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The Rho subfamily of the Rho small G protein family (Rho) regulates formation of stress
fibers and focal adhesions in many types of cultured cells. In moving cells, dynamic and
coordinate disassembly and reassembl y of stress fibers and focal adhesions are observed, but
the precise mechanisms in the regulation of these processes are poorly understood. We
previously showed that 12-O-tetradecanoylphorbol-13-acetate (TPA) first induced disassem-
bly of stress fibers and focal adhesions followed by their reassembly in MDCK cells. The
reassembled stress fibers showed radial-like morphology that was a pparently different from
the original. We analyzed here the mechanisms of these TPA-induced processes. Rho
inactivation and activation were necessary for the TPA-induced disassembly and reassembly,
respectively, of stress fibers and focal adhesions. Both inactivation and activation of the Rac
subfamily of the Rho family (Rac) inhibited the TPA-induced reassembly of stress fibers and
focal adhesions but not their TPA-induced disassembly. Moreover, microinjection or tran-
sient expression of Rab GDI, a regulator of all the Rab small G protein family members,
inhibited the TPA-induced reassembly of stress fibers and focal adhesions but not their
TPA-induced disassembly, indicating that, furthermore, activation of some Rab family mem-
bers is necessary for their TPA-induced reassembly. Of the Rab family members, at least Rab5
activation was necessary for the TPA-induced reassembly of stress fibers and focal adhesions.
The TPA-induced, small G protein-mediated reorganization of stress fibers and focal adhe-
sions was closely related to the TPA-induced cell motility. These results indicate that the Rho
and Rab family members coordinately regulate the TPA-induced reorganization of stress
fibers and focal adhesions that may cause cell motility.

INTRODUCTION filopodia, at the cell front, and retraction at the cell
rear are externally observed, whereas reorganization
of the actin cytoskeleton, such as disassembly and
reassembly of stress fibers and focal adhesions, is in-
ternally observed. These processes are dynamic, well
coordinated, and essential for cell migration, but the
mechanisms of these processes are not fully under-
stood. In the case of epithelial and endothelial cells,
they adhere to each other to form cell-cell junctions,
including adherens junction, tight junction, desmo-

Cell migration plays a central role in a wide variety of
biological phenomena, such as inflammatory re-
sponse, wound healing, organogenesis, and metastasis
of malignant cancer (reviewed by Stoker and Gher-
ardi, 1990; Roy and Mareel, 1992). In moving cells,
membrane protrusions, such as lamellipodia and
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Nagoya University School of Medicine, Nagoya 466-8550, Japan. junction, and these cell-cell junctions are furthermore
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disrupted for migration. Some growth factors, such as
hepatocyte growth factor/scatter factor (HGF/SE),!
disrupt cell-cell junctions and induce cell migration,
but their modes of action in these processes have not
been clarified.

The Rho small G protein family regulates various
cell functions, including cell migration, through re-
organization of the actin cytoskeleton (reviewed by
Hall, 1994, 1998; Takai et al., 1995). The Rho family
consists of the Rho, Rac, and Cdc42 subfamilies. The
Rho subfamily (Rho), consisting of three members,
RhoA, -B, and -C, regulates formation of stress fibers
and focal adhesions in many types of cells; the Rac
subfamily (Rac), consisting of two members, Racl
and -2, regulates formation of lamellipodia and
membrane ruffling; and the Cdc42 subfamily
(Cdc42), consisting of G25K and Cdc42Hs, regulates
formation of filopodia (reviewed by Hall, 1994,
1998; Takai ef al., 1995). Three laboratories, includ-
ing our own, have shown that, furthermore, Rac reg-
ulates formation of cadherin-dependent cell-cell adhe-
sion in MDCK cells and human keratinocytes (Braga ef
al., 1997; Hordijk et al., 1997; Takaishi et al., 1997). In
addition, Braga ¢t al. (1997) have shown that Rho is also
involved in the formation of cell-cell adhesion in human
keratinocytes, but we have shown that Rho is indirectly
involved in formation of cell-cell adhesion in MDCK
cells (Takaishi et al., 1997).

The Rab small G protein family (Rab) consists of
more than 30 members and regulates intracellular ves-
icle trafficking (reviewed by Simons and Zerial, 1993;
Nuoffer and Balch, 1994; Pfeffer, 1994; Novick and
Zerial, 1997). Of the Rab family members, Rab5 regu-
lates early endocytosis (Bucci ef al., 1992; Stenmark et
al., 1994), Rab11 regulates recycling through the peri-
centriolar recycling endosome (Ullrich et al., 1996), and
Rab8 regulates vesicular traffic from trans-Golgi net-
work to the basolateral plasma membrane (Huber et
al., 1993). Because recycling of the plasma membrane
components, such as integrins, by vesicle trafficking is
important for cell migration (Martenson et al., 1993;
Lawson and Maxfield, 1995; Bretcher, 1996; reviewed
by Lauffenburger and Horwitz, 1996), it is supposed
that Rab also plays an important role in cell migration.
However, the role of Rab in cell migration has not yet
been investigated.

The Rho and Rab families cycle between the GDP-
bound inactive and GTP-bound active forms, which
are regulated by three types of regulators, GDP/GTP

Abbreviations used: GAP, GTPase activating protein; GDI, GDP
dissociation inhibitor; GEP, GDP/GTP exchange protein; GTPyS,
guanosine 5'-(3-O-thio)-triphosphate; HGF/SF, hepatocyte growth
factor/scatter factor; Hiso-Rab GDI, His6-tagged Rab GDI; pEF-
BOS-niyc-, pEF-BOS-myc tagged; pSRa-nyc-, pSRaneo-nye tagged;
TPA, 12-O-tetradecanoylphorbol-13-acetate. '

exchange protein (GEP), GTPase activating protein
(GAP), and GDP dissociation inhibitor (GDI) (re-
viewed by Hall, 1994, 1998; Takai et al., 1995, 1996;
Novick and Zerial, 1997). Of these regulators, Rho and
Rab GDIs are general regulators of all the Rho and Rab
family members, respectively, whereas GEP and GAP
are specific for each Rho or Rab subfamily. GEP stim-
ulates the conversion from the GDP-bound form to the
GTP-bound form, and GAP stimulates the reverse
conversion (reviewed by Takai et al., 1995, 1996; Nov-
ick and Zerial, 1997; Hall, 1998). GDI has three activ-
ities (reviewed by Takai et al., 1995, 1996; Novick and
Zerial, 1997): 1) GDI keeps the GDP-bound form in the
cytosol; 2) GDI transports its complexed small G pro-
tein to its respective target membrane where the GDP-
bound form is converted to the GTP-bound form; and
3) Once the GDP-bound form is converted from the
GTP-bound form after its function has been accom-
plished, GDI forms a complex with it and translocates
it to the cytosol. We have shown that microinjection of
Rho GDI inhibits the functions of the Rho family mem-
bers, such as cytokinesis (Kishi et al., 1993), cell motil-
ity (Takaishi et al., 1993, 1994), membrane ruffling
(Nishiyama et al., 1994), and formation of stress fibers
and focal adhesions (Kotani ef al., 1997). It is predicted
that microinjection or overexpression of Rab GDI in-
hibits the functions of the Rab family members, but
this type of experiments has not been performed thus
far.

HGF/SF induces cell migration in many cultured
epithelial cells including MDCK cells (reviewed by
Gherardi and Stoker, 1991). We have previously
shown that 12-O-tetradecanoylphorbol-13-acetate
(TPA), an activator of protein kinase C, also induces
the scattering of MDCK cells and that TPA first in-
duces disassembly of stress fibers and focal adhesions
followed by their reassembly in MDCK cells (Takaishi
et al., 1995). The reassembled stress fibers show radial-
like morphology, which apparently differs from the
original. In the present study, we have examined
whether the Rho and Rab family members are in-
volved in these TPA-induced processes. We have
found here that the Rho and Rab family members
coordinately regulate the TPA-induced reorganization
of stress fibers and focal adhesions.

MATERIALS AND METHODS

Materials and Chemicals

MDCK cells were kindly supplied by Dr. W. Birchmeier (Max-
Delbruck-Center for Molecular Medicine, Berlin, Germany). MDCK
cell lines stably expressing a dominant active mutant of RhoA
(V14RhoA) or Racl (V12Racl) and a dominant negative mutant of
Racl (N17Racl) were established as described previously (Takaishi
et al., 1997). Human recombinant HGF/SF was provided by Dr. T.
Nakamura (Osaka University, Suita, Japan). TPA was obtained from
Sigma Chemical (St. Louis, MO). The cDNAs of a dominant active
mutant of Rab5 (Rab5DA) with a mutation of amino acid 79 from
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Gln to Leu (L79Rab5), a dominant negative mutant of Rab5
(Rab5DN) with a mutation of amino acid 34 from Ser to Asn
(N34Rab5), and Rab8 were provided by Dr. M. Zerial (European
Molecular Biology Laboratory, Heidelberg, Germany). The frag-
ments containing dominant active mutants of Rab8 and -11
(Rab8DA and -11DA, respectively) were obtained by PCR mutagen-
esis of Gln to Leu at codon 67 of Rab8 (L67Rab8) and Gln to Leu at
codon 70 of Rab11 (L70Rab11), respectively. The fragments contain-
ing the dominant negative mutants of Rab8 and -11 (Rab8DN and
-11DN, respectively) were obtained by PCR mutagenesis of Thr to
Asn at codon 22 of Rab8 (N22Rab8) and Ser to Asn at codon 25 of
Rabl11 (N25Rab11), respectively. The pSRaneo and pEF-BOS expres-
sion plasmids were donated by Dr. A. Miyajima (Tokyo University,
Tokyo, Japan) and Dr. S. Nagata (Osaka University, Osaka, Japan),
respectively. The guanosine 5'-(3-O-thio)-triphosphate (GTPyS)-
bound form of RhoA was made as described previously (Takaishi ef
al., 1993). C3 was supplied by Dr. S. Narumiya (Kyoto University,
Kyoto, Japan). Rab GDI was purified as a His6 fusion protein from
Escherichia coli, which overexpressed Hiso-tagged Rab GDI (His6-
Rab GDI) according to the manufacturer’s protocol. Hybridoma
cells expressing the anti-myc mouse mAb (9E10) were purchased
from American Type Culture Collection (Rockville, MD). An anti-
vinculin mouse mAb (V115) was obtained from Sigma Chemical.
Second antibodies for immunofluorescence microscopy were ob-
tained from Chemicon International (Temecula, CA).

Construction of Expression Plasmids of Rab
Mutants and Rab GDI

Expression vectors were constructed in pSRaneo or pEF-BOS using
standard molecular biology methods. The pSRaneo-myc-tagged
(pSRa-myc-) and pEF-BOS-myc-tagged (pEF-BOS-myc-) L79Rab5,
N34Rab5, L67Rab8, N22Rab8, L70Rabl11, and N25Rabl1, and pEF-
BOS-myc-Rab GDI were constructed as described previously
(Komuro et al., 1996; Takaishi et al., 1997). The fragment containing
[.79Rab5-, N34Rab5-, L67Rab8-, N22Rab8-, 1.70Rab11-, N25Rab11-,
or Rab GDI-coding sequences with the BamHI site upstream of the
initiation methionine codon and downstream of the termination
codon was synthesized by PCR. These fragments were digested by
BamHI and ligated into the BamHlI site of the pSRa-myc or pEF-BOS-
myc plasmid.

Cell Culture, Transfection, and Microinjection

MDCK cells were maintained at 37°C in a humidified atmosphere of
10% CO, and 90% air in DMEM containing 10% FCS (Life Technol-
ogies, Grand Island, NY), 100 U/ml penicillin, and 100 pg/ml
streptomycin. Transient transfection of pEF-BOS-myc-L79Rab5,
-N34Rab5, -L67Rab8, -N22Rabs, -L70Rab11, -N25Rabl1, or -Rab
GDI was carried out using a lipofectAMINE reagent as described
previously (Komuro et al., 1996). At 24 h after the transfection, the
cells were detached using an EDTA /trypsin solution, seeded onto
35-mm grid dishes, and further incubated in DMEM containing 10%
FCS for 24 h. After the incubation, the cells were stimulated with 100
nM TPA. Stable transfection of pSRa-myc-N34Rab5, -L70Rab11, or
-N25Rab11 was carried out using a lipofect AMINE reagent, and cell
clones were isolated by resistance to G418 as described previously
(Takaishi et al., 1997). MDCK cells for the microinjection experi-
ments were seeded at a density of 1 % 10° cells per dish onto 35-mm
grid dishes. At 24 h after seeding, C3, His6-Rab GDI, or GTPy5-
RhoA was comicroinjected along with a marker protein (rat IgG)
into the cytoplasm of the cells and then returned to the incubator for
30 min before TPA stimulation or fixation. Thirty to 50 cells were
microinjected in each experiment, and more than 90% of the cells
showed the same response.

Immunofluorescence Microscopy

Cells were fixed in 3.7% paraformaldehyde in PBS for 20 min. The
fixed cells were incubated for 10 min with 50 mM ammonium
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chloride in PBS and permeabilized with PBS containing 0.2% Triton
X-100 for 10 min. After the cells were soaked in 10% FCS/PBS for 30
min, they were treated with the first antibodies in 10% FCS/PBS for
1 h. The cells were then washed with PBS three times, followed by
incubation with the second antibodies in 10% FCS/PBS for 1 h. For
the detection of actin filaments, rhodamine-phalloidin was mixed
with the second antibody solution. For the double staining, the
second antibodies that did not cross-react with each other were
chosen. After the cells were washed with PBS three times, they were
examined using a LSM 410 confocal laser scanning microscope (Carl
Zeiss, Oberkochen, Germany).

RESULTS

TPA and HGF/SF Induce Reorganization of the
Actin Cytoskeleton in MDCK Cells

Confocal microscopic analysis of cultured MDCK cells
at the basal levels showed that the cells contacted with
each other, forming colonies of the cells (Figure 1a). In
these cells, actin filaments showed three different
structures localized at three different areas: weak
stress fibers that ran parallel throughout the cells,
heavy peripheral bundles that were localized at the
edges of the colonies, and weak cortical bundles that
were localized at the cell-cell adhesion sites (Figure
1a). Vinculin was stained both at the basal edges of the
colonies and at focal adhesions, which were localized
at the end of the stress fibers (Kotani et al., 1997)
(Figure 1f).

Stimulation of MDCK cells with TPA caused cell
spreading within 15 min followed by dissociation and
scattering of the cells at 2 h (Figure 1, b-d). At 18 h, the
cells completely dissociated from and did not contact
with each other (Figure le). The membranes of most
cells started to ruffle within 15 min (Figure 1b), and the
membrane ruffling was always observed, at least in a
part of the cells, during the stimulation (Figure 1, b-e).
The peripheral bundles decreased within 15 min and
mostly disappeared at 1 h. The stress fibers mostly
disappeared within 15 min, but reappeared in a part of
the cells at 1 h and in most cells at 2 h (Figure 1, b-d).
Even at 18 h, the newly formed stress fibers were still
observed in a part of the cells (Figure le). The newly
formed stress fibers showed radial-like morphology
that apparently differed from the original (Figure 1, a
and d). Stimulation of the cells with TPA, furthermore,
caused decrease of vinculin at the basal edges of the
colonies within 15 min. Dot-like staining of vinculin at
the basal edges of the cells, which was located at the
sites different from the focal adhesions, was observed
between 1 h and 18 h, and it became prominent at 18 h
(Figure 1, g—j). Most vinculin at the focal adhesions
disappeared at 15 min, and it began to increase at 1 h,
and the strong staining of vinculin at the focal adhe-
sions was observed at 2 h (Figure 1, g-i). These newly
formed focal adhesions were located at the edges of
the newly formed radial stress fibers.

Stimulation of MDCK cells with HGF/SF showed
similar reorganization of stress fibers and focal adhe-
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lvlgurp L. TPA-and HGE/SF-induced reorganization of the actin cytoskeleton in wt MDCK cells. wt MDCK cells were incubated in DMEM
«'nnvtmnvn‘lg 10% FCS for 24 h. After the incubation, the cells were stimulated with none (a and f), 100 nM TPA (b-e and g—j), or 20 ng/ml
HGE/SF (k=r). The cells were fixed at 15 min (b and g), 1 h(cand h), 2 h (d and i), or 18 h (e and j) after TPA stimulation, am{ at 2 h (k and
n.), 4 h(l ‘.m.Ll p), 6 h (m and q), or 18 h (n and r) after HGF/SF stimulation, double stained with rhodamine-phalloidin (a-e and k-n) or the
V115 anti-vinculin mAb (£ and o-r), and analyzed by confocal microscopy. Confocal images are shown at the basal levels. The results shown
are representative of three independent experiments. Bar, 10 um. An arrowhead in pan‘cl i indicates the staining of vinculin a‘t th.wL‘»mw\']\'

formed focal adhesions. An arr i i indic i o N ; : e
< D, 4 OW 1n p 3 > . ) ~ # : . C
ettt . § panel j indicates the dot-like staining of vinculin that is located at the sites different from the focal

sions, bL}l)th("il‘ time courses were diﬁl‘rvnt from those  out dissociation of the cells during the first 4 h (Figure
of the _1 [ f’\-l}1?‘ll{(}‘t1 stimulation. Stimulation of the I, k and 1). Between 6 h and 18 h, the cell-cell contacts
cells with HGF/SF caused spreading of the cells with- were disrupted, and the cells scattered (Figure 1, m
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Figure 2. Effect of cycloheximide on the TPA- and HGF/SF-induced reorganization of actin filaments in wt MDCK cells. wt MDCK cells
were incubated in DMEM containing 10% FCS for 24 h. After the incubation, the cells were stimulated with 20 ng/ml HGE/SF (a and b) or
100 nM TPA (c—f) in the absence (a) or presence (b—f) of 10 pg/ml cycloheximide. Cycloheximide was added 30 min before HGF/SF or TPA
stimulation. At 18 h after HGF/SF stimulation, the cells were fixed and stained with rhodamine-phalloidin (a and b). At 15 min (¢ and d) or
2 h (e and f) after TPA stimulation, the cells were fixed, double stained with rhodamine-phalloidin (¢ and e) or the V115 anti-vinculin mAb
(d and f), and analyzed by confocal microscopy. Confocal images are shown at the basal levels. The results shown are representative of three

independent experiments. Bar, 10 pwm.

and n). These results are consistent with previous
observations (Ridley et al., 1995). Reorganization of the
actin cytoskeleton was also observed (Figure 1, k-n).
The formation of membrane ruffling was always ob-
served in a part of the cells during the HGF/SF stim-
ulation. Peripheral bundles decreased within 2 h and
completely disappeared between 6 h and 18 h. Stress
fibers decreased within 2 h, increased in a part of the
cells between 4 h and 6 h, and mostly disappeared at
18 h. The morphology of the newly formed stress
fibers was not identical but similar to that induced by
TPA. The time course of the localization of vinculin
was similar to that of the disassembly and reassembly
of the stress fibers (Figure 1, o-r). The localization of
vinculin at the basal edges of the colonies of the cells
decreased within 2 h and disappeared between 6 h
and 18 h. The localization of vinculin at the focal
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adhesions decreased within 2 h, increased between 4 h
and 6 h, and decreased again at 18 h.
Cycloheximide, an inhibitor of protein synthesis,
has previously been reported to inhibit the HGF/
SF-induced cell scattering (Rosen et al., 1990). We
next examined the effect of cycloheximide on the
TPA- and HGF/SF-induced cell scattering and reor-
ganization of the actin cytoskeleton. As reported
previously (Rosen et al., 1990), the HGF /SF-induced
cell scattering was completely inhibited by cyclo-
heximide (Figure 2, a and b). However, the TPA-
induced cell scattering, membrane ruffling, and dis-
assembly or reassembly of focal adhesions and
stress fibers were not inhibited by cycloheximide
(Figure 2, c—f), indicating that the TPA-induced mo-
tile response and reorganization of the actin cy-
toskeleton do not require protein synthesis.
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Figure 3.

Inhibition of the TPA-induced disassembly of stress fibers and focal adhesions in sSMDCK-RhoDA cells. sMDCK-RhoDA cells were

incubated in DMEM containing 10% FCS for 24 h. After the incubation, the cells were stimulated with none (a and d) or 100 nM TPA (b,

¢, and f). The cells were fixed at 15 min (b and ¢) or 2 h (c and f) after TPA stimulation, double stained with rhodamine-phalloidin (a-c) or

he V115 « i 7 C i :
the V115 anti vine ulin mAb (d-f), and analyzed by confocal microscopy. Confocal images are shown at the basal levels. The results shown
are represente ) » ) wperime 3ot ! : 3 Vo 4o

epresentative of three independent experiments. Bar, 10 um. Arrowheads in panels b and c indicate the reduced peripheral bundles

To further clarify the mechanisms of the disassem-
bly and reassembly of stress fibers and focal adhesions
in motile cells, we analyzed the TPA-induced reorga-
nization of the actin cytoskeleton for the tl\ll(\\\"in«_:
reasons: 1) The TPA-induced motile response was ap‘f
P.\rcnll_\' faster than the HGF/SF-induced one; 2) The
!l'.»\finduccd disassembly and reassembly of stress
fibers and focal adhesions were synchronized in most
MDCK cells, whereas the HGF/SF-induced ones were
not synchronized; and 3) The TPA-induced motile
response and reorganization of the actin cytoskeleton
qi(d' not require protein synthesis, whereas the HGF/
SF-induced ones did, suggesting that the mechanisms

of the HGF/SF-induced processes are more compli-
cqtud than those of the TPA-induced processes. The
[PA-induced disassembly of stress fibers and focal
adhesions was analyzed at 15 min after the stimula-
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tion and the TPA-induced reassembly of stress fibers
and focal adhesions was analyzed at 2 h.

Rho Inactivation Is Necessary for the TPA-induced
Disassembly of Stress Fibers and Focal Adhesions

To study the effect of Rho inactivation on the TPA-
induced effects, we took advantage of the MDCK cell
lines stably expressing the dominant active mutant of
RhoA (sMDCK-RhoDA) that were established in our
preceding paper (Takaishi et al., 1997). In sMDCK-
RhoDA cells, strong formation of stress fibers was
observed as described (Takaishi ef al., 1997) (Figure
3a). Stimulation of the cells with TPA for 15 min did
not reduce the stress fibers (Figure 3b). The cells
slightly spread and the colonies became larger, but the
strong formation of stress fibers did not change even
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at 2 h (Figure 3c). The morphology of stress fibers after
the stimulation in sMDCK-RhoDA cells was not ap-
parently different from that before the stimulation, but
was different from the TPA-induced radial-type one in
wild-type (wt) MDCK cells (see Figure 1d). Stimula-
tion of the cells with TPA for both 15 min andi2: h
slightly reduced the peripheral bundles of actin fila-
ments (Figure 3, b and c) and induced weak mem-
brane ruffling (our unpublishcd results) in a part of the
cells. Accumulation of vinculin at the focal adhesions
in sMDCK-RhoDA cells was much more than that in
the wt cells as described (Takaishi et al., 1997), and the
stimulation of sMDCK-RhoDA cells with TPA for 2 h
did not affect the distribution pattern or the accumu-
lation level of vinculin (Figure 3, d-f). The TPA-in-
duced cell scattering was also inhibited in sMDCK-
RhoDA cells at 2 h (Figure 3c). sMDCK-RhoDA cells
slightly scattered at 6 h, but TPA was apparcnt]_\'
less effective on the scattering response in sMDCK-
RhoDA cells than in wt MDCK cells (our unpub-
lished results). These results are consistent with the
carlier observations that Rho activation enhances
the formation of stress fibers and focal adhesions
(Ridley and Hall, 1992; Self et al., 1993), and indicate
that Rho inactivation is necessary for the TPA-in-
duced disassembly of stress fibers and focal adhe-
sions and cell scattering.

In this paper we examined the effect of the stable
expression of the dominant active mutant of RhoA,
but not that of RhoB or -C. However, because the
expression of a dominant active mutant of either
RhoA, -B, or -C induced the formation of stress fibers
in MDCK cells (Adamson et al., 1992), the effect of the
stable expression of a dominant active mutant of ei-
ther RhoB or -C may be similar to that of RhoA in
MDCK cells.

Rho Activation Is Necessary for the TPA-induced
Reassembly of Stress Fibers and Focal Adhesions

To study the effect of Rho inactivation on the TPA-
induced effects, we used C3, a Clostridium botulinum
exoenzyme known to ADP ribosylate Rho (Aktories
et al., 1988; Kikuchi et al., 1988; Narumiya et al., 1988;
Braun et al., 1989), to inhibit its functions, because
we could not obtain the MDCK cell lines stably
expressing a dominant negative mutant of RhoA.
Microinjection of C3 into wt MDCK cells induced
disappearance of stress fibers and peripheral bun-
dles, which is consistent with earlier observations
(Kotani et al., 1997) (Figure 4, a and e). At 15 min
after TPA stimulation, the staining pattern of the
actin filaments in the microinjected cells was indis-
tinguishable from that in the unmicroinjected cells
(Figure 4, b and f), but at 2 h after the stimulation,
neither the TPA-induced reassembly of stress fibers
nor the staining of vinculin at the focal adhesions
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was observed in the microinjected cells (Figure 4, ¢,
d, g, and h). These results indicate that Rho activa-
tion is necessary for the TPA-induced reassembly of

radial stress fibers and focal adhesions.

Rac Activation and Inactivation Inhibit the TPA-
induced Reassembly of Stress Fibers and Focal
Adhesions but Not Their TPA-induced Disassembly
To study the effect of Rac activation and inactivation
on the TPA-induced effects, we took advantage of the
MDCK cell lines stably expressing the dominant active
mutant of Racl (sMDCK-RacDA) or the dominant
negative mutant of Racl (sMDCK-RacDN), which
were established in our preceding paper (Takaishi et
al., 1997). In sMDCK-RacDA and -RacDN cells, actin
filaments at the cell-cell adhesion sites markedly in-
creased and decreased, respectively, as described (Ta-
kaishi et al., 1997). The stress fibers and the puriphuml
bundles were observed in both sMDCK-RacDA and
-RacDN cells (Figure 5, a and g). Stimulation of
sMDCK-RacDA cells with TPA for 15 min caused
formation of membrane ruffling, which was promi-
nently observed at the cell-cell adhesion sites, and
disappearance of the stress fibers and the peripheral
bundles (Figure 5b). The TPA-induced reassembly of
radial stress fibers was not observed at 2 h after the
stimulation (Figure 5c¢). Confocal microscopic analysis
at the junctional levels showed that the increased lo-
calization of actin filaments at the cell-cell adhesion
sites continued even at 2 h after the stimulation (our
unpublished results). The weak staining of vinculin at
the focal adhesion sites disappeared at 15 min and 2 h
(Figure 5, d-f). The TPA-induced cell scattering was
also inhibited at 2 h (Figure 5¢) and 6 h (our unpub-
lished results).

Stimulation of sMDCK-RacDN cells with TPA for
15 min did not induce membrane ruffling, but re-
duced the formation of stress fibers and the periph-
eral bundles (Figure 5h). The stress fibers and the
peripheral bundles observed at 2 h were similar to
those at 15 min, and the 1 PA-induced assembly of
stress fibers was not observed (Figure 5i1). Moreover,
the TPA-induced dissociation of the cell-cell adhe-
sion was not observed at 2 h. The staining of vincu-
lin at the focal adhesions and the basal edges of the
colonies decreased at both 15 min and 2 h (Figure 5,
i-1). The TPA-induced cell scattering was also inhib-
ited at 2 h (Figure 5i) and 6 h (our unpublished
results).

These results indicate that cyclical activation and inac-
tivation of Rac are necessary for the 1 PA-induced reas-
sembly of stress fibers and focal adhesions and cell scat-
lcringvand that neither activation nor inactivation of Rac
is necessary for their TPA-induced disassembly.
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Figure 4. Inhibition by C3 of the TPA-induced reassembly of stress fibers and focal adhesions. wt MDCK cells were incubated in DMEM
containing 10% FCS for 24 h. After the incubation, the cells were microinjected with 40 ug/ml C3 plus 5 mg/ml rat IgG. At 30 min after the
microinjection, the cells were stimulated with none (a and e) or 100 nM TPA (b-d and f-h). At 15 min (band f) or 2 h (¢, d, g, and h) after
IPA stimulation, the cells were fixed, stained with rhodamine-phalloidin (a~c) or the V115 anti-vinculin mAb (d), and analyzed by confocal
microscopy. The microinjected cells are shown by the staining of microinjected rat IgG (e~h). Confocal images are shown at the basal levels.
lhe results shown are representative of three independent experiments. Bar, 10 um.

Rab GDI Inhibits the TPA-induced Assembly of
Stress Fibers and Focal Adhesions but Not Their
T'PA-induced Disassembly

Microinjection of Rho GDI into cultured cells inhibits
various functions of its substrate small G proteins
(Kishi et al., 1993; Takaishi et al., 1993, 1994; Nishivama
et al., 1994; Kotani et al., 1997). By analogy with this,
we microinjected Rab GDI into wt MDCK cells and
examined its effect on the TPA-induced reorganization
of the actin cytoskeleton. Microinjection of Rab GDI
into wt MDCK cells did not apparently affect the actin
cytoskeleton (Figure 6, a and e). The TPA-induced
formation of membrane ruffling and disappearance of
stress fibers and peripheral bundles were similarly
observed at 15 min after the stimulation in the Rab
GDI-microinjected cells (Figure 6, b and f). However,
at 2 h after stimulation, the TPA-induced reassembly
of stress fibers was not observed in the Rab GDI-
microinjected cells (Figure 6, ¢ and g). The staining of
vinculin at the newly formed focal adhesions was not
observed at 2 h in the Rab GDI-microinjected cells
(Figure 6, d and h). Overexpression of Rab GDI in wt
MDCK cells by the transient expression method also
inhibited the TPA-induced reassembly of stress fibers
at 2 h, but not their TPA-induced disassembly at 15
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min (Figure 7). These results indicate that activation of
some Rab family members is necessary for the TPA-
induced reassembly of stress fibers and focal adhe-
sions but not for their disassembly.

Rab5 Activation Is Necessary for the TPA-induced
Reassembly of Stress Fibers and Focal Adhesions
but Not for Their TPA-induced Disassembly

We next examined which member of the Rab subfam-
ily is involved in the TPA-induced reassembly of
stress fibers and focal adhesions. We chose Rab5, -8,
and -11 for further analysis, because their functions
thus far reported (Bucci et al., 1992; Huber et al., 1993;
Stenmark et al., 1994; Ullrich et al., 1996) suggest that
they regulate the transport of integrins, which is in-
volved in the stress fiber formation (Hotchin and Hall,
1995; Lawson and Maxfield, 1995). We transfected
transiently the plasmid expressing Rab5DA, -5DN,
-8DA, -8DN, -11DA, or -11DN into wt MDCK cells and
stimulated the cells with TPA for 15 min or 2 h (Fig-
ures 7 and 8). The expression of these mutants affected
neither the actin cytoskeleton in the cells that were not
stimulated with TPA (our unpublished results) nor the
disassembly of stress fibers in the cells that were stim-
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Figure 5. Inhibition of the TPA-induced reassembly of stress fibers and focal adhesions in sSMDCK-RacDA and -RacDN cells. sMDCK

RacDA and -RacDN cells were incubated in DMEM containing 10% FCS for 24 h. After the incubation, sMDCK-Racl )/\ (ja f) and I\’m'I’)II\J (;';t I)
cells were stimulated with none (a, d, g, and j) or 100 nM TPA (b, ¢, e, f, h, i, k, and 1). At lj min (b, e, h,»(mdv ka or 2 h (c 3 fadiy im} )]‘1 ;I
TPA stimulation, the cells were fixed, double stained with rhodamine-phalloidin (a-c and g-i) or the V115 anti-y -m\ flh”, mAb (.< )t .nlu”l : )
and analyzed by confocal microscopy. Confocal images are shown at the basal levels. The results shown are representative of three

eri i indicate membrane ruff] » cell-cell adhesion sites
independent experiments. Bar, 10 um. Arrowheads in panel b indicate membrane ruffling at the cell

ulated with TPA for 15 min (Figure 7). The expression
of Rab5DN apparently inhibited the TPA-induced Te-
assembly of stress fibers at 2 h, whereas the expression
of Rab11DN inhibited their TPA-induced reassembly
to a small extent (Figure 7 and Figure 8, ¢, d, k, and I).

The expression of Rab5DA, -8DA, -8DN, and .—] 1DA
did not affect the TPA-induced reassembly of stress
fibers at 2 h (Figure 7 and Figure 8, a, b, and e—j). The
expression of Rab5DA and -8DA formed a large ve-
sicular structure in which both the proteins were lo-
calized (Figure 8, b and f). Expressed Rab11DA was
concentrated at the perinuclear region (Figure 8j). The
expression of Rab5DN, -8DN, and -11DN showed dot-
like staining that was relatively concentrated at the
perinuclear region (Figure 8, d, h, and 1). These results
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indicate that Rab5 activation is necessary for the TPA-
induced reassembly of stress fibers, that Rab11 activation
is slightly involved in their TPA-induced reassembly,
and that Rab5 or Rab11 inactivation, or Rab8 activation
or inactivation, is not necessary for their TPA-induced
reassembly. These results also indicate that neither inac-
tivation nor activation of Rab5, -8, or -11 is necessary for
the TPA-induced disassembly of stress fibers.

The effects of Rab5 and -11 on the TPA-induced
reassembly of stress fibers and focal adhesions were
further examined using the MDCK cell lines stably
expressing a dominant negative mutant of quﬁ
(sMDCK-Rab5DN) or a dominant active or negative
mutant of Rabll (sMDCK-Rab11DA or -Rab11DN,
respectively). We obtained five sMDCK-Rab5DN cell
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Figure 6. Inhibition by Rab GDI of the TPA-induced re
DMEM containing 10% FCS for 24 h. After the incub
At 30 min after the microinjection, the cells were
(c, d, g, and h) after TPA stimulation, the cells we
analyzed by confocal microscopy. Th
shown at the basal levels.

lines, two sMDCK-Rab11DA cell lines, and seven
sMDCK-Rab11DN cell lines, but could not obtain the
MDCK cell lines stably expressing a dominant active
mutant of Rab5. In the sSMDCK-Rab5DN cell line clone
10 (sMDCK-Rab5DN-10 cells), the staining patterns of
actin filaments and vinculin were indistinguishable
from those in wt MDCK cells that were stimulated
without or with TPA for 15 min, but the TPA-induced
reassembly of stress fibers and focal adhesions was
inhibited at 2 h after the stimulation (Figure 1, a, b, d,
f, & and i, and Figure 9, a—f). The TPA-induced disso-
ciation of cell-cell adhesion was not observed at 2 h
(Figure 9, ¢ and f). The same results were obtained in
all the other sSMDCK-Rab5DN cell lines (our unpub-
lished results). In both SMDCK-Rab11DA cell line
clone 3 (sMDCK-Rabl1DA-3 cells) and sMDCK-
Rab11DN cell line clone 5 (SMDCK-Rab11DN-5 cells),
the staining patterns of actin filaments and vinculin
were indistinguishable from those in wt MDCK cells
that were not stimulated or were stimulated with TPA
for 15 min or 2 h (Figure 1, a, b, d, f, g, and i, and
Figure 9, g-1). The TPA-induced dissociation of cell-
cell adhesion was also observed at 2 h (Figure 9, 1, 1, o,
and r). The same results were obtained in all the other
clones of sSMDCK-Rab11DA and -Rab11DN cells (our
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assembly of stress fibers and focal adhesions. wt MDCK cells were incubated in
ation, the cells were microinjected with 5 mg/ml His6-Rab GDI plus 5 mg/ml rat lgG.
stimulated with none (a and e) or 100 nM TPA (b—d and f-h). At 15 min (b and f) or 2 h
re fixed, stained with rhodamine-phalloidin (a-c) or the V115
e microinjected cells are shown by the staining of microinjected rat IgG
The results shown are representative of three independent experiments. Bars, 10 pum.

anti-vinculin mAb (d), and
(e=h). Confocal images are

unpublished results). These results have provided addi-
tional evidence that Rab5 activation is necessary for the
TPA-induced reassembly of stress fibers and focal adhe-
sions. However, the effects of Rab11 on these TPA-in-
duced processes are apparently inconsistent with those
obtained by use of the transient transfection assay. The
exact reason for this inconsistency is not known but
might be due to the different expression levels of
N25Rab11 by the transfection of pPEF-BOS-myc-
N25Rab11, which was used in the transient transfection,
and of pSRa-myc-N25Rab11, which was used in the sta-
ble transfection, because the expression level of
N25Rab11 by pEF-BOS-myc-N25Rab11 was at least two-
to threefold higher than that by pSRa-myc-N25Rab11 as
estimated by the transient transfection method (our un-
published results). Therefore, we cannot conclude the
definitive role of Rab11 in the TPA-induced reassembly
of stress fibers and focal adhesions, but Rab11 activation
may be at least slightly involved.

Rab5 Activation Is Necessary for the TPA-induced
Cell Scattering

The TPA-induced cell scattering was inhibited in
sMDCK-Rab5DN cells, but not in sMDCK-Rab11DA
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or -Rab11DN cells at 2 h (Figure 9, ¢, i, and o). These
effects were more marked when the cells were ana-
lyzed at 6 h after TPA stimulation (Figure 10, a, ¢, and
d). The TPA-induced cell scattering was inhibited in
sMDCK-Rab5DN-10 cells, but these cells spread
slightly (Figure 10b). These results indicate that Rab5
activation is necessary not only for the TPA-induced
reassembly of stress fibers and focal adhesions but
also for the TPA-induced cell scattering.

The Rho-induced Formation of Stress Fibers and
Focal Adhesions Is not Mediated through Rab
Activation

Rho, Rab5, and -11 activation is involved in the TPA-
induced assembly of stress fibers and focal adhesions
as described above. We lastly examined whether Rab
activation is necessary for the RhoA-induced forma-
tion of stress fibers and focal adhesions. Microinjection
of GTPyS-RhoA alone into wt MDCK cells ind\ucc_d
formation of stress fibers (Kotani et al., 1997). Comi-
croinjection of GTPyS5-RhoA with Rab’(}l)l didA not
inhibit the RhoA-induced formation of stress fibers
(our unpublished results). Moreover, micr_oin]'cd'ion of_
Rab GDI did not inhibit the increased formation of
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stress fibers and focal adhesions in sMDCK-RhoDA
cells (our unpublished results). These rusults indicate
that the Rho-induced formation of stress fibers and
focal adhesions is not mediated by Rab activation.

DISCUSSION

In this study we have first confirmed in wt MDCK
cells that TPA and HGF/SF induce disassembly of
stress fibers and focal adhesions followed by their
reassembly, and that the reassembled stress f'il?}-r‘s‘
show radial-like morphology that is apparently differ-
ent from the original. We have then shown, by use of
both sMDCK-RhoDA cells and wt MDCK cells micro-
injected with C3, that Rho inactivation and activation
are necessary for the TPA-induced disassembly and
reassembly, respectively, of stress fibers and focal d}i»
hesions. These results are consistent with the earlier
observations that Rho activation and inactivation
stimulate and inhibit, respectively, formation of stress
fibers and focal adhesions (Ridley and Hall, 1992; Self
et al,, 1993). We have shown here that TPA further-
more inhibits the peripheral bundle formation in wt
MDCK cells, but not in sMDCK-RhoDA cells. We have
previously shown that Rho activation is necessary for
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Figure 8. Inhibition of the TPA-induced reassembly of stress fibers by transient expression of Rab5DN. wt MDCK cells were transfected
with pEF-BOS-myc-1.79Rab5 (Rab5DA) (a and b), -N34Rab5 (Rab5DN) (c and d), -L.67Rab8 (Rab8DA) (e and f), -N22Rab8 (Rab8DN) (g and
h), -L.70Rab11 (Rab11DA) (i and J), and -N25Rab11 (Rab11DN) (k and 1) using a lipofect AMINE reagent. At 24 h after the transfection, the
cells were detached using an EDTA /trypsin solution, seeded onto 35-mm grid dishes, and further incubated in DMEM containing 10% FCS

for 2
stained with rhodamine-phalloidin (a, ¢, e, g, 1, and k) or the 9E10

24 h. After the incubation, the cells were stimulated with 100 nM TPA and fixed at 2 h after TPA stimulation. The cells were then double
anti-myc mAb (b, d, f, h, j, and 1), and analyzed by confocal microscopy.

Confocal images are shown at the basal levels. The results shown are representative of three independent experiments. Bar, 10 um. Panels
k and I show the Rabl1DN-expressing cell in which the TPA-induced reassembly of stress fibers is observed, whereas the expression of
Rab11DN inhibits their TPA-induced reassembly to a small extent (see Figure 7).

both the peripheral bundle formation and the localiza-
tion of the ERM family, consisting of three members,
ezrin, radixin, and moesin, at the peripheral bundles
in MDCK cells (Kotani et al., 1997). Therefore, the
inhibitory effect of TPA on peripheral bundle forma-
tion may also be mediated by Rho inactivation. TPA
may transduce a negative signal to inhibit Rho and a
positive signal to reactivate it.

We have shown here that TPA does not reduce the
localization of actin filaments at the cell-cell adhesion
sites or disrupt the cell-cell adhesion at least for 2 h
stimulation in both sMDCK-RacDA and sMDCK-
RacDN cells. As to membrane ruffling, TPA induces its
formation in sSMDCK-RacDA cells but not in sMDCK-
RacDN cells. These results are consistent with earlier
observations (Ridley ef al., 1995; Braga et al., 1997;
Hordijk et al., 1997; Takaishi et al., 1997) and have
provided additional evidence that Rac has two func-
tions: one is to strengthen cell-cell adhesion, and the
other is to induce membrane ruffling. The Rac-
strengthened cell-cell adhesion may make the cells
resistant to the TPA-induced disruption of cell-cell
adhesion, and the Rac-induced membrane ruffling
may stimulate cell scattering and thereby secondarily
reduce cell-cell adhesion. TPA may transduce nega-
tive and positive signals to Rac at cell-cell adhesion
sites and membrane ruffling area, respectively. We
have moreover shown here that the TPA-induced re-
assembly of stress fibers and focal adhesions is inhib-
ited in both sMDCK-RacDN and -RacDA cells. The
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disruption of cell-cell adhesion may be necessary for
the TPA-induced reassembly of stress fibers and focal
adhesions.

We have shown here for the first time that activation
of some Rab family members is furthermore necessary
for the TPA-induced reassembly of stress fibers and
focal adhesions but not for their TPA-induced disas-
sembly. Because recycling of the plasma membrane
components, especially integrins, by vesicle trafficking
is important for the formation of focal adhesions that
are dynamically controlled during cell motility (Mar-
tenson et al., 1993; Lawson and Maxfield, 1995;
Bretcher, 1996; reviewed by Lauffenburger and Hor-
witz, 1996), we have analyzed here the effect of the
dominant active or dominant negative mutant of
Rab5, which regulates early endocytosis (Bucci ef al.,
1992; Stenmark et al., 1994). It has previously been
shown that the dominant negative mutant of Rab5,
N34Rab5, inhibits the internalization of transferrin in
BHK cells (Stenmark et al., 1994). This earlier observa-
tion, together with the present result that the transient
or stable expression of N34Rab5 inhibits the TPA-
induced reassembly of stress fibers and focal adhe-
sions in MDCK cells, indicates that early endocytosis
of the plasma membrane components is related to
these TPA-induced processes. It has also previously
been shown that overexpression of the dominant ac-
tive mutant of Rab5, L79Rab5, stimulates the internal-
ization of transferrin but inhibits its recycling in BHK
cells (Stenmark et al., 1994). Lower expression of

Molecular Biology of the Cell

' . ! ; . 2
Reorganization of Stress Fibers and Focal Adhesions by Rho and Rab

Rab5DN Rab11DN

Rab11DA

Inhibition of the TPA-induced reassembly of stress fibers and focal adhesions in sSMDCK-Rab5DN cells. sMDCK-Rab5DN-10 (a-f),

Figure 9. db BTV : . SyEt ot /
—Il{glbl 1DA-3 (g-1), or -Rab11DN-5 (m-r) cells were incubated in DMEM containing 10% FCS for 24 h. The cells were stimulated with none

i ok i > t 2 ¢ r TPA stimulation,
j, m,and p) or 100 nM TPA (b, ¢, e, f, h,i,k,1,n,0,q,and r). At 15min (b, e, h, k, n, and q) or kh(k"/],|i“"”“\lll)(‘,i”;l’l|l A \tim ) :
e = 115 * S .

i i ith r i idi C, g— - - the - ulin mAb (d-f, j-1, and p-r), anc
the cells were fixed, double stained with rhodamine-phalloidin (a-c, g-i, and m ‘n) or the V115 ‘.mtl‘\ n‘n - b “; i h}‘ Radie
analyzed by confocal microscopy. Confocal images are shown at the basal levels. The results shown are representative of three indey
analyz SCopy. §

(a,d, g,

experiments. Bar, 10 wm.

recycling of the plasma membrane mmpnnvn‘ls is not
completely inhibited in the L79Rab5-expressing cells
under our experimental conditions. . A
Rab11 regulates recycling through the purlcunlrmla'r
recycling endosome (Ullrich ef al., 1996). It has previ-
ously been shown that the dominant negative mutant
of Rabl 1, N25Rab11, markedly inhibits the rvc_ycling
of transferrin, whereas the dominant active mutant of

L79Rab5, however, stimulates the internalization of
transferrin but does not inhibit its recycling, although
the modes of action of L79Rab5 at higher and lower
expression levels have not been shown (Stenmark ef
al., 1994). Therefore, the present result, t_hat the’tran-
sient expression of L79Rab5 does not affect the TPA-
induced reassembly of stress fibers and focal adhe-
sions in MDCK cells, may be due to the fact that

Inhibition of the TPA-induced cell scattering in sMDCK-Rab5DN cells. wt MDCK (a), sMDCK-Rab5DN-10 (b), -Rab11DA-3 (¢),

Figure 10. : ; r SR t TP
01‘g~lll{alﬂ 1DN-5 (d) cells were incubated in DMEM containing 10% FCS for 24 h. The cells were stimulated with 100 nM TPA. At 6 h after TPA

: T s re ' » representative ree independent
stimulation, the cells were fixed, and analyzed by phase-contrast microscopy. The results shown are representative of three indey

experiments. Bar, 50 pm.
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Rab11, L70Rab11, moderately inhibits it in BHK cells
(Ullrich et al., 1996). We have shown here that the
transient expression of N25Rab11 slightly inhibits its
TPA-induced reassembly of stress fibers and focal ad-
hesions, although its stable expression does not affect
them, and that the transient or stable expression of
[70Rab11 does not affect their TPA-induced disassem-
bly. Because the inability of the stable expression of
N25Rabl11 to inhibit the TPA-induced processes ap-
pears to be simply due to its insufficient expression
level as described above, the Rabll-regulated recy-
cling pathway through the pericentriolar recycling en-
dosome may be at least slightly involved in the TPA-
induced reassembly of stress fibers and focal
adhesions. The direct recycling pathway from early
endosome may also be responsible for the TPA-in-
duced processes.

In Swiss 3T3 cells, it has been shown that Cdc42
induces filopodia formation followed by membrane
ruffling formation through Rac activation, and that
Rac induces membrane ruffling formation followed by
assembly of stress fibers through Rho activation, indi-
cating that there is cross-talk among the Rho family
members (Ridley et al., 1992; Kozma ¢t al., 1995; Nobes
and Hall, 1995). In BHK cells, transient or stable ex-
pression of L67Rab8, but not N22Rab8, induces pro-
cesses extending outward through reorganization of
actin filaments and microtubules (Perdnen et al., 1996),
suggesting that there is cross-talk between the Rho
family members and Rab8. There may also be cross-
talk between the Rho and Rab family members in the
TPA-induced reorganization of the actin cytoskeleton
in MDCK cells. Because the Rho-induced formation of
stress fibers and focal adhesions is not inhibited by
Rab GDI, it is likely that the Rab family members do
not act downstream of Rho in the TPA-induced reas-
sembly of stress fibers and focal adhesions. We have
shown here that both the transient and stable expres-
sions of the dominant negative mutant of Rab5, but
not the dominant active mutant, inhibit the TPA-in-
duced reassembly of stress fibers and focal adhesions.
Some Rab family members, at least Rab5, may act
upstream of Rho in these TPA-induced processes. The
mechanism of this cross-talk between Rab5 and Rho is
not known, but Rho inactivation may first induce dis-
sociation of stress fibers from integrins, Rab5 may then
regulate recycling of the integrins, and Rho activation
may finally stimulate formation of the new focal ad-
hesions by use of these recycled integrins. It is also
possible that the TPA-induced reactivation of Rho is
mediated by the activation of Rac as shown in
Swiss3T3 cells (Ridley et al., 1992). However, this pos-
sibility seems unlikely, because the TPA-induced re-
assembly of stress fibers and focal adhesions was not
observed in sMDCK-RacDA cells. We have shown
here that the TPA-induced disassembly of periph-
eral bundles, stress fibers, or focal adhesions is not
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inhibited in sMDCK-RacDA, -RacDN, -Rab5DN,
-Rab11DA, or -Rab11DN cells. These results suggest
that the TPA-induced Rho inactivation is not mediated
by Rac or the Rab family members. Further study is
necessary for our understanding of the cross-talk be-
tween the Rho and Rab family members in the dy-
namic and coordinate reorganization of the actin cy-
toskeleton.

We have shown here that the TPA-induced cell scat-
tering as well as the TPA-induced reassembly of stress
fibers and focal adhesion is inhibited in sMDCK-
RhoDA, -RacDA, -RacDN, and Rab5DN cells. These
results suggest that dissassembly and reassembly of
stress fibers and focal adhesions are necessary for cell
motility. Moreover, the result, that the TPA-induced
disruption of the cell-cell adhesion is inhibited in
sMDCK-Rab5DN cells, suggests that Rab5 activation
is necessary for the TPA-induced disruption of the
cell-cell adhesion. Further investigation is necessary
to clarify the role and mode of action of the TPA-
induced reassembly of stress fibers and focal adhe-
sions in cell motility.
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