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Abstract

Direct cell-cell communication through Cx43-based gap junctions is essential 

for normal cell behaviour. Increasing evidence suggests, however, that Cx43 

influences cell proliferation, cell migration and contact inhibition in a commu-

nication-independent manner. To investigate the importance of Cx43 for the 

behaviour of Rat-1 fibroblasts, we knocked down Cx43 by stable expression 

of Cx43 shRNA. Cx43 knockdown abolished gap junctional communication 

(GJC), without affecting cell morphology, cell proliferation, contact inhibition 

or anchorage-independent growth. However, Cx43 knockdown cells showed a 

~50% reduced migration speed in an in vitro wound healing assay. Comparing 

expression levels of various cell-cell contact proteins revealed a strong reduc-

tion in N-cadherin expression, both at the mRNA and protein level. However, 

reconstitution of Cx43 expression and function, did not rescue N-cadherin 

expression, nor cell migration, indicating that the effect of Cx43 knockdown 

on migration is GJC independent. In addition, we show that knockdown of 

N-cadherin alone, is sufficient to reduce the rate of cell migration similar to 

what is observed in Cx43 knockdown cells. In summary, knockdown of Cx43 

inhibits in vitro fibroblast migration, apparently as a result of reduced N-cad-

herin expression rather than of reduced GJC. 

Introduction

The main function of connexin proteins is to form small intercellular channels, called 
gap junctions. Gap junctions directly connect the cytoplasms of adjacent cells and 
mediate the diffusion of small molecules, such as second messengers, ions and 
metabolites1-3. Gap junctions are essential for tissue homeostasis and coordinated 
cell behaviour and loss of gap junctional communication (GJC) is associated with 
several diseases4-6. Most tumours lack functional gap junctions and reconstitution 
of connexin expression may (partially) invert the tumourigenic phenotype7-10. This 
suggests that restoration of GJC may contribute to contact inhibition. Alternatively, 
healthy surrounding tissue may control the behaviour of deranged cells, or even 
induce apoptosis. The transfer of apoptotic signals through gap junctions is known 
as the “bystander” killing effect11. 
The most abundant and best studied connexin is connexin43 (Cx43). Cx43 is the 
main connexin in heart cells and Cx43 knockout mice die immediately after birth 
due to a malformed heart, which is the result of impaired migration of the neural 
crest cells12-14. Cx43 knockout cells from neural crest cell explants show a reduc-
tion in polarised cell movement that is comparable to the effect of N-cadherin 
knockdown on neural crest cell migration15. The same authors reported that over-
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expression of Cx43 has a similar effect on cell migration, suggesting that a bal-
anced expression of Cx43 is crucial to cell migration15,16. Several studies show that 
Cx43 expression stimulates cell migration, whereas Cx43 knockdown reduces it. 
In the brain, Cx43 in migrating neurons, which lack adherens junctions, has been 
reported to increase the adhesive properties of cells, both within one cell type and 
to neighbouring tissue. In these cells, migration is mediated by Cx43 (or Cx26), in 
a manner independent of gap junctional communication17. It has been suggested 
that Cx43 may act as an adhesion molecule itself18-22. In a mouse model for wound 
healing, Cx43 knockdown reduced inflammation, seen both macroscopically, as a 
reduction in swelling, redness and wound gape, and microscopically, as a signifi-
cant decrease in neutrophil numbers in the tissue around the wound. In addition, 
Cx43 knockdown resulted in an increased rate of migration of cells into the wound 
area, leading to increased wound healing capacity compared to wild type mice23. 
However, given the diverse effects of Cx43 knockdown on wound pathology, this 
may not be a direct effect of Cx43 knockdown on the migration machinery.
In this study, we set out to determine the importance of Cx43 for diverse aspects of 
cell behaviour. To this end, we stably knocked down Cx43 in Rat-1 fibroblasts. These 
cells express Cx43 as the only connexin and form functional and regulatable gap 
junctions, which makes them a perfect model system. Under control conditions, 
these cells are contact-inhibited. We found that Cx43 knockdown reduced the rate 
of cell migration in an in vitro wound healing assay. This effect was independent of 
Cx43 expression or function, but appeared to be an indirect effect of Cx43 knock-
down on N-cadherin expression. 

Results

Knockdown of Cx43
To investigate the importance of Cx43 expression for cell behaviour, we knocked 
down Cx43 in Rat-1 fibroblasts. We previously reported that stable knockdown of 
Cx43 results in Cx43 depletion, and cell-cell communication is completely down-
regulated. Actin staining revealed no changes in gross cytoskeletal arrangement 
or cell morphology following Cx43 knockdown (chapters 2 and 3 of this thesis and 
[20]). 

Cx43 knockdown does not affect cell proliferation or contact inhibition
To study whether Cx43 knockdown affects cell growth or contact inhibition, we 
measured the rate of cell proliferation (Fig. 1A). There was no significant difference 
in the growth rate of control and Cxmin cells; the number of cells for both cell lines 
reached a plateau, indicative of contact inhibition. 
It was previously reported that addition of endothelin to Rat-1 cells stimulates an-
chorage-independent growth in the presence of epidermal growth factor (EGF)24. 
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We tested whether Cx43 knockdown affects the ability of Rat-1 cells to form colo-
nies in soft agar. Control cells and Cxmin cells were plated in soft agar in 8% FCS 
alone or in the presence of endothelin (ET), or EGF, or both stimuli. After two weeks, 
colony outgrowth was monitored (for images, see Fig. 1B). Consistent with previ-
ous findings, both endothelin and EGF induced colony formation, while the com-
bination of both stimuli enhanced colony outgrowth even more. In Cxmin cells, 
we observed enhanced colony outgrowth similar to that in control cells (Fig. 1B). 
We conclude that Cx43 knockdown does not affect ET/EGF induced anchorage-
independent growth of Rat-1 cells. 

Figure 1. Cx43 knockdown does not affect cell proliferation or contact inhibition.
A: Graph showing the proliferation of both control and Cxmin cells. y-axis: number of cells 
(x105), x-axis: time (h)
B: Wide field images of Rat-1 cells growing in soft agar in the presence of 8% FCS. Pictures 
were taken two weeks plating Left: control cells, right: Cxmin cells. C: control, EGF: incuba-
tion with EGF (5ng/ml), ET: incubation with endothelin (50 nM), EGF + ET: incubation with 
EGF (5 ng/ml) and endothelin (50 nM).
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Cx43 knockdown reduces the rate of cell migration
We performed an in vitro wound healing assay to investigate the effect of Cx43 
knockdown on cell migration. For this assay, cells were grown to confluency and 
then serum starved for 8 hrs. Subsequently, the monolayer was scratched with a 
pipette tip. The cells were allowed to close the wound through migration during 
16 hours in the presence of 4% FCS. Cells at the edge of the wound and cells within 
the monolayer communicated normally with their neighbours (as measured by 
Lucifer yellow diffusion following microinjection25,26, data not shown). Cx43 was 
localized to cell-cell contacts and to the perinuclaer region, similar to the distribu-
tion of Cx43 in confluent cells (Fig. 3A). At later time points, when the intracellular 
structure at the rim of the wound became looser, Cx43 was still detected at sites of 
cell-cell contact (Fig. 3A). So, during migration, cells are contacted and communi-
cate continuously, which is consistent with a previous study27.
The surface of the wound before and after migration was measured, and the differ-
ence was used as a measure for migration. Figure 2A shows pictures of the scratch-
es before (left) and after (right) migration. Quantification of the relative migration 
of both control and Cxmin cells shows that knockdown of Cx43 leads to a reduction 
of migration speed to 52% of that in control cells (Fig. 2B). We conclude that knock-
down of Cx43 reduces migration of contacted Rat-1 fibroblasts.

Cx43 knockdown affects the formation of stress fibres and focal adhesions.
Directional cell migration requires polarization of the cells toward the desired di-
rection of migration28. Therefore, decreased migration ability may be explained by 

Figure 2. Knockdown of Cx43 inhibits cell migration.
Cells were grown to confluency, serum starved for 8 hours and then scratched with a yellow 
pipette tip. Cells were left to fill the scratch for 16 hours, images were taken at time point 0 
and after 16 h. The reduction of the scratch surface is a measure for migration.
A: Wide-field images of control (top) and Cxmin (bottom) cells at T=0 (left) and T=16 (right)
B: Bar diagram showing relative rate of migration. Migration of the control cells was set to 
1. 
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a defect in cell polarisation. We investigated whether knockdown of Cx43 affects 
the ability of Rat-1 cells to polarise. Control and Cxmin cells were fixed at various 
time points after the start of the wound healing assay. As a marker for polarisa-
tion, we visualized the orientation of the microtubule organizing centre (MTOC) by 
staining for α-tubulin. All cells which have their MTOC oriented within 45º from the 
direction of migration were marked (green dots, Fig. 3B). In both control and Cxmin 
cells at all time points, all cells at the wound edge and most cells in the second row 
were polarised, while the MTOC orientation in the cells further from the scratch 
appeared to be random. 

Figure 3. Cx43 knockdown affects polarised cell movement.
A: Confocal images of Rat-1 cells 6 and 24 hours after the start of a scratch assay. Cells on 
coverslips were fixed and stained for Cx43 (red) and α−tubulin (green)
B: Confocal images of control (left) or Cxmin (right) cells, stained for α-tubulin, fixed at several 
time points after start of the scratch assay. Cells with their MTOC oriented in the direction of 
migration are marked with a green dot. 
C: Confocal images of cells fixed 8 hours after start of the scratch assay, stained for either 
actin (top) or vinculin (bottom). 

vinculin
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Next, we compared actin stress fibre formation and organisation during the migra-
tion of control and Cxmin cells (Fig. 3C, top). We found that control cells were more 
elongated than Cxmin cells, especially after 16h of migration, and that more rows 
of cells were elongated. Furthermore, stress fibres in control cells were long and 
oriented in the direction of migration, whereas in Cxmin cells the stress fibres were 
shorter and more randomly oriented. 
The ability to form focal adhesions was studied by staining for vinculin. Cxmin cells 
appeared to form more focal adhesions than control cells (Fig. 3C, bottom), sug-
gesting that Cxmin cells are better attached, and thereby may hamper migration. 
Thus, Cxmin cells are still able to polarize, but not to same extent as control cells.

Knockdown of Cx43 reduces N-cadherin expression
N-cadherin is the only cadherin that is expressed by Rat-1 fibroblasts. Western blots 
of total cell lysates show that N-cadherin was strongly downregulated in Cxmin 
cells (Fig. 4A). This was confirmed by RT-PCR (Fig. 4B), indicating that regulation of 
N-cadherin expression by Cx43 knockdown takes place at the transcriptional level. 
N-cadherin is known to be essential for migration of neuronal cells and fibroblasts, 
and is associated with tumour aggressiveness and metastatic potential29. 
Expression levels of the Cx43-interaction partner ZO-1, focal adhesion marker vin-
culin, and cell-cell contact protein β-catenin were not affected by Cx43 knockdown 
(Fig. 4A). 

Figure 4. Knockdown of Cx43 inhibits N-cadherin expression.
A: Western blots of total lysates from control (left) and Cxmin (right) cells, showing down-
regulation of N-cadherin protein, but not of ZO-1, β-catenin and vinculin. Actin was used as 
loading control.
B: RT-PCR showing downregulation of N-cadherin on mRNA level (top) left: control cells, 
right: Cxmin cells, RT-PCR of β-actin is used as input control (bottom)
C: No direct interaction between Cx43 and N-cadherin. TL: total lysates blotted for N-cadher-
in (top) or Cx43 (bottom). IP: Either Cx43 (left 2 lanes) or N-cadherin (right 2 lanes) was im-
munoprecipitated from control and Cxmin cells. Immunoprecipitates were blotted for Cx43 
(bottom) and N-cadherin (top). 
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To ensure that the effect of Cx43 knockdown on N-cadherin expression is not an 
off-target effect, we designed two additional shRNA constructs (B and C) against 
Cx43. We stably knocked down Cx43 in Rat-1 cells, using these constructs and blot-
ted total lysates for Cx43 and N-cadherin (Fig. 5A). In these cell lines, Cx43 expres-
sion was knocked down below detection level and resulted in a complete lack of 
GJC. We found that N-cadherin was downregulated to the same extent as in the 
Cxmin cells, ruling out an off-target effect of the Cx43 shRNA construct. In the 
wound healing assay, we found that the Cxmin B and Cxmin C cell lines were im-
paired in their ability to migrate to the same extent as the original Cxmin cells (Fig. 
5B). Thus, the effect of Cx43 knockdown on migration coincides with downregula-
tion of N-cadherin. 
Cx43 has been reported to colocalise with N- and E-cadherin and suggested to 
interact with cadherins, but the evidence is primarily based on colocalisation30-33. In 
Rat-1 cells, Cx43 co-localised with N-cadherin (Fig. 6C). We investigated if Cx43 and 
N-cadherin are part of the same protein complex by performing co-immunopre-
cipitations. We precipitated Cx43 or N-cadherin from both control and Cxmin cells 
and immunoblotted for Cx43 and N-cadherin (Fig. 4C). N-cadherin did not co-IP 
with Cx43 (Fig. 4C, left two lanes), nor did Cx43 with N-cadherin (right two lanes). 
So, we found no evidence for a direct interaction between Cx43 and N-cadherin.

Reconstitution of Cx43 expression does not rescue N-cadherin expression or migra-
tion.
We asked whether the effect of Cx43 knockdown on migration and N-cadherin ex-
pression is communication-dependent. We reconstituted Cx43 expression in Cxmin 
cells with RNAi- resistant Cx43. We reported previously that GJC in these cells was 
fully restored and Cx43 was distributed in the same pattern as in the parental Rat-1 
cells26. Cxmin cells re-expressing Cx43 migrated at the same rate as Cxmin cells (Fig. 
5B). Western blot analysis of total lysates showed that N-cadherin expression was 
not restored in these cells (Fig. 5A).  This suggests that Cx43 expression and cell-cell 
communication are not the key factors in inhibition of migration by knockdown 
of Cx43 and suggests a correlation between N-cadherin expression and migration 
speed. 

N-cadherin knockdown mimics the Cx43 knockdown cell migration phenotype 
We studied the effect of N-cadherin knockdown on Cx43 expression, Cx43-based 
GJC and cell migration. We stably knocked down N-cadherin in Rat-1 cells using 
two different shRNA constructs. N-cadherin expression in these cells was reduced 
to ~80% of that in control cells, while Cx43 was still expressed at normal levels 
(Fig. 6A). To investigate whether N-cadherin knockdown impaired Cx43 func-
tion, we measured gap junctional communication by monitoring the diffusion 
of Lucifer yellow after microinjection. We found that N-cadherin knockdown cells 
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communicated to the same extent as control cells and that GJC could still be inhib-
ited by endothelin and TRP (Fig. 6B and [20]). We immunostained the cells for Cx43 
and N-cadherin and found that, while N-cadherin knockdown cells are flatter and 
form looser contacts, Cx43 accumulated in the perinuclear region and at cell-cell 
contacts in a punctate fashion similar to control cells (Fig. 6C). Finally, we studied 
the effect of N-cadherin knockdown on migration in the in vitro wound healing 
assay (Fig. 6D). In both N-cadherin knockdown cell lines, migration was reduced to 
~50% of that in control cells, similar to the effect of Cx43 knockdown (Fig. 6E). We 
conclude that reduced N-cadherin expression is sufficient to decrease the migra-
tion rate to that of Cx43 knockdown cells. 

Discussion

Gap junctional communication (GJC) is essential for tissue homeostasis, growth 
control and coordinated cell behaviour1,12,34,35. Connexins, the building blocks of 
gap junctions, have been suggested to be tumour suppressors 9,10,34,36. Loss of com-
munication is associated with loss of growth control, contact inhibition and cell 
transformation. In this study, we investigated the importance of Cx43 expression 
on diverse aspects of cell behaviour. We found that knockdown of Cx43 and GJC 
did not affect cell growth, contact inhibition, cell morphology or cell transforma-
tion. 
However, in three independent Cxmin cell lines, we observed a ~50% decrease in 
migration speed of contacted cells. The decrease in migration rate of Cxmin cells 

Figure 5. Rescue of Cx43 expression affects neither N-cadherin expression, nor cell mi-
gration.
A: Western blot showing downregulation of Cx43 by two additional shRNA constructs (3rd 
and 4th lanes) and reconstitution of Cx43 expression in Cxmin cells (5th lane) (bottom) and 
N-cadherin expression in these cells (top), compared to control (1st lane) and Cxmin (2nd 
lane) cells.
B: Bar diagram showing the relative migration of the diverse cell lines from Fig.A. Migration 
of the control cells was set to 1.
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Figure 6. Knockdown of N-cadherin mimics the effect of Cx43 knockdown on cell 
migration.
A: Western blot showing knockdown of N-cadherin by two different shRNA constructs (top) 
and the expression of Cx43 in these cells. 
B: Bar diagram showing the gap junctional communication of N-cadherin knockdown and 
control cells, before and after stimulation with endothelin (50 nM). 
C: Confocal images of control and N-cadherin knockdown cells. Left (green): N-cadherin, 
Middle (red): Cx43.
For the migration assay, cells were grown to confluency, serum starved for 8 hours and then 
scratched with a yellow pipette tip. Cells were left to fill the scratch for 16 hours, images 
were taken at time point 0 and after 16 h. The reduction of the scratch surface is a measure 
for migration.
D: Wide-field images of control (top) and N-cadherin knockdown (bottom) cells at T=0 (left) 
and T=16 (right).
E: Bar diagram showing relative migration of control and N-cadherin knockdown cells. Mi-
gration of the control cells was set to 1. 
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was accompanied by reduced cell elongation and increased focal adhesion forma-
tion during migration. In all three Cxmin cell lines, we observed a strong downregu-
lation of N-cadherin expression at the transcriptional level. Rat-1 fibroblasts express 
N-cadherin as only cadherin. N-cadherin is associated with numerous processes, 
such as cell-cell adhesion, differentiation, embryonic development, invasion and 
migration37. Although the exact mechanism is unknown, it is generally accepted 
that N-cadherin is essential for migration of neuronal cell and fibroblasts37. Given 
the less elongated shape of Cxmin cells in the wound healing assay and the distur-
bance in stress fibre alignment, it seems likely that there is a defect in Rho activa-
tion. However, it is unknown how N-cadherin expression is linked to stress fibre 
organisation, focal adhesion formation or activation of Rho family GTPases.
Reconstitution of Cx43-based GJC did not rescue the migration phenotype, sug-
gesting that that the decrease in migration is independent of GJC and Cx43 
expression. However, N-cadherin expression was not rescued by expression of 
Cx43. We hypothesize that the Cxmin cells had reached a new steady state, in which 
N-cadherin expression was lower than in control cells. Re-introduction of Cx43 ex-
pression did not increase the need for the cells to increase N-cadherin levels. Our 
results fit the growing notion that Cx43 not only functions as a channel protein, 
but also is an essential player in a multi-protein complex. This is not only important 
for regulation of GJC, but may also have a broader cellular effect, through signals 
emanating from (proteins in) this complex17,19,38,39

Furthermore, in N-cadherin knockdown cell lines, Cx43 levels and GJC were not 
affected. In the wound healing assay, N-cadherin knockdown cells showed a de-
crease in migration rate, comparable to that in Cxmin cells. Thus, downregulation 
of N-cadherin expression can explain the decrease in migration speed in Cxmin 
cells. 
In summary, Cx43 influences cell migration through a mechanism that is independ-
ent of gap junctional communication, but rather acts by influencing the expression 
of N-cadherin at the transcriptional level through an as-yet-unknown mechanism. 
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Materials and methods

Reagents 

Materials were obtained from the following sources: endothelin, thrombin receptor-acti-

vating peptide (TRP; sequence SFLLRN), actin monoclonal, Cx43 polyclonal, vinculin poly-

clonal and α-tubulin monoclonal antibodies from Sigma (St. Louis, MO); HRP-conjugated 

secondary antibodies from Cell Signalling and secondary antibodies for immunofluores-

cence (goat-anti-mouse, Alexa488 and goat-anti-rabbit, Alexa594) from Molecular Probes. 

N-cadherin and β-catenin monoclonal antibodies from BD Transduction Laboratories. ZO-1 

monoclonal antibody from Zymed. 

Cell culture, cell proliferation and cell-cell communication assays

Cells were cultured in DMEM containing 8% fetal calf serum, L-glutamine and antibiotics. 

Proliferation rate of the cells is determined by plating 1x105 cells in a 35mm dish in triplo 

for each time point. Cells are counted on 4 consecutive days with an automatic cell counter. 

From these data, the growth curve is calculated using Excell. For cell-cell communication 

assays, cells were grown in 35mm dishes and serum starved for at least 4 hrs prior to ex-

perimentation. Monitoring the diffusion of Lucifer Yellow (LY) from single microinjected cells 

was done as described before25,26 .

RNA Interference 

To generate Cx43-deficient Rat-1 cells, Cx43 was knocked down by stable expression of ret-

roviral pSuper40 ( pRS) containing the shRNA target sequence GAAGCAGATTGAAATCAAGAA 

(Cxmin B) or TCTCGCTTTGAACATCATTGA (Cxmin C). pRS-Cx43 was transfected into Phoenix-

Eco package cells and the supernatant containing viral particles was harvested after 72 hrs. 

For infection, cells were incubated with 1 ml of viral supernatant supplemented with 10 μl 

Dotap (Roche; 1 mg/ml). 48 hrs after infection, cells were selected on puromycin (2 μg/ml, 

Sigma) for 1 week. Single cell-derived colonies were tested for Cx43 expression and commu-

nication. A clone expressing <5% of residual Cx43 and completely lacking cell-cell coupling 

was used for further experiments. N-cadherin was stably knocked down by retroviral expres-

sion of N-cadherin shRNA. Two different target sequences were selected (CCGATCAACTT-

GCCAGAAA and TGACTGAGGAGCCGATGAA). Stable knockdown clones were produced as 

described above. In all cases, a non-functional shRNA was used as control. 

Construction and expression of shRNA resistant Cx43 cDNA

Cx43 cDNA was cloned into pEntr 1A (Invitrogen) by BamHI/Xho restriction and subse-

quently cloned into pAd/Dest/CMV adenoviral expression vector (gateway system, in-

vitrogen) by homologues recombination. To prevent targetting of this construct by Cx43 

directed shRNA, we made two silent mutations in the RNAi target site, using PCR-SDM (prim-

ers: F: CCGCTGGAGGGAAGGTGTGGTTGTCCGTGCTCTTCATATTC, R: GAATATGAAGAGCACG-

GACAACCACACCTTCCCTCCAGCGG). Virus was produced in 293A packaging cells according 
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to standard procedures. Supernatant containing virus particles was titrated on Rat-1 cells 

to determine the amount needed for Cx43 expression at levels comparable to endogenous 

Cx43 expression in Rat-1 cells.

Soft agar assay

1x105 cells were plated in 2 ml of growth medium, containing 0.4% low melting point agar 

in a 35mm dish. Two weeks after plating, digital images were taken on a Zeiss Axiovert 200M 

microscope using a 10x NA 0.25 objective. Axiovision software was used to capture the 

images. 

In vitro wound healing assay

To ability of contacted Rat-1 fibroblasts to migrate is investigated with an in vitro wound 

healing assay: cells are grown to confluency in 35mm dishes in triplo. Before starting the 

assay, cells are serum starved for 8 hours. The monolayer is then scratched with a yellow 

pipette tip and cells are left to migrate into the created gap for 16 hours in the presence of 

4% FCS. At T=0 and T=16h, digital pictures were taken on a Zeiss Axiovert 200M microscope 

using a 10x NA 0.25 objective. Axiovision software was used to capture the images. The sur-

face of the scratch area on each picture is measured using Image J. The difference in scratch 

surface between T=16 and T=0 (as calculated using Excell) is a measure for migration. 

SDS-PAGE, immunoblotting and immunoprecipitation

Cells were harvested in Laemmli sample buffer (LSB), boiled for 10 min. and subjected to im-

munoblot analysis according to standard procedures. Filters were blocked in TBST/5% milk, 

incubated with primary and secondary antibodies, and visualized by enhanced chemolu-

minescence (Amersham Pharmacia). For immunoprecipitation, cells were harvested in lysis 

buffer containing1% NP-40, 0.25% sodium desoxycholate, supplemented with protease in-

hibitor cocktail (Roche). Lysates were spun down and the supernatants were subjected to 

immunoprecipitation using protein A-conjugated antibodies for 4 hrs at 4oC. Proteins were 

eluted by boiling for 10 min. in LSB and analyzed by SDS page and immunoblotting accord-

ing to standard protocols. 

Immunostaining and fluorescence microscopy

Cells grown on coverslips were fixed in methanol for 15 min. Samples were blocked and in 

PBS containing 1.5% BSA for 20 min. Subsequently, samples were incubated with primary 

and secondary antibodies for 30 min. each in PBS/1.5% BSA, washed five times with PBS and 

mounted in Immumount (Thermo Scientific). Confocal fluorescence images were obtained 

on a Leica TCS NT (Leica Microsystems, Heidelberg, Germany) confocal system, equipped 

with an Ar/Kr laser. Images were taken using a 63x NA 1.32 oil objective. Standard filter com-

binations and Kalman averaging were used. Processing of images for presentation was done 

on a PC using the software package Photoshop (Adobe Systems Incorporated Mountain 

View, California, USA).
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RT-PCR

Total RNA is isolated from subconfluent control and Cxmin cells using the RNeasy kit (Qia-

gen). mRNA is converted to cDNA according to standard procedures. The primers that were 

used for PCR of N-cadherin are: Forward: GATCGAATTCCTCTAGAATGTGCCGGATAGCG-

GGAGCGC and Reverse: CACAAGTCTCGGCCTCTTG
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