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ABSTRACT 

Integrity of the epithelial barrier is determined by apical junctional complexes which also 

participate in the signalling pathways inducing intestinal cell differentiation. Lipid rafts (LR) 

have been proposed to play a role in the organization and the function of these intercellular 

complexes. This study investigated potential mechanisms by which LR could participate in 

the establishment of adherens junctions (AJ) and the initiation of enterocytic differentiation.  

We showed that the differentiation of epithelial cells in rat colons correlates with the 

emergence of LR. Using HT-29 cells we demonstrated that during the differentiation process, 

LR are required for the recruitment and the association of p120ctn to E-cadherin. Silencing of 

flotillin-1, a LR component, alters the recruitment of AJ proteins in LR and delays the 

expression of differentiation markers. Furthermore, the ability of p120ctn/E-cadherin 

complexes to support cell differentiation is altered in HT-29 Rac1N17 cells. These results 

show a contributory role of LR in the enterocytic differentiation process, which serve as 

signalling platforms for Rac1-mediated organization of AJ. A better understanding of the 

mechanism involved in the establishment of junctional complex and their role in enterocytic 

differentiation provides new insights into the regulation of intestinal homeostasis. 

 

 

Keywords: Rac1, adherens junctions; lipid rafts; flotillin; intestinal cell differentiation. 
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Introduction  

 The digestive and protective functions of the intestinal mucosa depend on constant 

renewal and differentiation of the epithelium which forms a barrier of polarized cells joined 

by a complex set of cell-cell junctions. Adhesive interactions between cells are key 

determinants of normal tissue organisation during development and restitution but also in 

diseases. Increased permeability of the intestinal epithelium is responsible for the 

physiopathology of a variety of gastrointestinal disorders [1]. Cadherins are transmembrane 

adhesion receptors that mediate calcium-dependent cell-cell adhesion within adherens 

junctions (AJ) through homodimerization of their extracellular domains [2]. Catenins, the 

proteins  interacting with the cytoplasmic domain of cadherin,  couple cadherin either directly 

or indirectly to the cortical cytoskeleton [3]. Cadherin clustering and the anchorage to the 

cortical cytoskeleton transform the weak adhesive bonds into a mature AJ. This dynamic 

equilibrium is important for tissue morphogenesis or wound healing, when epithelial cells 

need to become motile [4].  

Adhesion complexes are also preferential sites for signal transduction controlling the 

cell state, proliferation and differentiation [5-7] . Several mechanisms have been implicated in 

the regulation of cadherin-mediated adhesiveness including association of their cytoplasmic 

domain with catenins, the phosphorylation status of catenin/cadherin complexes and 

clustering of cadherins at the cell membrane (reviewed in [2]). Accumulating evidences 

indicate a role for p120ctn in the regulation of cell adhesiveness in epithelial cells, by 

regulating cadherin stability and turnover (reviewed in [8]). We and others have shown that E-

cadherin binding to p120ctn at the plasma membrane ensures local strengthening and 

maturation of AJ [9-11]. Overexpression studies demonstrated that cytoplasmic proteins, such 

as the Rho family small GTPases, are another partners by which p120ctn might regulate 

cadherin-dependent adhesion (reviewed in [12]). Rho GTPases are well known for their 
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pleiotropic activities on the actin cytoskeleton, vesicular trafficking, protein phosphorylation 

and gene transcription[13]. Members of these GTP-binding proteins have also emerged as key 

mediators of cadherin functions (reviewd by [14, 15]). Nevertheless, the involvement of each 

Rho GTPases in cell-cell adhesion differs, depending on the cellular context and the 

maturation status of the junction [16-18].  It was proposed that p120ctn, a member of the 

Armadillo repeat family of catenins, could act by differentially recruiting and activating small 

GTPases at the site of cell-cell adherens but the timing and the way these proteins are co-

recruited is still unclear.   

In epithelial cells, assembly of adhesion complexes occurs at the plasma membrane, 

where individual proteins and lipids are known to be restricted to apical and basolateral 

domains. Specialized subdomains that are highly enriched in cholesterol and sphingolipids, 

referred to lipid raft (LR) microdomains are involved in the biogenesis of apical membrane 

(reviewed by [19]). LR are also enriched in key signalling molecules suggesting that they 

could function as organizing centers for signalling [20, 21]. Indeed, these microdomains have 

been proposed to play a role in the spatial organization and function of tight junctions [22], 

and later, in the regulation of N-cadherin function [23]. The physiological context of intestinal 

epithelium which is in constant renewal, may place constraints on how LR can be organized 

and therefore, on how they participate in AJ mediated–cell differentiation. The flotillin 

protein family consists of two ubiquitously expressed isoforms, flotillin-1 and flotillin-2, that 

are evolutionary highly conserved. They have been linked to many cellular events and in 

particular, cellular traffic [24-26]. While they have been described to be expressed in LR, the 

subcellular localization of flotillins is highly dynamic: flotillins externalize from intracellular 

compartments to the plasma membrane during the process of cellular differentiation [27] and 

their traffic is down-regulated upon establishment of cell-cell contact or cytoskeleton 

disruption, suggesting a role for flotillin in the regulation of AJ assembly and/or maturation 
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[28]. Here we show that E-cadherin and p120ctn interact preferentially in LR at the site of 

cell-cell contacts and that the disruption of LR impairs the formation of this complex. Using 

shRNA or dominant negative form of Rac1, we show that flotillin-1 as well as Rac1 activity 

are both necessary for the recruitment of p120ctn and the formation of E-cadherin-p120ctn 

complexes in LR. This signaling pathway is required for the enterocytic differentiation of HT-

29 cells. Our results unravel the complex relationship between p120ctn, Rho-GTPases and 

cadherin, and identify a new function for flotillin-1 in LR-mediated maturation of AJ and 

intestinal cell differentiation. 

 

Materials and methods 

 

Cell culture and animals 

The human colon adenocarcinoma HT-29 cell line was used as an in vitro model of intestinal 

epithelial cells. They were routinely cultured at 37°C in a 5% CO2 atmosphere in Dulbecco 

Minimal Essential Medium (DMEM) containing 25 mM glucose (Invitrogen, Cergy Pontoise, 

France) and supplemented with 10% foetal calf serum, penicillin and streptomycin (standard 

medium). The medium was changed every day to avoid glucose exhaustion, which leads to 

differentiation. The differentiation of HT-29 cells was initiated by replacing the standard 

medium for glucose free DMEM supplemented with 10% dialyzed foetal calf serum, 5 mM 

galactose, 15 mM HEPES, penicillin, and streptomycin. This medium (Gal-medium or 

differentiating medium) was changed every day. Male Spague Dawley rats, 250-300g, were 

purchased from Charles River France and housed in a temperature-controlled environment for 

1 week. They were sacrificed in agreement with local ethic committee policies, by 40mg/kg 

IP injection of pentobarbital and submitted to 200mL intra-cardiac perfusion of NaCl 0,9%.  
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Antibodies and reagents 

Anti-villin was kindly provided by Dr. Louvard (Institute Curie, Paris, France). Anti-human E-

cadherin monoclonal antibody (HECD1) was purchased from Takara Biochemicals (Shiga, 

Japan). Anti-Rac1 monoclonal antibody was obtained from Upstate Biotechnology. 

Monoclonal antibodies against flotillin-1, p120ctn (clone 98), green fluorescent protein (GFP) 

and p27Kip1 (clone 57) were purchased from BD Biosciences (Pont de Claix, France). Rabbit 

polyclonal anti-p120ctn and anti-RhoA were from Santa Cruz Biotechnology (Tebu-Bio, Le 

Perray en Yvelines, France). Polyclonal antibody against actin, Fluorescein IsoThioCyanate 

conjugated Cholera Toxin B subunit (FITC-CTx) and methyl-β cyclo dextrin were purchased 

from Sigma-Aldrich (L’isle d’Abeau, France).Goat anti-IgG2a, (Immunotech, Marseille, 

France) was used as control in immunoprecipitation experiments. Secondary antibodies used 

were antibodies coupled to Alexa 546 (Molecular Probes, Eugene, Origan, USA) and to 

Horseradish peroxidase (Biorad, Hercules, CA). Phosphatase and protease inhibitor cocktails, 

and amphotericin B were purchased from Calbiochem (Montluçon, France) and cholesterol 

oxidase was from Roche (Meylan, Fance). 

 

Retrovirus production and infection 

shRNA oligonucleotides targeting GFP, human p120ctn and flotillin-1 cloned into pSM2c 

vectors were purchased from Openbiosystems (Huntsville, Alabama, USA). The Rac1N17 

construct encoding the dominant-negative form of Rac1 GTPase was cloned into the pBabe 

retroviral expression vector. Amphotropic retrovirus stocks were obtained by Exgen 

(Euromedex, Souffelweyersheim, France) mediated transient transfection of the retroviral 

vector DNAs into Phoenix packaging cells. Target HT-29 cells were infected in the presence 

of 4µg/ml polybrene (Sigma-Aldrich) then cultured in medium containing 2µg/ml puromycin 



 7 

(BD Biosciences) to select virus-infected cells. Following selection, cells were pooled, 

expanded, and tested for protein expression by western blotting. 

 

Isolation of lipid rafts  

Briefly, postnuclear supernatant from 5 × 107 HT-29 cells was solubilised in 1.5 ml of buffer 

A (25 mM HEPES pH 7.4, 150 mM NaCl, 5 mM EGTA, protease inhibitors mixture) 

containing 1% Triton X100  for 1h  at 4°C. Lysates were ultracentrifuged after mixing with an 

equal volume of 80% sucrose in buffer A and laid down at the bottom of a ultracentrifuge 

tube, which was then overlaid with 6 mL of 38 % sucrose followed by 3 mL of 5% sucrose, 

all diluted in buffer A. After centrifugation at 38,000 rpm for 16 h in a SW41 rotor (Beckman 

Coulter) at 4°C, 1 mL fractions were harvested from the top. Detection of cholesterol was 

performed using the Amplex Red Cholesterol assay kit (Invitrogen) according to the 

instructions of the manufacturer. Protein concentration was determined using by the 

bicinchoninic acid assay (Pierce- Thermo Fisher Scientific, Brebières, France). 

 

Cholesterol depletion 

Three different methods were used to specifically remove cholesterol. Differentiated HT-29 

cells were washed three times in PBS and then incubated in serum-free DMEM containing 4 

mM methyl-beta-cyclodextrin (MCD) for 6 hours at 37°C or 2 unit/mL of cholesterase 

oxidase for 2 h at 37°C. Differentiating medium containing Amphotericin B (25µg/mL) was 

added every day in HT-29 cells. 

 

Co-immunoprecipitation experiments 

500 µL of gradient fractions (generally fractions n° 3 and 11) were incubated 2 hours at 4°C 

with 2 µg of IgG2a isotype coupled to protein A-Sepharose (GE Healthcare). After a 10 min 
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centrifugation at 14 000 rpm, the supernatants were incubated overnight at 4°C with 2 µg of 

antibodies raised against p120ctn or E-cadherin and immobilized on protein A-Sepharose. 

Beads were washed four times in PBS, and bound proteins were eluted from the beads by 

boiling in 20 µL of Laemmli's sample buffer. The samples were analyzed by western blot. 

 

Western-blot Analysis 

Cells were lysed and extracts processed as previously described [29]. Antibodies dilutions 

were 1:1000 for E-cadherin, p120ctn, flotillin-1, Rac1; 1:5000 for villin, and 1:250 for actin 

and p27kip1. In each experiment, actin expression was used as a loading control. 

 

Immunofluorescence microscopy 

Cells grown on glass coverslips were treated as previously described [29]. Antibodies dilutions 

were: anti-p120ctn and anti E-cadherin (1:200), anti-villin (1:500), FITC-CTx (1µg/mL) and 

1:1000 for secondary antibodies. Coverslips were permanently mounted with Mowiol 

(Calbiochem). Fluorescence photomicrographs were taken using a confocal laser scanning 

microscope (Zeiss LSM 510). 

Rats proximal colons were collected, fixed over night in PFA 4% /sucrose 3% and 

cryoprotected 12 hours in sucrose 30% until freezing in isopentane. Samples of 3 different 

rats were embedded in Tissue-Teck OCT compound cryosectioned at 30µm thickness and 

performed for immunofluorescence on Superfrost plus slides. Confocal Immunofluorescent 

sections were acquired using a Leica TCS SPE confocal microscope. 
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Rac1-GTP pull-down assays 

Levels of active Rac1 were estimated using the Rac-binding domain of p21-activated kinase 

(PAK, CRIB) as previously described [30] and adapted by [29]). GTP-bound Rac1 was 

analyzed by western blotting with anti-Rac1 antibody. Whole cell lysates were run in parallel.  

 

Enzymatic activity assays 

Cell lysate procedure was adapted from [31]. Briefly, the cells were resuspended in 5 mM 

Na2SO4, 1 mM Tris/HCl, pH 7.6,  40 µg/ml PMSF and sonicated for 30 sec at 4ºC (400 

joules/watt.sec). Then the homogenate was centrifuged for 10 min at 1060 g. The supernatant 

was collected for the enzymatic assays. Alkaline phosphatase activity was measured in 50 

mM glycine pH 10.5, 0.2 mM MgCl2, 5 mM CaCl2 and 2 mM ZnCl2 with 10 mM p-

nitrophenylphosphate disodium salt (Sigma-Aldrich) as substrate during 2 hours at 37ºC and 

stopped by the addition of 1 mole/L NaOH. The production of p-nitrophenol was estimated by 

measuring the optical density at 420 nm. Dipeptidyl dipeptidase activity was determined by 

the digestion of 3 mM GlyPro-p-nitroanilide (Sigma-Aldrich) by cell lysates for 30 minutes at 

37°C. The reaction was stopped with 1 M acetate and reaction products were measured at 420 

nm. Results are expressed as enzyme activity in international units per milligram of protein. 

All experiments were performed in triplicates. 

 

Statistical analysis 

All the experiments were performed at least three times. Values are expressed as mean ± 

standard error of the mean. 
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Results 

E-cadherin and p120ctn translocate into LR during HT-29 cell differentiation 

In epithelial cells, LR are essentially organized at the apical plasma membrane of 

differentiated cells where they serve as platforms for cell signaling and membrane trafficking. 

We previously showed that HT-29 cell differentiation results in morphological changes 

associated with modifications of intercellular junctions [11]. To test whether LR organization 

and intercellular adhesion are associated during epithelial differentiation, we performed a 

time-course analysis of LR distribution during the first ten days of HT-29 cell differentiation. 

Binding of FITC- cholera toxin (FITC-CTx), which presents a high affinity for LR-associated 

ganglioside GM1 [32], was used as a marker. Fluorescence microscopy analysis showed that 

the FITC-CTx staining evolves from diffuse at the cell cortex (day 0) to condensed 

membranous patches (day 4) which accumulate until day 10 (Figure 1A). Furthermore, 

expression levels of flotillin-1, a component of LR in intestinal cells, gradually increased 

during the first ten days of HT-29 cell differentiation (Figure 1B). FITC-CTx and flotillin-1 

labeling of rat colon cryosections, confirmed that similar LR organization occurs in vivo 

during intestinal differentiation. Indeed, the two signals were colocalized and more intense at 

the top of the crypts (upper crypt with differentiated cells) than in the bottom (lower crypt 

with undifferentiated cells) (Figure 1C). Taken together, these results indicate that LR 

emergence correlates to enterocytic differentiation. 

 

HT-29 cell differentiation is characterized by a transition from immature to mature E-

cadherin-dependent cell-cell contacts, a process linked to the recruitment of p120ctn [11, 29]. 

To determine whether LR are involved in this process, these microdomains were isolated by 

centrifugation on a sucrose gradient. Each fraction was subjected to SDS-PAGE followed by 

immunoblotting with flotillin-1 and actin antibodies (Figure 2A). Flotillin-1 and cholesterol 
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were enriched in fractions 3-5, corresponding to LR. Analysis of the gradient protein profile 

shows that only few proteins were retained in LR fractions, while overall proteins were 

localized in the high-density bottom fractions (fractions 9-12) corresponding to plasma and 

vesicular membranes (Figure 2A, grey dashed line). LR and membrane fractions were 

prepared from HT-29 cells undergoing differentiation and the expression level of E-cadherin 

and p120ctn in each fraction was analyzed by immunoblotting (Figure 2B). The quality of 

purification was assessed by the detection of flotillin-1 only in the LR fractions whatever the 

stage of cell differentiation. In undifferentiated HT-29 cells (day 0 to 4), p120ctn and E-

cadherin were found in membrane fractions, with only traces amounts in the LR fractions. 

However, as the differentiation takes place (day 6 to 10), E-cadherin and p120ctn translocate 

from membrane to LR fractions. Importance of LR in this process has been studied after their 

disruption, achieved by endocytosis, cholesterol depletion or oxidation, through the addition 

of amphoterin B, cholesterol oxidase or methyl-β-cyclodextrin, respectively [33]. Disruption 

of LR leads to a decrease in the recruitment of E-cadherin and p120ctn in these structures, and 

conversely, to their accumulation in membrane-enriched fractions (Figure 2C). This effect 

was more pronounced for p120ctn, which is a cytoplasmic protein, than for E-cadherin, a 

transmembrane protein. Surprisingly, we noticed an enhance levels of flotillin-1 in the LR of 

differentiated cells treated with LR destabilizing drugs, in particular, with amphoterin B and 

methyl-β-cyclodextrin. While these treatments change the organization of LR (data not 

shown), these structures still contain flotillin-1. Indeed, amphotericin B treatment produces 

bigger patches compared to controls which might be enriched in flotillin-1. In contrast, 

methyl-β-cyclodextrin treatment modifies the plasma membrane fluidity (and cell 

morphology) and LR are more scattered within the plasma membrane. Thus, LR domains still 

contain flotillin-1 even if their organization is affected by either intra-cytoplasmic clustering 

or diffusion in the plasma membrane. 
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The subcellular distribution of these proteins was further characterized by confocal 

microscopy analysis (Figure 2D). Both E-cadherin and p120ctn were expressed and localized 

at the cortex of undifferentiated cells (day 0) but they become concentrated in FITC-CTx 

stained LR in differentiated HT-29 cells (day 10). Z axis reconstructions showed that E-

cadherin and p120ctn association with LR preferentially occurs at the apico-basolateral cell 

junctions. Interestingly, the same colocalization was observed in the upper crypt of rat colon 

corresponding to epithelial differentiated cells (Figure 2E).  

Overall these data indicate that E-cadherin and p120ctn associate with LR during 

intestinal differentiation in vitro and in vivo, mainly at the apico-basolateral membranes where 

intercellular contacts are engaged. 

 

p120ctn binding to E-cadherin preferentially occurs in LR 

To further address the impact of AJ components recruitment in LR on intercellular 

junction assembly during HT-29 cell differentiation, we tested by co-immunoprecipitation the 

ability of p120ctn to bind E-cadherin according to its subcellular localization (Figure 3). In 

differentiated HT-29 cells, the amount of E-cadherin/p120ctn complexes increases in both LR 

and membrane (Mb) fractions (lanes IP). However, densitometric analysis of E-

cadherin/p120ctn complexes indicated that the amount of these complexes is higher in LR. 

Our results show that the maturation of AJ which occurs during HT-29 cell 

differentiation correlates with a recruitment of E-cadherin and p120ctn into LR where they 

form a complex. 

 

The recruitment of p120ctn and E-cadherin into LR are necessary for HT-29 cell 

differentiation 
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We next investigated the individual contribution of p120ctn and LR in the 

differentiation program of HT-29 cells, by silencing the expression of p120ctn and flotillin-1. 

Cells treated with p120ctn-specific shRNA (HT-29sh p120 cells) displayed a 50% reduction in 

the level of p120ctn, associated with a 30% decrease in E-cadherin expression (Figure 4A). 

This effect of p120ctn depletion on E-cadherin was already observed [34] and is specific since 

the levels of flotillin-1 and actin remained unaffected. A shRNA directed against flotillin-1 

(HT-29sh flot cells) reduced the expression of flotillin-1 by 70% with no change in p120ctn 

and E-cadherin expression. The impact of p120ctn and flotillin-1 reduction on HT-29 cells 

differentiation was then assessed by following the kinetic of intestinal differentiation marker 

during 10 days. The enzymatic activities of ALP and DPPIV are known to increase during 

intestinal cell differentiation [35]. While increasing with time of HT-29 cell differentiation, 

the activities of these two enzymes were significantly reduced in p120ctn and flotillin-1 

shRNA expressing cells when compared to controls (Figure 4B). The silencing of p120ctn 

and flotillin-1 is not total and leads to a delay in cell differentiation which was confirmed by 

immunoblotting of p27kip and villin expression (Figure 4C). As for enzymatic activities, the 

increase in p27kip and villin expression was delayed and lower in both p120ctn and flotillin-1 

depleted HT-29 cells. Flotillin-1, p120ctn and E-cadherin expression levels were used as 

control. These experiments indicate that both p120ctn and flotillin-1 are needed for HT-29 

cell differentiation program. However, we have to determine if LR act upstream of AJ 

proteins, promoting their maturation as complexes allowing differentiation signals. 

The colocalization of E-cadherin and p120ctn with LR was analyzed in differentiated 

HT-29 cells (day 10) silenced by RNAi. p120ctn and E-cadherin were recruited into LR in 

control shRNA cells (Figure 5A). Silencing of p120ctn had no effect on the formation of LR, 

still present as patches at the cell cortex. Impaired expression of p120ctn leads to a reduction 

of p120ctn as well as E-cadherin recruitment into LR (Figures 5A and 5B). On the opposite, 
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the silencing of flotillin-1 impaired the formation of LR in HT-29 cells and lead to a diffuse 

localization of E-cadherin and p120ctn. This result was confirmed by biochemical analysis of 

the distribution of p120ctn and E-cadherin in the remaining LR fractions of HT-29shflot cells 

(Figure 5B). Densitometric analyses indicate that the recruitment of E-cadherin and p120ctn 

in LR is inhibited by 50% in HT-29shp120ctn cells and by 60% and 80% respectively in HT-

29shflot cells (Figure 5C).  

Therefore, during HT-29 cell differentiation, flotillin-1 is required for LR emergence 

which thus acts upstream of AJ protein recruitment and signalling.  

 

Rac1 activation is required for E-cadherin and p120ctn recruitment into LR and 

induction of HT-29 cell differentiation 

The small GTPase Rac1 has been described to regulate AJ assembly in several 

systems [36]. We thus investigated the relationship between Rac1, LR emergence and AJ 

maturation in intestinal cell differentiation. For this purpose, we established an HT-29 cell 

line expressing a dominant negative form of Rac1 (HT-29 Rac1N17). In these cells, the Rac1 

activity is inhibited by approximately 60% and did not vary during the differentiation process 

compared to control cells (expressing pBabe vector alone) (Figure 6A).  

The kinetic of intestinal differentiation markers were compared in these two cell lines: 

ALP and DPPIV enzymatic activities were respectively delayed and diminished by 50% and 

70% in HT-29 Rac1N17 at 10 days of differentiation (Figure 6B). In this cell line, the 

increase of villin expression was also impaired and the protein was not enriched at the apical 

surface compared to control cells (Figure 6C). The presence of FITC-CTx aggregates at the 

cortex of HT-29 Rac1N17 cells suggests that LR emergence may occurs in the presence of 

reduced Rac1 activity. However, levels of flotillin-1 recruited in these LR were slightly 

reduced in HT-29 Rac1N17 cells compared to control cells (Figure 7). This observation 
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indicates that Rac1 activity is required for LR emergence. To test whether Rac1 activity has a 

role in the recruitment of AJ components in the LR, we performed p120ctn and E-cadherin 

immunostainings in differentiated HT-29 pBabe or HT-29 Rac1N17 cells.  While these two 

cell lines expressed similar level of E-cadherin and p120ctn (Figure 7A), we observed that 

p120ctn and E-cadherin do not colocalize with FITC-CTx labeling in HT-29 Rac1N17 

whereas they do in HT-29 cells (Figure 7B). Analysis of the protein profile along the sucrose 

gradient performed on HT-29 pBabe and HT-29 Rac1N17 cells differentiated for 10 days, 

showed that p120ctn and E-cadherin were present in LR (fractions 3 to 5) only in control HT-

29 cells (Figure 7C, left panel). Interestingly, the p190RhoGAP, known to interact and 

regulate AJ stability downstream of Rac1 [37], was also enriched in HT-29 cells LR fractions 

but not in HT-29 Rac1N17 cells. As down-regulation of Rac1 activity reduced flotillin-1 

expression, a process associated to p120ctn and E-cadherin recruitment in LR, we compared 

the p120ctn and E-cadherin ratios relative to flotillin-1 (Figure 7C, right panel). Histograms 

confirmed that p120ctn and E-cadherin recruitment into LR is quantitatively reduced in 

Rac1N17 by a factor 3.7 and 2.8 respectively.  

Collectively, our data demonstrate that Rac1-mediated recruitment of p120ctn and E-

cadherin in LR is involved in HT-29 cell intestinal differentiation. To further characterize the 

sequence of events that occurs during enterocytic differentiation of HT-29 cells, we compared 

the kinetic of Rac1 activity during the first 10 days of differentiation of the different sh HT-29 

cell lines by GST-pulldown assays (Figure 8). In control cells, two peaks of Rac1-GTP were 

observed at day 0 and days 4 which corresponds to the onset of differentiation marker 

expression (Figures 6B). Similar Rac1 activation was obtained with shControl cells (Figure 8, 

upper panel). As expected, a shRNA directed towards flotillin-1 reduces the activation of 

Rac1 but only during the early steps of differentiation (from 0 to 4 days of differentiation), 

Rac1 activation being stabilized to a wild-type level at 10 days of differentiation. This result 
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indicates that flotillin-1 is earlier required  to activate Rac1. Surprisingly, a shRNA targeting 

p120ctn leads to an increase in Rac-1 activity, although p120ctn have been documented as a 

Rac and Cdc-42 activator [12, 37] (Figure 8, lower panel). This discrepancy may be explained 

by the different isoforms of Rac1 (Rac1 and Rac1b) expressed in HT-29 cells [29]. At the 

beginning of differentiation, we could only observe Rac1b in HT-29 shp120ctn cells 

indicating that this isoform represent the only activated form and could compensate the lack 

of Rac1. In these cells, the reduced expression of p120ctn is effectively correlated with Rac1 

down-regulation. Interestingly Rac1 expression appears at day 6 according to the expression 

of differentiation markers. Altogether, these data suggest that Rac1 activity lies downstream 

of flotillin-1 and LR emergence.  

 

Discussion 

 Clustering of specialized proteins into LR has been described to be associated to 

several differentiation processes [38]. Our results indicate that HT-29 cell differentiation is 

associated with the emergence and clustering of LR. LR are known to organize trafficking at 

the apical brush border of enterocytes [39] and play a role in the organization of cell adhesion 

complexes at the basolateral side [40]. This work provides evidences that LR also participate 

in AJ maturation.  We demonstrate that E-cadherin and p120ctn are recruited into LR, which 

in turn favours p120ctn-binding to E-cadherin and maturation of AJ. These results are 

consistent with work on myoblasts showing that N-cadherin associates with p120ctn 

specifically in LR at the cell contacts [23]. The recruitment of cadherins in LR may account 

for their stabilization, but also allows the scaffolding of signalling molecules involved in the 

dynamic and the function of AJ. The mechanism of cadherin recruitment in LR is still unclear 

and one can wonder whether immature AJ proteins freely diffuse in the plasma membrane and 

are stopped in their diffusion in the LR, thereby resulting in local enrichment; or whether 



 17 

these immature AJ are already present in small raft domains that cluster to give rise to larger 

domains. The gradual patching of GM1 observed at the plasma membrane during HT-29 cell 

differentiation, argues for the later mechanism. Concomitantly, E-cadherin and p120ctn which 

are distributed all-around the cell membrane before differentiation become more colocalized 

with LR, suggesting that these proteins are progressively recruited in growing rafts. The 

presence of potential Cholesterol recognition/interaction Amino Acid Consensus in the C-

terminal region of p120ctn might be involved in the localization of this protein in LR [41]. 

The recruitment of adhesion molecules into LR could depend on flotillin-1. Indeed, we 

noticed an up-regulation of flotillin-1 expression during HT-29 cell differentiation which is 

probably associated with increasing confluence and to the presence of motifs for binding 

transcription factors involved in cell differentiation in the promoter region of flotillin-1 [42].  

Our results show that silencing of flotillin-1 strongly reduces the recruitment of p120ctn and 

E-cadherin in LR and delays HT-29 cell differentiation, suggesting that blocking the 

translocation of these molecules in LR alters adhesive complex functionality. The available 

data on interference with flotillin function during development of zebrafish and imaginal discs 

in Drosophilia points to an important role for flotillin in regulating formation of cell-cell 

contacts during morphogenesis [43]. Emerging evidence suggests that flotillin plays a role in 

the regulation of actin cytoskeleton organization and enhances the spreading of cells on 

extracellular matrix-coated surface in a phosphorylation dependent manner [44]. Similarly, a 

src family kinase dependent phosphorylation of flotillin [45, 46]  may also regulate the 

maturation of cell adhesion complexes and their association with the actin cytoskeleton.  

 

 Our work also pointed at a major role for Rac1 in LR-mediated intestinal 

differentiation. Consistent with previous studies demonstrating roles for Rac and Rho in 

regulating AJ assembly [47, 48], we found that an antagonism between the activities of these 
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two GTPases is necessary for E-cadherin dependent cell-cell contacts during HT-29 cell 

differentiation (supplementary data). RhoA activity is necessary for cell proliferation as it was 

observed in the intestinal crypt, while inhibition of RhoA activity occurs into differentiating 

intestinal epithelium [49, 50]. The Rho-Rac antagonism observed during AJ assembly could 

be mediated by the activation of the p190RhoGAP. Rac1 activity causes translocation of 

p190RhoGAP to AJ, where it couples to cadherin complex via p120ctn and induces a local 

inhibition of Rho [37]. In intestinal cells this interaction occurs in LR since we found that 

p190RhoGAP is recruited together with E-cadherin and p120ctn and that Rac1 is necessary 

for this step. The Rho/Rac antagonism could also be associated to flotillin-1 recruitment in 

LR: indeed, in neurons the flotillin-mediated recruitment of CAP/ponsin to focal contacts is 

crucial for the balanced activation of the Rho-GTPases [28]. During HT-29 cell 

differentiation, early Rac1 activity could favour plasma membrane protrusions and contacts 

[51, 52] and then RhoA activation could increase the actomyosin contractility locally and 

thereby concentrate cadherin dimmers [53]. Silencing of flotillin-1 altered this initial 

activation of Rac1, indicating that Rac1 activity lies downstream of flotillin-1 and LR 

emergence. The second peak of Rac1 activity correlates with E-cadherin and p120ctn 

recruitment into LR, suggesting that Rac1 activation could favour this process. This 

hypothesis was confirmed using HT-29 Rac1N17 cells, in which E-cadherin and p120ctn 

were no longer recruited in LR and failed to colocalize. At this stage, shflotillin-1 didn’t affect 

Rac1 activation probably by a compensatory mechanism between the different member of 

flotillin ‘s family. The fact that Rac1 activation correlates with LR accumulation at the site of 

AJ suggests a specific signalling of Rac1 at this stage, probably to build mature AJ and to 

fully differentiate epithelial cells. This is confirmed by the fact that HT-29 Rac1N17 cells 

show a delay in the emergence of differentiation markers. A similar mechanism has been 

proposed for cell- matrix adhesion, and is regulated by integrins [54].  



 19 

 Recent report indicates that p120ctn is essential for barrier function and intestinal 

epithelial homeostasis. P120 conditional KO in mice small intestine and colon is 

characterized by barrier defects resulting from a selective loss of adherens junctions [55]. 

Using HT-29 cells silenced for p120ctn we show that p120ctn is required for AJ-associated 

cell differentiation. In this process, p120ctn may act at different steps: 1) by stabilizing E-

cadherin at the plasma membrane and thus contributing to mature AJ able to activate specific 

intestinal transcription factors [5, 6]; 2) by coordinating Rho-GTPases activities. Our results 

indicate that Rac1 regulates p120ctn recruitment in LR where it could participate in the 

amplification of Rac1 signalisation. Indeed the delayed differentiation observed in shp120ctn 

cells is similar to the one observed in Rac1N17 cells. The residual differentiation observed in 

these two models can be attributed to the partial down-regulation of p120ctn /or Rac1 

expression and the maintenance of some Rac1 activity. 

In conclusion, the LR-dependent association of p120ctn with E-cadherin, provides 

new insight into the crucial role of p120ctn as a “positive regulator” of E-cadherin function in 

intestinal cell differentiation. Interestingly, E-cadherin and p120ctn expression has been 

shown to be down-regulated in inflammatory bowel disease [56] . Furthermore alteration of 

flotillin-1 expression is observed in TNBS-induced colitis in mice [57]. Thus, modification of 

LR structure and adherens junctions function would be associate to barrier alteration and 

inflammation. 
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Figure legends 

 
Figure 1: Early enterocytic differentiation of HT-29 cells is associated with the 
emergence of flotillin-1 LR. 
 
 (A) Middle plane confocal sections of HT-29 cells differentiated for 0, 4 or 10 days in Gal-

medium and immunostained with FITC-CTx. Bar is 20µm. (B) Western-blot showing 
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flotillin-1 expression levels in lysate from HT-29 cells differentiated for the indicated times. 

Histograms represent the densitometric ratio of flotillin-1 to actin levels (mean +/- s.e.m. of 

three independent experiments). *, p< 0,01 compared to J0 as determined by Student’s t-test. 

(C) Confocal analysis of rat colon cryosections immunostained with FITC-CTx (green) and 

flotillin-1 (red). Bar = 100 µm.  

 
 
Figure 2: AJ proteins are associated with Flotillin-1 enriched LR during HT-29 cells 
differentiation 
 
(A) Lysates from HT-29 cells differentiated for 10 days was fractionated using a sucrose 

gradient. The presence of LR was assessed by western-blot against flotillin. Curves indicate 

the concentration of cholesterol (dark full line) and protein (grey dotted line) for each fraction. 

(B) Western-blots showing the expression level of p120ctn, E-cadherin and flotillin-1 in LR 

and in membranes fractions of HT-29 cells differentiated for 10 days. Actin was used as 

loading control (C) Differentiated HT-29 cells were treated or not with LR destabilizing 

drugs: amphotericin B (AB); cholesterol oxidase (CO) and methyl-cyclodextrin (MCD). Then 

they were fractionated on a sucrose gradient before western-blot analysis. (D) HT-29 cells 

undifferentiated (day 0) or differentiated (day 10) were immunostained for E-cadherin (left 

panels) and p120ctn (right panels) together with FITC-CTx. Projection on the Z-axis is 

presented upon each picture. Bar is 20µm. (E) Immunofluorescent labeling of FITC-CTx 

(green) and E-cadherin (red, upper panel) or p120ctn (red, lower panel) demonstrating 

colocalization of these proteins (yellow) in the epithelial cells of the rat colon. Bar = 60 µm.  

 

Figure 3: E-cadherin/p120ctn interaction occurs preferentially in LR. 
 
P120ctn and E-cadherin were immunoprecipitated from equal volume of LR or membranes 

fractions of HT-29 cells differentiated for 10 days. The amount of E-cadherin/p120ctn 

complexes was then assessed by western-blot. Input: 25 µL of each fractions; Sup: 
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Supernatant of immunoprecipitation; IP: Immunoprecipitate; Control: IgG2a 

immunoprecipitation. Histograms represent the relative quantity of adherens junctions protein 

complexes. Quantification of complexes obtained in fractions 3 and 11, was determined as 

follow: values of densitometry ratio of the co-immunoprecipitated protein bands / 

immunoprecipitated protein bands.  

 
 
Figure 4:  Flotillin-1 enriched LR and p120ctn are required for intestinal cell 
differentiation. 
 
(A) Western-blots showing E-cadherin, p120ctn, flotillin-1 and actin expression levels in 

lysates from HT-29 cells stably expressing the indicated shRNA. Histograms represent the 

percentage of each protein (average of two different shRNA constructs) compared to control 

shRNA directed against GFP (mean +/- s.e.m. of three independent experiments). (B) Lysates 

from shRNA treated cells differentiated from 0 to 10 days were assayed for ALP activity or 

DPPIV activity. Data represent the mean +/- s.e.m. of three independent experiments. P value 

(compared to Sh control) are determined by Student’s t-test and correspond to:  *, P value 

<0,002 and **, P value <0,001 for ALP activity; and *, P value <0,05 and  **, P value <0,002 

for DPPIV activity. (C) The same lysates were analyzed by western-blot for the expression of 

the differentiation markers p27kip1, villin and for E-cadherin, p120ctn and flotillin-1.  

 

Figure 5: Flotillin-1 is required for the recruitment of AJ proteins in LR.  

(A) Differentiated HT-29 cells treated with shRNA were immunostained for E-cadherin (or 

p120ctn together with FITC-CTx. Bar is 10µm. (B) Lysates from differentiated HT-29 cells 

treated with shRNA were fractionated on a sucrose gradient. The levels of E-cadherin, 

p120ctn and flotillin-1 from LR and membrane fractions were assessed by western-blot. (C) 

Histograms representing the percentage of each protein into LR compared to control 
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conditions in the different sh RNA cell lines (mean +/- s.e.m. of three independent 

experiments). 

 

Figure 6:  Rac1 activity is required for enterocytic differentiation of HT-29 cells. 

(A) Rac1 activity was assessed in undifferentiated or differentiated HT-29 cells expressing 

vector alone (HT-29 pBabe cells) or pBabe Rac1N17 construction (HT-29 Rac1N17 cells). 

Histograms represent the densitometric ratio of active Rac1-GTP/ Rac1 total (mean +/- s.e.m. 

of three independent experiments). (B) Lysates from HT-29 pBabe cells and HT-29 Rac1N17 

cells differentiated from 0 to 10 days were assayed for ALP activity and DPPIV activity. Data 

represent the mean +/- s.e.m. of three independent experiments. P value (compared to HT-29 

pBabe) are determined by Student’s t-test and correspond to:  *, P value <0,05 and **, P value 

<0,015 for ALP activity; and *, P value <0,01 for DPPIV activity. (C) Villin expression was 

analyzed by western-blot in lysates of HT-29 pBabe cells and HT-29 Rac1N17 cells 

differentiated from 0 to 10 days and by confocal microscopy at 10 days.  

 

Figure 7:  Rac1 activity is correlated to E-cadherin/p120ctn complexes recruitment in 

lipid rafts. 

(A) E-cadherin, p120ctn, flotillin-1 and actin expressions were assessed by western-blot in 

lysates from HT-29 pBabe and HT-29 Rac1N17 cells differentiated from 0 to 10 days. (B) 

HT-29 cells expressing the pBabe or the pBabe Rac1N17 constructs were allowed to 

differentiate for 10 days and immunostained for E-cadherin and p120ctn together with FITC-

CTx. Bar is 20µm. (C) Lysates from differentiated HT-29 pBabe or HT-29 Rac1N17 cells 

were fractionated on a sucrose gradient. The amount of p120ctn, E-cadherin, flotillin-1 and 

p190RhoGap in each fraction was assessed by western-blot. Histograms represent the ratio of 
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p120ctn or E-cadherin on flotillin-1 in LR fractions (mean +/- s.e.m. of three independent 

experiments). 

 
Figure 8:  Rac1 activity lies downstream of flotillin-1 and LR emergence 

Rac1-GTP was precipitated by GST-PAK pulldown from lysates of control and the different 

sh HT-29 cells allowed differentiating for 10 days. The levels of active and total Rac1 were 

analyzed by western-blot. Histograms on upper panel represent the densitometric ratio of 

active Rac1-GTP/ Rac1 total (mean +/- s.e.m. of two independent experiments) determined in 

HT-29 cells, and in shControl and shFlotillin HT-29cells. All these lines expressed the both 

isoforms of Rac1. In contrast, shp120ctn expressed mainly Rac1b isoform, we thus described 

histogram representing the densitometric ratio of active Rac1-GTP/ total Rac1b (mean +/- 

s.e.m. of  two independent experiments) (lower panel). 


















