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RhoGDI2 has been identified as a metastasis suppressor in bladder and possibly other cancers (1).
This protein is a member of a family of proteins that maintain Rho GTPases in the cytoplasm and
inhibit their activation and function. To understand the mechanism of metastasis suppression, we
compared effects of RhoGDI1 and 2. Despite showing much stronger inhibition of metastasis,
RhoGDI2 is a weak inhibitor of Rho GTPase membrane targeting and function. However, point
mutants that increase or decrease the affinity of RhoGDI2 for GTPases abolished its ability to inhibit
metastasis. Surprisingly, metastasis suppression correlates with increased rather than decreased Racl
activity. These data show that RhoGDI2 metastasis inhibition works through Rho GTPases but via
a mechanism distinct from inhibition of membrane association.

bladder cancer; Rho GTPase; metastasis; RhoGDI; Rac

INTRODUCTION

RhoGDI2 was recently shown to function as a metastasis suppressor in bladder cancer and
possibly other tumors (reviewed in (2)). Loss of RhoGDI2 expression strongly correlates with
cancer stage, grade and the development of clinical metastasis in patients. Loss of RhoGDI2
also correlates with experimental metastasis in mouse models. Re-expression of RhoGDI2 in
metastatic tumor lines inhibits experimental metastasis in these models without affecting
primary tumor growth or growth rate in vitro.

Rho GDP dissociation inhibitor 2 (RhoGDI2 or GDI2) is a member of a small family of
chaperone proteins, including RhoGDI1 and 3, that control Rho GTPases (3,4). Whereas GDI1
is ubiquitous, GDI2 is expressed mainly in hematopoietic, endothelial and urothelial cells (5).
The Rho proteins Rho, Rac and Cdc42 that bind GDIs regulate many cellular functions,
including cell polarity, migration, cell cycle progression, apoptosis, gene expression, vesicular
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trafficking and cancer. Rho GTPases cycle between an inactive (GDP-bound) state that is
mainly cytosolic and an active (GTP-bound) state that is mainly membrane bound. Membrane
targeting is predominantly mediated by carboxy-terminal sequences that include a geranyl-
geranyl modification and a polybasic motif. The GDIs bind and sequester this hydrophobic
moiety and are required to maintain Rho GTPases in the cytoplasm. They also inhibit activation
by GEFs and inactivation by intrinsic and GAP-catalyzed GTP hydrolysis (6,7).
Overexpression of GDI1 causes movement of Rho, Rac and Cdc42 into the cytoplasm and
inhibits their activation and function (8-12). Conversely, depletion of GDI1 increases
membrane association and activation of Rho GTPases (12-14).

Here, we set out to investigate the mechanism of tumor suppression by RhoGDI2. Based on
behavior of GDI1, we anticipated that tumor suppression would be linked to inhibition of Rho
GTPase function. Our data unexpectedly exclude such a mechanism and instead show that
GDI2 activates its main target Rac.

MATERIALS AND METHODS

Cell culture and transfection

UMUCS3 cells were grown in MEM supplemented with 10% fetal bovine serum, 1mM sodium
pyruvate, penicillin and streptomycin (Invitrogen, Carlsbad, CA). T24 cells were grown in
DMEM/F12 supplemented with 5% fetal bovine serum, penicillin and streptomycin. DNA
plasmids were transfected with Effectene according to the manufacturer's instructions (Qiagen,
San Diego, CA). Cells were analyzed for protein 24 h after transfection. For generation of
stable GFP-RhoGDI-expressing UMUCS3 cells, GFP-RhoGDI constructs were transfected
together with pBABE-puro (15) at a 5:1 ratio. Polyclonal populations were obtained after
selection with 2pg/ml puromycin, followed by FACS® sorting (Flow Cytometry Core Facility,
University of Virginia). For RNAI experiments, T24 cells were transfected with
pSuper.retro.puro-based constructs and clones were obtained following selection with
puromycin (2pg/ml).

DNA plasmids and constructs

pcDNA3.1(+)-based plasmids containing RhoGDI1 or RhoGDI2 were used as templates for
PCR amplification of the coding sequences that were subsequently subcloned into pEGFP-C1
to generate the corresponding GFP fusion proteins. The N174l, 1177N and D182R mutations
were introduced using the QuikChange® 11 Site-Directed Mutagenesis kit (Stratagene, La Jolla,
CA). To generate FLAG-Rac, the coding sequence of human Rac was PCR-amplified and
subcloned into pFLAG-CMV-4 (Sigma-Aldrich, St. Louis, MO). For RNAI experiments,
duplexed oligos containing a sequence corresponding to nucleotides 97-116 in the coding
region of human RhoGDI1 (5’-AAGAGCATCCAGGAGATCCA-3") or 123-141 of
RhoGDI2 (5’-TGATGAGAGTCTAATTAAG-3") or control (mismatch) sequence were
subcloned in pSuper.retro.puro (OligoEngine, Seattle, WA).

Immunoprecipitation and Western blotting

Stable UMUCS cells that had been transfected with pFLAG-CMV-4-Rac were extracted in
buffer containing 10mM Tris-HCI pH 7.4, 150mM NaCl, 1% NP-40, 8% glycerol and protease
inhibitor cocktail, and immunoprecipitated with the anti-FLAG® M2 Affinity gel (Sigma) for
2 hat 4°C. Immobilized FLAG-Rac complexes were eluted using 0.2mg/ml 3x FLAG peptide.
Samples were separated by SDS-PAGE, electrophoretically transferred to nitrocellulose (Bio-
Rad Laboratories, Hercules, CA) and immunoblotted with the following primary antibodies:
B-2 monoclonal anti-GFP (1/1,000; Santa Cruz Biotechnology), monoclonal anti-RhoGDI
(1/5,000; clone 16; BD Transduction Laboratories, San Jose, CA), polyclonal anti-D4-GDI
(1/1,000; Spring Bioscience, Fremont, CA), AC-40 monoclonal anti-actin (1/1,000; Sigma),
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E7 monoclonal anti-beta tubulin (1/1,000; Developmental Studies Hybridoma Bank), 23A8
monoclonal anti-Racl (1/1,000; Millipore, Billerica, MA), monoclonal anti-Cdc42 (clone 44;
1/500; BD Transduction Laboratories, San Jose, CA), 26C4 monoclonal anti-RhoA (1/500;
Santa Cruz Biotechnology), monoclonal anti-RhoA (1/250; Cytoskeleton, Inc.), anti-FLAG
M2® monoclonal (1/5,000; Sigma), polyclonal anti-Erk1/2 (1/1,000; Cell Signaling
Technology), polyclonal anti-phospho-SAPK/INK (Thr183/Tyr185; 1/1,000; Cell Signaling
Technology), polyclonal anti-SAPK/INK (1/1,000; Cell Signaling Technology), polyclonal
anti-phospho-PAK (Ser141; 1/1,000; Invitrogen), polyclonal anti-PAK (1/1,000; Santa Cruz
Biotechnology) and polyclonal R18 anti-integrin 1 (gift of A. F. Horwitz, University of
Virginia, Charlottesville, VA). Blots were washed and probed with secondary antibodies
(horseradish peroxidase—conjugated anti-mouse or anti-rabbit immunoglobulin) followed by
ECL substrate (Amersham Biosciences). Densitometric analysis was performed with Image J
software.

Subcellular fractionation

Cells were washed with ice cold phosphate-buffered saline, scraped and homogenized in buffer
containing 10 mM Tris-HCI pH 7.5, 5 mM MgCl,, 1 mM DTT, 0.25 M sucrose and protease
inhibitor cocktail (Sigma, St. Louis, MO). Nuclei and unbroken cells were removed by
centrifugation at 1,000 x g for 10 min at 4°C, and the post-nuclear supernatant was centrifuged
at 100,000 x g for 1 h at 4°C to separate the cytosolic and particulate fractions.

Pull-down assays

Cells were washed with ice-cold Tris-buffered saline (TBS) and lysed in buffer containing
50mM Tris pH 7.4, 500mM NaCl, 10mM MgCl,, 1% Triton X-100, 0.1% SDS, 0.5% sodium
deoxycholate and protease inhibitor cocktail (Sigma). Clarified lysates were then incubated
with 20pug of recombinant GST-PBD or GST-RBD and Glutathione-Sepharose 4B beads
(Amersham Biosciences) for 30 min at 4°C. Beads were washed with lysis buffer, eluted with
sample buffer and analyzed by immunoblotting.

In vitro growth, subcutaneous tumorigenicity and experimental metastasis

Cells (10°) were seeded onto 6-well plates and allowed to grow under normal growth
conditions. Triplicate wells were trypsinized and counted every day using a hemacytometer
(Fisher Scientific). Subcutaneous tumor growth was assayed in 6-week old nude mice by
injecting 10° cells in 0.1ml of serum-free media. Tumor volume was evaluated as described
(16). For experimental metastasis, mice received 2x10° cells suspended in 0.1 ml of serum-
free medium by i.v. lateral tail vein injection as described (16). At the time of euthanasia, the
lungs were removed by dissection away from adjacent organs and examined grossly and
microscopically. The presence, number, and size of metastatic nodules were scored. Animal
experiments were carried out twice or more and results pooled for statistical analysis.

Migration assays

5x10% cells were plated onto custom-made glass-bottom 35mm dishes coated with 2pg/ml
fibronectin. 5 hours after plating, dishes were transferred to a custom-made heated stage
mounted on a Nikon Diaphot-TMD inverted microscope (Nikon Corporation) and imaged
every 10 min for 4 hours using a CoolSnap HQ Monochrome camera (Photometrics; Roper
Scientific, Inc). Temperature in the medium was maintained at 37°C and pH was controlled
by addition of 25mM HEPES buffer. Medium was overlaid with mineral oil to prevent
evaporation. Image acquisition was controlled by 1See software (Inovision Corporation).
Tracks of individual cells were analyzed using ImageJ software.
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Cell spreading

Cells were detached with trypsin-EDTA, pelleted, resuspended in growth medium and replated
on glass coverslips coated with 5ug/ml fibronectin. After 4h, cells were fixed with 3.7%
formaldehyde and surface area of individual GFP-positive cells was measured using ImageJ
software.

The major function of GDI1 is thought to be inhibition of membrane targeting of Rho GTPases
(12). To gain insight into the mechanism of metastasis suppression by GDI2, we performed a
comparative analysis of GDI1 and GDI2 in regulating the classical Rho GTPases Racl, Cdc42
and RhoA. We therefore established stable polyclonal cell lines that over-express GFP or GFP
fusions with GDI1 and GDI2 (Fig. 1A). Highly metastatic UMUCS3 cells that have undetectable
levels of endogenous RhoGDI2 (17) were used for these studies. Immunoblotting with a
RhoGDI1-specific antibody revealed that the exogenous protein was present at similar levels
to endogenous RhoGDI1, thus, total levels increased about 2-fold. Western blotting for GFP
showed that overexpressed GFP-GDI1 and GFP-GDI2 were present at similar levels (Fig. 1A).
GDI1 over-expression greatly decreased Rac targeting to the membrane fraction (80%),
whereas comparable expression of GDI2 had a much smaller effect (40%; Fig. 1B). This result
is consistent with the weaker binding of GDI2 to Rho GTPases (18).

To assess functional relevance, we compared the effect of transiently expressed GDI1 and
GDI2 on cell spreading, which is highly dependent on Rac and Cdc42 (19). GDI1 strongly
inhibited cell spreading whereas effects of GDI2 were negligible (Fig. 1C).

As a complementary approach, we expressed short hairpin RNAs directed against GDI1 and
GDI2 in non-metastatic T24 cells that express both GDI1 and GDI2 (1). Two independent
stable clones (clone 1 and 3) that exhibited approximately 50% down-regulation of GDI1 were
isolated, while GDI2 levels were unaffected (Fig. 2A, upper panel). Conversely, three
independent clones (13,15 and 17) showed significant GDI2 depletion without affecting GDI1
(Fig. 2A, lower panel). GDI2 was reduced by ~70% in clones 13 and 15, and was undetectable
in clone 17. These cells were fractionated and membrane and cytosol preparations were probed
for Racl, Cdc42 and RhoA. Down-regulation of GDI1 resulted in a 6-9 fold increase in the
ratio of membrane to cytosolic Racl, RhoA and Cdc42 (Figures 2B and 2C). By contrast,
reduction of GDI2 had no detectable effect. To analyze cellular functions, we assayed these
clones for random migration. As expected, GDI1 depletion increased migration speed 3 to 5-
fold (Figures 2D and 2E), however, down-regulation of GDI2 had no effect. Thus, both over-
expression and down-regulation show that inhibition of GTPase function by GDI2 ranges from
weak to undetectable.

As shown below, GDI2 is a stronger inhibitor of metastasis compared to GDI1 (Fig. 4). These
results therefore raise the question whether GDI2 suppresses metastasis through Rho GTPases
at all. To address this issue, we took advantage of work that identified residue 1177 in GDI1,
which corresponds to N174 in GDI2, as an important determinant of their differential affinity
for Rho GTPases (18). We made a point mutant in GDI2, N174l, that increases its affinity for
Rho GTPases; another mutation in GDI2 (D182R) that decreases its binding (20,21); and a
mutation in GDI1 (1177N) that decreases binding to GTPases. Stable cell lines that express
GFP fusions of these mutants were established and shown to express at levels similar to their
wild type counterparts (Figure 1A and Figure 3).

We next verified that these mutations affect binding to Rho GTPases in the predicted way. We
focused on Racl because co-immunoprecipitation experiments showed that GDI2 binds mainly
to Racl, whereas binding to Rac2, Rac3, Cdc42, RhoA or RhoC are very weak (Wu and
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Theodorescu; submitted). First, the stable cell lines expressing GFP-GDIs were transfected
with FLAG-Rac1; the cell lysates were precipitated with anti-FLAG and the amount of bound
GFP-RhoGDls assessed. 1177N GDI1 bound poorly to FLAG-Racl compared to its wt
counterpart; N1741 GDI2 showed increased binding compared to wt GDI2; and D182R GDI2
showed essentially no binding to Racl (Fig. 3). To examine functional correlates, we again
assayed Rac membrane targeting and cell spreading. Wt GDI1 was the most effective inhibitor
of Rac function but this was decreased by the 1177N mutation (Figures 1B and C). N1741 GDI2
inhibited Rac membrane binding and cell spreading modestly but significantly more efficiently
than wt GDI2. D182R RhoGDI2 had essentially no effect on Rac function. Thus, these
constructs behaved as expected.

Next, we analyzed growth of these stable cell lines. In tissue culture, growth of the GDI1 cell
line was moderately slower than control GFP-expressing cells. The D182R GDI2 and 1177N
GDI1 lines grew moderately faster, and other lines grew similarly to control (Fig. 4A). When
injected subcutaneously into mice, these lines showed similar behavior: the GDI1 tumors grew
slower, whereas the D182R GDI2 and 1177N GDI1 tumors grew faster than the control GFP
line, with others growing at similar rates to control (Fig. 4B).

Next, we examined their behavior in the experimental metastasis model. Cells were injected
via tail veins and lung metastases monitored (Table I). GDI2 significantly reduced both the
percentage of mice with metastatic nodules in the lungs (48% with GFP compared to 6.6%
with GFP-GDI2) and the number of tumors in the tumor-bearing mice. Thus, the total tumor
burden decreased by approximately 15-fold. GDI1 expression moderately reduced the
incidence of metastasis (26.6%), however, this reduction correlates with the slower growth of
these cells (Figure 4A and Figure 4B). 1177N GDI1 showed both faster growth and a
corresponding increase in metastases. Surprisingly, the GDI2 mutants with either higher or
lower affinity for Rho GTPases lost their ability to inhibit metastases. Therefore, suppression
of metastasis is specific to wt RhoGDI2 and cannot be attributed to general reduction of growth
rates.

These results suggest that RhoGDI2 inhibits metastasis through Rho GTPases, however, this
effect cannot be mediated by inhibition of GTPase function. An alternative mechanism is based
on the fact that Rac, Rho and Cdc42 each have many effectors and some effector pathways
inhibit migration and invasion (22,23). Interestingly, our previous work also implicated GDI1
in the activation mechanism for Rac (12). Thus, it seems possible that GDI2 might direct
activity of a Rho GTPase toward a specific pathway that inhibits metastasis. Given that GDI2
has the highest affinity for Racl, this GTPase is the main candidate. However, the general
importance of Racl in metastasis precludes testing this idea using the experimental metastasis
model by globally inhibiting Rac1. But as a first step, we were able to assess effects of RhoGDI
constructs on Racl activity. Pull-down assays with the PAK effector domain were done using
the cells expressing GFP, GFP-RhoGDI1 or GFP-RhoGDI2. GDI1 cells showed a decrease in
Racl activity, as expected, whereas GDI2 over-expression consistently increased Racl activity
compared to control GFP cells (Fig. 5A). Conversely, when knock-down lines were examined,
clone 17 that had undetectable levels of GDI2 showed reduced Rac1 activity (Fig. 5B). Clones
13 and 15 did not show similar reductions, most likely because knock-down of GDI2 was less
efficient. To examine this issue in more detail, effects of the point mutants on Racl activity
were examined. Both N1741 and D182R RhoGDI2 failed to affect Racl activation, while the
1177N GDI1 construct lost its ability to inhibit Racl (Fig. 5A). Thus, metastasis suppression
correlates with increased rather than decreased Racl activity.

To test whether elevated Rac activity is accompanied by changes in cytoskeletal architecture,
F-actin and vinculin containing adhesions were visualized in spreading cells. However,
elevated Rac in GDI2 cells did not cause obvious increases in actin-rich protrusions or
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membrane ruffling (Supplementary Figures 1 and 2). We also investigated pathways
downstream of Rac that might mediate metastasis suppression. We first assayed activity of
SAPK/INK and PAK, however, no correlation was observed between activation of these
pathways and metastatic potential (Supplemental Figure 3). We also considered whether Racl
suppresses metastasis through inhibition of RhoA. GST-Rhotekin RBD pull-down assays
(Figure 5C) showed no change in RhoA activity in cells expressing GDI1 or GDI2. We have
not been able to conclusively measure RhoC activation, most likely due to low expression (data
not shown). Thus, suppression of metastasis correlates with elevated Rac activity but not with
activation of known Rac downstream pathways currently implicated in cancer.

DISCUSSION

In this study, we set out to investigate the mechanism by which RhoGDI2 suppresses
metastasis. Our results show that GDI1 and GDI2 are functionally distinct. Specifically,
RhoGDI1 is a strong negative regulator of Rho GTPases, which correlates with the strength of
GDI1 binding to GTPases. In contrast, GDI2 inhibits GTPase function weakly if at all, yet
strongly inhibits metastasis. Surprisingly, mutations that either increase or decrease the affinity
of GDI2 for GTPases both abolish metastasis. These data provide strong evidence that GDI2
acts viaa distinct mechanism from GDI1 and that it does not do so by inhibiting GTPase activity
or function.

On the contrary, metastasis suppression correlated with increased Racl activity. At first glance,
this result might seem to conflict with the slight increase in cytoplasmic Racl in the GDI2
over-expressing cells. However, GDI1 binds GTP-loaded Racl and can sequester V12 mutants
in the cytoplasm (24). Therefore, the combination of moderate activation of Racl with weak
inhibition of Racl membrane targeting is consistent with the complete absence of any
detectable inhibition of Racl function.

The mutational studies suggest that metastasis suppression involves Rho GTPases but the
blockade by both increased and decreased affinity shows that the effect involves a highly
precise relationship. This situation is reminiscent of systems where mutations that either inhibit
or constitutively activate GTPases or protein phosphorylation both block function of the
proteins (25,26). The usual interpretation is that both types of mutations inhibit kinetic
processes that involve cycling between two (or more) states. These results further support the
conclusion that RhoGDI2 inhibits metastasis through a mechanism distinct from simple
blockade of GTPase function.

We can at present only speculate what that mechanism might be. Available evidence suggests
that GDI2 binds with highest affinity to Racl (Wu and Theodorescu; submitted). Interestingly,
there is also precedent for the idea that Racl can act in a pathway that suppresses metastasis
(22,23). In this study, activation of Rac1 through its GEF TIAM1 specifically induced cohesion
of epithelial colonies and suppressed migration and invasion. GEFs for Rho GTPases have in
several cases been found to scaffold specific effectors, thereby directing GTPase activation
toward specific downstream pathways (27). Although we do not see increased cell-cell
adhesion in GDI2-expressing cell lines, many pathways downstream of Racl have been
identified, one or more of which might also suppress metastatic growth. This general notion is
also consistent with results that implicate GDI1 in activation of Racl (12). Activation of INK
or inhibition of Rho are possible pathways for metastasis suppression (28,29); we also
examined PAK as an important Rac effector. However, our current data do not support their
involvement in metastasis expression. Indeed, the failure to see elevated ruffling, INK or PAK
activity in cells with higher Rac activity supports the idea that GDI2 specifically targets Rac
toward a novel effector pathway. Taken together, these results support the idea that Rac is
specifically directed toward a distinct downstream pathway.
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These considerations lead us to the hypothesis that GDI2 might promote interaction of Racl
with a specific GEF to induce activation of Racl through a pathway that inhibits metastasis.
Mutations that either increase or decrease the affinity of GDI2 for Racl could inhibit this
pathway, since either one would decrease the rate of the reaction in which Racl is transferred
from GDI2 to the GEF; decreased affinity would prevent the initial targeting of the GTPase
while increased affinity would allow targeting but prevent dissociation of GDI and thus
activation of the GTPase.

In conclusion, these data demonstrate the RhoGDI2 suppresses metastasis through a
mechanism that is not shared with GDI1 and that is not dependent on simple inhibition of Rho
GTPases. The data can be explained if GDI2 specifically directs Rac toward an effector
pathway that inhibits metastatic migration or growth. However, experimental testing of this
must await identification of the components of this pathway and will be the focus of future
work.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. RhoGDI over-expression

(A) Lysates of UMUCS cells stably expressing GFP, GFP-GDI1 or GFP-GDI2 were resolved
by SDS-PAGE and immunoblotted for GFP and RhoGDI1. (B) Membrane fractions and total
lysates were immunoblotted for Racl and integrin f1. Bar graph: mean = SEM of membrane/
total ratio of Racl compared to control cells; n=3. *: p<0.01 (compared to GFP-GDI2); **:
p<0.05 (compared to GFP-GDI2). (C) Surface area of UMUCS3 cells expressing the indicated
constructs after plating on fibronectin for 4 hours. Values are means + SEM (n=78-102). *:
p<0.001 (compared to GFP-GDI2); **: p<0.005 (compared to GFP-GDI2); ***: p<0.001
(compared to GFP-GDI1). p values were calculated by Student’s t-test.

Cancer Res. Author manuscript; available in PMC 2009 October 1.



1duosnuey Joyiny vd-HIN 1duosnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Moissoglu et al. Page 10

A .. B \
s f SE® LIS
S&& XSS xR %
NS 5&& 8%
S 588 g X S
SEES EiE
kD NS 5D
25— #w s RhoGDI kb & & 5 5
15_0"""."“‘ Integrin 1 150
e e Actin o (190 g © 100 &% & 8| & Integrin p1
o= S | 2B Ract E 2
S 5|2 Ract
25— W wm w w= RhOGDI2 E | 20 — g1
2| T E Cdca2 G |~ == = = = Cdc42
2 eN =20
xR Ox 20— = == = RhoA Y& &% = = RhoA
T T
v YLy 25 45 88 ws @ RhOGDI2 _ |25 ememe=e= RhoGDI
N T DT -
kDN 555 o 2|20
2120 Rac1 g | - M. Rac1
_ i -
25— - RhoGDI2 < 55 5 zg----Cdc42
50— e = = Tubulin Ry Cdc42 20—
25— %o s wm == RhoGDI 20— #= = = RhoA

Total #= && == =% Integrin 1

o
O

300
M Rac1

W Cdc42
7/ RhoA

250 x
200

150

Membrane/Cytosol
o

100

50

Distance (arbitrary units)

% ~ o © A
YEILOOON YISSOOBN NS A X B N '
ASIFELE ASIEFEs AF $ $ g S
SSFsss SS5Ssss s & K £
ST ST N ~ Q— &
o ~rora 5 R & o
Q Q
K K K S S ob) %b

gdi2 RNAi

ed #15

400 400 200 200 400

400

gdi2 RNAi

gdi1 RNAI
#17

#3

400 200 o 200 400  -400 200 3 200 400
/

-400

Figure 2. RhoGDI knock-down

(A) Lysates from parental T24 cells and control or RhoGDI1 RNAi clones (upper panel) or
RhoGDI2 RNAI clones (lower panel) were resolved by SDS-PAGE and immunoblotted for
RhoGDI1, RhoGDI2, actin and tubulin. Asterisk in the lower panel denotes cross-reactivity of
the antibody with RhoGDI1. RhoGDI2 corresponds to the lower band. (B) Equal percentages
of cytosolic and membrane fractions were resolved by SDS-PAGE and immunoblotted for
Rac1, Cdc42, and RhoA. Integrin 1 and RhoGDI1 or RhoGDI2 were used as membrane and
cytosol markers, respectively. (C) Quantification of membrane/cytosol ratios from B. Values
are means + SEM (n=3). *: p<0.05 (compared to the corresponding control RNAI). (D)
Quantification of distance migrated for the indicated cell types shown in E. VValues are means
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+ SEM, n=19-34. *: p<0.001 (compared to T24). (E) Representative migrations tracks. The
origin of all tracks was arbitrarily set to coordinates [0, O].
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Figure 3. Characterizing GDI1 and GDI2 mutants

Lysates of the indicated stable UMUCS3 lines transfected with FLAG-Rac were subjected to
immunoprecipitation with anti-FLAG and samples analyzed by immunoblotting for GFP and
FLAG. Anti-Erk1/2 was used as a loading control. Data are representative of three independent
experiments.
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Figure 4. Growth of RhoGDI cell lines

(A) In vitro growth of the indicated stable cell lines. Values are means + SEM (n=3). *: p<0.03
compared to control cells (GFP), by Student’s t-test. (B) Subcutaneous growth in nude mice.
Values (tumor volumes) are means + SEM (n=7-10). *: p<0.05 compared to control cells
(GFP), by Student’s t-test. Experiments were performed in duplicate on separate occasions
with similar results.
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Figure 5. RhoGDI2 increases Rac activity

GST-PBD and GST-RBD pull down assays were carried out using lysates from the indicated
stably over-expressing (A and C) or stable knock-down cell lines (B). Numbers represent the
ratio of active /total Rac or RhoA relative to control cells (GFP in A and C, T24 in B); n=3. In
C, the GDI2 lane is shown with the GFP lane from different parts of the same gel.
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Effect of GDIs on experimental metastasis

Table |

Page 15

Cell line Number of mice % of mice with Average number of Average number of
metastases metastases (in metastases (in total
metastasis-bearing number of mice)
mice)

GFP 25 48 3.75+0.59 1.8+0.28
GFP-gdil 15 26.6 3.75+1.1 0.99+0.29
GFP-gdi2 15 6.68 Al 0.13

GFP-gdi2/N1741 20 20 7.25+2.5 1.45+0.5
GFP-gdil/1177N 20 50 5.242.2 2.6£1.1
GFP-gdi2/D182R 20 55 9.18+4.13 5.04+2.27

Data were pooled from two independent experiments with consistent results. Mice were sacrificed 12 weeks post injection.

7LVaIues are means + SEM.
§

p<0.01 by chi-square test (compared to GFP).

T

p<0.02 by Student’s t-test (compared to GFP).
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