
Abstract. A-kinase can inhibit RhoA activation through
phosphorylating ser188 of RhoA. AKAP is a novel protein that
can target PKA to different subcellular compartment. Evidence
has been presented that PKA anchorage by AKAP is important
for the kinase to exert its function. This study analyzed the
role of PKA anchorage in PKA-induced antagonism against
RhoA activity and function. The cells transfected with pcDNA
HT31wt/mut were treated with LPA and/or CPT-cAMP. The
amount of GTP-RhoA and phosphorylation of RhoA was
detected by Western blotting with specific antibodies. The
formation of stress fiber was visualized under fluorescent
microscope. The gene expression activity was analyzed by
luciferase reporter gene assay. The motility and the anchorage-
independent growth assays were carried out with stably
transfected cells expressing the AKAP inhibitory peptide
HT31. The results showed that HT31 not only blocked the
PKA-induced phosphorylation of RhoA but also prevented the
PKA-induced inhibition on RhoA activation. The disruption
of PKA anchorage abolished its inhibition on the LPA-induced
expression of reporter gene SRE-luciferase. The ability of
PKA to antagonize the LPA-induced stress fiber formation
was partly impaired upon the disruption of the PKA
anchorage. The control of PKA on migration and the
proliferation excited by LPA disappeared in stably trans-
fected cells highly expressing HT31. The results revealed
that PKA anchorage was necessary for the kinase to exert its
inhibitory effect on RhoA activation and RhoA-dependent
biological activities.

Introduction

RhoA protein is an important member of the Ras super
family of low molecular weight G proteins. It regulates the

actin cytoskeleton, affects cell morphology and motility, and
modulates gene expression, cell cycle progression, and cell
survival (1-3). Although there are no reports on activating
mutations of RhoA protein in human tumors, the protein is
overexpressed in tumors (2). RhoA plays critical roles in cell
transformation induced by oncogenic Ras, and constitutively
active constructs of RhoA induce anchorage-independent
growth and other features of the transformed phenotype
(2,4,5). The high incidence of overexpression of RhoA in
human tumors suggests that the protein is important in the
carcinogenic process, and therefore is a potential candidate
for a therapeutic intervention.

cAMP-dependent kinase(A-kinase, PKA) was demonstrated
to inhibit RhoA activation by phosphorylating RhoA on ser188

(6,7). It has been reported that RhoA and PKA have anta-
gonistic roles in regulating cellular morphology, motility, and
anchorage-independent growth of cancer cells (8,9). Studying
the cross talk between PKA- and RhoA-mediated signal
transductions will form the basis for new rational treatment
strategies to control proliferation, invasion and metastasis of
cancers.

A-kinase is a heterotetramer composed of two regulatory
and two catalytic subunits. In mammalian cells, there are two
types of PKA, type I and type II, which are distinguished by
different regulatory subunits, RI and RII, as they share a
common catalytic subunit (10). A-kinase is localized to
subcellular organelles through association with A-kinase
anchoring proteins (AKAPs), and this association is important
for PKA action in specific cellular events (11). AKAPs
bind the RII regulatory subunits of PKA through a common
amphipathic helix motif and make the kinase close to its
diverse substrates to ensure the specificity of cAMP-PKA
pathway although the kinase has multiple substrates (12).
HT31 is the peptide derived from human thyroid that can
destroy the anchorage of A-kinase by competing with AKAPs,
therefore is used to study the effect of PKA anchoring in
multiple biochemical activities (13).

The importance of PKA anchorage in many biochemical
activities, such as sperm motility and cardiac muscle
contraction has been reported (14,15), but the function of
PKA anchorage in PKA inhibition on RhoA activity has not
been completely addressed. Elucidating the roles of AKAPs
in the crosstalk between PKA- and RhoA-mediated signal
pathways will give us a better understanding of the
mechanism, and possibly lead to therapy in clinic.
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Materials and methods

Cell lines. The human gastric epithelial cell line SGC-7901
and the transformed African green monkey kidney fibroblast
cell line COS-7 were provided by the Institute of Cell
Biology, Shanghai, P.R. China.

Reagents. Dulbecco's modified Eagle medium (DMEM) was
from Gibco (Grand Island, NY); new-born calf serum
(NBCS) was from Minhai Bio-engineering C. (Lanzhou, P.R.
China); the antibody against RhoA was from Santa Cruz
Biotechnology (Santa Cruz, CA); the antibody against RhoA
phosphorylated at serine188 was from Calbiochem (San Diego,
CA); the horseradish peroxidase (HRP)-conjugated secondary
antibody was from Jackson ImmunoResearch Laboratories
(West Grove, PA); the cell transfection reagent, Lipofectamin
2000 was from Invitrogen (Carlsbad, CA); the cellular
permeable cAMP analog 8-chlorophenylthio-cAMP (CPT-
cAMP) was from Calbiochem; lysophosphatidic acid (LPA)
was from Sigma (St. Louis, MO); electrochemiluminescence
(ECL) reagents were from Amersham Biosciences (Bucking-
hamshire, UK); all plasmid DNA constructs used in this
experiment were kind gifts from Dr Renate Pilz (University of
California, San Diego, CA).

Cell culture and transfection. The SGC-7901 cells and COS-7
cells were cultured in medium supplied with 10% (v/v) serum.
The medium was changed every second day and the cells
were subcultured at confluence. For transfection, the cells
were subcultured the day before the process. The seeding
amount of cells was adjusted to attain a density of 80-90%
confluence on the day of transfection. Transfection was
performed according to manufacturer's recommendations.

Preparation of Rhotekin-GST. The plasmid DNA encoding the
RhoA-binding domain (RBD) of Rhotekin fused to glutathione-
S-transferase (GST) was transfected into Escherichia coli. The
bacteria were cultured at 37˚C overnight and induced with
isopropyl thiogalactoside (IPTG) at 30˚C for 3 h to express
protein. The bacteria cells were lysed with lysis buffer [50 mM
Tris-Cl, pH 7.4, 1% Nonidet P-40 (NP-40), 150 mM NaCl,
5 mM MgCl2, 1 mM dithiothreitol (DTT), 10 μg/ml of
aprotinin, 10 μg/ml of leupeptin, and 1 mM phenylmethyl-
sulfonyl fluoride (PMSF)]. The lysate was centrifuged and
the supernatant was incubated with glutathione beads at 4˚C
for at least 2 h. The beads were washed several times with
washing buffer [50 mM Tris-HCl, pH 7.4, 0.5% Triton X-100;
150 mM NaCl, 5 mM MgCl2, and 1 mM DTT]. After the
final washing, the beads were suspended in washing buffer
containing 10% (v/v) glycerol and kept at -70˚C until use. 

RhoA-GTP pull-down assay. Rho activity was measured
according to the method from Ren et al (16). Briefly, 3x106

cells were seeded on a 10-cm dish. After the treatment, the
cells were washed with Tris-buffered saline (TBS) and lysed
with 400 μl of lysis buffer containing 50 mM Tris-Cl, pH 7.4,
1% NP-40, 1% 3-[(3-cholamidopropy)dimethy-lammonio]-1-
propane sulfonate (CHAPS), 200 mM NaCl, 1 mM MgCl2,
10 μg/ml leupeptin, 10 μg/ml aprotinin, and 1 mM PMSF.
The cell lysate was centrifuged to eliminate the cell debris.

The supernatant (10 μl) was kept for loading control and the
rest of the supernatant was incubated with GST-Rhotekin-
glutathione beads at 4˚C for 45 min, with continuous
shaking. The beads were washed 3 times with a buffer [50
mM Tris-Cl, pH 7.4, 2% NP-40, 200 mM NaCl, and 10 mM
MgSO4]. After the final washing, 20 μl of 2X sodium
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE) loading buffer was added to the beads, and the beads
were boiled for 5 min to release proteins.

Western blotting. SDS-PAGE gels with different concen-
trations were cast according to the molecular size of target
proteins. Sample proteins were accumulated with a voltage of
8 V/cm and separated with a voltage of 15 V/cm on the gel.
After electrophoresis, the proteins on the gel were transferred
to polyvinyl difluoride (PVDF) membrane, and the membrane
was blocked with 3% (w/v) of bovine serum albumin (BSA)
in TBS-T for 1 h at room temperature (RT). The incubation
with the primary antibody was overnight at 4˚C, and the
incubation with the secondary antibody was 50 min at RT, with
3 washes after each incubation. Electrochemiluminescence
reagents were used to show the positive bands on the
membrane. Briefly, solution A and solution B were mixed and
added to the protein side of the membrane. The incubation was
5 min at RT. The exposure time of the first film was 15 sec.
The exposure time of the second film was adjusted according
to the extensity of the signal on the first film.

Luciferase reporter assay. The reporter gene plasmid
pcDNASRE-Luc was co-transfected with the DNA construct
of interest into cells grown in DMEM medium containing
10% (v/v) serum upon 60-80% cell confluence. ß-galactosidase
reporter vector was co-transfected as the control for trans-
fection efficiency. After 24 h, cells were stimulated with drugs
for 4 h. The Cells were washed twice with PBS and lysed in
lysis buffer [25 mM glycylglycine (pH 7.8), 1% Triton X-100,
15 mM MgCl2, 1 mM DTT] for 20 min on ice. The luciferase
activity was measured in the presence of RAB buffer [25 mM
glycine, pH 7.8, 15 mM potassium phosphate, pH 7.8, 15 mM
MgSO4, 4 mM EGTA, 1 mM dithiothreitol, and 1 mM ATP]
and 200nM D-luciferin. ß-galactosidase activity was
measured in the assay buffer [100 mM sodium phosphate,
pH 7.3, 1 mM MgCl2, 50 mM ß-mercaptoethanol, 0.665 mg/
ml o-nitrophenyl ß-D-galactopyranoside]. The luciferase
activities were calculated as the fold of increase after
normalization by the ß-galactosidase activity.

Immunofluorescence microscopy. The cells grown on cover
slips were fixed with freshly prepared 2% (w/v) para-
formaldehyde in PBS for 15 min, permeabilized with 0.3%
Triton X-100 in PBS for 10 min, and washed in PBS for
10 min. Cells were then stained with 50 ng/ml rhodamine-
conjugated phalloidin (to visualize filamentous actin) for 1 h
at room temperature, washed with 0.1% Triton X-100 in PBS
three times for 5 min each. The morphologic changes of the
cells were viewed under a fluorescent microscope.

Stably transfected SGC-7901 cells. SGC-7901 cells were
co-transfected with 300 ng pcDNA-HT31wt and 300 ng
pcDNA3.1-GFP using lipofectamine 2000 (Invitrogen).
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Stably transfected cells were selected with G418 (500 ng/ml)
and two clones of SGC-7901/HT31wt were eventually
expanded. The expression of HT31wt protein by the cells
was verified by electrophoresis.

Scrape motility assay. SGC-7901/HT31wt cells were grown
to confluence on 24-well plate. The cell monolayer was
mechanically scarred with a sterile rubber scraper, and the
plate was placed in the incubator, which maintained the
temperature at 37˚C and an atmosphere containing 5% (v/v)
CO2. Cells were visualized by a Nikon reverse microscope
with phase contrast optics lens. Drugs were added directly to
the culture media at the time of scraping. The media was not
changed throughout the recording time.

Anchorage-independent growth assay (17). The base agar was
prepared by mixing equal volumes of 1% (w/v) agar and 2X
DMEM + 20% (v/v) serum. The top agar was prepared by
mixing equal volumes of 0.7% (w/v) agarose (DNA grade)
and 2X DMEM + 20% (v/v) serum, with 5000 cells/ per
30-mm dish suspended in the agar. The dish was incubated at
37˚C, 5% (v/v) CO2 in a humidified incubator. The cell pro-
liferation was observed and recorded under a reverse micro-
scope. From the second day on, cell clusters could be seen,
which represented the early stage of the anchorage-independent
growth. Random fields were selected and both the number of
cell clusters containing several cells and the number of total
cells seeded in the fields were counted. Ratio of cluster
formation (the number of cell cluster divided by the number
of total cells seeded) was calculated to represent the early
proliferation of the cells.

Statistics. The data are expressed as means ± standard
deviation (SD). Statistical significance was tested with
Student's t-test, and P<0.05 was accepted as a significant
difference.

Results

HT31 abolished the inhibitory effect of CPT-cAMP on RhoA
activation. The result of RhoA-GTP pull down assay showed
that RhoA activity increased in SGC-7901 cells treated with
LPA and pre-treating cells with membrane-permeable cAMP
analog CPT-cAMP inhibited RhoA activation induced by
LPA (similar to published result, not shown). But the effect

of LPA could not be inhibited by CPT-cAMP in COS-7 cells
co-transfected with pcDNA-HT31wt and pcDNA-EE-RhoAwt.
Both exogenous and endogenous GTP-RhoA was increased
upon LPA stimulation with CPT-cAMP pre-treatment (Fig. 1).

HT31 blocked RhoA serine188 phosphorylation caused by
CPT-cAMP. PKA is known to inhibit RhoA activation by
phosphorylating serine188 of RhoA. To determine the phos-
phorylation of RhoA induced by CPT-cAMP, an antibody
against RhoA phosphorylated at serine188 was used in Western
blotting. The result showed that there was hardly any
phosphorylation of RhoA proteins in control cells. However,
in cells treated with CPT-cAMP, the phosphorylation level
increased notably in a dosage-dependent manner (similar to
published result, not shown). To determine whether the
destruction of PKA anchorage would affect the phosphrylation
of RhoA caused by CPT-cAMP or not, we transfected the
SGC-7901 cells with pcDNA-HT31wt/mut. In cells
transfected with pcDNA-HT31wt, the phosphorylation level
of the cells treated by CPT-cAMP had no significant
difference from that of the control cells. In contrast, in cells
transfected with pcDNA-HT31mut, the phosphorylation
increased obviously after CPT-cAMP treatment (Fig. 2).

Effect of HT31 on LPA and CPT-cAMP induced SRE-
dependent transcription. Reporter gene assay showed that
LPA stimulation caused about 8-fold increase of SRE-
dependent transcription in SGC-7901. Treating cells with both
serum and LPA significantly increased the transcription
activity while treating the cells with CPT-cAMP had little
effect on basal transcription of the SRE-dependent reporter
gene (Fig. 3A). In cells transfected with pcDNA-HT31wt,
LPA-stimulated SRE-dependent transcription could not be
inhibited by pre-treating cells with CPT-cAMP (Fig. 3B).
Whereas the transcription decreased significantly in cells
transfected with pcDNA-HT31mut after the same treatment
(Fig. 3C).

Action of CPT-cAMP/LPA on LPA-induced stress fiber
formation in SGC-7901 cells transfected with pcDNA HT31wt/
mut. To detect the effect of destroying the PKA anchorage on
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Figure 1. RhoA activity of transfected COS-7 cells treated with CPT-cAMP
followed by LPA. The cells were co-transfected with HT31 wild-type
plasmid and RhoA wild-type plasmid containing EE tag. RhoA-GTP was
measured by pull down assay. Lane C, control; Lane L, cells stimulated with
LPA alone for 10 min; Lane A/L, cells treated with 100 μM CPT-cAMP for
30 min followed by 1 μM LPA for 10 min. There were two bands in each
lane. The upper bands represent exogenous RhoA with EE tag. The lower
bands represent endogenous RhoA. A representative result of three
experiments is shown.

Figure 2. RhoA phosphorylation at serine188 induced by CPT-cAMP in
Cos-7 cells transfected with HT31 wild/mutant type plasmid. After transfected
with HT31wt/mut DNA constructs, the cells were treated with CPT-cAMP,
and the cell lysate was detected by Western blotting with antibodies against
RhoA phosphorylated at serine188 and normal RhoA. The left panels show
RhoA phosphorylation in cells transfected with HT31 wild-type construct.
The right panels show RhoA phosphorylation in cells transfected with HT31
mutant type construct. The upper panels are the result of Western blotting
with antibody against RhoA phosphorylated at serine188. The lower panels
are the result of Western blotting with antibody against normal RhoA. Lane
C, control cells; Lane A, cells treated with 100 μM CPT-cAMP for 30 min.
A representative result of three experiments is shown.
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the LPA-induced formation of stress fiber, we transfected
the cells with pcDNA-HT31wt/mut and stained F-actin with
rhodamine-conjugated phalloidin. In the cells transfected
with pcDNA-HT31 wt, LPA greatly increased the formation
of stress fibers and CPT-cAMP pre-treatment could not
inhibit LPA-induced stress fiber formation (Fig. 4A). In cells
transfected with pcDNA-HT31mut, the formation of stress
fibers stimulated by LPA could be inhibited by CPT-cAMP
(Fig. 4B).

The motility and anchorage-independent growth in cells highly
expressing HT31. To investigate whether PKA still inhibited
LPA-induced biological activities such as cell motility and
anchorage-independent growth after its anchorage was
destroyed by HT31, we co-transfected SGC-7901 cells with
pcDNA-HT31 and pGFP, and selected clones which stably
expressed both HT31 peptide and GFP. The expression of
both HT31 and GFP was confirmed by electrophoresis. The
stably transfected cells were used in the following experiments.

In scrape motility assay, a few untransfected SGC-7901
cells migrated over the borderline 24 h after scraping.
Treating cells with LPA promoted the migration of the cells,
and pre-treating cells with CPT-cAMP inhibited the LPA-
induced cell migration (similar to published result, not shown).
In the cells expressing both HT31 peptide and GFP, however,
the inhibitory action of CPT-cAMP did not exist. The cells
treated with CPT-cAMP and then LPA migrated similarly to
the cells treated with LPA only (Fig. 5A).

The short time effect of LPA on growth in soft agar was
observed and there were more clusters in cells treated with
LPA than in control cells and CPT-cAMP prevented the
increase. The result of this experiment showed that in the
cells stably expressing HT31 peptide, the growth of the cells
treated with CPT-cAMP and LPA had no significant
difference from that of the cells treated with LPA alone
(Fig. 5B).

Discussion

Previous investigation in our laboratory provided evidence that
cAMP/PKA signaling inhibited RhoA activation through
phosphorylating RhoA on serine188 and antagonized RhoA
functions in regulating stress fiber formation, morphology
change, motility and anchorage-independent growth of
cancer cells (18). In order to explore the mechanism further,
this experiment was aimed to investigate the role of PKA
anchorage in inhibiting RhoA activity by the kinase. We
demonstrated that AKAP-mediated PKA anchorage was
necessary for the kinase to phosphorylate RhoA and to regulate
RhoA activation and RhoA-related cellular activities. This
is the first study to examine the effect of blocking PKA
anchorage on the crosstalk between PKA- and RhoA-mediated
signal transductions.

The ability of cAMP/PKA to prevent the activation of
RhoA has been proved in different cell types. Phosphorylating
RhoA on ser188 by PKA inhibits RhoA activity in vitro and
in vivo, through promoting formation of RhoA-RhoGDI
complexes and enhancing the ability of RhoGDI to extract
RhoA from membranes (19,20). Our previous results showed
that cAMP/PKA prevented the activation of RhoA in human

gastric cancer cell line SGC-7901. In this experiment, we
showed that in cells transfected with PKA anchorage inhibitory
peptide HT31, the pre-treatment with CPT-cAMP could not
inhibit the RhoA activation caused by LPA. This suggested
that the expression of the peptide in the cells prevented the
inhibition of RhoA activity by PKA. To confirm if the
prevention was caused by the reduction of PKA phos-
phorylating on RhoA or not, we detected the phosphorylation
of RhoA by PKA in presence/absent of HT31. The result
showed that the level of phosphorylation was lower in cells
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Figure 3. HT31 abolished PKA inhibition on LPA-induced SRE-dependent
transcription in SGC-7901 cells. The cells were transfected with pSRE-luc
and pßGal and co-transfected with pHT31-mut, or pHT31-wt, or empty
vector. Firefly luciferase activities were normalized to ß-galactosidase
activities in each sample, and the relative luciferase activity measured in
untreated cells (1st column) was assigned the value of 1. (A) Cells
transfected with pHT31-mut, or pHT31-wt were treated with CPT-cAMP,
serum, or LPA respectively for 4 h. (B) Cells transfected with pHT31-wt
were incubated for 45 min in the absence or presence of CPT-cAMP and
stimulated with LPA for 4 h. (C) Cells transfected with pHT31-mut
following the same treatment as in (B). C: control; Ser: treated with 20%
serum; A: treated with 250 μM CPT-cAMP; L: treated with 1 μM LPA;
A/L: treated with 250 μM CPT-cAMP + 1 μM LPA . *p<0.05 compared
with control ; **p<0.05 compared with cells treated with LPA.
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Figure 4. (A) Effect of CPT-cAMP on LPA-induced stress fiber formation in SGC-7901 cells transfected with pHT31 wt. The cells were transfected with
pHT31 wt and pGFP and treated with LPA or CPT-cAMP and then LPA and were processed for fluorescent microscope observation as described in materials
and methods. (a) and (b), cells without stimulation visualized under green and blue fluorescent, respectively; (c) and (d), cells treated with 1 μM LPA for
15 min; (e) and (f), cells treated with 250 μM cAMP for 30 min and then with 1 μM LPA for 15 min. Original magnification: x400 for fluorescence microscopy
photos. Arrows indicated the cells successfully transfected. (B) Effect of CPT-cAMP on LPA-induced stress fiber formation in SGC-7901 cells transfected
with pHT31 mut. The cells were transfected with pHT31mut and pGFP and treated with LPA or CPT-cAMP and then LPA and were processed for fluorescent
microscope observation as described in Materials and methods. (a) and (b), cells without stimulation visualized under green and blue fluorescent, respectively;
(c) and (d), cells treated with 1 μM LPA for 15 min; (e) and (f), cells treated with 250 μM cAMP for 30 min and then with 1 μM LPA for 15 min. Original
magnification: x400 for fluorescence microscopy photos. Arrows indicated the cells successfully transfected.

A B

Figure 5. Migration and anchorage-independent growth of stably transfected SGC-7901 cells expressing HT31wt. (A) In scrape motility assay, treating the
stably transfected SGC-7901 cells with LPA caused the migration into the scraped area and CPT-cAMP could not inhibit the migration. a: control; b: cells
treated with 1 μM LPA; c: cells treated with 250 μM CPT-cAMP; d: cells treated with 250 μM CPT-cAMP +1 μM LPA. (B) The stably transfected SGC-7901
cells were cultured in soft agar. Ratio of cell clusters (number of clusters divided by number of total seeded cells in the randomly selected fields) was
calculated to represent the early proliferation of the cells. The results are the means ± SD of three independent experiments. *P<0.05 compared with control.

A B
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transfected with wild-type HT31 than that in cells transfected
with mutant HT31. This meant that the loss of PKA inhibition
on RhoA activation after the disruption of PKA anchorage
was due to the decrease of phosphorylation of RhoA caused
by PKA.

Subcellular localization of PKA is mainly due to anchoring
of the R subunits by AKAPs, which is understood to enhance
the efficiency and specificity of the signaling events (21).
Sequestering PKA to different subcellular locations would
allow the kinase pool closest to its substrates and then phos-
phorylate nearby protein substrates. For example, several
AKAPs may function to sequester PKA near its major targets
in the heart (22,23). So the relative localization of PKA-AKAP
complex and RhoA is very important for PKA phosphorylation
of RhoA. In addition, several AKAPs are also able to form
multivalent signal transduction complexes by interaction with
phosphatases as well as other kinases and proteins. Moreover,
it has been reported that HT31 protein can link with RhoA in
vivo (24). The details of the physical relation among PKA,
RhoA and HT31 needs further investigation.

RhoA is highly expressed in cancer cells and tightly
related with the biological events of cancer cells such as gene
transcription, motility-related morphological change,
anchorage-independent growth and invasiveness and meta-
stasis. Activation of RhoA can stimulate serum response
element (SRE) dependent gene transcription through activating
serum response factor (SRF)(25,26). To date, no result shows
that cAMP solely affects the SRE-dependent transcription.
However, the SRE-dependent transcription induced by a
growth factor can be inhibited by cAMP in breast cancer cells
(27) and cAMP can inhibit the RhoA-63L induced SRE-
dependent transcription (26). Our data not only showed that
cAMP inhibited the SRE-dependent transcription stimulated
by LPA but also that PKA inhibition on RhoA-mediated
SRE-dependent transcription disappeared after the disruption
of AKAP-mediated PKA anchorage.

RhoA is a key protein in the process of assembling stress
fibers and participates in the formation of focal adhesions
following cell-matrix interactions (28). Research data also
indicate that RhoA and cAMP have antagonistic roles in
regulating cellular morphology and suggest that cAMP-
mediated down-regulation of RhoA binding to its effector
ROCK may be involved in this antagonism (8). Accumulating
evidence shows that AKAP mediated organization of kinases
and phosphatases is particularly important for the trans-
duction of signals to the cytoskeleton (29). In this experiment,
we focus on the role of AKAPs in the crosstalk of PKA- and
RhoA-meidated signal transduction pathways in stress fiber
formation. Our result revealed that PKA-mediated down-
regulation of RhoA function in stress fiber formation was also
achieved by AKAP-mediated anchoring of PKA.

The important role of RhoA has been highlighted in
gastric cancer invasiveness suggesting that it may serve as a
target in future strategies at blocking invasion by these
tumors (30-32). Previous result of our laboratory presented
that PKA activation inhibited RhoA function in invasion-
related biological activities such as cell migration and
anchorage-independent growth. In this study, we investigated
similar activation induced by RhoA after disruption of
anchorage of PKA. The results show that in presence of

HT31, the inhibition disappeared of PKA on RhoA related
migration and anchorage-independent growth.

In conclusion, AKAP-mediated PKA anchorage is
necessary for PKA to inhibit RhoA activation and RhoA-
related biological activities induced by LPA in cancer cells.
These effects occur likely through reduction of phos-
phorylation of RhoA caused by PKA.
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