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Summary 

 

Chronic irritant contact dermatitis (CICD) is a frequently occurring occupational skin disease, 

mainly caused by repetitive contact of the skin to irritants and most often located on the hands 

and forearms. High-risk occupations for CICD include jobs that involve wet work or frequent 

contact with other irritating agents e.g. hairdressers, healthcare workers and metal workers. In 

these high-risk professions prevalence of contact dermatitis is high, especially among appren-

tices. The prognosis of occupational CICD is often regarded as poor and persistent CICD may 

result in impaired quality of life and loss of work ability. 

CICD is a multifactorial disorder; both genetic and environmental factors play a role in its 

development. The mechanism of development of CICD and factors that predispose individu-

als to this skin disease are only partially understood. Up to now, one of the few, if not the only 

established predisposing factor for CICD is having a history of atopic dermatitis. Knowledge 

on individual susceptibility factors is useful in the occupational health practice for the devel-

opment of a predictive test which could be used for career guidance regarding medical aspects 

for apprentices and workers in high-risk occupations as well as for diagnostics and therapeutic 

advices. 

This thesis describes studies which were performed to obtain more insight in individual 

susceptibility factors to acquire CICD. These studies were focussed on three aspects: perme-

ability of the skin barrier (Chapter 2), changes in cytokine levels in the skin in experimental 

irritation (Chapter 3) and the role of genetic polymorphisms (Chapter 4). 

 

 

Chapter 2 concerns the role of the permeability of the skin in individual susceptibility. 

Chapter 2.1 addresses the relation between the penetration rate of sodium lauryl sulphate 

(SLS) into the stratum corneum (SC) and the impairment of the barrier function towards water 

and inflammation of the skin. The penetration rate of SLS was investigated by means of a 

tape stripping technique in twenty volunteers. After a 4 h exposure to 1% SLS on the volar 

forearm using a patch test chamber of 18 mm diameter, the layers of the SC of the exposed 

skin site were sequentially removed by repeated application of pieces of adhesive tape until 

the complete SC was stripped off. On each tape the amount of SLS and proteins was meas-

ured. Subsequently, the penetration parameters, i.e. diffusivity and partition coefficient of 

SLS between SC and water, were determined by best-fit regression of the concentration of 
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SLS as a function of the relative SC depth using an approach based on Fick’s second law of 

diffusion. The diffusivity of SLS was 1.4 x 10-8 ± 0.6 x 10-8 cm2 h-1 (mean ± SD) and the par-

tition coefficient between SC and water was 93 ± 22 (mean ± SD). The same volunteers were 

also exposed to 1% SLS for 24 h to induce damage of the skin barrier and inflammation, 

which were assessed by measurement of transepidermal water loss (TEWL) and erythema, 

respectively. 24 h after the exposure, the TEWL had increased from 9.0 ± 3.0 (baseline) to 81 

± 42 g m-2 h-1 and erythema from 7.8 ± 2.1 to 12.2 ± 3.2 arbitrary units. The extent of barrier 

damage of an individual as determined by TEWL appeared to be dependent on the baseline 

TEWL, SC thickness and the penetration parameters diffusivity and partition coefficient. The 

extent of inflammation was mainly influenced by SC thickness. The penetration rate of SLS 

and the increase in TEWL and erythema after exposure to SLS were higher in subjects with 

skin atopy assessed using the Erlangen Atopy Questionnaire than in non-atopics. The main 

conclusion of this study was that a more permeable skin is more susceptible to effects of skin 

irritants.  

 

Chapter 2.2 describes a study that compared the penetration of SLS into the SC of unin-

volved skin of patients with atopic dermatitis with the penetration into the SC of healthy con-

trol subjects. The diffusivity of SLS through the uninvolved SC of patients with atopic derma-

titis was twice as high compared with normal skin, while the partition coefficient between the 

SC and water was 30% lower. The observed enhanced diffusion and lower partitioning tended 

to be more pronounced in patients with active atopic dermatitis lesions compared to those 

where atopic dermatitis had resided. Patients with atopic dermatitis showed a 33% higher 

basal TEWL than controls. This implicates a less effective barrier to water in patients with 

atopic dermatitis. All findings in this study point towards a (constitutional) impaired barrier 

function in patients with atopic dermatitis. 

 

 

Chapter 3 concerns the role of cytokines in the skin in individual susceptibility. Chapter 3.1 

describes a study that investigated the usefulness of the tape stripping procedure for sampling 

of cytokines in the SC. The amount of cytokines and proteins removed by adhesive tape was 

determined in different layers of the SC. Three different types of tape were compared: D-

squame® tape, which is frequently used in dermatological research; Diamond® tape, which is 

used for several studies in our laboratory; and Sentega® tape, which was selected because this 
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tape possesses a water-soluble adhesive that might be favourable for cytokine recovery from 

the tape. In skin of the volar forearm of healthy subjects, these three tapes sampled similar 

amounts of soluble protein and the cytokine interleukin-1� (IL-1�). Diamond® tape showed 

the highest yield of total protein. The results show that all three investigated types of tape are 

suitable for SC tape stripping. The total protein yield per strip decreased to lower SC levels, 

whereas soluble protein and IL-1� normalized by soluble protein did not differ across the SC. 

Total protein originates for more than 85% from insoluble corneocytes, whereas soluble pro-

tein as well as cytokines mainly originate from the extracellular matrix. Hence, normalization 

of cytokine amounts with soluble protein instead of total protein was considered to be the pre-

ferred method. In unexposed skin, the cytokine concentrations were similar in the upper lay-

ers and the rest of the SC. So for measurement of the basal SC cytokine concentrations in un-

exposed skin, it suffices to strip only the superficial SC, which saves time and yields a suffi-

cient amount of cytokines for the analysis.  

 

Chapter 3.2 describes a study that investigated changes in SC cytokine concentrations after 

repeated skin irritation. In twenty healthy volunteers, a repeated 3-week irritation test (0.1% 

SLS, 6 h a day, 4 days a week) was performed on the volar forearm. This repeated exposure 

resulted in the following changes in SC cytokine concentrations: IL-1� decreased by 30%, IL-

1RA increased 10-fold and CXCL8 increased fourfold. The ratio between IL-1RA and IL-1� 

increased 15-fold. In the site repeatedly exposed to SLS as well as in the unexposed skin site, 

considerable interindividual differences in cytokine levels were observed. In SLS-irritated 

skin, cytokine concentrations were different across the SC. In the deepest layer, IL-1� was 

lower compared with the intermediate and upper layer, which was opposite to IL-1RA that 

decreased outwards. Both gradients reflect a shift over time from inflammatory (IL-1�) to 

anti-inflammatory (IL-1RA) dominance. CXCL8 showed an increase in the intermediate layer 

compared with the upper layer. Therefore, in studying cytokines in recently irritated skin, 

determination of cytokines in different layers or in the whole SC will be necessary.  

The volunteers in this study were also exposed to 1% SLS for 24 h. Those with a higher 

baseline SC concentration of IL-1RA and CXCL8 also showed a higher increase in TEWL 

and erythema after this single exposure. This suggests that baseline IL-1RA and CXCL8 lev-

els are indicators of the susceptibility to acute skin irritation. Higher baseline IL-1RA levels 

were also related to a higher increase in erythema after repeated SLS exposure.  
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To determine whether the skin reaction after a single SLS exposure has a predictive value 

for the reaction after a repeated exposure, these two reactions were compared. No relation was 

found between the increase in TEWL after the single exposure compared with the increase 

after the repeated 3-week exposure (r = 0.06). This confirmed earlier findings that increase in 

TEWL after a single exposure to SLS cannot be used as a predictive parameter for the in-

crease in TEWL as a result of a long-term exposure. In contrast to TEWL, erythema did show 

a relation between the scores after single and repeated SLS exposure (r = 0.72). During the 

repeated 3-week SLS exposure, a considerable interindividual variation was observed in the 

extent of barrier impairment and inflammation of the skin, as well as in the changes in the 

intensity of the skin reactions over time. In six subjects, we observed repair of the skin barrier 

to water (‘hardening’), even though the skin was still exposed to the irritant. We suppose that 

skin hardening might be an important factor in individual susceptibility to chronic irritation. 

Further, this phenomenon might be at least partly responsible for the lack of correlation be-

tween the increase in TEWL after single and repeated exposure to SLS. The occurrence of 

skin barrier repair was confirmed in a second volunteer study as described in Chapter 3.3.  

 

In addition to studying cytokines in the SC, Chapter 3.3 describes an investigation that de-

termined inflammatory markers and mediators present in the epidermis. A novel sampling 

procedure was used to obtain epidermis-derived fluid. This technique includes sampling of 

transdermal fluid through four micropores, which are created into the SC by a laser, using a 

portable pump system. In nine volunteers, transdermal fluid was derived from an unexposed 

skin site, a site exposed during 4 h to 10% SLS and a site repeatedly exposed to 0.1% SLS 

over a 3-week period. With this sampling technique, a sufficient volume of transdermal fluid 

was obtained for a 27-cytokine multiplex assay and for the determination of IL-1�, eosinophil 

cationic protein and myeloperoxidase by ELISA. Single and repeated SLS exposure induced 

an increase in the amount of eosinophil cationic protein, which was correlated with the in-

crease in myeloperoxidase. These proteins originate from eosinophils and neutrophils and are 

considered as markers of inflammation. Seventeen out of 28 inflammatory mediators were 

detected in the transdermal fluid obtained from the three skin sites. Similar to the tape strip 

experiments, the levels of inflammatory mediators showed large interindividual differences in 

unexposed and SLS-exposed skin. Despite this variation, for several mediators a clear in-

creased amount in irritated skin was found: CC chemokine ligand (CCL)11, CXCL10 and 

vascular endothelial growth factor after both single and repeated exposure, IL-1� and basic 
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fibroblast growth factor after single exposure and IL-1RA after repeated exposure. After re-

peated exposure, CCL5 and the ratio IL-1RA/IL-1� were both increased compared with single 

exposure. This study showed that single and repeated skin irritation induce a differential ex-

pression of various inflammatory mediators and markers.  

 

 

Chapter 4 concerns the role of genetic polymorphisms in individual susceptibility. Chapter 

4.1 describes an investigation that studied the association between polymorphisms in the IL1 

gene cluster and the concentration of IL-1� and IL-1RA in the SC. Genetic studies showed 

strong linkage disequilibrium between several polymorphic loci within the IL1 gene cluster, 

which contains the genes coding for IL-1�, IL-1� and IL-1RA. In 124 patients with CICD, the 

IL1A -889 and IL1B -31 single nucleotide polymorphisms (SNPs) were genotyped using DNA 

isolated from buccal swab samples. The amount of IL-1� and IL-1RA was determined on tape 

strips obtained from uninvolved skin of the volar forearm. The SC IL-1� concentration was 

23% and 47% lower in subjects with the variant IL1A -889 C/T and T/T genotype, respec-

tively, compared with the wildtype genotype (C/C). In subjects with the variant IL1B -31 C/C 

genotype, the IL-1� concentration was 51% lower compared with the C/T and wildtype geno-

type (T/T). The ratio IL-1RA/IL-1� increased twofold in subjects with the variant IL1A -889 

C/T genotype and threefold in the T/T genotype compared with the wildtype genotype (C/C). 

This study showed a clear effect of IL1 genotype on cytokine expression in the SC of unin-

volved skin of CICD patients. In general, this genotype-dependent expression likely is re-

sponsible for the interindividual differences in the inflammatory response of the skin.  

 

Chapter 4.2 describes a case-control study which investigated whether polymorphisms in 

cytokine genes contribute to the occurrence of occupational CICD. Nine SNPs in the genes 

coding for IL-1�, IL-1�, IL-8, IL-10 and TNF-� were determined in 197 patients with occupa-

tional CICD visiting the Department of Dermatology of the University of Osnabrueck. 217 

apprentices in the second and third year of vocational training for high-risk occupations for 

CICD were chosen as a control group. Although the results slightly tended towards effects of 

cytokine SNPs, no clear differences in genotype distributions were observed between the pa-

tient and control group as a whole. Possibly this is an underestimation of the real association 

because in this study design persons have been missed with a SNP-induced increased suscep-

tibility, who recovered from their beginning dermatitis by reducing their exposure. Neverthe-
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less three results showed interesting effects of cytokine SNPs. (i) In patients with relatively 

low exposure to wet work and irritants, more TNFA -308 variant genotypes (G/A en A/A) 

were present compared with those exposed to higher levels or with controls, which can indi-

cate a TNFA -308 induced increase in susceptibility. (ii) In patients with a variant TNFA -308 

genotype (G/A and A/A), the lifetime prevalence of flexural eczema was higher (48% and 

57%) compared to those with the wildtype genotype (30%; G/G). This finding suggests a 

causal relation between the TNFA -308A allele and prevalence of flexural eczema, a main 

clinical sign of atopic dermatitis. (iii) At the time of the investigation, 40% of the apprentices 

reported one or more symptoms of dermatitis at the hands. Regarding IL1A -889, we found 

that prevalence of symptoms of dermatitis was lower in apprentices with the variant T/T or 

C/T genotype (32% and 36%) compared with the wildtype genotype (54%; C/C). This indi-

cates a protective effect of the variant IL1A -889T allele towards hand dermatitis. The reduced 

level of IL-1� in the SC associated with the IL1A -889T allele, as described in Chapter 4.1, 

supports this finding on the protective effect of this variant allele. In conclusion, the findings 

of this patient-control study provide evidence that genetic polymorphisms of TNFA -308 and 

IL1A -889 influence the susceptibility to (chronic) dermatitis.  

 

Chapter 4.3 describes a study that determined whether two loss-of-function polymorphisms 

in the filaggrin (FLG) gene contribute to the occurrence of occupational CICD using the same 

study population as in Chapter 4.2. Both polymorphisms, R501X and 2282del4, are known to 

be associated with increased risk of atopic dermatitis and with a compromised skin barrier. In 

this study, no clear difference was found between the patient and control group in the fre-

quency of carriers of these FLG null alleles (9.7% vs. 7.4%; odds ratio = 1.35, 95%-

confidence interval 0.68 - 2.69). Similarly as in the cytokine SNP study, these figures are pos-

sibly an underestimation of the real association. The frequency of carriers of a FLG null allele 

in CICD patients with skin atopy (11.9%) tended to be higher than in CICD patients without 

atopy (3.6%; P = 0.08). The lifetime prevalence of flexural eczema was higher in carriers 

compared with non-carriers in the CICD patient population (60% vs. 32%; P = 0.014); also a 

similar difference was found in controls (36% vs. 19%; P = 0.13). This study suggests that the 

investigated FLG polymorphisms are not a substantial risk factor of CICD. The increased risk 

of FLG null allele-carriers on flexural eczema, a characteristic of atopic dermatitis, is in line 

with findings by others.  
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Chapter 5 gives the main findings of this thesis, presents recommendations for further re-

search and considers the relevance for the occupational health practice.  

This thesis showed that a more permeable skin is more susceptible to skin irritation. This 

emphasises the need for maintenance of a proper skin barrier in workers exposed to skin irri-

tants, especially in workers with a history of atopic dermatitis. In a 3-week irritation test, re-

pair of the barrier occurred in part of the subjects, while the skin was still exposed to SLS. 

Further research should focus on the mechanisms involved in skin barrier repair at a low level 

of exposure and on individual differences in repair capacity.  

Using SC tape stripping and transdermal fluid sampling, several changes in concentrations 

of inflammatory mediators were found after skin exposure to SLS. Further investigations are 

needed to determine the role of the mediators present in transdermal fluid in individual sus-

ceptibility to skin irritation. Several parameters, i.e. skin barrier function to water, skin irrita-

tion response after a single irritant exposure and baseline SC cytokine levels showed limited 

predictive value with respect to an individual’s skin response to a 3-week SLS exposure. 

Studies to detect additional predictive parameters are needed for early identification of indi-

viduals at risk.  

The case-control study indicated that nine SNPs in cytokine genes and two loss-of-

function polymorphisms in the FLG gene were no substantial risk factors of CICD. Neverthe-

less the results allowed several other interesting conclusions: (i) the variant TNFA -308A al-

lele probably increases susceptibility to CICD, (ii) the variant TNFA -308A allele and the 

FLG null allele both predispose to flexural eczema, and (iii) the variant IL1A -889T allele has 

a protective effect against hand dermatitis. In future epidemiological studies aimed at finding 

predictors of individual susceptibility to CICD, a prospective cohort study design is the pre-

ferred method to obtain more insight in the contribution of both genetic factors and skin expo-

sure. 

The studies described in this thesis provide interesting results which add to the knowledge 

on the relation between individual susceptibility to CICD and skin barrier, cytokines in the 

skin and genetic polymorphisms. However, at the moment, these findings do not yet provide 

new applications in occupational health practice to identify susceptible individuals. Further 

studies are needed, which can make use of the findings and suggestions described in this the-

sis. 


