
Polarized endocytic transport: The roles of Rab11 and Rab11-
FIPs in regulating cell polarity

Jian Jing and Rytis Prekeris
Department of Cell and Developmental Biology, School of Medicine, University of Colorado 
Denver, Aurora, USA

Summary

Endocytic transport plays a vital role in the establishment and maintenance of cell polarity. Many 

studies have demonstrated that endosome-dependent protein targeting is required for polarization 

of epithelial cells and neurons. Endocytic transport regulates several highly polarized cellular 

events, such as cell motility and division. Rab11 GTPase has been shown to be a master regulator 

of protein transport via recycling endosomes, and many recent studies have focused on the 

molecular machinery that mediates Rab11-dependent endocytic protein transport in polarized 

cells. This mini-review describes the recent advances in identifying and characterizing the role of 

Rab11 and its effector proteins that play important roles in polarized endocytic sorting and 

transport.
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Introduction

Eukaryotic cells compartmentalize biological functions in a series of organelles. In the 

exocytotic and endocytotic pathways, the unique composition of each compartment is 

maintained despite the continuous movement of proteins and lipids within the cell. This is 

accomplished by multiple sorting and recycling mechanisms during the formation, transport, 

tethering and fusion of transport vesicles.

Endosomes are the central hubs for sorting and transport of newly synthesized, as well as, 

endocytosed proteins. Traditionally, endosomes were shown to sort proteins to two main 

pathways: degradative and recycling. The sorting of proteins for degradation or recycling 

occurs in late endosomes, also known as sorting endosomes. It is generally accepted that 

early endosomes slowly mature to become late endosomes or multivesicular bodies. As part 

of this maturation, proteins destined for recycling back to plasma membrane or trans-Golgi 

network are removed via the formation of endocytic tubular extensions that involves several 

distinct sorting complexes, such as the retromer, AP-1 and AP-3 (Bonifacino and 
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Lippincott-Schwartz, 2003). A large portion of these recycling proteins are transported via 

recycling endosomes, the endocytic compartment that has traditionally been 

morphologically defined by the presence of extensive tubulo-vesicular endocytic network 

containing transferrin receptor and Rab11 GTPase.

In addition to its role in constitutive recycling, recycling endosomes have emerged as an 

important pathway that mediates sorting and targeting of proteins during polarization of 

cells. For example, endocytic transport was shown to be required for establishment and 

maintenance of epithelial polarity (Apodaca et al., 1994; Casanova et al., 1999). Endosomes 

also were implicated in regulating cell polarization during cell division and motility (Jones 

et al., 2006; Prekeris and Gould, 2008). As a result it has become apparent that either 

recycling endosomes are comprised from several functionally distinct endocytic 

compartments or that an additional cargo sorting occurs at recycling endosomes that allows 

targeted delivery of specific proteins to a distinct cellular compartments during cell 

polarization. The first part of this mini-review will discuss the role of recycling endosomes 

in polarized protein transport in three well-understood polarized protein transport models: 

epithelial cell polarization, cell division and cell motility.

Rab11 GTPase has emerged as an important regulator of protein transport via recycling 

endosomes. One of the more intriguing aspects of Rab11 GTPase, is its involvement in the 

regulation of many distinct polarized endocytic transport steps. It has been suggested that 

the multi-functional properties of Rab11 GTPase may be explained by its ability to interact 

with multiple effector proteins, in particular with the members of Rab11 family-interacting 

proteins, Rab11-FIPs (Meyers and Prekeris, 2002). Consistent with this hypothesis, it was 

shown that various Rab11-FIPs form mutually exclusive complexes with Rab11 GTPase, 

forming a “targeting complexes” that appear to be involved in regulating different sorting/

transport pathways via recycling endosomes (Meyers and Prekeris, 2002). The second part 

of this mini-review will discuss the role of distinct Rab11/Rab11-FIP “targeting complexes” 

in regulating polarized endocytic sorting and transport.

Endocytic transport and cell polarity

The role of endosomes in establishment and maintenance of epithelial cell polarity

Epithelial cells are structurally and functionally polarized to transport specific molecules 

selectively and unidirectionaly while maintaining trans-epithelial barrier. The selective 

transport is achieved by the partitioning of the plasma membrane into distinct domains: 

apical and basolateral. Both of these plasma membrane domains have distinct lipid 

compositions and contain specific sets of proteins that are maintained by a junctional 

complex. The apical plasma membrane is enriched in cholesterol, sphingolipids, glycolipids 

and various specific highly glycosylated proteins. In contrast, the basolateral membrane is 

enriched in E-cadherin, integrin molecules, as well as, growth factor receptors (Mostov et 

al., 2003; Nelson, 2003; Rodriguez-Boulan et al., 2004). Tight junction separate apical and 

basolateral domains and provide a diffusion barrier that prevents mixing of the apical and 

basolateral membrane components (Fig. 1A).
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Polarized endocytic transport also is an important regulator of epithelial cell polarity. 

Polarized epithelial cells have several domain specific endosomes: apical (AEE) and 

basolateral (BEE) early endosomes, as well as, a common recycling endosomes (CRE) (Fig. 

1A). In addition, most polarized epithelial cells have specialized compartment of apical 

recycling endosomes (ARE) that are involved in regulated recycling of specialized apical 

proteins (Fig. 1A). For example, regulated insertion of H+/K+-ATPase into the apical plasma 

membrane of gastric parietal cells is responsible for selective secretion of hydrochloric acid 

into the stomach lumen and is mediated by ARE (Calhoun et al., 1998; Duman et al., 1999). 

A majority of apically or basolaterally internalized proteins go to AEE or BEE from which 

they are transferred to CRE. CRE is the site where plasma membrane-destined proteins are 

selectively segregated and sorted to their final destinations (Fig. 1A). For example, 

basolateral proteins such as E-cadherin, transferrin receptor (TfR) or LDL receptor (LDL-R) 

are targeted from CRE to basolateral plasma membrane via pathway that involves AP1B 

coat protein, as well as, the exocyst complex (Gan et al., 2002; Folsch et al., 2003; Yeaman 

et al., 2004; Gravotta et al., 2007). In contrast, polymeric IgA receptor (pIgA-R) that is 

involved in basolateral-to-apical transcytosis moves from CRE to ARE compartments before 

reaching apical plasma membrane (Apodaca et al., 1994).

In addition to sorting of endocytosed proteins, newly synthesized proteins exiting trans-

Golgi Network (TGN) are sorted and delivered to either apical or basolateral plasma 

membrane. Interestingly, recent data suggest that from TGN many proteins are directed to 

endosomes before they are sorted to the apical or basolateral surfaces (Ang et al., 2004). For 

example, in Madin-Darby canine kidney (MDCK) cells E-cadherin is delivered from trans-

Golgi Network (TGN) to CRE before delivery to basolateral plasma membrane (Lock et al., 

2005; Lock and Stow, 2005). In contrast, apical proteins such as sialomucin endolyn appear 

to be targeted to ARE before they reach apical plasma membrane (Potter et al., 2006; 

Cresawn et al., 2007). These data suggest that apical and basolateral proteins are delivered to 

the plasma membrane via different classes of endosomes (Fig. 1A) (Cresawn et al., 2007). In 

addition, some apical proteins also may be delivered directly to plasma membrane in distinct 

population of apical transport carriers (Jacob and Naim, 2001; Ang et al., 2004), suggesting 

the existence of several biosynthetic pathways from TGN to apical plasma membrane. 

Consistent with that prediction, several studies have demonstrated that lipid-raft associated 

proteins (such as gp135) may be delivered from TGN directly to apical plasma membrane 

(Fig. 1A) (Guerriero et al., 2006; Delacour et al., 2007).

Endocytic transport and cytokinesis

Cytokinesis is the final stage of the cell cycle resulting in the physical separation of daughter 

cells. After replication of the genetic material, the mother cell divides by the formation of a 

furrow that constricts the cytoplasm, leaving two daughter cells connected by a thin 

cytoplasmic bridge. The resolution of this bridge, abscission, results in separation of two 

daughter cells. At least two distinct processes are required for successful cytokinesis: 

formation and contraction of an actomyosin contractile ring and delivery of membranes to 

the cleavage furrow (Fig. 1B) (O’Halloran, 2000; Scholey et al., 2003). Both these steps are 

tightly controlled and crucial for cell abscission. While the function of the actomyosin 

contractile ring in cell division is well understood, we are only beginning to understand the 
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mechanisms and function of endocytic membrane transport during cytokinesis. The 

requirement of membrane transport to the site of division has been demonstrated in many 

different organisms including Caenorhabditis elegans and Drosophila melanogaster 

embryos (Skop et al., 2001; Hickson et al., 2003; Pelissier et al., 2003; Riggs et al., 2007).

Recycling endosomes have been identified as the organelles that are targeted to the cleavage 

furrow and play a key role in cytokinesis (Skop et al., 2001; Hickson et al., 2003; Pelissier et 

al., 2003; Wilson et al., 2004; Riggs et al., 2007). A number of reports have demonstrated 

the pronounced changes in endocytic recycling during mitosis (Pypaert et al., 1991; Raucher 

and Sheetz, 1999; Boucrot and Kirchhausen, 2007). For example, during metaphase and 

anaphase, the protein and membrane recycling back to plasma membrane is dramatically 

inhibited, resulting in the accumulation of endocytic organelles, as well as, decrease in PM 

surface area. In contrast, the initiation of the furrow formation and ingression during 

telophase stimulates a rapid increase in membrane and protein recycling back to the PM, in 

particular in the area of cleavage furrow. Importantly, these dynamic changes in the rates of 

endocytic recycling and the surface area of the PM seem to be required for the successful 

completion of cytokinesis (Boucrot and Kirchhausen, 2007). Consistent with that, the 

inhibition of various endocytic recycling regulating proteins, such as Rab11 GTPase, 

dynamin, α-adaptin, syntaxin 1 and VAMP8 result in cytokinesis block (Hickson et al., 

2003; Low et al., 2003; Wilson et al., 2004).

The delivery of endocytic membranes to the furrow mediate several processes required for 

cytokinesis. First, the delivery and fusion of membranes at the tips of the furrow have been 

shown to be required to provide for the expanding plasma membrane surface. Second, the 

compound fusion of endosomes accumulated at the cleavage furrow is thought to mediate 

cell-cell separation (Fig. 1B) (Gromley et al., 2005). Third, it has been suggested that 

membrane transport to the furrow mediates the delivery of proteins and/or lipids that are 

required for abscission (for review see (Barr and Gruneberg, 2007; Prekeris and Gould, 

2008)). What proteins and/or lipids are delivered to the furrow by these endosomes, remains 

largely unknown, and may include proteins that affect sphingomyelin, phosphatidylinositol 

4,5-biphosphate (PI4,5P2) and phosphatidylethanolamine (PE) distribution at the furrow 

(Stock et al., 1999; Weber et al., 1999; Emoto and Umeda, 2000; Field et al., 2005), as well 

as, proteins regulating RhoA activation and actin cytoskeleton dynamics (Albertson et al., 

2008).

The role of endosomes in cell motility

Cell adhesion and motility are dynamic processes requiring both temporal and spatial 

coordination of many cellular structures. While actin cytoskeleton dynamics plays a major 

role during cell movement, polarized membrane transport also is an important player in 

mediating cell motility. Vectorial cell migration necessitates the extension of lamellipodia or 

filopodia in the direction of movement. The generation of lamellipodia or filopodia requires 

massive directional influx of membrane (Nabi, 1999). This membrane influx may be 

achieved via targeted delivery of the membranes to the leading edge from the Golgi 

apparatus and/or endosomes. Interestingly, endosomes are involved in several other 
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processes that require massive influx of plasma membrane, such as phagocytosis and 

cytokinesis (Cox et al., 2000; Skop et al., 2001; Wilson et al., 2004; Riggs et al., 2007).

Recent studies have shown that recycling endosomes regulate polarized recycling of various 

integrins (Roberts et al., 2001; Powelka et al., 2004). It is generally believed that 

endocytosis of the integrins at the retracting end of the moving cell and transport to the 

plasma membrane of the leading edge is part of the cellular machinery that regulates cell 

movement. Consistent with this hypothesis, it has been shown that endocytic recycling of 

α5β1 and 6β4 integrins contributes to the hypoxia-induced invasive migration of breast 

cancer cells, as well as, motility of fibroblasts (Yoon et al., 2005). Furthermore, some of 

endocytic proteins were shown to contribute to the invasiveness of breast and ovarian 

cancers (Cheng et al., 2004; Caswell and Norman, 2006).

The role of Rab11 GTPase in endocytic sorting and transport

Recently, Rab GTPases have emerged as master regulators of membrane transport. The first 

Rab GTPase, Sec4p, was cloned more then two decades ago. Since then, more than 60 Rab 

GTPases have been identified and shown to regulate distinct membrane transport pathways. 

Several Rabs were shown to regulate transport via recycling endosomes, including Rab11-

family GTPases. The Rab11 family is composed of three closely related proteins: Rab11a, 

Rab11b and Rab25. All members of Rab11 family were shown to regulate endocytic 

recycling. Multiple studies have implicated Rab11 family GTPases in regulation of 

polarized endocytic transport. Over-expression of Rab11-dominant negative mutants affect 

apical and basolateral transport in epithelial cells, as well as, integrin transport to the leading 

edge of motile cells (Casanova et al., 1999; Powelka et al., 2004). Furthermore, Rab11a and 

Rab11b were shown to mediate recycling endosome transport to the cleavage furrow during 

cytokinesis, the step that is required for abscission of dividing cells (Wilson et al., 2004; 

Riggs et al., 2007).

As all Rab GTPases, in its GTP-bound state Rab11/25 interact with several proteins, known 

as Rab11/25 effectors. Several Rab11/25 effectors have been identified to date. Rab11a was 

shown to interact with Myosin Vb molecular motor and regulate endocytic recycling 

(Lapierre et al., 2001; Hales et al., 2002; Wilson et al., 2004; Riggs et al., 2007). Rab11a 

also was shown to bind to Sec15, a subunit of the exocyst complex (Prigent et al., 2003; Wu 

et al., 2005). The exocyst complex is known to regulate the polarized vesicle targeting and 

tethering in epithelial cells, neurons and dividing cells (Murthy et al., 2003; Yeaman et al., 

2004; Fielding et al., 2005; Gromley et al., 2005). Thus, it was proposed that Sec15 binding 

to Rab11a mediates the recruitment of the exocyst complex to the endocytic carriers that 

mediate polarized protein recycling. Consistent with this hypothesis, Rab11 was shown to be 

required for the exocytic-dependent basolateral transport of E-cadherin in polarized 

epithelial cells (Lock et al., 2005; Lock and Stow, 2005). In addition to Myosin Vb and 

Sec15, Rab11/25 GTPases also were shown to bind to Rab11-family interacting proteins, 

known as Rab11-FIPs (Prekeris et al., 2000, 2001; Hales et al., 2001). Rab11-FIPs are a 

family of scaffolding proteins that play major roles in mediating endocytic recycling in a 

variety of cells. Since Rab11-FIPs form mutually exclusive complexes with Rab11, it was 

proposed that binding of Rab11 to different Rab11-FIPs work as a “targeting complexes” 
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that regulate distinct endocytic transport pathways in polarized and non-polarized cells. The 

roles of Rab11-FIPs in regulating endocytic sorting and transport are the main focus of this 

mini-review.

The role of Rab11-FIPs in endocytic sorting and transport

Work from several laboratories have identified Rab11-FIPs as Rab11/25 effector proteins, 

which serve as “target complexes” in specific endocytic transport pathways. Rab11-FIP 

family consists from five members, which bind with high affinity (~50–100 nM) to Rab11a, 

Rab11b and Rab25 GTPases (Junutula et al., 2004; Peden et al., 2004; Tarbutton et al., 

2005; Eathiraj et al., 2006) (Fig. 2). All Rab11-FIPs contain a highly conserved 20-amino 

acid motif at C-terminus of protein (Prekeris et al., 2001). This motif is known as Rab11-

binding domain (RBD), since it mediates Rab11-FIP interaction with GTP-bound form of 

Rab11/25. The crystal structures of Rab11a complexes with Rab11-FIP2 and Rab11-FIP3 

recently have been solved and show that Rab11/Rab11-FIPs form hetero-tetrameric complex 

with a parallel coiled-coil homo-dimer of α-helical RBD and two symmetric Rab11a 

molecules on both sides (Eathiraj et al., 2006; Jagoe et al., 2006; Shiba et al., 2006). 

Interestingly, Rab11-FIP binding induces an additional conformational change in GTP-

bound Rab11a (Eathiraj et al., 2006), perhaps explaining high affinity interaction between 

Rab11-FIPs and Rab11/25 GTPases. Based on these data, it has been suggested that Rab11-

FIPs are recruited to endocytic membrane through binding to active GTP-bound Rab11 and 

the cytosol exposed coiled-coil domains of FIPs may serve as a scaffolding platform for the 

recruitment of other membrane transport regulating proteins. Consistent with this 

hypothesis, several known endocytic transport regulators have been shown to specifically 

interact with various Rab11-FIPs (see below).

Based on sequence homology all Rab11-FIPs are divided into two classes (Tarbutton et al., 

2005) (Fig. 2). Class I FIPs (Rab11-FIP1/RCP, Rab11-FIP2 and Rab11-FIP5/Rip11) contain 

a C2 domain near N-terminus of protein (Prekeris et al., 2001). Recent work suggests that 

these C2 domains may interact with anionic phospholipids, specifically with PtdIn(3,4,5)P3 

and phosphatidic acid (Lindsay and McCaffrey, 2004), although the functional significance 

of these interactions remains to be elucidated. All class I Rab11-FIPs have been shown to 

localize to recycling endosomes, where they regulate recycling of various plasma membrane 

receptors, such as epidermal growth factor receptor (EGFR), α5β1 integrins, transferrin 

receptor (TfR), chemokine receptors, GLUT4, FAT/36 and LDLR (Hales et al., 2001; Cullis 

et al., 2002; Fan et al., 2004; Lindsay and McCaffrey, 2004; Peden et al., 2004). In polarized 

epithelial cells class I FIPs are enriched at the apical recycling endosomes and were shown 

to regulate apical endocytic transport of polymeric IgA receptor (pIgAR) and H+K+-ATPase 

(Prekeris et al., 2000; Hales et al., 2001).

Class II FIPs (Rab11-FIP3 and Rab11-FIP4) do not have C2 domain, but are characterized 

by the presence of two EF-hands and proline rich region at the N-terminus (Prekeris et al., 

2001). While class II Rab11-FIPs also are localized to recycling endosomes, they appear to 

play a role in regulating more specialized cell processes. Consistent with this, Rab11-FIP3 

knock-down had little effect on recycling kinetics of TfR (Inoue et al., 2008). Instead, 

Rab11-FIP3 was shown to regulate recycling endosome targeting to the cleavage furrow 
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during mitotic cell division, the step that is required for the successful completion of 

cytokinesis (Hickson et al., 2003; Horgan et al., 2004; Wilson et al., 2004; Fielding et al., 

2005; Simon et al., 2008). In the following sections, we will discuss the recent research 

progress in understanding the roles and mechanisms of each member of Rab11-FIP protein 

complex.

Rab11-FIP1/RCP

Rab11-FIP1/RCP originally was isolated from yeast two-hybrid screen as a putative dual 

Rab4 and Rab11-interacting protein and named Rab coupling protein (RCP) (Lindsay et al., 

2002). Later it was shown that RCP is a splice-isoform of Rab11-FIP1, which was earlier 

identified as Rab11-binding protein belonging to Rab11-FIPs (Hales et al., 2001). 

Importantly, binding analysis using several in vitro binding assays demonstrated that Rab11-

FIP1/RCP binds to Rab4 with very low affinity (>30 μM) as compared to Rab11 binding 

(~50 nM) (Peden et al., 2004). Rab4 and Rab11 seem to bind to an overlapping site, since 

Rab11 very effectively competed with Rab4 for binding to Rab11-FIP1/RCP (Peden et al., 

2004). Finally, while in vivo studies have confirmed that Rab11-FIP1/RCP binds to Rab11 

and is required for Rab11-dependent endocytic recycling (Peden et al., 2004; Caswell et al., 

2008), no in vivo evidence is consistent with Rab11-FIP1/RCP binding to Rab4 (Peden et 

al., 2004). Thus, it is not likely that Rab11-FIP1/RCP function as Rab11 and Rab4 coupling 

proteins. Instead, similarly to other Rab11-FIPs, Rab11-FIP1/RCP probably functions as a 

scaffolding protein that is recruited to recycling endosomes by binding to Rab11 GTPase.

Rab11-FIP1/RCP is known to mediate the recycling of several plasma membrane receptors. 

It was shown that the knock-down of Rab11-FIP1/RCP inhibits the sorting of TfR, as well 

as, β1 integrin to recycling pathways, resulting in increased degradation of these proteins 

(Peden et al., 2004) and unpublished data). Consistent with that, recent studies have 

demonstrated that Rab11-FIP1/RCP is required for α5β1 integrin recycling (Caswell et al., 

2008). As a result, the inhibition of Rab11-FIP1/RCP by over-expression of dominant-

negative mutant decreased the motility of cells on two-dimensional substrates, as well as, 

fibronectin-dependent migration of cells into three-dimensional matrices (Caswell et al., 

2008). Rab11-FIP1/RCP also was shown to mediate protein recycling from phagosomes 

(Damiani et al., 2004). Finally, Rab11-FIP1/RCP was implicated endocytic transport of 

Langerin, thus regulating biogenesis of its characteristic organelles, known as Birbeck 

granules (Uzan-Gafsou et al., 2007). As other Rab11-FIPs, Rab11-FIP1/RCP probably acts 

as scaffolding factor that recruits other regulatory proteins to recycling endosomes. These 

factors are assumed to regulate the Rab11-FIP1/RCP-dependent sorting and/or transport of 

various proteins within endocytic recycling pathway. However, the proteins that bind 

directly to Rab11-FIP1/RCP and are required for endocytic recycling have not been 

identified.

Rab11-FIP2

Rab11-FIP2 is probably the best-studied member of class I Rab11-FIPs. Rab11-FIP2 was 

originally identified as Rab11 and Myosin Vb-binding protein (Hales et al., 2001, 2002; 

Prekeris et al., 2001). Importantly, Rab11 also directly binds to Myosin Vb (Lapierre et al., 

2001). While the biochemical properties of Rab11-FIP2 and Myosin Vb interactions remain 
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to be fully characterized, multiple studies have shown that the formation of Rab11/Rab11-

FIP2/Myoins Vb complex plays an important role in mediating endocytic recycling. Over-

expression of Myosin Vb or Rab11-FIP2 dominant-negative mutant results in a collapse of 

recycling endosomes around microtubule organizing center, resulting in the inhibition of the 

recycling of several plasma membrane receptors, such as transferrin receptor, epidermal 

growth factor receptor and chemokine receptor CXCR2 (Cullis et al., 2002; Hales et al., 

2002; Fan et al., 2003, 2004; Naslavsky et al., 2006).

Rab11-FIP2 and Myosin Vb also were shown to regulate polarized endocytic transport. 

Rab11-FIP2 is highly enriched at the apical recycling endosomes and is required for 

transcytosis of polymeric IgA receptor, as well as, apical transport of aquaporin 2 water 

channels (Ducharme et al., 2007; Nedvetsky et al., 2007). The involvement of Rab11-FIP2 

in apical transport appears to depend on its ability to interact with myosin Vb, since over-

expression of myosin Vb tail domain, that acts as dominant-negative mutant, also inhibits 

polymeric IgA receptor and aquaporin 2 transport and affects the localization of apical 

recycling endosomes (Ducharme et al., 2007; Nedvetsky et al., 2007). Interestingly, Rab11-

FIP2 and Myosin Vb protein complex also regulates AMPA receptor transport and targeting 

to the dendritic spines in neurons (Wang et al., 2008), suggesting that Rab11-FIP2 role is not 

limited to polarized transport in epithelial cells.

In addition to Myosin Vb, Rab11-FIP2 also was shown to interact with several Eps15 

homology domain (EHD)-containing proteins, such as Reps1, EHD1 and EHD3 (Cullis et 

al., 2002; Naslavsky et al., 2006). EHD protein binding has been mapped to three NPF 

motifs situated at the middle region of Rab11-FIP2 (Cullis et al., 2002; Naslavsky et al., 

2006). All mammalian EHD proteins are characterized by an N-terminal nucleotide binding 

domain and C-terminal EHD domain (Pohl et al., 2000). Studies from several laboratories 

have implicated EHD1 and EHD3 in the endocytic sorting of and recycling of plasma 

membrane proteins (Caplan et al., 2002; Rapaport et al., 2006; Gokool et al., 2007; Jovic et 

al., 2007; Naslavsky et al., 2007). While the mechanism of EHD1 and EHD3 action remains 

unclear, it was suggested that EHD1/3 can oligomerize, thus creating the “sorting 

subdomains” in early and recycling endosomes. The binding of EHD1/3 to Rab11-FIP2 may 

facilitate Rab11-FIP2 recruitment to these “sorting subdomains” during the generation of 

endocytic carriers.

Rab11-FIP5/Rip11

Rab11-FIP5/Rip11 is a founding member of Rab11-FIPs (Prekeris et al., 2000). Rab11-

FIP5/Rip11 was first identified as putative SS-A/Ro auto-antigen interacting 75KD 

phosphoprotein (pp75) in the sera of systemic lupus erythematosus patients (Wang et al., 

1999). Later, however, it was shown that Rab11-FIP5/Rip11 is actually a Rab11-interacting 

protein that is localized to apical recycling endosomes (ARE) in polarized epithelial cells 

(Prekeris et al., 2000). Over-expression of Rab11-FIP5/Rip11 dominant-negative mutant 

inhibits apical transcytosis of polymeric IgA receptor while having no effect on basolateral 

TfR recycling (Prekeris et al., 2000), suggesting that Rab11-FIP5/Rip11 regulates Rab11-

dependent apical endocytic protein transport. In non-polarized cells Rab11-FIP5/Rip11 also 

was shown to regulate protein sorting and transport from “fast/constitutive” recycling 
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pathway to “slow/regulated” recycling pathway (Schonteich et al., 2008). Consistent with 

that data, Rab11-FIP5/Rip11 was shown to regulate insulin-stimulated GLUT4 transport to 

plasma membrane in adipocytes (Welsh et al., 2007).

The mechanisms of Rab11-FIP5/Rip11-dependent protein sorting and transport remain to be 

fully understood. Like other Rab11-FIPs, Rab11-FIP5/Rip11 appears to act as a scaffolding 

factor, which mediates the recruitment of other membrane transport regulating proteins to 

recycling endosomes. Recent studies have shown that Rab11-FIP5/Rip11 directly binds to 

Kif3A/B subunits of Kinesin II molecular motor (Schonteich et al., 2008). Interestingly, 

Kinesin II is known to be required for growth and maintenance of apical primary cilia in 

epithelial cells. Thus, it was suggested that Kinesin II and Rab11-FIP5/Rip11 binding may 

be required for endocytic apical transport (Schonteich et al., 2008). Rab11-FIP5/Rip11 also 

was shown to interact with Rab GTPase-activating protein-AS160 (Welsh et al., 2007). 

Since AS160 is required for insulin-stimulated glucose uptake in adipocytes, Rab11-FIP5/

Rip11 may be required for targeting AS160 to GLUT4 vesicles (Welsh et al., 2007).

Rab11-FIP3 and Rab11-FIP4

Rab11-FIP3 and Rab11-FIP4 belong to a class II Rab11-FIP family of proteins that are 

characterized by the presence of EF-hands and Rab11-Binding Motif (RBD) at the C-

terminus of protein (Prekeris et al., 2001). While class I Rab11-FIPs have been implicated in 

regulation of endocytic protein sorting and recycling, class II Rab11-FIPs appear to have a 

more specialized roles. In mammalian cells Rab11-FIP3 was shown to regulate the targeting 

of recycling endosomes to the cleavage furrow, the process that is required for successful 

completion of cytokinesis (Hickson et al., 2003; Horgan et al., 2004; Wilson et al., 2004; 

Fielding et al., 2005; Simon et al., 2008). Indeed, the knock-down of Rab11-FIP3 by siRNA 

inhibits late cytokinesis, thus resulting in number of bi-nucleate and multi-nucleate cells 

(Wilson et al., 2004). Similarly, nuclear fallout protein (Nuf), a Drosophila homologue of 

Rab11-FIP3, was shown to regulate endosomal transport and actin polymerization during 

cellularization of Drosophila embryos (Hickson et al., 2003).

Recent studies have shown that the targeting of Rab11-FIP3-containing recycling 

endosomes to the cleavage furrow is dependent on Rab11-FIP3 binding to Cyk-4 protein 

(Simon et al., 2008). Cyk-4 is a member of a centralspindlin complex that accumulates at the 

midzone of dividing cells (Yuce et al., 2005). Cyk-4 works by recruiting RhoA GEF 

(guanine-nucleotide-exchange factor) ECT2 to the midzone (Yuce et al., 2005). 

Interestingly, both, ECT2 and Rab11-FIP3 compete for binding to Cyk-4, suggesting that 

ECT2 may regulate Rab11-FIP3 association with centralspindlin complex (Simon et al., 

2008). It was proposed that during anaphase and early telophase Rab11-FIP3-containing 

endosomes cannot accumulate at the midzone because Cyk-4 is bound to ECT2. At late 

telophase, ECT2 dissociates from Cyk-4, the step that at least in part is controlled by the 

sequestration of ECT2 at the newly formed nucleus (Chalamalasetty et al., 2006). Removal 

of ECT2 allows the binding of Rab11-FIP3 to the centralspindlin complex, leading to 

accumulation of endosomes at the midbody (Simon et al., 2008). The tethering of Rab11-

FIP3-endosomes to the midbody is further enhanced by Rab11-FIP3 interactions with 
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Exocyst complex (via binding to Arf6 and Rab11 GTPases) (Prigent et al., 2003; Zhang et 

al., 2004; Fielding et al., 2005; Schonteich et al., 2007).

The role of Rab11-FIP3 during interphase remains to be determined. Several studies have 

shown that Rab11-FIP3 associates with perinuclear recycling endosomes (Wilson et al., 

2004; Horgan et al., 2007; Inoue et al., 2008). Furthermore, the knock-down of Rab11-FIP3 

was shown to affect the localization of recycling endosomes by causing their dispersion to 

the periphery of the cell (Horgan et al., 2007; Inoue et al., 2008). Since the knock-down of 

ASAP1 was shown to cause the dispersion of recycling endosomes, it was suggested that 

Rab11-FIP3 binding to ASAP1, and stimulation of ASAP1 Arf1 GAP activity may regulate 

the perinuclear location of recycling endosomes (Inoue et al., 2008). Surprisingly, while 

FIP3 knock-down affected the localization of recycling endosomes, it had no effect on the 

kinetics of the protein recycling via recycling endosomes (Horgan et al., 2007; Inoue et al., 

2008). Thus, further studies will be needed to understand the role of Rab11-FIP3 in 

regulating the function of recycling endosomes during interphase.

While recent studies have identified several cellular pathways that are regulated by Rab11-

FIP3, the role of Rab11-FIP4 remains to be determined. Similarly to Rab11-FIP3, Rab11-

FIP4 binds to Arf6 and Rab11 GTPases, as well as, Cyk-4 (Fielding et al., 2005; Simon et 

al., 2008). Since Rab11-FIP4 is highly enriched in neurons and testes, it is possible that it 

may play a role in regulation of specialized forms of cell divisions or neuronal polarization.

Outlook and future perspectives

Rab11-FIPs have emerged as key regulators of polarized and non-polarized enocytic sorting 

and transport. Since Rab11-FIPs form mutually exclusive complexes with Rab11/25 

GTPases it is likely that binding between Rab11/25 and various Rab11-FIPs form a 

pathway-specific “targeting complex” that mediate distinct endocytic transport steps. What 

remains unclear is what mechanisms regulate interaction between Rab11/25 and Rab11-

FIPs. Most cells express several Rab11-FIP isoforms, thus one would expect that the ability 

of Rab11/25 to interact with distinct Rab11-FIPs is tightly regulated. Consistent with that, 

Rab11-FIP2 and Rab-FIP5/Rip11 were shown to be phosphorylated, although the functional 

significance of their phosphorylation remains unclear (Ducharme et al., 2007). Alternatively, 

secondary messengers, such as calcium could also play role in regulating Rab11-FIP 

function, especially since class II Rab11-FIPs are known to have EF-hand motifs (Prekeris 

et al., 2001). Thus, identification of the machinery that regulates Rab11-FIP binding to 

Rab11/25 and other interacting proteins will be important in understanding the dynamics 

and regulation of various endocytic transport pathways.

Multiple studies have indicated that Rab11-FIPs act as scaffolding proteins that are recruited 

to the endocytic membranes by high affinity binding to Rab11/25 GTPases. Recent work has 

identified several membrane transport proteins that interact with Rab11-FIP2, Rab11-FIP5/

Rip11 and Rab11-FIP3. However, it remains to be determined what factors are recruited by 

Rab11-FIP1/RCP and Rab11-FIP4. Thus, the identification of the proteins that interact with 

distinct Rab11 and Rab11-FIP complexes will be fundamental to deciphering the 

mechanisms that regulate Rab11-dependent endocytic transport.
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Fig. 1. 
The models of polarized endocytic transport. A. Schematic representation of apical and 

basolateral endocytic protein transport in polarized epithelial cells. IgA-R, endolyn, gp135, 

TfR and E-Cadherin represent cargo proteins that are targeted to different plasma membrane 

domains of polarized cell. B. Schematic representation of recycling endosome transport 

during late telophase of mitotic cells.
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Fig. 2. 
Rab11 family interacting proteins. Schematic representation of proteins belonging to Rab11 

family interacting proteins (Rab11-FIPs). Rab11-BD stands for Rab11-binding domain. 

Arf6-BD stands for Arf6-binding domain. Cyk4-BD stands for Cyk4-binding domain.
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