanes 1 and 2, normal mice ;
lenes 3 and 4, mice given 3 injections of LPS at
intervals of 4 days ; lanes 5 and 6, mice given 3
consecutive injections of LPS.
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induced production of endogenous tumor necrosis
factor-a (TNF-a), tumoricidal activity of macro-
phages, and natural - killer (NK) activity of
splenocytes when compared with those of normal
mice. Macrophages from mice receiving consecu-
tive daily i.v. administrations of LPS for 3 days
showed reduction of LPS-induced tyrosine phos-
phorylation of several intracellular proteins, includ-
ing p42merk/ERK2 when compared with that of the
cells obtained from normal mice (Figure 3). These
data suggest that the LPS-induced anergic state of
monocytes / macrophages plays a crucial role in
endotoxin tolerance with reapect to the metastasis
of T lymphoma in the liver.

4) Fujii H., Inobe M., Kimura F., Murata J.,
Murakami M., Onishi Y., Azuma 1., Uede T.
and Saiki I. : Vaccination of tumor cells trans-
fected with B7-1 (CD80) gene induces the anti-
metastatic effect and tumor immunity in
mice. Int. J. Cancer, 66 : 219-227, 1996.

ABSTRACT : The present study demonstrated
that the transfection of B7-1 or its variant MB7-2
genes into MHC class I* tumor cells (B16-BL6 or

K1735-M2 melanoma) resulted in the remarkable

reduction of lung metastasis caused by the i.v. injec-

tion into immunocompetent syngeneic mice. How-
ever, 1.v. injection of the transfectants into T cell
deficient nude mice did not affect reduction of lung
tumor colonies as compared with parental wild-
type tumors, suggesting that such inhibitory effect
was closely associated with T cell - mediated
responses. The reduced metastasis of B7* tumor
cells consequently led to the significant prolonga-
tion of mice survival. Expression of B7 on tumor
cells did not influence the tumorigenicity in vivo and
tumor cell invasion into basement membrane

Matrigel in vitro. We also found that immunization

of X-irradiated B7 transfectants was effective as a

tumor vaccine for preventing lung metastasis

caused by i.v. injection of B7- parental B16-BL6
cells, but not effective against other syngeneic 3LL
tumors. Thus, B7-mediated antimetastatic effect
was tumor specific. Vaccinations of irradiated B7+
tumor cells before and after surgical excision of the
inoculated primary B7~ tumors on day 21 achieved
effectively the prevention of spontaneous lung
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Fig. 4 - Effect of multiple immunization with
irradiated B7-transfected cells on spontaneous lung
metastasis produced by intra-footpad injection of
B16-BL6 melanoma cells. Seven C57BL/6 mice per
group were inoculated s.c. with 5X10° viable B16-
BL6 cells into right hind footpad. Subcutaneous
immunization with 10° irradiated B7-12-6 or V8
cells was begun on day 1 after tumor inoculation,
and treatment was performed 2, 3 or 4 times at a 7-
day interval. Surgical excision of primary tumors
was carried out on day 21, and were killed on day
35 after tumor inoculation. *p < 0.001 compared
with non-immunized control by Student’s 2-tailed ¢
test.

metastasis (Figure 4). This is a first reports that

vaccination of irradiated B7* tumor cells led to a

therapeutic effect on established tumor metastasis

model.

5) Oku N., Tokudome Y., Koike C., Nishikawa
N., Mori H., Saiki I. and Okada S. : Liposomal
Arg - Gly - Asp analogs effectively inhibit
metastatic B16 melanoma colonization in
murine lungs. Life Science, 58 (24) : 2263-2270,
1996.

Analogs of a synthetic peptide having the L-ar-
ginine-L-glycine-L-aspartic acid (RGD) sequence
have been found to decrease metastatic coloniza-
tion. To enhance the metastasis-suppressing effi-
cacy of these analogs, we sough to stabilize these
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Fig. 5 Effect of liposomal RGD on experimental
lung metastasis. Liposomal RGD (0.6 umol RGD
derivative equivalent to ca. 0.2 mg as RGD moiety/
mouse) as well as free GRGDS were co-injected
with B16-BL6 cells (1X10° cells/mouse) into a tail
vein of male mice (n=5), At day 14, the mice were
sacrificed under anesthesia, and the metastatic
colonies in lungs were examined. Colony numbers
are experssed as percent of control and SD, where
the colony number of control was 94.8+14.9.
*$<0.05, **p<0.01 vs. PBS control. Similar result
was obtained in a separate experiment.

analogs and to prolong their circulation time by
incorporating them into a liposomal formulation.
Various structures of RGD analogs grafted to
hydrophobic groups were synthesized and then
incorporated into liposomes. Liposomes composed
of distearoylphosphatidylcholine, cholesterol, dipal-
mitoylphosphatidylglycerol and appropriate RGD
analogs were injected intravenously along with
B16BL6 murine melanoma cells into mice. Liposomal
RGD (0.6m mol of the analog equivalent to ca. 200
mg RGD peptides) inhibited lung colonization up to
76 % (Figure 5). This dose is an order of magnitude
lower than that for comparable inhibition reported
for free RGD. Multi - dose administration of
liposomal RGD (0.15m mol of the analog) also
inhibited the spontaneous lung metastasis of cells
from a primary tumor site of B16BL6 cells sub-
cutaneously implanted into footpad of mice. Taken
together, our data indicate that liposomal RGD may
serve as a useful anti-metastatic agent.

6 ) Ohnishi Y., Fujii H., Kimura F. Mishima T.,

103

Murata J., Tazawa K., Fujimaki M., Okada F.,
Hosokawa M. and Saiki I : Inhibitory effect

of a traditional Chinese medicine, Juzen—taiho-

to on progressive growth of weakly malig-
nant colne cells derived from murine fibrosar-
coma. Jpn. J. Cancer Res., 87 : 1039-1044, 1996.

We have investigated the inhibitory effect of oral
administration of Juzen - taiho -to, a Kampo
(Chinese herbal) medicine, on progressive growth
of a mouse fibrosarcoma. Spontaneously regressive
QR-32 tumor cells were able to grow progressively
in vivo when a foreign body, gelatin sponge, where-
as QR-32 cells alone gradually grew for over 15
days after inoculation and thereafter regressed or
up to 25 days. Oral administration of Juzen-taiho-to
(40 mg/day/mouse) for 7 days after inoculation of
QR-32 cells with gelatin sponge resulted in signifi-
cant inhibition of tumor growth and prolongation of
the survival of the tumor-bearing mice (Figure6).
Thus growth-inhibitory effect of Juzen-taiho-to

35

30 4

N
(3]
1

N
o

Tumor growth (mm x SD)
S =

n
1

’
(=]

0 5 10 15 20 25 30 35 40 45
Days after tumor inoculation

Fig. 6 Effect of Juzen-taitho-to on the growth of QR-
32 fibrosarcoma after coimplantation with gelatin
sponge. Five to ten C57BL/6 mice per group were
inoculated s.c. with QR -32 cells (10°) with or
without gelatin sponge (10X5X3 mm size). Juzen-
taiho - to (40 mg /day / mouse) was administered
orally for 7 days after tumor inoculation. Tumor
growth was measured as a function of time after
implantation and calculated as average diameter
(mm) of the long and short axes. (0), QR-32
alone ; (0), QR-32+gelatin sponge ; (®), QR-32+
gelatin sponge + Juzen - taitho - to. *p < 0.01 as
compared with the control (QR - 32 + gelatin
sponge) by Student’s two-tailed ¢ test.
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observed on day 25 was dose-dependent over the
dose range from 4 to 40 mg/day. Treatment with
Juzen-taiho-to for 7 days before tumor inoculation
with gelatin sponge also significantly suppressed
tumor growth examined on day 25, as did the admin-
istration of bismuth subnitrate, which is well known
to induce metallothionein, an antioxidant. On the
other hand, inoculation of progressed tumor cells
(QRsP) resulted in growth without gelatin sponge,
leading to death in syngeneic mice. Administration
of Juzen-taiho-to for 7 days after tumor inoculation
of QRsP cells resulted in a decrease of the tumor
growth and prolongation of the survival of mice, but
the effect was than that on the growth of QR-32
regressor tumor after tumor inoculation with gela-
tin sponge. These results suggest that the inhibitory
effect of Juzen-taiho-to is partly assosiated with
prevention of gelatin sponge-elicited progressive
growth, probably mediated by endogenous factors
including antioxidant substances, in addition to the
augmentation of host-mediated antitumor activity.
7) Nishimura T., Watanabe K., Yahata T., Usha-
ku L., Ando K., Kimura M., Saiki I., Uede T.
and Habu S. : Application of interleukin 12 to
antitumor cytokine and gene therapy. Cancer
Chemother. Pharmacol,, 38 : (suppl) 27-34,
1996.

Abstract : In vivo administration of interleukin 12
(IL-12) at 2000 U/mouse induced IL-12-activated
killer (IL-12AK) cells in parallel with an elevation
in serum interferon-g (IFN-y) activity. Although
NK1.1+CD3-natural killer cells are the major pre-
cursor of IL-12AK cells, asialo GM1+CD8+ T-cells
were also demonstrated to be novel precursors.
Such anomalous killer cells may play an important
role in the early stages of the host defense mecha-
nisms against tumors. It was also shown that IL-12
is effective in inducing tumor-specific cytotoxic T-
lymphocytes. Consistent with these data,.IL-12 had
marked activity against various kinds of estab-
lished tumors when given systemically. Mice cured
of tumors by IL-12 treatment acquired tumor-spe-
cific T-cell immunity. Moreover, we initially demons-
trated that IL-12 was effective in preventing and
inhibiting the growth of primary tumors induced by
the chemical carcinogen methylnitorsourea using c-
Ha-ras transgeneic mice. Finally, we investigated
the application of IL-12 to antitumor gene therapy.
Transfer of the IL-12 gene into A20 B-lymphoma
cells resulted in the continuous production of IL-12
and caused abrogation of in vivo tumorigenicity.
Tumor cells transfected with the IL-12 gene are
potentially a good tool as a tumor vaccine, as they
effectively induced IL-12 AK cells, IFN-g produc-
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Fig. 7 Possible mechanisms underlying IL-12-induced antitumor activity in vivo



tion, and tumor - specific protective immunity.
Although B16-BL-6 melanoma cells, which are a
highly metastatic subclone of B16 melanoma cells,
showed resistance to IL-12 gene therapy, combina-
tion therapy with the B7-1 gene and systemic IL-12
administration almost completely inhibited tumor
metastasis. Similar results were obtained using B16-
BL-6 melanoma cells transfected with both B7-1
and IL-12 genes. These results suggest that IL-12 is
a promising cytokine for antitumor cytokine and
gene therapy (Figure7).
8 ) Nishikawa N., Komazawa H., Orikasa A.,
Yoshikane M., Yamaguchi J., Kojima M., Ono
M., Itoh 1., Azuma I., Fujii H., Murata J. and
Saiki I.: Synthesis and biological properties
of partially modified retro and retro-inverso
pseudo peptides of Arg- Gly- Asp (RGD).
Bioorg. Med. Chem. Lett., 6(22) : 2725-2728,
1996.
Abstract :
inverso peptide analogs of Arg-Gly-Asp (RGD)

Partially modified retro and retro-
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were synthesized (Scheme 1 & 2) and examined
their inhibitory effects on experimental lung metas-
tasis of murine melanoma and adenosine 5-diphos-
phate (ADP) induced platelet aggregation. The
analogs showed efficient therapeutic potency for
the tumor metastasis but low inhibitory effect on

ADP induced platelet aggregation.

9) Fujii H., Nishikawa N., Komazawa H., Ori-
kasa A., Ono M., Itoh I., Murata J., Azuma I.
and Saiki L. : Inhibition of tumor invasion and
metastasis by peptidic mimetics of Arg-Gly-
Asp (RGD) drived from the cell recognition
site of fibronectin. Oncology Res., 8(9) : 333-
342, 1996.

The partially modified retro-and retro-inverso
peptides of the Arg-Gly-Asp (RGD) sequence of
fibronectin, in which the direction of the Arg resi-
due is reversed and/or the chirality of the amino
acid residue is inverted, i.e. mainly R..,~-COCH,CO-
D and °R,.,-COCH,CO-D, have been synthesized to
examine their antimetastatic effects in murine lung

Scheme 1
Boc-Arg(Mts) —B2BT__ Boc-Arg(Mts)-0Bzl — 1!+ Arg(Mts)-OBzIsHCI
NaHCO,3, 1,4-dioxane
DMF
Scheme 2
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(a) DPPA, Asp(OBzl)2°TosOH, Et3N, DMF; (b) DPPA, Arg(Mts)-OBzisHCI, Et3N, DMF; (c) TFMSA,
thioanisole, m-cresol, TFA; (d) Amberlite® IRA-400 (Cl-); (e) DPPA, D-Arg(Tos)-OBzl*HCI, Et3N, DMF
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Fig. 8 Structure of RGD (models on left) and Ry
COCH,CO-D (models on right) peptides. Top :
front view ; bottom : side view.

or liver metastasis models, as well as their inhibi-
tory effect on tumor cell invasion in vitro. Riev-
COCH,CO-D inhibited lung metastasis produced by
i.v. coinjection with B16 - BL6 melanoma more
potently than did other pseudo peptides or the
original RGDS peptide. R...~-COCH,CO-D also
showed anti-metastatic effects against several dif-
ferent types of tumor cells such as B16-BL6 mela-
noma, Colon26M3.1 carcinoma and L5178Y-ML25
lymphoma cells, in a dose-dependent manner, and a
therapeutic effect on spontaneous lung metastasis
by multiple administrations. The invasion of melanoma
cells into reconstituted basement membrane
Matrigel in vitro was suppressed by R;.,~-COCH,CO
-D more effectively than by RGDS. These results
indicate that the anti-metastatic effect by Rrev—

COCH,CO-D was in part due to the inhibition of
timor invasion. The RGDS peptide decomposed
when incubated with fresh plasma in vitro, wheres
R;ev-COCH,CO-D was not affected by the treat-
ment. Thus, the reversion of the Arg-Gly linkage in
the RGD sequence results in protease resistance
leading to the retardation of the clearance of the
peptide in vivo, and consequently augment its anti-
metastatic and anti-invasive properties. Designed
peptide analogues may provide various advantages
and be useful for preventing cancer metastasis
(Figure 8).
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