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RhoG Protein Regulates Glycoprotein VI-Fc Receptor y-Chain
Complex-mediated Platelet Activation and Thrombus
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Background: RhoG is a ubiquitously expressed member of the Rho family of GTPases.

Results: RhoG-deficient platelets display severely impaired GPVI-dependent platelet activation.

Conclusion: RhoG plays an important role in GPVI-FcRy complex-mediated platelet activation and thrombus formation.
Significance: Our study enhances the understanding of the molecular mechanisms of GPVI-FcRy complex activation.

We investigated the mechanism of activation and functional
role of a hitherto uncharacterized signaling molecule, RhoG, in
platelets. We demonstrate for the first time the expression and
activation of RhoG in platelets. Platelet aggregation, integrin
allbB3 activation, and a-granule and dense granule secretion in
response to the glycoprotein VI (GPVI) agonists collagen-re-
lated peptide (CRP) and convulxin were significantly inhibited
in RhoG-deficient platelets. In contrast, 2-MeSADP- and
AYPGKF-induced platelet aggregation and secretion were min-
imally affected in RhoG-deficient platelets, indicating that the
function of RhoG in platelets is GPVI-specific. CRP-induced
phosphorylation of Syk, Akt, and ERK, but not SFK (Src family
kinase), was significantly reduced in RhoG-deficient platelets.
CRP-induced RhoG activation was consistently abolished by a
pan-SFK inhibitor but not by Syk or PI3K inhibitors. Interest-
ingly, unlike CRP, platelet aggregation and Syk phosphorylation
induced by fucoidan, a CLEC-2 agonist, were unaffected in
RhoG-deficient platelets. Finally, RhoG™'~ mice had a signifi-
cant delay in time to thrombotic occlusion in cremaster arteri-
oles compared with wild-type littermates, indicating the impor-
tant in vivo functional role of RhoG in platelets. Our data
demonstrate that RhoG is expressed and activated in platelets,
plays an important role in GPVI-Fc receptor y-chain complex-
mediated platelet activation, and is critical for thrombus forma-
tion in vivo.

Platelets play a key role in hemostasis and thrombosis. Con-
tact of circulating platelets with exposed collagen leads to plate-
let activation, resulting in platelet aggregation. Adhesion of
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platelets to collagen is mediated mainly by integrin «21,
whereas activation is mediated by the signal-transducing glyco-
protein VI (GPVI)? (1, 2). GPVI is a platelet collagen receptor
that is constitutively associated with the Fc receptor y-chain
(FcRvy) (3, 4). FcRvyis phosphorylated by SEK (Src family kinase)
at the tyrosine residue in its immunoreceptor tyrosine-based
activation motif (ITAM) upon GPVI-collagen binding, and the
tyrosine kinase Syk (spleen tyrosine kinase) binds to the ITAM
and becomes autophosphorylated (5-8). Activation of Syk
leads to phosphorylation of a protein complex signalosome,
such as LAT (linker for T cell activation) and SLP76 (Src
homology 2-containing leukocyte protein 76); recruitment of
Btk (Bruton’s tyrosine kinase); and activation of PI3K (9-12).
These adaptor proteins interact with several other signaling
molecules to regulate phospholipase Cy2 (PLCy2) (13), the
major effector of the GPVI signaling cascade, which leads to
intracellular calcium mobilization and PKC activation.

Rho GTPases are members of the Ras superfamily and play
crucial role in the regulation of many cellular functions, includ-
ing cell adhesion, motility, proliferation, and differentiation
(14). RhoA, Rac, and Cdc42 are the most characterized mem-
bers, and their major function is to regulate the assembly and
organization of the actin cytoskeleton (15). RhoA, Rac, and
Cdc42 have been shown to control the assembly of focal adhe-
sion complexes associated with actin-myosin filaments, lamel-
lipodia, and filopodia, respectively (16). RhoG, a ubiquitously
expressed member of the Rho family of GTPases (17-19), is
most similar to Racl and Cdc42 in sequence identity and func-
tion (20). RhoG /™ mice have elevated levels of IgG1 and IgG2b
antibodies. There is a mild hyper-reactivity defect in RhoG-
deficient B2 cells or T cells (18). RhoG is thought to induce actin
rearrangements and membrane protrusion by Rac activation
through the ELMO-DOCK180 pathway. Binding to ELMO
allows RhoG to link to Rac activation by the Rac guanine nucle-
otide exchange factor DOCK180, resulting in the formation of
lamellipodial protrusions (21-24). RhoG may also influence the

3 The abbreviations used are: GPVI, glycoprotein VI; FcRy, Fc receptor y-chain;
ITAM, immunoreceptor tyrosine-based activation motif; PLCy2, phospho-
lipase Cy2; CRP, collagen-related peptide.
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microtubule system through a specific interaction with the pro-
tein kinectin (25). In endothelial cells, constitutively active
RhoG binds to the PI3K regulatory subunit p85« and induces
PI3K-dependent phosphorylation of Akt (26). Although RhoG
is involved in the regulation of actin cytoskeletal rearrange-
ments, nothing has been studied regarding the role of RhoG in
platelet activation.

In this study, we investigated the role of RhoG in platelet
functional responses and the mechanism of RhoG activation in
platelets. Our studies indicate that the small GTPase RhoG is
present in both human and mouse platelets. RhoG is activated
by the GPVI-specific agonist collagen-related peptide (CRP) in
platelets. We also show that RhoG regulates GPVI-FcRy com-
plex-mediated signaling and is involved in the regulation of Syk,
Akt, and ERK downstream of GPVI. Moreover, the role of
RhoG in GPVI-FcRy complex signaling appears to contribute
to platelet function in vivo because RhoG ™/~ mice are pro-
tected from thrombotic injury. We provide evidence that RhoG
plays an important role in ITAM-coupled GPVI-FcRy complex
signaling in platelets.

EXPERIMENTAL PROCEDURES

Materials—2-MeSADP, sodium citrate, fucoidan, acetylsali-
cylic acid, apyrase (type VII), and bovine serum albumin (frac-
tion V) were purchased from Sigma. AYPGKF was custom-
synthesized by Invitrogen. CRP was purchased from Dr.
Richard Farndale at the University of Cambridge. Convulxin
was purified as described (27). Wortmannin and PP2 were from
Enzo Life Sciences (Plymouth Meeting, PA). OXSI-2 was from
Calbiochem. Phycoerythrin-conjugated antibody JON/A, FITC-
conjugated anti-P-selectin antibody, and FITC-conjugated anti-
GPVI antibody were from Emfret Analytics (Wurzburg, Ger-
many). Anti-phospho-Syk (Tyr®**/Tyr>*®), anti-phospho-Akt
(Ser*”®), anti-phospho-Src (Tyr*'®), anti-phospho-ERK (Thr**/
Tyr>**), and anti-B-actin antibodies were purchased from Cell Sig-
naling Technology (Beverly, MA). HRP-labeled secondary anti-
body was from Santa Cruz Biotechnology (Santa Cruz, CA). All
other reagents were reagent-grade, and deionized water was used
throughout.

Animals—RhoG-deficient mice (28) were obtained from Dr.
Len Stephens (The Babraham Institute, Cambridge, United
Kingdom).

Preparation of Human and Mouse Platelets—Human blood
was obtained from a pool of healthy volunteers in a 0.16 volume
of acid/citrate/dextrose. Platelet-rich plasma was prepared by
centrifugation of citrated blood at 230 X g for 20 min at room
temperature. Acetylsalicylic acid was added to platelet-rich
plasma to a final concentration of 1 mm, and the preparation
was incubated for 45 min at 37 °C, followed by centrifugation at
980 X g for 10 min at room temperature.

Mouse blood was collected from anesthetized mice into
syringes containing 0.1 blood volume of 3.8% sodium citrate as
anticoagulant. Red blood cells were removed by centrifugation
at 100 X gfor 10 min at room temperature. Platelet-rich plasma
was recovered, and platelets were pelleted at 400 X g for 10 min
at room temperature. The platelet pellet was resuspended in
Tyrode’s buffer (pH 7.4) containing 0.05 units/ml apyrase to a
density of 1.5 X 10® cells/ml.
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Platelet Aggregation and Secretion—Platelet aggregation was
measured using a lumi-aggregometer (Chrono-log Corp., Hav-
ertown, PA) at 37 °C under stirring conditions. A 0.5-ml sample
of washed platelets was stimulated with different agonists, and
the change in light transmission was measured.

Platelet secretion was determined by measuring the release
of ATP by adding luciferin/luciferase reagent. Platelet ATP
release and aggregation were performed simultaneously in a
lumi-aggregometer at 37 °C.

Flow Cytometry—Washed murine platelets were used to
measure the agonist-dependent level of activated allbB3 recep-
tors with phycoerythrin-conjugated antibody JON/A and the
surface exposure of P-selectin with FITC-conjugated anti-P-
selectin antibody as described previously (29). All determina-
tions were performed on a FACSCalibur flow cytometer (BD
Biosciences).

Western Blotting—Platelets were stimulated with agonists for
the appropriate time, and phosphorylation events were mea-
sured as described previously (30).

Measurement of RhoG Activation—Full-length ELMO (a gift
from Dr. Kodi Ravichandran, University of Virginia) was
expressed in Escherichia coli as a fusion protein with GST and
purified on glutathione-Sepharose beads. For measurement of
RhoG activity, washed platelets (5 X 10® cells) were activated
with CRP as described in the figure legends. Cells were then
lysed with an equal volume of 2X ice-cold cell lysis buffer (50
mwm HEPES (pH 7.5), 100 mm NaCl, 20 mm MgCl,, 2% Nonidet
P-40, 4% glycerol, 1 mm PMSF, 10 pg/ml leupeptin, and 20 mm
GTP) and quickly frozen in a methanol/dry ice bath until the
experiment was completed. Samples were defrosted on ice and
centrifuged at 10,000 X g for 15 min at 4 °C, and the superna-
tants were incubated with GST-ELMO-Sepharose beads for 60
min at 4 °C. The beads were washed three times with lysis
buffer, and bound proteins were analyzed by SDS-PAGE and
immunoblotting. Relative RhoG activity was determined by the
amount of RhoG bound to GST-ELMO normalized to the
amount of RhoG in cell lysates.

Platelet Spreading and Clot Retraction—Washed platelets
(1 X 107 platelets/ml) were plated on fibrinogen-coated cover-
slips and incubated at 37 °C in a CO,, incubator. Adherent cells
were fixed with 3.7% paraformaldehyde for 10 min and permea-
bilized with 0.1% Triton X-100 for 3 min. Rhodamine-phalloi-
din (Invitrogen) was used to stain F-actin. For clot retraction,
platelets (5 X 10°® platelets/ml) were added to a glass cuvette
and mixed with 1 mm CaCl, and 0.2 units/ml thrombin. Exog-
enous fibrinogen was added to a final concentration of 0.1
mg/ml. Platelets were allowed to retract and were then photo-
graphed at the indicated time points.

Photo Dye-induced in Vivo Thrombosis Model—The photo
dye-induced thrombosis model was modified from a previously
reported model (31). Briefly, mice were anesthetized, and the
cremaster muscle was exteriorized. 5% FITC-dextran (10
ml/kg) was slowly injected retro-orbitally and allowed to circu-
late for 10 min prior to photoactivation of the vessel. Photoac-
tivation was then initiated by exposing 100 wm of vessel length
to epi-illumination. Epi-illumination was applied continuously,
and the progress of platelet adhesion and thrombus formation
was monitored. Microvessel data were obtained using an
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FIGURE 1.Expression of RhoG in human and mouse platelets. A, increasing
amounts of human platelet lysate (in ng) were separated by SDS-PAGE, West-
ern-blotted, and probed with anti-RhoG antibody. MW stds., molecular
weight standards. B, RhoG expression in platelet lysates from RhoG-null mice
(RhoG~/~) and wild-type littermates (RhoG™/*) was probed by Western blot-
ting RhoG. Rac1 was probed to verify protein loading. The blot shown is rep-
resentative of three independent experiments.

upright Olympus BX51 microscope with a water immersion
objective, and the image was recorded using a Photometrics
QuantEM digital camera. Data were further analyzed using
MetaMorph software. The occlusion time was determined at
the time that the vessel lumen was occluded by the thrombus.

Statistical Analysis—All statistical tests were carried out
using Prism software (version 3.0). Data are presented as
means * S.E. Statistical significance was determined by Stu-
dent’s ¢ test and analysis of variance. p < 0.05 was considered
statistically significant.

RESULTS

Expression of the Small GTPase RhoG in Platelets—While we
were evaluating the proteins in the platelets using proteomic
approaches, we identified RhoG in platelets. It has not been
known previously whether RhoG is expressed in platelets or
not. Hence, we first evaluated the expression levels of RhoG in
human platelets. Western analysis revealed that RhoG is
expressed in human platelets (Fig. 14). We obtained mice lack-
ing RhoG for our study and then determined the RhoG expres-
sion in these mice. As shown in Fig. 1B, wild-type littermate
platelets contained RhoG, whereas RhoG was not detected in
RhoG /" platelets, confirming the genotype of these mice.
These results confirm that RhoG is expressed in both human
and mouse platelets.

Impaired Platelet Functional Responses Downstream of GPVI
Pathways in the Absence of RhoG—There are no known phar-
macological inhibitors of RhoG. Thus, to evaluate the func-
tional implications of RhoG in platelets, we compared the
various agonist-induced platelet responses in wild-type and
RhoG-deficient platelets. As shown in Fig. 24, we found that
platelet aggregation and dense granule secretion induced by the
GPVI-specific agonists CRP and convulxin were significantly
inhibited in RhoG-deficient platelets compared with wild-type
littermate platelets. However, platelet aggregation and secre-
tion in response to the PAR4-activating peptide AYPGKF or
2-MeSADP were not affected in RhoG-deficient platelets (Fig.
2B), indicating that G protein-coupled receptor agonists induce
normal platelet aggregation and secretion in the absence of
RhoG. Thus, these results suggest that RhoG selectively regu-
lates platelet functional responses downstream of GPVI
pathways.
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A similar approach was taken to analyze the activation of
integrin allbB3 by measuring binding of the conformation-de-
pendent antibody JON/A and a-granule secretion by analysis of
P-selectin expression using flow cytometry. Consistent with the
results shown in Fig. 2, we found that both JON/A binding and
P-selectin expression induced by different concentrations of
CRP were significantly reduced in RhoG-deficient platelets
compared with wild-type platelets (Fig. 34). However, at both
low and high concentrations, AYPGKF-induced JON/A bind-
ing and P-selectin expression were not affected in RhoG-defi-
cient platelets (Fig. 3B), confirming that G protein-coupled
receptor agonists cause integrin alIbf3 activation and «a-gran-
ule secretion independently of RhoG.

To determine whether the role of RhoG in GPVI pathways is
due to down-regulation of GPVI receptor expression, we mea-
sured the level of platelet surface expression of GPVI in
RhoG ™/~ platelets by flow cytometry. We found that the level
of GPVI receptor expression in RhoG ™/~ platelets was similar
to that in wild-type platelets (Fig. 3C), indicating that the
expression of GPVI is not affected by the absence of RhoG.

GPVI-mediated Signaling Events Are Inhibited in RhoG-defi-
cient Platelets—To investigate the signaling events regulated by
RhoG, platelets from RhoG-null and wild-type littermates were
stimulated with CRP and AYPGKEF, and the phosphorylation of
downstream signaling molecules was evaluated by immuno-
blotting with phosphospecific antibodies. Fig. 44 shows that
CRP-induced Syk, Akt, and ERK phosphorylation was signifi-
cantly inhibited in RhoG-deficient platelets. Interestingly, tyro-
sine phosphorylation of SEK (upstream of Syk) was not altered.
When platelets from RhoG '~ mice were stimulated with
AYPGKEF, phosphorylation of Akt and ERK was not affected by
the absence of RhoG. These results indicate that RhoG plays an
important role downstream of GPVI and upstream of Syk, pos-
sibly at the FcRy level.

RhoG Activation and Its Regulation Induced by CRP—We
next determined whether RhoG is activated downstream of
GPVI pathways. As shown in Fig. 54, RhoG was activated by
CRP in a time-dependent manner, where active GTP-bound
RhoG was detected as early as 30 s after stimulation. To deter-
mine the signaling mechanism underlying the regulation of
RhoG activation downstream of GPVI, we first evaluated the
role of SFK in RhoG activation. Consistent with the results
shown in Fig. 44, where SFK phosphorylation was not affected
by the absence of RhoG, CRP-induced RhoG activation was
completely blocked by the pan-SFK inhibitor PP2 (Fig. 5B), sug-
gesting that GPVI-mediated RhoG activation is regulated by
SFK. However, CRP-induced RhoG activation was not inhib-
ited by the Syk inhibitor OXSI-2 or the PI3K inhibitor wort-
mannin (Fig. 5B), indicating that Syk and PI3K are not required
for RhoG activation.

CLEC-2 Agonist Fucoidan-induced Platelet Aggregation and
Phosphorylation Events in RhoG-deficient Platelets—Our data
indicate that RhoG is upstream of Syk in ITAM signaling. Of
the ITAM receptors, CLEC-2 and GPVI cause similar signaling
pathways leading to activation of Syk and PLC+y2, but they differ
in the ITAM component (32, 33). GPVI utilizes FcRvy, whereas
CLEC-2 does not. To evaluate the role of FcRy in GPVI-medi-
ated RhoG activation, we activated RhoG /" platelets with
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FIGURE 2. Agonist-induced platelet aggregation and dense granule secretion in RhoG-deficient platelets. Washed platelets from RhoG ™/~ mice and
RhoG ™™ littermates were stimulated with the GPVI agonists CRP (2.5 ug/ml) and convulxin (CVX; 100 ng/ml) (A) and the G protein-coupled receptor agonists
2-MeSADP (30 nm) and AYPGKF (100 um) (B) for 3.5 min under stirring conditions. Platelet aggregation and ATP secretion were measured by aggregometry.

Tracings are representative of three independent experiments.

fucoidan, a recently identified agonist for CLEC-2 (34).
Fucoidan activates GPVI downstream signaling responses but
bypasses the GPVI-FcRy complex. Interestingly, we found that
fucoidan (unlike CRP)-induced platelet aggregation was nor-
mal in RhoG /™ mice (Fig. 6A). In addition, fucoidan-induced
Syk and Akt phosphorylation was not inhibited in RhoG '~
platelets. These results indicate that RhoG is not important for
platelet aggregation or phosphorylation of Syk and Akt down-
stream of the CLEC-2 receptor and suggest that RhoG associ-
ates with the GPVI-FcRy complex to propagate signaling lead-
ing to platelet activation.

Regulation of in Vivo Thrombosis, Platelet Spreading, and
Clot Retraction by RhoG—To evaluate the contribution of
RhoG to the function of platelets in vivo, we used the microvas-
cular thrombosis model with light/dye-induced injury as
described previously (31). As shown in Fig. 7A, we found that
blood flow in cremaster arterioles stopped within 30 min
(29.5 = 1.58 min, # = 5) in WT mice. However, RhoG knock-
out mice had a significant delay in time to thrombotic occlusion
in cremaster arterioles compared with wild-type littermate
controls (38.5 £ 1.95 min, n = 5; p < 0.01). Images taken 30 min
after the injury showed that RhoG™"/* mice had complete arte-
riolar occlusion, whereas thrombus growth was dramatically
inhibited in RhoG /™ mice (Fig. 7B). These results indicate that
RhoG plays an important role in thrombus formation in vivo.

We tested the role of RhoG in outside-in signaling by exam-
ining the platelet adhesion and spreading on immobilized
fibrinogen and clot retraction. We found that the extent of
platelet spreading on immobilized fibrinogen (Fig. 7C) and clot
retraction (Fig. 7D) were normal in RhoG-deficient platelets,
indicating that RhoG does not play a role in allbB3-mediated
outside-in signaling in platelets.
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DISCUSSION

In this study, we investigated the mechanism of activation
and functional role of a hitherto uncharacterized signaling mol-
ecule, RhoG, in platelets. We have demonstrated for the first
time the expression and activation of RhoG in platelets. Plate-
lets deficient in RhoG show a marked impairment in platelet
aggregation and secretion and integrin ollbB3 activation
induced by the GPVI agonists CRP and convulxin, whereas the
G protein-coupled receptor agonists AYPGKF and 2-MeSADP
and the CLEC-2 agonist fucoidan normally activate RhoG-de-
ficient platelets. Our results reveal the involvement of RhoG in
the regulation of Syk in GPVI signaling because CRP-induced
Syk (but not Src) phosphorylation is significantly reduced in
RhoG-deficient platelets. Finally, our results show that RhoG
plays an important role in thrombus formation i vivo. Because
RhoG is ubiquitously expressed, our in vivo thrombus assay
using a global RhoG knock-out mouse cannot rule out the effect
of RhoG loss in other cell types on thrombus formation.

It has been shown that CLEC-2 mediates a signaling cascade
that is similar to that of the collagen receptor GPVI (35). GPVI
signaling depends on FcRvy activation leading to the down-
stream tyrosine phosphorylation signaling cascade, including
Syk and PLCvy2. However, the CLEC-2 agonist rhodocytin acti-
vates platelets deficient in the GPVI-FcRy complex, indicating
that CLEC-2 does not utilize FcRy. We have recently shown
that fucoidan is a novel agonist for CLEC-2 (34), and our studies
show that fucoidan can induce normal platelet aggregation and
Syk phosphorylation in RhoG-deficient platelets. Because
fucoidan activates ITAM and Syk phosphorylation signaling
independently of the GPVI-FcR+y complex, our findings dem-
onstrate the involvement of RhoG in the signaling pathways
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FIGURE 4. RhoG deficiency inhibits CRP-induced Syk, Akt, and ERK phos-
phorylation, but not Src phosphorylation. Washed platelets from RhoG '~
mice and RhoG "™ littermates were stimulated with 2.5 pg/ml CRP (A) and
100 um AYPGKF (B) at 37 °C for 2 min and probed with anti-phospho (P)-Syk
(Tyr°2>/Tyr>2%), anti-phospho-Src (Tyr*'®), anti-phospho-Akt (Ser*”?), anti-
phospho-ERK, and anti-B-actin (lane loading control) antibodies by Western
blotting. The Western analysis shown is representative of three experiments.
Cont, control; KO, knock-out.
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FIGURE 5. CRP-induced RhoG activation and its inhibition by PP2. A, RhoG
activation was measured upon stimulation of washed human platelets with 5
ug/ml CRP for various times. Washed platelets were lysed, and active GTP-
bound RhoG was determined by pulldown analysis using bacterially
expressed GST-ELMO. B, RhoG activation induced by 5 ug/ml CRP for 60 s was
evaluated in the presence and absence of 10 um PP2, 2 um OXSI-2, or 100 nm
wortmannin (Wort). The blot shown is representative of three independent
experiments.

selective for the GPVI-FcRy complex. They also raise the pos-
sibility that FcRy might directly regulate RhoG recruitment and
activation downstream of GPVI. Consistent with our results
obtained using RhoG ™/~ mice, it has been shown that FcRy ™/~
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FIGURE 6. Fucoidan-induced platelet responses are not affected by RhoG
deficiency. A, washed platelets from RhoG ~/~ mice and RhoG ™™ littermates
were stimulated with 100 wg/ml fucoidan (a selective CLEC-2 agonist), and
platelet aggregation was measured by aggregometry. B, wild-type and RhoG-
deficient platelets were stimulated with 100 ug/ml fucoidan and probed with
anti-phospho (P)-Syk (Tyr>2*/Tyr>?), anti-phospho-Akt (Ser*’3), and anti-3-
actin (lane loading control) antibodies by Western blotting. Data are repre-
sentative of three independent experiments. Cont, control; KO, knock-out.

mice have impaired occlusive platelet microthrombi and that
Syk phosphorylation is inhibited, but no difference was found in
bleeding time between WT and knock-out mice (36). However,
the mechanism through which FcRy regulates RhoG recruit-
ment and activation downstream of GPVI is unclear.

The CLEC-2 agonist rhodocytin and CRP have been shown
to stimulate tyrosine phosphorylation of Syk and many other
signaling proteins in GPVI pathways, including the GTP
exchange factors Vavl and Vav3 (35, 37, 38). Vav family pro-
teins are GTP exchange factors for the Rho family of small G
proteins. Vav proteins have been shown to be tyrosine-phos-
phorylated by Src and Syk and interact with several proximal
molecules in the ITAM-dependent signaling cascade. Vav1 has
been shown to selectively activate Racl, Rac2, RhoG, and, to a
lesser extent, RhoA, whereas Vav2 and Vav3 activate RhoA and
RhoG but show less activity toward Racl (39, 40). Platelets defi-
cient in both Vavl and Vav3 exhibit a marked impairment in
functional responses to GPVI, which is associated with loss of
phosphorylation of PLCy2 (37). Although the platelet func-
tional defect in RhoG ™/~ and Vav1/Vav3™’~ mice is very sim-
ilar, there is an interesting difference in the regulation of Syk
phosphorylation in these mice. CRP-induced Syk phosphory-
lation is inhibited in RhoG-deficient platelets, indicating a role
for RhoG in Syk activation, whereas Syk phosphorylation in
response to CRP is not altered in platelets deficient in Vavl/
Vav3. Thus, it is unlikely that Vav1 and Vav3 are involved in the
activation of RhoG in platelets. A more recent study demon-

FIGURE 3. Integrin allb 33 activation and a-granule secretion in RhoG-deficient platelets. Washed platelets from RhoG ™/~ mice and RhoG ™™ littermates
were stimulated with the indicated doses of CRP (A) and AYPGKF (B) for 15 min in the presence of phycoerythrin-labeled antibody JON/A to determine integrin
allbB3 activation or FITC-labeled anti-P-selectin (CD62) antibody to evaluate a-granule secretion by flow cytometry. C, surface expression of the GPVI receptor
inRhoG ™™ (gray) and RhoG /™ (black line) mice determined by flow cytometry. The data shown are representative of three experiments. Data are means = S.E.
(n = 3).* p <0.05 ** p <0.01; ***, p < 0.005 compared with wild-type mice. MFl, mean fluorescence intensity.
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RhoG*/* and RhoG /"~ mice was measured using the microvascular thrombosis model with light/dye-induced injury as described under “Experimental Procedures.”
Five mice of each genotype were used, and statistical analysis revealed a significant difference between the two genotypes of mice. *, p < 0.01. B, representative
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microscopy. D, clot retraction analysis of platelets from RhoG*/* and RhoG~/~ mice. Images are representative of three independent experiments.

strated that another Rho guanine nucleotide exchange factor,
Trio, is able to exchange GTP on RhoG and that it regulates
lamellipodial formation to mediate cell spreading and migra-
tion in other cells (41). Trio is ubiquitously expressed, but the
role of Trio in platelet function has not been established. In
vitro, Trio has been shown to be phosphorylated by the Src
kinase Fyn (42). Our study has shown that RhoG activation is
regulated by SFK, and the role of Fyn in the regulation of GPVI-
mediated platelet activation is well known. Thus, in future stud-
ies, it will be noteworthy to evaluate the role of Fyn and Trio in
the regulation of RhoG activation to define the molecular
mechanism governing RhoG activity in platelets.

It has been shown that coexpression of Vav1 in A5 cells stably
transfected with integrin olIbfB3 is essential for Rac activation
and lamellipodial formation by fibrinogen (43, 44). In other cell
systems, RhoG is known to activate Rac via interaction with
ELMO and DOCK180 (21-23). Previous studies have shown
that Racl is activated in platelets by a number of agonists (45—
47) and plays an important role in aggregation, secretion, and
clot retraction. Interestingly, Racl is known to be essential for
the regulation of PLCy2 in platelets downstream of GPVI or
CLEC-2 (48, 49). In the presence of pharmacological inhibitors
of Rac, as well as in Racl-deficient murine platelets, agonist-
induced dense granule secretion is inhibited (50). It has also
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been shown that formylmethionylleucylphenylalanine-stimulated
activation of Racl and Rac2 is diminished in RhoG ™/~ neutrophils
at very early times. In contrast to the requirement of Racl in integ-
rin allbB3-mediated outside-in signaling, we found that platelet
spreading on immobilized fibrinogen and clot retraction were nor-
mal in RhoG-deficient platelets, suggesting that RhoG is not
involved in the regulation of Rac1 activation in platelets. This find-
ing is consistent with the observation that GPVI-mediated Racl
activation is not affected in RhoG /" platelets (51). Our studies
clearly show the difference in the role of RhoG in regulating the
signaling cascade by ITAM-coupled receptors in platelets com-
pared with other cell types.

In conclusion, we used RhoG ™/~ mice to delineate the role of
RhoG and the differential signaling events in which RhoG plays an
important role in GPVI-FcRy-mediated platelet activation and
thrombus formation. Our studies enhance our understanding of
the molecular mechanisms of GPVI-FcRy complex activation and
the signaling events downstream of GPVI stimulation.
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