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Abstract

Epidermal expression of adhesion molecules such as desmogleins (Dsg) and cadherins is strongly 

affected by the differentiation status of keratinocytes. We have previously shown that certain 

protein kinase C (PKC) isoforms differentially alter the growth and differentiation of human 

epidermal HaCaT keratinocytes. In this paper, using recombinant overexpression and RNA 

interference, we define the specific roles of the different PKC isoenzymes in modulation of 

expression of adhesion molecules in HaCaT keratinocytes. The level of Dsg1, a marker of 

differentiating keratinocytes, was antagonistically regulated by two Ca-independent ‘novel’ nPKC 

isoforms; i.e. it increased by the differentiation-promoting nPKCδ and decreased by the growth-

promoting nPKCϵ. The expression of Dsg3 (highly expressed in proliferating epidermal layers) 

was conversely regulated by these isoenzymes, and was also inhibited by the differentiation 

inducer Ca-dependent ‘conventional’ cPKCα. Finally, the expression of P-cadherin (a marker of 

proliferating keratinocytes) was regulated by all of the examined PKCs, also in an antagonistic 

manner (inhibited by cPKCα/nPKCδ and stimulated by cPKCβ/nPKCϵ). Collectively, the 

presented results strongly argue for the marked, differential, and in some instances antagonistic 

roles of individual Ca-dependent and Ca-independent PKC isoforms in the regulation of 

expression of adhesion molecules of desmosomes and adherent junctions in human epidermal 

keratinocytes.
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Introduction

Desmosomes are adhesive intercellular junctions of epithelia and consist of desmosomal 

cadherins, desmogleins (Dsg) and desmocollins (Dsc), linked to the keratin intermediate 

filament network (1–3). Three isoforms of Dsg and Dsc have been characterized in detail 

(Dsg1–3, Dsc1–3) and possess distinct patterns of expression within the tissues (4,5). Less is 

known about a fourth Dsg, Dsg4, which was recently reported in salivary gland, testis, 

prostate and skin (6). In the epidermis, Dsg1 and 3 show a differentiation-dependent 

distribution, in which Dsg3 is mostly associated with the basal layers whilst Dsg1 is found 

in the more differentiated upper layers (7–11). Importantly, Dsg1 and Dsg3 are targets for 

autoimmune blistering diseases such as pemphigus foliaceus and pemphigus vulgaris, 

respectively, where the localization of the blistering corresponds to the differentiation-

specific expression of the given Dsg isoform (3,12,13).

In addition to desmosomes, the epidermis utilizes another adhesive mechanism, the adherent 

junction, to maintain the structural integrity of the tissue (14–18). Adherent junctions consist 

of classical cadherins, including E-cadherins, which are expressed on the cell surfaces of all 

epidermal layers, and P-cadherins, which can be detected only on the surfaces of the basal 

and most immediate suprabasal cells of the epidermis (18,19).

Recent intriguing evidence suggests that the desmosomal adhesion molecules may play a 

second role, contributing to the regulation of epidermal differentiation. Namely, it has been 

suggested that desmosomal cadherins and the related intracellular mechanisms can regulate 

the activity of signalling pathways such as that of the protein kinase C (PKC) family of 

isoforms and can modulate intracellular Ca2+ concentration (20), recognized key regulators 

in keratinocyte differentiation (21–24). Conversely, these regulatory mechanisms (‘the other 

way around’) may significantly influence the differentiation-specific expression of the 

human keratinocyte-specific desmosomal cadherins (25,26). Indeed, suppression of PKC 

activity resulted in inhibition of formation of desmosomes whereas PKC-activating phorbol 

esters promoted the development of cell-to-cell contacts via adherent junctions (27). 

Moreover, recently it has been reported that PKC activation upregulates intercellular 

adhesion of α-catenin negative human colon cancer cells via induction of desmosomes (28).

PKC possesses multiple isoforms, viz the calcium- and phorbol ester-dependent 

‘conventional’ cPKCα, βI, βII, and γ; the calcium-independent ‘novel’ nPKCδ, ϵ, η and θ; 

the calcium- and phorbol ester-independent ‘atypical’ aPKCζ, and λ/ι; and the unique 

PKCμ (22,29,30). So far, however, no PKC isoform-specific functions have been 

documented in the modulation of Dsg and Dsc expression and function; likewise, we also 

lack a description of the involvement of the PKC system in the regulation of adhesion 

molecules located in the adherent junctions (e.g. P-cadherin).

In the current study, therefore, we define the roles of specific PKC isoforms in the regulation 

of expression of various adhesion molecules in human immortalized HaCaT keratinocytes. 

Using complementary molecular biology techniques [recombinant overexpression, RNA 

interference (RNAi)], we provide the first evidence that the expression of certain adhesion 

molecules (Dsgs, cadherins) is not only modulated by the differentiation status of the cells 
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but also by specific PKC isoforms (cPKCα and β, nPKCδ and ϵ) and that these isoforms 

differentially and antagonistically participate in the process.

Materials and methods

Cell culture

Human immortalized HaCaT keratinocytes were cultured in 25 or 75 cm2 tissue culture 

flasks (unless otherwise indicated) in Dulbecco’s modified Eagle’s medium (DMEM) 

(Sigma, St Louis, MO, USA) supplemented with 10% fetal calf serum (Sigma), 2 mm L-

glutamine, 50 U/ml penicillin, 50 μg/ml streptomycin, 1.25 μg/ml Fungizone (all from 

TEVA-Biogal, Debrecen, Hungary) at 37°C in a 5% CO2 atmosphere (31,32).

Generation of PKC-overexpressing HaCaT cells

Stable overexpression of various PKC isoforms in HaCaT keratinocytes was performed as 

described previously (33–35). Experiments were routinely carried out on pools of 

transfected cells, but the results were confirmed on at least three individual clones for each 

isoform. As described before (33–35), the efficacy of recombinant overexpression was 

monitored by Western blotting and kinase assays (not shown).

Suppression of levels of endogenous PKC isoforms by RNA interference

Cells were seeded in six-well tissue culture plates in DMEM containing serum but lacking 

antibiotics. At 40–50% confluence, cells were transfected with RNAi probes against cPKCα 
and β and nPKCδ and ϵ, with scrambled RNAi probes (used as control), or with fluorescein-

labelled control siRNA (all from Santa Cruz Biotech, Santa Cruz, CA, USA) previously 

mixed (and incubated at room temperature for 25 min) with transfection medium also 

containing the transfection reagent (both provided by Santa Cruz for use in siRNA 

transfection protocols). The efficacy of siRNA-driven ‘knock-down’ of the PKCs was daily 

evaluated by Western blot and quantitative ‘real-time’ Q-PCR techniques (see below) for 4 

days (35). The transfection procedure resulted in >80% cell survival rate and >70% 

transfection efficiency (data not shown).

Antibodies

All primary antibodies against PKC isoenzymes were developed in rabbits and were shown 

to react specifically with the given PKC isoforms in HaCaT keratinocytes (32,33,35–37). 

Anti-PKCα, β and ϵ were from Sigma, whereas anti-PKCδ was from Santa Cruz. In 

addition, monoclonal mouse antibodies against certain adhesion molecules, such as Dsg1 

(Progen, Heidelberg, Germany), Dsg3 (Serotec, Düsseldorf, Germany) and P-Cadherin (P-

cad, BD Biosciences Pharmingen, San Diego, CA, USA) were employed. For an 

endogenous control, the expression of β-actin (antibody from Santa Cruz) was determined. 

Specificities of all antibodies were also tested by applying isoform-specific neutralizing 

peptides, which blocked the immunostaining in all cases (data not shown).
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Western blot analysis

The Western blot technique was employed to assess expression of adhesion molecules and to 

verify the efficacy of RNAi suppression of the PKC isoforms at the protein level (32,33,35–

38). In brief, cells were washed with ice-cold phosphate-buffered saline (PBS), harvested in 

homogenization buffer (20 mm Tris–HCl, 5 mm EGTA, 1 mm 4-(2-

aminoethyl)benzenesulphonyl fluoride, 20 μm leupeptin, pH 7.4; all from Sigma) and 

disrupted by sonication on ice. Protein content of samples was measured by a modified 

bicinchonic acid protein assay (Pierce, Rockford, IL, USA). Total cell lysates were mixed 

with SDS-PAGE sample buffer and boiled for 10 min at 100 C. The samples were subjected 

to SDS-PAGE (8% gels were loaded with 20–30 μg protein per lane) and transferred to 

nitrocellulose membranes (BioRad, Vienna, Austria). Membranes were then blocked with 

5% dry milk in PBS and probed with the appropriate primary antibodies against the given 

adhesion molecules or PKC isoforms. Peroxidase-conjugated goat anti-rabbit or anti-mouse 

IgG antibodies (BioRad) were used as secondary antibodies, and the immunoreactive bands 

were visualized by an ECL Western blotting detection kit (Amersham, Little Chalfont, UK). 

Immunoblots were subjected to densitometric analysis using an Intelligent Dark Box (Fuji, 

Tokyo, Japan) and the Image Pro Plus 4.5.0 software (Media Cybernetics, Silver Spring, 

MD, USA) (34,35,39), and then normalized densitometric values of the individual lanes of 

several independent experiments were determined and expressed as mean ± SEM. To assess 

equal loading, membranes were stripped in 200 ml of 50 m Tris–HCl buffer (pH 7.5) 

containing 2% SDS and 0.1 β-mercaptoethanol (all from Sigma) at 65 C for 1 h and were re-

probed with a mouse β-actin antibody (Sigma) followed by a similar visualization procedure 

as described above.

Quantitative ‘real-time’ Q-PCR

To assess the efficacy of RNAi of the PKC isoforms at the gene level, Q-PCR was carried 

out on an ABI PRISM 7000 Sequence Detection System (Applied Biosystems, Foster City, 

CA, USA) by using the 5¢ nuclease assay (35,39). Total RNA was isolated using TRIzol 

(Invitrogen, Paisley, UK) and then 2–3 μg of total RNA were reverse transcribed into cDNA 

by using 15 units of AMV reverse transcriptase (Promega, Madison, WI, USA) and 0.025 

μg/μl random primers (Promega). PCR amplification was carried out by using the TaqMan 

primers and probes (Assay ID: Hs00176973_m1 for PKCα; Assay ID: Hs00176998_m1 for 

PKCβ; Assay ID: Hs00178914_m1 for PKCδ; Assay ID: Hs00178455_m1 for PKCϵ) using 

the TaqMan Universal PCR Master Mix Protocol (Applied Biosystems). As internal 

controls, transcripts of β-actin were determined (Assay ID: Hs_99999903_m1).

Results

Expression of adhesion molecules changes during the high cell density-induced 
differentiation of HaCaT keratinocytes

We have previously shown (37) that HaCaT cell cultures start to differentiate upon reaching 

confluence (high cell density-induced differentiation). Hence, we first defined the alterations 

in the expression patterns of the adhesion molecules Dsg1, Dsg3 and P-cad during culture of 

HaCaT keratinocytes. As revealed by Western blotting (Fig. 1), the expression of the 

molecules differentially altered with days in culture. The level of Dsg1 (which is mostly 
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expressed in the suprabasal layers of the human epidermis in vivo) (7) was very low in the 

subconfluent, proliferating cultures. However, as expected, the expression of the molecule 

markedly increased in parallel with the onset of differentiation.

In contrast, the expression of Dsg3 first increased with time in the highly proliferating 

cultures and then dropped to practically undetectable levels in the postconfluent 

(differentiating) cells (Fig. 1). Partly similar to these data, the level of P-cad was highest in 

the preconfluent cultures and significantly decreased with the onset of the high cell density-

induced differentiation programme. These findings were in good accord with previous 

results demonstrating that Dsg3 and P-cad are chiefly expressed in vivo in the highly 

proliferation stratum basale of the human epidermis (7). It appears, therefore, that the 

proliferating and differentiating HaCaT cell culture provides a model for the in vivo like 

differentiation-dependent alterations in the expression of certain adhesion molecules.

Expression of adhesion molecules differentially alters in HaCaT keratinocytes 
overexpressing certain PKC isoforms

We have previously also shown (37) that recombinant overexpression of certain PKC 

isoforms significantly affected the in vitro and in vivo proliferation and differentiation of 

HaCaT keratinocytes. Comparison of various PKC overexpresser HaCaT keratinocytes at 

similar proliferation and differentiation stages revealed that the overexpression of cPKCα or 

nPKCδ decreased cellular proliferation rate but, of great importance, markedly increased the 

expression of differentiation markers (e.g. involucrin, filaggrin, transglutaminase-1). In 

contrast, overexpression of cPKCβ or nPKCϵ resulted in hyperproliferative transformation 

of the cells and the suppression of differentiation.

In the next phase of our study, we therefore investigated the expression of the above 

adhesion molecules in the PKC overexpresser HaCaT keratinocytes. In the course of these 

experiments, it was also of importance to compare the levels of the adhesion molecules on 

cells with similar proliferation/differentation stages. Since the growth rates of the PKC 

overexpresser cells were markedly different (37), the expression of the adhesion molecules 

was determined on cells harvested at 80–85% confluence, as described before (37). Western 

blot analysis revealed that the expression pattern of the adhesion molecules depends not 

simply on the differentiation status of the cells but also on the specific PKC isoform whose 

overexpression induced the altered differentiation of the cells. In the cPKCβ-HaCaT cells, 

which were hyperproliferative, the level of P-cad markedly and significantly (P < 0.05, n = 

5) increased compared with control (empty vector transfected) keratinocytes (Fig. 2). 

However, we observed no alteration in the expression of Dsg1 or Dsg3. In contrast to these 

finding, in the nPKCϵ overexpresser (also characterized by decreased differentiation and 

increased proliferation), the expression of Dsg3 increased (P < 0.05, n = 6), that of Dsg1 

decreased (P < 0.05, n = 5), whereas the level of P-cad did not change (when compared with 

control).

Although to a lesser extent, a differentially modified expression pattern of the adhesion 

molecules was also observed in those PKC overexpresser HaCaT cells which were 

characterized by accelerated differentiation and suppressed proliferation (Fig. 2). In cPKCα-

HaCaT cells, the expression of Dsg3 and P-cad (‘markers’ of the proliferating keratinocytes 
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of stratum basale) significantly decreased (in both cases, P < 0.05, n = 5) whereas that of 

Dsg1 was negligibly altered compared with control. In the nPKCδ overexpresser 

keratinocytes, levels of Dsg3 and P-cad were likewise suppressed (in both cases, P < 0.05, n 
= 6). A difference, however, was that Dsg1 (a ‘marker’ of the suprabasal, differentiating 

epidermal layers) was appreciably elevated (P < 0.05, n = 5).

Expression of adhesion molecules also differentially alters in HaCaT keratinocytesin which 
the levels of certain PKC isoformswere suppressed by RNAi

To complement the above studies measuring the effect of recombinantly overexpressed PKC 

isoenzymes, in the next phase of our experiments we selectively ‘knocked-down’ individual 

PKC isoforms using the RNAi technique (35) and then investigated the effect of such 

interventions on the expression of the adhesion molecules.

First, we assessed the efficacy of RNAi treatment for suppression of the expression of 

individual PKC isoforms. Using Western blot (Fig. 3a), followed by densitometry analysis 

(Fig. 3b), as well as Q-PCR techniques at various time-points after RNAi transfection, we 

found that the levels of all PKC isoforms investigated were markedly (approximately 20% of 

the scrambled RNAi probe-transfected control, Fig. 3b,c) and, of great importance, 

selectively suppressed by the RNAi probes 48 h after transfection. The selectivity of the 

intervention was supported by the fact that in no case did an RNAi probe affect the levels of 

the other (i.e. ‘non-targeted’) PKC isoforms or of the endogenous control β-actin; further, 

the scrambled RNAi probes did not modify the expression of the ‘targeted’ PKC isoenzyme 

(Fig. 3a).

We therefore measured the expression of the adhesion molecules 48 h after transfection. As 

seen in Fig. 3a,d, Western blot analysis of the RNAi-mediated ‘knock-down’ cells revealed 

that suppression of individual PKC isoforms had effects opposite of those when the same 

individual isoforms were overexpressed, with only minor differences. Thus, suppression of 

cPKCα resulted in elevation of Dsg3 and P-cad (in both cases, P < 0.05, n = 5) whereas 

suppression of nPKCδ resulted in elevation of Dsg3 and P-cad (in both cases, P < 0.05, n = 

6), together with a decrease in Dsg1 (P < 0.05, n = 5). In cPKCβ ‘knock-down’ cells, the 

expression of P-cad decreased (P < 0.05, n = 5), with no change in Dsg1 and Dsg3 whilst in 

nPKCϵ ‘knock-down’ keratinocytes, Dsg1 levels were elevated and Dsg3 and P-cad levels 

were reduced (in all cases, P < 0.05, n = 5–6). Other than for the reduction in P-cad in the 

nPKCϵ ‘knock-down’ keratinocytes, whereas P-cad was unaffected in the nPKCϵ 
overexpressers, the effects of the suppression of the individual PKC isoforms was opposite 

of those for their overexpression (Fig. 2).

Selective inhibition of nPKCδ significantly alters the expression of adhesion molecules in 
HaCaT keratinocytes

Finally, we examined the effect of rottlerin, a compound often used as a selective nPKCδ 
inhibitor (40). Consistent with the role of PKCδ as an inhibitor of HaCaT proliferation, 

previous studies have shown that the treatment of HaCaT cells with rottlerin caused 

enhanced proliferation (41). Here, we determined its effect on adhesion molecules.
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As was expected, treatment of (control, non-transfected) HaCaT keratinocytes with rottlerin 

altered the expression pattern of the adhesion molecules in a dose-dependent fashion (Fig. 

4). In full agreement with the results from overexpression and RNAi treatment, the 

inhibition of nPKCδ with rottlerin significantly suppressed the level of Dsg1 (a ‘marker’ of 

differentiating keratinocytes) whilst it elevated the expression of Dsg3 and P-cad (‘markers’ 

of proliferating epidermal cells) (in all cases, P < 0.05, n = 5–6). Although confidence in the 

interpretation is limited because of possible effects of rottlerin (especially at higher 

concentrations) in systems other than PKC (42), these findings further support the concept 

that the endogenous nPKCδ activity plays a key role in the regulation of the adhesion 

molecules Dsg1, Dsg3 and P-cad.

Discussion

Previous studies have clearly shown that the epidermal expression of adhesion molecules in 

the human skin is regulated by numerous factors (e.g. serum content, calcium concentration, 

signalling pathways) which all modify the differentiation status of the cells (14,21,24,26). In 

the current study, we used molecular approaches to present that the differentiation-dependent 

expression of certain adhesion molecules (Dsg1, Dsg3 and P-cad) is specifically regulated 

by members of the PKC family which, as we have shown before, are also involved in the 

regulation of epidermal growth and differentiation. Furthermore, individual PKC isoforms 

have differential effects, with some being opposite in action to others.

We and others have previously reported that the expression level of nPKCδ was appreciably 

elevated in differentiating keratinocytes and that the activation and/or overexpression of 

nPKCδ resulted in the initiation of the differentiation programme and, in parallel, mediated 

the apoptotic effect of several inducers (33,37,43–45). In good accord with these findings, in 

the current study we found that nPKCδ stimulated the expression of the ‘differentiation 

marker’ Dsg1 whereas it inhibited the expression of Dsg3 and P-cad, ‘markers’ of the basal 

epidermal layers. Interestingly, cPKCα – which was also shown to play a central role in the 

terminal differentiation programme of epidermal keratinocytes (23,33,46) – also decreased 

the expression of Dsg3 and P-cad. However, cPKCα did not affect the level of Dsg1, 

suggesting that, although both isoforms promote epidermal differentiation, their roles in the 

regulation of expression of adhesion molecules are (slightly) different.

The expression of the adhesion molecules was conversely regulated by another ‘pair’ of 

PKCs. nPKCϵ – which was previously implicated as an effective promoter of in vivo and in 
vitro keratinocyte growth (33,46,47) – inhibited the expression of Dsg1 whilst it increased 

the level of Dsg3 and P-cad. However, the role of another growth-promoting isoform (33) 

cPKCβ – whose expression was shown to be altered in the hyperproliferative skin disorder 

psoriasis (48) – was only minor since it was found to only affect P-cad, which it increased. 

These data likewise demonstrate the differential role of certain PKC in the regulation of 

adhesion molecules.

Interestingly, our findings indicate that the level of Dsg1 is regulated only by the two Ca-

independent nPKC isoforms, which have antagonistic effects (i.e. Dsg1 is increased by the 

differentiation-promoting nPKCδ and is decreased by the growth-promoting nPKCϵ). It 
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appears, therefore, that although calcium was previously shown to markedly increase the 

expression of Dsg1 (and to stimulate differentiation) (13,26), this process does not depend 

directly on the activation of Ca-dependent cPKCs.

The expression of Dsg3 (highly expressed in the proliferating basal layers of the epidermis) 

was also markedly regulated by the Ca-independent nPKC isoforms, although in the 

direction opposite that of Dsg1 (i.e. Dsg3 was decreased by nPKCδ and increased by 

nPKCϵ). However, the Ca-dependent cPKCα was also involved in its regulation, leading to 

inhibition of its expression. Intriguingly, Osada et al. (49) have previously shown that Dsg3-

targeting auto-antibodies from patients with pemphigus vulgaris induced a marked 

translocation of cPKCα and nPKCδ, reflecting their activation (they did not investigate 

nPKCϵ). These results suggest that, in addition to the regulation of Dsg3 expression by PKC 

isoforms which we describe here, the initiation of the adhesion molecule-dependent 

intracellular signalling may also involve certain PKCs.

Finally, as revealed in the RNAi experiments (and almost identically in the overexpression 

studies), the expression of P-cad was regulated by all of the examined PKCs. The two ‘pairs’ 

of Ca-dependent and Ca-independent isoforms (cPKCα/nPKCδ and cPKCβ/nPKCϵ) 

antagonistically modified the level of the adherent junction protein, suggesting that P-cad 

may function as a key adhesion molecular ‘target’ of the complex PKC-dependent regulatory 

‘pathways’ in human keratinocytes.

In conclusion, although there are evidences in the literature, that desmosomal assembly is 

influenced by extra-cellular Ca2+ concentration, by PKC signalling and that classical 

cadherin-mediated adhesion may also facilitate desmosome formation (20–24), our present 

study is the first to define the roles of specific PKC isoforms in the regulation of expression 

of various adhesion molecules. Besides regulation of expression, some data also suggest that 

PKC generates a switch between the Ca-dependent and Ca-independent, hyper-adhesive 

states of desmosomes in HaCaT cells (50). On the other hand, the PKC system possibly 

takes part not only in regulation of adhesive activity of desmosomes, but also in pemphigus 

vulgaris IgG (PV IgG) induced cell–cell detachment, since the PKC inhibitor 

bisindolylmaleimide prevented blistering caused by PV IgG after passive transfer to neonatal 

mice (51). Besides the PKC system, the p38MAPK, Rho family GTPases, C-myc and 

phospholipase C (and the related complex signalling events) are also implicated as potential 

signalling pathways important for pemphigus vulgaris pathogenesis (52), but their direct role 

in the regulation of expression of desmosomal cadherins is unclear. Although further studies 

are needed to determine the in vivo relevance of our findings and to identify the downstream 

elements of the PKC-dependent intracellular signalling mechanisms, the presented results 

strongly argue for the marked, differential and in some instances antagonistic roles of 

individual Ca-dependent and Ca-independent PKC isoforms in the regulation of expression 

of adhesion molecules of desmosomes and adherent junctions in human epidermal 

keratinocytes.
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Figure 1. 
Alteration of expression of adhesion molecules during the high cell density-induced 

differentiation of HaCaT keratinocytes. (a) HaCaT cells were harvested at various culturing 

days (confluence was reached at day 5), similar amounts of proteins were subjected to SDS-

PAGE, and Western immunoblotting was performed using antibodies against the adhesion 

molecules Dsg1, Dsg3 and P-cad. To assess equal loading, nitrocellulose membranes were 

stripped and re-probed with an anti-β-actin antibody (β-act). The figure is a representative of 

four to five experiments yielding similar results. (b) The amounts of the adhesion molecules 

were quantitated by densitometry (optical density; OD), the values were normalized to the 

OD values of β-actin, and the results were expressed as the percentage of the maximal 

amount of the given molecule within the experiment. Values represent the mean ± SEM of 

four to five independent experiments.
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Figure 2. 
Expression pattern of adhesion molecules in HaCaT keratinocytes overexpressing individual 

PKC isoforms. (a) Stable transfectants of HaCaT cells overexpressing the different PKC 

isoforms or the control empty vector (C) were harvested at similar proliferation and 

differentiation stages (i.e. 80–85% confluence) and similar amounts of proteins were 

subjected to Western immunoblotting to detect the adhesion molecules Dsg1, Dsg3 and P-

cad. To assess equal loading, nitrocellulose membranes were stripped and re-probed with an 

anti-β-actin antibody (β-act). The figure is a representative of four to five experiments 

yielding similar results. (b) The amounts of the adhesion molecules were quantitated by 

densitometry (optical density; OD), then normalized to those of β-actin, and finally 

expressed as the percentage of the control (empty vector transfected) regarded as 100%. 

Values represent the mean ± SEM of five to six independent experiments. Asterisks mark 

significant (P < 0.05) differences, defined by Student’s t-test, compared with control.
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Figure 3. 
Effect of RNAi-driven ‘knock-down’ of individual PKC isoforms on the expression of 

adhesion molecules in HaCaT keratinocytes. (a) Various specific RNAi probes (Sp) against 

the PKC isoforms as well as the scrambled (control) RNAi probes (Sc) were introduced to 

the cells as described under ‘Materials and methods’ section. Forty-eight hours after 

transfection, cells were harvested and subjected to Western blot analysis (WB) to define the 

expression of the ‘targeted’ PKC isoform; the other PKC isoforms; the various adhesion 

molecules (Dsg1, Dsg3 and P-cad); and the endogenous control β-actin (β-act). In addition, 

to monitor the lack of effect of transfection, the expression of PKC isoforms was compared 

in non-transfected (NT) and scrambled RNAi probes (Sc) transfected cells. The figure is a 

representative of five to six experiments yielding similar results. (b) Time-course of efficacy 

of inhibition of PKC isoform expression as assessed by Western blotting at various time-

points after transfection with RNAi. The amounts of the individual PKC isoforms were 

quantitated by densitometry (optical density; OD), then normalized to those of β-actin, and 

finally expressed as the percentage of the scrambled RNAi probes transfected (control) 

samples regarded as 100%. (c) Time-course of efficacy of inhibition of PKC isoform mRNA 

levels as assessed by Q-PCR at various time-points after transfection. PKC-specific 

transcripts were determined as described under ‘Materials and methods’ section; then, values 

were normalized to those of β-actin and finally expressed as the percentage of the scrambled 
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RNAi probe transfected (control) samples regarded as 100%. (d) Western blot analysis of 

adhesion molecules 48 h after transfection. The amounts of the adhesion molecules were 

quantitated by densitometry (optical density; OD), then normalized to those of β-actin, and 

finally expressed as the percentage of the scrambled RNAi probes transfected (control) 

samples regarded as 100%. In b–d, points represent the mean ± SEM of five to six 

independent experiments and asterisks mark significant (P < 0.05) differences, defined by 

Student’s t-test, compared with the respective controls.
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Figure 4. 
Effect of the nPKCδ inhibitor rottlerin on the expression of adhesion molecules in HaCaT 

keratinocytes. (a) Cells were treated with various concentrations of rottlerin for 48 h, then 

harvested and similar amounts of proteins were subjected to Western immunoblotting to 

detect the adhesion molecules Dsg1, Dsg3 and P-cad. To assess equal loading, nitrocellulose 

membranes were stripped and re-probed with an anti-β-actin antibody (β-act). The figure is 

a representative of four to five experiments yielding similar results. (b) The amounts of the 

adhesion molecules were quantitated by densitometry (optical density; OD), then normalized 

to those of β-actin, and finally expressed as the percentage of the vehicle-treated (control, C) 

cells regarded as 100%. Points represent the mean ± SEM of four to five independent 

experiments. Asterisks mark significant (P < 0.05) differences, defined by Student’s t-test, 

compared with control.
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