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Abstract Purpose: Rho-associated coiled-coil-forming
protein kinase (ROCK) is pivotally involved in invasion
by tumor cells and their evolution to metastasis. We
have developed a novel inhibitor of ROCK, Wf-536
[(+)-(R)-4-(1-aminoethyl)-N-(4-pyridyl) benzamide mono-
hydrochloride]. In the present study, we investigated its
effect on in vitro invasion and in vivo pulmonary
metastasis of B16 melanoma. Methods: The following
were evaluated: the anti-invasive effect of Wf-536
against the motility of mouse B16BL6 melanoma cells
through a culture insert layered with reconstituted
basement membrane (Matrigel); the cytotoxic effect of
WIf-536 in the same cell line; the antimetastatic effect of
W(£-536, administered by osmotic pump, on spontaneous
pulmonary metastasis following subcutaneous injection
of B16BL6 melanoma in mice; and the inhibitory effect
of orally administered Wf-536, alone or in combination
with the antineoplastic drug paclitaxel, on pulmonary
metastasis of intravenously injected BI6F10 melanoma
in mice. Results: Wf-536 inhibited in vitro invasion
by B16BL6 cells significantly and in a concentration-
dependent manner and displayed an anti-invasive effect
under conditions of both chemotaxis and chemokinesis.
No cytotoxic effect was observed at any of the concen-
trations used. In vivo, Wf-536 administration suppressed
tumor colony formation on the lung surface in a dose-
dependent manner (0.3-3 mg/kg per day), with a
metastasis inhibition rate of 95% at 3 mg/kg per day. In
experimental metastasis of B16F10 melanoma, oral
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administration of Wf-536 significantly decreased tumor
colony formation in the lung, with an inhibition rate of
41% at 3 mg/kg per day. The inhibition rate of paclit-
axel (5 mg/kg per day) was 27%. The combination of
Wi£-536 and paclitaxel produced a synergistic effect on
BI16F10 metastasis and a 68% inhibition rate. Wf-536
administration at the doses used did not alter body
weight, blood pressure or the health of treated animals
as compared to vehicle-treated controls. Conclusion: The
results suggest that Wf-536 is a potentially valuable drug
for preventing tumor metastasis both in monotherapy
and in combination with an antineoplastic drug.
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Introduction

As well as robust proliferation, malignant tumors,
including melanoma, are often accompanied by exten-
sive invasion and metastasis, which greatly influence
patient prognosis. Chemotherapy against this type of
tumor therefore requires drugs which reduce systemic
diffusion as well as cause regression of tumor colonies.
In general, antineoplastic drugs affect the physio-
logical functions of metastatic tumors, mainly through
‘cytocidal’ activity. The antineoplastic drug paclitaxel
(Taxol), which provides clinical benefit in the treatment
of various tumors including melanoma, metastatic
breast and ovarian tumors, and non-small-cell lung
tumors [4, 22], decreases tumor volume and increases
survival in treated melanoma-bearing mice [14, 28], but
does not significantly reduce the incidence of metastasis
in melanoma and carcinoma [11, 24]. To prevent tumor
metastasis as well as growth, treatment with an effec-
tive antimetastatic drug in combination with an anti-
neoplastic drug such as paclitaxel would therefore be
useful.
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The signaling pathway consisting of Rho, a Ras-related
small GTPase, and Rho-associated coiled-coil-containing
protein kinase (ROCK) has been demonstrated to be
pivotally involved in the invasive stage of tumor cell
development [10, 25] and evolution to metastasis [12]. In a
mouse model of Lewis lung carcinoma (LLC), Wf-536, a
novel ROCK inhibitor, has shown a suppressant effect
on metastasis [9] which involves inhibitory activity on
the invasive motility of LLC cells and antiangiogenic
activity [19].

In the present study, we investigated the effect of Wf-
536 on B16 melanoma metastasis in order to clarify its
potential as an antimetastatic drug. In addition to
examining its inhibitory effect on in vitro invasion and in
vivo spontaneous metastasis of BI6BL6 cells, we inves-
tigated its antimetastatic effect in monotherapy and in
combination with paclitaxel on experimental metastasis
of B16F10, another type of B16 melanoma.

Materials and methods

Drugs

Wf-536 [(+)-(R)-4-(1-aminoethyl)- N-(4-pyridyl) benzamide mono-
hydrochloride; Fig. 1] was synthesized and purified by Mitsubishi
Pharma Corporation (Osaka, Japan). Paclitaxel was purchased
from Sigma (St. Louis, Mo.).

Materials

The following materials were used: osmotic pump (Alzet model
1002, ALZA Corporation, Cupertino, Calif.); hydroxypropyl
methylcellulose (HPMC; Mitsubishi Pharma Corporation, Osaka,
Japan); Eagle’s minimum essential medium (MEM; GIBCO, Life
Technologies, Rockville, Md.); MEM non-essential amino acids
(100x) and MEM vitamin mix (100x) (ICN Biomedicals, Costa
Mesa, Calif.); fetal bovine serum (FBS; HyClone Laboratories,
Logan, Utah); fatty acid-free bovine serum albumin (Nacalai
Tesque, Kyoto, Japan); cell culture inserts (8 pum pore size)
and Matrigel (Becton Dickinson, Franklin Lakes, N.J.); Cell
Counting Kit-8 (Dojindo Molecular Technologies, Kumamoto,
Japan); and a Diff-Quik kit (International Reagents Corporation,
Hyogo, Japan).

Cell culture

Mouse BI6BL6 and B16F10 melanoma cells, aggressive variants of
the B16 cell line, were kindly provided by Dr. T. Tsuruo (Center for
Clinical Research and Drug Development, Japanese Foundation
for Cancer Research, Tokyo, Japan), with the approval of Dr. L.J.
Fidler (University of Texas MD Anderson Cancer Center, USA).
B16BL6 and B16F10 cells were grown at 37°C in a humidified
atmosphere of 5% C0O,/95% air in MEM supplemented with 10%
FBS, 1 mM sodium pyruvate, 1% MEM non-essential amino acid
solution and 1% MEM vitamin solution.
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Fig. 1 Molecular structure of Wf-536

Invasion assay

In the chemotactic invasion assay, tumor cells (5x10% were sus-
pended in 200 pl serum-free medium containing 0.5% bovine
serum albumin and plated into cell culture inserts layered with
25 pg per insert of Matrigel, a reconstituted basement membrane
matrix. A separate medium containing 10% FBS was dispensed
into 24-well plates (700 pl per well) to produce chemoattractive
motile activity. The inserts were then set on the 24-well plates and
incubated for 18 h in the presence of the drug at various concen-
trations. After incubation, the cells on the upper surface of the
insert were removed with a cotton swab and those on the lower
surface of the insert and on the bottom of the well were fixed and
stained using the Diff-Quik kit. The number of infiltrating cells per
insert was determined by counting with a microscope the number
of cells in ten 1-mm? areas on the lower surface of the insert and
on the bottom of the well.

In the chemokinetic invasion assay, tumor cells were suspended in
200 pl medium containing 10% FBS in Matrigel-layered inserts.
Other procedures were the same as for the chemotacticinvasion assay.

Proliferation assay for cytotoxicity

B16BL6 cells (5x10%) were plated in each well of a 96-well plate and
incubated in the presence of the drug at various concentrations for
48 h. To each well of the culture was added 10 pl of the solution of
the Cell Counting Kit-8 which was followed by incubation for
30 min. Absorbance at 450 nm (reference at 650 nm) was measured
with a THERMOmax microplate reader (Molecular Devices,
Menlo Park, Calif.). The data are expressed as the percentage in
relation to control (vehicle-treated) cells.

Metastasis in vivo

All animal studies were performed in accordance with the proce-
dures outlined in the Guidelines for Animal Experimentation of
Mitsubishi Pharma Corporation, which complies with the Guide-
lines for Animal Experimentation of the Japanese Association for
Laboratory Animal Science. The protocols were approved by the
Institutional Animal Care and Use Committee.

The in vivo spontaneous metastasis experiment was performed
using B16BL6 cells according to a previously described method [3]
with some modifications. BIGBL6 cells (5x10%) suspended in 50 pl
phosphate-buffered saline were subcutaneously injected into the
right hind footpad of 6-week-old male C57BL/6 mice (Charles
River Japan, Shiga, Japan) under mild ether anesthesia. Wf-536
(0.3, 1, 3 mg/kg per day) was delivered continuously for 35 days
from the day of tumor injection via an osmotic pump (pump fill
volume 100 pl, infusion rate 0.25 pl/h) implanted in the peritoneal
cavity. On day 21, the right leg bearing the tumor focus was
amputated under mild ether anesthesia and on day 35 the mice
were killed with ether, the lungs excised and fixed with Bouin’s
solution, and the number of pulmonary metastasized colonies
counted microscopically.

The assay of experimental tumor metastasis was performed
according to the methods of Fidler [5] and Neri et al. [20] with some
modifications. Briefly, BI6F10 cells (1x10°) were intravenously
injected into the tail of 8-week-old male C57BL/6 mice. The drugs
were diluted with 0.5% (w/v) HPMC/dH,0O. Wf-536 (1, 3 mg/kg
per day) was orally administered for 14 days from the day of tumor
injection. In the combination experiment, 5 mg/kg of paclitaxel was
administered intraperitoneally every other day for a total of six
times. On day 14, the lungs were excised and the number of pul-
monary metastasized colonies determined microscopically.

Statistical analysis

The results are presented as means = SEM; n represents the number
of experiments or the number of animals per group. Statistical
analysis was performed using Dunnett’s test. P values <0.05 were
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Fig. 2A, B Effect of Wf-536 on mouse B16BL6 melanoma cell
invasion through a reconstituted basement membrane matrix under
chemotactic (A) and chemokinetic (B) conditions. BI6BL6 cells
(5x10* were incubated on a culture insert layered with Matrigel for
18 h in the presence of the test drugs at the indicated concentra-
tions. In chemotactic invasion, the medium in the upper compart-
ment contained no FBS and the medium in the lower compartment
10% FBS. For the chemokinetic invasion experiment, both compart-
ments contained medium containing 10% FBS. After incubation, the
number of infiltrating cells per insert was determined. Each column
represents the mean + SEM of four determinations from triplicate
experiments. **P <0.01, *P <0.05 vs control; Dunnett’s test

accepted as significant. For experiments involving the simultaneous
use of two drugs, the combination index for inhibitory effect was
calculated by median effect analysis [13, 26].

Results
Inhibition of B16 melanoma cell invasion

Invasion by B16BL6 melanoma cells was observed un-
der conditions of both chemotaxis and chemokinesis
(Fig. 2), but with the number of cells infiltrating the
Matrigel layer lower in the latter case. Wf-536 signifi-
cantly decreased the number of B16BL6 cells invading
through the Matrigel layer (Fig. 2). Inhibition by Wf-
536 was observed under conditions of both chemotaxis
and chemokinesis. In the former case (Fig. 2A), BI6BL6
cell invasion was inhibited by Wf-536 at concentrations
of 1-30 pM in a concentration-dependent manner, with
an inhibition rate between 30% and 74% of control. As
shown in Fig. 2B, the inhibitory effect of Wf-536 on
chemokinetic invasion also appeared to be concentra-
tion-dependent, but significant inhibition was observed
only at 30 pM, with an inhibition rate of 57%. Similar
inhibitory activity was observed against invasion by
B16F10 melanoma cells (data not shown).

Cytotoxicity toward B16 melanoma

To check whether the inhibitory activity of Wf-536 on
invasive functions could be due to a cytotoxic effect, the
proliferation of B16BL6 melanoma cells was assessed in
the presence of Wf-536 at 1-30 uM (Fig. 3). No anti-
proliferative effect on melanoma cells was observed at
concentrations which produced significant inhibition of
melanoma invasion.
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Fig. 3 Effect of Wf-536 on proliferation of B16BL6 melanoma
cells. Each value represents the mean + SEM of three observations.
Note that no significant change in BI6BL6 cell proliferation was
observed between 1 and 30 pM of Wf-536
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Fig. 4 Inhibitory effect of Wf-536 on melanoma B16BL6 sponta-
neous metastatic colony formation in mouse lung. Tumor-bearing
mice were treated with Wf-536 for 35 days. Each column represents
the mean+=SEM (n=20-22). **P<0.01, *P<0.05 vs vehicle-
treated control; Dunnett’s test

Inhibition of spontaneous metastasis in melanoma

We evaluated the effect of Wf-536 administration by
osmotic pump on spontaneous tumor metastasis fol-
lowing subcutaneous injection of syngeneic mouse
B16BL6 melanoma cells (Fig. 4). Wf-536 significantly
reduced the number of BI6BL6 pulmonary metastatic
colonies at doses of 0.3-3 mg/kg per day, achieving an
inhibition rate of 95% of control at 3 mg/kg per day. In
this experiment, Wf-536 showed a slight inhibitory effect
(of borderline significance) on primary tumor volume
on day 21 (0.324+0.031 cm® with vehicle; 0.273+
0.018 cm® with 0.3 mg/kg per day; 0.278+0.018 cm?
with 1 mg/kg per day; 0.250+0.016 cm® with 3 mg/kg
per day; P<0.05, 3 mg/kg per day vs vehicle, n=20-22).

Inhibition of intravenous metastasis in melanoma

To clarify in detail the effect of Wf-536 on melanoma
metastasis, Wf-536 was orally administered to mice
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Fig. 5 Inhibitory effect of Wf-536 on melanoma B16F10 hematog-
enous metastatic colony formation in mouse lung. Tumor-bearing
mice were treated with Wf-536 for 14 days. Each column represents
the mean+SEM (n=38). **P<0.01 vs vehicle-treated control;
Dunnett’s test
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Fig. 6 Synergistic effect of Wf-536 in combination with paclitaxel
on melanoma B16F10 hematogenous metastatic colony formation
in mouse lung. Tumor-bearing mice were treated for 14 days with
paclitaxel alone or Wf-536 combined with paclitaxel. Each column
represents the mean+SEM (n=8). **P<0.01, *P<0.05 vs
paclitaxel-treated group; Dunnett’s test

following intravenous injection of B16F10 melanoma
cells, another B16 cell line with less spontaneous meta-
static potency [8]. Wf-536 showed significant inhibition
of B16F10 melanoma pulmonary metastasis at doses of
1 and 3 mg/kg per day (Fig. 5). The inhibition rates
versus control were respectively 30% and 41%, which
appeared to be lower than in spontaneous metastasis at
the same dose (Fig. 4).

This antimetastatic effect of Wf-536 in monotherapy
suggested that it would have utility in combination
regimens. We therefore subsequently examined the effect
of Wf-536 in combination with the antineoplastic drug
paclitaxel. In preliminary experiments, the effects of
different doses of paclitaxel (1, 2.5, 5, 10, 20 mg/kg per
day) were examined (data not shown). The sub-plateau
effective dose (i.e. the dose significantly inhibiting tumor
metastasis) was 5 mg/kg per day, with an inhibition rate
of 27% (Fig. 6), a result similar to those of previous

studies [24]. In the present model, combined adminis-
tration of Wf-536 (1 or 3 mg/kg per day) and paclitaxel
(5 mg/kg per day) produced a statistically significant
decrease in the number of melanoma lesions appearing
in the lung in comparison with paclitaxel alone (Fig. 6).
The inhibition rates with the combined administration
with paclitaxel were 60% (Wf-536 1 mg/kg per day) and
68% (3 mg/kg per day), and the combination indices
were 0.0182 and 0.0028, respectively. The values of less
than 1.0 indicated synergism of these drugs in preventing
tumor metastasis [13, 26].

No general toxicity, loss of weight, or hypotensive
effect was observed in any of the treated animals during
the treatment period (data not shown).

Discussion

The present study demonstrated that Wf{-536 inhibits
melanoma invasion through a reconstituted basement
membrane layer under both chemotactic and chemoki-
netic conditions. Administration of Wf-536 significantly
prevented the pulmonary metastasis of melanoma in a
spontaneous metastasis model. In an experimental
metastatic model, as well as significant inhibition in
monotherapy, Wf-536 showed synergistic inhibition of
melanoma metastasis in combination with paclitaxel.

A relationship between degree of motility and meta-
static potential has been noted in some studies [16, 18,
21]. In general, the motile ability of tumor cells can be
divided into directional motility, or chemotaxis, and non-
directional motility, or chemokinesis. In tumor metas-
tasis, chemotaxis is observed when a chemoattractant,
such as a migration factor or a growth factor, affects
tumor cells and produces directional motility toward the
origin of the chemoattractant. In addition, tumor cells
with high metastatic potency show greater motility to-
ward blood vessels in the primary tumor than do non-
metastatic control cells, suggesting the importance of
chemotactic invasion for tumor cell intravasation in
metastasis [27]. Besides chemotaxis, chemokinesis, the
unordered and random diffusion of tumor cells, may be a
necessary factor in the evolution of tumor metastasis, for
example in order to avoid attack by host lymphocytes
and reach the sites most conducive to survival.

In the present study, we demonstrated that Wf-536
inhibits both motile functions of tumor cells (Fig. 2).
The concentration dependency of Wf-536’s action in
inhibition of melanoma B16BL6 invasion reflected that
seen in its inhibition of mouse LLC cell invasion. A
positive correlation has been observed between the
inhibitory effect on enzymatic ROCK and mouse LLC
cell invasion [19]. Moreover, Wf-536 inhibited the
invasion of tumor cells but did not show a cytotoxic
effect (Fig. 3). These findings suggest that the inhibitory
action of Wf-536 on melanoma invasion is dependent on
ROCK inhibition and that its anti-invasive action is
involved in its suppressant effect on BI6BL6 melanoma
metastasis (Fig. 4).



In a spontancous metastasis assay, tumor cells are
implanted intramuscularly or subcutaneously to form a
local tumor, and metastases to distant organs are mea-
sured. Alternatively, in an experimental metastasis as-
say, tumor cells are directly injected into the circulation.
The latter assay is thought to mimic only the latter half
of hematogenous metastatic spread, in that the tumor
cells are not subjected to the initial steps required to
escape from the primary tumor site into the circulation
[15]. In the present study, Wf-536 was effective in sup-
pressing spontaneous B16 melanoma metastasis, with
subcomplete inhibition with administration of 3 mg/kg
per day (Fig. 4), whereas in the experimental metastasis
assay its inhibitory effect was less than 50% at the same
dose (Fig. 5). In addition, although it inhibited metas-
tasis potently, Wf-536 showed only a slight reductive
effect on the primary tumor volume in mice. These
findings suggest that one of the significant actions of Wf-
536 is in modifying the metastatic function(s) of tumor
cells in the stages from the shedding of cells from the
primary to intravasation. The pathophysiological role of
motile function in the multistep process of tumor
metastasis has, however, not been adequately clarified,
and needs to be investigated further as a specific and
important index for additional clarification of the action
mechanism(s) of Wf-536 in prevention of metastasis.

In the present study, Wf-536 succeeded in inhibiting
both spontaneous and hematogenous metastasis of B16
melanoma. Also, the ICs, values for invasion of several
different human tumor cell lines are almost the same [9].
Furthermore, even in lymphatic metastasis models, such
as B16F10 or C1300, Wf-536 displays an antimetastatic
effect [6, 9]. These findings suggest that Wf-536 has po-
tential activity in various types of tumor and metastasis.

Paclitaxel, a potent cytotoxic diterpene effective
against a wide range of tumors, binds to and stabilizes
microtubules, preventing depolymerization and resulting
in G,/M arrest, microtubule binding, and tumor cell
death [23]. While the complete molecular mechanism
contributing to paclitaxel-induced apoptosis remains
unclear, it has additionally been reported to cause hy-
perphosphorylation and activation of raf-1 kinase [2],
inducing apoptosis via phosphorylation of Bcl-2 protein
accompanied by loss of Bcl-2 function [7]. These
potencies may be associated with the action of paclitaxel
in causing regression of primary tumors and its less
notable suppressant effect on tumor metastasis. Logi-
cally, Wf-536 and paclitaxel, which have different action
mechanisms and action specificities, in combination
might yield a synergistic effect in preventing tumor
metastasis by making up for each other’s shortcomings.

W(-536 has an inhibitory effect on angiogenesis and
tumor cell infiltration through the cell layer [19], whereas
paclitaxel also shows antiangiogenic activity [17] and
inhibits endothelial cell migration [1]. Their inhibitory
effect on tumor metastasis may therefore be additionally
associated with these specific effects. The precise mode
of action of the combination of Wf-536 and paclitaxel in
preventing tumor metastasis is still under investigation.
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In the future, the full mechanism of the synergistic effect
of these drugs on tumor metastasis and their action in
increasing survival time will need to be clarified.

In conclusion, our experiments raise the possibility of
the clinical development of Wf-536 as an antimetastatic
drug which could be used not only in monotherapy but
also in combination with an antineoplastic drug such as
paclitaxel.

Acknowledgements The authors would like to thank Dr Y. Mat-
sumoto and Mrs. A. Ohno for their helpful comments during the
preparation of the manuscript.

References

1. Belotti D, Vergani V, Drudis T, Borsotti P, Pitelli MR, Viale G,
Giavazzi R, Taraboletti G (1996) The microtubule-affecting
drug paclitaxel has antiangiogenic activity. Clin Cancer Res
2:1843

2. Blagosklonny MV, Chuman Y, Bergan RC, Fojo T (1999)
Mitogen-activated protein kinase pathway is dispensable for
microtubule-active drug-induced Raf-1/Bcl-2 phosphorylation
and apoptosis in leukemia cells. Leukemia 13:1028

3. Chirivi RG, Garofalo A, Crimmin MJ, Bawden LJ, Stoppacciaro
A, Brown PD, Giavazzi R (1994) Inhibition of the metastatic
spread and growth of B16-BL6 murine melanoma by a synthetic
matrix metalloproteinase inhibitor. Int J Cancer 58:460

4. Ferrante K, Winograd B, Canetta R (1999) Promising new
developments in cancer chemotherapy. Cancer Chemother
Pharmacol [Suppl] 43:S61

5. Fidler 1J (1975) Biological behavior of malignant melanoma
cells correlated to their survival in vivo. Cancer Res 35:218

6. Fujii A, Otsuki M, Kataoka H, Chiba K, Fujita F, Koike M,
Fujita M, Sakamoto Y (2001) Wf-536, a novel and potent
inhibitor of Rho-associated protein kinase (ROCK): inhibitory
effects on lymph node and pulmonary metastasis of mouse B16-
F10 melanoma. Proc Am Assoc Cancer Res 42:924

7. Haldar S, Basu A, Croce CM (1997) Bcl-2 is the guardian of
microtubule integrity. Cancer Res 57:229

8. Hart IR (1979) The selection and characterization of an inva-
sive variant of the BL6 melanoma. Am J Pathol 97:587

9. Hayashi K, Amano Y, Katayama K, Nakajima M, Egi Y,
Uehata M, Arii S, Imamura M, Goto N (2001) Wf-536, a novel
and potent inhibitor of Rho-associated protein kinase
(ROCK): inhibition of in vitro tumor cell invasion and spon-
taneous evolution of mouse tumors into metastasis. Proc Am
Assoc Cancer Res 42:924

10. Imamura F, Mukai M, Ayaki M, Akedo H (2000) Y-27632, an
inhibitor of Rho-associated protein kinase, suppresses tumor
cell invasion via regulation of focal adhesion and focal adhe-
sion kinase. Jpn J Cancer Res 91:811

11. Inoue K, Slaton JW, Perrotte P, Davis DW, Bruns CJ, Hicklin
DJ, McConkey DJ, Sweeney P, Radinsky R, Dinney CP (2000)
Paclitaxel enhances the effects of the anti-epidermal growth
factor receptor monoclonal antibody ImClone C225 in mice
with metastatic human bladder transitional cell carcinoma. Clin
Cancer Res 6:4874

12. Itoh K, Yoshioka K, Akedo H, Uehata M, Ishizaki T, Nar-
umiya S (1999) An essential part for Rho-associated kinase in
the transcellular invasion of tumor cells. Nat Med 5:221

13. Kahan BD (1995) Concentration-controlled immunosuppres-
sive regimens using cyclosporine with sirolimus or brequinar in
human renal transplantation. Transplant Proc 27:33

14. Kalechman Y, Longo DL, Catane R, Shani A, Albeck M,
Sredni B (2000) Synergistic anti-tumoral effect of paclitaxel
(Taxol)+ AS101 in a murine model of B16 melanoma: associ-
ation with ras-dependent signal-transduction pathways. Int
J Cancer 86:281



324

15.

16.

17.

18.

19.

20.

21.

Ling V, Chambers AF, Harris JF, Hill RP (1985) Quantitative
genetic analysis of tumor progression. Cancer Metastasis Rev
4:173

Locker J, Goldblatt PJ, Leighton J (1970) Ultrastructural fea-
tures of invasion in chick embryo liver metastasis of Yoshida
ascites hepatoma. Cancer Res 30:1632

Miller KD, Sweeney CJ, Sledge GW Jr (2001) Redefining the
target: chemotherapeutics as antiangiogenics. J Clin Oncol 19:1195
Mohler JL, Partin AW, Coffey DS (1987) Prediction of meta-
static potential by a new grading system of cell motility: vali-
dation in the Dunning R-3327 prostatic adenocarcinoma
model. J Urol 138:168

Nakajima M, Katayama K, Tamechika I, Hayashi K, Amano
Y, Uchata M, Goto N (2001) Wf-536, a novel and potent
inhibitor of Rho-associated protein kinase (ROCK): inhibition
of in vitro processes leading to tumor cell invasion and vas-
cularization. Proc Am Assoc Cancer Res 42:924

Neri A, Goggin B, Kolis S, Brekken J, Khelemskaya N, Gabriel
L, Robinson SR, Webber S, Wood AW, Appelt K, Shalinsky
DR (1998) Pharmacokinetics and efficacy of a novel matrix
metalloproteinase inhibitor, AG3340, in single agent and
combination therapy against B16-F10 melanoma tumors
developing in lung after I'V-tail implantation in C57BL/6 mice.
Proc Am Assoc Cancer Res 39:2060

Partin AW, Mohler JL, Coffey DS (1992) Cell motility as an
index of metastatic ability in prostate cancers: results with an
animal model and with human cancer cells. Cancer Treat Res
59:121

22.

23.

24.

25.

26.

217.

28.

Rowinski EK (1994) Update on the antitumor activity of
paclitaxel in clinical trials. Ann Pharmacother 28: S18

Schiff PB, Horwitz SB (1980) Taxol stabilizes microtubules in
mouse fibroblast cells. Proc Natl Acad Sci U S A 77:1561
Shalinsky DR, Brekken J, Zou H, Mcdermott CD, Forsyth P,
Edwards D, Margosiak S, Bender S, Truitt G, Wood A, Varki
NM, Appelt K (1999) Broad antitumor and antiangiogenic
activities of AG3340, a potent and selective MMP inhibitor
undergoing advanced oncology clinical trials. In: Greenwald
RA, Zucker S, Golub LM (ed) Inhibition of matrix metallo-
proteinases: therapeutic applications. Ann N Y Acad Sci
878:236

Somlyo AV, Bradshaw D, Ramos S, Murphy C, Myers CE,
Somlyo AP (2000) Rho-kinase inhibitor retards migration and
in vivo dissemination of human prostate cancer cells. Biochem
Biophys Res Commun 269:652

Watanabe K, Ito S, Kikuchi K, Ichikawa N, Ando Y, Meigata
K, Nomura Y, Degata T, Beck Y, Tomikawa S, Nagao T,
Uchida H (1996) Synergistic effect of tacrolimus and mizoribine
on in vitro and in vivo experiments assessed by a combination
index. Jap J Transplant 31:23

Wyckoff JB, Jones JG, Condeelis JS, Segall JE (2000) A critical
step in metastasis: in vivo analysis of intravasation at the pri-
mary tumor. Cancer Res 60:2504

Zagozdzon R, Golab J, Mucha K, Foroncewicz B, Jakobisiak
M (1999) Potentiation of antitumor effects of IL-12 in combi-
nation with paclitaxel in murine melanoma model in vivo. Int
J Mol Med 4:645



