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We have investigated the therapeutic effect of CH-271 fusion polypeptide containing both cell-binding
domain (C-274) and heparin-binding domain (H-271) of fibronectin in combination with anticancer
drugs such as doxorubicin (DOX) or mitomycin C (MMC) on tumor metastasis of different types of
tumors. CH-271 fusion polypeptide alone significantly inhibited both liver and lung metastasis when
it was co-injected with L5178Y-ML25 T-lymphoma, RAW117-H10 B-lymphoma or B16-BL6 mela-
noma cells, and spontaneous lung metastasis of B16-BL6 melanoma cells when administered i.v. seven
times before or after surgical excision of the primary tumors, Combined treatments with CH-271 and
either DOX or MMUC significantly inhibited liver and lung metastasis of lymphoma or melanoma cells
respectively, as compared with either treatment alone or the unireated control. Administrations of
CH-271 and DOX in combination substantially prolonged the survival time of mice injected i.v. with
L5178Y-ML25 cells. CH-271 or DOX was effective for inhibiting the invasion of L5178Y-ML25 cells
into Matrigel in a concentration-dependent manner. Our previous study has shown that CH-271-
mediated inhibition of tumor invasion may be due in part to the anti-cell adhesive property without
affecting the cell growth, whereas the anti-invasive effect of DOX was established to have resulted
from the growth inhibition of tumor cells. Moreover, the combination of CH-271 with DOX provided
a more effective inhibition of tumor invasion into Matrigel than did either alone. Thus, we have
demonstrated that the combination of anti-cell adhesive CH-271 and anticancer drugs such as
DOX or MMUC, i.e. anti-adhesion therapy and chemotherapy, is a new approach that offers enhanced

{additive) inhibitory effects on tumor metastasis and invasion,
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Metastasis in one of the major causes of mortality in
cancer. During the metastatic cascade, metastasizing
tumor cells interact with various host cells (platelets,
lymphocytes or endothelial cells) and/or extracellular
matrices and basement membrane components (fibro-
nectin, laminin, etc.)."™ Such an encounter or adhesive
interaction may lead to the enhancement of survival,
arrest, or invasiveness of tumor cells and is a fundamen-
tal event in the metastatic cascade.>*” Therefore, an
understanding of the regulatory mechanism of metastasis
may help in the development of antimetastatic therapies.

DNA technology has allowed us to identify the pri-
mary structures of some cell adhesive proteins such as
fibronectin,® laminin®'? and vitronectin,'"’ and the cell
surface receptors for some adhesive molecules including
integrins. A common and characteristic Arg-Gly-Asp
(RGD") sequence in the cell-binding domain of fibro-

* To whom requests for reprints should be addressed.

* The abbreviations used are: RGD, Arg-Gly-Asp; YIGSR,
Tyr-Ile-Gly-Ser-Arg: MEM, Eagle’s minimal essential
medium; FBS, fetal bovine serum; PBS, phosphate-buffered
saline; DOX, doxorubicin; MMC, mitomycin C; IUdR, iodode-
oxyuridine.
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nectin and other related adhesion molecules has been
shown to contribute to cell functions including adhesion,
spreading and migration."*' Several studies have
suggested that some synthetic peptides derived from ad-
hesion molecules that are present in cell matrices, base-
ment membranes or plasma can modulate the mechanism
involved in the metastasizing function of tumor cells.
Among the attempts to regulate the mechanism involved
in cell adhesion during the metastatic process (referred
to as “anti-adhesion therapy”}, adminisiration of fibro-
nectin-derived peptides such as RGDS,'*® CS1"1® of
alternative splicing type III connecting segment (III C8),
and purified 33-kDa tryptic/catheptic heparin-binding
fragment'®?® has been used to inhibit experimental tumor
metastasis in murine tumor systems. Try-Ile-Gly-Ser-Arg
(YIGSR) derived from laminin has also been shown to
inhibit lung metastasis when co-injected i.v. with tumor
cells.?” Recently, some attempts to control tumor metas-
tasis have been extensively carried out by using synthetic
cell-adhesive peptide analogues including cyclic RGDS
or cyclic YIGSR peptides. >

We have previously reported that poly(RGD), which
contains a repetitive structure of RGD sequence, in-



hibited experimental and spontaneous lung metastases of
murine melanoma cells, as well as cell-adhesive prop-
erties, more effectively than RGD-containing oligopep-
tides.>?” More recently, we demonstrated that recom-
binant fusion polypeptide of fibronectin containing the
cell- and heparin-binding domain (referred to as CH-271)
was more active in inhibiting liver metastasis of L5178Y-
ML25 lymphoma cells than polypeptide with the cell-
binding domain (C-274), polypeptide with the heparin-
binding domain (H-271) or their mixture (C-274-+H-
271) when they were co-injected with tumor cells or
separately injected after tumor inoculation.?® Further-
more, treatment with CH-271 substantially prolonged the
survival time of mice injected i.v. with lymphoma cells.?

In the present study, we extended our previous study
to examine the inhibitory effect of the fusion polypeptide
CH-271 on metastasis of different types of tumors. In
addition, we focused our attention on the combined effect
of CH-271 and anticancer agents on tumor metastasis,
i.e., on the ability of the combination of anti-adhesion
therapy and chemotherapy to offer augmented therapeutic
potential.

MATERIALS AND METHODS

Mice Specific pathogen-free female C57BL/6 and CDF1
{BALB/c <IDBA2) mice, 7-10 weeks old, were pur-
chased from Shizuoka Laboratory Amnimal Center,
Hamamatsu. Male BALB/c ByJJcl mice were obtained
from CLEA Japan Inc., Tokyo. Mice were maintained
in the Laboratory for Animal Experiment, Institute
of Immunological Science, Hokkaido University, under
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laminar air-flow conditions. All mice used in this stizdy
were sex-matched.

Cells Highly metastatic B16-BL6 melanoma cells, ob-
tained by an in vitro selection procedure for invasion,™®
were kindly provided by Dr. I. J. Fidler, M.D. Anderson
Cancer Center, Houston, TX. Liver metastatic L5178Y-
ML25 T-lymphoma cells’? (partially metastasizing to the
spleen}, were kindly provided by Dr. A. Okura, Banyu
Pharmaceutical Co. Ltd., Tokyo. RAWI117-H10 B-
lymphoma cells, which seclectively metastasize to the
liver,” were obtained from Dr. G. L. Nicolson, M. D,
Anderson Cancer Center, Houston, TX. B16-BLé cells
were maintained as monolayer cultures in Eagle’s mini-
mal essential medium (MEM) supplemented with 7.5%
fetal bovine serum (FBS), vitamin solution, sodium
pyruvate, nonessential amino acids, and L-glutamine.
L5178Y-ML25 and RAW117-H10 cells were maintained
in RPMI-1640 supplemented with 7.5% FBS and L-
glutamine.

Recombinant fibronectin fragments We prepared three
kinds of recombinant fibronectin fragments (C-274, H-
271, CH-271) by expressing human fibronectin cDNA in
E. coli, using an expression vector pUC118N/119N first
described by Maki ef al* C-274 and H-271 correspond
to cell- and heparin-binding domains of fibronectin, re-
spectively, while the other polypeptide, CH-271, is a
fusion protein with both cell- and heparin-binding
domains (Fig. 1). Two plasmids, pLF5 and pLF2435,
were used as a source of ¢cDNA.*) The cell-binding
polypeptide C-274 was expressed through a recombinant
plasmid pTF7221, which had been constructed mainly
from pLF5 and pUCII9N. The plasmid pTF7221 was
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Fig. 1.

Schematic diagram of recombinant fibronectin fragments. Locations of the fragments are shown by open and closed

bars. The cell-binding polypeptide C-274 [Prol239-Aspl512; the sequence is numbered according to the system of Kornblihtt ez
al®] covers three units of type III homology at the cell-binding domain. The heparin-binding polypeptide H-271 {Alalé90-
Thr1960) covers the complete region of the heparin-binding domain. The fusion polypeptide CH-271 (Pro1239-Ser1515-Met-
Alal690-Thr1960) contains both cell- and heparin-binding domains. The boxes at the top represent the locations of the type I,
Il and III homology repeats. The vertical arrow indicates the RGDS, EILDV (CS1) and REDV (CS5) sites (| ). ED-A and
ED-B indicate that extra domains arise from alternative splicing, respectively.
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derived from pTF7121, which expresses a cell-binding
polypeptide C-279 with five additional amino acids at the
carboxyl-terminus of C-274. The heparin-binding poly-
peptide H-271 was expressed by use of a recombinant
plasmid pHD101; this had been constructed from pLF
2435 and pUCI118N. The fusion protein CH-271 was
expressed by use of a recombinant plasmid pCH-101; this
had been constructed from pHD 101 and pTF-7121.
Detailed accounts of these constructions and expressions
have been given elsewhere.*® The recombinant fragment
C-274 expressed in E. coli was purified from the cell ex-
tract by DEAEF ion exchange chromatography, followed
by SP ion exchange chromatography. Fragments H-
271 and CH-271 were purified by CM ion exchange
chromatography, followed by affinity chromatography
with heparin as a ligand. The purity of these polypeptides
was verified by SDS-polyacrylamide gel electrophore-
5i5.”® The amino-terminal sequence was checked with an
automated peptide sequencer, model 477A (Applied Bio-
systems Inc., Foster City, CA). The carboxyl-terminal
amino acid was also determined by use of carboxypep-
tidase P (Takara Shuzo Co. Ltd., Kyoto). These frag-
ments were dissolved in Ca>*- and Mg " -free phosphate-
buffered saline (PBS) before use. All the polypeptides in
this study were endotoxin-free (<1.0 ng/ml) as deter-
mined by a colorimetric assay (Pyrodick, Seikagaku
Kogyo Co. Ltd., Tokyo).

Chemical reagents Reconstituted basement membrane
Matrigel (containing laminin, collagen type IV, heparan
sulfate proteoglycan and entactin) was purchased from
Collaborative Research Inc., MA. Doxorubicin (DOX)
and mitomycin C (MMC) were purchased from Kyowa
Hakko Co. Ltd., Tokyo.

Assay for liver metastasis of lymphoma cells CDF1 or
BALB/c mice were given i.v. injections of L3178Y-
ML25 T-lymphoma cells (4 X10%) or RAW117-H10 B-
lymphoma cells (5% 10%), respectively, with or without
recombinant fragments of fibronectin in PBS. In the
therapeutic experiments, mice were treated iv. with
recombinant fibronectin fragment CH-271 in combina-
tion with or without anticancer agents at various time
points after tumor inoculation. Nine to sixteen days later,
the mice were killed and the weights of liver and spleen
were recorded to evaluate tumor metastasis as previously
described.” The survival time of the animals given i.v.
injections of tumor cells and treated with the combina-
tion of CH-271 fusion polypeptide and anticancer agents
was also determined by allowing the animals to live until
they succumbed naturally from the tumor burden.
Animals were autopsied at the time of death to verify the
presence of the tumor in the liver. The percent of survi-
vors was calculated as a function of time.

Assay for experimental and spontaneous lung metastases
of melanoma cells C57BL/6 mice were given i.v. injec-
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tion of B16-BL6 melanoma cells (5 10") admizxed with
recombinant fragment of fibronectin. Fourteen days after
the inoculation of tumor cells, the mice were killed and
the number of lung tumor colonies was recorded (exper-
imental metastasis). In a spontaneous lung metastasis
assay, mice were given s.c. injections of B16-B16 mela-
noma cells (5% 10%) into the right hind footpad. The
recombinant fibronectin fragments were administered i.v.
on various days before or after the surgical excision of
primary tumors on day 21. Mice were killed 14 days after
the amputation. The lungs were fixed in Bouin’s solution
and the lung tumor colonies were counted under a dis-
secting microscope. In the combination experiments,
CH-271 and/or anticancer agents in combination were
administered i.v. at various time points after i.v. inocula-
tion of melanoma cells.

Invasion assay The invasive activity of tumor cells was
assayed in Transwell cell culture chambers (No. 3422;
Costar, Cambridge, MA) according to the methods pre-
viously described®® with some modifications. Matrigel
(100 pg/filter) in a volume of 10 ul was applied to the
lower surface of polyvinylpyrrolidone-free polycarbonate
filters with 8 ym pore size (Nucleopore, Pleasanton,
CA), and kept for 30 min in a 5% CO, atmosphere.
L5178Y-ML25 cells in an exponential growth phase were
incubated for 24 h in RPMI-1640 containing 7.5% FBS
supplemented with 0.3 xCi/ml ["*I]icdodeoxyuridine
(['¥® I]TUdR) (specific activity, 200 mCi/mmol, New
England Nuclear, Boston, MA). The cells were washed
twice with PBS to remove unbound radiolabel. Labeled
tumor cells (2 X 10°) with or without agents in a volume
of 100 gl were added to the upper compartment of a
chamber, and incubated for an appropriate number of
hours at 37°C in a 5% CO, atmosphere. Matrigel con-
taining labeled cells on the lower surface was wiped
and absorbed on cotton swabs, and monitored for radio-
activity by y-counting. The number of cells that had in-
vaded through the filter into the Matrigel was calculated
from the radioactivity, and each assay was performed in
triplicate.

Statistical analysis The statistical significance of differ-
ences between the groups was determined by applying
Student’s two-tailed ¢ test or Mann-Whitney’s U-test.

RESULTS

Effect of CH-271 fusion polypeptide on metastasis of
different types of tumors Our previous study demon-
strated that CH-271 fusion polypeptide with the cell- and
heparin-binding domains was more effective for the re-
duction of liver metastasis of L5178Y-ML25 T-lym-
phoma cells (i.e. liver weight) than C-274-+H-271 (sim-
ilar molar ratio to CH-271, 1:1) when co-injected i.v.
with tumor cells.®*?® Histological analysis revealed that



enlarged liver in the untreated group exhibited diffuse
infiltration of tumor cells and no liver cells were seen,?
indicating the relationship with the increase in liver
weight, We first investigated the effect of CH-271 fusion
polypeptide on liver and lung metastasis produced by 1.v.
injection of L5178Y-ML25, RAW117-H10 lymphoma or
melanoma cells, and on spontaneous lung metastasis

Table I. Effect of Recombinant Domain Polypeptides of
Fibronectin on Liver Metastasis by i.v. Injection of Murine
Lymphoma Cells

Administered Dose Mean weight (g) *5D
i.v. with: (itg/mouse) Liver Spleen
L5178Y-ML25
Untreated (PBS) 4.5610.52 0.20+0.03
CH-271 500 1.72X0.68% 0.1210.03*
C-247+H-271 2504250 4.03+0.70 0.17£0.03
(normal) 1.21£0.09 0.07X0.01
RAWI117-HI10
Untreated {PBS) 1.820.04 0.28X0.02
CH-271 500 LISE0.11% 0.14X0.01*
(normal) 1.05£0.08 0.124+0.02

Five CDF1 or BALB/c mice per group were injected iv,
with L5178Y-ML25 (4> 10°) or RAW117-H10 cells (5 10%),
respectively, with or without recombinant polypeptides of
fibronectin. Mice were killed 16 (CDF1) or 9 days (BALB/c)
after tumor inoculation.

*: P<0.01. sk P<<0.001.

Table II.
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produced by s.c. injection of B16-BL6 melanoma cells
(Tables I and II). When L5178Y-ML25 or RAWI117-
H10 cells were injected i.v. into the corresponding
mice, liver weights of the mice were increased approxi-
mately 2- to 4-fold compared with those of normal
mice (Table I). The co-injection of L5178Y-ML25 or
RAWIIT-HIO cells with recombinant fusion poly-
peptide CH-271 significantly inhibited liver metastasis.
C-274+H-271 at similar molar ratio to CH-271 (1:1) did
not exhibit antimetastatic activity. Similarly, CH-271
significantly reduced the number of tumor colonies in the
lungs when given by co-injection with B16-BL6 cells
(Expt. 1 of Table II). In the spontaneous lung metastasis
model using B16-BL6 melanoma cells (Expt. 2 and 3 of
Table II), seven intermittent administrations of CH-271
before or after surgical excision of primary tumors
on day 21 achieved a statistically significant reduction
of lung tumor colonies, but the administrations of
C-274+H-271 apparently had ng effect. Experiment 2 of
Table IT shows that i.v. administration of the poly-
peptides before the amputation did not affect the primary
tumor size (growth) at the time of amputation (on day
21). The present results and our previous studies using
recombinant fibronectin fragments® ) indicated that
CH-271 fusion polypeptide was active in inhibiting liver
and lung metastases of three different types of tumors
when co-injected or separately injected with tumor cells,
thus implying the therapeutic potential of CH-271 for
tumor metastasis.

Effect of Recombinant Polypeptides of Fibronectin on Experimental and

Spontaneous Lung Metastasis of B16-BL6 Melanoma Cells

.. Dose Primary tumor No. of lung metastasis
Alems_t;::cd (1g/mouse size on day 21 on day 35
o X times) (mm *+SD) Mcan£SD (Range)
Expt. 1
Untreated (PBS) 7615 (58-98)
CH-271 500 2E12 (32-12)*
1000 29=+7 (23-39) o
2000 216 (16-30)**
Expt. 2
Untreated (PBS) 10+3 53%15 (37-68)
CH-271 1007 103 2910 (2243 *
C-H274+H-271 (50+50) <7 10£3 60+ 13 {(45-75)
Expt. 3
Untreated (PBS) (11£2) 4317 (35-51)
CH-271 100X 7 225 (16-28)**

Five C57BL/6 mice per group were inoculated i.v. with B16-BL6 cells (5X10%) admixed
with or without CH-271. Tumor colonies in the lungs were counted 2 weeks after tumor
inoculation (Expt. 1). Five C57BL/6 mice per group were administered i.v. with fibronectin
pelypeptides on days 7, 9, 11, 13, 15, 17 and 19 (Expt. 2) or days 22, 24, 26, 28, 30, 32 and 34
(Expt. 3) after s.c. injection of B16-BL6 cells (5 10°). Primary tumors were removed on day
21 and mice were killed 2 weeks after tumor excision. *: P<0.02. *%k: P<0.003.
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Combined effects of CH-271 fusion peptide and anti-
cancer agents on fumor metastasis We have previously
shown that antimetastatic activity mediated by such cell-
adhesive peptides, including CH-271, was partly due to
interference with the adhesive interaction of tumor cells
with extracellular matrix or basement membrane com-
ponents, influencing tumor cell adhesion, migration and
invasion, but was not due to direct antiproliferative ac-
tivity,> 262 This indicates that the mechanism involved
in the inhibition of tumor metastasis by anti-cell adhe-
sive peptide CH-271 is different from that of chemo-
therapeutic agents such as doxorubicin (DOX} and
mitomycin € (MMC). In order to augment the anti-
metastatic effect of CH-271 more effectively, therefore,
we examined the therapeutic effect of multiple adminis-
trations of CH-271 fusion peptide in combination with an
antiproliferative agent (DOX or MMC) on tumor metas-
tasis of L3178Y-ML25 or B16-BL6 cells. CDF1 mice
were treated i.v. with 200 ug of DOX and/or 250 g of
CH-271 at various days after i.v. injection of 1.5178Y-
ML25 cells (Table III). Administrations of either DOX
on day 5 or CH-271 on days 1, 2, 3 and 4 after tumor
inoculation caused significant inhibition of liver meta-
stasis of L3178Y-ML25 cells, while the administrations
of DOX on day 9 or CH-271 on days 5, 6, 7 and 8 or days
10, 11, 12 and 13 did not have any inhibitory effect. This

result implies that treatment with DOX or CH-271
during the early period after tumor inoculation is effec-
tive in the inhibition of tumor metastasis in this system.
On the other hand, various combination administrations
of DOX and CH-271 used in this study resulted in
significant reductions of liver weight as compared with
the untreated control. In particular, the administration of
CH-271 on days 1, 2, 3 and 4 followed by DOX on day 3,
or the administration of DOX on day 5 followed by CH-
271 on days 5, 6, 7 and 8 dramatically inhibited liver
metastasis as compared with the administration of either
DOX or CH-271 alone. Similar results on the inhibitory
effect on liver metastasis were obtained when the combi-
nation of CH-271 and MMC in place of DOX was used
(Table IV). Combined treatments with MMC on day 5

Table IV. Combined Effect of Mitomycin C (MMC) and
CH-271 on Liver Metastasis by i.v. Injection of L5178Y-
ML25 T-Lymphoma Cells

Treatment (Days after tumor

Liver weight(g) £SD

inoculation) on day 16
Untreated (PBS) 4.52+0.81
MMC (day 5) 2.8510.54*
CH-271 (days 1, 2, 3, 4) 1.920.89%

CH-271 (days 6, 7, 8, 9)

3.81£0.33

Table IIL

Combined Effect of Doxorubicin (DOX) and

CH-271 on Liver Metastasis by i.v. Injection of L5178Y-

ML25 T-Lymphoma Cells

(Days after tumor

Liver weight(g) +SD

Treatment inoculation) on day 16
Untreated (PBS) 4.5110.3]
DOX (day 5) 3.4910,25%
DOX (day 9) 4.02+0.24 )
CH-271 (days 1, 2, 3, 4) 2.55+1.05* ook
CH-271 (days 3, 6, 7, 8) 3.94+0.58 Aok
CH-271 (days 10, 11, 12, 13) 447+0.28 NS | e

DOX (day 5)

+CH-271 (days 1, 2, 3, 4)

DOX (day 5)

+CH-271 (days 6, 7, 8, 9)

DOX (day 9)

+CH-271 (days 5, 6, 7, §)

DOX (day 9)

1.73+0.74 %%
175 £0.71 %
3.65+0.44%

3.86£0.32*

+CH-271 (days 10, 11, 12, 13)

(Normal)

1.04+0.03

Five CDF1 mice per group were administered i.v. with DOX
(200 pg) and/or CH-271 (250 1£g) at the indicated days after
the i.v. injection of L5178Y-ML25 cells (4 X 10*). Mice were
killed 16 days after tumor inoculation. *: P<0.05.
k3 P<T0.05. *3*k3%: P<0.00l. n.s: not significant.
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MMC (day 5) 1.76 £0.62 %
+CH-271 (days 1, 2, 3, 4)
MMC (day 5) 1.68 £0.70**

F3
&
n.s.
k%
+CH-271 (days 6, 7, 8, 9)

Five CDFI mice per group were administered i.v. with MMC
(20 pg) and/or CH-271 (250 ug) at the indicated days after
the i.v. injection of L3178Y-ML25 cells (4 10%).

#: P<005. ¥%: P<<0.01. kk#: P<0.001. ns.: not signifi-
cant.

Table V. Combined Effect of Doxorubicin (DOX) and
CH-271 on Experimental Lung Metastasis by i.v. Injection of
B16-BL6 Melanoma Cells

No. of lung metastasis
on day 14

Mean +SD {Range)
186140 (117-227)

(Days after tumor

Treatment X L
inoculation}

Untreated {(PBS)

DOX (day 5) 110-F13  (98-128)*
CH-271 (days 1, 2, 3, 4) 779 (68-93)* ] ]*

Ed
DOX (days 5) 4218 (34-50)*

+CH-271 (days 1, 2, 3, 4)

Five CDF1 mice per group were treated i.v. with DOX (200
#g) and/or CH-271 (250 ug) at the indicated days after the
i.v. injection of B16-BL6 melanoma cells (5% 10*). Mice were
killed 14 days after tumor inoculation. *: P<0.001.




and CH-271 on days 1, 2, 3 and 4 or days 6, 7, 8 and 9
after tumor inoculation achieved significant inhibition of
liver metastasis as compared with either solitary treat-
ment or the untreated control.

Furthermore, we examined the effect of combination
therapy with DOX and CH-271 on lung metastasis pro-
duced by i.v. injection of B16-BL6 melanoma cells. Table
V shows that the combination of CH-271 on days 1, 2, 3
and 4 and DOX on day 5 reduced the number of lung
tumor colonies dramatically as compared with the ad-
ministrations of DOX or CH-271, or the untreated con-
trol. These results clearly indicated that the combination
of anti cell-adhesive peptide CH-271 and anticancer
agent (DOX or MMC) showed an enhanced therapeutic
effect on liver and lung metastases of two different
tumors as compared with either separately. The survival
rate of mice given i.v, administrations of CH-271 and/or
DOX after the inoculation of L5178Y-ML25 cells was
also determined (Fig. 2). In this experiment, all the
untreated control mice succumbed to the tumor burden
within 20 days after the injection. Similar enhanced
survival rates were observed in the group of mice which
received either CH-271 on days 1, 2, 3 and 4 or DOX on
day 5. The group that received CH-271 followed by DOX
showed a significantly prolonged survival time (0.01 <
P<0.05 by Mann-Witney’s U-test), but 9 out of 10 mice
had succumbed within 25 days of the tumor inoculation.
Effect of CH-271 and/or DOX on the invasion of tumor
cells Tumor cell invasion into extracellular matrices and
basement membranes is a crucial step in the complex
multistage process of metastasis,!™ ¥ To investigate the
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Fig. 2. Effect of combination administrations of CH-271 pep-

tide and DOX on the survival of CDF1 mice injected with
L5178Y-ML25 lymphoma cells. Ten mice per group were ad-
ministered i.v. with PBS (©), 500 #g of CH-271 on days 1,
2, 3 and 4 (@), 200 ng of DOX on day 5 (O0) or the
combination of 500 yg of CH-271 on days 1, 2, 3 and 4 and
200 pg of DOX on day 5 (M) after iv. injection of tumor
cells. Animal survival was monitored as a function of time.
P<0.01; CH-271+DO0OX vs. untreated control, DOX vs. un-
treated control. 0.01 < P<<(.05; CH-271+DOX vs. DOX.
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Fig. 3. Effect of recombinant fibronectin peptides and/or

DOX or tumor cell invasion into Matrigel-coated filters. The
filter of a Transwell cell culture chamber was precoated with
100 1g of Matrigel on the lower surface. '*I-labeled L5178Y-
ML25 cells (2 10%/well} in 0.1% BSA-medium were seeded
with various concentrations of DOX (A), with recombinant
fibronectin fragments (B) or with CH-271 in combination
with 1 gg/ml DOX (C) into the upper compartment. After
an 8-h incubation, radiocactivity of the cells that had invaded
the Matrigel was measured by y-counting (hatched bars). In
the assay for tumor growth inhibition, L5178Y-ML25 cells
(1X 10°) were incubated for 8 h with or without various con-
centrations of DOX or recombinant fibronectin peptides in
the presence of 0.5 £Ci of [*H]thymidine, and the radioactivity
was counted {open circles or bars). *: P<0.05. **: P<(.01.
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mechanism of the inhibitory effect of CH-271 and DOX
in combination on tumor metastases of different tumors,
we examined whether or not antimetastatic peptide CH-
271 and/or the anticancer agent DOX were able to
inhibit the invasion of L53178Y-ML25 cells into recon-
stituted basement membrane Matrigel. The invasion of
tumor cells through Matrigel-coated filters was signifi-
cantly inhibited by the addition of DOX in the upper
compartment of the chamber in a concentration-
dependent manner (Fig. 3A). DOX at the concentration
of 1 gg/ml showed approximately 50% inhibiticn of the
invasive activity of tumor cells. At the same time, the
incorporation of [*H]thymidine into the tumor cells was
also suppressed by the 8-h incubation with DOX in
parallel with the anti-invasive effect. On the other hand,
as shown in Fig. 3B, the recombinant fibronectin frag-
ments used in this study significantly inhibited tumor cell
invasion into Matrigel, although they did not affect the
tumor cell growth in vitro. In particular, CH-271 fusion
peptide was more effective for the inhibition of tumor cell
invasion than C-274, H-271 or C-274+H-271 (similar
molar ratio to CH-271, 1:1). Addition of CH-271 together
with 1 gg/ml DOX to the upper compartment resulted
in a more effective inhibition of tumor cell invasion than
could be obtained with either DOX or CH-271 alone
(Fig. 3C). These results indicated that the anti-invasive
effect of DOX was due to its growth inhibition of tumor
cells, and that the combination of CH-271 with DOX
showed enhanced inhibition of tumor cell invasion into
Matrigel. Although the co-presence of CH-271 may pro-
mote the growth-inhibitory effect of DOX, the combina-
tion of CH-271 at a concentration ranging from 1 to 500
f#g/ml with DOX (0.001 to 10 gg/ml) showed a similar
pattern of growth inhibition to that of tumor cells treated
with DOX alone (data not shown).

DISCUSSION

Tumor adhesion and motility to extracellular matrix
and basement membrane components including fibro-
nectin are important in the process of tumor metasta-
sis."® Previous studies have utilized proteolytic frag-
ments or synthetic peptides including RGDS and YIGSR
derived from fibronectin or laminin to inhibit experimen-
tal lung metastasis following co-injection with tumor
cells." %2 We have attempted to elucidate the regula-
tory mechanisms involved in cell functions such as
adhesiveness, motility and invasiveness during the meta-
static process. Our previous study indicated that syn-
thetic poly(RGD), which contains a repetitive RGD
sequence, CSI in ITIICS region of fibronectin or recom-
binant fibronectin fragments with functional domains
exhibited inhibitory effects on experimental and sponta-
neous lung metastases of murine melanoma, tumor cell
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adhesion to extracellular matrix, the penetration of
tumor cells through reconstituted basement membranes
in vitro and tumor-induced angiogenesis in syngeneic
mice.'* 2% 3% More recently, a recombinant fusion poly-
peptide containing the cell- and heparin-binding domains
of fibronectin, CH-271, has been shown to inhibit liver
metastasis of L5178Y-ML25 lymphoma and to prolong
the survival rate of mice when it was co-injected or
separately injected after tumor inoculation.? 2

To extend our previous observations on the inhibition
of tumor metastasis by synthetic and recombinant poly-
peptides, we have examined whether or not CH-271 fusion
peptide was able to inhibit lung and liver metastases of
different types of tumors, and also whether or not the
combination of anti-cell adhesive CH-271 peptide with
anticancer drugs such as DOX and MMC can lead to
enhancement of the inhibitory effect on tumor metastasis
and invasion. Co-injection on L5178Y-ML25, RAW117-
H10 or B16-BL6 cells with CH-271 resulted in marked
suppression of liver and lung metastases as compared
with the mixture of C-274 and H-271 (similar molar ratio
of CH-271, 1:1) (Tables T and II). Multiple administra-
tions of CH-271 before or after surgical excision of the
primary tumors significantly inhibited spontaneous lung
metastasis of B16-BL6 melanoma cells without affecting
the primary tumor size (growth) at the time of amputa-
tion (Table II). The present results indicated that CH-
271 fusion peptide of fibronectin was active for the
inhibition of liver and lung metastases of three different
tumors. The reason for the enhanced antimetastatic effect
by CH-271 remains to be determined, but it may include
the participation of other receptors than integrins for
RGD peptide, or alteration of the binding affinity, be-
cause there was no difference in the clearance or stability
in the circulation among CH-271, C-274 and H-271 and
no cytotoxic effect on normal cells as well as tumor
cells.™ Although some studies of proteolytic fragments
of laminin or fibronectin, or synthetic RGD-containing
peptides of fibronectin have been performed with an
experimental metastasis model involving co-injection
with tumor cells,’™ 223 jt i particular note that, in
our experiments with a spontaneous metastasis model,
CH-271 showed therapeutic potential against tumor me-
tastasis following systemic administration,

To enhance further the CH-271-mediated anti-meta-
static effect, we tested combined therapy with CH-271
and anticancer drugs. The administrations of CH-271 on
days 1, 2, 3 and 4 followed by DOX on day 5 or the
administrations of DOX on day 5 followed by CH-271
on days 5, 6, 7 and 8 dramatically inhibited liver metas-
tasis of lymphoma cells as compared with the adminis-
trations of either DOX or CH-271 alone (Table III).
Similar results for the enhancement of inhibitory effect
on tumor metastasis were also obtained with the combi-



nation of CH-271 and DOX in a pulmonary metastasis
model involving i.v. injection of B16-BL6 melanoma cells
(Tables IV and V). In addition, the mice that received
CH-271 on days 1, 2, 3 and 4 followed by DOX on day 5
showed a significant prolongation of survival time as
compared with either CH-271 or DOX alone, or the
untreated control, but the effect was not great (Fig. 2).
These results indicate that the combination of CH-271
and either DOX or MMC, i.e. anti-adhesion therapy
and chemotherapy, clearly produced an enhancement of
inhibitory effect on tumor metastasis. However, the
design of combined treatments, including timings, doses
and schedules, will need to be improved and optimized to
enhance further the antimetastatic effect.

Tumor cell invasion through several connective tissue
barriers which contain adhesion molecules is an impor-
tant step in the process of tumor metastasis.”>***" Fig.
3B and C showed that recombinant fibronectin fragments
significantly inhibited the invasion of LS5178Y-ML25
cells into reconstituted basement membrane Matrigel
without showing direct cytotoxicity or affecting the
growth of tumor cells. CH-271 fusion peptide was partic-
ularly effective for the inhibition of tumor cell invasion
as compared with C-274, H-271 and C-274+H-271. We
have also shown that CH-271 was able to inhibit the
adhesion of lymphoma cells to substrates precoated with
fibronectin, laminin and Matrigel through RGDS-
dependent or -independent mechanisms.” Thus, CH-271-
mediated inhibition of tumor metastasis may be partly
due to interference with the adhesive interaction of
tumor cells with extracellular matrix or basement mem-
brane components, including tumor cell adhesion and
invasion, but not due to direct cytotoxicity and the
inhibition of tumor cell growth (Fig. 3B). In contrast,
DOX showed an inhibitory effect on tumor cell invasion
in parallel with the inhibition of tumor cell growth in
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