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Abstract

Interferon Regulatory Factor 6 (IRF6) is a transcription factor that is required for craniofacial 

development and epidermal morphogenesis. Specifically, Irf6-deficient mice lack the terminally 

differentiated epidermal layers, leading to the absence of barrier function. This phenotype 

also includes intraoral adhesions due to the abscence of the oral periderm, leading to the 

mislocalization of E-cadherin and other cell-cell adhesion proteins of the oral epithelium. 

However, the mechanisms by which IRF6 control the localization of cell adhesion proteins is 

not understood. Here, we demonstrate that, in human and murine keratinocytes, loss of IRF6 leads 

to breakdown of epidermal sheets following mechanical stress. This defect is due to a reduction 

of adhesion proteins at the plasma membrane. Dynamin inhibitors rescued the IRF6-dependent 

resistance of epidermal sheets to mechanical stress, but only inhibition of clathrin-mediated 

endocytosis rescued the localization of junctional proteins at the membrane. Our data show that 

E-cadherin recycling, but not its endocytosis, is affected by loss of IRF6. Overall, we demonstrate 

a role for IRF6 in the delivery of adhesion proteins to the cell membrane.

INTRODUCTION

Epithelia are highly organized tissues lining most organs, including the outermost surface 

of our body and the oral cavity. Epithelia, and particularly the epidermis of the skin, 

protect the organism from mechanical, chemical and microbial attacks by functioning as 

a biologically impermeable barrier (Madison 2003). Critical to this barrier function are 

intercellular adhesions between keratinocytes of the epidermis, including adherens junctions 

(AJ), desmosomes, and tight junctions (Morita et al. 1998; Furuse et al. 2002; Schlüter et al. 

2004).
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Adherens junctions are highly evolutionary conserved inter-cellular structures, forming 

continuous adhesion belts along the apical-lateral interface of neighboring cells. These 

structures link the actin cytoskeleton of neighboring cells, thereby providing mechanical 

resistance, as well as the molecular machinery to sense and generate forces from one cell 

to another (Tunggal et al. 2005; Mertz et al. 2013; Ohashi et al. 2017; Yap et al. 2018). 

The molecular components of AJ include members of the armadillo protein family such 

as β-catenin, α-catenin and p120-catenin, and clusters of calcium-dependent cell adhesion 

receptor from the cadherin family, including E-cadherin (Behrens et al. 1985; Gumbiner et 

al. 1988; Nagafuchi and Takeichi 1988; Takeichi 1991; Adams et al. 1996).

E-cadherin is a transmembrane protein synthesized in the endoplasmic reticulum and 

delivered to the cell membrane through the secretory pathway (Geng et al. 2012). This 

molecule is highly dynamic, undergoing continuous cycles of endocytosis, sorting and 

recycling back to the plasma membrane. Transcriptional regulation of E-cadherin is 

relatively slow (Cavey and Lecuit 2009) and does not account for the fast processes 

necessary for cell adhesion rearrangement during morphogenesis and tissue repair. 

Instead, E-cadherin is constantly internalized from the plasma membrane through several 

endocytic mechanisms, including clathrin mediated endocytosis (Palacios et al. 2002). After 

internalization, E-cadherin localizes to early, then recycling endosomes (Wandinger-Ness 

and Zerial 2014), and is delivered back to the plasma membrane or toward multivesicular 

endosomes that fuse to the lysosome for later degradation (Hunter et al. 2015).

Interferon regulatory factor 6 (IRF6) belongs to the interferon regulatory factor (IRF) family 

of transcription factors (Taniguchi et al. 2001) and has been implicated in craniofacial, 

limb and epidermal development (Ingraham et al. 2006). Irf6-deficient embryos lack the 

granular and cornified layers that confer the barrier function to the skin. They also lack 

the oral periderm, exhibit ectopic localization of E-cadherin and other cell-cell adhesion 

proteins, which ultimately lead to intraoral tissue adhesion and a complete fusion of the 

oral cavity. Disruption of these adhesion proteins in the absence of IRF6 ultimately leads to 

postnatal lethality (Ingraham et al. 2006). However, how IRF6 regulates the localization of 

intercellular adhesion proteins is poorly understood.

In the present study, using a combination of primary murine keratinocytes and human 

keratinocyte cell lines with decreased levels of IRF6, we show that IRF6 is required for 

proper delivery of E-cadherin to the plasma membrane.

RESULTS

Human IRF6 knockdown keratinocytes fail to differentiate in vitro

In order to generate human cell lines deficient for IRF6, we designed shRNAs specifically 

targeting IRF6-mRNA in a human foreskin keratinocyte (HFK) cell line (Darbro et 

al. 2005). Following calcium-induced in vitro differentiation, wild-type keratinocytes 

upregulated IRF6, whereas two out of three shRNA lines showed minimal levels of IRF6 

(Figure S1a, b and data not shown). Based on these results, we further characterized 

the 495 line (further referred to as shIRF6). Phase contrast analysis demonstrated the 

presence of stratified areas with loss of keratin (K) 14 and upregulation of K10 in wild-
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type keratinocytes (Figure S1c, d). However, the shIRF6 keratinocytes were unable to 

differentiate, as demonstrated by the maintainance of K14, and decrease in K10-positive 

keratinocytes (Figure S1c, d). Total RhoA GTPase levels were unchanged in IRF6 

knockdown cells, however GTP-bound RhoA (the active form) levels were increased 

in shIRF6 keratinocytes (Figure S1e). Combined, these results demonstrate that human 

shIRF6 keratinocytes exhibit characteristics similar to what we previously described for 

Irf6-deficient murine keratinocytes (Biggs et al. 2012).

IRF6 is required for keratinocyte monolayer resistance to mechanical stress

Based on the observation that Irf6-deficient murine epidermis showed altered localization of 

cell-cell adhesion components (Richardson et al. 2014), and their well-established roles in 

the mechanical properties of tissues, we hypothesized that keratinocyte monolayers require 

IRF6 to resist to mechanical stress. To test our hypothesis, Dispase-treated HFK and shIRF6 

monolayers were exposed to mechanical disruption (Figure 1a). The resulting number of 

fragments in suspension was significantly higher in shIRF6 keratinocytes compared to wild-

type (Figure 1a), demonstrating that IRF6 is required for the resistance of the keratinocyte 

monolayer to mechanical stress.

IRF6 is required for proper subcellular localization of AJ proteins

We sought to gain mechanistic insight into the cause of IRF6-dependent resistance of 

keratinocyte monolayers to mechanical stress. We first examined whether IRF6 was required 

for the assembly of AJ. The initial step of junction assembly is cadherin engagement, 

which is based on interactions between two E-cadherin extracellular domains of adjacent 

cells. We measured the adhesions of HFK and shIRF6 keratinocytes to culture dishes 

coated with extracellular domain of E-cadherin. shIRF6 keratinocytes were reduced in 

their adhesion to this substrate compared with wild-type cells (Figure 1b), supporting the 

functional importance of IRF6 for E-cadherin adhesion. Yet, they do not distinguish between 

a potential impairement of E-cadherin adhesion function itself and E-cadherin localization.

We then assessed the subcellular localization of E-cadherin following calcium-induced 

formation of cell-cell adhesions. By immunofluorescence, we observed that wild-type 

keratinocytes formed continuous E-cadherin adhesion zippers at the junction between two 

adjacent cells, whereas Irf6-deficient cells and shIRF6 keratinocytes showed a discontinuous 

focal pattern of E-cadherin (Figure 1c, and data not shown). Furthermore, the intensity of 

the fluorescent signal at the cell membrane was reduced in shIRF6 keratinocytes (Figure 

1c). In these same cells, however, total cellular levels of E-cadherin were unchanged when 

compared with wild-type keratinocytes (Figure 1d and S2a). A similar defect was observed 

with beta-catenin and vinculin (Figure 1e and Figure S2b–e). We conclude that IRF6 is 

required for proper localization, but not overall protein levels, of AJ components to the cell 

membrane, affecting cell adhesion.

IRF6 is required for proper subcellular localization of tight junctions and desmosomal 
proteins

There is extensive evidence suggesting adherens junctions participate in the assembly and 

proper functioning of tight junctions (Rajasekaran et al. 1996; Müller et al. 2005; Ooshio 
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et al. 2010; Maiers et al. 2013; Rübsam et al. 2017) and desmosomes (Shafraz et al. 2017). 

We hypothesized that in the absence of IRF6, defective AJ would lead to disruption of 

the signaling processes orchestrating proper formation of tight junctions and desmosomes. 

In support of our hypothesis, we observed a discontinuous pattern of ZO1, Occludin and 

Desmoplakin at the cell membrane of Irf6-deficient keratinocytes following calcium-induced 

adhesion, compared to wild-type cells (Figure 2), while Occludin total cellular levels were 

unchanged (Figure S2f). Overall, our data support a model in which decreased IRF6 leads 

to the disruption not only of the formation of AJ, but also of other cell adhesions that may 

require AJ-dependent signals for their own assembly.

Inhibition of dynamin-dependent endocytosis rescues E-cadherin localization to the 
plasma membrane

The availability and levels of E-cadherin at the plasma membrane are determined by 

the balance between the delivery and recycling of E-cadherin to the membrane, and the 

rate of E-cadherin endocytosis (Brüser and Bogdan 2017). To investigate whether the 

IRF6-dependent reduction of E-cadherin levels at the membrane was due to a defect in 

endocytosis, we treated HFK and shIRF6 keratinocytes with Dyngo-4a, a potent inhibitor 

of dynamin-mediated endocytosis. As shown in Figure 3a, Dyngo-4a-treated shIRF6 

keratinocytes showed increase levels of E-cadherin at the membrane to the levels of the 

wild-type cells. Dyngo-4a treatment also restored the linear pattern of ZO-1 similar to 

wild-type, but not its intensity level after 24 h of treatment (Figure S3). However, Dyngo-4a 

did not improve the discontinuous pattern and intensity levels at the membrane of Occludin 

and Desmoplakin in shIRF6 (Figure S3). Concomitantly, the resistance to mechanical stress 

of shIRF6 keratinocyte monolayers treated with Dyngo-4a was restored to that of wild-type 

cells (Figure 3b). These results could be due to 1) Inhibition of dynamin, maintaining 

delivered E-cadherin at the cell membrane, leading to an accumulation of E-cadherin to an 

equivalent level between wild-type and shIRF6 keratinocytes, or 2) an increase in E-cadherin 

endocytosis.

Rate of endocytosis is not affected by IRF6

To distinguish between our two hypothesis, we first investigated the localization of p120-

catenin in the context of IRF6. P120-catenin is a master regulator of E-cadherin endocytosis 

that binds to E-cadherin cytoplasmic tail and prevents its interactions with the endocytic 

membrane trafficking machinery (Davis et al. 2003; Nanes et al. 2016). Our results show 

that in keratinocytes with reduced levels of IRF6, p120-catenin pattern of expression was 

similar to that of E-cadherin in wild-type (continuous) and shIRF6 (focal and discontinuous) 

keratinocytes. The intensity of the immunofluorescent signal for p120-catenin at the cell 

membrane was also decreased compared to the wild-type cells, yet overall protein levels 

were unchanged between groups (Figure 3c and Figure S2g).

To formaly determine if endocytosis contributes to our observations, we performed 

biotinylation of cell membrane proteins. As shown in Figure 3d, total lysates (Input) showed 

equal levels of E-cadherin in both cell lines maintained at 4°C (T0) and following 1 h at 

37°C (T1), consistent with our results shown in Figure 1d. However, following streptavidin 

pull down (Pull down, Figure 3d), steady-state E-cadherin levels at the membrane (T0) were 

Antiguas et al. Page 4

J Invest Dermatol. Author manuscript; available in PMC 2023 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



reduced in shIRF6 keratinocytes compared with wild-type cells, consistent with data shown 

in Figure 1c. Surprisingly, the rate of endocytosis, calculated as the ratio of E-cadherin 

levels between T0 and T1, was similar between HFK and shIRF6 keratinocytes (Figure 

3d). Collectively, these results confirm that E-cadherin levels at the plasma membrane are 

reduced in keratinocytes with reduced IRF6 levels, and that increased rate of E-cadherin 

endocytosis is not contributing to this defect.

Decreased recycling of E-cadherin to the plasma membrane contributes to the IRF6-
dependent cell adhesion defect

If IRF6 levels do not affect the rate of endocytosis, we hypothesized that IRF6 promotes the 

delivery of E-cadherin to the cell membrane. To test our hypothesis, we transfected HFK and 

shIRF6 keratinocytes with E-cadherin-GFP expressing plasmid and performed fluorescence 

recovery after photobleaching of membrane bound E-cadherin-GFP. We found that the 

fluorescence recovery rate and the recovered fraction were both significantly decreased in 

human and murine keratinocytes with reduced levels of IRF6 compared with wild-type 

cells (Figure 4a and data not shown), suggesting that IRF6 is required for the delivery of 

E-cadherin to the membrane. Consequently, we asked whether E-cadherin would accumulate 

away from the plasma membrane. Following immunofluorescent staining, we quantified the 

number of E-cadherin-positive puncta (Figure 4b, c) and found no differences in the number 

of puncta between HFK and shIRF6 keratinocytes. An extended analysis of the area and 

the intensity of the E-cadherin positive puncta, however, showed that both were significantly 

increased in shIRF6 compared with wild-type keratinocytes (Figure 4c), suggesting an 

accumulation of E-cadherin away from the plasma membrane.

To investigate a function for IRF6 in E-cadherin recycling, we performed an internalization 

assay (Figure 4d). Although the membrane levels of E-cadherin were reduced in shIRF6 

keratinocytes (Figure 4e), the internalized E-cadherin did not recycle back to the plasma 

membrane (Figure 4f), and fewer cells had E-cadherin at the membrane (Figure 4f), 

complementing results of Figure 3 showing unperturbed endocytosis in shIRF6 cells. Thus, 

loss of IRF6 leads to vesicular accumulation of E-cadherin, and to a defective recycling 

to the plasma membrane, ultimately resulting in a reduction of E-cadherin levels at the 

membrane.

DISCUSSION

Much attention has been devoted towards identifying roles for IRF6 in epithelial 

differentiation. A few studies have also reported a role for IRF6 in tissue adhesions, with 

the implication that this transcription factor could regulate cell-cell adhesions (Richardson 

et al. 2014). However, very little attention has been given to which particular cellular 

processes are regulated by IRF6 to control cell-cell adhesion. Our study demonstrates, 

in human and murine keratinocytes, that IRF6 is needed for keratinocyte resistance to 

mechanical stress. This defect is due to a reduction of adhesion proteins at the plasma 

membrane. Particularly, we show that IRF6 is required for the recycling of E-cadherin at the 

plasma membrane, identifying a previously unreported function for this transcription factor 

in regulating adhesion protein dynamics.
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Cell-cell adhesions are essential structures that maintain cohesiveness between epithelial 

cells to form tissues. All of the cell-cell adhesion complexes were affected by the loss of 

IRF6 in keratinocytes, with significantly decreased protein levels at the plasma membrane 

(Figures 1, 2, S2). We speculate that it is the effect of IRF6 on E-cadherin-mediated 

adhesion that led to alterations in other junctional complexes, based on previous evidence 

that adherens junctions are the initial cell-cell contacts formed between two neighboring 

cells (Rajasekaran et al. 1996; Müller et al. 2005; Ooshio et al. 2010; Maiers et al. 

2013; Rübsam et al. 2017). Consequently, the increased localization of E-cadherin at 

the membrane following dynamin inhibitor treatment partially rescued the localization 

of other junctional complexes within the time frame of the experiment. The levels of 

E-cadherin at the plasma membrane thus would influence the recruitment of tight junction 

and desmosomal components, although we can not rule out a direct effect of IRF6 on these 

components.

The reduction of E-cadherin at the membrane that occurs with the loss of IRF6 could 

be due to several mechanisms, including 1) a decrease in overall protein level, 2) 

an increase in endocytosis, or 3) a decrease in trafficking/recycling (delivery) to the 

membrane. We tested all three possibilities. Our data conclude that IRF6 is necessary 

for the delivery of endocytosed E-cadherin to the plasma membrane. Previous studies 

have shown that transcript levels of E-cadherin and other AJ proteins in the epidermis 

and keratinocytes in cultures were not significantly changed between IRF6-deficient 

and control samples (Ingraham et al. 2006; Botti et al. 2011). Our data obtained with 

protein extracts complement these earlier observations, suggesting that IRF6, although 

structurally characterized as a transcription factor, is not regulating these molecules 

directly at the transcriptional level. Our studies do not distinguish whether IRF6 promotes 

the membrane localization of junctional proteins via a transcriptional role facilitating 

intracellular trafficking or via a non-transcriptional protein-protein interaction. A non-

traditional cytoplasmic function for IRF6 has been speculated in the context of palatogenesis 

(Parada-Sanchez et al. 2017), and we and others have previously published studies in which 

IRF6 is mainly detected in the cytoplasm (Bailey et al. 2005; Little et al. 2009; Biggs et al. 

2012). Additionally, studies of patient-derived mutations demonstrated that the IRF6 protein 

binding domain contributes to both its transcriptional and non-transcriptional function (Little 

et al. 2009). Such dual nuclear transcriptional activity and cytoplasmic protein regulation 

have been described for β-catenin (Takeichi 1991; Tao et al. 1996) and Grainyhead-like 3 

(GRHL3) (Kimura-Yoshida et al. 2018). GRHL3 is particularly interesting as it belongs to 

the IRF6 gene-regulatory network, and mutations in GRHL3, like in IRF6, lead to Van der 

Woude syndrome (Peyrard-Janvid et al. 2014). Further investigations would determine if 

indeed IRF6 has a cytoplasmic function similar to GRHL3.

Although the use of Dyngo-4a rescued both E-cadherin intensity at the membrane and 

resistance to mechanical stress, we believe these results are the consequence of an 

accumulation of E-cadherin at the membrane in the presence of the dynamin inhibitor. 

p120-catenin, which is required to stabilize E-cadherin at the membrane and prevent it 

from being endocytosed (Davis et al. 2003), was also at the membrane, providing further 

evidence that endocytosis is not affected by IRF6 levels. We did observe, however, lower 

levels of p120-catenin at the plasma membrane of Irf6-deficient keratinocytes, which could 
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be the consequence of the diminished levels of E-cadherin anchoring p120-catenin at sites of 

cell-cell junctions.

Collectively, our results desmontrated that IRF6 is required for E-cadherin delivery to 

the plasma membrane. Keratinocytes with reduced IRF6 displayed impaired E-cadherin 

dynamics by both FRAP and in vitro internalization assays. Interestingly, cytoplasmic IRF6 

was recently shown to bind Nucleoside Diphosphate Kinase B (NME1), a highly conserved 

18 kDa Guanine-nucleotide Exchange Factors regulating the activity of small GTPases, 

known to regulate E-cadherin dynamics (Palacios et al. 2002), and in which mutations 

were reported in two patients with cleft lip and palate (Parada-Sanchez et al. 2017). We 

speculate that reduced IRF6 protein levels would affect the function of NME1. Molecular 

manipulations of NME1 in the context of IRF6-dependent E-cadherin turnover would be 

required to determine whether this interaction is responsible for our observations.

In conclusion, our work identified a previously unreported function for IRF6 in modulating 

E-cadherin delivery to the plasma membrane. E-cadherin dynamics have been described as 

central to cancer biology (Zhang et al. 2006). IRF6 has been previously characterized as 

a tumor suppressor (Botti et al. 2011) and identified as a regulator of epithelial migration 

(Biggs et al. 2014). Therefore, our studies provide a mechanistic insight on how IRF6 could 

contribute to cancer and wound healing.

MATERIALS and METHODS

Detailed material and methods are provided in the Supplementary Materials associated with 

this paper.

shIRF6 cell lines generation

pSUPER-shIRF6 was used to silence endogenous IRF6 in human foreskin keratinocyte cell 

lines (HFK) (Darbro et al. 2005).

Keratinocyte culture

Mouse husbandry was consistent with the Animal Care and Use Review Form at the 

University of Iowa. Murine primary keratinocytes were obtained from e17.5 embryonic 

skin (Biggs et al. 2012). HFK were maintained in keratinocyte serum-free medium (KSFM, 

Gibco, Waltham, MA). To induce the formation of Ca2+-dependent cell junctions, cells were 

switched from media with 0.15 mM CaCl2 (referred thereafter to low [Ca2+]), to medium 

with an additional 1.5 mM CaCl2 (referred thereafter to high [Ca2+]). Y27632 (Sigma, St 

Louis, MO) and Dyngo-4a (Abcam, Cambrifge, MA) were used at 10 mM and 10 μM, 

respectively.

Dispase assay

Confluent human keratinocytes were cultured in 1.5 mM for 24 h then incubated in 2.5 

U/ml Dispase II (Roche Applied Science, Penzberg, Germany) for 30 min at 37°C. The 

keratinocyte monolayer was mechanically disrupted following 10 repeated pipetting with a 5 

ml Stripette.
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E-cadherin FC adhesion assay

Quantification of the adhesion of cells to E-cadherin FC coated plates was performed as 

previously described (Bays et al. 2017). Keratinocytes were seeded onto E-cadherin FC 

coated plates and allowed to attach for 1 h in high [Ca2+] medium. Images from four equally 

sized quadrants were taken from each well and attached cells were counted using ImageJ.

Biotinylation assay

Biotin solution was added to high [Ca2+] treated confluent keratinocytes. Biotinylation assay 

was performed as previously described (Graeve et al. 1989).

Fluorescent recovery after photobleaching (FRAP)

E-cadherin-GFP (423) was a gift from Alpha Yap (Addgene plasmid # 677937, Watertown, 

MA, (Truffi et al. 2014)) and transfected in human and murine keratinocytes. Bleaching of 

fluorescence was performed at room temperature on the cell membrane of two adjacent cells 

expressing E-cadherin GFP using the 488 nm laser of a Zeiss LSM 700 confocal microscope 

and images taken every 60 sec until achieving a plateau. Fluorescent recovery was quantified 

as a percent of initial E-cadherin-GFP membrane intensity.

Internalization assay

An internalization assay was performed as previously described (Xiao et al. 2003; Chiasson 

et al. 2009; Nanes et al. 2016).

Data Availability Statement

No datasets were generated during the current study.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: IRF6 is required for adherens junction assembly.
(a) Macroscopic images showing HFK and shIRF6 confluent monolayer following Dispase 

II treatment before and after mechanical disruption. Quantification of number of fragments 

per well normalized to HFK is presented on the right. (b) Cell attachment to extracellular 

domain of E-cadherin. (c) Immunofluorescent staining for E-cadherin (green) in Irf6+/+ 

and Irf6−/− murine keratinocytes 6 h following high [Ca2+] treatment. Nuclear DNA is 

labeled with DAPI (blue). Areas in white boxes 1 and 2 are presented enlarged on 

the right. E-cadherin pattern of intensity at the membrane is shown for these two cells. 

Quantification of E-cadherin intensity at the membrane is shown on the right most graph. 

(d) Western blot for E-cadherin and GAPDH (loading control) of total cellular extracts. 

Quantification of E-cadherin intensity is indicated by the numbers between the two panels. 

(e) Immunofluorescent staining for Vinculin (green) and β-catenin (right) of Irf6+/+ and 

Irf6−/− murine keratinocytes 6 h following high [Ca2+] treatment. Nuclear DNA is labeled 

with DAPI (blue). ** P < .01, *** P < .001, and **** P < .0001 following Kruskal-Wallis 

test with Dunn’s multiple comparison post-hoc test. Scale bars = 10 μm
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Figure 2: IRF6 is required for tight junction and desmosomal protein localization at the 
membrane.
(a) Immunofluorescence staining (green) for ZO1, Occludin (OCLN), and Desmoplakin 

(DSP) on Irf6+/+ and Irf6−/− keratinocytes 6 h or 24 h following high [Ca2+] treatment. 

Nuclear DNA is labeled with DAPI (blue). Scale bar = 25 μm (b) Line scan of fluorescent 

intensity at the membrane of cells shown in (a). (c) Quantification of fluorescence intensity 

at the membrane 6 h and 24 h following high [Ca2+] treatment in HFK and shIRF6 

keratinocytes. Because the Desmoplakin signal was too weak after 6 h of calcium treatment, 

only the 24 h time point is shown. ** P < .01, and **** P < .0001 following Kruskal-Wallis 

test with Dunn’s multiple comparison post-hoc test. Only relevant significance is presented.
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Figure 3: IRF6 is not required for E-cadherin endocytosis.
(a) Immunofluorescent staining of HFK and shIRF6 for E-cadherin 24 h in high [Ca2+], 

in the presence of DMSO or Dyngo-4a. Quantification of fluorescence intensity at the 

membrane 6 and 24 h following [Ca2+] treatment in HFK and shIRF6 keratinocytes 

in DMSO and Dyngo-4a. (b) Macroscopic images showing HFK and shIRF6 confluent 

monolayer following Dispase II treatment before and after mechanical disruption in DMSO 

or treated with Dyngo-4a. Quantification of number of fragments per well normalized 

to HFK is presented (right panel). (c) Immunofluorescent staining of HFK and shIRF6 

for p120-catenin 24 h in high [Ca2+]. (d) Total cell surface proteins were purified using 

labelling with biotin (Input) and pulled down via avidin affinity (Pull down). Proteins were 

extracted immediately (T0) or 1 hour (T1) at 37°C following biotinylation. Immunoblots 

for E-cadherin in HFK and in shIRF6 keratinocytes. GAPDH was used as loading control. 

Intensity of E-cadherin signal was quantified and ratio T0/T1 compared between HFK and 

shIRF6. ns = not significant after Student’s t-test. For (a) and (b), **** P < .0001, ns = not 

significant after Kruskal-Wallis test with Dunn’s multiple comparison post-hoc test. Only 

relevant significance is presented.
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Figure 4: IRF6 impacts E-cadherin trafficking to the plasma membrane.
(a) Fluorescence recovery after photobleaching of HFK and shIRF6 transfected with E-

cadherin-GFP. (b) Immunofluorescent staining of HFK and shIRF6 for E-cadherin 6 h 

following high [Ca2+] treatment. White arrows indicate E-cadherin positive cytoplasmic 

vesicles. (c) Quantification of number, intensity of fluorescence, and area of vesicles in HFK 

and shIRF6. A minimum of 50 cells were counted per group in three separate experiments. 

(d) Internalization of E-cadherin in HFK or shIRF6 cells 60 min after addition of E-cadherin 

antibody. Representative images of E-cadherin antibody at the membrane, endocytosed, 
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and recycled. Scale bars = 10 μm. Graph on the top right represents the quantification of 

E-cadherin fluorescence intensity (normalized) at the membrane at the beginning of the 

internalization assay (“Initial”) and following recycling at the membrane (“Recycled”) in 

HFK and shIRF6 keratinocytes. **** P < .0001 following Mann-Whitney test. Graph on the 

bottom right represent the percentage of cells with or without E-cadherin at the membrane at 

the beginning of the assay and following recycling at the membrane.
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