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Semaphorin3A Increases Focal Adhesion Formation to Shift the Relationship Between
Cell Migration and Substratum Concentration Through a ROCK-dependent Mechanism.

Frances V. Compere and Scott Gehler
Biology Department, Augustana College, Rock Island, IL 61201
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matrix (ECM) are important of cell and cell spreading.
Studies have shown that cells exhibit a i i cell mi-
gration speed or cell area and sub cells ex-
perience an optimal level of cell gth to facilitate

imal cell migration and sp g (DiMilla et, al. 1993; Gaudet et al., 2003).
; ) i by which ligands reg cell
and p in toch inECM ion are not clearly un-

derstood. Semaphonn3A (Sema3A) has been found to increase integrin recep-
tor expression in breast cancer cells as well as inhibit breast cancer cell motil-
ity (Pan et, al. 2009). Therefore, we propose Sema3A alters cell adhesion dy-
namics to influence breast epithelial cell migration and spreading on different
concentratlons of various ECM. First, MDA-MB-231 breast eplmellal cell migra-

tion and sp! g were on various of collagen type
I, ﬁbronechn and laminin |. Our results demonstrate that Sema3A inhibits cell
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of cell morphology demonstrates that Sema3A-treated cells were more elon-
gated on all concentratlons of collagen. However, Sema3A has less robust ef-
fects on cell mig pi ing, and gy when on fibronec-
tin and laminin. Second, inhibition of Rho-associated protein kinase (ROCK)
blocks the Sema3A-med|abed effects on cell mlgratlon and spreading when cul-
tured on all inhibition of ROCK alone
results in more elongabed cells Third, Sema3A increases focal adhesion forma-

tion on all 1l and fib but not laminin. How—
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dependent mechanism.

Introduction

Cell migration is critical to normal and pathological processes, including embryo-
genesis, wound healing, angit is, and tumor nr is (Trinkaus, 1984). Cell
migration requires integrins to form new attachments to the ECM in the direction of
movement, while simultaneously breaking old adhesions made at the trailing edge of
the cell (Hood and Cheresh, 2002). Various studies have demonstrated that surface
concentrations of ECM alters cell spreading, adhesion, and motility (Gaudet et al.,
2003; Mooney et al., 1995). Furthermore, studies have shown that cells exhibit a bi-
phasic relationship between cell migration speed and substratum concentration, sug-
gesting cells experience an optimal level of cell-substratum adhesiveness to facilitate
maximal cell migration (DiMilla et, al. 1993; Gupton and Waterman-Storer, 2006; Pal-
ecek et al., 1997). When the ECM concentration is reduced or increased beyond the
optimal concentration range, then cell motility is reduced. Although these observa-
tions are well documented, how changes in cell adhesion and ECM concentration
alter cell motility in response to extracellular cues are not well understood.

Semaphorins are factors that were originally characterized as playing a role in
axon pathfinding during neural development (Neufeld and Kessler, 2008). In addition,
semaphorins demonstrate effects on non-neuronal cells as well. For instance, sema-
phorins have been shown to inhibit tumor progression and metastasis (Neufeld and
Kessler, 2008). Specifically, semaphorin 3A (Sema3A) has inhibitory effects on pros-
tate and breast carcinoma cell migration and metastasis (Herman and Meadows,
2007; Pan et al. 2009). Interestingly, Sema3A increases integrin expression and cell
adhesion in breast epithelial cells (Pan et al, 2009). These findings suggest Sema3A
may inhibit breast epithelial cell motility by altering the adhesion strength of cells,
however, this remains to be determined.

Because maximal cell motility is regulated by a balance between ECM concentra-
tion and cell-st adhesions, we whether Sema3A alters cell motility
on different concentrations of ECM through changes in cell adhesion dynamics. If
Sema3A increases integrin expression in breast epithelial cells, then we predict that
Sema3A treatment should enhance cell motility on suboptimal concentrations of ECM
through increased cell-ECM attachments.

Rati : Mechanisms by which extracellular ligands regulate the relationship
between cell migration speed and substratum concentration are not clearly under-
stood. Because Sema3A has been found to increase integrin receptor expression
in breast cancer cells as well as inhibit breast cancer cell motility (Pan et, al. 2009),
we determined whether Sema3A alters the motility response of breast epithe-

lial cells on increasing concentrations of collagen |, fibronectin, and laminin.

Methods: MDAMB-231

with 100ng/mL 19G1 Fe or Sema3A for 24 ratch f ] n o captured immediately following scratch

formation (0 hour) and at 24 hours. Cell migration quantified using Image. anal Scale bar =
D
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Rationale: Cell spreading is a process that requires integrin-based adhesion to
the ECM. It has been shown that cells exhibit a biphasic spreading response to
increasing concentrations of collagen | (Gaudet et, al. 2003). Because Sema3A
has been shown to increase integrin expression in breast epithelial cells (Pan et
al., 2009), we sought to determlne whether Sema3A could alter the spread-

Rationale: The mechanism by which Sema3A alters integrin-based adhesions to
regulate cell motility and spreading on different ECM concentrations is not well un-
derstood. Both integrin signaling and Sema3A can regulate Rho kinase (ROCK) to
alter cell behavior. Therefore, we determined whether Sema3A mediates its ef-
fects through a ROCK-dependent mechanism.
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Results: Sema3A shifts the motility response of MDA-MB-231 cells by enhancing
motility on lower concentrations of collagen and fibronectin, but not laminin, while
inhibiting motility at higher concentrations of ECM. Sema3A appears to influence
cell speed but not directional persistence. *p>0.001, **p>0.005, ***p>0.01,

and spread for 30 minutes at 37°C/5%CO?. Following incubation,
thodamine-phalloidin and images were captured using an Zeiss Axiovert fluorescent microscope. Cell area was quantiied using
ImageJ analysis software. Scale bar = 20um
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Results: Sema3A increased cell spreading at lower concentrations of both collagen
| and fibronectin, but not laminin. In addition, cells grown on collagen and fibronectin
were more elongated following Sema3A treatment. *p>0.001, **p>0.005, ***p>0.01,
.

p>0.05
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Results: Inhibition of ROCK blocked the Sema3A-mediated effects on cell migration,
cell area, and focal adhesion formation on collagen. *p>0.001, **p>0.005, ***p>0.01
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Rationale: In order to measure the effects of Sema3A on integrin signaling and
cell- substratum attachments, we assessed focal adhesion formation on in-
g ations of 1, fibry and laminin.
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Results: Sema3A enhances focal adhesion ion inr toir
concentrations of both collagen | and fibronectin, while Sema3A decreases focal
adhesion formation on laminin. *p>0.001, **p>0.005, ***p>0.05
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