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Abstract

Rho GDP-Dissociation Inhibitors (RhoGDIs) are important regulators of the Rho family of small 

GTPases. The expression of RhoGDIs is altered in a variety of cancers and they have been shown 

to mediate several processes during tumorigenesis and cancer progression. Using examples of 

RhoGDI-mediated signaling and expression patterns in endothelial cells as well as pancreatic, 

breast, and bladder cancer, the multitude of potential cancer therapeutic targets presented by 

a better understanding of their function is illustrated. Several novel therapeutic strategies are 

proposed for intervening in RhoGDI signaling, and potential complications arising from their 

implementation are discussed.
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1. Introduction

Involvement of the Rho family of small GTP binding proteins in cancer is well established. 

A great deal of work has been done on the proteins that regulate their GTPase activity and 

the downstream effectors that are involved in cancer phenotypes. Much of this literature 

concerns the regulation of Rho activity by the GEFs (Guanine Nucleotide Exchange Factors) 

and GAPs (GTPase Activating Proteins).1,2 But a third type of protein, the Rho family GDP 

Dissociation Inhibitors (RhoGDIs), are just now being appreciated as critical components 

of the Rho regulating machinery, and an emerging collection of evidence suggests that 

their activity is altered in carcinogenesis and tumor progression. As more evidence of their 

multi-faceted influence on the cancer phenotype via Rho family members accumulates, 

many intriguing and promising therapeutic targets are emerging from the elucidation of how 

these proteins work. However, an examination of what we now know about RhoGDIs also 
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indicates that their functions may result in tissue-specific effects and thus more extensive 

understanding of the pathways they regulate will be necessary for the complete realization of 

novel cancer treatments based on their function.

2. The RhoGDI family and their activities

Although RhoGDI proteins have been reviewed extensively elsewhere,3–5 a brief summary 

is necessary for understanding the potential opportunities and pitfalls for RhoGDI-centric 

intervention. Three RhoGDI proteins have been indentified in humans. They are referred to 

in the literature by various nomenclatures, but here they will be called RhoGDI1, 2, and 

3. The prototype of the family, RhoGDI1, is known as RhoGDIα, arhgdi alpha or arhgdia. 

RhoGDI2 is variously called RhoGDIβ, arhgdi beta, arhgdib, ly-gdi, and D4-gdi. RhoGDI3 

is also known as RhoGDIγ, arhgdi gamma or arhgdig. RhoGDI3 is the most divergent of the 

three and is associated with the golgi and vesicular membranes.6 Very little is known about 

RhoGDI3 in cancer; therefore, it will not be discussed further here. RhoGDI1 is the most 

ubiquitously expressed of the family. While the highest expression of RhoGDI2 is in cells of 

hematopoietic origin, it has recently been found in a variety of other tissues and cancers.3

RhoGDIs regulate a multitude of phenotypes including cell division, morphology, migration, 

vesicular trafficking and gene expression. They probably affect these diverse phenotypes 

principally by controlling the location and activity of members of the Rho family of 

small GTPases. Therefore, a full appreciation of the function of RhoGDIs is dependent 

on knowledge of the role of RhoGTPases, which have been reviewed extensively 

elsewhere.1,2,7,8 Rho proteins comprise a family within the larger superfamily of Ras-related 

proteins. They are signal transducers that alternate between an activated, GTP-bound state, 

and the inactive, GDP-bound form. The cycle between the GTP or GDP bound state is 

mediated by GTPase activator proteins (GAPs) and guanine nucleotide exchange factors 

(GEFs), which facilitate the exchange of GDP for GTP. When bound to GTP, active 

Rho proteins bind to variety of downstream effector molecules. Currently, the Rho family 

is thought to contain 20 members,8 and over 60 Rho effectors have been identified.1 

This accounts for the number of signaling pathways regulated by RhoGTPases, and the 

complexity of the potential impact of RhoGDIs on signal transduction.

RhoGDIs are thought to affect Rho proteins in several ways. In general, RhoGDI and 

RhoGDI2 have been thought of as multi-modal inhibitors of the RhoGTPases. Methods 

of Rho inhibition by RhoGDIs include inhibition of Rho catalytic activity by inhibiting 

the GTPase function as well as inhibiting dissociation of GDP from the Rho protein after 

hydrolysis. RhoGDIs also interact with prenylated Rho proteins in a manner that removes 

them from membranes, causing a re-localization to the cytoplasm. In a related function, they 

are thought to shuttle Rho proteins between membrane domains. Therefore, they cannot be 

viewed simply as inhibitors of RhoGTPases, but probably also direct activated Rho proteins 

to certain sub-cellular compartments.9,10 By virtue of binding Rhos, they are also believed to 

restrict interactions of RhoGEFs and RhoGAPs with Rho proteins, and the binding of other 

modulators of Rho activity.
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Many of the common Rho family of proteins have been shown or are suspected to interact 

with one or more of the RhoGDIs (Table 1 in3), and it seems likely that additional members 

of the Rho family will be found to be regulated by GDIs. Differences in the RhoGDIs 

are reflected in differing affinities for Rho family members. For example, RhoGDI2 has 

a much lower affinity for Cdc42 than for the Rac proteins, whereas RhoGDI1 has similar 

affinities for RhoA, Rac, and Cdc42.11,12 In addition to their innately different affinities 

for RhoGTPases, RhoGDI1 and RhoGDI2 also exhibit quite different effects on Rho family 

protein activation in some circumstances, which will be discussed further below.

3. Regulation of RhoGDI effector interactions

Post-translational modifications such as phosphorylation of RhoGDIs are thought to regulate 

their interactions with their target effectors. Binding and displacement of RhoGDIs from 

Rho proteins are coordinated with phosphorylation events to carry out complex cellular 

signaling. An example of these complex signaling cascades in angiogenesis was recently 

reported by Elfenbein et al.13 Polarized Rac1 activation in endothelial cells causes migration 

and is necessary for angiogenesis, and Rac1 activation is preceded by activation of RhoG. 

FGF2 is a potent endothelial cell motility factor that is a ligand for syndecan 4 (S4). 

It was shown that RhoGDI1 binds in a complex with S4 and its adaptor synectin, and 

that this binding increases the affinity of RhoGDI1 for RhoG. Upon ligand binding, and 

S4 clustering, protein kinase Cα (PKCα) is activated which phosphorylates RhoGDI1 at 

Ser96. Phosphorylation of RhoGDI1 inhibits its binding to RhoG, resulting in activation of 

RhoG and the subsequent activation of Rac1. Surprisingly, phosphorylation of RhoGDI1 

at Ser96 did not change the affinity of RhoGDI1 for Rac1. Knezevic et al.14 also found 

that phospho-Ser96 did not alter the activation of Rac1 in endothelial cells. However, the 

same group has shown that RhoGDI1 is phosphorylated at Ser96 by PKCα in response to 

thrombin engagement of endothelial cell surface Protease-Activated Receptor 1 (PAR-1). 

This phosphorylation results in the release of RhoA by RhoGDI1 and activation of RhoA, 

which is required for thrombin-induced vascular permeability.14,15 In these examples, 

RhoGDI1 directly and indirectly regulates three different RhoGTPases, in two signaling 

pathways, in one cell type.

Such involvement of RhoGDI1 in angiogenesis and vascular permeability, two hallmarks 

of the neo-vasculature induced by tumors, illustrates the target-rich therapeutic environment 

created by a better understanding of RhoGDI function. The ligand/receptor interactions, 

PKCα, and the RhoGDI1/Rho protein interactions all become viable candidates for 

inhibiting tumor-induced angiogenesis. This understanding could allow rational and 

selective drug development. For example, PKC inhibitors could be screened for ability to 

inhibit the Ser96 phosphorylation on RhoGDI1, while minimizing inhibition of PKC activity 

on other substrates. Hence, knowledge of RhoGDI signaling could lead to more effective, 

better tolerated angiogenesis inhibitors.

Other kinases, including P-21 Activated Kinase 1 (PAK1) and Src, phosphorylate RhoGDIs 

are likely to regulate RhoGDI signaling pathways as complex as those regulated by PKCα. 

PAK1 phosphorylates RhoGDI1 at two sites, which causes the selective release of Rac1, but 

not RhoA.16 Interestingly, PAK1 is also a major downstream effector of Rac1, so this likely 
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represents a positive feed-forward mechanism for signal amplification. Src phosphorylation 

of RhoGDIs will be discussed further below in the context of bladder cancer.

4. RhoGDI expression and function in human cancer

The pattern of RhoGDI1 and RhoGDI2 expression within a single type of cancer, expression 

of a single RhoGDI between cancer types, and their activity toward particular Rho proteins, 

can be strikingly divergent. This is highly suggestive that the functions of RhoGDI1 and 

RhoGDI2 are not entirely redundant, and that there are additional layers of RhoGDI 

regulation that are context-dependent. This lack of redundancy is supported by work in 

transgenic mice where deletion of the RhoGDI1 and RhoGDI2 genes has profoundly 

different consequences. RhoGDI1 knock-out mice die from renal failure at about one year 

of age and the males are infertile.17 In contrast, the defects noted in RhoGDI2 knock-out 

mice are relatively mild, with some diminution of superoxide production by phagocytes18 

and slightly decreased lymphocyte survival and responsiveness19 being noted as the major 

phenotypes. Therefore, the menu of therapeutic intervention designed to target RhoGDI-

mediated events in cancer cells will very likely be dependent on the cancer type or even 

sub-type (i.e., estrogen receptor-positive versus -negative breast cancer). This discussion will 

focus on RhoGDI expression and function in three cancers where it is best understood and 

thus most ready to be translated therapeutically. Speculative examples of such translation 

will be provided.

5. Pancreatic Cancer

Studies found an association of elevated RhoGDI2 expression and ability of pancreatic 

cancer cells to invade along nerve tracts (perineural invasion). Koide et al.20 developed 

an ex vivo model for isolating perineural invasive pancreatic cancer cells and then used 

microarrays to identify genes with differential expression. Perineural invasive cells had 41-

fold higher RhoGDI2 expression than poorly invasive cells, a result confirmed by others.21 

They also demonstrated that knockdown of RhoGDI2 expression in these cells impaired 

invasion.

Vav1 is a RacGEF normally expressed in T cells where it is necessary for the stimulation 

of the transcription factor Nuclear Factor of Activated T cells, or NFAT. Induction of NFAT 

by Vav1 proceeds through a Rac-mediated pathway.22 It was recently discovered that Vav1 

binds both RhoGDI2 and Rac in a complex and surprisingly, RhoGDI2 increases Vav1’s 

ability to activate NFAT.23,24 This is significant because ectopic expression of Vav1 has been 

detected in numerous cancers and especially pancreatic cancer.25–27 How much of Vav1’s 

transforming ability is attributable to NFAT remains to be seen, but the immunosuppressive 

drugs cyclosporine and FK506 inhibit NFAT. Therefore, such drugs that are safely used in 

transplantation today could be used to target downstream RhoGDI2 effectors in pancreatic 

cancer invasion. While immunosuppression is not a desired side effect of therapy in a cancer 

patient, at least conceptually this signaling pathway demonstrates a clinically tractable 

target.
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RhoGDI1 activity appears to be quite different from that of RhoGDI2 in pancreatic 

cancer. Very recently, it was shown that a member of the trk neurotrophin receptor family, 

TrkBT1, a variant of tropomyosin-related kinase B, is over-expressed in the cytoplasm of 

pancreatic cancers metastatic to the liver. Moreover, it was shown that TrkBT1 promotes cell 

proliferation and enhanced metastatic potential by virtue of its sequestration of RhoGDI1 

and the subsequent activation of RhoA signaling.28 Since the trk variant involved lacks 

a kinase domain and is mainly cytoplasmic, it would appear that ligand-based analogs or 

kinase inhibitors do not present a viable means of affecting its interaction with RhoGDI1. 

However, Ohira et al.29 found that Brain-Derived Neurotrophic Factor (BDNF) could induce 

the release of RhoGDI1 from TrkBT1 in astrocytes, suggesting that ligand blockade via 

small molecules could be efficacious in some scenarios if such agents could be developed.

Yamashita and Tohyama30 have reported that another member of the neurotrophin receptor 

family, p75NTR, can bind RhoGDI1, displacing it from RhoA and thereby activating RhoA 

in neurons. They developed a peptide, TAT-Pep5, which can disrupt the RhoGDI1/p75NTR 

interaction that maintains RhoA in an inactive state, bound to RhoGDI1. This protein is 

internalized by cells by virtue of fusion with the human immunodeficiency virus TAT 

domain protein and therefore has therapeutic potential in cells expressing p75NTR. It also 

provides a paradigm for how other interactions that displace RhoGDIs from Rho proteins 

could be inhibited.

6. Breast Cancer

Although several groups have looked at RhoGDI expression in breast tumors and cell lines, 

a clear picture of the role of RhoGDIs in breast cancer has not emerged. Fritz et al.31 first 

reported an increase in RhoGDI1 in breast tumors vs. matching normal samples from a 

small cohort of patients.15 Jiang et al.32 examined RhoGDI1 and RhoGDI2 in breast cancers 

from a larger cohort of patients undergoing radical mastectomy (120 cancers and 32 normal 

tissues). They found a significant reduction of RhoGDI1 expression in tumor versus normal 

breast by both quantitative RT-PCR and immunohistochemistry (IHC) staining. Furthermore, 

they showed that the reduction of RhoGDI1 had a significant, bad prognostic correlation 

when tumors were stratified by node status or by recurrence and disease-specific death. 

Differences in RhoGDI2 expression, measured by qRT-PCR only, showed no significant 

pattern between tumor and normal, node-negative and node-positive tumors, or in relation 

to tumor grade. Hu et al.33 revisited the question of RhoGDI2 expression by IHC in 

breast cancers from a cohort of 71 patients. When looking at various regions of tumor 

within the same slide, it appeared that RhoGDI2 expression increased in the progression 

of normal breast epithelia to hyperplastic lesions, which had the highest expression, but 

then remarkably decreased from carcinoma in situ to invasive cancer. Importantly, they also 

found a statistically significant negative correlation between RhoGDI2 expression and nodal 

involvement. Hu et al. hypothesized that RhoGDI2 expression is biphasic in breast cancer 

progression, with an increase in the earliest stages of tumor development followed by loss of 

expression in metastasis.

These differences in expression patterns and correlations for RhoGDI1 and RhoGDI2 in 

breast cancer are likely due to methodology, size of the cohorts, cohort type (preneoplastic, 
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invasive, etc.) and even unappreciated differences in coincident, underlying abnormalities 

represented in some cohorts. For example, some breast cancers express a splice variant of 

Rac1, called Rac1b,34 which contains a 19-amino-acid insertion near the switch region that 

is important for binding of Rac1 regulators. It has been found that Rac1b does not interact 

with RhoGDI135,36 and is capable of growth transformation in NIH3T3 cells.36 Since Rac1b 

may evade regulation, RhoGDI expression patterns may not be meaningful in those tumors.

It is also possible that RhoGDIs can mediate both protumorigenic and anti-tumorigenic 

signaling pathways. Schunke et al.37 found that RhoGDI2 decreased migration by MDA-

MB-231 breast cancer cells but also increased expression of COX-2, a gene associated 

with progression in breast and other cancers. As in the previous studies in T cells cited 

above, RhoGDI2 and vav1 cooperated to increase COX-2 expression, probably through 

NFAT activation, in breast cancer cells. In order to assess the net effect of these antagonistic 

phenotypes, they assessed RhoGDI2 status by mRNA levels in 263 samples, and by protein 

levels in 117 samples, of breast cancer and found no association with disease-free survival or 

overall survival. They hypothesized that on balance, these two opposing effects cancel each 

other out. However, that does not rule out the possibility that for any one individual tumor, 

this balance could be tipped one way or the other depending on numerous factors, including 

host response and the occurrence of other mitigating alterations in the cancer cells.

An example of the possible dependency of RhoGDI function on underlying tumor 

characteristics is the finding that RhoGDI2 is part of the prognostic signature of ER-positive, 

but not ER-negative breast cancers. Wang et al.38 developed a 76-gene signature that 

predicts metastasis-free survival for five years, using Affymetrix microarrays to measure 

gene expression in tumor samples from patients that were lymphnode-negative and had 

not received systemic adjuvant therapy. While their 76-gene signature applies to both ER-

positive and ER-negative tumors, RhoGDI2 was incorporated into the signature because a 

decrease in RhoGDI2 expression was indicative of poor prognosis in ER-positive tumors. 

Significantly, this same predictive signature has been validated by the same group39 and by 

an independent lab40 in different patient cohorts.

Notwithstanding the unresolved question of RhoGDI expression and prognostic significance 

in breast cancer tissues, in vitro studies have found interesting functional consequences 

of RhoGDI expression that may be relevant to breast cancer phenotypes and treatment. 

Su et al.41,42 have reported that RhoGDI1 can increase transcriptional activity of Estrogen 

Receptor α (ERα) via a RhoGTPase-dependent pathway that acts on estrogen receptor 

co-activators GRIP1 and CBP/p300. Furthermore, RhoGDI1 could increase both ligand-

dependent and -independent ERα activity. Likewise, El Marzouk et al.43 found that 

RhoGDI1 could enhance ERα-regulated transcription, but that this activity was due in part 

to direct binding of RhoGDI1 and ERα in the nucleus. While the therapeutic implications 

of two possible forms of ERα regulation by RhoGDI1 are not understood, the significance 

of RhoGDI expression with regard to ER status and effectiveness of antiestrogen therapy 

warrants investigation.

RhoGDI1 expression could also influence the choice of cancer therapy since it confers 

a protective effect from some chemotherapeutics in in vitro studies. RhoGDI1 protected 
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MDA-MB-231 breast cancer cells and JLP-119 lymphoma cells from etoposide and 

doxorubicin treatment44 and HEK293 cells from doxorubicin, taxol or busulfan-induced 

cytotoxicity.45

7. Bladder Cancer

The discovery and function of RhoGDI2 as a metastasis suppressor in bladder cancer 

was recently reviewed by us.46 Briefly, RhoGDI2 expression was found to be decreased 

in bladder cancer cells with greater metastatic potential.47 Reintroduction of RhoGDI2 

expression in a metastatic bladder cell line (T24T) did not alter in vitro growth, but did 

inhibit cell motility and invasion in a bladder organotypic invasion assay. When introduced 

into immunocompromised murine hosts, RhoGDI2 did not suppress subcutaneous growth, 

but did inhibit lung metastasis after tail vein injection. In clinical tissue microarrays from 

radical cystectomies, low RhoGDI2 expression was a negative prognostic indicator for 

disease-free survival.48 Our conclusion from these data is that RhoGDI2 acts as a metastasis 

suppressor gene in bladder cancer. Interestingly, while RhoGDI1 is expressed in bladder 

cancer cell lines and tissues, its expression is not altered or correlated with prognosis.

While patterns of RhoGDI2 expression in bladder cancer correlate well with the in vitro 
and in vivo phenotypes, as well as clinical profiles, the mechanism underlying suppression 

of bladder cancer metastasis by RhoGDI2 revealed several surprises. Src kinase decreases 

in bladder cancer progression in the same fashion as that seen with RhoGDI2. A decrease 

in Src and RhoGDI2 is rarely observed in the same individual tumor, suggesting that 

they share a common pathway. It was found that Src phosphorylates RhoGDI2 in bladder 

cancer cells,49 just as Src was previously shown to phosphorylate RhoGDI1.50 Moreover, 

phosphorylation of RhoGDI2 by Src was necessary for its metastasis suppressor function in 

bladder cancer cells. This is suggestive that Src kinase inhibitors may be contraindicated in 

the treatment of bladder cancer and suggests that Src may suppress metastasis in bladder 

cancer and this may be entirely or partly mediated via RhoGDI2. Further experiments will 

likely clarify this issue.

Equally surprising is the finding that RhoGDI2 does not inhibit Rac activation in bladder 

cancer cells and that mutations that either increase or decrease RhoGDI2’s affinity for 

RhoGTPases, abolish its ability to suppress lung metastasis. The authors suggest that 

RhoGDI2 may target RhoGTPases (probably Rac1) to novel effector pathways that are 

necessary for metastasis suppression.51 This result diminishes the prospect of therapeutic 

inhibition of bladder cancer metastasis by somehow increasing RhoGDI2 binding to Rac1.

A promising method of unraveling the metastasis suppressing pathway of RhoGDI2 is to 

look at downstream effectors. We have identified two target genes that are repressed upon 

expression of RhoGDI2 in bladder cancer cells and whose expression increases as a function 

of stage in bladder cancers. These genes encode endothelin-1 (ET1)52 and neuromedin U 

(NmU).53 They are both small peptide agonists of G-protein-coupled receptors.54,55 Two 

NmU receptors, NmU-R1 and NmU-R2, have been cloned.54 NmU was shown by us to 

increase the number of lung metastases by metastatically competent bladder cancer cells in 

a murine xenograft model.53 Although NmU has had little attention as a therapeutic target 

Harding and Theodorescu Page 7

Eur J Cancer. Author manuscript; available in PMC 2024 June 26.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



in cancer, an inhibitor of one of its receptors has been developed.56 This drug would be an 

excellent candidate for further investigation.

Endothelin and its connection to cancer have been reviewed recently and extensively.55,57,58 

Endothelin signaling pathways, collectively termed the “endothelin axis”, have been 

implicated in a multitude of tumor types and are thought to promote a host of cancer 

phenotypes, including proliferation, resistance to apoptosis, invasion, angiogenesis, immune 

suppression, osteogenesis in bone metastases, and pain. ET1 belongs to a family of small 

related peptides that includes ET2 and ET3. Endothelins have two known receptors, 

endothelin receptor A (ETA) and endothelin receptor B (ETB). The ligand/receptor 

interaction most often associated with the aforementioned cancer phenotypes is the 

activation of ETA by ET1.58 For this reason, several ETA inhibitors have been developed, 

and some have entered clinical trials.

Atrasentan, a selective ETA inhibitor was used in two recent phase 3 trials for treatment of 

prostate cancer. In the first, atrasentan was used to treat patients with metastatic, hormone-

refractory prostate cancer.59 While atrasentan did not delay disease progression, the increase 

in bone alkaline phosphates (BAP), a measure of the extent of bone metastasis, and prostate-

specific antigen (PSA), a measure of tumor burden, were both delayed. The second study 

with atrasentan focused on men with nonmetastatic, hormone-refractory prostate cancer.60 

A delay in the time to progression (TTP) was noted in this study, but because of the large 

inter-institutional variation in TTP, the delay was not significant. Once again, there was a 

decrease in the rise of PSA and BAP. ZD4054 is another ETA-selective inhibitor that has 

been used in a clinical trial for hormone-resistant, bone metastatic prostate cancer.61 In this 

study, ZD4054 did not delay disease progression, but overall time of survival was increased 

in the treatment group. Taken together, these trials indicate that selective ETA inhibitors are 

well tolerated and demonstrate some clinically meaningful effects.

In our own pre-clinical studies, atrasentan52 and ZD4054 (Said and Theodorescu, submitted) 

significantly inhibited the formation of lung metastases by a human bladder cancer cell line 

after tail vein injection of murine hosts. This result recapitulated the phenotype obtained 

after re-introducing RhoGDI2 expression in the same cell line. Based on these promising 

results, and the favorable tolerability of atrasentan and ZD4054 in previous human trials, 

we have currently designed a clinical trial with ZD4054 as an adjuvant therapy for lung 

metastasis in patients with bladder cancer.

The standard treatment for patients with high-grade invasive disease is radical cystectomy. 

However, up to 50% of all patients who underwent surgery later developed recurrent disease 

that was mostly metastatic and fatal. Based on neoadjuvant and adjuvant clinical trial data, 

many oncologists believe that there are sufficient data at this time to support the use of 

either pre- or post-surgical chemotherapy in patients with locally advanced bladder cancer. 

In particular, treatment seems justified for those considered to be at high risk of recurrence; 

this would include patients who have undergone cystectomy and were found to have tumors 

that penetrate the bladder wall (T3 or T4) or that have spread to regional lymph nodes 

(N1–3). However, since the expected benefit would be limited with an absolute increase in 
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disease-free and overall survival within the range of 5–15%, there is a great need to develop 

new agents and treatment strategies to further reduce the rate of recurrence.

Given our preclinical animal studies, we hypothesize that ET axis blockade will suppress 

or delay the onset of metastatic disease in these patients and have proposed a randomized 

phase II study to test this hypothesis (Fig. 1). Patients who have had a radical cystectomy 

for locally advanced TCC of the bladder (stage T3, T4, and/or N1–3 disease) will be 

randomized to daily ZD4054 or placebo for two years following four cycles of cisplatin and 

gemcitabine chemotherapy. The two groups of patients will then be followed to determine 

the relapse-free survival (RFS) rate at two years. The study will have 80% power to detect a 

hazard ratio of 1.76, which corresponds to an absolute improvement in the two-year relapse 

rate from 60% to 75%. Secondary goals of the randomized phase II study are to establish 

the safety of prolonged administration of ZD4054 and estimate the relative frequency of 

local relapse versus failure with metastatic disease in the two groups. The latter may provide 

evidence that ZD4054 selectively inhibits or delays onset of metastatic disease.

8. Conclusions

It is clear from the multitude of processes regulated by Rho family GTPases, the complex 

regulation of association between RhoGDIs with Rho proteins, and the diverse consequences 

of RhoGTPase interaction with RhoGDIs, that there are multiple points to attack in these 

pathways. However, this complexity also poses problems and risks. Indeed, the pattern of 

expression and activities of RhoGDIs in human cancers clearly demonstrate that a universal, 

simplistic strategy targeting RhoGDIs will not work for all types of cancer. It seems possible 

that a successful therapeutic in one type of cancer could be very deleterious in another. 

However, armed with a new found appreciation of the role of RhoGDIs in tumor formation 

and progression, and a growing arsenal of tools with which to target RhoGDI-mediated 

signaling, there is the future promise of meaningful therapeutic intervention.
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Fig. 1 –. 
We hypothesize that ET axis blockade will suppress or delay the onset of metastatic disease 

in these patients and have proposed a randomized phase II study to test this hypothesis.
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