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Abstract 

Polyols (such as e.g. glycerol, xylitol) are implicated as moisturizers of the skin and 

other epithelial tissues. However, we lack information about their exact cellular 

mechanisms and their effects on the gene expression profiles of the cells. Therefore, 

in the current study, we aimed at investigating the effects of glycerol and xylitol on 

normal human epidermal keratinocytes (NHEK), used as a model epithelial cellular 

system. The polyols (identical osmolarities; xylitol: 0.0045-0.45%; glycerol: 0.0027-

0.27%) did not alter cellular viability or intracellular calcium concentration. However, 

they exerted differential effects on the expression of certain genes and signaling 

pathways. Indeed, although both polyols up-regulated the expression of such 

differentiation markers as filaggrin, loricrin, and involucrin, the efficiency of xylitol was 

superior; likewise, only xylitol was able to increase the expression of a “barrier” 

marker occludin. Moreover, whereas both polyols stimulated the MAPK pathway, only 

xylitol induced the activation-dependent translocation of protein kinase Cδ, a key 

molecule involved in promoting epidermal differentiation. Finally, in various cellular 

inflammation models, xylitol (by suppressing the expressions of multiple interleukins) 

exerted a remarkable anti-inflammatory effect whereas glycerol was more effective in 

decreasing the up-regulated expression of HLA-DR, a marker of keratinocyte 

immunoactivation. Taken together, these data strongly suggest the marked, yet 

differential, effects of glycerol and xylitol on multiple genes and signaling pathways in 

epidermal keratinocytes. Of further importance, our findings also invite clinical trials to 

explore the applicability and the impact of a combined glycerol-xylitol therapy in the 

management of various skin conditions. It is envisaged that such formulations will 

have multiple beneficial effects by promoting stratum corneum hydration and 
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epidermal differentiation, accelerating barrier junction recovery, preventing and/or 

treating skin irritation and inflammation, and inhibiting bacterial biofilm formation. 
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Introduction 

Glycerol, a trihydroxy polyol (1,2,3-trihydroxypropane), is extensively used in a wide-

array of topical dermatological and cosmeceuticals preparations since decades due 

to its beneficial effects on the skin. Indeed, glycerol improves hydration of the 

epidermis (moisturizing effect) by preventing water loss due to its hygroscopicity and 

by inhibiting stratum corneum (SC) lipid phase transition [1,2], exerts keratolytic 

actions by enhancing desmosomal degradation [3], and promotes wound healing 

[4,5]. In human studies, glycerol application was shown to increase stratum corneum 

hydration, accelerated skin barrier repair, exerted anti-irritant and penetration 

enhancing effects, and improved mechanical properties of the skin (see reviewed in 

[6]). 

 

Importantly, glucose-derived glycerol is endogenously synthesized in the skin (mostly 

in the sebaceous glands) and was suggested to play a crucial role in the homeostatic 

regulation of the skin barrier [4,6,7,8]. Indeed, in asebia mice with impaired 

sebaceous gland functions and hence a dramatically suppressed (by 85%) 

endogenous glycerol production, decreased SC hydration was observed which was 

completely reverted by application of exogenous glycerol [7]. Likewise, hydration in 

the human skin was also found to be correlated with endogenous glycerol levels in 

the SC [9]. Therefore, it is proposed that the highly beneficial effects of topically 

applied glycerol in a multitude of skin conditions (e.g. dry skin syndromes such as 

winter xerosis, irritative skin syndromes, dermatoses with impaired barrier, atopic 

dermatitis [AD], etc.) is due to its “replacement actions” by normalizing endogenous 

glycerol-controlled homeostatic cutaneous mechanisms. 
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The cutaneous effects of glycerol were mostly (if not exclusively) attributed to its 

physico-chemical properties. Endogenously produced or exogenously applied 

glycerol penetrates to keratinocytes located in the basal layer(s) of the epidermis via 

aquaglyceroporin AQP3 pores and, due to its humectancy or hygroscopicity, 

promotes the establishment and maintenance of the epidermal barrier [4,5,6,8]. 

Indeed, in AQP3-deficient mice with decreased SC hydration and pathological barrier 

[4,10], application of glycerol improved skin hydration and accelerated barrier 

recovery [8]. 

 

In contrast to glycerol, we possess much more limited data on the cutaneous effects 

of xylitol, a closely related polyol which can also be synthesized in the human body. 

In multiple studies, xylitol was found to inhibit Staphylococcus aureus (SA) biofilm 

formation characteristic for AD [11,12,13,14,15] and augment skin collagen formation 

[16,17]. Moreover, in a human study, we have recently shown that xylitol (similar to 

glycerol) markedly suppressed sodiumlaurylsulphate-induced transepidermal water 

loss (TEWL) and exerted anti-irritant actions [18]. Interestingly, albeit xylitol 

containing hydrogel formulations was found to increase skin hydration [19], xylitol 

failed to correct the impaired hydration and epidermal barrier of AQP3-deficient mice 

[8]. 

 

The complexity of the epidermal barrier and the versatile, highly beneficial effects of 

these polyols suggest a multifaceted, yet mostly unknown, mechanism of action. 

Therefore, we hypothesized that their actions at the cellular level cannot be 

exclusively attributed to their physico-chemical properties, and propose that glycerol 

and xylitol may modulate the expressions of certain genes and the activities of signal 
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pathways that are involved the regulation of the fine-tuned proliferation and 

differentiation program of the epidermis. To test the validity of this hypothesis, we 

employed cultured normal human epidermal keratinocytes (NHEKs) and assessed 

the effects of polyols (applied at therapeutically relevant concentrations and at 

identical osmolarity) on multiple cellular functions. We report here for the first time 

that glycerol and xylitol markedly, yet differentially, alter the gene expression profile 

and modify various signaling pathways in human epidermal keratinocytes. 
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Materials and Methods 

Cell culturing 

Human skin samples were obtained after written informed consent from healthy 

individuals, undergoing dermatosurgery, adhering to Helsinki guidelines and after 

Institutional Research Ethics Committee permission. NHEKs were isolated after 

overnight dermo-epidermal separation in 2.4 U/ml dispase (Roche Diagnostics, 

Berlin, Germany) by short trypsin (0.05%, Sigma-Aldrich, St. Louis, MO) digestion. 

Cells were cultured in EpiLife serum free medium (Invitrogen, Paisley, UK) 

supplemented with 1 μM insulin, 1 μM cortisol (both from Sigma-Aldrich), 100 μg/ml 

streptomycin, 100 U/ml penicillin, 50 ng/ml amphotericin B, 0.4% bovine pituitary 

extract (all from Invitrogen) and 0.06 mM CaCl2 (Sigma-Aldrich) [20]. 

 

Determination of viable cell numbers and proliferation 

The number of viable cells (hence the rate of proliferation) was determined by 

measuring the conversion of the tetrazolium salt MTT (Methylthiazolyldiphenyl-

tetrazolium bromide, Sigma-Aldrich) to formazan by mitochondrial dehydrogenases 

[20,21]. Cells were plated in 96-well multiter plates (10,000 cells/well density) in 

quadruplicates and were treated with xylitol (0.0045-0.45%) or glycerol (0.0027-

0.27%) for various time intervals. Cells were then incubated with 0.5 mg/ml MTT for 2 

hrs, and concentration of formazan crystals was determined colorimetrically 

according to the manufacturer’s protocol. 

 

Determination of cell death 

A decrease in the mitochondrial membrane potential is one of the earliest markers of 

apoptosis. Therefore, to assess the process, mitochondrial membrane potential of 
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NHEKs was determined using a MitoProbe™ DiIC1(5) Assay Kit (Life Technologies, 

Carlsbad, CA, USA). Cells (20,000 cells/well) were cultured in 96-well black-

well/clear-bottom plates (Greiner Bio One, Frickenhausen, Germany) in 

quadruplicates and were treated with various compounds. After removal of 

supernatants, cells were incubated for 30 minutes with DilC1(5) working solution (50 

μl/well), then washed with PBS (115 mM NaCl, 206 mM Na2PO4, pH 7.4; all from 

Sigma-Aldrich), and the fluorescence of DilC1(5) was measured at 630 nm excitation 

and 670 nm emission wavelengths using a FlexStation 3 FLuorescence Image 

MicroPlate Reader (FLIPR; Molecular Devices, San Francisco, CA).  

 

Necrotic processes were determined by SYTOX Green staining (Life Technologies). 

The dye is able to penetrate (and then bind to the nucleic acids) only to necrotic cells 

with ruptured plasma membranes, whereas healthy cells with intact surface 

membranes show negligible SYTOX Green staining. Cells were cultured in 96-well 

black-well/clear-bottom plates (Greiner Bio One), and treated with polyols. 

Supernatants were then discarded, and the cells were incubated for 30 minutes with 

1 μM SYTOX Green dye. Following incubation, cells were washed with PBS, the 

culture medium was replaced, and fluorescence of SYTOX Green was measured at 

490 nm excitation and 520 nm emission wavelengths using FLIPR (Molecular 

Devices) [20,21]. 

 

Quantitative Real-Time PCR (Q-PCR) 

To determine the quantitative expressions of various markers at the mRNA level, Q-

PCR was performed on an ABI Prism 7000 sequence detection system (Applied 

Biosystems, Foster City, CA) using the 5’ nuclease assay as detailed in our previous 
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report [22]. In brief, total RNA was isolated using TRIzol (Invitrogen) and 3 μg of total 

RNA were reverse-transcribed into cDNA by using 15 U of AMV reverse transcriptase 

(Promega, Madison, WI, USA) and 0.025 μg/μl random primers (Promega). PCR 

amplification was performed by using TaqMan primers and probes (Applied 

Biosystems). As internal controls, transcripts of cyclophilin A (PPIA) were determined 

[20,21,23]. 

 

Western blotting 

To determine the activation of the MAPK Erk1/2, the Western blot technique was 

applied [21,24]. Cell lysates of keratinocytes were subjected to sodium dodecyl 

sulfate-polyacrylamide gel electrophoresis (8% gels were loaded with 30 μg protein 

per lane), transferred to BioBond nitrocellulose membranes (Whatman, Maidstone, 

UK), and then probed with primary antibodies against Erk1/2 and pshopho-Erk1/2 

(1:500, both from Sigma-Aldrich). A horseradish peroxidase-conjugated IgG antibody 

(1:1000, Bio-Rad, Hercules CA, USA) was used as a secondary antibody, and the 

immunoreactive bands were visualized by a SuperSignal® West Pico 

Chemiluminescent Substrate enhanced chemiluminescence kit (Pierce, Rockford, IL, 

USA) using LAS-3000 Intelligent Dark Box (Fuji, Tokyo, Japan). To assess equal 

loading, membranes were re-probed with an anti-β-actin antibody (1:2000, Santa 

Cruz, CA, USA) and visualized as described above. Immunoblots were then 

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). 

 

Ca2+-imaging 
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Changes in intracellular calcium concentration ([Ca2+]i) upon applications of the 

polyols were detected by fluorimetric Ca2+-imaging [20,25,26]. Cells were seeded in 

96-well black-well/clear-bottom plates (Greiner Bio One) at a density of 10,000 

cells/well and then were incubated with culturing medium containing the cytoplasmic 

calcium indicator 2 µM Fluo-4 AM (Invitrogen) at 37°C for 40 min. The cells were 

washed four times with and finally cultured in Hank’s solution containing 1% bovine 

serum albumin and 2.5 mM Probenecid (both from (Sigma-Aldrich) for 30 min at 37 

°C. The plates were then placed to FLIPR (Molecular Devices) and changes in [Ca2+]i 

(reflected by changes fluorescence; lEX=494 nm, lEM=516 nm) induced by various 

concentrations of the drugs were recorded in each well. 

 

Immunocytochemistry, Confocal microscopy 

Human keratinocytes, seeded and cultured on sterile coverslips in 24-well plates, 

were fixed in acetone, permeabilized by 0.1% Triton-X-100 (Sigma-Aldrich), and then 

incubated with rabbit primary antibodies against PKCα (Sigma-Aldrich) or PKCδ 

(Santa Cruz) (1:200 dilution in both cases). For fluorescence staining, slides were 

then incubated with fluorescein-isothiocytanate (FITC) conjugated secondary 

antibodies (dilution 1:200, Vector Laboratories, Burlingame, CA, USA) and the nuclei 

were visualized using DAPI (Vector Laboratories). As negative controls, the 

appropriate antibody was either omitted from the procedure or was pre-incubated 

with synthetic blocking peptides [20,21,23,25]. 

 

To assess the translocation of the PKC isoforms (reflecting activation of the 

enzymes), the above labeling was performed on cells which were previously treated 

by 0.27% glycerol or 0.45% xylitol for various time intervals. FITC-labeled cells were 
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then subjected to a visualization procedure using a Zeiss LSM 510 confocal 

microscopy (Oberkochen, Germany) [24]. 

 

Statistical analysis 

When applicable, data were analyzed using a two-tailed un-paired t-test and P<0.05 

values were regarded as significant differences. 
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Results 

Polyols do not affect proliferation and viability of cultured NHEKs 

We first assessed the effects polyols on the growth and survival rate of cultured 

NHEKs. Pre-confluent (i.e. proliferating) NHEKs were treated with various 

concentrations of glycerol (0.0027-0.27%) and xylitol (0.0045-0.45%), establishing 

identical osmolarities, for up to 72 hrs and the viable cell number was assessed by 

colorimetric MTT assay. As presented in Supplementary Figure 1 (which shows 

only the highest concentration) neither polyol affected the growth rate and the viable 

cell number of the cultures. The lack of cytotoxicity was also verified by fluorimetric 

DilC1(5) and SYTOX Green labeling (data not shown). Therefore, in the further 

experiments, the highest polyol concentrations were employed. 

 

Polyols differentially alter expressions of various differentiation/barrier markers 

Next, we studied the effects of polyols on the expression of such molecules (filaggrin, 

involucrin and loricrin) which play key roles in the differentiation program in epidermal 

keratinocytes hence participate in the establishment of the epidermal barrier 

(extensively reviewed in [27,28]). Since the differentiation program of cultured NHEKs 

is automatically initiated upon reaching confluence (high-cell density-induced 

differentiation) [29,30,31], we first investigated the putative pro-differentiating effects 

of polyols on pre-confluent cultures of NHEKs. Importantly, as revealed by Q-PCR 

analyses (Figure 1A-C), xylitol significantly increased the levels of specific mRNA 

transcripts of all differentiation/barrier markers after 24 and/or 48 hrs treatments. 

Likewise, glycerol also significantly elevated the expressions of involucrin and loricrin 

(mostly after 48 hrs); yet, only tendencies of up-regulation were observed (without 

reaching significant differences) in the case of filaggrin. 
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We then assessed the effects of polyols on post-confluent (hence already 

differentiating) NHEKs (Figures 1A-C). Again, xylitol significantly increased the 

expressions of all molecules investigated (albeit its efficacy appeared to be 

somewhat lower). However, on differentiating NHEKs, glycerol (after 48 hrs) was able 

up-regulate the levels of filaggrin and involucrin but not of loricrin. 

 

We also studied the effects of polyols of the expression of occludin, a key molecule of 

epidermal junctions also involved in barrier formation (reviewed in [32]). Importantly, 

xylitol, unlike not glycerol, markedly increased the expression of occludin in the pre-

confluent cultures (Figures 1D); interestingly, this effect was not observed in the pro-

confluent cultures. Taken together, these results collectively suggest that glycerol 

and xylitol (although exhibiting differential effects at the molecular level) promote the 

expression of multiple differentiation and barrier markers thereby may enhance the 

processes of epidermal differentiation and barrier establishment/repair. 

 

Polyols do not elevate the in [Ca2+]i of NHEKs 

We then intended to assess the effects of polyols on such signaling pathways which 

were shown to be involved in controlling epidermal differentiation. First, we measured 

the effects of polyols on the level of in [Ca2+]i, whose elevation is one of the key 

events in initiating the cellular differentiation process [33]. Importantly, neither polyol 

elevated the [Ca2+]i of the cultured NHEKs (Supplementary Figure 2). 

 

Xylitol selectively translocates PKCδ in NHEKs 
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Protein kinase C (PKC) isoforms are key intracellular signaling molecules which are 

fundamentally involved the regulating cellular proliferation, differentiation, and 

survival (reviewed in [34]). In human epidermal keratinocytes, the activation of PKCα 

and δ isoforms was shown to promote differentiation [35,36]; therefore, we measured 

the effects of polyols on these isoenzymes. Since the activation of PKCs can be 

followed by assessing their translocation (i.e. transition from a given cellular 

compartment to another one) [24,36], we employed confocal microscopy following 

immunolabeling of the isoforms after treatment. As shown in Supplementary Figure 

3, the polyols did not alter the subcellular localization of the Ca2+-sensitive PKCα. 

However, xylitol (but not glycerol) induced the translocation of the Ca2+-insensitive 

PKCδ from the cytosol mostly to the cytoskeletal fraction (Figure 2A); this suggests 

that xylitol activates PKCδ. 

 

Polyols activate the MAPK pathway in NHEKs 

Another important signal transduction system that controls multiple keratinocyte 

functions is the mitogen-activated kinase (MAPK) system [37,38]; therefore, we also 

measured the effects of polyols on the activity of this signaling pathway. As shown by 

Western blotting (Figure 2B), both xylitol and glycerol transiently activated the MAPK 

cascade, as reflected by the increased phosphorylation of one of the key MAPK, 

Erk1/2 (p44/48). 

 

Polyols exert differential anti-inflammatory effects in NHEKs 

In the final phase of our study, we assessed whether glycerol and xylitol can 

modulate the inflammatory response of keratinocytes. For this, NHEKs were treated 

with activators of the toll-like receptor (TLR) pathways (reviewed in [39]) – i.e. the 
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lipoteichoic acid (LTA) for TLR2; polyinosinic:polycytidylic acid (poly-IC) for TLR3; 

and lipopolysaccharide (LPS) for TLR4 – for 24 hrs and the effects of the polyols on 

the TLR-mediated up-regulation of various interleukins were determined. In addition, 

we also measured the expression changes of HLA-DR whose up-regulation in the 

skin was shown to be related to keratinocyte immune activation, inflammation, and 

TLR signaling [40,41]. 

 

Importantly, glycerol almost completely prevented the TLR induced up-regulation of 

HLA-DR in all three TLR-induced inflammation models (Figure 3-5). In addition, it 

effectively suppressed the poly-IC induced expressional elevations of IL1α, IL1β, IL6 

and IL8 but was ineffective in preventing the pro-inflammatory response initiated by 

TLR2 or TLR4 activation (in addition, glycerol was unable to significantly modulate 

the up-regulated expression of IL18 in all TLR models). 

 

Interestingly, xylitol exerted a markedly different pattern of action (Figure 3-5). 

Namely, in contrast to glycerol, it could not significantly normalize the up-regulated 

level of HLA-DR in either TLR model. However, it exerted a robust anti-inflammatory 

action in the TLR4 model (as it significantly suppressed the effect of LPS to elevate 

expressions of IL1β, IL6, IL8, and IL18) and a modest anti-inflammatory effect in the 

other 2 models (i.e. significantly prevented the effects of LTA on IL1α and of poly-IC 

on IL6 and IL8). 
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Discussion 

As elegantly review by Fluhr et al [6], the highly beneficial effects of topically applied 

glycerol (e.g. promoting epidermal hydration and barrier repair, exerting anti-irritant 

and anti-inflammatory actions, accelerating wound healing) in a multitude of dry, 

irritant, and inflammatory skin condition, characterized by barrier defects, are 

exclusively attributed to the physico-chemical characteristics (i.e. humectancy and 

water sorption capacity) of the polyol. Likewise, a similar mode of action was 

implicated for xylitol-containing topical formulations. In this study, we challenged this 

paradigm and assessed the possibility that glycerol and xylitol may directly act on 

various cellular processes of cultured epidermal keratinocytes. Indeed, here we 

provide the first evidence that glycerol and xylitol exert profound effects on gene 

expressions and the activities of various signaling pathways of the cells. The 

observed differential effects (detailed below) of xylitol and glycerol found by us are 

astounding, since both polyols have high water sorption capacity [42]. However, 

since these two polyols exerted markedly different effects when applied at identical 

osmolarities, we propose that their actions are most probably not (or not exclusively) 

mediated by their physico-chemical properties. 

 

First, we showed that both polyols (without affecting growth rate and viability of the 

cells) significantly up-regulated the expression of various differentiation marker. 

However, of great importance, marked differences in their efficacies were observed. 

Indeed, only xylitol was able to elevate the level of filaggrin, a key molecule of the 

epidermal barrier [27,43], in the pre-confluent keratinocyte cultures where, under 

control conditions, the differentiation program is not yet initiated (in the post-

confluent, differentiating NHEKs both polyols were effective). In addition, glycerol up-
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regulated the expression of the differentiation marker loricrin only in the pre-confluent 

cultures (and only after 48 hrs treatment) whereas xylitol was effective in both types 

of NHEKs (such differential effects of the polyols were not observed in the elevation 

of levels of involucrin, another marker of differentiation). Furthermore, xylitol (but, 

again, not glycerol) also up-regulated the expression of occludin, an important 

molecule in the formation epidermal barrier junctions. These intriguing findings 

collectively implicate that the cutaneous barrier-repairing and differentiation-

promoting effects of xylitol may be superior to those of glycerol. 

 

Interestingly, similarities and differences were also observed when we attempted to 

uncover the effects of the polyols on the cellular signaling pathways known to be 

involved in the regulation of epidermal growth and differentiation. As revealed by 

functional imaging, neither polyol altered the intracellular calcium homeostasis of the 

cells. This implies that their pro-differentiating effects are most probably not mediated 

by the elevation of [Ca2+]i, which is one of the key events in the induction of terminal 

differentiation of epidermal keratinocytes [33]. The lack of the involvement of [Ca2+]i 

was also suggested by that neither polyol affected the subcellular localization of the 

calcium-dependent PKCα (reflecting lack of activation), which enzyme was shown to 

be involved in the [Ca2+]i-mediated differentiation of NHEKs [35]. However, xylitol (but 

not glycerol) was able to induce the translocation of the Ca-independent PKCδ. Since 

we have previously shown that (similar to PKCα) PKCδ promotes differentiation of 

human epidermal keratinocytes [36], this intriguing finding suggests that the more 

pronounced pro-differentiating and barrier-promoting effect of xylitol over glycerol 

might be mediated by the additional involvement of PKCδ-coupled signaling. Finally, 
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we have also presented that both polyols activated the MAPK pathway, another 

molecular system controlling keratinocyte growth and survival [37,38]. 

 

Of further importance, the differential effects of the two polyols could also be 

identified when we assessed their actions in various TLR-mediated inflammation and 

irritation keratinocyte models. In fact, glycerol was dramatically effective in preventing 

the up-regulation of HLA-DR, a marker of immune activation [40,41], induced by 

TLR2-4 stimulation. Interestingly, xylitol exerted only insignificant effect on the TLR-

induced elevated HLA-DR expression. On the other hand, xylitol showed a marked 

anti-inflammatory potential whereas such an action of glycerol was rather modest. 

 

In conclusion, based on our detailed findings and previously published data on the in 

vivo human effects of glycerol and polyols, we propose a novel, therapeutically 

important concept. According to this, we suggest the production and application of 

such topical formulations which contain the combination of glycerol and xylitol. It is 

envisaged that such formulations will have multiple beneficial effects in i) promoting 

SC hydration and epidermal differentiation (synergistic actions of the two polyols); ii) 

accelerating barrier junction recovery (action of xylitol); iii) preventing and/or treating 

skin irritation (action of glycerol) and skin inflammation (synergistic actions of the two 

polyols); and iv) inhibiting bacterial biofilm formation (action of xylitol). Indeed, in a 

human study, we have recently shown that a topical formulation containing 

combination of glycerol and xylitol exerted remarkable antibacterial and skin 

hydrating effects [45]. Therefore, future extensive clinical studies are now warranted 

to explore the applicability and the impact of combined glycerol-xylitol therapy in the 

management of various skin conditions.  
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Figure legends 

Figure 1. Effect of polyols on the expression of various differentiation and barrier 

markers in human epidermal keratinocytes 

Pre-confluent (i.e. proliferating) and post-confluent (i.e. differentiating) NHEKs were 

treated with glycerol (0.27%) and xylitol (0.45%) for the time indicated and then the 

mRNA expressions of filaggrin (A), involucrin (B), loricrin (C), and occludin (D) were 

assessed by Q-PCR. Data are presented using the ΔΔCT method; PPIA-normalized 

mRNA expressions of the vehicle controls (in the respective 24 or 48 hrs treated 

samples) were set as 1. Data are expressed as mean±SD of 3 independent 

determinations. Two additional experiments yielded similar results. *P<0.05 

compared to the control. 

 

Figure 2. Xylitol, but not glycerol, induces the translocation of PKCδ whereas both 

polyols activate the MAPK pathway in NHEKs 

A) Confocal microscopy. NHEKs were treated with vehicle (Control) or with Glycerol 

(0.27%) and xylitol (0.45%) for the time indicated, then immunofluorescent staining of 

PKCδ was performed. Images were acquired by a laser scanning confocal 

microscope using the “z-stack mode” with strictly the same antibody staining and 

visualization procedure (the second image from the level of the coverslips). Arrows 

indicate the translocation of PKCδ upon xylitol treatment. Two additional experiments 

yielded similar results. B) Western blotting. NHEKs were treated with vehicle 

(Control), glycerol (Gly, 0.27%) and xylitol (Xyl, 0.45%) for 10, 30 or 60 min, and then 

Western blotting was performed to reveal expressions of the MAPK Erk1/2 (42 

kDa/44 kDa) and its phosphorylated form (P-Erk1/2; 42 kDa/44 kDa). As positive 
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control, the PKC activator of phorbol 12-myristate 13-acetate (PMA) was employed. 

Two additional experiments yielded similar results.  

 

Figure 3. Effect of polyols on gene expression in various models of inflammation – 

TLR2 activation 

Keratinocytes were treated with 10 μg/ml lipoteichoic acid (LTA, TLR2 activator with 

or without glycerol (0.27%, A) and xylitol (0.45%, B) for 24 hrs. The mRNA 

expression of multiple pro-inflammatory interleukins (ILs) as well as the keratinocyte 

immunoactivation marker HLA-DR was then assessed by Q-PCR. Data are 

presented using the ΔΔCT method; PPIA-normalized mRNA expression of the 

vehicle control was set as 1 (solid line). Data are expressed as mean±SD of 3 

independent determinations. *P<0.05 compared to the vehicle control whereas 

#P<0.05 compared to the LTA-treated group. Two-three additional experiments 

yielded similar results. 

 

Figure 4. Effect of polyols on gene expression in various models of inflammation – 

TLR3 activation 

Keratinocytes were treated with 20 μg/ml polyinosinic:polycytidylic acid (poly-IC, 

TLR3 activator) with or without glycerol (0.27%, A) and xylitol (0.45%, B) for 24 hrs. 

The mRNA expression of multiple pro-inflammatory interleukins (ILs) as well as the 

keratinocyte immunoactivation marker HLA-DR was then assessed by Q-PCR. Data 

are presented using the ΔΔCT method; PPIA-normalized mRNA expression of the 

vehicle control was set as 1 (solid line). Data are expressed as mean±SD of 3 

independent determinations. *P<0.05 compared to the vehicle control whereas 
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#P<0.05 compared to the poly-IC-treated group. Two-three additional experiments 

yielded similar results. 

 

Figure 5. Effect of polyols on gene expression in various models of inflammation – 

TLR4 activation 

Keratinocytes were treated with 5 μg/ml lipopolysaccharide (LPS, TLR4 activator) 

with or without glycerol (0.27%, A) and xylitol (0.45%, B) for 24 hrs. The mRNA 

expression of multiple pro-inflammatory interleukins (ILs) as well as the keratinocyte 

immunoactivation marker HLA-DR was then assessed by Q-PCR. Data are 

presented using the ΔΔCT method; PPIA-normalized mRNA expression of the 

vehicle control was set as 1 (solid line). Data are expressed as mean±SD of 3 

independent determinations. *P<0.05 compared to the vehicle control whereas 

#P<0.05 compared to the LPS-treated group. Two-three additional experiments 

yielded similar results. 
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Supplementary data 

 

Supplementary figure legends 

Supplementary Figure 1. Polyols do not affect viability and proliferation of NHEKs 

Pre-confluent (i.e. proliferating) NHEKs were treated with glycerol (0.27%) and xylitol 

(0.45%) in quadruplicates for the time indicated and then MTT assays were performed to 

assess viability and growth rate of the cells. Data are expressed as mean±SEM. Three 

repeated experiments yielded similar results. 

 

Supplementary Figure 2. Polyols do not elevate [Ca2+]i of NHEKs 

Fluorimetric Ca2+ imaging using Fluo-4. Glycerol (0.27%) and xylitol (0.45%) were applied as 

indicated by the arrow. As a positive control, ATP (180 μM) was applied [44]. Fluorescence 

(measured in relative fluorescence units) was normalized to the baseline. Two additional 

series of experiments yielded similar results. 

 

Supplementary Figure 3. Neither polyol induce the translocation of PKCα in NHEKs 

Confocal microscopy. NHEKs were treated with vehicle (Control) or with Glycerol (0.27%) 

and xylitol (0.45%) for the time indicated, then immunofluorescent staining of PKCα was 

performed. Images were acquired by a laser scanning confocal microscope using the “z-stack 

mode” with strictly the same antibody staining and visualization procedure (the second 

image from the level of the coverslips). Note the lack of translocation after treatment with 

polyols. Two additional experiments yielded similar results. 
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