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Fig. 5. Effect of eristostatin on cell proliferation. (A) MTS assay:
cell proliferation is expressed as absorbance of formazan at
495nm. Data represent the means+S.E. for at least two
experiments in duplicate. (B) Soft-agar assay: number of colonies
are the mean+SE of at least two experiments in which 5 x 10°
cells were seeded per plate in triplicate.

K17, R18, S39 and D41, resulted in significantly
blunted responses in both assays. Mutations of E2,
T7, R13, W47, N48 and G49, which have 1Cs
values similar to those of wild type in ADP-induced
platelet aggregation, lost their inhibition of wound
closure in vitro. Mutations of P4, K21 and V22
affected only ADP-induced platelet aggregation.

4. Discussion

Many disintegrins, including echistatin (Hallak
et al., 2005; Staiano et al., 1997), contortrostatin
(Swenson et al., 2004; Trikha et al., 1994; Zhou
et al., 2000), triflavin (Sheu et al., 1992, 1994),
rhodostomin (Wiedle et al., 1999) and salmosin

(Kang et al., 2000) are effective anti-tumor agents in
vitro and/or in vivo. The most common molecular
mechanism has been an inhibition of angiogenesis
through integrins avf3, avf5 or a5f1. (Huang et al.,
2001; Kang et al., 1999; Marcinkiewicz et al., 2003;
Markland et al., 2001; Olfa et al., 2005; Yeh et al.,
1998, 2001). Eristostatin has also been shown to
inhibit lung or liver colonization in vivo by either
human or murine melanoma cells (Beviglia et al.,
1995; Danen et al., 1998; McLane et al., 2004;
Morris et al., 1995). Our current data indicate that
anti-angiogenesis cannot be a primary mechanism
of eristostatin, because this disintegrin was not
effective as an inhibitor of blood vessel growth in a
CAM angiogenesis model (Fig. 6). Thus far, the
only integrins linked functionally with eristostatin
have been allbf3 (McLane et al., 1994) and «4f1
(Danen et al., 1998). It is unlikely, however, that
either alIbf3 or «4f1 are common targets since
these receptors are not expressed on all melanoma
cell types tested in these studies (Wong et al., 2002).
The effect of eristostatin on cell migration was used
in a screening assessment because this cellular
activity is known to involve integrins. Inappropriate
cell migration can also contribute to tumor cell
metastasis. Eristostatin inhibited all melanoma cell
lines tested in a transwell migration assay (Fig. 1).
We previously reported that eristostatin signifi-
cantly impaired in vitro wound closure of C8161
human melanoma cells plated on fibronectin
(McLane et al., 2005). In this study, we have
expanded that finding to include 4 additional
human melanoma cell types: MV3, WMI164,
M24met, and 1205Lu, both at static time points
(Fig. 2(A)) and through time-lapse experiments
(Fig. 3, videos 1-10). This phenomenon was
concentration dependent (Fig. 2(B)) and was
selective for fibronectin in MV3, 1205Lu, M24met
and C8161, all highly malignant melanoma cell lines
(Fig. 2(A)). Only the less malignant, vertical growth
phase WM164 melanoma cells were affected by
eristostatin on fibronectin, laminin and collagen IV
(Fig. 2(A)). Both cell migration and cell prolifera-
tion are important factors in this wound closure
assay. Data from the MTS (Fig. 4(A)) and soft-agar
assays (Fig. 4(B)) indicate that eristostatin has no
effect on the proliferation of these melanoma cells,
consistent with the study done by Morris et al.
(1995) with B16F1 murine melanoma cells in vitro.
These results strongly point to an effect of
eristostatin only on cell migration, and a common
mechanism involving fibronectin.
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Fibronectin is the major protein ligand of at least
12 integrins (Table 1) (Hynes, 2002; Plow et al.,
2000), with nine recognizing the RGD sequence and
three being nonRGD binding integrins. Previously
we demonstrated that eristostatin abolishes the
adhesion of melanoma cells to an immobilized
RGD matrix (Pronectin-F®), a result favoring an
RGD-dependent mechanism (McLane et al., 2005).
In confirmation of this earlier observation, eristos-
tatin lost its inhibitory effect on cell migration when
residues R27, G28 and D29 were mutated
(Fig. 7(B)). It is interesting, however, that the initial
adhesion of MV3 and M24met cells to the
Pronectin-F™ plates was weaker than was observed
with C8161, 1205Lu or WM 164 cells; therefore, the
activity of eristostatin on these cells plated on
fibronectin might not depend solely on the RGD
motif. Although mutations in the RGD loop of

eristostatin inhibit wound closure, it should be
noted that alanine mutations of E2, T7 or R13 at
the N-terminus, and W47, N48 or G49 at the
C-terminus, also had a similar effect (Fig. 7(B)).
A comparison of the lack of effect on platelet
aggregation by these six amino acids (Fig. 7(A))
indicates that a different type of binding occurs with
respect to the allbf3 integrin involved in platelets
and the integrin mediating melanoma cell migra-
tion. Of the nine RGD-dependent, fibronectin-
binding integrins, it is unlikely that either ollbf3
or a5f1 1is involved in interactions between
eristostatin and the melanoma cells tested in
this study. The fibrinogen receptor «llbf3 is not
expressed on any of these cell lines (Wong et al.,
2002). In addition, Beviglia et al. (1995), and our
own laboratory (Pfaff et al.,, 1994; Wierzbicka-
Patynowski et al., 1999), have shown that eristostatin
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Fig. 7. Effect of eristostatin mutants in C8161 cell wound closure
on fibronectin and on platelet aggregation. The same batch of
recombinant eristostatin or its mutants was used to do both sets
of experiments. (A) The ICs, values of R27, G28, D29 and N3l
were infinity because those mutants showed no inhibitory effect
on ADP-induced platelet aggregation. (B) Activities of mutants
assayed by C8161 in vitro wound closure on fibronectin. The
percent closure was calculated as previously described. The values
represent the means (+SE, vertical bars) of nine independent
experiments, wtEr—wild type eristostatin; each amino acid is
represent by a single-letter code, * indicates mutations with
significant loss of inhibition in both assays.

Table 1
Fibronectin-binding integrins

RGD dependent nonRGD dependent

a3p1 avp3 a2p1
o541 ollbp3 adf1
a8f1 avps odp7
avfil avf6

avp8

interacts minimally, if at all, with a541. Cell adhesion
studies with antibodies to these integrin subunits
(Fig. 4) indicate «v as a common target

for the interaction of C8161, WM164, SBcl2 and
1205Lu melanoma cells with eristostatin. It must be
noted that the adhesion between eristostatin and
MYV3 or M24met is inhibited neither by anti-av nor
anti-f1 antibodies, so these cells must use different
integrin binding partners. In addition, MV3 cells do
not express the f3 subunit (Danen et al., 1998).
Coupling this with the evidence that the latter two
melanoma cell lines bound weakly to the RGD-
based matrix on the Pronectin-F® plates suggests a
potential nonRGD (and even nonintegrin) binding
mechanism. These interesting possibilities are cur-
rently under investigation.
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