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Abstract

RAB25, a member of the rat sarcoma (RAS) family of small GTPase, has been implicated in the
pathophysiology of ovarian, breast and other cancers. Its role in endosomal transport and recycling
of cell-surface receptors and signaling proteins presents a novel paradigm for the disruption of
cellular pathways and promation of tumor development and aggressiveness. Variations in
structure and post-translational modifications control the localization of RAS superfamily proteins
to specific subcellular compartments and recruitment of downstream effectors, allowing these
small GTPases to function as sophisticated modulators of a complex and diverse range of cellular
processes. Here, we review the link between RAB25 and tumor development and current
knowledge regarding its possible roles in cancer.

NIH Public Access

Author Manuscript

Published in final edited form as:
Traffic. 2009 November ; 10(11): 1561-1568. doi:10.1111/j.1600-0854.2009.00969.x.

The Emerging Role of the RAB25 Small GTPase in Cancer

Roshan Agarwall:2, Igor Jurisica3, Gordon B. Mills?, and Kwai Wa Chengl*

1Department of Systems Biology, Unit 950, The University of Texas M. D. Anderson Cancer
Center, 1515 Holcombe Blvd., Houston, TX 77030, USA

2Department of Medical Oncology, Imperial College, London, UK

3Division of Signaling Biology, Ontario Cancer Institute, Toronto, ON, Canada

breast; cancer; CATX-8; endocytosis; ovarian; Rab25; small GTPases

The rat sarcoma (RAS) oncoprotein small GTPase superfamily contains over 170 members,
divided into five subfamilies—RAS, RHO, RAB, RAN and ARF (1). Members of the RAB
superfamily play important roles in regulating signal transduction and, subsequently, a
diverse range of cellular processes, including differentiation, proliferation, vesicle transport,
nuclear assembly and cytoskeleton formation. Among these small G proteins, the Ras
subfamily is the most studied, primarily because of its critical roles in human oncogenesis
(2,3). Recently, another member of the RAS superfamily RAB25 has been implicated in
cancer (4-7).

Rab proteins, first identified as Ras-related genes expressed in rat brain (8), comprise the
largest subfamily of small GTPases, with more than 70 putative members in the human
genome (1). Studies on Rab GTPases, along with their associated regulators and effectors,
have revealed that Rab proteins are major regulators of intracellular vesicular transport and
trafficking of proteins between organelles of the endocytic and secretory pathways (9). Here,
we review the biology of Rab proteins and the role of RAB25 in cancer.

Biology of RAB25 Proteins

RAB25 (also known as CATX-8) was first isolated from rabbit gastric parietal cells using
3'-rapid amplification of complementary DNA ends with a degenerate primer to the
WDTAGQE small GTPase consensus of the GTP-binding sequence (10). In contrast to most
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RABs, which are ubiquitously expressed, RAB25 expression was confined to the
gastrointestinal mucosa, lung and kidney: the highest levels of expression were in the colon
and ileal epithelium (10). The ubiquitously expressed Rab11 proteins (Rablla and Rab11b),
which are homologous to the yeast YPT3 protein (10), are the closest homologues to Rab25,
forming the Rab11 subfamily.

RAB11 subfamily proteins, like all RAS superfamily proteins, are thought to share a
conserved mechanism of regulation (Figure 1). The activity of the protein is determined by
the relative amount of GTP-bound (active) versus GDP-bound (inactive) forms. GTP
binding induces conformational changes in the switch | and switch 1l regions, resulting in
the modulation of binding affinities that are critical for association with regulatory and
effector proteins (11-13). In vivo, the GDP/GTP exchange and GTPase activity are
regulated by a complex regulatory network consisting of several classes of proteins,
including guanine nucleotide exchange factors (14), which promote dissociation of bound
GDP and formation of the active GTP-bound complex (14), whereas GTPase-activating
proteins accelerate the intrinsic GTPase activity of the small GTPases to promote formation
of the inactive GDP-bound form (15). Rab GTPases are further regulated by guanine
nucleotide dissociation inhibitors that inhibit GDP dissociation and promote cytosolic
sequestration of these GTPases (16,17). Rab11 and Rab25, detected in the apical recycling
endosome (ARE), perinuclear recycling endosome (PRE) and trans Golgi network (TGN)
(Figure 1), regulate cellular functions including proliferation, signal transduction, apoptosis,
microtubule organization, recruitment of H+K+ ATPase, transferrin receptor recycling,
immunoglobulin A transcytosis and integrin trafficking (4,18-25).

Interestingly, analysis of the GTP-binding domain consensus sequence (WDTAGQE) of Ras
family members revealed that Rab25 has a unique glutamine (Q) to leucine (L) substitution
(WDTAGLE) (10). This substitution is commonly observed in oncogenic mutant versions of
small GTPases, such as the homologous Q61L mutation in H-Ras, with reduced GTPase
activity, resulting in a dominant constitutively GTP-bound active conformation and
increased transforming activity (26). This suggests that Rab25 likely exists naturally in a
preferentially GTP-bound active state. Early in vitro studies have suggested that rabbit
Rab25 expresses GTPase activity that can be induced with gastric parietal mucosal cytosolic
extracts despite the Q-to-L substitution (19). However, this observation should be
interpreted with caution because the use of a bacterial expression system in the study by
Casanova et al. (19) may have led to a different post-translational modification. Therefore,
human Rab25 GTPase activity deserves further evaluation.

Ras proteins undergo post-translational modifications, such as farnesylation, prenylation and
geranylgeranylation, which mediate membrane attachment, subcellular localization protein—
protein interactions and inhibit proteolytic degradation, enabling additional mechanisms of
functional regulation (27). Similarly, Rab subfamily proteins terminate in a distinct set of
cysteine-containing C-terminal motifs (CC, CXC, CCX, CCXX or CCXXX; C = cysteine, X
= any amino acid), allowing modification by geranylgeranyltransferase Il that targets Rab
GTPases to different membrane locations (28).

Rab25 and Cancer

Based on the expression of RAB25 in normal colonic epithelium, Goldenring et al. (10)
demonstrated increased RAB25 expression in colon cancer cell lines HT-29 and LIM1215,
although it remains unclear whether this was a consequence of the tissue-specific expression
pattern of RAB25 or critical to oncogenesis.

Using high-resolution array comparative genomic hybrid- ization profiling, we demonstrated
that the minimum region of recurrent amplification in the 1922 amplicon contained RAB25

Traffic. Author manuscript; available in PMC 2012 January 15.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Agarwal et al.

Page 3

in 54% of ovarian cancers (4). Analysis of all open-reading frames in this region revealed
that RAB25 messenger RNA (mRNA) levels were selectively increased in ovarian cancer.
Furthermore, ovarian cancer patients with RAB25 DNA amplification or increased RNA
levels (> 2 x normal ) had poor prognoses, indicating an important role for RAB25 in tumor
progression and aggressiveness. In vivo studies also support a role for RAB25 in tumor
growth and aggressiveness in ovarian cancer in that expression of RAB25 increases tumor
development, while downregulation of RAB25 by RNA interference (RNAI) transfection
significantly inhibits ovarian cancer growth (4,5). Together, these data strongly implicate
RAB25 in ovarian tumorigenesis and aggressiveness, and in keeping with these results,
RAB25 overexpression has been suggested to be a marker of serous ovarian-peritoneal
cancer, the most aggressive form of ovarian cancer (29).

Like ovarian cancer, breast cancer exhibits 1q gains in approximately 50% of tumors (4,30);
however, in breast cancer, in contrast to the specific 1q22 overamplification that occurs in
ovarian cancer, the broader 1q amplification in breast cancer has impeded identification of
its putative drivers. Based on the results from our previous study of ovarian cancer (4), we
explored the role of RAB25 in the breast cancer 1q amplification. RAB25 gene
amplification and mMRNA overexpression, measured by array comparative genomic
hybridization expression arrays and quantitative polymerase chain reaction, respectively, are
correlated with shorter overall survival in breast cancer [(4); unpublished reanalysis of data
from Ref. (30)]. In addition, RAB25 mRNA and protein appear to exhibit a subtype-specific
pattern of expression with high levels of expression in estrogen receptor (ER)- and Her2-
positive tumors, intermediate expression in basal tumors and low or absent expression in
metaplastic breast cancers (unpublished data). This mirrors the recent findings of Cheng et
al. (6), who observed high Rab25 expression in 92% (11 of 12) of ER-positive samples and
apparent loss of expression in 83% (5 of 6) of ER-negative and progesterone receptor-
negative samples, because the latter group likely comprises basal- and triple-negative tumors
(6). This suggests that Rab25 may have different roles in breast cancer, depending on the
subtype.

Korkola et al. (31) profiled 74 testicular germ cell tumors, the most common solid tumors in
young adult men, and found RAB25 amplified in 45% of cases. RAB25 and APOA2 were
the only two genes in the 1q amplicon exhibiting at least a fourfold increase in expression in
tumors relative to normal testes. RAB25, therefore, represents a candidate oncogenic driver
in testicular germ cell tumors.

Chromosome 1q gain is also a feature of Wilms tumors. In a series of Wilms tumor samples,
19 gain was observed in 55% of patients whose disease relapsed versus 20% of those whose
disease did not, providing a significant association between decreased rates of relapse-free
survival and gain of 1q (32). The amplicon, initially defined as extending from 1922 to
1925, was remapped using a chromosome 1 tiling path array to 1q22-23.1, which
encompasses RAB25. While RAB25 was overexpressed, neither its expression nor that of
the other genes in the amplicon tested showed significant correlation with gene copy
number, suggesting that an alternative mechanism mediates increased RAB25 expression.
Therefore, it is currently unclear what role RAB25 and the 1g22-23.1 amplicon play in
Wilms tumors.

Increased levels of RAB25 mRNA expression have been reported in 11 early-stage
transitional cell carcinomas of the bladder compared with normal levels of expression in the
urothelium (33). Also, increased RAB25 expression was observed in a case series of 11
hepatocellular carcinomas and a cholangiohepatoma along with dysregulated expression of a
number of other Rab proteins (RAB1B, RAB4B, RAB10, RAB22A and RAB24) (34). In
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contrast, Ray et al. (35) found, by immunohistochemistry, loss of RAB25 with increasing
dysplasia in a series of 60 endoscopic biopsies in patients with Barrett's esophagus.

Calvo et al. (36) suggested that RAB25 expression may be implicated in prostate cancer
pathogenesis and aggressiveness. Using the transgenic C3(1)/tag-prostate cancer mouse
model, which develops prostate intraepithelial neoplasia (PIN) that progresses to invasive
carcinoma with systemic metastases, they derived one cell line each from low-grade PIN,
high-grade PIN, and primary invasive prostatic carcinoma and two cell lines from lung
metastases, which in vitro retained a characteristic progression with increasing
tumorigenicity. RAB25 was differentially overexpressed in parallel with increasing
aggressiveness of the cell lines. To our knowledge, there are no published reports
specifically on whether RAB25 expression is increased in human prostate cancers, although
expression profiles in the Oncomine research edition version 3.6 (http://www.oncomine.org)
datasets suggest that RAB25 levels in prostate cancer may be similar to those in breast and
ovarian cancers. In addition, Rab-interacting proteins such as Rab11FIP1/RCP, identified as
a RAB11/RAB25 interacting protein (37), are also frequently aberrant in cancer, being both
amplified and overexpressed in breast cancer, e.g. Refs. (30,38). While we have investigated
the potential functional role of RAB25 in ovarian and breast cancers, its tumorigenic role in
other epithelial cancers remains unclear, and investigation of the role of RAB25 in these
cancers may be fruitful.

Rab?25 and the Hallmarks of Cancer

Studies on the physiological function of Rab25 in gastric parietal cells and the polarized
Madin-Darby canine kidney cell line suggest that Rab25 regulates apical but not basolateral
endosomal recycling. This is based on Rab25's localization to the recycling endosomes in
association and similarity with Rab11a, segregation from the ER/Golgi soluble NSF (NEM-
sensitive factor) attachment protein receptor (SNARE), protein-containing endosomes,
binding to myosin Vb, and ability to alter immunoglobulin A apical recycling and
transcytosis but not basolateral recycling (19-22). Maintenance of appropriate recycling of
membrane receptors and proteins is essential for regulating cellular polarity and cell
signaling. Deregulated expression of endosomal proteins has been implicated in oncogenesis
through mechanisms such as enhancement of growth factor signaling (39) and will be
discussed in greater detail below.

Growth, proliferation and apoptosis

It has been demonstrated that the expression of RAB25 increases tumor development while
downregulation of RAB25 by RNAI transfection significantly inhibits ovarian cancer
growth in vitro and in vivo xenograft models (4,5). In addition, engineered Rab25
overexpression in ovarian cancer cells (A2780, HEY, DOV13, IOSE80) increased
proliferation, invasion, migration, and in vivo tumorigenicity while concomitantly reducing
apoptosis in response to various stimuli (4). These results have been independently
confirmed by Fan et al. (5) using short hairpin RNA (shRNA) to knockdown RAB25
expression in ovarian A2780 cells, such that RAB25 shRNA-transfected cells exhibited
slower proliferation, increased apoptosis and decreased tumor growth in mouse xenografts
than empty vector or untransfected parental cells.

In contrast, a recent study suggested that Rab25 may instead have a tumor suppressor
function in basal- and triple-negative breast tumors (6). Using RAO-3 cells (transformed by
Q61L mutant H-RAS) as a model, expression of Rab25 decreased proliferation and
anchorage-independent growth (6). In vivo, RAO-3 cells exclusively formed spindle cell
tumors, possibly equivalent to metaplastic tumors, which appeared to have low RAB25
expression. In addition, while RAS expression has been reported to be increased in breast

Traffic. Author manuscript; available in PMC 2012 January 15.


http://www.oncomine.org

1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Agarwal et al.

Page 5

cancers, RAS mutations are rare (< 5%); thus, the Rao-3 cells may not be representative of
most epithelial breast cancers but may instead be more akin to sarcomatous metaplastic
tumors. Thus, the effects of Rab25 on the transformed phenotype may be context dependent,
with differing roles in metaplastic and epithelial tumors.

Invasion and migration

Using a breast cancer metastasis model with a well characterized nonmetastatic (MTC) and
metastatic (MTLn3) rat tumor cell pair derived from the same original rat mammary
adenocarcinoma, retaining their relative metastatic phenotypes after prolonged culture,
Wang et al. (40) attempted to identify genes associated with metastasis as determined by
complementary DNA microarray analyses. Comparative differential gene expression
analysis of metastatic and nonmetastatic tumors and their progenitor cells, both in culture
and in live primary tumors, revealed 70 genes known to be involved in cancer invasion and
metastasis (40). RAB25 expression was among the highest, with at least a sixfold increase in
metastatic MTLn3 cells in vivo, suggesting RAB25 might regulate metastasis (40).
However, the molecular mechanism by which Rab25 participates in tumor cell migration
remained unclear until a recent study demonstrated a recycling role of integrin by Rab25.

Caswell et al. (7) have demonstrated that RAB25 promotes ovarian cancer cell invasive
migration in part by altering the trafficking of integrin a5p1 within a three-dimensional
matrix that is characterized by the extension of long pseudopodia at the cell front as cells
migrate. RAB25 promotes localization of vesicles that deliver integrin to the plasma
membrane at the pseudopodia tips as well as the retention of a pool of cycling a5p1 integrin
at the cell front (7). This indicates that Rab25 could contribute to tumor progression by
directing the localization of integrin recycling vesicles, thereby enhancing the ability of
tumor cells to directionally invade the extracellular matrix (ECM) and, hence, metastasize.
Further study has revealed that the increased recycling of integrin a5p1 requires the
association of Rab11FIP/RCP at the tips of the long pseudopods; thus, this Rab11 effector
represents a key component of an integrin recycling system that controls an a531-mediated
migration mode (41). Although colocalization of RAB25 and RAB11FIP1/RCP at the
pseudopodia tip has not been examined in these studies, it is reasonable to argue that Rab25
interacts with Rab11FIP1/RCP in controlling integrin o581 trafficking, as Rab11FIP1/RCP
was found to bind Rab25 (37). Furthermore, RAB11 has been shown to control recycling of
a6p34 integrin in breast cancer cells in a way that may contribute to hypoxia-induced
invasive migration (25). Together, these studies implicate the importance of the RAB11
subfamily in controlling cell migration and invasion.

Growth factor receptor signaling

Characterization of one half of the known Rab GTPases has not only revealed the
complexity of membrane trafficking circuits but has also shown that Rab GTPases are
critical for mediating signaling transduction propagation *along‘ the endocytic pathway, in
part via the formation of endosome-specific signaling complexes (38,42,43). For instance,
epidermal growth factor receptor (EGFR) is frequently overexpressed in human tumors,
including breast and lung cancers, glioblastoma, head and neck cancer, bladder carcinoma,
colorectal cancer and prostate cancer (44). EGFR is also overexpressed in up to 75% of
primary ovarian cancers, in which activation of the EGFR-signaling pathway increased cell
proliferation, angiogenesis and metastasis, decreased apoptosis, and was associated with
advanced-stage disease and poor prognosis (45). Indeed, prolonged retention of the EGFR
on the plasma membrane, induced by impairing clathrin-mediated endocytosis via
expression of dynamin K44A, led to reduced activity of intracellular signaling pathways,
such as mitogen-activated protein kinases (MAPKSs) ERK1/2 or the p85 subunit of
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phosphatidylinositol 3-kinase (P13K) (46). Additional biochemical evidence documenting
the role of endosomes in epidermal growth factor (EGF)- and platelet-derived growth factor
(PDGF)-signal propagation has been obtained by using specific reversible inhibitors of
EGFR and PDGF-receptor tyrosine kinases to cause internalization of ligands bound to
inactive nonphosphorylated receptors (47,48). These complexes were then specifically
activated in endosomes on inhibitor washout and were able to recruit signaling molecules
and elicit biological responses. Interestingly, studies describing selective isolation of
internalized EGFR by use of reversibly biotinylated antibodies (42) revealed that although
both plasma membrane and endosomal pools of EGFR remained active, some downstream
signaling molecules were preferentially associated with one of these pools, such as Grb2 and
Eps8, which were associated with cell surface and endosomal EGFR pools, respectively.

Recent studies have implicated RAB5 in EGFR signal transduction via endocytosis and
RABS effector proteins APPL1 (Adaptor protein, phosphotyrosine interaction, PH domain
and leucine zipper containing 1) and 2, which are localized to a subpopulation of Rab5-
positive endosomes that appear segregated from the well-characterized canonical early
endosomes marked by another Rab5 effector, EEAL (Early endosome antigen 1) (49). The
APPL-harboring endosomes selectively acquire endocytic cargo, such as the EGFR, but not
transferrin receptors, and represent a specialized endosomal compartment devoted to
mediating critical signaling events. Further analysis of APPL1 has demonstrated that its
intracellular distribution is dynamic and changes in response to extracellular stimuli, such as
EGF or oxidative stress (50). In addition, Rab5 regulates EGFR trafficking dependent on the
presence of Eps8, which binds RN-tre, a specific Rab5 GTPase-activating protein, through
its SH3 domain and inhibits Rab5-dependent functions, including internalization of the
EGFR (51). Therefore, endosomes can function as intracellular platforms for active signal
propagation, enabling a precise spatial and temporal control of cellular responses (52).
Using immunofluorescence staining analysis, we have observed colocalization of both
EGFR and RABS proteins after EGF stimulation of ovarian A2780 RAB25-transfected cells
(Figure 2A). To investigate the role of Rab25 protein in EGFR trafficking, we have
measured cell-surface EGFR level by flow cytometry using a fluorescein isothiocyanate-
conjugated antibody to the extracellular EGFR domain RAB25-overexpressing ovarian
A2780 and control (empty vector-transfected) cells were treated with 100 ng/mL of EGF for
times ranging from 1 min to 24 h. As expected, the cell-surface EGFR level was decreased
in both RAB25-overexpressing ovarian A2780 and parental cells after the addition of EGF
(Figure 2B). Interestingly, the pattern of change in the EGFR level was different in these
two cells (Figure 2B). In the Rab25-expressing cells, EGF treatment caused the cell-surface
EGFR level to be lower than that in control cells between 15 and 40 min but higher after 60
min, suggesting a possible role of Rab25 in regulating EGFR trafficking.

AKT, a serine and threonine kinase also known as protein kinase B, is a key molecule
involved in the transduction of many cell survival signals. Our previous study showed that
overexpression of RAB25 in ovarian cancer cells resulted in increased AKT
phosphorylation, an indication of activation of the PISBK/AKT pathway (4). With the aid of
reverse-phase protein lysate array technology (53), we observed an increase in AKT activity
in Rab25-expressing A2780 cells after EGF stimulation, as indicated by the level of serine
473 phosphorylation (Figure 2C), suggesting a potential role of Rab25 in the recycling of
EGFR and/or mediating of EGFR signal transduction.

Rab?25 interactome

Expression of RAB25 profoundly alters cellular functions, including the ability of cancer
cells to proliferate, survive, migrate and invade (4,5). Thus, a gain or loss of function of
RAB?25 proteins, resulting from gene amplification and expression (4) or from the

Traffic. Author manuscript; available in PMC 2012 January 15.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Agarwal et al.

Page 7

recruitment of downstream effectors, could profoundly impact tumorigenesis. Protein—
protein interaction mapping represents a generic strategy to elucidate protein function in
general. A protein interaction network for Rab25 (Figure 3A) was constructed using
information obtained from the 12D database (54), literature and yeast 2 hybrid data
(unpublished observations). In addition to the putative Rab25 interactions with EGFR, the
network highlights a number of novel proteins and pathways. When Smad4 or transforming
growth factor-p (TGF-p) receptor type | was used as bait in a novel high-throughput
luminescence-based mammalian interactome (LUMIER) mapping approach, Rab25
selectively bound both Smad4 and TGFBR1 with a high affinity, indicative of a role in TGF-
B signaling (55). Our preliminary data suggest that the Rab25 and TGF-f interaction is
potentially functional, as expression of Rab25 in A2780 cells completely inhibited TGF-B-
induced p21CIP1 but not in the empty vector-transfected cells (Figure 3B). Furthermore,
Rab25 markedly inhibited TGF-B-induced activation of the Smad-binding sequences,
CAGA boxes promoter and did not alter activation of the plasminogen activator inhibitor -1
(PAI-1) promoter (Figure 3B), indicating selectivity of Rab25 in conducting TGF-f signals.

Targeting Rab Small GTPases in Cancer

Several strategies to therapeutically target members of the Ras superfamily in cancer are
being developed and were reviewed in Konstantinopoulos et al. (27). Historically, some of
the first agents to enter clinical trials were phosphorothioate-based antisense therapies to H-
RAS (IS1S2503) and c-RAF1 (I1SI1S5132); however, despite promising activity in preclinical
studies and a relative lack of toxicity in phase I studies, these therapies did not show any
significant activity in phase 1l studies (56). Inhibition of prenylation, which is required for
localization of RAS superfamily proteins to the plasma membrane and efficient signaling,
has also been targeted. This can be achieved by inhibition of the mevalonate pathway by
statins, bisphosphonates, farnesyltransferase inhibitors and geranylgeranyltransferase
inhibitors. Despite in vitro ability of farnesyltransferase inhibitors (such as SCH115777) to
reverse the transformed phenotype and impressive in vivo activity in animal models, they
did not show significant activity in solid tumors as single agents in phase I1I trials (57,58).
This is thought to be because of cross-prenylation of multiple Ras superfamily members by
geranylgeranyltransferase in the context of farnesyltransferase inhibitors, as well as the
presence of non-RAS targets of these drugs. The development of specific Rab-targeted
agents, therefore, remains a challenge because of the following: (i) Ras superfamily
GTPases and their regulatory proteins within each subfamily are highly homologous; (ii)
regulatory proteins may target more than one Ras superfamily member and (iii) each Ras
superfamily GTPase may in turn be regulated by multiple regulatory proteins, making the
identification of specific inhibitors difficult. Therefore, improved understanding of the
molecular mechanisms of individual regulatory proteins and GTPases in different tumor
types and stages of disease, together with cellular contexts, will be required to enable
effective targeting of the Rab small GTPases, including Rab25, for anticancer therapy.

Conclusion

Given the importance of Rab GTPases in regulating many cellular functions, it is not
surprising that altered expression or mutation of Rab proteins and their interacting partners
may cause human diseases. That Rab25 has a role in cancer has been established by its
frequent dysregulation in a number of tumor types, functional studies of its impact on cell
growth, proliferation, apoptosis, migration and invasion, in vivo tumorigenicity in mouse
models, and association with clinical outcomes. With widespread usage of high-throughput
genomic technology, increasing association between human cancer and aberrant Rab gene
expression is expected to be revealed in the future. These studies represent an important
chapter in cancer research. It is possible that expression profiling of some RAB genes might
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become useful prognostic and/or diagnostic markers. Progress in this area is likely to
improve our understanding of not only the role of RAB GTPase in the biology of cancer but
also the essential role of cellular trafficking in the maintenance of a number of normal
physiological processes. As the underlying mechanism of Rab-mediated tumorigenesis
comes to light, it is certain that Rab proteins and their interaction molecules will represent a
novel therapeutic target.
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Figure 1.

Biological function of RAB11 family. RAB11 and Rab25, located in the ARE, PRE and
TGN, are activated by molecular switches cycling between GDP-bound and GTP-bound
states through interaction with the GDP dissociation inhibitor (GDI), guanine nucleotide
exchange factor (GEF) and GTPase-activating proteins (GAPs). Once activated, RAB11 and
RABZ25 recruit specific downstream effectors for different biological functions.
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Rab25 regulates EGF signaling. A) Immunofluorescence staining of EGFR (red) and Rab25
(green) in ovarian A2780 cells. Colocalization of EGFR and Rab25 (i.e. yellow) is indicated
by arrows. Cells were cultured in complete media, then serum starved for 24 h (0 min),
followed by addition of EGF to the final concentration of 100 ng/mL for indicated times.
Single scale bar, 10 um. B) Cell-surface EGFR level detection. Ovarian cancer A2780 cells
stably expressing RAB25 or control cells were treated with 100 ng/mL EGF for different
time-points. The EGFR level was measured by flow cytometry using a fluorescein
isothiocyanate (FITC)-conjugated antibody specific to the extracellular EGFR. *p < 0.05. C)
Rab25 expression alters EGFR-induced AKT activity. Ovarian cancer A2780 cells stably
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expressed Rab25 and control (pcDNA-transfected) cells, detected by western blotting
analysis (upper panel), were stimulated with EGF 100 ng/mL for indicated times before total
protein isolation and measured by reverse-phase protein lysate array (lower panel). *p <
0.01.
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Figure 3.

Rab25 Networks. A) Rab25 protein—protein interaction network. The network was
constructed by querying the 12D database version 1.71 (http://ophid.utoronto.ca/i2d). Only
direct, physical interactions were included, covering human curated, high-throughput, and
interologous interactions (further details about interaction sources are present at
http://ophid.utoronto.ca/ophidv2.201/statistics.jsp). The core network comprises 23 proteins
(square-shape nodes) connected by 29 direct interactions (thick edges). Including
interactions among the 23 core proteins results in the network with 1077 proteins and 1421
interactions, which are known (n = 1023), determined by high throughput (HTP)
experiments (n = 246) or predicted interologs (n = 142). Individual interaction sources are
listed at http://ophid.utoronto.ca/ophidv2.201/statistics.jsp. Importantly, known interactions
connect 806 of the 1077 proteins. Node color corresponds to Gene Ontology biological
function and edge color represents interaction source, according to legends. Network
visualization was done in NAViGaTOR version 2.015 (http://ophid.utoronto.ca/navigator).
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B) Expression of Rab25 regulates TGF-B-induced promoter activity. P21cip, PAl and
CAGA promoter luciferase constructs were transiently transfected in ovarian cancer A2780
stably expressing RAB25 or control (pcDNA) cells. TGF-p (1 pL: 100 ng/mL; 2 pL: 200
ng/mL) was added 24 h post-transfection. Luciferase activity was assayed 48 h post-
transfection. *p < 0.01 versus control.
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