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III.1.  Late endocytic compartments are major sites of 

annexin 6           localisation in NRK fibroblasts 

and polarised WIF-B hepatoma cells 

 

 

III.1.1.  Abstract 
 

Annexin 6 is an abundant calcium- and phospholipid-binding protein whose 

intracellular distribution and function is still controversial. Using a highly specific 

antibody, we have studied the distribution of annexin 6 in NRK fibroblasts and the 

polarised hepatic cell line WIF-B by confocal microscopy. In NRK cells, annexin 6 

was almost exclusively found associated with endocytic compartments, which were 

defined by their ability to receive fluid phase marker internalised from the cell surface. 

However, extensive colocalisation of annexin 6 and the endocytic marker was only 

observed after about 45 min indicating that annexin 6 was primarily in late endocytic 

compartments or (pre)lysosomes. Consistent with this, annexin 6 was predominantly 

seen on structures that contained the lysosomal protein lgp120, although not on 

dense core lysosomes by electron microscopy. Two major populations of annexin 6-

containing structures were present in polarised WIF-B hepatocytes. One correlated to 

lgp-120-positive (pre)lysosomes and was still observed after treatment with Brefeldin 

A (BFA), while the other appeared to be partially associated with Golgi membranes 

and was BFA-sensitive. The striking association with prelysosomal compartments in 

NRK and WIF-B cells suggests that annexin 6 could play a role in fusion events in the 

late endocytic pathway, possibly by acting as tether between membranes. 

 

 

III.1.2.  Introduction 

 

Annexins are a family of widely distributed proteins which are characterised by their 

Ca2+-dependent binding to phospholipids via highly conserved ‘annexin repeats’ 

contained in their sequence (Gerke and Moss, 1997). Although annexins have been 
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implicated to play a role in a variety of biological processes, their physiological tasks 

are poorly understood (Raynal and Pollard, 1994). The common denominator of 

otherwise diverse functions suggested for the annexins is to mediate the physical 

interaction of intracellular structures, e.g. two membranes or a membranous 

compartment and the cytoskeleton, based on their amphiphatic protein structure. In 

recent years, the involvement of annexins in membrane traffic has emerged as one of 

their predominant functions (Gruenberg and Emans, 1993), (Gerke and Moss, 1997). 

A subset of annexins, including annexins 1, 2, and 6, are widely expressed in 

mammalian tissues and have been found to distribute over membranes of the 

exocytic and/or endocytic pathway in patterns specific to each annexin functions 

(Gruenberg and Emans, 1993), (Gerke and Moss, 1997).  

In contrast to the examples of annexins with, at least partially, defined roles in 

endocytic trafficking, such as annexin 1, 2 and 13 (Futter et al., 1996), (Emans et al., 

1993), (Mayorga et al., 1994), (Fiedler et al., 1995), the importance of annexin 6 in 

endocytosis has remained elusive. It has been recently suggested that annexin 6 is 

involved in the remodeling of the spectrin cytoskeleton at the cell surface during 

endocytosis and is thereby facilitating the release of clathrin-coated vesicles from the 

plasma membrane (Kamal et al., 1998), although not being instrumental in the 

budding event itself as previously hypothetised (Lin et al., 1992). This is in accord 

with the observation that annexin 6 is present on clathrin-coated vesicles isolated 

from adrenocortical tissue (Turpin et al., 1998). However, there is apparently no 

absolute requirement for annexin 6 for internalisation, since spectrin-dependent 

internalisation can be bypassed by an annexin 6- and spectrin-independent 

mechanism (Kamal et al., 1998), and internalisation in A431 cells, which do not 

express annexin 6, occurs normally (Smythe et al., 1994). The primary function and 

subcellular distribution of annexin 6 may depend on the cell type. Although 

ubiquitously expressed, the intracellular concentrations of annexin 6 and its specific 

membrane association have been reported to be developmentally (Clark et al., 1991), 

(Giambanco et al., 1993), (Fan et al., 1995) and metabolically (Inui et al., 1994), 

(Barwise and Walker, 1996), (Francia et al., 1996) regulated in some tissues. 

Moreover, the two alternative splice forms of annexin 6 may be regulated differently 
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(Kaetzel et al., 1994) and appear to have different functions (Fleet et al., 1999). 

Posttranslational modifications of annexin 6 have also been described (Dubois et al., 

1995), (Edwards and Moss, 1995). 

In many tissues, annexin 6 has been found on endocytic and/or exocytic 

compartments and at the plasma membrane by morphological and biochemical 

approaches (Gerke and Moss, 1997). We have previously shown that the highest 

concentration of annexin 6-positive endocytic membranes is in the pericanalicular 

region of hepatocytes and that there is a significant overlap between the distribution 

of annexin 6 and Rab5 (Ortega et al., 1998). Massey-Harroche et al. also found some 

annexin 6 on vesicles close to bile canaliculi (Massey-Harroche et al., 1998). These 

results implied that, in hepatocytes, annexin 6 could be a marker for a subapical early 

endosomal compartment. However, many compartments are concentrated in the 

perinuclear/subapical region of polarised cells, including the apical recycling 

compartment described in MDCK cells (Apodaca et al., 1994), (Barroso and Sztul, 

1994) and the transcytotic subapical compartment (SAC) of hepatic cells (Barr and 

Hubbard, 1993), (Barr et al., 1995), (Ihrke et al., 1998). The relationship between 

these and annexin 6-positive compartments needs further clarification. Moreover, 

subcellular fractionation of rat liver (Jackle et al., 1994), (Pol et al., 1997) and BHK 

cells (Seemann et al., 1996) showed that annexin 6 is not only a prominent 

component of early endosomes but also of late endosomes. Another hint that annexin 

6 may function in the late stages of endocytosis stems from the observation that it is 

more highly concentrated on late rather than early phagosomes isolated from 

macrophages (Desjardins et al., 1994).  

Current models discriminate between at least four endocytic entities involved in 

the formation of lysosomes that can be distinguished by electron microscopy and 

biochemical methods: early endosomes, endocytic carrier vesicles (ECVs), a 

heteromorphous prelysosomal compartment (PLC) (see (Gruenberg and Maxfield, 

1995) and (Kornfeld and Mellman, 1989) for review). By immunocytochemical means 

it is possible to further dissect the PLC into a hydrolase-poor ‘late endosomal’ and a 

hydrolase-rich ‘prelysosomal’ compartment (reviewed in (Holtzman, 1989) and 

(Courtoy, 1991)). Late endosomes so defined have relatively low concentrations of 
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lysosomal membrane proteins (e.g. lgp120) (Geuze et al., 1988), whereas 

prelysosomal membranes contain up to 50% of total lgp120 visualised by immunoEM 

(Griffiths et al., 1990). Recent results from in vivo (Bright et al., 1997) and in vitro-

studies (Mullock et al., 1998) are consistent with a model in which the protease- and 

lgp120-rich PLC originates by direct fusion between late endosomes and dense core 

lysosomes. 

Here, we have taken a morphological approach to define the major locations of 

annexin 6 in cultured non-polarised and polarised cells (NRK and WIF-B, 

respectively). The WIF-B cell line is an excellent in vitro model for polarised 

hepatocytes, in which various endocytic compartments have already been 

characterised (Cassio et al., 1991), (Ihrke et al., 1993), (Tuma et al., 1999). We have 

utilised a highly specific antibody raised to membrane-bound annexin 6 and 

antibodies to various markers of intracellular compartments in conjunction with 

pharmacological manipulation of the endocytic membrane system to systematically 

map and compare the distribution of annexin 6 in the two cell systems. Our goal has 

been to narrow the gap between previous work in hepatocytes in situ and cultured 

cells in vitro in order to provide a better baseline for functional studies. 

 
 
III.1.3.  Results 

 

Specificity of affinity-purified anti-annexin 6 antibody in NRK and WIF-B cells 

Since annexins are highly homologous, the generation of antibodies specific to 

a single annexin has often proved difficult. In this study, we have used the same 

affinity-purified polyclonal antibody to annexin 6 as for our previous ultrastructural 

work in rat hepatocytes (Ortega et al., 1998). Immunoblotting of endosomal fractions 

from rat liver (Ortega et al., 1998) or whole NRK cell lysates (Fig. 1A) demonstrated 

that this antibody specifically reacted with a narrow-spaced doublet of approx. 68 kDa 

which is characteristic for annexin 6. No crossreaction with bands in the 35 kDa 

region (typical for other annexins) could be detected, although several annexins are 

expressed in both cell types (Desjardins et al., 1994), (Pol et al., 1997), including 
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annexins 5 (Giambanco et al., 1993), a close relative of annexin 6. In WIF-B cells, it 

was necessary to concentrate annexin 6 by immunoprecipitation prior to Western 

blotting to yield a detectable signal, presumably since these cells express the protein 

at somewhat lower levels. Again, the only protein precipitated and detected by 

immunoblotting was annexin6 as judged by its molecular weight (Fig. 1B).  

 

 

 
Fig. 1. Affinity-purified pAb to annexin 6 

recognises no other annexin by immunoblotting.  

(A) Total NRK cell lysates and (B) annexin 6-

immunoprecipitates from WIF-B cell lysates 

(using the same anti-annexin 6 pAb as for 

blotting) were separated on a 10% (reducing) and 

7.5% (non-reducing) SDS-polyacrylamide gel, 

respectively, and immunoblotted with the affinity-

purified anti-annexin 6 pAb. Solid arrowheads 

indicate annexin 6 (doublet in A, single band in 

B); the open arrowhead in (B) indicates IgG from 

the immunoprecipitation. Note that the antibody 

does not recognise any bands in the 30-40 kDa 

region [i.e., at the dye front (DF) in B] indicative of 

other annexins. 

 

 

 

Localisation of annexin 6 to a prelysosomal compartment in NRK cells 

Using confocal microscopy, the localisation of annexin 6 was examined in a 

variety of cultured cell lines, including NRK, PC12, HepG2 and WIF-B cells. In all cell 

types, our antibody labelled punctate structures, which were mainly concentrated in 

the perinuclear region with some additional structures found throughout the cells and 

at the cell periphery (NRK cells shown in Fig. 2 and 3). We chose to further 

characterise the distribution of annexin 6 in NRK cells, since they abundantly express 

this protein and have been previously used for the study of annexins (Desjardins et 
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al., 1994). To test whether the perinuclear structures were in the endocytic pathway, 

we performed double immunofluorescence experiments with antibodies to proteins 

enriched in different endosomal compartments. When using a mAb to the 

(pre)lysosomal membrane protein lgp120 (GM10) in combination with the anti-

annexin 6 pAb, the observed patterns of both proteins were largely identical (Fig. 2A 

and A’), although the intensity of labelling over single structures varied to some 

extent. Most structures containing both proteins were in the perinuclear area. 

However, annexin 6 appeared to have a somewhat wider distribution compared with 

lgp120 since some structures were only annexin6-positive (arrow in Fig. 2A-A”); these 

were often more peripheral and included some relatively small structures. A minor 

population of structures was lgp120-positive and annexin 6-negative (open 

arrowhead in Fig. 2A-A”). The direct comparison of annexin 6 with late endosomal 

markers such as the M6PR by double labelling was complicated by the fact that only 

antibodies developed in the same species were available. However, there was much 

less overlap between M6PR and lgp120 than observed for annexin 6 and lgp120 

(compare Fig. 2B-B” with 2A-A”). To assess the presence of annexin 6 in early 

endosomes, we internalised fluorescently labelled transferrin for 30 min before 

fixation and staining with antibodies (Fig. 2C and C’). There was clearly some 

coincidence of the two proteins; however, structures containing annexin and 

transferrin were few compared to those containing annexin and lgp120. Essentially no 

overlap was observed between transferrin and lgp120 (data not shown). Altogether, 

these findings indicate that annexin 6 is located predominantly in late endocytic 

compartments of NRK cells, the majority of which appeared to be ‘down-stream’ from 

M6PR-positive compartments, i.e. were more prelysosomal or lysosomal in character.  
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Fig. 2. In NRK cells, annexin colocalises to a high degree with lgp120 by confocal microscopy, but little 

with M6PR or transferrin. Fixed and permeabilised cells were double-labelled with antibodies to 

annexin 6 and lgp120 (A/A’) and M6PR and lgp120 (B/B’), or with anti-annexin pAb in cells that had 

internalised FITC-transferrin (20 µg/ml) for 30 min before fixation (C/C’). Antigens in panels A and B 

(left) and A’ to C’ (middle) were visualised by FITC- and TRITC-conjugated secondary antibodies, 

respectively. Panels A” to C” (right) show the corresponding merged images. White arrowheads 

indicate structures that contain both antigens, white arrows point to (green) structures that carry only 

annexin 6 (A), M6PR (B), and open arrowheads point to (red) structures that contain only lgp120 (A’ 

and B’) or annexin 6 (C’).  
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To confirm that annexin 6 was primarily in late endocytic compartments, we 

performed uptake experiments with the fluid phase marker FITC-dextran (mol wt 

10,000) and determined the degree of colocalisation with annexin 6 over time. After a 

5 min-pulse with FITC-dextran cells were washed and chased for various lengths of 

time in the absence of the fluid phase marker. As expected, when internalised 

(chased) for very short periods of time (e.g. 5 min), most of the FITC-dextran was 

observed in peripheral endocytic structures corresponding to early endosomes (Fig. 

3A). Little annexin 6 was found in the same structures (Fig. 3A’). Although after 15 

min many dextran-containing structures had moved to a more perinuclear position, 

there was still little overlap with annexin 6 (Fig. 3B and B’). A different result was 

obtained when FITC-dextran was internalised for 45 min or longer. Now, the majority 

of structures that contained dextran, i.e. late endosomes and (pre)lysosomes, also 

contained annexin 6 (Fig. 3C and C’). Moreover, essentially all annexin 6-containing 

structures had received the fluid phase marker indicating that annexin 6 chiefly 

associates with late endosomes/(pre)lysosomes.  
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Fig. 3. Annexin 6-positive structures receive fluid-phase marker at late stages of endocytosis. 

Cells were incubated with FITC-dextran (mol wt 10,000) for 5 min and then chased in normal medium 

for 5 min (A), 15 min (B), or 45 min (C). After fixation and permeabilisation, the cells were labelled with 

anti-annexin 6 (A’, B’, and C’) followed by TRITC-conjugated secondary antibody. White arrowheads 

indicate structures that contain both dextran and annexin 6, while open arrowheads point to structures 

that contain either only dextran or annexin 6. Bar is 10 µm. 

 

 

 

Perturbation of the ‘annexin 6-compartment’ in NRK cells: effect of chloroquine, BFA 

and wortmannin 

To gain further insight into the properties of the endocytic annexin 6-positive 

compartment, we next examined the distribution of annexin 6 in double labelling 

experiments with lgp120 after perturbation of normal endocytic traffic in multiple 

ways. It has been previously shown that chloroquine, the phosphatidylinositol 3-

kinase inhibitor wortmannin, and BFA, although perturbing endosomal membrane 

organisation differently, can all be used as diagnostic drugs to differentiate between 

endosomal and lysosomal membrane systems (Brown et al., 1986), (Reaves et al., 

1996), (Wood and Brown, 1992). When NRK cells were incubated for 1 hr with 40 µM 

chloroquine, annexin 6 and lgp120 were found together in large vacuolar structures 

(Fig. 4A-A”) with the number of labelled structures being reduced compared to 

controls. While the extent of colocalisation between annexin 6 and lgp120 appeared 

to be even higher than under control conditions, the M6PR was found in small and 

large punctate structures distinct from the lgp120-containing compartment with few 

exceptions (Fig. 4B-B”).  
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Fig. 4. Annexin 6 and M6PR localise to different compartments after chloroquine treatment of NRK 

cells. Cells were incubated with 40 µM chloroquine for 1 hr, then fixed, permeabilised and double-

labelled with antibodies to annexin 6 and lgp120 (A/A’) or M6PR and lgp120 (B/B’). Panels A” and B” 

show the corresponding merged images. Bar is 10 µm. 

 

 

This general finding, codistribution of annexin 6 with lgp120 and separation of M6PR 

from lgp120, was confirmed when NRK cells were treated with wortmannin or BFA 

(Fig. 5). Wortmannin (1 µM for 1 hr) induced swollen lgp120-positive vacuoles (Fig. 

5A’), whereas exposure to BFA (5 µg/ml for 1 hr) caused extensive tubulation of the 

lgp120-containing compartment (Fig. 5B’), as previously described ((Reaves et al., 

1996) and (Lippincott-Schwartz et al., 1991), respectively). In both cases, annexin 6 

was found on the same structures as lgp120 (Fig. 5A and B) while M6PR was not 

(data not shown). These results give further evidence that, in NRK cells, annexin 6 

was preferentially associated with (pre)lysosomes rather than with any endosomes 

earlier in the lysosomal pathway, including M6PR-containing late endosomes. 
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Fig. 5. Annexin 6 and lgp120 colocalise after treatment with BFA or wortmannin in NRK cells. Cells 

were incubated with 1 µM wortmannin (A/A’) or 5 µg/ml BFA (B/B’) for 1 hr, then fixed, permeabilised 

and double-labelled with antibodies to annexin 6 (A and B) and lgp120 (A’ and B’). White arrowheads 

in (A/A’) point to one of the swollen vacuoles which are both annexin 6- and lgp120-positive; rarely the 

swollen vacuoles contained only annexin 6 (open arrowheads). Bar is 10 µm. 

 

To examine whether the association of annexin 6 with (pre)lysosomal membranes 

depended on cytoskeletal components, we analysed its localisation after disruption of 

actin filaments (using cytochalasin D or latrunculin A) or microtubules (using 

nocodazole). The degree of colocalisation between lgp120 and annexin 6 was 

unchanged in both cases, although nocodazole treatment caused an altered 

intracellular distribution of labelled structures, which appeared to form large unevenly 

chaped clusters (data not shown). 

 

Colocalisation of annexin 6 with lgp120 at the ultrastructural level 

To analyse the intracellular distribution of annexin 6 in greater detail, NRK cells 

were processed for cryoimmuno-EM and double-labelled with anti-annexin and anti-

lgp120 antibodies (Fig. 6) followed by incubation with the appropriate gold-labelled 

secondary antibodies. The highest density of gold particles labeling annexin 6 was 
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found over vacuolar structures of heterogeneous morphology in the perinuclear 

region of the cells. The size of these structures ranged from 350 nm to 2 µm in 

diameter; however, most of them had a diameter between 500 nm and 1 µm. Their 

contents were homogenous, multivesicular, or consisted of concentric membrane 

swirls, but generally had a low electron density (Fig. 6A-C). The anti-annexin 6 

antibody decorated almost exclusively the outer limiting membrane of all labelled 

structures. The vast majority of annexin 6-positive structures also contained lgp120. 

In contrast, we only found examples of small electron dense structures (200-500 nm) 

which were decorated with the anti-lgp120 antibody alone, indicating that dense core 

lysosomes contained little if any annexin 6.  
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Fig. 6. Annexin 6 and lgp120 colocalise over large heteromorphous structures of low electron-density 

by immuno-EM. (A-C) Ultrathin cryosections of NRK cells were double-labelled with anti-annexin 6 (15 

nm-gold; black arrows in B and C) and anti-lgp120 (10 nm-gold; filled or open arrowheads in B and C, 

respectively). Note that smaller dense vacuolar structures (lysosomes; white arrow in A) were annexin 

6-negative, although often positive for lgp120 (asterisk in C). Bars are: 100 nm in (A) and 200 nm in 

(B) and (C). 

 

 

 

Thus, these results confirmed the high degree of colocalisation of annexin 6 with 

lgp120 as suggested by confocal microscopy, and furthermore showed that annexin 6 

seems to be restricted to prelysosomes or larger, less dense lysosomes. Some 

annexin 6 appeared also to be localised to other membranes including smaller 

vesicles and tubulo-vesicular structures, but the gold particle density over these 

membranes was significantly lower compared to that of (pre)lysosomal structures. 

Double immunogold labelling with anti-annexin 6 and anti-Rab5 showed some degree 

of colocalisation in peripheral structures (data not shown). 

 

 

Partial codistribution of annexin 6 with lgp120 on a Percoll density gradient 

Due to their higher density, lysosomal membranes can be relatively easily 

separated from other membranes, including M6PR-containing late endosomes, early 

endosomes, Golgi and plasma membrane, by subcellular fractionation using density 

gradient centrifugation (Griffiths et al., 1990). Therefore, we used this technique to 

verify the close association of annexin 6 with (pre)lysosomal compartments indicated 

by our morphologial data. NRK cells were homogenised and organelles fractionated 

on a 27% isopycnic Percoll gradient. The various density fractions were analysed for 

β-hexosaminidase specific activity and by immunoblotting with antibodies to annexin 

6, lgp120 and Rab5 (Fig. 7). As expected, both the β-hexosaminidase and lgp120 

distributions peaked in the dense region of the gradient with lgp120 being slightly 

shifted towards lighter densities compared to the lysosomal enzyme. The distribution 

of lgp120 even spread into the light membrane fractions where all non-lysosomal 
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membranes are expected to collect (see lgp120 "shoulder" in Fig. 7). Annexin 6 was 

also found in both dense and light fractions with a more pronounced bimodal 

distribution than lgp120. About 50% was found in the light membrane peak, i.e. the 

same fractions that contained rab 5. This analysis clearly substantiated the 

association of annexin 6 with (pre)lysosomes. However, it also indicated that on this 

type of gradient some lighter (pre)lysosomal membranes do not band together with 

the bulk of dense membranes but with the rest of intracellular membranes, making it 

difficult to determine how much annexin 6 was associated with non-lysosomal 

compartments as opposed to 'light' lgp120-containing membranes. 

 

 
Fig. 7. Annexin 6 is found in high and low density fractions after isopycnic density gradient 

centrifugation. Post-nuclear supernatants from homogenised NRK cells were fractionated on a 

continous 27% Percoll gradient; the distribution of annexin 6 (▲), lgp120 (◆ ), and Rab5 (") was 

determined by immunoblotting and that of ß-hexosaminidase (#) assaying the enzymatic activity. 

Western blots were quantified densitometrically and the results of three independent experiments were 

plotted together with the density profile (×).  

 

Two major membrane-associated pools of annexin 6 in polarised WIF-B cells 

Since the distribution of annexin 6 in cultured fibroblasts may misrepresent its 

localisation in vivo and in particular in polarised cells like hepatocytes, we extended 

our studies to the WIF-B cell line. The apical plasma membrane domains of two 
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adjacent cells together form a bile canalicular-like space (BC) and can be easily 

distinguished from basolateral domains by confocal microscopy in single optical 

sections. Many endosomal structures (e.g. recycling and late endosomes) are 

concentrated in the region between the nucleus and the apical cell surface, i.e., in 

close proximity to the Golgi apparatus (Ihrke et al., 1998). Lysosomes occupy a large 

perinuclear region mutually exclusive with the Golgi area. Using TGN38 as a marker 

for the Golgi and again lgp120 as lysosomal marker, we compared the distribution of 

annexin 6 relative to these compartments in WIF-B cells (Fig. 8A-A" and 8C-C", 

respectively). Similar to our results in NRK cells, annexin 6 colocalised in many cases 

with the lysosomal marker lgp120 indicating that a part of it was associated with 

lysosomes (white arrows in Fig. 8A-A”). Interestingly, we often found examples where 

annexin 6 did not coincide precisely with lgp120, but appeared to label only one or 

more spots along the limiting membrane of the corresponding structure. By 

comparison, M6PR did not colocalise to a significant degree with lgp120, but was 

mainly concentrated around the Golgi apparatus (Fig. 8B-B" and 8D-D", respectively). 

However, similar to M6PR in location and appearance, annexin 6 was also found on 

structures that resided close to the Golgi apparatus (Fig. 8C-C" and 8D-D", 

respectively); these structures were about equal in number and labelling intensity 

compared to the lgp120-positive structures. Occasionally, annexin 6 was seen in 

peripheral structures but at levels close to our detection limits. 
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Fig. 8. Two pools of annexin 6 are present in WIF-B cells. Fixed and permeabilised cells were double-

labelled with antibodies to the following pairs of antigens and analysed by confocal microscopy: (A/A’) 

annexin 6 and lgp120; (B/B’) annexin 6 and TGN38; (C/C’) M6PR and lgp120; and (D/D’) M6PR and 

TGN38. Antigens in panels A to D (left) and A’ to D’ (middle) were visualised by Cy3- and FITC-

conjugated secondary antibodies, respectively. Panels A” to D” (right) show the corresponding merged 

images. * mark BC; white arrowheads indicate structures that contain both antigens and open 

arrowheads structures that contain only one antigen (only annexin 6 and not lgp120 in A-A”, but either 

M6PR or lgp120 in B-B”); note that in C-C" and D-D", white arrows indicate overlap of annexin 6- or 

M6PR-positive punctate structures with tubules of the TGN/Golgi. 
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To see whether the non-lysosomal pool of annexin 6 was associated with 

endosomes, we performed dextran uptake experiments similar to the ones described 

above. As in NRK cells, there was little coincidence between the fluid phase marker 

and annexin 6 at early time points (5-15 min uptake and chase), i.e. in basolateral 

early endosomes (Fig. 9A). However, starting after ~30 min of chase and more so 

after 45 min (Fig. 9B/B’) or 90 min (Fig. 9E/E’), there was a noticable overlap between 

the two markers in the perinuclear area (white arrowheads). Nonetheless, even at the 

late time points there was a much greater coincidence between dextran and lgp120 

(Fig. 9D/D’, 45 min). Surprisingly, and different from NRK cells (data not shown), we 

detected little overlap between dextran and M6PR at all time points (Fig. 9C/C’, 45 

min), possibly indicating that in WIF-B cells the M6PR was primarily localised at the 

TGN or on transport vesicles between TGN and late endosomes. Taken together, 

these results show that a significant portion of annexin 6 was associated with 

endosomes or lysosomes. 
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Fig. 9. A subpopulation of annexin 6-positive structures receives fluid-phase marker in WIF-B cells. 

Cells were incubated with FITC-dextran (mol wt 10,000) for 5 min and then chased in normal medium 

for 0 min (A), 45 min (B, C, and D), or 90 min (E). After fixation and permeabilisation, the cells were 

labelled with antibodies to annexin 6 (A’, B’, and E’), M6PR (C’), or lgp120 (D’) followed by Cy3-

conjugated secondary antibodies. * mark BC; the arrow in A points to one of many peripheral early 

endosomes which contain no detectable amounts of annexin 6 (see arrow in A’). White arrowheads 

indicate structures that contain both dextran and annexin 6 or lgp120, while black arrows point to 

structures that contain either only dextran or only annexin 6, M6PR, or lgp120. Note that after 45 min, 

there are few if any structures visible that contain both dextran and M6PR (C/C’), but many lgp120-

positive structures that are also dextran-positive (D/D’). 
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When we examined the distribution of annexin 6 after wortmannin treatment (100 nM 

for 1 hr), we still observed a significant coincidence with lgp120 on vacuoles of 

various sizes (data not shown). Under these conditions, M6PR also coincided with 

lgp120 in some cases, but was primarily found on a separate set of vacuoles in 

proximity to the Golgi apparatus. Different from lgp120 and M6PR, which were found 

more homogeneously along the limiting membrane of vacuoles, the majority of 

annexin 6 was still visible as a cloud of puncta with a fine dotty appearance similar to 

controls (data not shown). Annexin 6 label that was not associated with 

(pre)lysosomal structures was, similar to the M6PR, located in the area of the Golgi. 

In contrast, the asialoglycoprotein receptor (ASGPR), a basolateral membrane 

protein that recycles from peripheral and juxtanuclear early endosomes (Ihrke et al., 

1998), was found in vacuoles of different sizes spread over a large area in the 

presence of BFA. Thus, it is unlikely that annexin 6 is associated with recycling 

endosomes to any large extent (data not shown). 

To further explore the relationship of annexin 6 on structures in the Golgi 

region and the Golgi apparatus themselves, we used BFA (10 µg/ml for 1 hr) as a 

mean to redistribute Golgi membranes and examine whether a similar redistribution 

was seen for annexin 6. High resolution confocal microscopy, as shown in Figure 10, 

reveals that under control conditions some of the annexin 6 puncta align on or directly 

next to Golgi tubules labelled with TGN38 (not shown) or the cis-Golgi marker 

mannosidase II (Fig. 10A and A', respectively). After BFA treatment, the 

mannosidase II-positive tubular structures had disappeared as expected (Fig. 10B'), 

presumably due to the relocation of the protein to the ER (see e.g. (Lippincott-

Schwartz et al., 1991)). The number of annexin 6-positive structures was reduced 

(Fig. 10B and C) and most of the remaining structures could be identified as 

(pre)lysosomal elements by double-labelling with lgp120 (Fig. 10C'). This suggests 

that some annexin 6 is indeed normally associated with Golgi membranes. Little if 

any codistribution of annexin 6 with TGN38 was seen, which, different from 

membrane proteins of the cis- and medial Golgi, is found in a tubular network and/or 

in dense juxtanuclear aggregations of membranes after BFA treatment (data not 

shown). A higher "background" level of annexin 6 was evident throughout the cells, 
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which may indicate that the Golgi-associated annexin 6 pool redistributed to the ER, 
or perhaps was released into the cytoplasm. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 10. A subpopulation of annexin 6-positive structures is associated with the Golgi apparatus in 

WIF-B cells. Cells were incubated in the absence (A/A') or presence (B/B' and C/C) of BFA (10 µg/ml) 

for 1 hr, then fixed, permeabilised and double-labelled for annexin 6 and mannosidase II (A/A' and 

B/B') or annexin 6 and lgp120 (C/C'). * mark BC; white arrowheads point to examples where annexin 

6-positive structures align with Golgi tubules (A/A') or overlap with lysosomal structures (C/C'); bar is 

10 µm. 

 

 
Annexin 6 is not associated with the subapical transcytotic compartment of WIF-B 

cells, but with apical early endosomes 
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Although the localisation of both lysosomes and the Golgi apparatus is shifted 

towards the apical domain in polarised cells, membranes of neither compartment are 

usually found directly underneath the apical plasma membrane. However, we 

frequently observed a minor population of annexin 6-positive structures in this 

location. The best-studied subapical compartment of WIF-B cells, the socalled "SAC", 

is part of the basolateral-to-apical transcytotic pathway (Ihrke et al., 1998). We used 

endolyn-78 as a marker since this membrane protein moves through SAC on its 

intracellular itinerary. At steady-state, endolyn-78 is primarily located in lysosomes; 

thus, SAC is best visualised when antibodies to this protein (mAb 501) are bound to 

the basolateral surface and internalised under pulse-chase conditions such that a 

wave of the antigen-antibody complexes moving through SAC can be detected (Ihrke 

et al., 1998). To maximise the signal in this compartment, we incubated WIF-B cells 

in the continuous presence of antibody for 1 hr, then fixed the cells and co-stained 

with anti-annexin 6 (Fig. 11A and A', respectively). As expected, the antibody to 

endolyn-78 labelled many punctate structures within about 2 µm of the apical 

membrane and some structures deeper in the cells towards the nucleus (Fig. 11A). 

However, annexin 6 was usually not found on the same subapical structures as 

endolyn-78.  

 A distinct set of apical endosomes can be identified by labeling with the early 

endosomal protein EEA1. This protein colocalises with rab5 on membranes 

(Callaghan et al., 1999). In WIF-B cells, although significantly colocalising with other 

early endosomal markers, such as the transferrin receptor (TfR), EEA1 is more 

predominantly seen on endosomes in the perinuclear region of WIF-B cells, including 

endosomes underneath the apical surface (G.I. unpublished data). The latter contain 

little if any TfR and presumably correspond to early endosomes derived from the 

apical plasma membrane. When we co-labelled WIF-B cells with antibodies to EEA1 

and annexin 6, we found some subapical structures that were positive for both 

proteins (Fig. 11B and B', respectively), although the majority of EEA1-positive 

structures further inside the cells did not exhibit visible annexin 6 staining.  
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Fig. 11. Some subapical annexin 6-positive structures correspond to apical early endosomes in WIF-B 

cells. (A/A') Living cells were incubated in medium containing antibodies to endolyn-78 for 1 hr to load 

the transcytotic SAC underneath the BC membrane. Cells were then fixed, permeabilised and 

incubated with the anti-annexin 6 antibody, followed by secondary antibodies (FITC, endolyn-78; Cy3, 

annexin 6). (B/B) Fixed and permeabilised cells were double-labelled with antibodies to the early 

endosomal marker EEA1 and annexin 6, followed by secondary antibodies (FITC, EEA1; Cy3, annexin 

6). Note that there is essentially no overlap between endolyn-78 and annexin 6 in the ring-like zone 

occupied by SAC (open arrows) or in structures further inside the cells (open arrowheads). However, 

some subapical structures contain both EEA1 and annexin 6 (white arrowheads). * mark BC. 

 
 
III.1.4.  Discussion 

 

In the present study, we have determined the intracellular distribution of 

annexin 6 in non-polarised NRK cells and in polarised cells of hepatic origin (WIF-B). 

By confocal microscopy, high concentrations of annexin 6 were found associated with 

late endocytic/lysosomal elements, while less label was seen in earlier compartments 

of the endocytic pathway. Four major lines of evidence indicated the predominant 

association with (pre)lysosomal compartments: 1) higher coincidence of annexin 6 

with internalised fluid phase marker after long compared to short chase times; 2) 

significant colocalisation with the lysosomal marker lgp120 and comparatively little 

with early endocytic markers; 3) stronger colocalization of annexin 6 with lgp120 than 

with the late endocytic marker M6PR after pharmacological perturbation of the 



III. Resultats 

107 

endocytic membrane system (NRK cells) and 4) little coincidence of lgp120 and 

annexin 6 on dense core lysosomes by electron microscopy. In WIF-B cells, a 

substantial amount of annexin 6 appeared to be also present in compartments of the 

secretory pathway (Golgi). However, the marked association of annexin 6 with 

prelysosomal membranes in both cell types argues for a potential function of annexin 

6 in the late endocytic pathway. Since annexin 6 has been shown to mediate the 

association of membranes in vitro (Zaks and Creutz, 1990), its role could be the 

tethering of prelysosomal membranes prior to their fusion. 

 
Annexin 6 in endocytic compartments of lysosomal character 

There has been some controversy in the literature regarding the subcellular 

localisation of annexin 6. It has been reported to be at the plasma membrane in rat 

hepatocytes (Tagoe et al., 1994), (Weinman et al., 1994) and to associate with the 

actin cytoskeleton in fibroblastic cell lines (Hosoya et al., 1992). The antibody used in 

this study was raised against membrane-bound annexin 6 (Ortega et al., 1998). Thus 

it is possible that it recognises primarily certain isoforms or conformations of annexin 

6 (Crompton et al., 1988), (Bianchi et al., 1992), (Dubois et al., 1995), (Edwards and 

Moss, 1995), (Benz et al., 1996), (Kawasaki et al., 1996) which could explain 

preferential recognition in certain subcellular localisations (e.g. membrane-

associated). However, it has been previously established by biochemical means that 

annexin 6 is a major component of rat liver endosomes (Jackle et al., 1994) and the 

majority of studies (using several different anti-annexin 6 antibodies) agrees on an 

endosomal distribution of annexin 6 in many cell types (Desjardins et al., 1994), 

(Seemann et al., 1996), (Ortega et al., 1998). 

 NRK cells and hepatoma-derived cell lines (e.g. H4S or HepG2) have 

frequently been used as prototypes to study endocytic compartments in the 

degradative pathway of mammalian cells ((Geuze et al., 1988), (Griffiths et al., 1988), 

(Griffiths et al., 1990), (Bright et al., 1997) and many others). Recent evidence 

suggests that a prelysosomal hybrid organelle is formed by direct fusion of late 

endosomes and lysosomes (Bright et al., 1997), (Mullock et al., 1998). This model 

agrees well with the hybrid character of the protease-rich PLC described earlier 
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(Holtzman, 1989), (Courtoy, 1991); (Griffiths et al., 1990), regarding its composition, 

heteromorphous morphology and buoyant density. It also emphasises that the 

protease-rich PLC or hybrid compartment is at the transition point between 

membranes with predominantly endosomal and predominantly lysosomal character, 

respectively. 

Various drugs, including chloroquine, BFA and wortmannin, seem to impair fusion 

and/or fission processes by which the endosomal and lysosomal branches of the 

degradative pathway communicate with each other (Brown et al., 1986), (Lippincott-

Schwartz et al., 1991), (Wood and Brown, 1992), (Reaves et al., 1996). Despite 

different underlying mechanisms and specific morphological effects, these drugs have 

in common that the distributions of the M6PR and lgp120 are more separated from 

each other compared to normal conditions with the former being more endosomal 

and the latter more lysosomal. 

A caveat concerning the use of the M6PR as late endosomal marker is that its 

relative distribution between TGN, late endosomes, and carrier vesicles between the 

two compartments depends on the cell type (Geuze et al., 1988), (Griffiths et al., 

1990), (Hirst et al., 1998). This might partially explain why we found significant M6PR 

label on dextran-labelled late endosomes, while this was not so in WIF-B cells. This 

discrepancy to previous results in WIF-B cells (Ihrke et al., 1998) may be due to the 

use of different antibodies to M6PR with distinct binding preferences. However, our 

histochemical data obtained in both NRK and WIF-B cells all indicate that a major 

pool of annexin 6 is found on membranes of the protease-rich PLC or hybrid 

compartment and lysosomes of various stages, but not on dense core lysosomes. 

The density profile of membranes that had annexin 6 attached was in agreement with 

the microscopic results, since annexin 6 and lgp120 peaked in the same fractions of 

the denser region of the Percoll gradient. However, approximately 50% of annexin 6 

was associated with lighter membranes, which are primarily non-lysosomal. The 

apparent discrepancy to the distribution revealed by microscopy can be explained by 

the following factors. A significant amount of annexin 6 may in fact be associated with 

relatively light prelysosomal hybrid organelles (Mullock et al., 1998) which could 

migrate in the second (light) peak as indicated by the presence of a small amount of 
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lgp120 in this part of the gradient. Moreover, annexin 6 which is presumably present 

at lower concentrations on most endocytic membranes as well as on exocytic 

membranes (Jackle et al., 1994) would be collectively detected in the second peak. 

This is consistent with our microscopic observation that annexin 6 was colocalising to 

some degree with early endosomal markers in both cell types and also with Golgi 

membranes in WIF-B cells (see below).  

 
Annexin 6 on non-lysosomal membranes in polarised WIF-B cells 

The predominantly prelysosomal pattern of annexin 6 in NRK cells by confocal 

and electron microscopy may represent an extreme in the spectrum of possible 

distributions and partially reflect the difference between (some) cultured cells and 

tissues in vivo. This view was corroborated by our finding that annexin 6 only partially 

coincided with lysosome-like compartments in hepatic WIF-B cells. Although there 

was little direct colocalisation in the Golgi area with any other marker tested, annexin 

6 label often appeared as small puncta aligning with Golgi tubules. Since this annexin 

6 pool was no longer apparent after BFA treatment, it is most likely that a significant 

amount of annexin 6 was associated with Golgi or TGN membranes themselves or 

with carrier vesicles derived from these.  

Another pool of annexin 6 appeared to be associated with apical early 

endosomes as evidenced by colabeling with EEA1 in structures close to the apical 

plasma membrane. Interestingly, we saw less overlap with basolateral early 

endosomes containing ASGPR (data not shown) or internalised dextran, indicating 

that annexin 6 might be more strongly associated with early endosomes derived from 

the apical surface. Since in wortmannin-treated cells, annexin 6 and ASGPR behaved 

very differently, we assume that the overall contribution of early endosome-

associated annexin 6 is relatively small compared to the total pool of membrane-

associated annexin 6 in WIF-B cells. However, this may be an underestimate since 

membranes with very low concentrations of annexin 6 would not be detected by 

confocal microscopy. Thus, this finding is in general agreement with earlier results 

demonstrating annexin 6 on membranes in the apical cytoplasm (Massey-Harroche et 

al., 1998). These endosomes are not identical to the previously described transcytotic 
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SAC in WIF-B cells (Ihrke et al., 1998). We did not find convincing evidence that 

annexin 6 associated with SAC, in accord with observations in rat liver in situ, where 

relatively little pIgAR was found to colocalise with annexin 6 in the subapical region 

(Ortega et al., 1998).  

Irrespective of the location within the cells, we often noticed that annexin 6 had 

a more dotty appearance compared to the integral membrane proteins used as 

markers in this study. This was especially evident in wortmannin-treated cells, where 

annexin 6 retained its fine punctate appearance as if being constrained to a 

subdomain of the vacuolar membrane it was associated with (data not shown). Such 

a localisation to discrete membrane regions of endosomes has been demonstrated 

for annexin II (Harder et al., 1997). It is tempting to speculate that such focal 

concentrations of annexins constitute putative binding sites with other membranes; 

though, whilst being consistent with this idea, our data provide no direct proof for this 

conjecture.  

 

Physiological relevance of annexin 6-binding to prelysosomal membranes 

Our main observation that annexin 6 is enriched in prelysosomal 

compartments of the endocytic pathway in NRK and WIF-B cells agrees with earlier 

studies in macrophages. Work by Desjardins et al. (Desjardins et al., 1994) and 

Diakonova et al. (Diakonova et al., 1997) suggest that, although many annexins (1-6) 

are found on phagosomes, only annexin 4 and 6 are enriched on more mature 

phagosomes that have a lysosome-like phospholipid composition. Preliminary 

experiments indicate that annexin 6 also associates with lgp120-positive autophagic 

vacuoles in the perinuclear region of NRK cells when autophagocytosis is stimulated 

in these cells by serum starvation (M.P. and C.E., unpublished data). However, the 

present study shows that the high affinity of annexin 6 to lysosome-like compartments 

is not restricted to phagosomes. Annexins 1, 2, 3, and 4 seem to preferentially 

associate with the plasma membrane or early endosomes (Gerke and Moss, 1997), 

(Diakonova et al., 1997). Although annexin 5 was found on late endosomes, it was at 

least similarly abundant at the plasma membrane and on early endosomes 
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(Diakonova et al., 1997). Thus, the only annexin which appears to be specifically 

enriched on late endocytic/prelysosomal compartments of cultured cells is annexin 6. 

 The presence of annexin 6 in most tissues and many cell lines suggests that it 

plays a ubiquitous, yet unidentified role in endosomal/lysosomal membrane traffic. 

The unique structure of annexin 6, containing two distinct lipid binding domains which 

assume a coplanar arrangement upon lipid binding (Kawasaki et al., 1996), (Benz 

and Hofmann, 1997), appears to be especially suitable to mediate the association 

and perhaps aid the fusion of two separate compartments. This hypothesis is 

supported by recent observations in regard to annexin II, which is the only other 

annexin with two lipid binding domains in the functional complex (an annexin II2-p112 

heterotetramer) (Gerke and Moss, 1997). Annexin II is reportedly competent to form 

characteristic junctions between lipid layers as well as interactions between plasma 

membrane and the actin cytoskeleton (Lambert et al., 1997). Interestingly, annexin 2 

has been implicated in homotypic fusion between early endosomes (Emans et al., 

1993), (Mayorga et al., 1994). It is an intriguing conjecture that annexin 6 may exert 

similar effects in the late steps of the endocytic pathway.  

 Because of its high concentration on prelysosomes and lysosomes, we 

suggest that annexin 6 may facilitate the continuously ongoing fusions between late 

endocytic compartments. It is imaginable that annexin 6 is a structural component of 

the filaments that have occasionally been observed between late endosomes and 

prelysosomes or lysosomes and may attach vacuoles to each other prior to a fusion 

event (Futter et al., 1996), (Bright et al., 1997). Experiments specifically designed to 

test this hypothesis, e.g. by determining the effect of exogenously expressed annexin 

6 on degradation in cultured cells or the importance of annexin 6 for in vitro fusion of 

late endosomes and lysosomes, may bring us closer to an understanding of the 

function of this annexin in the endocytic pathway. 
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III.1.5.   Resum capítol 1 

 
 
 
Late Endocytic Compartments Are Major Sites of Annexin VI 
Localization in NRK Fibroblasts and Polarized WIF-B Hepatoma 
Cells 
 
 

 

Precedents 
 
La localització de l'anx6 ha estat sempre descrita associada a fosfolípids de membrana 

però el tipus de membrana discerneix segons el tipus cel·lular que s'estudia  i l'anticòs 

utilitzat. En aquest estudi s'ha emprat un anticòs policlonal de conill contra la forma 

d'anx6 aïllada d'endosomes de fetge de rata. Concretament en la membrana 

plasmàtica l'han classificada com a proteïna estructural, unint-se per un costat a la 

membrana i per l'altre al citoesquelet. També s'ha localitzat en compartiments 

endocítics i exocítics, així com en autofagosomes tardans. El nostre laboratori va 

trobar que en els hepatòcits de rata l'anx6 colocalitzava amb un marcador 

d'endosomes primerencs (Rab5) al voltant del canalicle biliar.  

 

 

 

OBJECTIUS 
 

1.  Distribució de l'annexina 6 en les cèl·lules NRK i WIF-B 

2.   Caracterització del compartiment on es troba l'annexina 6 

3.   Aïllament de compartiments subcel·lulars enriquits en annexina 6 
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Resultats 
Mitjançant tècniques d'immunofluorescència indirecta vam poder demostrar que en 

les cèl·lules NRK l'anx6 es trobava en la regió perinuclear i col·localitza 

completament amb lgp120, una glicoproteïna resident en prelisosomes i lisosomes. 

En les cèl·lules hepàtiques polaritzades WIF-B un 50% de l'anx6 es trobava en 

compartiments lgp120 positius. Per tant l'anx6 es trobava en els últims estadis de la 

via endocítica, fet que es corroborava amb la localització amb Dextrà-FITC 

internalitzat tan sols a partir de 45 minuts. L'altre pool d'anx6 de les cèl·lules WIF-B 

es trobava de forma puntejada en el Golgi o vesícules del Golgi ja que després d'un 

tractament amb BFA, desapareixia aquest pool. 

 

Per distingir si es trobava en els endosomes tardans o lisosomes, molt a prop 

físicament,  es van tractar les cèl·lules amb cloroquina (modifica els lisosomes i 

prelisosomes) i es va fer un doble marcatge d'anx6 i un marcador d'endosomes 

tardans, el receptor de la manosa-6-fosfat. Després del tractament es veia més 

clarament que l'anx6 no es trobava en els endosomes tardans. 

 

La morfologia del compartiment intracel·lular anx6 es va estudiar per microscòpia 

electrònica, revelant unes vesícules poc electrodenses marcades per anx6 i lgp120. 

Tanmateix però, en els lisosomes madurs no es trobava l'anx6, indicant una 

localització prelisosomal. 

 

Mitjançant un gradent de Percoll vam poder disseccionar dos pools intracel·lulars 

d'anx6, el més dens dels quals corresponia als prelisosomes i el més lleuger a una 

fracció formada per endosomes primerencs, membrana plasmàtica i altres organels. 

Aquests dos pics ens posaven de manifest que l'anx6 en les cèl·lules NRK es pot 

trobar en altres membranes cel·lulars però l'anticòs utilitzat en les 

immunocitoquímiques reconeixia específicament l'anx6 que es trobava unida a 

endosomes. 
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III.2.  Evidence for the involvement of annexin 6 in 

the trafficking between the   endocytic compartment 

and lysosomes 

 

 

III.2.1.  Abstract 
 

Annexins are a family of calcium dependent-phospholipid-binding proteins, which 

have been implicated, in a variety of biological processes including membrane 

trafficking. The annexin 6/lgp120 pre-lysosomal compartment of NRK cells was 

loaded with LDL (low density lipoprotein) and then its transport from this endocytic 

compartment and its degradation in lysosomes was studied. NRK cells were 

microinjected with the mutated annexin 6 (anx61-175), to assess the possible 

involvement of annexin 6 in the transport of LDL from the pre-lysosomal 

compartment. The results indicated that microinjection of mutated annexin 6, in NRK 

cells, showed the accumulation of LDL in larger endocytic structures, denoting 

retention of LDL in the pre-lysosomal compartment. To confirm the involvement of 

annexin 6 in the trafficking and the degradation of LDL we used CHO cells 

transfected with mutated annexin 61-175. Thus, in agreement with NRK cells the 

results obtained in CHO cells demonstrated a significant inhibition of LDL degradation 

in CHO cells expressing the mutated form of annexin 6 (anx61-175). Therefore, we 

conclude that annexin 6 is involved in the trafficking events leading to LDL 

degradation.  

 

 

III.2.2.  Introduction 
 
The membrane traffic pathway from early to late endosomes has been studied in 

detail (Gruenberg and Maxfield, 1995), (Gu and Gruenberg, 1999). In contrast, the 
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events that govern the trafficking from the “late endocytic compartment” to the 

lysosome are still poorly characterised. Although most trafficking into the lysosomes 

comes from the early/sorting endosomes (Mellman, 1996), a subset of different 

intermediate entities, endocytic carrier vesicles (ECVs), hybrid organelles, late 

endosomes or pre-lysosomes, have been described morphologically and 

biochemically (Gruenberg and Maxfield, 1995), (Kornfeld and Mellman, 1989), 

(Geuze et al., 1988), (Jahraus et al., 1994), (Pons et al., 2000) and the references 

therein.  

Among the molecules that might be involved in these steps of membrane trafficking 

are the low molecular weight GTPases, the Rabs (Novick and Zerial, 1997), and the 

membrane fusion proteins of the vesicle-associated membrane protein (VAMP), 

syntaxin and synaptosomal-associated protein of the 25 kDa (SNAP-25) families and, 

the soluble N-ethylmaleimide-sensitive factor attachment protein (SNAP) receptors 

(SNAREs) (Advani et al 1999). Whereas Rab 7 and 9 (Chavrier et al., 1990), 

(Lombardi et al., 1993) are associated with late endosomes few SNAREs have been 

shown to specifically function within the endosomal pathway. Althought several 

SNAREs, including cellubrevin, VAMP8/endobrevin, syntaxin 13, and syntaxin 7, 

have been localised in endosomal membranes, their precise location, interactions 

and function remain to be clarified (see a recent review on polarised cells by Mostov 

et al. 2000) (Mostov et al., 2000); we showed that cellubrevin/VAMP-3 was present in 

the basolateral “early” endocytic compartment of hepatocytes and was involved in the 

transcytosis of pIgA (Calvo et al., 2000). Recently, VAMP-7 (TI-VAMP) (Galli et al., 

1998) was shown to mediate the vesicular transport from endosomes to lysosomes 

(Advani et al., 1999) and syntaxin 7 and VAMP 8 were reported in the late endocytic 

compartment and shown to be necessary for the fusion to lysosomes (Mullock et al., 

2000).  

However, the encounter (kiss and run) and/or the final fusion between two 

compartments (endosomes and lysosomes) (Storrie and Desjardins, 1996), (Luzio et 

al., 2000) require not only proteins of the docking and fusion machinery (Rabs and 

SNAREs) but a variety of effectors, adapters, GTP-binding proteins, Ca2+/calmodulin 

and tethering proteins (Pryor et al., 2000). We proposed that annexin 6 acts as a 
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tether between membranes at the last stage of the endocytic route (Pons et al., 

2000).  

In this study we will highlight the importance of the subcellular location of annexin 6, 

and its specific local interactions with spectrin, as a baseline to understand the 

function of annexin 6 in the “late endocytic compartment”. However, the ability of 

annexin 6 (like annexin II) to change its location according to signals which involve 

intracellular Ca2+ mobilisation, should also be considered (Babiychuk et al., 1999), 

(Babiychuk and Draeger, 2000). 

In recent years, the involvement of annexins in membrane traffic has emerged as one 

of their predominant functions (Gerke and Moss, 1997), (Gruenberg and Emans, 

1993). Annexin 6 was first reported at the plasma membrane of rat hepatocytes 

(Tagoe et al., 1994), (Weinman et al., 1994), of erythrocytes (Bandorowicz et al., 

1992) or mammary tissue (Lavialle et al., 2000) but also associated with the actin 

cytoskeleton in fibroblastic cell lines (Hosoya et al., 1992), in phagosomes of J774 

macrophages (Desjardins et al., 1994) or in structures of the endocytic compartment 

(Ortega et al., 1998), (Seemann et al., 1996), (Massey-Harroche et al., 1998)]. By 

biochemical means, we demonstrated that annexin 6 was a major component of rat 

liver endosomes (Jackle et al., 1994), (Pol et al., 1997) and we have shown the 

prominent intracellular location of annexin 6 in the peri-nuclear, pre-lysosomal 

compartment of NRK and WIF-B cells (Pons et al., 2000).  

At the plasma membrane (depending on Ca2+ mobilisation) annexin 6 may be 

involved in receptor-mediated endocytosis and perhaps in the remodelling of the 

spectrin cytoskeleton at the cell surface during endocytosis, thus facilitating the 

release of clathrin-coated vesicles from the plasma membrane. The binding of 

annexin 6 to spectrin (and to actin), mediate the action of calpain I which, in turn may 

cleave the spectrin-actin cytoskeleton allowing endocytosis, (Kamal et al., 1998). The 

fact that calpain I was located in clathrin coated vesicles (Sato et al., 1995) together 

with the finding that annexin 6 binds to spectrin (Watanabe et al., 1994) and is 

required for budding in vitro (Lin et al., 1992) indicates that a reorganization of the 

spectrin cytoskeleton might be necessary to allow the budding at the plasma 

membrane.  
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Interestingly, spectrin is also present in the membranes of Golgi (Beck et al., 1994), in 

a variety of poorly characterised intracellular vesicles (De Matteis and Morrow, 1998), 

(Stankewich et al., 1998) and in macropinosomes of NIH 3T3 cells (Xu et al., 2000). 

Supporting the role of annexin 6 at the plasma membrane, we showed the 

involvement of annexin 6 in the endocytosis and trafficking of LDL (Grewal et al., 

2000). 

Here we demonstrate that the mechanism proposed, by Kamal and co-workers 

(1998) (Kamal et al., 1998) for annexin 6 at the plasma membrane, can also operate 

in structures of the late endocytic compartment, which is the priority location of 

annexin 6 in NRK cells (Pons et al., 2000). Our results indicate that, in NRK and CHO 

cells, annexin 6 is involved in the trafficking events occurring at the endosomal 

compartment, and therefore may modulate the exit of LDL from the pre-lysosomal 

compartment and eventually its degradation in lysosomes.  

 

 

III.2.3.  Results 
 

Annexin 6 and spectrin in the prelysosomal compartment of NRK cells  
In NRK cells the structures with the highest concentrations of annexin 6 were mostly 

positive for lgp120 (Fig.1a,b,c), and devoid of M6P-R, a late endosomal marker (Pons 

et al., 2000). Furthermore, it was observed that annexin 6 also co-localises, to some 

extent, with spectrin in the peri-nuclear region of NRK cells (Fig. 1d, e, f). However, 

the spectrin observed in the peri-nuclear location, which co-localise with annexin 6, 

does not correspond to the Golgi spectrin, since annexin 6 did not overlap with the 

Golgi structures, labelled with anti-Golgi 58k antibody (Fig.1g, h, i). This indicated that 

the annexin 6-pre-lysosomal compartment also contains spectrin. 
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Figure 1. Annexin 6 co-localises with spectrin in the peri-nuclear region of NRK cells. 
Immunofluorescence analysis of annexin 6 and spectrin location in NRK cells showed in a double 

labelling immunocytochemistry. Anti-annexin 6 (a, d, g) and anti-lgp120 (b) co-localise in the peri-

nuclear region of cells (c, merge); when cells were labelled with a polyclonal anti-spectrin antibody (e) 

it can be observed that in addition of spectrin at the cell surface (arrowheads) there was intense 

labelling at different intracellular locations (arrows) some of these co-localised with annexin 6 (f, 

merge); finally, the labelling of annexin 6 (g) and the Golgi marker (anti-Golgi 58k) (h) was compared. 

Despite the staining is in the same region of the cells no significant co-localisation was observed (i, 

merge). Bar is 10 µm. 

 

 

The interaction of annexin 6 with spectrin was confirmed, in vitro, by pull-down 

experiments with GST-annexin 6 using a pre-lysosome/late endosomal fraction from 

NRK cells, and also in rat liver endosomes. Fig. 2 shows the Western blotting, with 
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anti-spectrin polyclonal antibody, after the pull-down with GST-annexin 6 (GST-

anx6wt) or GST, as control; spectrin was positively recognised in both subcellular 

fractions. 

 

 
Figure 2.  Interaction of GST-annexin 6 and spectrin. GST-annexin 6 was used to study the 

interactions of annexin 6 with other proteins in subcellular fractions of NRK cells and in an endosomal 

fraction from rat liver. A pre-lysosomal fraction, corresponding to the peak of annexin 6 and lgp120 of 

the Percoll gradients (Pons et a., 2000) or a crude endosomal fraction from rat liver were incubated 

with GST-annexin 6-Sepharose for 2 h and then bound proteins were collected and analysed by 

Western-blotting with anti-spectrin antibody. Control with GST alone shows no binding to spectrin.  

 

 

Annexin 6 is involved in the trafficking to lysosomes 
In this study two different approaches that interfere with the removal of spectrin from 

membranes were considered: overexpression of anx61-175 by microinjection of the 

pcDNA-anx61-175 into the nucleus of NRK cells (NRK cells showed very low efficiency 

of transfection) and incubation of cells with ALLN, a calpain inhibitor. Overexpression 

of anx61-175 was shown to inhibit the LDL internalisation, by clathrin-coated pits and 

inhibit the loss of spectrin in isolated membranes in vitro (Kamal et al., 1998). 

Cells were first microinjected with the pcDNAanx6wt vector or cDNA corresponding to 

the mutated anx61-175, allowed to recover for 1 hour and incubated with DiI-LDL for 1 

hour and chased overnight. This treatment provides the accumulation of DiI-LDL into 

the annexin 6 pre-lysosomal/late endocytic compartment, before the expression of 

microinjected cDNAs (see also Fig.4a, b). From this pre-lysosomal compartment we 

now investigated whether LDL is able to reach the lysosomes for degradation.  
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The distribution of DiI-LDL in cells microinjected with anx6wt, showed no difference 

with non-injected cells (vesicular structures of 200-400 nm average size in the 

Golgi/lysosome region) (Fig. 3a); however, those cells microinjected with the mutated 

anx61-175 showed vesicles with DiI-LDL, which were larger (approx. 500-700 nm) (Fig. 

3b) (70% of anx61-175 microinjected showed the enlarged LDL containing 

endosomes).  

 

 

 

 
Figure 3.  Uptake and transport of LDL in microinjected NRK cells. Representative fields of NRK 

cells co-microinjected into the nucleus with the pcDNA of annexin 6 wild type (a) or the pcDNA of the 

mutated form of annexin 6 (anx61-175) (b) and dextran-FITC. Cells were and then incubated with DiI-

LDL for 1 hour, chased overnight and 6sualised with confocal microscopy. In (a) cells overexpressing 

wild type annexin 6, (green nucleus) show no differences in the pattern of DiI-LDL internalisation. In 

(b) DiI-LDL accumulates in large endocytic structures of microinjected cells. White arrow (a,b) shows a 

non-injected cell for comparison. Bar is 10 µm.  

 

 

Immunocytochemical analysis of annexin 6 expressing the truncated form (anx61-175) 

showed a diffuse cytoplasmic staining, similar to those cells overexpressing the wild 

type (not shown). The efficiency of microinjection was 85% for the wild type (anx6 wt) 

and 71% for the mutated form (anx61-175 mutant).  
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In the second approach, the annexin 6 compartment was loaded with DiI-LDL for two 

hours, in NRK cells induced to express LDL receptors by replacing the fetal calf 

serum with human lipoprotein deficient serum as previously described (Goldstein et 

al., 1983). Then, cells were chased for 2 hours in the presence of DMSO or ALLN. 

Fig. 4 (a, b) shows the co-localisation of internalised LDL and annexin 6 and also the 

effect of ALLN on the endocytic compartment; it can be also observed an 

enlargement of endocytic structures at the peri-nuclear region after the treatment with 

the calpain inhibitor (a similar effect was observed in cells treated with chloroquine) 

(Pons et al., 2000). The enlargement of LDL-containing vesicles, after the ALLN 

treatment, may be caused by an accumulation of LDL in pre-lysosomes, with a 

concomitant inhibition of degradation in the lysosomes.  

 

 

 
Figure 4. Co-localisation of annexin 6 and internalised LDL-DiI in ALLN treated cells. Confocal 

microscopy analysis of NRK cells labelled with anti-annexin 6 (a, d) after 2 hours DiI-LDL 

internalisation in control cells (DMSO) (b) or cells treated with ALLN (e). In c and f, show the co-
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localisation. Arrows in d, e and f indicated the enlargement of annexin 6 structures containing LDL. Bar 

is 10 µm. 

 

To find out whether this enlargement of endocytic structures was attributable to an 

inhibition of LDL degradation, we repeated the experiment, detailed in Fig. 4, but now 

using 125I-LDL. Medium was collected after 2, 4, 6 and 8 hours DMSO/ALLN 

treatment and the amount of free 125I in the supernatant after TCA-precipitation was 

measured. Fig. 5 shows the inhibition of 125I-LDL degradation, at all time points, in 

cells treated with ALLN compared with control samples (DMSO). 

 

 
Figure 5.  Degradation assay in 125I-LDL NRK cells treated with ALLN. NRK cells were internalised 

with I125-LDL for 2 hours and then chased for 2, 4, 6 or 8 hours in the presence of DMSO (open bars) 

or ALLN (black bars) and the degradation of LDL was compared. A significant inhibition of degradation 

can be observed in those samples treated with ALLN. Results are from 3 independent experiments (in 

triplicates) and values did not vary more than 10%. 

 

 

Since it has been described that ALLN may also inhibit cathepsins B and L, we tested 

the effect of cathepsin inhibitor I using the same conditions. No morphological 
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changes in the pattern of labelling of the endocytic compartment were observed (not 

shown).  

 

Annexin 6 is also involved in the trafficking and degradation of LDL in CHO 

cells  
Since NRK cells showed low efficiency in transfection and the analysis of the 

expression and location of mutated annexin 6 (annexin 61-175), in microinjected NRK 

cells was difficult, we have used CHO cells shown to have very low levels of 

endogenous annexin 6 (Grewal et al., 2000). Transiently transfected CHO cells with 

wild type annexin 6 or the mutated annexin 61-175 were characterised. Cells were 

transiently co-transfected with LDL-R and annexin 6 wild type or the mutated anx61-

175 and prepared for immunofluorescence, after the incubation of LDL-DiI for 1 hour. 

Fig. 6 shows the pattern of intracellular wild type annexin 6 (a) distributed throughout 

the cell but concentrated in structures underneath the plasma membrane (arrows); on 

the other hand, the mutated annexin 61-175 (c) showed a more diffuse intracellular 

distribution, being more abundant in the perinuclear region (arrows). In both, 

internalised LDL-DiI was concentrated in endocytic structures at the perinuclear 

region (b, d). 
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Figure 6.  Immunofluorescence analysis of annexin 6 in CHO cells. Confocal immunofluorescence 

analysis of CHO cells transiently co-transfected with LDL-R plus annexin 6 wild type (a) or LDL-R and 

mutated annexin 61-175 (c) (in green), using anti-annexin 6 antibody; co-transfected cells were 

incubated with LDL-DiI for 1 hour (in red); wild type CHO cells (b) and CHO-anx61-175 cells (d). Arrows 

indicate the preferential location of wild type or mutated annexin 6 in transfected CHO cells. Bar 5 µm.  

 

 

In order to assess whether the mutated annexin 61-175 was bound to membranes, 

cells were lysed and then lysates centrifuged. Pellets and supernatants were 

analysed by Western-blotting with anti-annexin 6 antibody. Fig. 7 shows that whereas 

the wild type annexin 6 was almost 100% membrane-bound, significant amounts of 

annexin 61-175 (approx. 50%) was detected in the cytosolic fraction.  

 

 
Figure 7.  Western-blot analysis of annexin 6 distribution in transiently transfected CHO cells. 
CHO cells were transfected with wild type annexin 6 or the deletion mutant annexin 61-175 as indicated. 

24 hours after transfection cells were lysed and centrifuged for 15 min at 13,000 rpm. Pellets 

(membrane) and supernatants (cytosol) were cleared for (1 hour, 100,000 rpm). 20 µg of protein was 

loaded and the expression of annexin 6 was analysed by Western blotting using an affinity purified 

polyclonal anti-annexin 6 antibody.  
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In some experiments CHO cells were homogenised and the post-nuclear-supernatant 

fraction (PNS) subjected to cellular fractionation on sucrose gradients, as 

characterised in detail in Grewal et al. (2000) (Grewal et al., 2000). Fractions from the 

gradient were separated in PAGE-SDS and then analysed for the presence of 

spectrin and annexin 6. Spectrin was detected in the fractions (3 - 5 of the sucrose 

gradient) corresponding to endosomal markers and annexin 6 (not shown).  

Finally, we used the CHO cells co-transfected with annexin 6, wild type or mutated 

form, and the LDL-R to analyse the uptake and the degradation of I125-LDL. In Fig. 8 it 

is shown that there was a significant decreased degradation of I125LDL (32%) in the 

cells expressing the mutated annexin 6 (LDL-R plus anx61-175), compared with LDL-R 

plus anx61-175. Data of uptake also showed that, in agreement with Kamal et al. 

(1998) (Kamal et al., 1998), there was a slightly diminution in the uptake in cells 

transfected with the mutated anx61-175, compared with anx6wt. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8.  Uptake and degradation of I125LDL in CHO transfected cells. 3 x105 CHO cells were 

transfected with β-galactosidase (β-gal), LDL-R, LDL-R + anx61-175 or with LDL-R + anx6wt. The values 

for I125LDL uptake (grey bars) and degradation (black bars) are represented with standard deviations. 

A reduction of 32% of LDL degradation in cells transfected with anx61-175 compared with to the anx6wt 

was observed. This is statistically significant for 5 independent experiments with triplicate samples (± 

ß-Gal LDL-R LDL-
R+ 

LDL-R+
Anx6

 

1 

2 

*** 
***

  *
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standard deviation). A student t-Test was performed: p = 0.14 for LDL-R and LDL-R+ anx61-175; p> 

0.02 for LDL-R and LDL-R+ anx6 (*); p> 0.0004 for LDL-R and β-gal (***).  

 
III.2.4.  Discussion 
 

In a recent paper by Anderson and coworkers a fascinating new mechanism for the 

regulation of receptor-mediated endocytosis was envisaged (Kamal et al., 1998). It is 

based on the interaction of spectrin with annexin 6, and the removal of spectrin, from 

the plasma membrane, mediated by the calcium-dependent cysteine protease, 

calpain. Upon annexin 6 binding to spectrin, calpain I cleaves spectrin and "opens" 

the actin cytoskeleton facilitating the endocytosis. It is assumed that annexin 6 was 

located at the clathrin-coated pits on the plasma membrane.  

Using an antibody prepared by purification of annexin 6 from isolated rat liver 

endosomes (Jackle et al., 1994) we demonstrated a precise intracellular staining of 

endocytic structures, by confocal and electron microscopy, in hepatocytes, WIF-B 

and in NRK cells (Ortega et al., 1998), (Calvo et al., 2000), (Pons et al., 2000), in 

agreement with its proposed role in intracellular trafficking (Gerke and Moss, 1997), 

(Massey-Harroche et al., 1998), (De Matteis and Morrow, 1998), (Grewal et al., 

2000).  

In NRK cells annexin 6 was almost exclusively found associated with the pre-

lysosomal compartment (Pons et al., 2000), This intracellular location does not rule 

out its presence at other sites such as the plasma membrane, and most probably 

reflects the various antibodies used, which may recognise different isoforms or 

conformations of annexin 6, or different cells analysed. Besides, annexins 1, 2, 4, 5 

and 6 relocate in response to rises in intracellular calcium; particularly, annexin 6 was 

shown to move from the peri-nuclear region to a more homogeneous distribution on 

the plasma membrane, in human fibroblasts (Seemann et al., 1996), (Barwise and 

Walker, 1996), or to the sarcolemma to serve as a link of the cytoskeleton, in smooth 

muscle cells (Babiychuk and Draeger, 2000). In addition, we now have evidences that 

annexin 6 may undergo ligand-induced translocation (Grewal et al., 2000). 
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Thus, considering the priority intracellular location of annexin 6, we investigated 

whether a similar mechanism postulated for annexin 6 at the plasma membrane also 

occur between the endocytic compartment and lysosomes. 

In this study we show the presence of spectrin in the annexin 6 intracellular 

compartment and demonstrate that both proteins interact. The annexin 6 

compartment of NRK cells was loaded with LDL and then the transport from this pre-

lysosomal compartment and the degradation of LDL was analysed. NRK cells were 

microinjected with anx6wt or a mutated anx61-175 pcDNAs, to assess the possible 

involvement of annexin 6–spectrin interactions in the trafficking of LDL to the 

lysosomal compartment. The microinjection of mutated annexin 6 showed an 

accumulation of LDL in larger endocytic structures which resemble those observed 

after ALLN (calpain I inhibitor) treatment. Alternatively in CHO cells, which showed 

very low levels of endogenous annexin 6, the LDL degradation in transient 

transfected annexin 61-175 cells was significantly decreased, compared with cells 

expressing the wild type annexin 6.  

It has been described that calpains are involved in the formation of coated vesicles 

and /or vesicle fusion to endosomes (Sato et al., 1995). These calcium-dependent 

proteases associate with coated vesicles and modulate the interactions of 

membranes and cytoskeleton (calpains degrade membrane-lining proteins that 

connect membrane proteins and cytoskeletal proteins) with a concomitant effect on 

the disorganisation of the lipid asymmetry of membranes, which is a necessary step 

for membrane fusion. The location of both, calpain and annexin 6 to membranes is 

Ca2+ -dependent, indicating that calpain might be involved in the budding through the 

modulation of annexin 6; also, it was shown that vesicle-bound annexin 6/calpain 

complexes were involved in the fusion of intracellular membranes (Sato et al., 1995). 

At least in NRK cells, at the steady state annexin 6 seems associated with spectrin, in 

the pre-lysosomal compartment however, changes of intracellular Ca2+ , which may 

be induced by ligand transport (Grewal et al., 2000) or from signal transduction up-

stream events, may recruit calpain I to cleave spectrin and allowing the fusion with 

lysosomes.  
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From the results of this study we conclude that - although annexin 6 might be 

dispensable (see work in knockout mice by Hawkins et al. 1999) (Hawkins et al., 

1999) for adult structure or development and/or even for those cellular aspects in 

which annexin 6 has been involved - in cells expressing annexin 6 it seems that it can 

be involved in the intracellular trafficking from the endocytic compartment to the 

lysosomes. 
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III.2.5.   Resum capítol 2 

 
 

Evidence for the involvement of annexin 6 in the trafficking  
between the endocytic compartment and lysosomes 

 

Precedents 
 
Encara que existeixen moltes discrepàncies en la funció de l'anx6, totes coincideixen 

en el denominador comú de mediar interaccions d'estructures intracel·lulars, ja siguin 

entre membranes o membrana-citoesquelet. Ja s'havia descrit la interacció de l'anx6 

amb membres del citoesquelet com l'actina o l'espectrina.  

 

Més recentment es va trobar l'anx6 en els sots de clatrina, on es va demostrar la 

importància de l'anx6 per la internalització de la vesícula de clatrina. Perquè la vesícula 

s'alliberi de la membrana i entri dins la cèl·lula és necessari que l'espectrina que 

recobreix la cara interna de la membrana plasmàtica es trenqui per la proteasa 

Calpaina I. Mitjançant assaigs in vitro van demostrar que l'anx6 havia d'interaccionar 

amb l'espectrina perquè tingués lloc el seu trencament i la subseqüent internalització 

de la vesícula. Un mutant de l'anx6 inhibia la internalització de la vesícula de clatrina i 

bloquejava l'entrada de LDL, tanmateix però, al cap d'una hora el sistema trobava una 

via independent d'anx6 i espectrina per internalitzar LDL. 

 

OBJECTIUS 
 

2. Col·localització d'anx6 i espectrina en els pre-lisosomes de cèl·lules NRK 

3. Interacció de l'espectrina dels pre-lisosomes amb GST-anx6 

4. Estudiar si la funció de l'anx6 i espectrina descrita a la membrana plasmàtica té 

lloc a nivell dels pre-lisosomes 
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Hipòtesi: l'espectrina es troba rodejant els organels per mantenir la seva estructura i 

perque es doni la fusió entre vesícules, l'anx6 unida a espectrina fa que la calpaïna 

trenqui l'espectrina, obrint aquesta xarxa de citoesquelet. 

 
 
Resultats 
Un primer indici per una funció conjunta de l'anx6 i espectrina va ser la 

col·localització d'aquests en la regió perinuclear. Mitjançant assaigs de pull down 

també vam poder demostrar que l'espectrina de fraccions aïllades d'un gradent de 

percoll corresponent als pre-lisosomes s'unia a la proteïna de fusió GST-anx6.  

 

Degut a la baixa eficiència de transfecció de les cèl·lules NRK, vam microinjectar el 

cDNA de l'anx6 wt i de l'anx61-175 la qual li faltaven les 6 últimes repeticions de 

l'extrem carboxil. Després d'internalitzar LDL-DiI vam comprovar que en les cèl·lules 

microinjectades amb el mutant, la LDL es quedava acumulada en unes vesícules 

inflades perinuclears. Aquest efecte es va veure també després de tractar les 

cèl·lules amb l'inhibidor de la calpaina (ALLN), mostrant que aquestes vesícules 

plenes de LDL eren anx6 positives. Realitzant aquest mateix experiment amb LDL-
125I vam poder mesurar que aquesta acumulació de LDL en els pre-lisosomes es 

traduïa en una inhibició de la degradació.  

També es van transfectar cèl·lules CHO amb el mutant l'anx61-175 i seguidament es 

va internalitzar LDL. En aquestes cèl·lules es va poder veure el mateix efecte 

morfològic i una disminució de la degradació respecte el control. 

 

Això ens suggereix que l'anx6 té un paper important en la sortida de lligands dels 

pre-lisosomes per la seva posterior degradació, i sembla ser que podria actuar 

conjuntament amb l'espectrina. 
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III.3.  Activation of Raf-1 and Ras is defective in 

annexin 6 overexpressing   Chinese hamster ovary cells 

 
 
III.3.1.  Abstract 
 
Annexin 6 is a Ca2+ -dependent phospholipid-binding protein involved in membrane 

trafficking mediating reversible interactions between membranes and cytoskeleton. 

Following changes in intracellular calcium annexin 6 translocates to the plasma 

membrane, where it may be involved in endocytosis or signal transduction. Pull-down 

experiments demonstrate the interaction of Raf-1 with recombinant rat annexin 6; this 

interaction is most likely to occur in the C-terminal region of annexin 6 since a 

truncated GST-annexin 61-175 (lacking six of the eight repeats) fusion protein does not 

bind to Raf. Raf-annexin 6 interaction was shown to be independent of cell activation 

by epidermal growth factor (EGF) or phorbol esters (TPA). A stable CHO-anx6 cell 

line overexpressing annexin 6 was established to examine the function of annexin 6. 

In these cells, no increase of Ras-GTP levels, induced by EGF or TPA, were 

detected. In addition, the activity of Raf was completely inhibited, whereas the MAPK-

P was unaffected. This study shows that annexin 6 overexpression inhibits the TPA 

or the EGF-induced Ras signaling pathway, possibly through its interaction with the 

GAP/PKC/Pyk2 protein complex.   

 

 

III.3.2.  Introduction 
 

The annexins are a family of widely expressed calcium/phospholipid-binding 

proteins that are highly conserved (Gerke and Moss, 1997). In recent years, annexins 

1, 2, 4, 6, 7 and 13b have been implicated in membrane trafficking (Gerke and Moss, 



III. Resultats 

 

134 

1997), (Gruenberg and Emans, 1993), (Donato and Russo-Marie, 1999), (Grewal et 

al., 2000), (Pons et al., 2000) and references therein).  

Annexin 6 was first reported at the plasma membrane (Tagoe et al., 1994), 

(Weinman et al., 1994), (Bandorowicz et al., 1992) and later in vesicles of the 

endocytic compartment (Jackle et al., 1994), (Ortega et al., 1998), (Seemann et al., 

1996), (Massey-Harroche et al., 1998), (Pol et al., 1997). More recently, annexins 2 

and 6 have been described in isolated subcellular fractions enriched in caveolin, from 

endothelial cells (Schnitzer et al., 1995) as well as from rat liver (Pol et al., 1999). The 

presence of annexins and other components of the budding and fusion machinery 

(i.e. SNARE’s) have been associated with the dynamic internalization of caveolae 

and their subsequent interaction with the endocytic compartment (Pol et al., 2000), 

(Pol et al., 2000). Although annexin 6 does not contain the well conserved predicted 

caveolin-binding motif, shown by other molecules reported to interact with caveolin 

(Okamoto et al., 1998), it may interact indirectly through proteins such as PKCα 

(Smart et al., 1994), Fyn (Wary et al., 1998), filamin (Langanger et al., 1984), 

dynamin (Henley et al., 1998), H-Ras (Song et al., 1996) or as shown in this study 

through Raf. Moreover, direct interaction of annexin 6 and the lipids of the 

cytoplasmic face of caveolae (e.g. phosphatidylserine) cannot be ruled out; indeed, 

annexin 6 and PKC are both calcium-dependent phospholipid binding proteins, and 

their association - in the caveolae - probably involves specific protein-protein 

interactions.  

Recently, it was demonstrated that annexin 6 interacts directly with the C2 

domain of key Ras regulatory p120-GTPase activating protein (p120GAP) which forms 

part of a protein complex containing Fyn and Pyk2 (Chow et al., 2000). This was an 

additional indication that annexin 6 could be involved in the regulation of signal 

transduction, through the “bridging” of a protein complex formation with Fyn and 

Pyk2, two tyrosine kinases associated with the regulation of Ras (as well as with 

PKCα). The C2 domains function as Ca2+ sensors in signaling proteins and therefore 

it is tempting to speculate that annexin 6 may be linked with a Ca2+ mediated 

regulation of p21 Ras activity (Gawler, 1998).  
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In addition, 14-3-3 proteins recruit inactive Raf-1 to the membrane (Fu et al., 

2000) and have an annexin-like region. Although Raf does not bind to the annexin-

like domain, this does not rule out the possibility that annexin 6 modifies the 

interaction of 14-3-3 (Aitken, 1996). 

Here we show that overexpression of annexin 6 in CHO cells decreases 

activated Ras (Ras-GTP) and thus inhibits Raf-1 activity. The possible role of annexin 

6 in a complex formed by Raf-1 and components of various signaling pathways is 

discussed.  

 

 

III.3.3.  Results and discussion 
 

Raf-1 is a Ser/Thr kinase that plays a crucial role in the signal transduction 

pathway initiated by growth factors or 6a PKC (Morrison and Cutler, 1997). Upon 

activation, Raf-1 is recruited to the plasma membrane or to the early/sorting endocytic 

compartment (Leevers et al., 1994), (Stokoe et al., 1994), (Pol et al., 1998) where is 

activated by Ras-GTP, by mechanisms that are poorly understood. Down stream 

events involve the phosphorylation of the kinase Mek, leading to stimulation of the 

mitogen-activated protein kinase (MAPK). Where and how Raf-1 is regulated remains 

to be established.  

At least three independent lines of evidence implicate annexin 6 in signal 

transduction pathways: first, it interacts directly with the C2 domain of the key Ras 

regulatory protein p120-GTPase (p120GAP) (Chow et al., 2000), (Davis et al., 1996). 

GAP (Ras-GAP, p120GAP) is a GTPase activating protein proposed to accelerate the 

inhibition of Ras. Second, an increase of intracellular Ca2+ activates Ras and MAPK, 

and in A431 cells EGF-dependent calcium influx was inhibited by annexin 6 (Fleet et 

al., 1999). And third, annexin 6 may play an important role in the recruitment 

(assembly) of protein complexes at the caveolae, including the constituents of the 

signal transduction machinery and calcium signaling.  

Thus, to analyze the possible interaction of annexin 6 with the signal 

transduction machinery, extracts of CHO cells were incubated with immobilized 
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recombinant GST-annexin 6 (GST-anx6) protein. In agreement with data previously 

reported we identified GAP (also PKC, by immunoprecipitation with anti-annexin 6 in 

NRK cells, data not shown) in the GST-annexin 6 binding fraction. In addition, 

immunoblot analysis of pull down fractions showed the interaction of Raf-1 protein 

with GST-anx6. In contrast Western blots of GST-anx6 bound proteins did not reveal 

Mek or MAPK-P proteins (Fig. 1a). Besides, in a preliminary attempt to identify the 

domain of annexin 6 protein interacting with Raf-1, GST pull down experiments were 

performed with a truncated mutant fusion protein (lacking six of the eight repeats) 

GST-anx61-175 (Fig. 1b). In these experiments Raf-1 did not bind to GST-anx61-175, 

suggesting that the binding of Raf-1 to annexin 6 was not mediated through the N-

terminal region of annexin 6. Binding of GAP to annexin 6 was located at the 

interlobular region of annexin 6, where the two lobules can rotate 90º, thus changing 

its conformation (Chow and Gawler, 1999). 
 

 
 
Figure 1.  Interaction of annexin 6 with Raf in CHO cells.  
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 Pull down experiments using GST-annexin 6 were performed to study the interactions of annexin 6 

with proteins of the signal transduction machinery. CHO cell extracts were incubated with GST-

annexin 6 for 2 hours at 4ºC. Bound proteins were collected, separated by polyacrylamide gel 

electrophoresis and analyzed by Western-blotting, using antibodies to Raf, Mek, MAPK and GAP (a). 

Controls with GST alone showed no binding. In (b) a mutated form of annexin 6 (annexin 61-175, which 

lacks six of the eight repeats) did not bind to Raf.  

 

 

To find out whether the interaction of Raf-1 with annexin 6 was dependent upon 

cellular activation, two approaches were followed: first, CHO cells were serum-

deprived for 6 hours and then stimulated with EGF. Although these cells showed very 

low levels of EGF-R, the activation of MAPK (MAPK-P) was observed and it reached 

a peak after 2 minutes of EGF treatment, decreasing after 5 minutes (not shown). 

Extracts of CHO cells were then assayed for the binding to GST or GST-anx6 and 

subsequent Western blotting. In these experiments, interaction of GST-anx6 with Raf-

1, and GAP, was independent of activation by EGF; the binding was also 

independent of the presence of Ca2+ or phosphatidylserine (not shown). Second, in 

CHO cells treated with TPA, which is more efficient than EGF in the MAPK-P 

pathway, there were no differences in the binding of Raf-1 to GST-anx6, compared to 

control untreated or EGF treated cells (Fig. 2). 
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Figure 2.  Interaction of annexin 6 with Raf is independent of cell activation. 

 CHO cells were deprived of serum for 24 hours and stimulated with EGF (10 ng/ml) or TPA (100 nM). 

Cell extracts were incubated with GST-anx6 as described above (pull down assay) and the bound 

material or lysates analyzed by Western-blotting with Raf, GAP or MAPK antibodies.  

 

 

CHO cells have very low levels of annexin 6 (Grewal et al., 2000) so to understand 

the functional role of the annexin 6-Raf-1 complexes, we performed the same 

experiments but in CHO cells stably transfected with annexin 6 cDNA (CHO-anx6). 

The overexpression of annexin 6 had no effect on the MAPK-P activation by EGF or 

TPA, or on the interaction with Raf-1 or GAP (not shown). However, when the activity 

of Raf-1 was examined in CHO-anx6 cells, stimulated with EGF or with TPA, Raf-1 

activity decreased, compared with CHO-wt, where Raf-1 activity increased 12% and 

60% after EGF and TPA treatment, respectively (Fig. 3).  

 

 

 

 

 
Figure 3.  Activation of Raf in CHO wild type and CHO-anx6 cells. 
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 Cells were deprived of serum for 24 hours and stimulated with EGF (10 ng/ml) or TPA (100 nM). The 

activity of Raf was measured from CHO cell extracts by immunoprecipitation with the anti-Raf antibody 

and kinase cascade assay, with GSTMek, GSTERK2 and MBP as substrates. The results show a 

representative experiment assayed in triplicate (n =3 ± SD). Open bars, control; grey bars, EGF; black 

bars, TPA. 

 

 

Thus, to determine whether the decreased Raf-1 activity in CHO-anx6 cells was 

caused by interaction of annexin 6 and Raf-1 or due to an upstream event, the 

amount of Ras-GTP was monitored by its association with the GST-Ras-binding-

domain (RBD) fusion protein. Cell extracts of non-activated or EGF/ TPA activated 

CHO cells and CHO-anx6 overexpressing cells were incubated with immobilized 

GST-RBD, and bound Ras-GTP protein was detected by Western-blotting. Fig. 4a 

shows the comparison of the total amount of Ras-GTP (anti-Pan-Ras antibody) in 

pull-down fractions from wild type or CHO-anx6 cells. There is significantly less Ras-

GTP in EGF or TPA stimulated CHO-anx6 cells. However, MAPK-P was not affected, 

indicating that the activation MAPK was produced by a different mechanism (Fig.4b).  

 

 

 

 
Figure 4.  Amount of Ras-GTP in CHO wild type and in annexin 6 overexpressing cells (CHO-anx6).  

The expression of Ras-GTP in CHO wt or CHO-anx6 cells was assessed by GST-RBD pull-down and 

analyzed by Western-blotting with anti Pan-Ras antibody (a) in control, non-stimulated cells, or 
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activated with EGF or TPA. In both, the amount of Ras-GTP was decreased in the annexin 6 

overexpressing cells. However, in lysates from the same experiment MAPK-P was not affected (b).  

 

 

In comparison with recent studies in which a Ras mutant blocks activation of MAPK 

after receptor tyrosine kinase stimulation but not in response to activation by PKC (de 

Vries-Smits et al., 1992), we have demonstrated that in wild-type CHO cells Ras was 

activated after stimulation by either EGF or TPA in wild-type CHO cells. This is in 

agreement with recent studies showing the requirement of Ras-GTP-Raf-1 

complexes to activate Raf-1 in response to TPA (Marais et al., 1998). Ras activation 

by phorbol esters is also required for MAPK phosphorylation in cardiac myocytes, but 

not in cardiac fibroblasts (Montessuit and Thorburn, 1999). Interestingly in CHO-anx6 

cells Ras was activated after EGF or TPA treatment; however in both cell types 

MAPK was similarly activated. Thus, whereas in wild type CHO cells the MAP-K 

pathway can be activated 6a Ras/Raf or by a different (independent) pathway, in 

CHO-anx6 cells only this Ras/Raf-independent pathway seems to be operative, for 

the activation of MAPK. 

Since GTP is more abundant than GDP and Ras molecules are filled spontaneously 

by GTP, the decreased Ras-GTP levels in CHO-anx6 cells suggest a possible 

annexin 6-mediated inhibition of Ras-GDP dissociation. Furthermore, the GTPase-

activating protein (GAP) speeds up Ras deactivation binding to the Ras-GTP 

complex. Overexpression of annexin 6 could therefore facilitate/contribute to the 

inhibition of Ras by the GAP-Ras-GTP assembly.  

 

Although it seems that the annexin-like region of 14-3-3 proteins was not involved in 

the interaction with Raf, overexpression of annexin 6 may displace 14-3-3 from Raf 

and therefore inhibit the translocation, mediated by 14-3-3 proteins, of inactive Raf 

from the cytosol to the Ras-GTP complex at the plasma membrane or to the 

endosomal compartment. In fact, it has been shown that the annexin-like structure of 

14-3-3 is adjacent to a phosphorylation site, which inhibits Raf binding (Dubois et al., 

1997). In rat liver we demonstrated that activated Raf-1 was present in early 
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endosomes (Davis et al., 1996) and signal transduction machinery was recruited, in 

response to EGF, from the caveolae to the endosomes where MAPK is eventually 

activated.  

Finally, annexin 6 has been found in caveolae, clathrin coated pits and in 

endosomes but its location may depend on Ca2+ mobilization in the cell (Babiychuk 

and Draeger, 2000). In caveolae, interactions of proteins with PKCα, dynamin, Raf-1 

or other kinases, may influence the regulation of signal transduction events 

downstream. Caveolin, through its scaffolding domain, interacts with molecules of the 

signal transduction machinery and annexins (e.g. annexin 2 and 6) might be involved 

in the assembly of those complexes and with the lipid bilayer.  

Thus, as occurred (with TPA) for annexin 5 (Sato et al., 2000), in annexin 6 

overexpressing cells the increase in Ras/Raf signaling caused by EGF or TPA was 

suppressed, and this inhibition occurs at the level or upstream of Ras-GTP; although, 

a downstream effect, directly on Raf activity, cannot be ruled out. The fact that MAPK 

activity was not affected indicates an alternative (independent) signaling pathway. 

 





III. Resultats 

143 

 
III.3.4.   Resum capítol 3 

 
 

Activation of Raf-1 and Ras is defective in annexin 6 overexpressing 
Chinese hamster ovary cells 
 

Precedents 
 
La implicació de l'anx6 en la transducció de senyal ja va ser suggerida quan es va 

mostrar que la seva interacció amb la PKC. Encara que aquesta unió era molt 

específica no va ser possible demostrar que l'anx6 era un substrat de la quinasa. Ja 

havia estat descrit que l'extrem amino de l'anx6 contenia dominis fosforilables per PKC 

i kinases tirosina però no s'ha pogut veure mai la seva fosforilació en residus tirosina. 

Més recentment es va demostrar la interacció directa de l'anx6 amb la proteïna 

activadora de GTPases GAP. Aquesta proteïna té una paper important en l'acceleració 

de l'activitat GTPasa de Ras-GTP, passant-lo a la forma inactiva Ras-GDP. Aquests 

mateixos autors van descriure que anx6 i GAP formaven part d'un complex amb dos 

quinases més associades amb la regulació de Ras, Fyn i Pyk2. En aquest estudi s'han 

utilitzat les cèl·lules CHO (CHOwt) degut a la seva baixa expressió d'anx6 i una línia 

cel·lular de CHO transfectades establement amb anx6 (CHOanx6). En aquestes 

cèl·lules, l'anx6 es troba majoritàriament a la membrana plasmàtica i en els 

endosomes primerencs, i és per això que vam estudiar el possible paper de l'anx6 en 

aquesta localització. 

 

Objectius 
 

Recerca d'interaccions de l'anx6 amb proteïnes de la via de senyalització. 

2.   Caracterització de la interacció Raf-1-Anx6. 

3.   Estudi de la via de les MAPK en cèl·lules que sobreexpressen l'anx6. 
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Resultats 
 

Mitjançant assaigs de pull down amb la proteïna de fusió GST-anx6, vam trobar que 

Raf-1 interaccionava específicament amb GST-anx6 i no amb GST. A més aquesta 

interacció no es donava, com normalment ha estat acceptat, en l'extrem amino i era 

independent de Ca2+ i de PS. La interacció de Raf-1 per anx6 no variava després 

d'estimular les cèl·lules amb EGF o TPA, indicant que s'hi uneix tant la forma activa 

con la inactiva de Raf-1. 

 

Per distingir si aquesta interacció afectava a la via de senyalització, vam fer estudis 

comparatius de les cèl·lules CHOwt i CHOanx6, estudiant l'activació de Raf. Els 

resultats ens mostraven una completa inhibició de Raf-1 en les cèl·lules que sobre-

expressaven anx6, tant després d'estimular amb EGF com TPA, fent-se la inhibició 

més evident en les cèl·lules activades amb TPA degut al baix nivell de receptor 

d'EGF que tenen aquestes cèl·lules. 

 

Una primera conclusió va ser que anx6 interaccionava amb Raf-1 inhibint la seva 

activació, però va ser ràpidament descartada al constatar que, upstream de Raf, 

concretament Ras, també estava inhibit. Extractes de cèl·lules CHO i CHOanx6 

activades amb EGF i TPA, van ser incubats amb columnes de GST-RBD, on s'unia 

només la forma activa de Ras (Ras-GTP). Els nivells de Ras-GTP en les CHOwt 

augmentava lleugerament després d'una estimulació amb EGF i més fortament amb 

TPA. Però les CHOanx6 mostraven uns nivells basals de Ras-GTP, similars a les 

cèl·lules no activades. 

 

Curiosament, els nivells de MAPK activada eren similars en els dos tipus cel·lulars, 

suggerint que en les cèl·lules CHOwt, MAPK pot ser activada via Ras/Raf-1 però en 

les CHOanx6 s'activa per una via totalment independent de Ras/Raf-1. 
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Les annexines han estat conegudes tradicionalment a través de la seva capacitat 

d'unir fosfolípids regulada per Ca2+. Tanmateix però, no està clar perquè una família 

tan complex mostra unes característiques bioquímiques individuals tan similars. Això 

es podria explicar amb el fet que diferents annexines actuen en diferents membranes 

diana exercint activitats biològiques diferents. 

 

L'extrem conservat de la proteïna media unions a membrana regulades per Ca2+ 

mentre que el domini divergent N-terminal està especialitzat en la funció de cada 

annexina a través d'interaccions amb lligands específics. Aquestes interaccions 

membrana-membrana i membrana-citoesquelet, impliquen l'organització de 

microdominis de membrana per que tingui lloc el tràfic de vesícules al llarg de les 

vies exocítiques i endocítiques. 

 

 

 
IV.1. L’anx6 al final de la via endocítica en cèl·lules 

NRK 

 
 
La localització intracel·lular de l’anx6 ha estat molt polèmica degut a la utilització de 

diferents tipus cel·lulars i anticossos. S’ha trobat a la membrana plasmàtica en 

hepatòcits (Tagoe et al., 1994) i associada amb el citoesquelet d’actina en fibroblasts 

(Hosoya et al., 1992). A més a més, molts dels estudis realitzats amb l’anx6 

coincideixen amb la seva distribució endosomal en diferents tipus cel·lulars com els 

hepatòcits (Jackle et al., 1994), concretament en els endosomes de la regió peri-

canalicular (Ortega et al., 1998) i també s’ha descrit en fagosomes tardans de 

macròfags aïllats (Desjardins et al., 1994). 

 

La descripció estàndar de la via endocítica es divideix en endosomes primerencs, 

tardans i lisosomes. Malgrat tot els endosomes que participen en les darreres etapes 
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de l’endocitosi han estat classificats de maneres diferents. En el cas de les cèl·lules 

NRK, es diferèncien un tipus de lisosomes primerencs que anomenem pre-

lisosomes. S’ha suggerit que els pre-lisosomes provenen de la fusió directa 

d’endosomes tardans i lisosomes (Bright et al., 1997) (Mullock et al., 1998). Aquest 

model concorda amb un compartiment pre-lisosomal (PLC) descrit amb anterioritat el 

qual és ric en proteases com els lisosomes però al contrari que aquest té una 

densitat baixa, i no presenta el M6PR característic dels endosomes tardans (Griffiths 

et al., 1990).  

 

Es aquest estudi vam determinar la localització d’anx6 en cèl·lules NRK per 

microscòpia confocal, electrònica i per fraccionament cel·lular. La col·localització 

d’anx6 amb el marcador de lisosomes lgp120 ens va portar a realitzar experiments 

de pols i caça. El lligant internalitzat arribava al compartiment anx6 a partir de 45 

minuts de caça, suggerint-nos una localització de l’anx6 en els últims estadis de 

l’endocitosi.  

 

Per discernir el marcatge prelisosomal o lisosomal del marcatge dels endosomes 

tardans, es van realitzar experiments amb drogues com la cloroquina, brefeldina A i 

wortmannina, que modificaven la morfologia d’organels com els endosomes, 

separant així més les distribucions del M6PR i lgp120. Es va poder observar que 

després dels tractaments esmentats, la coincidència d’anx6 amb lgp120 era més 

forta que en condicions normals, excloent així una possible localització d’anx6 en els 

endosomes tardans.  

 

També vam excloure la localització d’anx6 en endosomes primerencs degut a que el 

seu marcatge no coincidia amb cap estadi de l’internalització i reciclatge de la 

transferrina, encara que els experiments de fraccionament cel·lular ens indicaven 

una localització no exclusiva en vesícules lgp120 positives. Aproximadament un 50% 

de l’anx6 es trobava en un pic de densitat més lleugera que el dels pre-lisosomes i 

lisosomes, en el qual s’hi trobaven membrana plasmàtica, Golgi i endosomes 

primerencs. Aquesta aparent contradicció es podria explicar pels següents factors: 
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• La seva detecció per microscopia confocal va ser realitzada amb un anticòs 

produït contra una fracció d'endosomes crus de fetge de rata, on s'hi trobava 

unida l'anx6. Per tant, aquest anticòs ens reconeixia per immunocitoquímica tan 

sols l'anx6 dels endosomes i no l’anx6 d’altres parts de la cèl·lula. És per això que 

una part de l’anx6 podria estar associada, com en molts altres tipus cel·lulars, 

amb membrana plasmàtica, la qual és reconeguda per aquest anticòs només en 

els gradents sota condicions desnaturalitzants per Western blot.  

• Per una altra banda, l’anx6 deu estar associada també a pre-lisosomes 

relativament lleugers que migren en el pic menys dens.  

 

La microscopia electrònica també ens va revelar una localització de l’anx6 més pre-

lisosomal que lisosomal, degut a la baixa col·localització de lgp120 i anx6 en 

lisosomes electro-densos madurs.  

 
La localització de l’anx6 en els pre-lisosomes de cèl·lules NRK recolza estudis 

anteriors realitzats en macròfags. Encara que les annexines 1-6 es troben en els 

fagosomes, només l’anx4 i 6 es troben enriquides en els fagosomes tardans, la 

composició en dels quals és molt semblant a la dels lisosomes (Desjardins et al., 

1994). 

 
 
 
 
 
IV.2. Possible paper de l’annexina 6 en els pre-

lisosomes 

 

 

La localització majoritària d’anx6 en la membrana dels pre-lisosomes de cèl·lules 

NRK, ens fa pensar que podria ser un element important en la fusió de pre-

lisosomes amb lisosomes, facilitant la seva interacció. 
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IV.2.1. Associació d’anx6 amb espectrina en els pre-lisosomes 
 
L’espectrina és el component majoritari del citoesquelet associat a membrana 

implicat en el manteniment de la integritat estructural de les membranes. 

L’espectrina s’ha trobat també en el Golgi (Beck et al., 1994), vesícules 

citoplasmàtiques (De Matteis and Morrow, 1998) i macropinosomes (Xu et al., 2000). 

 

L’espectrina és molt abundant en eritròcits i és aquí on es va demostrar que perquè 

es donés la fusió d’una vesícula exocítica amb la membrana plasmàtica o 

s’internalitzés una vesícula, era necessari el trencament del citoesquelet de la 

membrana (Hayashi et al., 1992). El trencament de l’espectrina és portat a terme per 

la proteasa cisteínica Calpaina I. Per això les calpaïnes han estat implicades en 

endocitosi i exocitosi, processos que són estimulats pel Ca2+ i involucren la fusió de 

membranes intracel·lulars. Recentment es van trobar les calpaïnes associades a la 

membrana de vesícules de clatrina i la seva activació implicava la digestió de 

components de les vesícules com la cadena lleugera de la clatrina, tubulina i 

adaptines (Sato et al., 1995). Aquests autors suggereixen que les calpaïnes estan 

implicades en la formació de les vesícules de clatrina i en la fusió d’aquestes als 

endosomes. 

 

Altres autors van proposar a l’esquelet d’espectrina de la membrana com a complex 

de redistribució de proteïnes de la membrana (Beck and Nelson, 1996), basant-se en 

el seu ensamblatge en forma de xarxa bidimensional que segresta proteïnes 

específiques de membrana, i en la seva distribució en dominis especialitzats de 

membrana. 

 

En aquest estudi, mitjançant experiments d’immunofluorescència i pull down en 

cèl·lules NRK, vam poder demostrar que l’anx6 està estretament unida a espectrina. 

La interacció d’anx6 i espectrina també va ser mostrada en la membrana plasmàtica, 
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concloent que aquesta unió inhibia la capacitat de l’espectrina per unir actina 

(Watanabe et al., 1994). 

 

 

IV.2.2. Implicació d’annexina 6 en la degradació de LDL 
 
Estudis anteriors van suggerir un paper conjunt de l’anx6 i espectrina en la 

membrana plasmàtica. Mitjançant assaigs in vitro, es va poder demostrar que l’anx6 

era un element important pel trencament de l’espectrina de la membrana plasmàtica, 

i la posterior internalització de la vesícula de clatrina (Kamal et al., 1998). Aquests 

autors proposaven la intervenció de la unió de l’anx6 a espectrina facilitant la 

proteolisi de l’espectrina per la calpaïna I. 

 

Donat que anx6 i espectrina col·localitzen i interaccionen en els pre-lisosomes, ens 

vam centrar en la idea de Kamal i col·laboradors però enfocat a nivell dels últims 

compartiments de la via endocítica, de tal manera que perquè es doni la fusió entre 

els pre-lisosomes i lisosomes, s’ha de trencar l’esquelet d’espectrina que envolta les 

vesícules. 

 

Mitjançant assaigs in vitro, vam demostrar que l’anx6 dels pre-lisosomes podria 

actuar de forma similar que a la membrana plasmàtica, ja que la sobre-expressió 

d’un mutant de l’anx6 (anx61-175), el qual li falta les 6 darreres repeticions, provocava 

l’acumulació de LDL en els pre-lisosomes, efecte similar donat a les cèl·lules 

tractades amb l’inhibidor de la calpaïna I (ALLN). Aquesta acumulació de LDL es 

traduïa en una inhibició de la seva degradació. Això ens suggeria que les cèl·lules 

que sobre-expressaven el mutant, l'LDL no era capaç d’arribar als lisosomes per 

degradar-se i que l’anx6 podria tenir un paper important en l’eliminació de 

l’espectrina d’aquests compartiments, necessaria per la fusió amb altres vesícules. 

 

La idea de que existeix un citoesquelet d’espectrina associat a organels cel·lulars ja 

va ser suggerit en l’any 1996, on es proposa la interacció del complex de dinactina 
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amb el citoesquelet d’espectrina del Golgi (Holleran et al., 1996). La dinactina es 

sembla a un filament curt d’actina (Schafer et al., 1994) i s’uneix a la dineïna 

(molècules motor associades als microtúbuls) (Karki and Holzbaur, 1995). Estudis 

genètics revelen que la dinactina i la dineïna citoplasmàtiques estan implicades en 

processos cel·lulars similars. La dineïna ha estat implicada en el manteniment de la 

localitzacó perinuclear del Golgi (Corthesy-Theulaz et al., 1992), en el transport de 

lisosomes i vesícules endocítiques (Lin and Collins, 1992) i en el transport retrògrad 

d’organels al llarg de l’axó (Schnapp and Reese, 1989). D’aquesta manera es creu 

que la dineïna i la dinactina unida al citoesquelet d’espectrina podrien executar un 

paper en el tràfic i classificació d’organels. 

 

Altres experiments de transport intracel·lular de LDL en cèl·lules CHO co-

transfectades amb el receptor del LDL (LDLR) i l'anx6, demostraven un increment en 

la internalització i degradació de LDL. La internalització de transferrina també es veia 

augmentada quan es sobre-expressava l'anx6, però no així el seu reciclatge. En 

cèl·lules CHO transfectades de forma estable amb anx6 es va demostrar que quan 

s'internalitzava LDL, el patró de l'anx6 canviava distribuint-se juntament amb el LDL 

cap als pre-lisosomes (Grewal et al., 2000). Això ens indica que l'anx6, a part 

d'estimular el transport de lligands, té la capacitat de respondre a senyals d'aquests 

lligands i concentrar-se en endosomes amb direcció als prelisosomes. 

 

Però el tràfic en les darreres etapes de la via endocítica no s’ha estudiat tant com en 

el sistema endosomal primarenc. Es creu que l’abocament del contingut dels 

endosomes en els lisosomes succeeix per una fusió directa entre els primers i 

lisosomes preexistents, per maduració dels endosomes tardans o bé per vesícules 

transportadores. 

 

L’espectrina conté un domini SH3 (Src homology 3) el qual és present en moltes 

altres proteïnes. S’ha vist que tant la sinapsina com la dinamina  són molt bons 

lligands pels dominis SH3 de la proteïna adaptadora Grb2  i al mateix temps són dos 

proteïnes que s’assòcien també a l’anx6. Grb2 és important per la transmisió del 
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senyal entre el EGFR i SOS, per tant, l’anx6 podria participar, a més a més de com a 

element estructural conjuntament amb el citoesquelet, en la via de senyalització 

formant complexes amb proteïnes estructurals i de senyalitzacio. 

 

 

 

 

 

 

 

 

 

 

 

 
 Esquema de fusió de vesícules 

 

 

 

 
IV.3. Implicació d’anx6 en la transducció del senyal  

 

 

La transducció del senyal comença a nivell de la membrana plasmàtica on els 

receptors s’activen. Per exemple està acceptat que el EGFR es troba en les 

caveoles i quan s'activa és dirigit a les invaginacions de clatrina per ser internalitzat. 

El primer destí de l'EGF i EGFR és la seva degradació en lisosomes però s'està 

proposant que l’endocitosi de receptors activats pot atenuar el seu senyal físicament 

o pot transportar el receptor al lloc apropiat per interaccionar amb molècules de 

Calpaïna 

Espectrina 
Actina 

Aducina 

Anquirina

Vesícula

Vesícula

Annexina 6 
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senyalització downstream i amplificar la resposta cel·lular als factors de creixement. 

De fet es van trobar proteïnes de senyalització com Shc, Grb2 i Sos que 

interaccionaven amb el EGFR internalitzat (Di Guglielmo et al., 1994). 

 

Una altre implicació de la senyalització amb l’endocitosi és l’associació de GAP amb 

components endocítics i amb l’EGFR internalitzat després de la seva activació 

(Wang et al., 1996). Aquests autors suggereixen que existeix un altre nivell de 

regulació de proteïnes de senyalització degut a la seva associació amb endosomes. 

Posteriorment es va demostrar la interacció de GAP amb Rab5 activant la seva 

activitat GTPasa, suggerint una possible regulació de la transducció del senyal de la 

fusió d'endosomes depenent de Rab5 via GAP (Liu and Li, 1998).  

 

El cas contrari en que és la senyalització la que controla l’endocitosi ja s’havia 

presentat on proteïnes d’unió a GTP es requerien pel transport vesicular. Més tard 

es va demostrar que les proteïnes G heterotrimèriques regulaven la fusió entre 

endosomes senyalant que la transducció del senyal podria participar en la regulació 

del tràfic endocític (Colombo et al., 1994). 

 

La sinapsina, que interacciona amb l’anx6, s’ha trobat que també interacciona amb 

proteïnes de la via de senyalització (Grb2 i cSrc) i amb components del citoesquelet 

com l’actina i l’espectrina. La fosforilació de la sinapsina impedia la seva unió a 

l’actina i a les vesícules sinàptiques, complicant les interaccions proteïna-proteïna a 

nivell de la terminal nerviosa (Lin et al., 1993). 

 

 

IV.3.1. Annexina 6 s’uneix a Raf-1 
 
Els resultats presentats en el capítol 3 dels resultats ens van fer pensar sobre la 

implicació de l'anx6 en la transducció del senyal, demostrant in vitro que Raf-1 

s’uneix a anx6 i que aquesta unió té lloc en l’extrem C-terminal de l’anx6. A més a 
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més, la unió d’aquestes dos proteïnes no variava segons l’activació de la via de 

transducció de senyal que implica l’activació de Raf-1. 

 

Ja s’havia demostrat la unió d’anx6 amb la proteïna activadora de GTPases GAP 

(Davis et al., 1996), la qual té la funció d’accelerar la inactivació de Ras. El lloc d’unió 

de GAP a anx6 es troba en l’extrem C-terminal, concretament en els 27 aa localitzats 

en la regió connectora dels 2 lòbuls de l’anx6. Aquesta regió es caracteritza per 

permetre una rotació de 90° dels lòbuls entre sí quan es troba en solució. Quan es 

troba unida a una monocapa de lípids, ambdós lòbuls es sitúen en el mateix pla.  

 

 

IV.3.2.  L’activitat Raf-1 és bloquejada per l’expressió d’annexina 6 
 

Per determinar si aquesta unió Raf-anx6 tenia algun efecte sobre Raf-1, vam 

comparar l’activitat de Raf-1 en cèl·lules CHO control (amb molt poca quantitat 

d'anx6) i cèl·lules que estaven transfectades establement amb anx6. En les cèl·lules 

que sobre-expressaven anx6, no es va poder detectar activitat Raf-1 després 

d’activar les cèl·lules tan amb EGF com amb TPA, mentre que en les cèl·lules control 

hi havia un increment de l’activitat de Raf-1 d’un 12% i 60% després d’estimular les 

cèl·lules amb EGF i TPA respectivament.  

 

Està descrit que Raf-1 té afinitat per les proteïnes 14-3-3 i també per PS (Campbell 

et al., 1998). Si s’impedeix aquesta unió, Raf-1 perdia la capacitat d’ unir Ras i PS de 

tal manera que no es podia translocar a la membrana. Curiosament, les annexines 

són conegudes per la seva afinitat a fosfolípids, i l’anx6 s’uneix majoritàriament a PS.   

 

També s’ha descrit que les proteïnes 14-3-3 tenen una seqüència molt similar a 

l’extrem C-terminal de les annexines. L’anx6, pel fet de tenir una duplicació en 

aquest extrem, presenta 2 regions similars. S’ha vist que aquesta seqüència era 

responsable de la funció d’activació de l'exocitosi que tenen l’anx2 i les proteïnes 14-

3-3 (Roth et al., 1993). 
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L’existència del domini estructural annexina-like va ser confirmat per estudis de 

cristalografia i es trobava en una localització que tenia una elevada probabilitat 

d’estar implicada en les interaccions de les 14-3-3 amb proteïnes de senyalització 

(Xiao et al., 1995). No obstant, s’ha descrit que la unió de Raf-1 a 14-3-3 es donava 

en els 65 residus de l’extrem C-terminal (Luo et al., 1995) (Suen et al., 1995) que no 

contenien el domini annexina-like. Això no exclou la possibilitat de que aquest domini 

que tenen en comú les annexines i les proteïnes 14-3-3 estigui implicat en 

l’estabilització de la interacció de Raf-1 amb 14-3-3, i que la sobre-expressió d’anx6 

interfereixi amb aquesta unió, inhibint així la translocació a la membrana i la posterior 

activació de Raf-1. 

 

Altres estudis demostren que les proteïnes 14-3-3 també tenen una seqüència molt 

similar al domini del pseudo-substrat de PKC, la qual és la responsable de la 

inhibició de la seva activitat (Wheeler-Jones et al., 1996). També s'ha demostrat que 

tan els pèptids derivats del speudo-substrat de PKC com de la regió annexina-like, 

no afectaven la redistribució de PKC que es donava després d’activar les cèl·lules 

amb PMA. Altres estudis mostraven que membres de la família de les annexines 

podien actuar com a receptors de  PKC activada i que un pèptid sintètic basat en 

l’extrem C-terminal de les annexines, o sigui en la regió annexina-like de les 14-3-3, 

inhibia la unió de PKC als seus receptors intracel·lulars (Mochly-Rosen et al., 1991). 

Posteriorment, mitjançant assaigs in vitro, va ser demostrat que l’anx5 era un 

inhibidor específic de la fosforilació portada a terme per la PKC d’anx1 i del 

substracte de la quinasa de la cadena lleugera de la miosina (Schlaepfer et al., 

1992). Aquesta inhibició no implicava un segrest per part de l’anx5 de fosfolípids que 

requereix l’activació de la PKC, del tal manera que suggeria una inhibició mitjançant 

una interacció directa d’anx5 i PKC. 
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IV.3.3.  L’annexina 6 inhibeix l’activació de Ras 
 

La idea de que anx6 actués bloquejant la unió de 14-3-3 a Raf-1, inhibint així la seva 

activació per Ras, va ser descartada quan vam mesurar l’activació de Ras. 

Comparant la quantitat de Ras-GTP en cèl·lules CHO control (CHOwt) i cèl·lules 

CHO que sobre-expressaven anx6 (CHOanx6) després d’activar-les amb EGF i TPA, 

vam trobar nivells significativament més baixos en len CHOanx6 que en les cèl·lules 

CHOwt, suggerint-nos que anx6 actua upstream o a nivell de l’activació de Ras o 

inhibint la seva dissociació de GDP.  

 

Sorprenentment, encara que Ras i Raf-1 es trobaven inactives en cèl·lules que 

sobreexpressaven anx6, el nivell de MAPK fosforilada no variava en comparació 

amb les cèl·lules CHO wt. Sembla ser que MAPK és activada bé via Ras-Raf o bé 

independentment de Ras i Raf. Així doncs en les cèl·lules CHOwt existirien els dos 

possibles tipus de vies d’activació de la MAPK i en les cèl·lules que sobreexpressen 

anx6, MAPK s’activaria per una via independent de Ras-Raf degut al seu estat 

inactiu en aquestes cèl·lules. 

 

Aquesta inhibició de la transducció del senyal a nivell de Ras o Raf en les cèl·lules 

que sobre-expressaven anx6, ens va fer recordar uns estudis dels anys 80, en els 

quals demostraven la inhibició de la PLA2 per les annexines. La PLA2 és un 

substracte de MAPK, la qual regula la dinàmica del citoesquelet d’actina a través de 

la producció de derivats de l’àcid araquidònic (Lin et al., 1993); (Peppelenbosch et 

al., 1995; Peppelenbosch et al., 1993). 

 

Estudis en els quals s’utilitzava la proteïna Ras mutada, demostraven que aquesta 

bloquejava l’activació de MAPK després d’una estimulació dels receptors tirosina 

quinasa però no en resposta a l’activació per PKC (de Vries-Smits et al., 1992), 

indicant que els senyals que provenen de la PKC no segueixen la via Ras. Els 

nostres resultats en cèl·lules CHOwt, en canvi, demostren que l’activació de MAPK 

per PKC es dóna també via Ras-Raf, i que aquesta activació és més forta quan 
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s’estimulen les cèl·lules amb TPA que amb EGF. En canvi en les cèl·lules CHOanx6, 

la MAPK tan sols s’activa per una via totalment independent de Ras-Raf, l’activitat 

dels quals és quasi nula. Estudis recents mostren també un requeriment  de 

complexes formats per Ras-GTP i Raf-1 per activar Raf-1 tan en resposta a EGF 

com TPA (Marais et al., 1998). L’activació de Ras per ésters de forbol  també era 

necessària per la fosforilació de MAPK en miòcits cardíacs, però no en els fibroblasts 

de cor (Montessuit and Thorburn, 1999). 

 

 

IV.4. Possibles papers de l’annexina 6 en la 

transducció de senyal 

 
 
La interacció d’anx6 amb GAP ens podria donar una possible explicació per la 

inhibició de Ras. GAP té l’habilitat d’unir fosfofípids de vesícules i membranes 

cel·lulars dependentment de Ca2+ i anx6 (Chow et al., 1999). La interacció d’anx6-

GAP podria jugar un paper important en la capacitat de GAP per translocar i 

associar-se a la membrana en resposta a un increment del Ca2+ intracel·lular i així 

poder inactivar Ras, desplaçant l’equilibri cap a Ras-GDP. Ja es coneix la capacitat 

de l’anx6 de translocar-se de la seva localització citoplasmàtica a la membrana 

plasmàtica després d’un increment de Ca2+ (Barwise and Walker, 1996) (Babiychuk 

and Draeger, 2000). De la mateixa manera, GAP es transloca del citoplasma a la 

membrana plasmàtica per tenir accés a Ras. La inhibició de l'anx6 de la via de 

transducció del senyal via GAP podria donar una possible explicació a l'activitat 

supressora de tumors que tenia l'anx6 en les cèl·lules A431. 

 

Per una altra banda, s'ha descrit la formació d'un complex format per anx6, GAP, 

Pick i Fyn2, i a més a més, anx6 s'uneix a PKC. Totes aquestes proteïnes són 

importants per la transducció del senyal i l'associació d'anx6 amb tals complexes 

podria influir en les seves funcions. 
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IV.5. Les annexines com a organitzadors de membrana 

 
 
La descripció d’anx2, 5 i 6 en microdominis o rafts de la membrana plasmàtica en 

cèl·lules de la musculatura llisa i la seva elevada sensibilitat al Ca2+ (Babiychuk and 

Draeger, 2000) ens porten una nova configuració dels components units a 

membrana, amb conseqüències potencialment importants per processos de 

senyalització i de flux de Ca2+. 

 

Els rafts estan implicats en diferents processos de tràfic de membrana i de 

senyalització. Aquests rafts poden associar-se per formar complexes més grans i 

estables o moure’s a invaginacions de membrana anomenades caveoles (Parton and 

Simons, 1995). 

 

Aquests rafts estan enriquits en colesterol i esfingolípids (Parton and Simons, 1995) i 

actuen com a plataformes per concentrar receptors i components de la via de 

transducció de senyal. Estan associats amb proteïnes ancorades a glicosil 

fosfatidilinositol en la superfície cel·lular i amb membres de la família de les kinases 

src en la cara citoplasmàtica. Aquesta localització serveix per incrementar la 

concentració o estabilitat dels complexes afectant els nivells de senyalització 

(Kholodenko et al., 2000). S’ha postulat que la presència d’annexines 2, 5 i 6 en 

aquests rafts podrien regular l’ensamblatge dels rafts dependentment de Ca2+ 

(Babiychuk and Draeger, 2000). Aquests autors concretament van demostrar que 

l'anx2 agregava preparacions de rafts dependentment de Ca2+ i suggereixen que la 

senyalització depenent de rafts podria estar relacionada amb la transducció del 

senyal a través d’anx2. 

 

Un exemple seria el complex format per l'anx6, GAP, la quinasa de la família src Fyn 

i Pyck2 (Chow et al., 2000). L'anx6 sembla que actua com a proteïna pont per la 
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formació del complex i potser també amb la membrana plasmàtica. Es sap que Fyn, 

Pyck2 i GAP estan associades amb la regulació de Ras, per això es pensa que el 

paper d’aquest complex ha d’estar íntimament unit a la regulació de l’activitat de Ras 

mediada per Ca2+. La localització d'aquest complex podria estar situat a les caveoles 

on s'han trobat aquestes proteïnes a més a més de Raf-1, H-Ras i PKC. 

 

S’ha demostrat que les caveoles són un centre de senyalització, però encara que 

siguin regions enriquides en proteïnes de senyalització, no es sap si aquestes 

estructures coordinen processos de senyalització espaialment o si controlen 

l’activitat d’aquests complexes per sí mateixes. Les proteïnes de senyalització que es 

troben en les caveoles es troben inactives i s'ha descrit a la caveolina com a 

regulador negatiu de la transducció del senyal. En canvi, en els endosomes 

primerencs s'ha vist que moltes d'aquestes proteines es trobaven activades . 

 

 

 

IV.6. Relevància de l’expressió d’annexina 6 

 

 

L'anx6 no s’expressa normalment en cèl·lules A431 però si es transfecten 

establement amb anx6, s’ha vist que es redueix la proliferació (Theobald et al., 

1994). Altres estudis realitzats en miòcits aïllats de ratolins transgènics que sobre-

expressen anx6, revelaven una concentració de Ca2+ menor i un pic de Ca2+ més 

atenuat després d’estimular les cèl·lules (Gunteski-Hamblin et al., 1996). D’acord 

amb aquestes obsevacions, l'anx6 també s’assòcia a organels segrestadors de Ca2+ 

i modula en certes neurones les conductàncies de Ca2+ i K+ (Hazarika et al., 1991a), 

(Naciff et al., 1996). 

 

El creixement de les cèl·lules tumorals A431 és depenent d’EGF (Kitagawa et al., 

1995), (Tosi et al., 1995). Una resposta immediata de les cèl·lules A431 enfront una 

estimulació amb EGF és la mobilització de Ca2+. Es va demostrar que, en cèl·lules 
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A431 que sobre-expressaven anx6, l’entrada de Ca2+ mediada per receptor en 

resposta a l’estimulació amb EGF era inhibida (Fleet et al., 1999). A més a més 

aquests autors van observar que només tenia aquesta propietat la forma de més alt 

pes molecular de l’anx6, generada per un processament diferent de l’exó 21 del gen 

de l’anx6. Sembla ser que l’anx6 pot modular la taxa de creixement cel·lular regulant 

l’entrada de Ca2+ a través d’una via sensible a factors de creixement. Per això, la 

capacitat de l’anx6 per actuar com a inhibidor de l’entrada de Ca2+, podria ser 

responsable de la taxa tan baixa de proliferació d’aquestes cèl·lules.  

 

De la mateixa manera, aquesta inhibició de l’entrada de Ca2+ per l'anx6 després de 

l’estimulació de les cèl·lules, podria ser la responsable per la incapacitat que tenen 

les cèl·lules CHO que sobre-expressen l'anx6 d’activar Ras i Raf-1. Tanmateix però, 

aquestes cèl·lules són viables degut a que el senyal és transmès activant MAPK 

independentment de Ras i Raf-1.  

 

Malgrat tot, l’endocitosi tenia lloc independentment d’anx6 en les cèl·lules A431 

(Smythe et al., 1994) i el gen de l’anx6 sembla no ser essencial per la viabilitat de 

ratolins knock outs per l’anx6 (Bandorowicz-Pikula et al., 1997).  

 

També es va trobar que l’anx6 localitzada a la membrana plasmàtica dels macròfags 

es movia cap al citosol en estrès oxidatiu. Aquesta dissociació de la proteïna 

correlacionava amb un increment en Ca2+ lliure i una reducció d’ATP citosòlic (Lin 

and Cantiello, 1993). Aquests autors proposen que la dissociació de la proteïna de la 

membrana, permetria l’activació de la PLA2 i, juntament amb l’increment de Ca2+, 

alteraria la fagocitosi d’aquests macròfags. 

 

Els nostres resultats suggereixen per una banda que l'anx6 forma un complex amb 

Raf i que, per una altra banda, després de l’estimulació de les cèl·lules amb EGF o 

TPA, l'anx6 bloqueja l’activació de Ras i Raf, ja sigui inhibint l’entrada de Ca2+ o bé 

retenint el complex GAP/Pyck/Fyn2/PKC en microdominis incapaços d'internalitzar-

se. 
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La gran capacitat de les annexines d’unir Ca2+ i la seva prioritària localització en la 

cara interna de la membrana plasmàtica, ha suggerit un paper  en la transducció de 

senyal. Tanmateix s’han identificat les annexines com a mediadors d’interaccions 

entre membranes i citoesquelet, com a inhibidors de l’activitat de la fosfolipasa A2 i 

de la PKC, reguladors del fluxe d’ions, i com a reguladors de l’exocitosi, endocitosi i 

internalització de les vesícules de clatrina. Per tant queda molta investigació per 

davant per entendre les diferents funcions que té l’anx6 en els diferents teixits i per 

arribar a comprendre la importància que té la duplicació de les quatre repeticions de 

l’extrem C-terminal de l’annexina 6. 

 

Els resultats d'aquest estudi ens relacionen l'anx6 en el transport de lligands dels 

prelisosomes als lisosomes i en la transducció del senyal. En el primer cas l'anx6 es 

troba en la membrana dels prelisosomes de cèl·lules NRK juntament amb 

l'espectrina que envolta els compartiments. La nostra hipòtesi és que anx6 estimula 

la calpaïna I per que obri l'espectrina i permeti així la fusió dels prelisosomes amb els 

lisosomes. En el segon resultat obtingut en cèl·lules CHO, s'ha descrit l'anx6 en la 

membrana plasmàtica i endosomes primerencs. Ja s'ha demostrat la interacció de 

l'anx6 amb diferents proteïnes de la transducció del senyal, els quals s'han trobat 

tant en caveoles a membrana plasmàtica com en endosomes primerencs. La funció 

de l'anx6 en aquests complexes podria ser estructural unint-los a membranes, o 

adaptadora, apropant proteïnes que han de ser activades entre si. El denominador 

comú d'aquests dos resultats és, com indica el seu propi nom, la capacitat 

d'annexionar diferents estructures o proteïnes amb membranes. 
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CONCLUSIONS 

 

 

 

1 – En el present estudi s'ha indentificat per immunocitoquímica l'anx6 en la 

membrana dels prelisosomes de cèl·lules NRK. En canvi en cèl·lules polaritzades 

WIF-B només un 50% de l'anx6 s'ha trobat en aquest compartiment. 

 

2 – L'anx6 interacciona amb l'espectrina associada als prelisosomes.  

 

3 – La sobre-expressió de l'anx61-175 en les cèl·lules NRK provoca una acumulació de 

LDL en el compartiment prelisosomal similar a la que provoca la inhibició de la 

degradació de LDL després d'un tractament amb l'inhibidor de la calpaïna I.  

 

4 –  La sobre-expressió de l'anx61-175 en les cèl·lules CHO indueix la inhibició de la 

degradació de LDL. 

 

5 – Mitjançant tècniques de pull down hem pogut demostrar la interacció d'anx6 amb 

Raf-1, independent de Ca2+ i fosfatidilcolina.  

 

6 – La sobre-expressió d'anx6 en cèl·lules CHO disminueix la formació de Ras-GTP i 

inhibeix l'activació de Raf-1, mantenint intactes els nivell de MAPK activada, 

suggerint-nos que la seva activació en aquestes cèl·lules és independent de la via 

Ras/Raf-1. 
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