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1. General Introduction 

 

 

1.1 Chronic irritant contact dermatitis 

 

Occupational skin disorders are one of the most common work-related diseases, accounting 

for up to one third of all notified cases of occupational disease in Western countries.
1
 Of the 

work-related skin disorders, contact dermatitis is the most common: dermatologists and occu-

pational physicians reported that contact dermatitis (CD) makes up 80% of all occupational 

skin diseases.
2-4

  

CD, which usually involves the hands, can roughly be divided into allergic and irritant re-

actions. Allergic CD is a delayed, type IV immune reaction which occurs after sensitization to 

an allergenic compound. Irritant CD (ICD) is an inflammatory reaction caused by the damag-

ing effect of an irritating agent and accounts for 50 to 80% of all occupational CD cases.
5,6

 

Acute irritant CD occurs after exposure of the skin to a strong irritant, mostly as a result of an 

accident at work. Chronic irritant contact dermatitis (CICD), which is the most frequent form 

of work-related ICD, is caused by repetitive contact of the skin to weak irritants.
7,8

 Develop-

ment of CICD results from multiple sub-threshold damaging insults of the skin by irritants, 

each starting before complete recovery from the foregoing damage, finally leading to an ec-

zematous skin reaction when the stepwise progression of the damage reaches a critical 

level.
8,9

 CICD is often located on the hands and forearms, and is characterised by dryness, 

redness, scaling and fissuring.
10

 The diagnosis CICD applies when the ICD persists for a time 

period of more than six weeks.
10

   

Irritants causing ICD can be either chemicals, e.g. detergents, organic solvents, some oils, 

acids or alkalis, metal working fluids, disinfectants and water, or physical irritants, e.g. me-

chanical friction, some powders and dusts.
5,7,8

 Wet work, often in combination with deter-

gents, is one of the most common causes of CICD.
11,12

 According to the German regulation 

regarding skin exposure, wet work is defined as (I) regular work with the hands in a wet 

working environment longer than 2 hours per day, or (II) regular use of occlusive gloves over 

the same period, or (III) frequent and intensive hand washing (e.g. 20 times per day).
11,13

 

High-risk occupations for CICD include jobs that involve wet work or frequent contact with 

irritating agents, e.g. hairdressers, healthcare workers, metal workers, cleaners and caterers.
8
 

Between workers employed in these high-risk occupations skin exposure to irritants may vary 
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e.g. due to the use of different substances and the presence of different working conditions 

such as abrasive mechanical factors and a high or a low humidity.
14

 Besides exposure at the 

workplace, also domestic exposure to irritants plays a role in the development of CICD.
15

  

 

1.1.1 Epidemiology 

Data on the incidence and prevalence of occupational CD are scarce. Most studies report on 

hand eczema. Hand eczema is a generic name for many inflammatory conditions in the epi-

dermis of the hands. It comprises among others ICD, allergic CD, atopic hand eczema, num-

mular eczema on the hands, hyperkeratotic dermatitis and pompholyx.
16

 The incidence rate of 

hand eczema in the general population is estimated at 5 to 9 cases per 1000 person-years.
17,18

 

The incidence rate of registered occupation-related hand eczema amounts to 0.7 cases per 

1000 full-time workers per year, which are mostly the more severe cases.
19,20

 In the general 

population, the one-year prevalence of hand eczema ranges from 6 to 12%.
13,21,22

 Several re-

cent prospective cohort and cross-sectional studies on hand eczema among different profes-

sions (published from the year 2000) reported one-year prevalences: 9% in metal working 

apprentices (car industry),
23

 15% in dentists,
24

 18% in hairdressers,
25

 20% in metal workers 

(turners, machinists and toolmakers),
26

 28% in veterinarians,
27

 and 25-30% in nurses.
28,29

 In 

these high-risk professions prevalence of hand eczema is especially high among apprentices. 

For example, up to 35% of junior hairdressers have been reported to develop hand eczema 

during their first year of work.
30,31

 In a large population-based study in Northern Bavaria, 

Germany, the annual incidence rate was 4.5 patients per 10,000 workers for ICD, compared 

with 4.1 patients per 10,000 workers for allergic CD.
11

 The highest incidence rates of ICD 

were found in hairdressers (47 per 10,000 workers per year), in bakers (24 per 10,000 workers 

per year) and pastry cooks (17 per 10,000 workers per year).  

In the Netherlands, occupational skin diseases are reported by a network of 25 dermatolo-

gists distributed across the country, functioning as sentinel stations and by occupational phy-

sicians. In 2006, 575 cases of occupational skin disease were reported by these dermatolo-

gists; 444 cases (77%) were diagnosed as CD.
4
 Occupational physicians reported in total only 

167 cases of occupational skin diseases in 2006, including 147 cases of eczema. Based on the 

results of the sentinel stations 13,000 cases per year are to be expected in the Netherlands.
32

 

This number shows that there is a high degree of under-reporting by occupational physicians. 
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1.1.2 Prognosis, prevention and treatment 

Epidemiological data showed that up to 60% of all CICD patients did not recover or still had 

recurring symptoms of CD after several years of follow-up.
33,34

 For some patients the disease 

remained persistent many years after cessation of the exposure.
35

 Persistent CICD results of-

ten in impaired quality of life and loss of work ability.
33,36,37

 The latter implicates consider-

able costs incurred by the workers’ compensation insurer for compensation payments, disabil-

ity pensions and retraining costs.   

To reduce the number of workers affected by occupational CICD, measures of prevention 

are recommended.
38,39

 These include reduction of exposure to irritants (and contact allergens) 

e.g. by use of protective gloves during wet work and during skin contact with irritants. Gloves 

should be suitable for the specific working condition and should be worn correctly to avoid 

possible side effects, e.g. causation or worsening of ICD.
40

 Further, regular and correct use of 

barrier creams, skin cleansers, emollients and moisturizers is often recommended for the 

maintenance of a proper skin barrier. However, efficacy of these products, especially barrier 

creams, in the workplace still needs to be proven.
41,42

 

In Germany, due to the successful implementation of preventive measures for hairdress-

ers, the annual incidence of occupational skin diseases has been reduced by 90% over the 

years 1990-1999.
43

 A nationwide campaign, implemented by the German public statutory 

insurances, entitled ‘DEINE HAUT. Die wichtigsten 2m
2
 Deines Lebens’ focussed on pri-

mary prevention of occupational hand dermatitis had started in 2007.
44

 Further, affected em-

ployees are offered rapid dermatological consultation and counselling on dermatological, 

educational and workplace interventions. For patients with persistent CD, a specific multidis-

ciplinary treatment program has been developed, comprising a 3-week in-patient treatment 

together with intensive health-pedagogic and health-psychological counselling followed by a 

3-week out-patient treatment by a local dermatologist.
45

 Up to now, over 1000 patients have 

been treated following this programme. In the Netherlands, workers with CD can be referred 

by their general practitioner or local dermatologist to centres specialized in occupational der-

matology situated in Amsterdam, Arnhem and Groningen. In 2006, a guideline for occupa-

tional physicians on prevention of CD at the workplace and on treatment and counselling of 

workers with this skin disease was developed by the Netherlands Society of Occupational 

Medicine (Nederlandse Vereniging voor Arbeids- en Bedrijfsgeneeskunde, NVAB).
46
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1.2 The skin 

 

1.2.1 Structure of the skin 

The skin prevents loss of water from the body to the environment and protects the body from 

environmental insults, e.g. physical trauma, heat, cold, light, chemicals and micro-

organisms.
47

 The skin consists of three layers, the epidermis (50-100 µm thick), the dermis (1-

10 mm) and the subcutis (Figure 1). In the epidermis, keratinocytes are the primary cell type; 

they are metabolically active and able to divide.
48

 Keratinocytes migrate from the lowest layer 

(stratum basale) up to the stratum corneum (SC) and then are sloughed off through desquama-

tion.
47

 In addition to keratinocytes, the epidermis contains other specialised cells, e.g. 

melanocytes (pigment producing cells), Langerhans cells (antigen-presenting cells) and 

Merkel cells (mechanoreceptors).
47

 The dermis is a tough layer composed of connective tis-

sue, a network of collagen fibres and elastic fibres. The dermis contains several cell types, e.g. 

fibroblasts, dendritic cells and mast cells as well as sensory nerves, blood vessels, sweat 

glands and hair follicles with sebaceous glands. The subcutaneous tissue (subcutis) consists of 

connective tissue interspersed with adipocytes (fat cells).
49
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Figure 1. Structure of the human skin. 

 



General Introduction 

 15 

1.2.2 Stratum corneum structure and composition 

The SC is the most important barrier to penetration of chemicals and to water loss.
50

 The SC 

consists of about 10-20 layers of corneocytes, being flattened death keratinocytes,
51

 embed-

ded in a lipid-enriched intercellular matrix. This structure is often referred to as a ‘bricks and 

mortar’ model (Figure 2).
52

 The corneocytes, the ‘bricks’, consist mostly of keratin filaments, 

which are aggregated into tight bundles by the protein filaggrin and have a tough protein-rich 

cornified cell envelope.
53,54

 On the extracellular surface of the cornified cell envelope, a 

monomolecular layer of ceramides is covalently bound, which is called the lipid envelope.
54

  

The cornified cell envelopes (protein and lipid envelope components) are surrounded by 

intercellular lipid bilayers, the ‘mortar’, consisting of a mixture of 40-50% ceramides, 25% 

cholesterol, 15% long chain fatty acids and 5% other lipids, e.g. cholesterol sulphate.
50

 These 

lipid bilayers, which account only for about 15% of the SC weight, in concert with a properly 

assembled cornified cell envelope are essential for a proper skin barrier function.
54

   

The corneocytes in the SC are tightly interconnected by corneodesmosomes, which con-

sist of proteins e.g. corneodesmosin, desmoglein 1 and plakoglobin.
47

 During the desquama-

tion process, proteolytic enzymes e.g. the SC chymotryptic enzyme break down these corneo-

desmosomes leading to a loss of cohesion between corneocytes.  

 

 

 

Figure 2. Schematic structure of the human stratum corneum. 
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1.3 Effects of irritants on skin 

 

Skin irritating compounds may exert their effect on the skin by various modes of action. Ex-

posure to alkaline solutions may cause SC erosion by disruption of corneocytes and keratino-

cytes.
55

 Detergents, e.g. the anionic surfactant sodium lauryl sulphate (SLS), disrupt the lipid 

bilayers and cause protein denaturation in the SC.
56,57

 Organic solvents, e.g. toluene and ace-

tone, exert an irritating effect by removal of lipids from the SC
57-59

 and can cause cell death 

by membrane toxicity after penetration into the epidermis.
14

 Water acts by disrupting the rigid 

organisation and structure of the lipid bilayers and by degradation of the corneodesmo-

somes,
60

 but also can cause over-hydration of the SC, which might facilitate the penetration of 

other chemicals into the skin.
61

  

The intensity of a skin irritation reaction caused by skin contact with irritants is dependent 

on the exposure duration and on the amount of chemical which penetrates into the skin. The 

amount penetrated in the skin is determined by a large number of variables including physico-

chemical properties of the chemical and the vehicle in which the chemical is applied, skin 

barrier condition (structure and composition) and environmental factors, e.g. temperature and 

humidity.
62,63

   

As a result of epidermal barrier damage, inflammatory mediators are produced to stimu-

late repair of the skin barrier. Keratinocytes are the major contributors in this inflammatory 

response by production of cytokines and chemokines.
64-67

 Upon stimulation with an irritant, 

keratinocytes immediately release the preformed cytokine interleukin-1α (IL-1α), which 

stimulates keratinocytes and fibroblasts to produce and release more IL-1α and other pro-

inflammatory cytokines and chemokines e.g. IL-1β, IL-6, CXC chemokine ligand-8 (CXCL8) 

and tumour necrosis factor-α (TNF-α) as the first steps in the inflammatory cascade.
65,68

 

These cytokines and chemokines in turn induce the production of a wide array of other in-

flammatory mediators and adhesion molecules resulting in the recruitment and proliferation 

of leukocytes at the site of inflammation.
69

 To counteract these inflammatory processes, 

keratinocytes produce cytokines with anti-inflammatory properties, e.g. IL-1 receptor antago-

nist (IL-1RA) and IL-10.
70

 This upregulation of pro- and anti-inflammatory cytokines is 

aimed to repair the skin barrier. In some cases, however, the inflammatory process may ex-

hibit a prolonged course, even despite of removal of the irritant exposure.
64

  

Human in vivo data on cytokine and chemokine expression in skin irritation are scarce and 

limited. Most studies focussed on the cytokine response after a single irritant challenge.
71-77
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Techniques for in vivo cytokine sampling include punch biopsies,
71-74

 suctions blister flu-

ids
76,77

 or skin derived lymph.
75,77

 The main drawbacks of these techniques are their invasive-

ness, laboriousness and discomfort for the volunteers. As an alternative, the relatively non-

invasive technique of SC tape stripping has been introduced.
78,79

 With this technique, layers 

of the SC are sequentially removed by repeated application of pieces of adhesive tape. After 

extraction of the SC from the tapes, the cytokine and protein content is determined. Using 

tape stripping, not only constitutively present IL-1α and IL-1RA have been recovered from 

the SC, but also low amounts of inducible cytokines and chemokines (CXCL8, IL-2, TNF-α 

and IFN-γ).
78-83

  

  

 

1.4 Susceptibility to CICD 

 

1.4.1 Variability in response to irritants 

Two frequently used methods to assess the skin reaction to irritants are measurement of tran-

sepidermal water loss (TEWL) and scoring of erythema.
84

 TEWL, which is measured by 

means of an evaporimeter, reflects the skin barrier function to water and increases upon bar-

rier disturbance.
85

 Erythema is an indicator of increased blood flow and clinically visible as 

redness of the skin. Scoring of erythema can be performed either visually
86

 or using an ery-

thema meter.
87

 Also, erythema can be determined by measurement of the cutaneous microcir-

culatory blood flow recorded by laser Doppler flowmetry.
84

 Other parameters to assess skin 

irritation reactions comprise visual assessment of oedema, dryness and scaling of the skin.
86

  

Many investigators use the model compound SLS to study the skin irritation response in 

human volunteers, because of its high irritant potential.
88

 This irritant, an anionic surfactant, is 

frequently used as a foaming agent in cosmetic products such as shampoos, soaps, face and 

body washes and toothpaste.
84

 Several studies reported a large variability in the response to 

SLS between individuals. In these studies, the irritation threshold, defined as the lowest SLS 

concentration that leads to visual skin inflammation assessed in a 4 h patch test, ranged from 

< 0.1% SLS in the most sensitive subjects to > 20% SLS in those hardly showing a skin reac-

tion.
89-91

 Exposure to sodium hydroxide showed substantial interindividual variation in skin 

response as well, however, less pronounced compared with SLS.
92
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1.4.2 Individual susceptibility factors to CICD 

CICD is a multifactorial disorder, both endogenous factors (e.g. skin barrier structure and 

composition, immunological factors and atopic background) and exogenous factors (e.g. ex-

posure to irritants) play a role in its development.  

Prevalence of CICD is high, especially among high-risk occupations. However, not all 

workers do develop this skin disease. A few studies focussed on predictive factors of CICD in 

experimental studies and prospective cohort studies. An individuals’ baseline value of TEWL, 

an indicator of skin barrier condition, has been studied as a predictive parameter of develop-

ment of CICD in apprentices in high-risk occupations. These studies showed that an increased 

basal TEWL indicated no enhanced risk for CICD.
30,93-95

 Furthermore, irritability of the skin 

after a single exposure to an irritant, for example to SLS, has been explored as a predictive 

indicator for CICD. Previous experimental studies, including one of our research group, have 

shown that the skin response, as determined by the increase in TEWL after a single exposure 

to SLS cannot be used to predict the skin response after a repeated exposure.
96,97

 A better as-

sociation was found between skin erythema scores after single and repeated exposure to 

SLS.
96

 A similar relationship was found between a low skin irritation threshold as observed 

by an erythema reaction and the development of hand eczema in trainee hairdressers.
98

 So 

there remains a challenge to discover other predictive parameters.  

Several epidemiological studies investigated gender-related differences in risk of CICD 

but findings were not consistent. Prevalence of CICD in general was found to be higher 

among females, but this is most likely due to a higher exposure to irritants, both at the work-

place and in the domestic situation.
99,100

 An increased skin reactivity in a single exposure was 

shown for Asian subjects compared to Caucasians;
101

 still epidemiological studies lack con-

sensus regarding race as a factor in individual susceptibility to CICD.
102

  

Atopic dermatitis is generally considered as an important predisposing factor for hand ec-

zema
103,104

 and for CICD.
105

 As reviewed by Coenraads and Diepgen, a history of atopic der-

matitis without skin exposure at least doubles the risk of hand eczema, and in case of skin 

exposure at the workplace this risk is doubled again.
106

 Atopic dermatitis is a chronic inflam-

matory skin disease characterized by pruritic, eczematoid lesions and a course marked by ex-

acerbations and remissions.
107

 The symptoms usually start in early infancy or childhood, often 

with flexural eczema, and can persist into adulthood. Atopic dermatitis is associated with cu-

taneous hyperreactivity to environmental triggers, e.g. skin contact with irritants, allergens, or 

microbes and scratching.
108

 Nowadays, the lifetime prevalence of atopic dermatitis is 15-20% 
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in children in Western countries.
109-113

 Epidemiological studies showed that CICD patients 

with a history of atopic dermatitis were less likely to recover.
34,36,114

 Thus, besides having an 

increased risk of CICD, patients with a history of atopic dermatitis were also found to have a 

poorer prognosis.  

Atopic dermatitis is, from a genetic perspective, a complex disease that has a high familial 

occurrence.
115

 Recently, two loss-of-function polymorphisms in the gene encoding filaggrin 

(FLG) were discovered, which are strong predisposing factors for atopic dermatitis.
116

 Several 

studies showed that, depending on the disease phenotype, between 16% and 56% of patients 

with atopic dermatitis carried one or more FLG null alleles, in comparison with 5% to 10% of 

subjects in the European general population.
116-123

 Filaggrin, acronym for filament-

aggregating protein, promotes the flattened shape of corneocytes by packing keratin filaments 

into bundles to form the keratin skeleton during the cornification process.
53

 Consecutively, 

filaggrin is degraded, mostly into free amino acids.
53,124

 These amino acids, which form the 

majority of the natural moisturising factors, are hygroscopic and contribute to the water reten-

tion in the SC.
124

 The described loss-of-function polymorphisms result in a premature stop 

codon in the FLG gene, which leads to a complete loss of filaggrin production in the epider-

mis of homozygote carriers of these null alleles.
125

 Carriers of a FLG null allele were found to 

have a reduced level of natural moisturizing factors in the SC.
126

 These loss-of-function 

polymorphisms in the FLG gene may be one of the reasons why dry skin is a common feature 

in atopic dermatitis. 

As regards risk factors for hand eczema, a large population-based twin study showed that 

not yet identified genetic factors substantially contribute to the occurrence of hand eczema 

independent of the occurrence of atopic dermatitis.
21,127

 Apart from atopic dermatitis as a pre-

disposing factor to CICD, knowledge on genetic susceptibility to CICD is still lacking, which 

can be seen as an invitation to study genetic susceptibility markers.  

Cytokines and chemokines play an important role in inflammatory processes, however, 

little is known of the role of these inflammatory mediators in CICD. Various polymorphisms 

in genes encoding pro- and anti-inflammatory cytokines and chemokines were found to be 

predisposing factors for several complex inflammatory diseases, e.g. rheumatoid arthritis and 

multiple sclerosis.
128

 These functional polymorphisms presumably act by influencing the lev-

els or functionality of the corresponding proteins. Mostly, this concerns single nucleotide 

polymorphisms (SNPs), which are nucleotide sequence variations in the DNA that occur 

when a single nucleotide (A, T, C, or G) in the genome differs between individuals. The role 
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of polymorphisms in genes encoding inflammatory mediators involved in the pathogenesis of 

CICD is still unknown. A study of Allen and colleagues addressed the association between a 

SNP in the gene encoding TNF-α and individual susceptibility to experimentally-induced skin 

irritation.
129

 Subjects with the variant TNFA -308A allele had a lower irritant threshold to SLS 

and to benzalkonium chloride, indicating an association between this variant A allele and in-

creased susceptibility to irritants. 
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2. Objectives and outline of this thesis 

 

As described earlier in this chapter, the mechanism of development of CICD and the factors 

that predispose individuals to this skin disease are only partially understood. Besides getting 

insight into the etiological mechanism of CICD, knowledge of individual susceptibility is 

useful in the occupational health practice for the development of a predictive test which could 

be used for career guidance regarding medical aspects and for diagnostics and therapeutic 

advices for apprentices and workers in high-risk occupations.  

 

The studies described in this thesis were performed to obtain more insight in individual sus-

ceptibility factors to acquire CICD. These studies were focussed on three aspects: permeabil-

ity of the skin barrier in relation to the irritation response of the skin (Chapter 2), changes in 

cytokine levels in the skin as a result of experimentally induced irritation (Chapter 3) and the 

role of genetic polymorphisms in the occurrence of CICD (Chapter 4). 

 

The objectives of the studies described in Chapter 2 were: 

- To study the relation between the penetration rate of the irritant compound sodium lauryl 

sulphate (SLS) into the stratum corneum (SC) and impairment of the water barrier func-

tion and inflammation of the skin (Chapter 2.1).  

- To investigate differences in the penetration of SLS into the SC of uninvolved skin of 

patients with atopic dermatitis and into the SC of healthy control subjects (Chapter 2.2).  

 

The objectives of the studies described in Chapter 3 were: 

- To explore the feasibility of a SC tape stripping technique to study levels of cytokines in 

different layers of the SC (Chapter 3.1). 

- To determine changes in cytokine levels after repeated irritation in the SC (Chapter 3.2) 

and in different SC layers (Chapter 3.1). 

- To investigate the relation between baseline cytokine levels in the SC and the skin re-

sponse to a single 24-h SLS exposure and after a repeated exposure over a 3-week period 

(Chapter 3.2). 

- To explore the feasibility of a new transdermal fluid sampling technique and to determine 

changes in levels of inflammatory mediators and markers present in transdermal fluid, af-

ter single and after repeated skin irritation (Chapter 3.3).  
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The objectives of the studies described in Chapter 4 were: 

- To study the association between polymorphisms in the IL1 gene cluster and the concen-

tration of the cytokines IL-1α and IL-1RA in the SC (Chapter 4.1).  

- To investigate whether several polymorphisms in cytokine genes contribute to the occur-

rence of occupational CICD. (Chapter 4.2). 

- To investigate whether two loss-of-function polymorphisms in the FLG gene contribute to 

the occurrence of occupational CICD (Chapter 4.3). 
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Abstract 

 

Background  Skin irritability after a brief exposure to the model skin irritant, sodium lauryl 

sulphate (SLS), is known to vary considerably between individuals. A difference in the skin 

barrier to SLS may contribute to this variation. To date, no human in vivo data have been 

available on SLS penetration into the skin.  

Objectives  We studied whether the SLS penetration rate into the stratum corneum (SC) is 

related to impairment of the water barrier function and inflammation of the skin. 

Methods  The penetration of SLS into the SC was assessed using a noninvasive tape stripping 

procedure in 20 volunteers after a 4-h exposure to 1% SLS. Additionally, the effect of a 24-h 

exposure to 1% SLS on the skin water barrier function was assessed by measuring the transe-

pidermal water loss (TEWL). The accompanying inflammation was quantified by measuring 

erythema. 

Results  The mean ± SD diffusivity of SLS (D) and the SLS permeability coefficient (Kp) 

were 1.4 ± 0.6 × 10
-8

 cm
2
 h

-1 
and 1.5 ± 0.7 × 10

-3
 cm h

-1
, respectively. A multiple regression 

analysis showed that the baseline TEWL, SC thickness and SLS penetration parameters K 

(SC/water partition coefficient) and D clearly influenced the increase in TEWL after the 24-h 

irritation test (explained variance: r
2
 = 0.80). Change in erythema was mainly influenced by 

SC thickness.   

Conclusions  We found that variation in the barrier impairment and inflammation of human 

skin depends on the SLS penetration rate, which was mainly determined by SC thickness.  
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Introduction 

 

Repeated cutaneous exposure to mild irritants is the leading cause of occupational contact 

dermatitis.
1
 High-risk occupations for developing chronic irritant contact dermatitis (ICD) 

include hairdressing,
2,3

 health care
3
 and metalworking.

4
 For example, in a study of hairdress-

ing apprentices, the incidence rate of ICD during the first year was 31.7 per 100 person-

years.
2
 The mechanism of development of chronic ICD and the factors that determine an indi-

vidual’s susceptibility are not completely understood. The ‘irritation threshold’ to the model 

irritant sodium lauryl sulphate (SLS) has been suggested as a possible indicator of individual 

susceptibility to chronic ICD.
5-7

 The irritation threshold has been defined as the lowest SLS 

concentration that leads to visual skin inflammation, assessed in an acute 4-h patch test. The 

investigators used visual grading of the erythema reaction as a parameter of irritation. These 

studies revealed substantial interindividual differences in acute skin inflammation susceptibil-

ity: the irritation threshold ranged from < 0.1% to > 20% SLS.   

We assumed that the irritant effect of SLS on the stratum corneum (SC)
8
 and the underly-

ing viable tissues
9
 is related to the ability of SLS to penetrate into the SC. Thus, the differ-

ences in the skin barrier to SLS may be one of the factors contributing to the interindividual 

differences in skin irritability. In studies with healthy volunteers, interindividual differences 

of up to a factor 4 were found in the skin penetration rate of several chemicals.
10

 In this re-

gard, one important factor is the SC thickness, which varies between individuals by a factor of 

2-3.
11

 As the penetration of chemicals into the skin is a diffusion process, the amount ab-

sorbed will be inversely proportional to the thickness of the SC membrane.  

Several studies have been performed to obtain insight into SLS penetration into the skin. 

Most of these studies were in vitro, using mammalian
9,12-14

 or human skin.
9,15-17

 In two stud-

ies, the ability of SLS to penetrate into the skin was investigated in vivo, using rat models.
9,18

 

None of these studies addressed the relationship between the SLS penetration and the skin 

inflammation reaction.  

Penetration of topically applied substances into the SC in vivo can be studied noninva-

sively, using a tape stripping procedure.
19,20

 In the present study, we investigated the relation-

ship between SLS penetration into the SC and the impairment of the skin water barrier func-

tion and skin inflammation. To this end, we performed two exposures in volunteers. One ex-

posure was a 24-h exposure to 1% SLS intended to evoke skin irritation: 24 h after patch re-

moval, the SLS effect on the skin water barrier function was measured by transepidermal wa-
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ter loss (TEWL), and the inflammation was assessed by measurement of erythema (skin red-

ness). The second exposure was a 4-h application of 1% SLS to assess the rate of penetration 

of SLS into the SC. The results presented here were part of a larger study designed to investi-

gate individual susceptibility factors for developing chronic ICD.
21

 

 

 

Subjects and Methods 

 

Study population 

Twenty healthy volunteers with no visible skin abnormalities participated in the study (13 

women, mean ± SD age 24 ± 3 years and 7 men, mean ± SD age 25 ± 8 years). The study was 

approved by the ethics committee of the Academic Medical Centre, and all subjects gave their 

written, informed consent. The subjects were not allowed to use soap or moisturizers on the 

lower arms for 24 h prior to, and during the days of, the experiments. All participants filled in 

the Erlangen Atopy Questionnaire
22

, which was used to derive an atopy score.  

 

Single 24-h SLS irritation test 

To evoke skin irritation, the dominant midvolar forearm was exposed over a 24-h period to a 

1% w/v SLS solution (200 µl, ≥ 99% purity, Fluka, Buchs, Switzerland), using a patch test 

chamber (Finn chambers
®

 of 18 mm diameter and Filter Paper Discs; Epitest, Tuusala, 

Finland). Before application and 24 h after patch removal, TEWL and erythema were meas-

ured on the exposed site and a control site on the dominant forearm. TEWL was measured 

with an Evaporimeter (VapoMeter SWL2g; Delfin Technologies Ltd, Kuopio, Finland). 

Nuutinen et al. describe this measurement device in detail.
23

 For at least 20 minutes prior to 

the measurements, the volunteers rested with their sleeves rolled up in the examination room, 

where the temperature was 20-22 °C and the relative humidity ranged between 50 and 60%. 

The erythema index was measured using an erythema meter (DermaSpectrometer; Cortex 

Technology, Hadsund, Denmark), as described by Clarys et al.
24

  

 

SLS penetration test 

In addition to the single 24-h irritation test site, two other sites on the dominant distal volar 

forearm were exposed for 4 h to 200 µl of a 1% SLS solution using patch test chambers to 

determine the SLS penetration rate. The chambers were separated by 15 mm and attached 
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with adhesive tape (Scanpor
®

 tape; Norgeplaster, Vennesla, Norway). A third, non-exposed 

site on this forearm served as a control.  

Fifteen minutes after the chamber removal, the SC was sequentially removed using pieces 

of 19 x 25 mm adhesive tape (Diamond Ultra Clear Tape, 19 mm x 33 m; The Sellotape
®

 

Company, Eindhoven, the Netherlands). Templates of Scanpor
®

 tape were fixed on the skin 

around each application spot to limit the tape stripping area (18 mm diameter). Pieces of tape 

were consecutively applied to the sites and homogeneously pressed on to the skin by moving 

a 1.0-kg stainless steel roller
25

 10 times in two directions. The tapes were then slowly re-

moved at an angle of 170° with the skin. The sites were multidirectionally stripped until it 

appeared that the SC was totally removed, as observed by the shininess and redness of the 

surface and a TEWL > 100 g m
-2 

h
-1

. Each tape strip was collected in a glass vial and stored at 

-20 °C. The tape stripping of the three sites (two SLS-exposed and one control, simultane-

ously) was completed after 20 min.  

The amount of SLS on each strip was analysed using an adjusted method based on that of 

Rusconi et al.
26

 The total amount of protein on each strip was analysed following a slightly 

modified procedure based on that of Dreher et al.
27

 Blank tapes were processed and assayed 

as a negative control. To extract the SLS from the tape, 1 ml methanol (J.T. Baker, Deventer, 

the Netherlands) was added to each vial and the vials were shaken for 1 h (TPM-2; Sarstedt, 

Numbrecht, Germany). The methanol fraction was removed and stored at -20 °C for SLS 

analysis.  

The concentration of SLS was determined spectrophotometrically, using a dye (Stains-

All
®

, Sigma-Aldrich Chemie GmbH, Schnelldorf, Germany). Standards of SLS for the cali-

bration curve were prepared in methanol (2.3 – 50 µg/ml) and 20 µl from each standard and 

sample was pipetted into a 96-well plate. After evaporation of the methanol, 200 µl of Stains-

All
®

 work solution was added to each well and absorbance was read at 450 nm (Model 680 

Microplate reader; Bio-Rad Laboratories, Hercules, CA, USA).  

The remaining methanol in the vials containing tape strips was evaporated, using nitrogen. 

Subsequently, 1 ml of 1 M NaOH was added. The vials were then shaken for 2 h and left at 

room temperature overnight. After addition of 1 ml of 1 M HCl, the sample was ready for the 

protein assay. The total protein on each strip was determined with the Bio-Rad DC protein 

assay kit (Bio-Rad Laboratories), using the supplied bovine serum albumin as the standard. 

Standards and samples were pipetted into a 96-well plate and assayed following the kit in-

structions. The concentration of SLS on each strip was expressed as µg SLS/µg protein. As-
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suming an SC density
11

 of 1 g cm
-3

 and a uniform distribution of SC on the tape strips 

(stripped skin area: 2.54 cm
2
), the protein mass removed was converted to a volume enabling 

estimation of the thickness of SC on each strip and the cumulative SC thickness.   

 

Data analysis 

After the 4-h SLS penetration test, analysis of the sequentially tape-stripped SC yielded val-

ues of the SLS concentration as a function of the relative depth (x/L) into the SC. The SLS 

concentration profile is given by a solution to Fick’s Second Law of Diffusion (Figure 1),
19,20

 

where C(x) is the SLS concentration (µg cm
-3

) at depth x in the SC, K is the SC/water parti-

tion coefficient of SLS, Cveh is the applied SLS concentration (µg ml
-1

) in the vehicle (water), 

L is the total thickness of the SC (cm), D is the diffusivity of SLS in the membrane (cm
2
 h

-1
), 

and t is the exposure duration (h).  

The rate constant for diffusion across the SC (D/L
2
) is obtained by fitting this nonsteady-

state diffusion equation to the data of the SLS concentration profile. KCveh equals the inter-

cept at x = 0. The SLS permeability coefficient (Kp) across the SC layer is calculated by Kp = 

KD/L. The calculation of penetration parameters from the concentration vs. depth curve has 

been described in detail elsewhere.
19,20

 

Data of duplicate SLS penetration tests were pooled to obtain one regression curve for 

each subject. The first strip was not included in the regression analysis, as it contained some 

SLS that remained on the surface of the skin. Prism 4 (GraphPad, San Diego, CA, USA) was 

used for curve fitting.  
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Figure 1. Fick’s Second Law of Diffusion. C(x) is the SLS concentration (µg cm-3) at depth x in the stratum 

corneum (SC), K is the SC/water partition coefficient of SLS, Cveh is the applied SLS concentration (µg ml-1) in 

the vehicle (water), L is the total thickness of the SC (cm), D is the diffusivity of SLS in the membrane (cm2 h-1), 

and t is the exposure duration (h).  
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Statistics 

For our statistical analysis, we used the Student’s two-sample t-test to compare subgroups and 

the Pearson correlation coefficient. For the effect of SLS penetration rate on skin water barrier 

function, we used a multiple linear regression analysis with the change in TEWL as the de-

pendent parameter, and the baseline TEWL, K, L and D as the independent parameters. For 

the effect on skin inflammation, we used the change in erythema as the dependent parameter, 

and K, L and D as the independent parameters. P ≤ 0.05 was considered significant.  

 

 

Results 

 

Atopy score 

The subjects’ Erlangen Atopy Scores ranged from 3 to 16 (the maximum for the questionnaire 

is 34), and the mean ± SD score was 7.9 ± 3.9. Six subjects had a score ≥ 10 points, which is 

considered as having atopy.
22

   

 

Single 24-h SLS irritation test 

One day after the 24-h irritation test with 1% SLS, the mean ± SD TEWL had increased from 

9.0 ± 3.0 g m
-2 

h
-1

 (baseline) to 81 ± 42 g m
-2 

h
-1

, and the degree of erythema from 7.8 ± 2.1 

arbitrary units (AU) to 12.2 ± 3.2 AU.  

 

SLS penetration test 

On average, 13 ± 4 tape strips were removed from each SLS test site and 20 ± 4 strips from 

the control site. The mean ± SD total amount of protein removed from one site was 2140 ± 

570 µg, corresponding to a SC thickness of 8.6 ± 2.4 µm.     

Acceptable curve fitting was obtained for 19 volunteers. The data on two volunteers had 

to be excluded from the analysis. This was because a linear relationship was found between 

the SLS concentration and SC depth, indicating a steady-state absorption to which Fick’s 

Second Law of Diffusion is not applicable.     

Figure 2 shows the SLS concentration profiles across the SC for two selected subjects. 

Nonlinear regression was used to obtain the best fit of the equation given in Figure 1 (dashed 

lines).  
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Figure 2. Sodium lauryl sulphate (SLS) concentration obtained by tape stripping in two subjects as a func-

tion of stratum corneum (SC) depth (x/L) after a 4-h exposure to 1% SLS. Experimental data were fitted to 

the equation given in Figure 1, using a non-linear regression analysis (dashed lines; r = 0.95 - 0.97). Kp = SLS 

permeability coefficient. 

 

Table 1. Sodium lauryl sulphate (SLS) penetration parameters (mean ± SD) and skin irritation parame-

ters for subjects with and without atopy.  

Parameter Unit All subjects Atopy No atopy P-valuea 

    n = 17 n = 6 n = 11 +/- atopy 

SC/water partition coefficient (K)    93 ± 22  95 ± 12  91 ± 27 NS 

SC thickness (L) µm 8.6 ± 2.4 7.6 ± 1.3 9.2 ± 2.7 NS 

Diffusion coefficient (D) × 10-8 cm2 h-1 1.4 ± 0.6 1.8 ± 0.5 1.2 ± 0.5 0.05 

Rate constant for SLS diffusion (D/L2) × 10-2 h-1 2.1 ± 1.1 3.1 ± 0.8 1.6 ± 0.7 0.002 

Permeability coefficient (Kp) × 10-3 cm h-1 1.5 ± 0.7 2.2 ± 0.5 1.2 ± 0.5 0.001 

      

Baseline TEWL g m-2 h-1 8.6 ± 3.0 9.2 ± 3.9 8.3 ± 2.5 NS 

∆TEWL g m-2 h-1  66 ± 40  93 ± 45  52 ± 30 0.04 

∆erythema AU 4.1 ± 2.9 5.9 ± 2.5 3.2 ± 2.7 0.06 

SC, stratum corneum; TEWL, transepidermal water loss; NS, not significant; AU, arbitrary units.  

aindependent sample t-test (two-sided) 

 

 

The SLS penetration results are summarized in Table 1. We observed fairly high interindi-

vidual variation in all penetration parameters: the coefficients of variation (CV) ranged from 
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24% to 51%. The mean values were also calculated separately for the subjects with (n = 6) 

and without (n = 11) atopy. No difference in K was found between these two groups. In the 

atopy group, the SC tended to be thinner, and D/L
2
 and Kp were almost doubled (P = 0.002 

and P = 0.001, respectively).  

Table 1 shows that changes in TEWL (∆TEWL) and erythema (∆erythema) were higher 

in atopics than non-atopics (P = 0.04 and P = 0.06, respectively) after the 24-h irritation test. 

Baseline TEWL did not clearly differ between subjects with and without atopy (Table 1). 

 

 

Table 2. Relationships between sodium lauryl sulphate (SLS) penetration parameters and skin irritation 

parameters in volunteers. 

Parameter 

SC/water partition 

coefficient (K)  r SC thickness (L)  r 

Diffusivity                     

of SLS (D)  r 

Rate constant for SLS 

diffusion (D/L2)  r 

baseline TEWL -0.26 -0.43a 0.02 0.43a 

∆TEWL  0.10 -0.64b 0.22 0.74c 

∆erythema -0.25 -0.63b 0.09 0.58b 

SC, stratum corneum; TEWL, transepidermal water loss. r = Pearson correlation coefficient, n = 17;  

aP < 0.05, bP < 0.01, cP < 0.001 (one-sided) 
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Figure 3. Increase in transepidermal water loss (∆TEWL) after a 24-h irritation test as a function of the 

rate constant (D/L
2
) for diffusion of sodium lauryl sulphate across the stratum corneum. 
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Table 2 shows the relationship between ∆TEWL and ∆erythema after the 24-h irritation test, 

and the obtained penetration parameters K, L, D and D/L
2
. A good relationship was found 

between the effect parameters, ∆TEWL and ∆erythema, and D/L
2
 (r = 0.74, Figure 3, and r = 

0.58, respectively). Moreover, L had a clear influence on ∆TEWL (r = -0.64) and ∆erythema 

(r = -0.63), as well as influence on the baseline TEWL (r = -0.43). No clear relationship was 

found between K and D and the skin irritation parameters. As regards the baseline TEWL, 

subjects with a higher baseline value also had a higher ∆TEWL (r = 0.62). As the lag time to 

reach steady state is defined as L
2
/6D, it appeared that the lag time in our subjects would be 

10.5 ± 6.0 h.  

To estimate the contribution of individual skin properties on the skin irritation parameters, 

we performed a multiple linear regression analysis. The following relationship was obtained 

[estimated coefficients (SE)]: ∆TEWL = 23 (38) + 5.3 (1.9) baseline TEWL + 0.63 (0.24)K – 

1.1 (0.25) × 10
5
L + 2.8 (0.91) × 10

9
D with an explained variance of r

2
 = 0.80 (P = 0.001). In a 

model with only the baseline TEWL and L as the independent parameters, the explained vari-

ance was 0.55. For ∆erythema, we obtained: ∆erythema = 11 (3.0) – 1.2 (2.6) × 10
-2

K – 8.8 

(2.6) × 10
3
L + 1.6 (1.0) × 10

8
D with an explained variance of r

2
 = 0.50 (P = 0.024). Regarding 

∆TEWL, all independent factors showed a significant contribution. By contrast, only L con-

tributed significantly for ∆erythema.    

 

 

Discussion 

 

Exposure to 1% SLS over 24 h led to a decrease in the skin water barrier function and to skin 

inflammation. The mean increase in TEWL and erythema was 72 g m
-2

 h
-1

 and 4.4 AU, re-

spectively, with considerable interindividual variation. These findings are in agreement with 

those of other studies.
28-30

  

In the present study, we aimed to investigate the influence of the skin penetration rate of 

SLS on skin irritation effects. The differences in the SLS penetration rate have been suggested 

as one of the possible sources of high interindividual differences in SLS irritability.
5
  

In this study, we determined the penetration of SLS into the SC by means of an SC tape 

stripping method. This noninvasive method is increasingly being used to determine the pene-

tration parameters of compounds with various physicochemical properties, e.g., naphtha-

lene
31

, 4-cyanophenol
19,32

 and cimetidine.
32

 The advantage to this method is that it enables 
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measurement of the local SLS concentration, close to the effect site. The individual penetra-

tion parameters, K and D, were deduced from the SLS concentration in subsequent tape strips 

based on Fick’s Second Law of Diffusion. The SLS permeability coefficient (Kp) calculated 

from these penetration parameters was 1.5 ± 0.7 × 10
-3

 cm h
-1

.  

To date, no human in vivo data have been available on SLS penetration. However, some 

data has been published on in vitro experiments.
9,12,15-18

 In vitro assays showed that after 24-h 

dermal application, only 2-3% of the applied SLS penetrated through the skin into the recep-

tor fluid.
16,17

 Due to this low permeability, the blood concentrations of SLS will be too low to 

assess in vivo permeation of SLS. The experimental conditions in the mentioned in vitro stud-

ies differed from those used in our study. For example, the in vitro SLS exposure was longer 

(> 24 h), which makes changes in the barrier due to SLS effects more likely.
8,33,34

 Further-

more, the types of skin and methods of sampling in those studies were different. It is difficult 

therefore to compare the results obtained in our study with the in vitro values reported in the 

literature. As an alternative to experimentally determined data, for practical purposes the Kp 

of a compound can be predicted by skin permeation models. The Environmental Protection 

Agency has proposed an empirical model, which is based on the molecular weight and the 

octanol/water partition coefficient.
35

 This model estimates a Kp for SLS of 4.5 × 10
-4

 cm h
-1

. 

Considering the SC as the major rate-limiting barrier to SLS penetration, this Kp is only a 

factor 3 lower than our result: 1.5 × 10
-3

 cm h
-1

.  

In general, Kp describes the diffusion of a compound through a membrane under steady-

state conditions. For our 24-h irritation test, the lag time to reach steady state (L
2
/6D) can be 

estimated roughly at 10.5 ± 6.0 h. So, for the purpose of predicting the increase of TEWL and 

erythema, Kp has limited value, because it reflects only the steady-state flux. The sooner the 

steady-state is reached, the higher the time-weighted concentration of SLS in the SC of a sub-

ject will be, and the more intense the effect on TEWL and erythema. So the finding that the 

rate constant for diffusion (D/L
2
) appeared to be a good predictor of the irritation effects was 

according to expectations.  

With respect to K, the estimation of this parameter from the curve of the SLS concentra-

tion vs. SC depth depends very much on the quality of the first data points. To improve the 

reliability of this estimation, Reddy et al.
36

 suggested conducting two exposure experiments: 

one experiment in the non steady-state condition to determine D and another experiment with 

a longer exposure to determine K. As the curve of the SLS concentration vs. SC depth be-

comes a straight line at the steady state, the estimation of K depends less on the error in the 
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superficial strips. However, longer exposure could lead to alteration of the skin barrier to 

SLS.  

It is possible that the SLS penetration rate into the skin may have been altered during the 

4-h exposure, leading to a higher SLS diffusion. To minimize this risk, we opted for a rela-

tively short exposure time and a low concentration. Moreover, in a pilot study, we observed 

no differences in penetration between a 1% SLS solution and a 0.1% solution. In the light of 

that, we assume that during a 4-h exposure, SLS has a minimal effect on alterations in the 

barrier to SLS. 

In the present study, we obtained substantial interindividual variation in all the measured 

penetration parameters (CV ranged from 24% to 51%). Fullerton et al. also found consider-

able interindividual variation (CV = 44%) in the in vitro penetrated amount of SLS in the epi-

dermis of five different donors.
16

 We found higher penetration of SLS in atopics than nona-

topics.  

The main objective of this study was to investigate the relationship between SLS penetra-

tion rate and the impairment of the skin water barrier function and skin inflammation. Several 

mechanisms are involved in skin irritation after exposure to SLS. In the SC, SLS interacts 

with the protein components of the SC
8,37,38

 and causes disorganization of the lipid bilay-

ers.
8,33,34

 Both of these processes lead to barrier perturbation, resulting in an increased TEWL. 

In the epidermis, SLS has a direct toxic effect on the keratinocytes.
39

 As a consequence of 

epidermal cell damage, primary cytokines, such as interleukin-1α are released from the 

keratinocytes, triggering the production of secondary cytokines and other inflammatory me-

diators by epidermal cells. Subsequently, these mediators induce an inflammatory reaction 

with cellular infiltrate in the epidermis and vasodilation in the dermis.
40-42

   

The effect of SLS on the skin water barrier function is known to vary considerably be-

tween subjects.
25,43

 The permeability of the SC to SLS will contribute to those interindividual 

differences, as it determines the concentration of SLS in the SC, and by consequence, the ex-

tent of barrier perturbation and increase in TEWL. The permeability of the SC depends on the 

composition and structure of the SC, reflected in the parameters K and D. The partition coef-

ficient of SLS between water and SC, K, will determine the amount of SLS that enters the SC. 

The diffusion coefficient, D, will dictate the rate by which the SLS moves through the SC. 

Both parameters and the SC thickness will determine the actual concentration in the SC. 

Taken alone, the baseline TEWL and SC thickness had a fair predictive value (r
2
 = 0.55) in 

predicting the impairment of the skin water barrier function after a 24-h SLS irritation test. 
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This predictive value increased to r
2
 = 0.80 when the SLS penetration parameters were added. 

The positive relationship between the baseline TEWL and the increase in TEWL after SLS 

exposure fell in line with the findings of other SLS susceptibility studies.
7,44,45

  

In skin inflammation, as assessed by erythema, considerable interindividual differences 

were found after SLS exposure.
5-7,25

 In our study, the SC thickness seemed to be the most 

important factor influencing the extent of erythema after a 24-h SLS irritation test. 

The observed interindividual variation in SLS penetration only partly explains the consid-

erable variation in the SLS irritation effects. In our study, the range (P5 - P95, data not shown) 

of SLS penetration between subjects was about a factor of 4 (3.6 for Kp and 4.4 for D/L
2
). 

However, the SLS irritation threshold in acute exposure was found to differ by a factor of 200 

between individuals (< 0.1% to > 20%).
5-7

 It is likely therefore that factors other than perme-

ability play a role in individual susceptibility to SLS irritation. Aside from differences in skin 

barrier properties, one important factor may be the cytokine profile after exposure to SLS, 

which will affect the inflammatory response. Allen et al. showed an association between the 

individual irritant threshold for SLS and the presence of the polymorphism at position -308 in 

the TNFA gene.
46

   

We expect that individuals who have a higher SLS permeability also have a higher perme-

ability for other substances, which makes them more susceptible to skin damage, e.g. in occu-

pational exposure. This emphasizes that such individuals at risk have a greater need for skin 

protection in order to achieve a sufficient barrier to environmental chemicals. In conclusion, 

we have shown that the variation in barrier impairment and inflammation of human skin de-

pends on the SLS penetration rate.  
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Abstract 

 

Background  Involved regions of the skin in patients with atopic dermatitis (AD) have been 

shown to have higher transepidermal water loss (TEWL), indicating a compromised skin bar-

rier. Whether uninvolved skin also has diminished barrier characteristics is controversial. 

Objectives  To study the penetration of sodium lauryl sulphate (SLS) into uninvolved skin of 

patients with AD compared with the skin of control subjects. 

Methods  Percutaneous penetration was assessed using the tape stripping technique on the 

stratum corneum (SC). Twenty patients with AD and 20 healthy subjects were exposed to 1% 

SLS for 4 h on mid-volar forearm. After the end of exposure the SC was removed by adhesive 

tape. The amount of SLS was determined in each consecutive strip. Fick’s second law of dif-

fusion was used to deduce the diffusivity and the partition coefficient of SLS between water 

and the SC. 

Results  The SC thickness was similar in both groups; however, the TEWL was higher in pa-

tients with AD compared with that of the control group (mean ± SD 8.4 ± 4.3 and 6.3 ± 2.0 g 

m
2
 h

-1
, respectively). There was a correlation between SC thickness and TEWL in control 

subjects but no correlation was found in patients with AD. The diffusivity of SLS through 

uninvolved AD skin was higher compared with normal skin (mean ± SD 12.7 ± 5.8 x 10
-9

 and 

6.2 ± 3.0 x 10
-9

 cm
2
 h

-1
, respectively), while the partition coefficient between SC and water 

was lower (mean ± SD 137 ± 64 and 196 ± 107, respectively). 

Conclusions  The results show a different penetration profile of SLS into the SC of patients 

with AD compared with control subjects. This indicates that even noninvolved skin in patients 

with AD has altered barrier characteristics, emphasizing the importance of skin protection and 

prevention of skin contact with chemicals. 
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Introduction 

 

Atopic dermatitis (AD) is a chronic inflammatory skin disease associated with cutaneous hy-

peractivity to environmental agents, and is characterized by pruritic lesions with dryness and 

typical distribution and morphology. The affected regions of the skin in patients with AD 

show higher transepidermal water loss (TEWL) in comparison with the normal skin, in other 

words, lower capacity to hold water.
1
 Higher permeability of affected skin was shown also for 

theophylline
2
 and polyethylene glycols.

3
 The literature data concerning permeability of unin-

volved AD skin are contradictory. Some authors reported higher TEWL in patients with a 

history of AD,
1,4-8

 while others found no difference in comparison with normal skin.
9-13

 In 

several studies it was suggested that the higher susceptibility to irritation in patients with 

AD
6,11,12,14 

might partly be explained by higher skin permeability.
15

 Increased susceptibility of 

patients with AD to irritation induced by sodium lauryl sulphate (SLS) was shown both in 

involved and in uninvolved AD skin.
6
 The impaired skin barrier in AD has often been con-

nected to the different lipid composition and structure of atopic skin. Previous studies have 

demonstrated that barrier impairment coincides with alterations in the amount and composi-

tion of stratum corneum (SC) ceramides in AD skin.
10,16,17

 Reduced ceramide content and 

decreased percentages of Cer 1 and Cer 3 were reported in involved as well as in uninvolved 

skin of patients with AD.
10,16-18

 In contrast to this, Matsumoto et al.
19

 found that the reduction 

of Cer 1 is restricted to involved AD skin and is not extended to uninvolved area, which is 

consistent with data of Farwanah et al.
20

 

The question whether the barrier function in uninvolved skin in patients with AD is com-

promised as compared with control skin is still open. In the present study we investigated the 

penetration of SLS into the SC of uninvolved skin of patients with AD and into the SC of the 

skin of control subjects. SLS is a common ingredient of soaps and cosmetic products and 

atopic persons are known to be sensitive to these. In addition, in a previous study we have 

shown that atopic persons, although with no history of AD, appeared to have higher skin dif-

fusibility and to be more susceptible to SLS irritation than nonatopic subjects.
15
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Subjects and methods 

 

Study population 

Twenty patients with AD, 12 men and 8 women, mean age 29 years (range 18-54) and 20 

healthy subjects, 11 men and 9 women, mean age 32 years (range 18-55), all white, partici-

pated in the study. The study was carried out in June and July 2004. 

Patients with AD were recruited from the outpatient clinic of the Academic Medical Cen-

ter and diagnosed according to Hanifin and Rajka criteria.
21

 We excluded patients who had 

received systemic therapy, such as corticosteroids and immunosuppressants, or phototherapy 

in the past two years. Subjects with concomitant ichthyosis vulgaris were excluded. The test 

sites, both mid-volar arms were free of dermatitis for at least 3 months prior to the experi-

ment. The total eczema area and severity index
22

 (EASI, the maximum is 72 points) was as-

sessed in patients with AD. The severity of the disease was mild in all patients and the median 

EASI score was 1.7 (range 0.2-22.8). Twelve patients had active AD (pruritic lesions) and 

eight had inactive AD (free of dermatitis for at least 3 months, at the time showing only mild 

signs: scars, scaling, lichenification or dry skin) on body parts other than test sites. Control 

subjects had no visible skin damage and no history of past or present AD and other derma-

tological diseases. 

All subjects completed the Erlangen questionnaire from which an atopy score
23

 (the 

maximum is 34 points, and having a score ≥ 10 is considered as atopy) was derived. Patients 

with AD and control subjects had a score of 17.4 ± 6.6 and 3.0 ± 2.4 (mean ± SD), respec-

tively. 

Participants were not allowed to use soap, moisturizers or any other cosmetics and creams 

on the lower mid-volar arms 48 h prior to and during the experiments. Written informed con-

sent was obtained from all subjects prior to the experiment. The Medical Ethical Committee 

of the Academic Medical Center, University of Amsterdam approved the experimental proto-

col. 

 

Penetration experiment 

The subjects were exposed for 4 h on both volar arms to 1% SLS in water (200 µL, ≥ 99% 

purity, Fluka, Buchs, Switzerland) using patch test chambers (Finn chambers
®

, 18 mm in di-

ameter; Epitest Ltd, Tuusula, Finland). Before application and after patch removal, TEWL 

was measured on application sites. TEWL was measured with an Evaporimeter (VapoMeter 
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SWL2g; Delfin Technologies Ltd, Kuopio, Finland). The measurement was described in de-

tail elsewhere.
24

 Twenty minutes prior to the measurements, the subjects rested with their 

sleeves rolled up in the examination room, where temperature was 20-22 °C and relative hu-

midity was 50-60%. Fifteen minutes after the end of exposure the SC layers were sequentially 

removed with precut Diamond tape pieces, 19 x 25 mm (Diamond Ultra Clear tape, The Sel-

lotape
®

 Company, Eindhoven, the Netherlands). Templates of Scanpor
®

 tape (Epitest) were 

fixed on the skin around the application site to limit the tape stripping area (18 mm in diame-

ter). The tape pieces were consecutively applied to the test site and uniformly pressed with a 

1-kg stainless steel roller that was moved 20 times in two directions. The sites were stripped 

multidirectionally with one quick movement until the SC was totally removed as observed by 

shiny and reddish appearance of the skin, a burning sensation in subjects when the last tape 

strips were taken off and by measuring TEWL > 100 g m
-2 

h
-1

. Each subsequent strip was 

placed into a glass vial and stored at -20 °C until analysis. The stripping of each site was 

completed within 40 min. The SC from a non-exposed site was stripped off and served as a 

negative control. 

 

Analytical procedure 

The concentration of SLS on each strip was determined spectrophotometrically using the ad-

justed method of Rusconi et al.
25

 In brief, 2 ml of methanol (J.T. Baker, Deventer, The Neth-

erlands) was added to the vials and shaken for 1 h (TPM-2 shaker; Sarstedt, Nümbrecht, 

Germany) to extract the SLS from the tapes. Standards of SLS for the calibration curve were 

prepared in methanol (2.3 – 50 µg cm
-3

) and 20 µl from each standard and sample was pipet-

ted into a 96-well plate. After evaporation of the methanol, 200 µl Stains-All
®

 (Sigma-

Aldrich, St Louis, MO, U.S.A.) working solution was added to each well and absorbance was 

read at 450 nm (Model 680 Microplate reader; Bio-Rad Laboratories, Hercules, CA, USA). 

A protein analysis was used to measure the amount of SC removed by each tape strip and 

to assess the depth of the consecutive SC strips. The methanol residue, containing tape strip 

with precipitated proteins on it after SLS analysis, was evaporated. One millilitre of 1 M 

NaOH was added to the strip and the vials were shaken for 2 h. The samples were left at room 

temperature overnight and the next day they were once more shaken for 2 h. One millilitre of 

1M HCl was added to the vials to neutralize the basic solution. The protein assay was based 

on the modified method of Dreher et al.
26

 and performed according to the Bio-Rad DC protein 
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microassay
27 

using commercially available bovine serum albumin for standardization. Ab-

sorbance at 655 nm was measured using the Bio-Rad 680 microplate reader. 

The concentration of SLS on each strip was normalized for the amount of proteins and 

expressed as µg SLS/µg protein. Assuming an SC density
28

 of 1 g cm
-3

 and a uniform distri-

bution of SC on the tapes the protein mass removed was converted to a volume enabling esti-

mation of the depth of each strip in the SC and total thickness of the removed SC. 

 

Data analysis 

The concentration of SLS on each strip was plotted as a function of the relative SC depth. For 

the estimation of the penetration parameters we used the approach based on Fick’s second law 

of diffusion described in detail elsewhere
29,30

 (Figure 1), where Cveh is the SLS concentration 

applied (µg cm
-3

), C(x) is the SLS concentration (µg cm
-3

) at depth x (µm), K is the SC/water 

partition coefficient, L is the total thickness of the SC (µm), D is the diffusivity of SLS 

through the skin (cm
2
 h

-1
) and t is the exposure duration (h).  
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Figure 1. Fick’s second law of diffusion. Cveh is the sodium lauryl sulphate (SLS) concentration applied (µg 

cm-3), C(x) is the SLS concentration (µg cm-3) at depth x (µm), K is the stratum corneum (SC)/water partition 

coefficient, L is the total thickness of the SC (µm), D is the diffusivity of SLS through the skin (cm2 h-1) and t is 

the exposure duration (h). 

 

 

The nonsteady-state diffusion equation (Figure 1) was fitted to the data where the rate con-

stant for diffusion across the SC (D/L
2
, h

-1
) was obtained from the decay of C(x) as a function 

of x and K was obtained from the intercept at x = 0. The penetration parameters were derived 

from individual experiments and were averaged. The first strip was not included in the regres-

sion analysis, as it contained some residue of SLS on the surface of the skin after the end of 

exposure. Prism 4 software was used for curve fitting and statistical calculations (Graph Pad, 

San Diego, CA, U.S.A.). For statistical calculations Student’s t-test and one-way ANOVA 

with Bonferroni adjustment were used. P < 0.05 was considered significant. 
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Using the results of duplicate dermal exposures on two volar forearms we calculated the 

intrasubject variability as well as the intersubject variability in a restricted sense, i.e. after 

eliminating the intrasubject variability. For the latter we used the coefficient of variation 

(CV), where CV = {([between subject variance – within subject variance]/2)
1/2

}/mean. We 

assume that the intraindividual variation predominantly consists of the measurement variation 

and in a small part of the difference in permeability between both measured sites. 

 

 

Results 

 

A mean ± SD of 22 ± 9 strips for control subjects and 28 ± 9 for the patients with AD were 

needed to remove the SC completely. The mean ± SD amount of proteins removed from the 

exposure sites of the control subjects was 2206 ± 644 µg corresponding to an SC thickness of 

8.7 ± 2.5 µm, while that of patients with AD was 2394 ± 491 µg, corresponding to an SC 

thickness of 9.4 ± 1.9 µm. Statistically acceptable (r
2 
≥  0.95) curve fitting was obtained for all 

control subjects and patients with AD. For two control subjects and two patients with AD 

fitting was obtained for only one of the duplicate measurements and for four control subjects 

curve fitting could only be performed using the pooled duplicate data. 

Figure 2 shows the SLS concentration profile across the SC for one typical control subject 

and one AD patient as well as fitted curves obtained by nonlinear regression analysis (dashed 

lines). 

 



Chapter 2.2 

 52 

 

Control subject, D = 6.9 x 10-9 cm2 h-1

AD patient, D = 14.2 x 10-9 cm2 h-1

0.0 0.2 0.4 0.6 0.8 1.0
0.0

0.5

1.0

1.5

Relative SC depth (x/L)

µ
g
 S

L
S

/ µ
g
 p

ro
te

in

 

Figure 2. Sodium lauryl sulphate (SLS) concentration decay as a function of stratum corneum (SC) depth 

(x/L) in one control subject and one patient with atopic dermatitis (AD) after a 4-h exposure to 1% SLS. 

Nonlinear regression analysis was used to fit the equation given in Figure 1 to the data (dashed lines). D, diffu-

sivity. 

 

The penetration parameters are summarized in Table 1. We found no substantial difference 

between the two groups for SC thickness. TEWL was higher in patients with AD when com-

pared with control subjects. A significant correlation between SC thickness and TEWL was 

found in control subjects (r = -0.59, P = 0.003): the thinner the SC, the higher the TEWL. In 

contrast, no significant correlation was found in patients with AD (r = -0.14, P = 0.55) (Figure 

3). 
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Table 1. Sodium lauryl sulphate penetration parameters (mean ± SD) and corresponding inter- and in-

traindividual variations for patients with atopic dermatitis (AD) and control subjects. 

  

Unit Control subjects Patients with AD P-value* 

Number of subjects  n = 20 n = 20  

SC thickness µm 8.7 ± 2.5 9.4 ± 1.9    NSa 

Baseline TEWL g m-2 h-1 6.3 ± 2.0 8.4 ± 4.3    0.015b 

Diffusivity  10-9 cm2 h-1 6.2 ± 3.0 12.7 ± 5.8 < 0.001b 

SC/water partition coefficient   196 ± 107 137 ± 64 < 0.05a 

     

Coefficient of variation (CV)  n = 14 n = 18  

Diffusivity     

   Interindividual   % 48 55  

   Intraindividual   % 29 43  

SC/water partition coefficient      

   Interindividual   % 46 46  

   Intraindividual   % 37 27   

SC, stratum corneum; TEWL, transepidermal water loss, NS, not significant. *Independent sample T-test: atwo-

sided, bone-sided 

 

The mean ± SD diffusivity was twice as high in patients with AD (12.7 ± 5.8 x 10
-9

 cm
2
 h

-1
) 

when compared with control subjects (6.2 ± 3.0 x 10
-9

 cm
2
 h

-1
, P < 0.001). We also compared, 

using one-way ANOVA, control subjects and patients with AD according to state of disease 

(active vs. inactive AD): the mean values of diffusivity in the three groups were significantly 

different (P < 0.001) (Figure 4). The mean value of diffusivity in patients with active AD was 

significantly higher compared with patients with inactive AD (P = 0.016) and control subjects 

(P < 0.001), but no significant difference was found between patients with inactive AD and 

control subjects (P > 0.05). 
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Figure 3. Correlation between basal transepidermal water loss (TEWL) and stratum corneum (SC) thick-

ness (µm) determined in control subjects and patients with atopic dermatitis (AD). 
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Figure 4. Mean ± SD diffusivity (D) and stratum corneum/water partition coefficient (K) of sodium lauryl 

sulphate in patients with active atopic dermatitis (ADA, n = 12), inactive atopic dermatitis (ADI, n = 8) and 

control subjects (n = 20). 

 

 

The partition coefficient was somewhat lower in patients with AD (P < 0.05) than in control 

subjects. The mean values for the partition coefficient were not significantly different when 

we compared all three groups (P > 0.05) using ANOVA. Nevertheless, there was a trend of 

decreasing partition coefficient with state of disease (Figure 4). 

To obtain insight into intraindividual and interindividual variation in diffusivity and parti-

tion coefficient we have used available duplicate data for 18 patients with AD and 14 control 

SC thickness (µm) SC thickness (µm) 
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subjects as shown in Table 1. The interindividual variation, expressed as the CV, was 48% 

and 55% in control subjects and patients with AD, respectively, for diffusivity, while the CV 

for partition coefficient was 46% in both groups. Overall, the interindividual variation was 

higher than the intraindividual variation in both parameters in both groups. The intraindi-

vidual variation in diffusivity was higher in patients with AD, while for the partition coeffi-

cient it was lower then in control subjects. 

 

 

Discussion 

 

In the present study we have assessed the penetration of SLS into the SC of patients with AD 

and control subjects using the noninvasive tape stripping technique. We have shown an in-

creased diffusion in uninvolved AD skin when compared with normal skin. 

The thickness of SC as calculated from the amount of proteins removed by tape strips was 

nearly the same in both groups. The skin of patients with AD, however, showed increased 

TEWL when compared with the skin of normal subjects (Table 1), indicating a less effective 

skin barrier for water. This is in agreement with the results of Laudanska et al.,
31

 who also 

found higher TEWL in patients with AD in the state of remission of the skin lesions and of 

Seidenari and Giusti,
1
 who reported higher TEWL in involved and uninvolved skin of chil-

dren affected by AD. The TEWL in control subjects was found to be inversely dependent on 

the SC thickness, which is in agreement with other studies.
32,33

 However, this relationship was 

not found in patients with AD, suggesting that in atopic skin other factors besides skin thick-

ness play a role in skin permeability for water. Altered composition and structure of the SC in 

atopic skin might at least partly be responsible for this. A reduction of Cer 3 was previously 

found to correlate with an increased TEWL in both involved as well as uninvolved skin.
10

 As 

epidermal lipids are essential for the proper barrier function and prevention of excessive water 

loss, the decreased amount of lipids would be responsible for the loss of barrier function and 

probably also for a higher permeability of foreign substances. 

The applied method of skin stripping enabled us to estimate two parameters which deter-

mined the permeability: diffusivity and partition coefficient of SLS. According to Fick’s law 

of diffusion, these two parameters determine the skin flux of a penetrant and its concentration 

in the SC. Both parameters, the diffusivity, which reflects the resistance of SC towards 

movement of SLS, and the partition coefficient, are dependent on the composition and struc-
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ture of the SC. We found the mean diffusivity across the SC to be two times higher in the skin 

of patients with AD when compared with control subjects. We have also looked into the dif-

ferences in diffusivity of patients with AD according to state of disease (Figure 4). The diffu-

sivity was higher in patients with active AD when compared with those with inactive AD and 

control subjects but there was no significant difference between patients with inactive AD and 

control subjects. However, there is a clear trend of increasing diffusion of SLS with state of 

disease. This indicates that state of disease influences the permeability of the skin not visibly 

affected by AD. 

These findings are in the line with a study of de Jongh et al.,
15

 where atopic persons (al-

though with no history of AD) showed approximately 1.5 times higher diffusivity for SLS 

than nonatopics.
 
In our accompanying study on the same subjects we found higher diffusivity 

also for polyethylene glycols of different molecular sizes in the skin of patients with AD 

compared with that of control subjects.
3
 Yosiike et al.

2
 reported increased penetration of 

theophylline not only in involved but also in uninvolved AD skin compared with control sub-

jects. All these findings indicate that uninvolved atopic skin is more permeable for different 

compounds depending on their hydrophilicity and molecular size. 

The skin of patients with AD showed a 30% lower solubility of SLS compared with nor-

mal skin, although the difference was not as high as that for diffusion. The partition coeffi-

cient was not significantly different when two groups of patients with AD and control subjects 

were compared; but there was a trend of decreasing partition of SLS into the SC with state of 

disease. Estimation of the partition coefficient, using the method applied in the present study, 

is associated with higher uncertainty compared with diffusivity as the quality of the first data 

points largely influences the estimation outcome. To overcome this problem, a second pro-

longed experiment was recommended
34

 where the curve becomes a straight line at steady-

state and estimation of partition coefficient is less dependent on the error from the superficial 

strips. However, in the present study we chose a relatively short exposure duration as longer 

exposure to SLS would more probably lead to alteration of the skin barrier which might 

change the SC permeability. 

In the present study we observed substantial inter- and intraindividual variation in both 

penetration parameters. The intraindividual variation in diffusivity was higher in patients with 

AD compared with control subjects, which may be attributed to the more pronounced differ-

ence in composition and structure of the skin in different skin areas. At the same time the in-

traindividual variability in the partition coefficient was lower in patients with AD. As men-
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tioned earlier, the determination of partition coefficient in a nonsteady state is largely influ-

enced by the quality of the first data points. As the SLS concentration/SC depth curve (Figure 

2) approaches linearity, as is the case with patients with AD, the intercept value from which 

partition coefficient is derived is less dependent on first data points and, therefore, the intrain-

dividual variation decreases. 

To summarize, the skin of patients with AD showed increased percutaneous penetration of 

SLS when compared with control subjects, supporting the hypothesis of impaired skin barrier 

even in the noninvolved skin. As a consequence, we expect that the defect skin barrier of pa-

tients with AD will facilitate absorption of other chemicals, which could lead to the higher 

susceptibility for local skin effects. This emphasizes the importance of continuous skin pro-

tection and maintenance of the skin barrier. 
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Abstract 

 

Background  Cytokines play an important role in inflammatory and repair processes occurring 

in the skin.  

Objectives  The objectives of this study were to determine the amounts of cytokines and pro-

tein isolated by tape stripping in the different layers of the stratum corneum (SC), and to 

compare normal skin with skin exposed in vivo to the irritant sodium lauryl sulphate (SLS). 

Methods  In 8 volunteers, we determined the amount of total and soluble protein and also in-

terleukin-1α (IL-1α) in pooled tape strips obtained from the upper, intermediate and lower 

parts of the SC. Three different types of tape were compared (Diamond
®

, D-squame
®

 or 

Sentega
®

 tape). In a separate study, 20 volunteers were repeatedly exposed to 0.1% SLS over 

a 3-week period. The amounts of IL-1α, IL-1RA and IL-8 in strips obtained from the three 

different SC levels of SLS-exposed skin were compared with an unexposed site.  

Results  For normal skin, the amounts of soluble protein and IL-1α were similar for the three 

tapes. Diamond
®

 tape showed the highest yield of total protein. The total protein yield per 

strip decreased to lower SC levels, whereas soluble protein and IL-1α normalized by soluble 

protein did not change across the SC. After SLS induced skin irritation, IL-1α decreased and 

IL-1RA and IL-8 increased at increasing depth into the SC.   

Conclusions  Tape stripping is a suitable method to determine SC cytokine concentrations in 

human skin. With this technique, it is possible to study changes in cytokine concentrations at 

different SC layers after skin irritation.   
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Introduction 

 

Cytokines play an important role in inflammatory and repair processes occurring in the skin.
1
 

Upon an external insult, the release of interleukin-1α, which is constitutively present in 

keratinocytes and the stratum corneum (SC),
2-4

 is the first step in the inflammatory cascade.
1,5

 

This IL-1α leads to stimulation of keratinocytes and fibroblasts to produce more early pro-

inflammatory cytokines and chemokines, e.g. IL-1β, IL-6, IL-8 and tumour necrosis factor-α 

(TNF-α).
1,5

 IL-1 receptor antagonist (IL-1RA) is also constitutively present and is released 

from keratinocytes and the SC upon stimulation. IL-1RA functions as an anti-inflammatory 

cytokine by blocking the IL-1 receptor without triggering a biological response.
1,6,7

  

The cytokine content of the skin can provide more insight into individual susceptibility to 

cutaneous inflammatory diseases. The available techniques used for cytokine sampling in 

humans in vivo include punch biopsies
8
, suction blister fluids

9
 or skin-derived lymph.

10
 The 

main drawbacks of these techniques are their invasiveness, laboriousness and the discomfort 

for the volunteers. As an alternative, the relatively non-invasive technique of SC tape strip-

ping has recently been used.
6,7,11

 With this technique, layers of the SC are sequentially re-

moved by repeated application of pieces of adhesive tape. After extraction of the SC from the 

tapes, the cytokine and protein content is determined. Using tape stripping, not only constitu-

tively present IL-1α and IL-1RA have been recovered from the SC but also low amounts of 

inducible cytokines and chemokines (IL-8, IL-2, TNF-α and IFN-γ).
6,7,12-15

 Not only is meas-

urement of cytokines possible in SC tape strips but also determination of cytokine mRNA and 

mRNA of other inflammatory mediators.
16-18

  

Up to now, different investigators have used not only different types of adhesive tape but 

also different extraction protocols, e.g. type of extraction buffer and duration of sonica-

tion.
6,7,12-15

 The amount of SC harvested per tape was shown to be dependent on the type of 

adhesive tape and the experimental protocol, e.g. applied pressure during tape stripping.
19-21

 

Furthermore, a non-linear decrease in the harvested amount with increased SC depth is seen.
21

 

To correct for these differences, the cytokine content on each strip is often normalized for the 

amount of soluble protein. Soluble proteins originate mainly from the extracellular matrix in 

which the corneocytes are embedded. Normalization for the total amount of SC (soluble and 

insoluble proteins) harvested on each strip has not yet been investigated. The amount of SC 

removed by a tape can be determined by measurement of the total protein amount,
22,23

 which 

is obtained after treatment of the strips with a sodium hydroxide (NaOH) solution.   
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Our first objective was to study the protein and cytokine yield using three different types 

of tape. We performed two experiments in healthy volunteers. In the first experiment, we har-

vested the SC of normal skin using three different tapes. We determined the amount of IL-1α 

and total and soluble protein in pooled tape strips, obtained, respectively, from the upper, in-

termediate and lower parts of the SC. We selected three commercially available adhesive 

tapes: Diamond
®

 tape, which we have used in several tape stripping studies in our laboratory; 

D-squame
®

 tape, which is frequently used in dermatological research; and Sentega
®

 tape, 

which was selected because this possesses a water-soluble adhesive that might be favourable 

for cytokine recovery from the tape.  

Our second objective was to study the protein and cytokine yield across the SC (upper, in-

termediate and lower parts). In this experiment, cytokine amounts of IL-1α, IL-1RA and IL-8 

within different levels of the SC were determined in normal skin and skin repeatedly exposed 

to the irritant sodium lauryl sulphate (SLS; 3-week irritation test, 0.1% SLS).  

 

 

Methods 

 

Subjects 

Eight subjects participated in the first experiment and twenty subjects in the second experi-

ment. The subjects were healthy volunteers, with no visible skin abnormalities and no history 

of skin disease. The study was approved by the Ethics Committee of the Academic Medical 

Center, Amsterdam, and all subjects gave their written, informed consent. The subjects were 

not allowed to (i) use soap or moisturizers on their forearms during the investigation and (ii) 

sunbathe or use a tanning bed in a period of 2 months prior to, and during, the investigation.  

 

Experiment 1: normal skin 

The SC on three sites on the dominant mid-volar forearm was removed using three different 

types of adhesive tape. One site was stripped using Diamond® adhesive tape (Diamond
®

 Ul-

tra Clear Tape, 19 mm x 25 mm; The Sellotape Company, Eindhoven, the Netherlands. D-

squame
®

 tape (Standard sampling discs, 22-mm diameter, Cuderm, Dallas, TX, USA) was 

used on a second site and Sentega
®

 polypropylene tape with a water-soluble adhesive 

(PPCBT-K7, 20 mm x 25 mm, Sentega Etiketten BV, Utrecht, the Netherlands) on a third 

site. The sites were situated in a straight line with a distance of at least 2.5 cm in between ad-



Cytokines at different SC levels 

 65 

joining sites. The tapes were assigned to the sites following a rotation scheme based on a 3 x 

3 Latin square to avoid a possible confounding effect of the location of the tapes.   

Templates of Scanpor
®

 tape (Norgeplaster, Vennesla, Norway) were fixed to the skin 

around each site to limit the tape stripping area to a circle of 18-mm diameter. Pieces of tape 

were successively applied to the sites and homogeneously pressed onto the skin by moving a 

1.0-kg stainless-steel roller
24

 to and fro 10 times. The tapes were then removed at an angle of 

170° with the skin. The sites were stripped in multiple directions until the SC was totally re-

moved, as indicated by the shininess and redness of the surface and a transepidermal water 

loss (TEWL) above 100 g m
-2 

h
-1

. TEWL was measured using an evaporimeter (VapoMeter 

SWL2g, Delfin Technologies, Kuopio, Finland). After application, each tape was cut into 

halves. One piece was added to a vial for determination of the total amount of protein and the 

other piece was added to a vial for determination of soluble protein and cytokines. The tapes 

were pooled with eight consecutive halves in one vial, except for the last vial for which usu-

ally less halves were available. The tape stripping of the three sites was completed simultane-

ously within 20 min. For the data analyses, the first eight tapes are referred to as the upper 

part and the second eight tapes as the intermediate part of the SC. The data of the remaining 

vials (1 up to 4 vials) were pooled representing the lower part of the SC.  

The total amount of protein on the strips was analysed following a previously described 

procedure based on that of Dreher and colleagues.
22,25,26

 Four millilitres methanol (J.T. Baker, 

Deventer, the Netherlands) was added to the vials, which were shaken for 1 h (TPM-2; 

Sarstedt, Numbrecht, Germany). Subsequently, the methanol was removed and 4 ml 1 M 

NaOH was added to the vial. The vials were then shaken for 2 h and left at room temperature 

overnight. After addition of 4 ml 1 M HCl, the total protein content was determined with the 

Bio-Rad DC protein assay kit (Bio-Rad Laboratories, Hercules, CA, USA), using the supplied 

bovine serum albumin (BSA) as a standard. Blank tapes were processed and assayed as a 

negative control. 

The amounts of soluble protein and cytokines was determined based on a generally used 

approach.
6,7,12-15

 In brief, to determine the amount of soluble protein and cytokines, 2 ml 

phosphate-buffered saline (Merck, Darmstadt, Germany) with 0.005% Tween-20 (Sigma-

Aldrich, Zwijndrecht, the Netherlands) was added to each vial and the vials were left on ice 

for 30 min. Extraction was performed using an ultrasound sonifier equipped with a probe 

(Salm & Kipp, Breukelen, the Netherlands) for 15 min in ice water. The extract was centri-

fuged (1 min, 15,000 g) and supernatant aliquots of 225 µl were re-frozen at -80 °C until re-
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quired for further analysis. The extracts were analysed for the cytokine IL-1α using specific 

enzyme-linked immunosorbent assay (ELISA) kits (Human CytoSets, Biosource Interna-

tional, Camarillo, CA, USA). Soluble protein was determined in the strips with the Micro 

BCA protein assay kit (Pierce, Rockford, IL, USA) using the supplied BSA as standard.  

 

Experiment 2: SLS-exposed skin 

In 20 volunteers, one site on the dominant mid-volar forearm was exposed to a 0.1% w/v SLS 

solution (200 µl, ≥ 99% purity, Fluka, Buchs, Switzerland) for 6 h a day, 4 days a week, for 3 

weeks using patch test chambers (Finn chambers
®

 of 18 mm diameter and Filter Paper Discs; 

Epitest, Tuusala, Finland) attached with adhesive tape (Scanpor
®

 tape; Norgeplaster, Ven-

nesla, Norway). Two subjects had to withdraw after the first week because of a strong ery-

thema reaction to the SLS exposure. This experiment was performed before Experiment 1. 

The SC was removed from the exposed site and from an unexposed control site on the same 

volar forearm using pieces of Sentega
®

 tape (see Experiment 1). The tape stripping was per-

formed four days after the final exposure (day 21) and following the protocol described in 

Experiment 1. The tape stripping of the two sites was completed in 15 min. Strips were added 

to a 2 ml polypropylene tube (Fisher Emergo, Landsmeer, the Netherlands) and stored at -80 

°C. 

Extraction was performed using the protocol described in Experiment 1. The consecutive 

tapes from each site were divided into three tertiles. From the upper tertile, from the interme-

diate tertile and from the lowest tertile of the SC the two middle tapes were selected for the 

analyses. The extracts from these strips were analysed for the cytokines IL-1α, IL-1RA and 

IL-8 using specific ELISA kits (Human CytoSets, Biosource International, Camarillo, CA, 

USA). The amount of cytokines on each strip was normalized to the soluble protein content of 

the strips as determined with the Micro BCA protein assay kit (Pierce) using BSA as standard.  

 

Statistics 

Data are given as mean ± SD, unless otherwise indicated. Statistical analyses were performed 

using Pearson’s correlation coefficient and one-way analysis of variance (ANOVA) for re-

peated measurements with a Bonferroni post hoc test. If appropriate, normal distributions 

were obtained by log transformation of the data. All tests were two-sided with P < 0.05 as the 

significance level, and performed using Prism 4 software (GraphPad, San Diego, CA, USA).  
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Results  

 

Experiment 1: normal skin 

The total number of strips needed to remove the SC from the unexposed skin sites was similar 

for all investigated tapes. With Diamond
®

 tape, 24 [20-32] strips were used, with D-squame
®

 

29 [22-32] and with Sentega
®

 24 [20-50] (P > 0.1; median [min-max]). Diamond
®

 tape 

showed the highest cumulative yield of total protein (Table 1). On the other hand, the cumula-

tive yield of soluble protein was similar for all three tapes (P > 0.2; Table 1).  

For IL-1α, similar cumulative amounts were obtained by all three tapes (P > 0.1; Table 1). 

As the cytokines obtained by our study protocol originate predominantly from the extracellu-

lar matrix, normalization with soluble protein has been applied. Also after normalization, the 

three tapes did not show different results (P > 0.1; Table 1). We found considerable inter-

individual differences in cumulative cytokine amounts, reflected in a very high coefficient of 

variation ranging from 57% to 78%. This variation remained high when the amount of IL-1α 

was normalized for soluble protein (Table 1). 

  

 

Table 1. Cumulative amount of protein and interleukin-1α (IL-1α) obtained from stratum corneum tape 

strips using Diamond
®
, D-squame

®
 and Sentega

®
 tape.  

Parameter Diamond
®
 tape D-squame

®
 tape Sentega

®
 tape 

  mean ± SD  (CV%) mean ± SD  (CV%) mean ± SD  (CV%) 

Total protein (µg/cm2)  742 ± 186 (25%)*  487 ± 111 (23%)  568 ± 207 (36%) 

Soluble protein (µg/cm2)     64 ± 18   (28%)    74 ± 26   (36%)    63 ± 20   (31%) 

IL-1α (pg/cm2)  823 ± 470 (57%)  826 ± 645 (78%)  648 ± 432 (67%) 

IL-1α (pg/µg soluble protein) 14.4 ± 9.5  (66%) 11.0 ± 7.0  (64%) 10.1 ± 6.4  (63%) 

n = 8; CV%, coefficient of variation (in %). * P < 0.05 Diamond® tape vs. D-squame® and Sentega® tapes. 

 

 

The amount of total protein per strip decreased to lower SC levels for all tapes (Figure 1a). 

The proteins harvested from the upper part of the SC (first 8 strips) amounted 46% ± 5%, 

45% ± 9% and 51% ± 12% of the total SC protein amount for Diamond
®

, D-squame
®

 and 

Sentega
®

 tape, respectively. Contrary to the total protein, the amount of soluble protein ob-

tained per strip did not change across the SC (Figure 1b).  
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Figure 1. Amount of (a) total protein 

and (b) soluble protein recovered by 

tape stripping from the upper, inter-

mediate and lower parts of the stra-

tum corneum of normal skin sites 

using Diamond
®
, D-squame

®
 and 

Sentega
®
 tape. Data are expressed as 

mean ± SD (n = 8 subjects).  

 

 

The amount of IL-1α harvested per strip was similar in the three parts of the SC for D-

squame
®

 and Sentega
®

 tapes (Figure 2a; P > 0.2). For Diamond
®

 tape, the intermediate part 

contained a significantly higher amount of IL-1α than the lower part (P < 0.05). The amounts 

of IL-1α normalized by soluble protein did not differ in the three different parts of the SC (P > 

0.1; Figure 2b).  

We calculated the correlation coefficient between the concentration IL-1α normalized for 

soluble protein in the upper part of the SC and the parts below (average concentration of the 

intermediate and lower parts). For Diamond
®

 tape we found r = 0.97 (P < 0.001), for D-

squame
®

 tape r = 0.91 (P < 0.01) and for Sentega
®

 tape r = 0.92 (P < 0.01). 
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Figure 2. Amount of (a) interleukin-1α 

(IL-1α) per strip and (b) IL-1α normal-

ized for soluble protein recovered from 

the upper, intermediate and lower 

parts of the stratum corneum of unex-

posed skin sites using Diamond
®
, D-

squame
®
 and Sentega

®
 tape. Data are 

expressed as mean ± SD (n = 8 subjects).  

 

 

Experiment 2: SLS-exposed skin 

In this experiment, we used Sentega
®

 tape for the harvesting of cytokines. A total of 30 [20-

36] tapes were required for complete removal of SC from the site that was exposed to SLS, as 

compared to 26 [15-36] tapes at the control site (P = 0.06; median [min-max]). Lower cumu-

lative amounts of soluble protein were recovered from the tapes of the SLS-exposed skin site 

(94 ± 43 µg soluble protein) compared to the unexposed site (142 ± 79 µg soluble protein; P = 

0.02).  

The amounts of cytokines IL-1α, IL-1RA and IL-8 normalized for soluble protein in the 

upper, intermediate and lower SC parts obtained from the site repeatedly exposed to SLS and 

the control site are shown in Figure 3. Only very small amounts of IL-8 were measured at the 
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control site: 11 subjects had IL-8 values just above the limit of detection (LOD) of the assay 

(0.86 pg/strip). Samples with IL-8 values below the LOD were given a value of 0.43 pg/strip 

(= ½ LOD). For the whole SC, the average value of IL-1α normalized for soluble protein de-

creased by 30% after SLS exposure compared to the control site (P < 0.05), while IL-1RA 

increased 10-fold and IL-8 increased fourfold (both P < 0.001) (described in our previous 

paper
11

). In unexposed skin, similar cytokine concentrations were found in the three positions 

within the SC (P > 0.10; Figure 3), while for the SLS irritated skin, differences in cytokine 

concentration were seen (Figure 3). In the lower layer, IL-1α was decreased compared with 

the intermediate and upper layer (P = 0.02 and P < 0.001, respectively). IL-1RA tended to be 

decreased in the upper layer compared with the intermediate and lower layers (P = 0.09 and P 

= 0.07, respectively). IL-8 showed an increase in the intermediate layer compared to the upper 

layer (P = 0.05).  

We also calculated the correlation coefficient between the amount of cytokines normal-

ized for soluble protein in the upper part and in the parts below (average concentration of the 

intermediate and lower parts). In unexposed skin, we found r = 0.94 (P < 0.001) for IL-1α and 

r = 0.82 (P < 0.001) for IL-1RA. For IL-8, we found r = 0.49 (P < 0.05). In SLS irritated skin, 

we found r = 0.83 (P < 0.001) for IL-1α, r = 0.48 (P < 0.1) for IL-1RA and r = 0.53 (P < 0.02) 

for IL-8.  
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Figure 3. Cytokine concentrations 

[interleukin-1α (IL-1α), IL-1RA 

and IL-8] normalized by soluble 

protein content obtained from the 

upper, intermediate and lower 

parts of the stratum corneum from 

unexposed skin (n = 20 subjects) 

and sodium lauryl sulphate (SLS)-

exposed skin (n = 18 subjects). 

Sentega® tape was used in this ex-

periment. 
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Discussion 

 

In this study, we have determined IL-1α and protein amounts in the SC harvested by three 

different adhesive tapes. Furthermore, we investigated cytokine amounts in the upper, inter-

mediate and lower parts of the SC in normal skin and skin exposed to SLS.  

The amount of SC harvested by adhesive tapes has been shown before to be highly vari-

able and dependent on the type of tape, experimental conditions and position within the SC.
19-

21
 Therefore, in Experiment 1 we investigated the yield of soluble and total protein using three 

different tapes. Diamond
®

 tape showed the highest total protein yield of all three tapes. As-

suming that the SC was totally removed by all three adhesive tapes, this implies that the adhe-

sive of this tape has the most favourable physico-chemical properties for the extraction of the 

SC proteins from the tape. Each type of tape harvested similar cumulative amounts of soluble 

protein. Interestingly, we observed visually that after extraction of the SC proteins, the typical 

imprint of the stripped SC pattern was still visible on most of the tapes. This was seen for all 

types of tape and after both extraction methods.  

Our results on the amount of total protein harvested by successive tape stripping are in 

agreement with the earlier findings that the amount of SC removed by each strip decreases as 

the SC is progressively stripped.
19-21

 The mass of SC removed is dependent on the adhesion 

properties of the adhesive and on the cohesiveness of the corneocytes.
21

 In the superficial lay-

ers of the SC, the cohesion between the corneocytes is known to be reduced due to degrada-

tion of the corneodesmosomes.
27,28

 Thus, the increasing SC cohesion with increasing depth of 

the layers may explain the decreasing amounts of SC per strip. With our tape stripping proce-

dure, eight strips (approximately one-third of the total amount of strips) were needed to re-

move 45-50% of the total SC. This is comparable to the study of Jacobi et al.
19

 were the in-

vestigators stripped 50% of the SC using about 30% of the total amount of strips.  

In contrast to total protein, the amount of soluble protein did not change across the SC. 

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

as well as the determined cytokines mainly originate from the extracellular matrix. Hence, so 

we consider normalization of cytokine amounts with soluble protein instead of total protein to 

be justified. The question remains why the amount of soluble proteins remains constant across 

the SC. Perhaps, a relative increase in the extracellular component of the SC compensates for 

the decrease of total protein with increasing depth.  
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Our results show that all investigated tapes are suitable for determination of SC cytokines. 

In normal, untreated SC, we found similar cytokine concentrations in the upper layers and the 

rest of the SC. This indicates that for the measurement of the SC cytokine concentrations of 

groups of healthy individuals, it is not necessary to strip the whole SC. Harvesting only the 

upper layers of the SC saves time and yields a sufficient amount of cytokines for the analysis. 

However, when one considers to limit the sampling to the upper SC part, it has to be taken 

into account that although the cytokine level in the upper part of the SC correlated well with 

that in the part below, the predicted levels for the lower part have an appreciable error. For 

example, we performed linear regression of the group data obtained with Sentega
®

 tape. 

When referring to the group mean of IL-1α in the upper part (11.7 pg/µg soluble protein), the 

estimated amount of IL-1α in parts below was 9.9 pg/µg soluble protein with a 95%-

confidence interval from 3.7 to 16.1 pg/µg protein.  

In contrast to untreated skin, after induced skin irritation, cytokine amounts were more 

variable among the different positions in the SC between subjects. In studying cytokines in 

exposed skin (e.g. to irritants or ultraviolet radiation) or in diseased skin, determination of 

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

The origin of cytokines measured in the tape strips is not fully clear yet. A part of the cy-

tokines might have leaked from intracellular pools of damaged corneocytes due to the tape 

stripping and sonication procedure. We assume that this is only a minor source, as corneo-

cytes are highly resistant to mechanical wear and chemical influences. Previous studies have 

shown that keratinocytes in the epidermis display membrane-bound IL-1α
3,29,30

 and hence 

these cytokines may still be present after transformation of keratinocytes into corneocytes. 

Furthermore, cytokines secreted by the epidermal cells might diffuse from the viable epider-

mis into the extracellular matrix of the SC; however, experimental data on this process is 

lacking. In addition, cytokines are produced by eccrine sweat glands
31,32

 and sebaceous 

glands,
33

 but we assume that this secretion contributes to only a small part of the cytokines 

present inside the SC of the mid-volar forearm due to the low number of these glands.  

After a 3-week SLS exposure, a decrease in IL-1α and an increase in IL-1RA with in-

creasing depth into the SC have been observed. This might be explained by a downregulation 

of the inflammatory response over time. We hypothesize that the oldest, upper SC layers pre-

sent the cytokine pattern of the earlier period of the irritation. The youngest layers at the bot-

tom of the SC reflect more or less the cytokines present in the recently viable epidermis. The 
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longer the skin irritation lasts, the lower the IL-1α and the higher the IL-1RA amounts in the 

SC.  

The amount of IL-1α of 10-14 pg/µg soluble protein in normal skin that we found in our 

study was almost identical to the amount found by Perkins et al.
12

 in the sebum sampled on 

the forearm skin using a lipophilic polymeric film (Sebutape
®

). This suggests that, at least on 

the forearm skin, sebum contains similar cytokine concentrations as the extracellular matrix 

or that Sebutape
®

 not only samples superficial sebum but also the extracellular matrix.  

It appeared that after repeated skin irritation with SLS over a period of 3 weeks, approxi-

mately 30% less protein was recovered from the tape strips as compared with untreated skin. 

In another study, this effect was also observed after a single exposure to SLS and the authors 

speculated that this might be caused by a partial loss of the SC after SLS treatment, as SLS is 

known to change the cohesion between the corneocytes.
34

 Hence, also in our volunteers, the 

upper layers of the SC might have scaled off in the course of the 3-week SLS treatment pe-

riod.  

In this study, we have shown that tape stripping is a suitable method for determination of 

cytokines in the SC of normal skin. The agreement between results of IL-1α found independ-

ently in two groups of volunteers who participated in our two studies implies that the method 

is reproducible. Further, the harvesting of cytokines using tapes enabled us to study changes 

in SC cytokines after skin irritation in different SC layers.  

An advantage of the tape stripping technique is the minimal invasiveness and the short du-

ration of the procedure. This suggests that the measured cytokine amounts are hardly influ-

enced by the sampling process. Although it is known that the tape stripping procedure results 

in the activation of keratinocytes to produce cytokines, it takes several hours before the cyto-

kine mRNA production in the keratinocytes is started.
35

 When sampling epidermal cytokines 

by e.g. microdialysis or suction blisters, which takes several hours, the measured cytokine 

amounts might be influenced by the induced damage to the epidermal cells.  

One of the limitations of SC sampling is that only a limited number of cytokines and 

chemokines can be determined. Recently, in skin-derived fluid, we were able to measure at 

least 17 different cytokines.
36

 Furthermore, it has to be realized that the amount IL-1α and IL-

1RA in the SC are highly influenced by sun exposure.
6,12

 Therefore, tape stripping should 

preferentially performed in minimally or non sun-exposed skin.  

SC tape stripping is a relatively fast and simple technique, which is suitable for large-scale 

studies in humans. A possible application may be studying the relations between some SC 
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cytokines and individual susceptibility to cutaneous inflammatory diseases. Also, an individu-

als’ cytokine response to skin irritation may be monitored by using this tape stripping tech-

nique. Further studying the role of SC cytokines in the development or progression of skin 

disease might be a possible application. In short, SC tape stripping is a feasible technique for 

studying cytokine profiles in the skin with a wide variety of applications. 
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Abstract 

 

Background  Little is known about cytokines involved in chronic irritant contact dermatitis. 

Individual cytokine profiles might explain at least part of the differences in the individual 

response to irritation. 

Objectives  To investigate the relation between baseline stratum corneum (SC) cytokine levels 

and the skin response to a single and a repeated irritation test. This study also aimed to deter-

mine changes in SC cytokine levels after repeated irritation. 

Methods  Transepidermal water loss (TEWL) and erythema were measured in 20 volunteers 

after single 24-h exposure to 1% sodium lauryl sulphate (SLS), and during and after repeated 

exposure to 0.1% SLS over a 3-week period. SC cytokine levels were measured from an un-

exposed skin site and from the repeatedly exposed site. 

Results  Interleukin (IL)-1α decreased by 30% after repeated exposure, while IL-1RA in-

creased 10-fold and IL-8 increased fourfold. Baseline IL-1RA and IL-8 values were predictors 

of TEWL and erythema after single exposure (r = 0.55 – 0.61). Six subjects showed barrier 

recovery during repeated exposure.  

Conclusions  Baseline IL-1RA and IL-8 levels are likely to be indicators of higher skin irrita-

bility after single exposure to SLS. Barrier repair in some of the subjects might explain the 

lack of agreement between the TEWL response after single and repeated irritation.   
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Introduction 

 

Chronic irritant contact dermatitis (ICD) occurs frequently in several occupations, e.g. hair-

dressing
1-3

, nursing
2,4

 and metalworking.
5-7

 For example, in studies of junior hairdressers, 

about 35% developed ICD during their first year.
1,8

 While acute ICD occurs after a single 

exposure to a strong irritant, repetitive irritation of the skin with a mild irritant can cause 

chronic ICD.
9
 The mechanism of the development of chronic ICD and the factors that predis-

pose individuals to this skin disease are not completely understood.  

Screening of individuals at risk is an important activity in occupational medicine, and 

such screening must be based on a knowledge of certain predictive characteristics. It was 

thought that the results of short exposure to the irritant sodium lauryl sulphate (SLS) might 

provide a predictive indicator of ICD. However, investigations have shown that an individ-

ual’s reaction to a single SLS irritation fails to predict the skin reaction to repeated irrita-

tion.
10-12

  

Understanding the role of cytokines in skin irritation might help in the identification of in-

dividual susceptibility factors for chronic ICD. Cytokines play an important role in inflamma-

tory processes occurring in the skin.
13

 After skin contact, SLS impairs the stratum corneum 

(SC) barrier
14-16

 and exerts a direct toxic effect on the keratinocytes.
17,18

 In response to these 

changes, preformed cytokine interleukin-1α (IL-1α) is released from the SC and keratinocytes 

as the first step in the inflammatory cascade. IL-1α stimulates other keratinocytes and fibro-

blasts to produce and release more IL-1α and other primary pro-inflammatory cytokines IL-

1β, IL-6, IL-8 and tumour necrosis factor-α (TNF-α).
13,19-22

 The induced cytokine cascade 

results in an inflammatory reaction with vasodilatation in the dermis and cellular infiltrate in 

the epidermis.
20,23,24

 However, to counteract these inflammatory processes, keratinocytes also 

produce anti-inflammatory cytokines. IL-1 receptor antagonist (IL-1RA) is a cytokine that 

blocks IL-1 activity by competitive binding to the IL-1 receptor without triggering a signal 

cascade.
13,21

 IL-10 is another example of an anti-inflammatory cytokine produced by kerati-

nocytes.
13

 In view of the important role of cytokines as inflammatory mediators, one may 

speculate that interindividual variations in the level of cytokine present or produced in the 

skin will contribute to variations in the intensity of an irritation reaction.
25

 
 

Several researchers have studied the cytokine response in the skin in vivo after a single ir-

ritant challenge, mostly with SLS.
26-30

 However, to our knowledge no human in vivo data are 

available on the cytokines involved in chronic ICD. The cytokine pattern in chronic ICD is 
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likely to differ from the acute pattern, as data on another inflammatory skin disease, atopic 

dermatitis, show that the mechanism and the involved cytokines of an acute dermatitis differ 

from a chronic dermatitis.
31

 Several methods are used for skin cytokine sampling in humans, 

e.g. measurement of cytokines in punch biopsies,
26,27,30

 skin-derived lymph
28,32

 or suction 

blister fluids.
29,32,33

 These techniques are, however, invasive. A non-invasive method based on 

tape stripping that can be used for measurement of a number of cytokines in the SC has been 

proposed.
34,35

   

The objective of the present study was to investigate the relation between baseline SC cy-

tokine levels and the skin irritation response to a single 24-h SLS exposure and after repeated 

exposure over a 3-week period, in search for a predictive parameter for chronic ICD. This 

study also aimed to determine changes in SC cytokine levels in skin repeatedly exposed to 

SLS.  

We performed a single 24-h 1% SLS irritation test and a repeated 3-week irritation test 

(0.1% SLS) on healthy volunteers. To assess the skin reaction during and after these expo-

sures, we used transepidermal water loss (TEWL) as an effect parameter for the skin barrier 

function and erythema for the extent of skin inflammation. Four days after the last exposure, 

the SC cytokine levels (IL-1α, IL-1RA, IL-2, IL-6, IL-8, IL-10 and TNF-α) at the site sub-

jected to repeated exposure and at an unexposed control site (to give the baseline values) were 

assessed by means of SC tape stripping. The rate of penetration of SLS into the SC was also 

determined in this study.
36

  

 

 

Subjects and Methods 

 

Study population 

Twenty healthy, non-smoking volunteers, with no visible skin abnormalities and no history of 

skin disease, participated in the study [13 women aged 24 ± 3 years (mean ± SD) and 7 men 

aged 25 ± 8 years]. The study was approved by the Ethics Committee of the Academic Medi-

cal Center, Amsterdam, and all subjects gave their written, informed consent. The subjects 

were not allowed to (i) use soap or moisturizers on their forearms during the investigation, (ii) 

sunbathe or use a tanning bed 2 months prior to, and during, the investigation and (iii) use 

corticosteroids 2 months before or during the investigation. All participants completed the 

Erlangen Atopy Questionnaire
37

 in the presence of the investigator. Subjects with an atopy 
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score calculated from the answers to this questionnaire which is ≥ 10 are considered to be skin 

atopic.  

 

Single 24-h exposure to SLS 

The dominant mid-volar forearm was exposed over a 24-h period to a 1% w/v SLS solution 

(200 µl, 99% purity, Fluka, Buchs, Switzerland), using a patch test chamber (Finn chambers
®

 

of 18 mm diameter and Filter Paper Discs, Epitest, Tuusala, Finland). Before application and 

24 h after patch removal, TEWL and erythema were measured at the exposed site and at a 

control site on the volar forearm. TEWL was measured using an evaporimeter (VapoMeter 

SWL2g, Delfin Technologies, Kuopio, Finland). Nuutinen et al. describe this measurement 

device in detail.
38

 For at least 20 min prior to the measurements, the volunteers rested with 

their sleeves rolled up in the examination room, where the temperature was 20-22 °C and the 

relative humidity ranged from 50 to 60%. The erythema index (skin redness) was measured 

using an erythema meter (DermaSpectrometer; Cortex Technology, Hadsund, Denmark) as 

described by Clarys et al.
39

 

 

Repeated 3-week exposure to SLS 

Two sites on the non-dominant mid-volar forearm were exposed to a 0.1% SLS solution (200 

µl) for 6 h a day, 4 days a week, for 3 weeks using the same patches as for the 24-h SLS ex-

posure. TEWL and erythema were measured at the exposed sites and at a control site before, 

during and after the exposure period (on days 0, 3, 7, 10, 14, 17, 21, 23 and 28). On days 

when patches were applied, the measurements were performed prior to patch application.  

 

Stratum corneum tape stripping and extraction 

Tape stripping was performed 4 days after the final exposure to SLS (day 21) to ensure that 

the observed pattern of SC cytokines originates from a repeated skin irritation and not from an 

acute irritation reaction, which might be the case if the SC cytokine pattern were measured 1 

day after the final 6-h exposure to SLS in the 3-week test. The SC was removed from one of 

the repeatedly exposed sites and from the unexposed control site using 20 x 25 mm pieces of 

polypropylene tape with a water-soluble adhesive (PPCBT-K7, Sentega Etiketten BV, 

Utrecht, the Netherlands). Templates of Scanpor
®

 tape (Norgeplaster, Vennesla, Norway) 

were fixed to the skin around each application spot to limit the tape stripping area to a circle 

of 18 mm diameter. Pieces of the polypropylene tape were successively applied to the sites 



Chapter 3.2 

 84 

and homogeneously pressed on to the skin by moving a 1.0-kg stainless steel roller
10

 to and 

fro 10 times. The tapes were then removed at an angle of 170° with the skin. The sites were 

stripped in multiple directions until the SC was totally removed, as indicated by the shininess 

and redness of the surface and a TEWL of > 100 g m
-2 

h
-1

. The tape stripping of the 2 sites 

was completed in 15 min. Each tape strip was collected in a 2-ml polypropylene tube (Fisher 

Emergo) and stored at -80 °C.  

To extract the SC, 1.5 ml phosphate-buffered saline (Merck, Darmstadt, Germany) with 

0.005% Tween-20 (Sigma-Aldrich, Zwijndrecht, the Netherlands) was added to each tube and 

the tubes were left on ice for 30 min. The SC was subsequently extracted using an ultrasound 

sonifier equipped with a probe (Salm & Kipp, Breukelen, the Netherlands) for 15 min in ice-

water. The extract was centrifuged (1 min, 15 000 g) and supernatant aliquots of 225 µl were 

re-frozen at -80 °C until required for further analysis.   

 

Cytokine and protein assay 

Three times 4 consecutive tapes were selected from the total series of strips from each tape-

stripped site: 4 strips from the superficial third, 4 from the middle third and 4 from the deepest 

third part of the SC. The SC extracts from the selected strips at each SC position were ana-

lysed for the cytokines IL-1α, IL-1RA, IL-2, IL-6, IL-8, IL-10 and TNF-α using specific en-

zyme-linked immunosorbent assay (ELISA) kits (Human CytoSets, Biosource International, 

Camarillo, CA, USA). Two different cytokines were determined in the SC extract of each 

strip (e.g. IL-1α and IL-1RA were measured in the same strip). The amount of cytokines on 

each strip was normalized to the soluble protein content of the strips as determined with the 

aid of the Micro BCA protein assay kit (Pierce, Rockford, IL, USA), using the bovine serum 

albumin supplied as standard. Standards and samples were pipetted into a 96-well plate and 

analysed following the instructions provided with the kits. The data for the 3 superficial, mid-

dle and bottom strips at each site were pooled to obtain one average value for each cytokine.  

 

Statistics 

All data are given as mean ± SD, unless otherwise indicated. Statistical analyses were per-

formed using Student’s t-test for paired samples or two samples, Pearson correlation coeffi-

cient and one-way analysis of variance (ANOVA). If appropriate, normal distributions were 

obtained by log-transformation of the data.  
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Results 

 

TEWL and erythema response to single and repeated exposure 

One day after the single SLS exposure, the average TEWL had increased from 9.0 ± 3.0 

(baseline) to 81.1 ± 42.2 g m
-2 

h
-1

 and erythema from 7.8 ± 2.1 to 12.2 ± 3.2 arbitrary units 

(AU).  

Two subjects had to withdraw from the repeated SLS exposure after one week because of 

strong erythema reactions. Both subjects were non-atopics according to their Erlanger atopy 

score. Figure 1 shows the changes in TEWL (∆TEWL) and erythema (∆erythema) compared 

with baseline values during the repeated SLS exposure. TEWL was observed to increase dur-

ing the first week, with a partial recovery during the non-exposure days. The rise in TEWL 

was even stronger in week 2, again being followed by partial recovery. Interestingly, the in-

crease in TEWL in the third week was less than that in the second week (day 17 versus day 

10; P = 0.06, 2-sided). In contrast to TEWL, erythema increased continuously during the first 

two weeks, even during days with no exposure, and flattened out in the third week.  

 

Relation between TEWL and erythema response to single and repeated exposure 

During the first week of the repeated irritation, a positive correlation was found between the 

extent of the skin responses to single and repeated exposure, both for ∆TEWL (day 3, r = 

0.60, P = 0.003) and ∆erythema (day 3, r = 0.66, P < 0.001). During the second week (data 

not shown) and the third week, a positive correlation between the responses to single and re-

peated exposure was found for ∆erythema (Figure 2a, day 17, r = 0.72, P < 0.001), but not for 

∆TEWL (Figure 2b, day 17, r = 0.06).  
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Figure 1. Change in TEWL (∆TEWL) and erythema (∆erythema) during repeated exposure to SLS (n = 

18). Data are expressed as mean ± SEM. The black blocks along the time axis indicate the exposure days. SLS, 

sodium lauryl sulphate; TEWL, transepidermal water loss. 
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Figure 2. Relation between (a) the increases in erythema and (b) the increases in TEWL after single and 

repeated (day 17) exposure to SLS. SLS, sodium lauryl sulphate; TEWL, transepidermal water loss. 

 

 

Differences in TEWL response to repeated SLS exposure 

As mentioned above, the average ∆TEWL in the third week of repeated exposure to SLS was 

lower than in the second week, suggesting repair to the irritation. This pattern was however 

not seen in all subjects. Five subjects showed a high ∆TEWL (> 36 g m
-2 

h
-1

) in both the sec-
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ond and the third week. A second group of six subjects showed a decrease in ∆TEWL, indi-

cating repair of the water barrier, during the third week (∆TEWL < 30 g m
-2 

h
-1

) compared to 

the second week. A third group (n = 5) showed only a small effect on the skin water barrier 

during the entire exposure period (∆TEWL < 30 g m
-2 

h
-1

), while two other subjects showed a 

delayed response, with a small effect on the skin water barrier on day 10 but an increase in 

∆TEWL on day 17. Subjects with a high baseline TEWL value, tended to have a higher 

∆TEWL at the end of repeated exposure to SLS (r = 0.44; P = 0.04, 1-sided).  

 

Effect of atopy on TEWL and erythema response 

The subjects’ Erlangen Atopy Score was 7.9 ± 3.9 (mean ± SD) and ranged from 3 to 16; the 

maximum possible score is 34. Six subjects scored ≥ 10 points, which is considered as having 

atopy.
37

 Baseline TEWL did not clearly differ between subjects with and without atopy (9.2 ± 

3.9 vs. 9.0 ± 2.7, respectively; P = 0.9). After single exposure to SLS, TEWL increased by 

92.5 ± 44.9 g m
-2 

h
-1

 in the atopy group, compared to 62.6 ± 36.2 g m
-2 

h
-1

 in non-atopics (P = 

0.07, 1-sided). The increase in erythema for these groups was 5.9 ± 2.5 and 3.4 ± 2.6 AU, 

respectively (P = 0.03, 1-sided). The value of ∆TEWL after repeated exposure did not differ 

significantly between atopics and non-atopics on any measurement day. On days 10, 14 and 

17, ∆erythema was higher in the atopy group than in the other group (P < 0.05, 1-sided, data 

not shown).  

 

SC cytokine levels in unexposed and repeatedly exposed skin 

A total of 28 ± 4 tapes were required for complete removal of SC from the site repeatedly 

exposed to SLS, as compared with 26 ± 5 tapes at the control site. Figure 3 shows the amount 

of cytokines (IL-1α, IL-1RA and IL-8) normalized for the soluble protein content and the ra-

tio IL-1RA/IL-1α in SC obtained from the control site and from the site repeatedly exposed to 

SLS (measured on day 21). The following cytokines were not detected in any SC samples (the 

LOD - limit of detection – is given between brackets): IL-2 (30 pg/strip), IL-6 (6 pg/strip), IL-

10 (8 pg/strip) and TNF-α (2 pg/strip). As can be seen from Figure 3, considerable interindi-

vidual differences in cytokine levels were observed. A 30% decrease in IL-1α (P = 0.04, 2-

sided) and a tenfold increase in IL-1RA (P < 0.001, 2-sided) were found in the SC after repeat 

exposure to SLS as compared to the control site. The IL-1RA/IL-1α ratio for the site repeat-

edly exposed to SLS increased by a factor of 15 (P < 0.001, 2-sided) compared to the unex-

posed site. The amount of IL-8 showed a fourfold increase (P < 0.001, 2-sided). Only very 
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small amounts of IL-8 were measured at the control site: 11 subjects had IL-8 values just 

above the LOD of the assay (0.86 pg/strip). Samples with IL-8 values below the LOD were 

given a fictive value of 0.43 pg/strip (= ½ LOD).  

 

Baseline SC cytokine levels and TEWL and erythema response 

A positive correlation was found between the IL-1RA content at the control site (baseline) 

and ∆TEWL and ∆erythema measured after single exposure to SLS (Table 1, r = 0.61 and r = 

0.60; P < 0.01, respectively, 2-sided). Baseline IL-8 correlated with ∆TEWL (r = 0.53; P = 

0.02, 2-sided) after the single exposure, but not significantly with ∆erythema (r = 0.36). When 

only subjects with an IL-8 value above the LOD were included (n = 11), the correlation be-

tween baseline IL-8 and ∆TEWL increased to r = 0.67 (P = 0.02, 2-sided) and that between 

baseline IL-8 and ∆erythema to r = 0.55 (P = 0.08, 2-sided). No correlation was found be-

tween baseline SC cytokine levels and skin response after repeated exposure to SLS, except 

for IL-1RA which correlated with ∆erythema measured on day 17 (last day of exposure, r = 

0.53; P < 0.05, 2-sided). Furthermore, baseline cytokine levels did not differ between atopics 

and non-atopics. 
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Figure 3. The amount of cytokines (IL-1α, IL-1RA, ratio IL-1RA/IL-1α and IL-8) in SC tape strips nor-

malized to soluble protein content for each subject (n = 18) from the unexposed site and the site repeatedly 

exposed to SLS; ▬ indicates the geometric mean, paired t-test on log-transformed data. SC, stratum corneum; 

SLS, sodium lauryl sulphate.   

 

 

Table 1. Pearson’s correlation coefficients between (log) cytokine levels at the unexposed site and increase 

in TEWL and erythema after single or repeated exposure to SLS (day 17). 

 Single SLS exposure (n = 20) Repeated SLS exposure (n = 18) 

 ∆TEWL ∆erythema ∆TEWL ∆erythema 

IL-1α 0.12 0.07 -0.19 0.20 

IL-1RA 0.61a 0.60a -0.20 0.53b 

IL-1RA/IL-1α 0.56b 0.59a -0.01 0.36 

IL-8 0.53b 0.36  0.05 0.11 

SLS, sodium lauryl sulphate; TEWL, transepidermal water loss. 

aP < 0.01, bP < 0.05 (2-sided) 
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Discussion 

 

The single 24-h exposure to 1% SLS led to an impaired skin water barrier and to skin in-

flammation in all subjects, although with considerable interindividual variation in the extent 

of these responses. The average increase in TEWL and erythema was 72 g m
-2

 h
-1

 and 4.4 AU, 

respectively, in agreement with other studies.
40-42

 Our study also confirmed that repeated ex-

posure to 0.1% SLS over a period of 3 weeks caused barrier impairment and skin inflamma-

tion in all subjects, again with a considerable interindividual variation in response.
10

  

This study further confirms the finding that the impairment of the skin barrier, as deter-

mined by the change in TEWL, after a single exposure to SLS cannot be used to predict the 

change in TEWL after repeated exposure.
10,12

 Koopman et al.
10

 suggested that additional 

mechanisms that differ between subjects come into play after repeated exposure to SLS of 

sufficient duration, while these mechanisms are absent after a brief SLS exposure. In contrast 

to TEWL, erythema did show correlation between the scores after single and repeated SLS 

exposure (r = 0.72). A similar relationship was described by Koopman et al.
10

 using a visually 

scored erythema index. However, the association we found (r = 0.72) does not give sufficient 

predictive power to allow reliable screening of individuals for susceptibility to chronic ICD 

under occupational conditions. 

The considerable interindividual variation was reflected not only in the intensity of the 

skin response after three weeks but also in the skin reaction pattern during the repeated expo-

sure. We observed recovery of the skin water barrier during the third week of repeated expo-

sure to SLS in six subjects. This phenomenon has already been reported by others. Widmer et 

al. and Heinemann et al., for example, found a slight decrease in TEWL during the third week 

of an SLS irritation test (0.5% SLS, 1-h exposure for 5 days a week).
43,44

 Widmer et al. specu-

lated that the improvement in the skin barrier might be due to hyperkeratosis of the epidermis 

induced by the irritation reaction. Hyperkeratosis causes thickening of the SC, leading to a 

better skin barrier.
44

 This hyperkeratotic reaction of the stratum corneum and epidermis to 

repeated SLS exposure, often described as the skin hardening phenomenon,
45-47

 might be an 

important factor in determining individual susceptibility to chronic irritation. Furthermore, it 

might be at least partly responsible for the lack of correlation between the changes in TEWL 

after single and repeated exposure to SLS. Further research is required in this field. 

Not only SC thickness but also changes in the composition and structure of the lipid bi-

layer should be considered in trying to understand the mechanism of barrier repair. Heine-
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mann recently demonstrated that the amount of ceramide 1 in the lipid bilayer was increased 

in subjects showing the hardening phenomenon.
43

 Ceramide 1 is important for the lipid or-

ganization in the SC that is required for an efficient skin barrier.
48

  

In our study, the IL-1RA/IL-1α ratio of 2.2 ± 2.1 in unexposed skin was almost identical 

with that reported by Terui et al. (2.2 ± 2.8).
35

 The increase in the IL-1RA/IL-1α ratio due to 

irritation was primarily due to an increase in IL-1RA and to a lesser extent to a decrease in IL-

1α. The balance between IL-1RA and IL-1α is important in the downregulation of the in-

flammatory response.
49

 An increase in IL-1RA/IL-α is commonly found in cutaneous in-

flammation processes and has been described in chronic disorders like atopic dermatitis
35

, 

psoriasis
35

 and rosacea.
49

  

In addition to the increase in the IL-1RA/IL-1α ratio, we found enhanced levels of IL-8 in 

the SC after repeated exposure. IL-8 is a pro-inflammatory chemokine, which is involved in 

skin irritation by attraction of polymorphonuclear neutrophils and lymphocytes to the site of 

inflammation.
13,21

 It is known to be present intracellularly in the epidermis in normal healthy 

skin.
50

 We found quantifiable amounts of IL-8 in the SC of unexposed skin in 11 of our 20 

subjects, in agreement with data reported by Perkins et al. 
51

  

The skin cytokine response has only been investigated with the aid of acute irritation tests 

so far. To the best of our knowledge, the present investigation is the first in vivo human study 

including determination of the cytokine levels after repeated skin irritation. The cytokine pat-

tern we found in the SC is in accordance with that measured in punch biopsies determined in 

a parallel study on repeated SLS exposure (manuscript in preparation). Our results reveal that 

levels of IL-1α and IL-1RA after chronic irritation differ from those produced by a single irri-

tation. Perkins et al. exposed subjects to 20% SLS for 1 h and found an increase in IL-1α and 

a decrease in the IL-1RA/IL-1α ratio.
51

 Our study of repeated SLS exposure revealed effects 

opposed to this. On the other hand, a tendency for IL-8 levels to increase in response to SLS 

exposure was found both in the acute study of Perkins et al.
51

 and our study of repeated expo-

sure effects.  

One of our objectives was to study the relation between basal SC cytokine levels and in-

dividual skin reactions. Like other authors
34,35,51

, we found cytokine levels in the SC of nor-

mal unexposed skin to vary widely between individuals. Interindividual differences in the 

cytokine levels were also considerable in our repeated SLS exposure tests. We found the 

baseline SC level of IL-1RA to be related to TEWL and erythema after a single exposure to 

SLS. Baseline IL-8 was related to increase in TEWL after single exposure. It was also related 
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to an increase in erythema, although our study group only included 11 subjects with IL-8 lev-

els above the detection limit of the assay. Higher baseline IL-1RA levels were also related to 

a higher increase in erythema after repeated SLS exposure. These results suggest that subjects 

with higher baseline SC levels of IL-1RA and IL-8 have a stronger response to skin irritation. 

Further research is needed to elucidate the underlying mechanism. A more sensitive assay 

method is also needed to determine the amount of IL-8 in the SC in such further investiga-

tions. 

Atopic constitution has been reported as a risk factor for chronic ICD.
52

 We did not prese-

lect the subjects of the present study according to their atopy status. Six of our twenty subjects 

were classified as atopics on the basis of their Erlangen Atopy Score. Our study showed that 

atopics are more susceptible to a single SLS exposure than non-atopics, as indicated by a 

stronger skin response (in terms of TEWL and erythema). This is in contrast to the results of 

Stolz et al., who found no clear relation between atopy score and TEWL increase after single 

SLS exposure.
53

 However, these authors measured TEWL only 1 h after patch removal, when 

the occlusion effect of the patch might mask any effect of atopy on the skin barrier response.
54

 

Atopics showed a higher inflammation reaction starting from the end of the second week in 

our repeated SLS exposure tests, but no difference in skin water barrier. This is in agreement 

with the results of a test involving repeated washing with SLS where more subjects with a 

visible eczema were found in the atopy group.
55

 In further agreement with our findings, these 

authors concluded that the atopy score had only limited value as a predictor of an increase in 

TEWL after repeated exposure.  

In conclusion, the present study has shown that during repeated skin irritation, in some 

subjects repair of the skin barrier occurred. This repair phenomenon might be responsible for 

the lack of agreement between the changes in TEWL after single and repeated irritant chal-

lenge. The erythema response to a single irritation appears to be a better predictor than 

TEWL. We further showed that baseline IL-1RA and IL-8 levels are indicators of skin irrita-

bility. Our results contribute to an understanding of the factors that determine individual sus-

ceptibility to chronic ICD. A knowledge of the role interindividual variation in SC cytokine 

levels play in relation to a possible predisposition to occupational chronic ICD may help in 

the development of a screening test for pre-employment counselling.  
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Abstract 

 

Background  In vivo levels of cytokines and presence of neutrophils and eosinophils in skin 

irritation are not well known.  

Objectives  Our objective was to get more insight in inflammatory mediators and markers 

involved in single and repeated skin irritation.  

Methods  We sampled epidermis-derived fluid using a novel technology that includes applica-

tion of a negative pressure on the skin after creation of micropores in the stratum corneum by 

a laser. In nine volunteers, transdermal fluid was sampled after a single 4-h 10% sodium 

lauryl sulphate (SLS) exposure and a repeated 3-week exposure (0.1% SLS). Twenty-seven 

cytokines were assessed by multiplex assay, and IL-1α, eosinophil cationic protein (ECP) and 

myeloperoxidase (MPO) by ELISA.  

Results  Levels of ECP were increased after irritation and correlated with levels of MPO. The 

levels of inflammatory mediators showed large interindividual differences in unexposed and 

exposed skin. Despite this variation, several mediators clearly showed increased levels: CC 

chemokine ligand (CCL)11, CXCL10 and vascular endothelial growth factor after both single 

and repeated exposure, interleukin (IL)-1α and basic fibroblast growth factor after single ex-

posure and IL-1 receptor antagonist (IL-1RA) after repeated exposure. After repeated expo-

sure, CCL5 and the ratio IL-1RA/IL-1α both increased compared to single exposure.  

Conclusions  We conclude that single and repeated irritation induces differential and con-

certed expression of various inflammatory mediators and markers.  
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Introduction 

 

Repetitive contact of the skin to irritants may lead to chronic irritant contact dermatitis (ICD). 

Chronic ICD is often located on the hands and forearms, and the eczematous reaction is char-

acterised by dryness, redness, scaling and hyperkeratosis.
1
 Workers involved in wet work or 

having frequent skin contact with chemicals, for example hairdressers,
2,3

 nurses
4,5

 and metal-

workers,
6
 constitute a high-risk group for this occupational skin disease. Despite the high 

prevalence of ICD in high-risk occupations, little is known about the mechanism of the devel-

opment of chronic ICD and the factors that predispose individuals to this skin disease.  

Immunological processes play an important role in ICD: cytokines and chemokines or-

chestrate inflammation and repair of the skin.
7-9

 In vivo data on cytokine levels in skin irrita-

tion is scarce and limited. Several researchers used a single exposure with the irritant sodium 

lauryl sulphate (SLS) to study the cytokine response in acute ICD.
10-16

 In our previous study, 

using stratum corneum (SC) tape stripping, we found an increase in the ratio between inter-

leukin-1 receptor antagonist (IL-1RA) and interleukin-1α (IL-1α) in the SC after repeated 

SLS exposure,
17

 in contrast to the decreased ratio found after a single SLS exposure.
18

 To get 

a further insight in the immunological processes in the skin during acute and repeated skin 

irritation, sampling procedures that allow for the analysis of multiple inflammatory mediators 

and markers are required.  

A new minimally invasive technology has recently been developed to obtain transdermal 

fluid (TDF) by creating micropores in the SC with an infrared laser and continuous TDF har-

vesting using a negative pressure.
19,20

 The micropores are approximately 100 µm in diameter 

and involve the SC and some tens of µm of the epidermis.
19-21

 This technology has originally 

been developed for real-time glucose monitoring. In the present study, we explored the feasi-

bility of this new TDF sampling technique for studying epidermal inflammatory mediators 

and markers. In addition, we studied differences in levels of these substances as a response to 

single and repeated skin irritation.  

To determine the levels of multiple cytokines and chemokines simultaneously in one sin-

gle TDF sample, we used a recently developed multiplex bead array assay (Luminex, Austin, 

TX, USA).
22

 We selected a 27-plex assay in which the inflammatory mediators can be divided 

in five categories: (i) pro-inflammatory cytokines: granulocyte-macrophage colony-

stimulating factor (GM-CSF), interferon-γ (IFN-γ), IL-1β, IL-6, IL-17 and tumour necrosis 

factor-α (TNF-α); (ii) anti-inflammatory cytokines: IL-1RA, IL-10; (iii) immunoregulatory 
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cytokines: IL-2, IL-4, IL-5, IL-7, IL-12, IL-13 and IL-15; (iv) chemokines: CC chemokine 

ligand 2 (CCL2)/monocyte chemotactic protein-1 (MCP-1), CCL3/ macrophage inflammatory 

protein-1α (MIP-1α), CCL4/MIP-1β, CCL5/regulated upon activation normal T cell ex-

pressed and secreted (RANTES), CCL11/eotaxin, CXCL8/IL-8, CXCL10/interferon-γ induc-

ible protein (IP-10) and (v) various growth factors: fibroblast growth factor (basic FGF), 

granulocyte colony-stimulating factor (G-CSF), IL-9, platelet derived growth factor (PDGF-

bb) and vascular endothelial growth factor (VEGF). As IL-1α was not included in this panel, 

this pro-inflammatory cytokine was determined by enzyme-linked immunosorbent assay 

(ELISA). Besides cytokines, we also determined eosinophil cationic protein (ECP) and mye-

loperoxidase (MPO) which are considered inflammatory markers for presence of eosinophils 

and neutrophils in irritated skin.
23-25

  

In nine healthy volunteers, we performed on the forearm both a single 4-h 10% SLS irrita-

tion test, which is commonly used as an predictive test for acute skin irritation,
26

 and a re-

peated 3-week irritation test (0.1% SLS), which is used as a model for chronic skin irrita-

tion.
17,27-29

 The skin reaction was monitored by measuring transepidermal water loss (TEWL) 

and erythema during and after these SLS exposures. One day after the single exposure and 

one day after the last repeated exposure, TDF was sampled from these sites and from an un-

exposed control site. This is the first study in which a large number of inflammatory media-

tors and markers have been investigated in epidermis derived fluid obtained from normal and 

SLS-irritated skin.  

 

 

Materials and methods  

 

Volunteers 

Nine healthy volunteers, five males and four females, with a mean age of 28 years (range 20-

53 years), with no visible skin abnormalities and no history of skin disease, participated in the 

study which was carried out in April and May 2006. Written, informed consent was obtained 

from all subjects prior to participation. The study was approved by the Ethics Committee of 

the Academic Medical Center, Amsterdam and was conducted according to the principles of 

the Declaration of Helsinki. The subjects were not allowed to (i) use soap or moisturizers on 

their forearms during the whole study, (ii) sunbathe or use a tanning bed 2 months before, and 

during, the study and (iii) use corticosteroids during the study.  
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Single 4-h exposure to SLS 

The subjects were exposed for 4 h at two sites on the dominant mid-volar forearm to 10% 

SLS in water (200 µl, ≥ 99% purity, Fluka, Buchs, Switzerland) using patch test chambers 

(Finn chambers
®

 of 18-mm diameter and Filter Paper Discs; Epitest, Tuusala, Finland) at-

tached with adhesive tape (Scanpor
®

 tape; Norgeplaster, Vennesla, Norway). Before applica-

tion and 16-18 h after the patch removal, TEWL and erythema were measured at the exposed 

sites and at a control site on the volar forearm. TEWL was measured using an evaporimeter 

(VapoMeter SWL2g, Delfin Technologies, Kuopio, Finland). Nuutinen et al. described this 

measurement device in detail.
30

 Twenty minutes prior to the measurement, the subjects rested 

with their sleeves rolled up in the examination room, where the temperature was 20-22°C and 

the relative humidity ranged from 30% to 40%. The erythema index was measured using an 

erythema meter (DermaSpectrometer; Cortex Technology, Hadsund, Denmark), as described 

by Clarys et al.
31

  

 

Repeated 3-week exposure to SLS 

Two sites on the non-dominant mid-volar forearm were exposed to a 0.1% SLS solution (200 

µl) for 6 h a day, 4 days a week, for 3 weeks using similar patches as for the 4-h SLS expo-

sure. TEWL and erythema were measured at the exposed sites and at a control site before, 

during and after the exposure period (on days 0, 3, 7, 10, 14 and 18) (Figure 1). On the days 

when the patches were applied, the TEWL and erythema measurements were performed prior 

to patch application. The SLS concentration was adjusted after day 4 and day 11, when 

needed, to avoid too weak or too strong skin irritation reactions at the time of TDF sampling. 

When the increase in TEWL was < 10 g m
-2 

h
-1

 and in erythema was < 1.5 arbitrary units 

(AU) compared with the control site, the concentration was doubled. If the increase in TEWL 

was > 40 g m
-2 

h
-1

 and in erythema was > 3 AU, then the concentration was halved. In three 

subjects an adjustment was applied: in one subject, the concentration was adjusted to 0.05% 

in the second and third week; in two other subjects, the concentration was increased to 0.2% 

in the second week and readjusted to 0.1% in the third week.  
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Figure 1. Study design. Schedule of single and repeated sodium lauryl sulphate (SLS) exposures, measurement 

of transepidermal water loss (TEWL) and erythema, and sampling of transdermal fluid. SLS, sodium lauryl sul-

phate. 

 

Collection of TDF 

TDF samples were collected 16 h after the single SLS exposure and 18 h after the last re-

peated exposure (Figure 1). Also unexposed control skin on the dominant forearm was sam-

pled. Two sampling sites were used simultaneously for TDF collection to ensure sufficient 

fluid for the analyses. All devices used in making micropores and harvesting TDF were 

manufactured and supplied by SpectRx Inc. (Norcross, GA, USA) and are described in detail 

elsewhere.
20

 To produce the micropores, a skin alignment ring containing a light-absorbing 

dye layer was placed on the collection site and subsequently the hand-held laser porator was 

positioned fitting inside the ring. Upon activation of the porator, four focused pulsed laser 

beams of infrared light are sequentially aimed at the dye spot, resulting in four micropores (< 

100 µm in diameter) in the SC. At each micropore position, the laser pulsed 10 times at 11 Hz 

with pulse duration of 30 ms. After removal of the dye paper, a harvesting head was posi-

tioned inside the alignment ring and over the pores. Next, the harvesting head was connected 

to a portable pump box by means of a transparent tubing, and a negative pressure of 380 

mmHg was applied. After 4 h, the negative pressure was released and TDF was aspirated 

from the tubing using a syringe (MicroFine Insulin Syringe; BD, Franklin Lake, NJ, USA). 

The samples were weighed and diluted 1:1 in phosphate-buffered saline (PBS; Merck Darm-

stadt, Germany). After addition of 5 mM ethylenediaminetetraacetic acid (EDTA; Sigma Al-

drich, Zwijndrecht, the Netherlands) and 1 mM phenylmethanesulfonyl fluoride (PMSF; 

Sigma Aldrich, Zwijndrecht, the Netherlands) the samples were stored at -20°C until required 

for analysis.  
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Protein assays 

The IL-1α content of the TDF samples was measured using a specific ELISA kit (Human Cy-

tosets, Biosource International, Camarillo, CA, USA). The assay was conducted according to 

the manufacturer’s instructions. The limit of detection was 3-4 pg/ml. Assessment of the lev-

els of CCL2, CCL3, CCL4, CCL5, CCL11, CXCL8, CXCL10, basic FGF, G-CSF, GM-CSF, 

IFN-γ, IL-1β, IL-1RA, IL-2, IL-4, IL-5, IL-6, IL-7, IL-9, IL-10, IL-12 (p70), IL-13, IL-15, 

IL-17, PDGF-BB, TNF-α and VEGF in the TDF samples was performed using a Luminex-

based multiplex system (Bio-Plex Human Cytokine 27-plex panel; Bio-Rad Laboratories, 

Hercules, CA, USA) according to the manufacturer’s instructions. Samples were fourfold 

diluted. The levels of ECP and MPO in TDF samples were measured using an ELISA as de-

scribed earlier.
32-34

 Total protein content was determined using the Micro BCA protein assay 

kit (Pierce, Rockford, IL, USA) with the bovine serum albumin supplied as standard. Samples 

were analysed following the instructions provided with the kit. Samples with cytokine con-

centrations below the limit of detection were given a value of ½ limit of detection. To take 

into account any possible effect of the varying sampling volume, we expressed our data as the 

total amount of cytokines in TDF obtained during the 4 h of sampling. 

 

Statistics 

All data are given as mean ± SD, unless otherwise indicated. To compare the data from the 

three treatments (control, single and repeated exposure), we used Student’s t-test for paired 

samples (when differences were normally distributed) and Wilcoxon signed ranks test (when 

differences were not normally distributed). To investigate the relation between the levels of 

different mediators for a specific treatment, we used Pearson’s correlation coefficient and if 

appropriate, normal distributions were obtained by log-transformation. To investigate the rela-

tion between differences in inflammatory mediators and markers between single and repeated 

exposure, e.g. ∆CXCL8repeated - single vs. ∆ECPrepeated - single, we used the Spearman’s rank corre-

lation coefficient.  
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Results  

 

Single and repeated exposure 

Sixteen hours after the single SLS exposure, the average TEWL had increased from 10.7 ± 

3.1 (baseline) to 35.1 ± 22.6 g m
-2 

h
-1 

(P = 0.05) and erythema from 8.4 ± 3.3 to 10.3 ± 3.5 AU 

(P = 0.006). In the repeated exposure, TEWL increased during the first two weeks, with a 

partial recovery during the non-exposure days (data not shown). Remarkably, in the third 

week the increase in TEWL was less compared with the second week, indicating barrier re-

covery upon exposure. Erythema increased during the first two weeks and levelled off in the 

third week. Eighteen hours after the last repeated SLS exposure, before TDF sampling, 

TEWL had increased from 15.0 ± 4.4 (baseline) to 25.0 ± 4.4 g m
-2 

h
-1 

(P < 0.001) and ery-

thema from 9.0 ± 2.2 to 11.6 ± 2.4 AU (P < 0.001). Change in TEWL (∆TEWL) after single 

exposure was 23.4 ± 20.1 g m
-2 

h
-1

 compared with 10.9 ± 5.3 g m
-2 

h
-1

 after repeated exposure 

(P = 0.26). Change in erythema (∆erythema) was 1.8 ± 3.1 AU after single exposure com-

pared with 3.3 ± 1.6 AU after repeated exposure (P = 0.12).  

 

TDF sampling 

The median TDF sample volume was 97 µl (range 63-120 µl) in unexposed skin and in-

creased to 165 µl (range 100-402 µl) after single exposure (P = 0.02) and to 186 µl (range 

140-250 µl) after repeated exposure (P = 0.001). No signs of oedema were visible in the sub-

jects before and after TDF sampling. The TDF samples were always clear with no visible 

trace of blood. In one subject, no TDF was obtained after repeated exposure, possibly because 

of inadequate poration. The total protein level in TDF was 22 ± 5 mg/ml at both the control 

site and single-exposed site and increased to 26 ± 5 mg/ml at the repeatedly exposed site (P < 

0.01). 

 

ECP and MPO levels  

Levels of ECP and MPO in TDF obtained from control, single and repeatedly exposed skin 

from each subject are shown in Figure 2. In one subject, ECP and MPO could not be deter-

mined in TDF from the control site, because of a limited TDF volume. The levels of ECP and 

MPO were measurable in all samples. Single and repeated exposure induced a twofold in-

crease in the mean ECP level compared with control skin (P = 0.04 and P = 0.01, respec-

tively). The mean MPO level also increased by a factor 2; however, this was not significant.  
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Figure 2. Amount of ECP and MPO obtained during 4-h sampling of transdermal fluid by suction. Sam-

ples were obtained from unexposed skin (control, n = 9), 16 h after a 4-h 10% SLS irritation test (single expo-

sure, n = 9) and 18 h after a repeated 3-week 0.1% SLS irritation test (repeated exposure, n = 8); ― indicates the 

geometric mean, Student’s t-test for paired samples. ECP, eosinophil cationic protein; MPO, myeloperoxidase; 

SLS, sodium lauryl sulphate. 

 

 

Levels of inflammatory mediators 

In the TDF samples, we were able to detect 17 out of 28 inflammatory mediators. The results 

of the 13 more abundant mediators are shown in Figure 3 arranged in functional categories 

(pro- and anti-inflammatory cytokines, chemokines and growth factors). The levels of in-

flammatory mediators showed large interindividual differences, not only in absolute terms, 

but also in the changes as a result of single or repeated exposure. Despite this variation, sev-

eral mediators showed increased levels: CCL11, CXCL10 and VEGF after both single and 

repeated exposure, IL-1α and b-FGF after single exposure and IL-1RA after repeated expo-

sure (Figure 3). Interestingly, IL-9 levels dropped in both single and repeated exposed skin.   

IL-1α and IL-1RA have been studied before in skin irritation. The mean levels of IL-1α 

almost doubled after single exposure compared with the control site (P = 0.03), whereas mean 

IL-1RA levels increased two- to threefold after repeated exposure compared with both single 

exposed and control sites (P = 0.008 and P = 0.05, respectively). This resulted in an almost 

threefold increased ratio between IL-1RA and IL-1α after repeated skin irritation compared 
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with single irritation (P = 0.05). Differential levels between single and repeated exposed skin 

were also found for CCL5, indicated by considerably enhanced levels after repeated exposure. 

Only four mediators were present in a small number of samples (the limit of detection for 

the diluted TDF samples is given between brackets): CCL3 (2 pg/ml), three samples; IL-4 (10 

pg/ml), four samples; IL-10 (3 pg/ml), two samples; IFN-γ (17 pg/ml), seven samples. The 

following mediators were not detected in any of the samples: IL-1β (4 pg/ml), IL-2 (79 

pg/ml), IL-5 (78 pg/ml), IL-7 (104 pg/ml), IL-12 (88 pg/ml), IL-13 (71 pg/ml), IL-15 (4 

pg/ml), IL-17 (3 pg/ml), GM-CSF (14 pg/ml), PDGF-BB (4 pg/ml) and TNF-α (16 pg/ml). 
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Figure 3. Amount of pro- and anti-inflammatory cytokines (IL-1α, IL-1RA, the ratio IL-1RA/IL-1α, IL-6), chemokines (CCL2, CCL4, CCL5, CCL11, CXCL8, 

CXCL10) and various growth factors (b-FGF, G-CSF, IL-9 and VEGF) obtained by 4-h sampling of transdermal fluid by suction. Samples were obtained from unex-

posed skin (control, n = 9), 16 h after a 4-h 10% SLS irritation test (single, n = 9) and 18 h after a repeated 3-week 0.1% SLS irritation test (repeated, n = 8); ― indicates the 

geometric mean, Student’s t-test or Wilcoxon signed ranks test for paired samples. SLS, sodium lauryl sulphate. 
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Relations between inflammatory mediators and markers 

Assuming that the presence of eosinophils and neutrophils reflects inflammation, ECP and 

MPO may be taken as surrogate markers of inflammation. Interestingly, ECP and MPO levels 

were highly correlated in control, single and repeated exposed skin (r ranging from 0.93 to 

0.98, P < 0.001; data not shown), indicating similar recruitment of both inflammatory cell 

types during skin inflammation. We expected that ECP and MPO levels would be influenced 

by chemokine levels, and indeed we found strong correlations with CCL2, CCL4, CCL5 and 

CXCL8 as well as with non-chemokines G-CSF, IL-6 and IL-9 (r ranging from 0.72 to 0.93, P 

< 0.05; data not shown) in control skin. After single exposure, the correlations with most 

chemokine levels disappeared and only CXCL8 correlated with both ECP and MPO (r = 0.73, 

P = 0.03 and r = 0.86, P = 0.003, respectively) and IL-6 with only MPO (r = 0.74, P = 0.02). 

In repeatedly exposed skin, there was only a correlation for both IL-6 and CCL2 with ECP 

and MPO (r > 0.84, P < 0.01), and in addition, for CCL4 and CCL5 with only MPO (r > 0.77, 

P < 0.03).  

We noticed that some individuals showed reduced ECP and MPO levels after repeated ex-

posure as compared with single exposure, whereas in others the ECP and MPO levels in-

creased. We supposed that differences in ECP and MPO levels between single and repeated 

exposure (∆ECP and ∆MPO, respectively) may be induced by an altered expression of 

chemokines and other mediators, e.g. ∆CXCL8 (data not shown). A positive correlation was 

found for ∆CXCL8 and ∆CCL4 (r ranging from 0.79 to 0.95, P < 0.02) with ∆ECP and 

∆MPO, and an inverse relation for ∆IL-1RA and ∆G-CSF (r ranging from -0.76 to -0.88, P < 

0.03).  

Further, no relations were found between levels of ECP and MPO obtained from the three 

skin sites and skin irritation response as determined by TEWL and erythema. 

 

 

Discussion 

 

In the present study, we used a novel TDF sampling method to study differences in levels of 

inflammatory mediators and markers after SLS-induced skin irritation in human volunteers. 

With this sampling technique, we obtained sufficient volumes of TDF for the multiplex cyto-

kine assay and for the determination of IL-1α, ECP and MPO by ELISA. We were able to 

detect 17 different inflammatory mediators and the markers ECP and MPO in the TDF sam-



Cytokine expression in skin irritation by SLS 

 109 

ples obtained from the volunteers. From each volunteer, a sample from unexposed skin, single 

SLS-exposed skin and repeatedly exposed skin was obtained, which made it possible to study 

individual changes in levels of inflammatory mediators and markers.  

We found enhanced levels of ECP in SLS-irritated skin. Increased levels of ECP were also 

shown in lesional skin of atopic dermatitis patients.
35

 ECP and MPO are markers of eosino-

philic and neutrophilic granulocytes, respectively, which are released from activated granulo-

cytes by degranulation.
36

 In this study, the levels of ECP and MPO were determined in TDF 

that was frozen after sampling. Therefore, we cannot determine whether these markers were 

released by activated cells in the skin or originated from non-activated cells by freeze-thawing 

which disrupts the intracellular granules containing ECP and MPO.  

In agreement with earlier studies based on measurement of cytokines in the SC,
17,18

 we 

showed that IL-1α was increased after single irritation, whereas levels of IL-1RA were in-

creased after repeated irritation. As the pro-inflammatory effects of IL-1α are counteracted by 

the production of the anti-inflammatory cytokine IL-1RA, the balance between these proteins 

partly determines the inflammatory response.
37,38

 The ratio of IL-1RA/IL-1α was increased 

after repeated irritation, which was primarily due to an increase in the production of IL-1RA, 

whereas no change in the ratio of IL-1RA/IL-1α was observed in single irritation. These find-

ings possibly suggest that, during repetitive skin contact with irritants, anti-inflammatory 

mechanisms come into play to suppress the early pro-inflammatory response upon a new in-

sult. In addition to IL-1α and IL-1RA, the chemokine CCL5/RANTES also showed an in-

creased expression after repeated exposure compared with single exposure. The abundant 

presence of CCL5 in a repetitive SLS exposure might indicate an increase in CCL5-producing 

cells, e.g. monocytes and eosinophils
39,40

 attracted to the site of inflammation due to the ongo-

ing skin insults induced by irritants. CCL11/eotaxin and VEGF levels in single and repeated 

exposed skin were enhanced as compared with unexposed skin. Enhanced levels of CCL5 and 

CCL11 have been shown in skin diseases, e.g. atopic dermatitis and psoriasis.
39-41

 Further, a 

potential role of the angiogenic factor VEGF in skin irritation has also been shown earlier: in 

vitro levels of VEGF increased almost fivefold after a single SLS exposure of human kerati-

nocytes.
42

 Two inflammatory mediators not previously shown were found to be increased in 

irritated skin: the chemokine CXCL10/IP-10 and the angiogenic growth factor b-FGF. Fur-

thermore, we have shown the presence of IL-9, a growth factor for T-cells and mast cells,
43

 in 

TDF obtained from unexposed skin in six subjects. To our knowledge, this is the first time 
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that IL-9 was detected in normal skin, though Morhenn et al. showed the presence of IL-9 

mRNA in SC tape strips.
44

  

Based on literature data on in vivo SLS exposure, we had expected to detect the early pro-

inflammatory cytokines GM-CSF, IFN-γ, IL-1β and TNF-α.
10,11,13,14,16

 Probably, at the time of 

TDF-sampling in SLS exposed skin, which was 16-18 h after the irritation tests, the levels of 

these cytokines might have already decreased below our limit of detection. Hunziker et al. 

showed that the levels of TNF-α measured in skin-derived lymph had approached basal levels 

1 day after SLS exposure.
14

 IFN-γ is a very unstable molecule; therefore degradation of this 

compound during sampling and processing of TDF might have occurred.
45

 A remarkable find-

ing is the absence of IL-10, a cytokine with anti-inflammatory properties, in the TDF samples 

of irritated skin. Various investigators showed the presence of IL-10 in skin biopsies after 

SLS exposure, which was already detectable at 6 h and persisted until 72 h.
16

 Consistent with 

our expectations, we did not detect the typical immunoregulatory cytokines (e.g. IL-2, IL-4, 

IL-5, IL-7, IL-12, IL-13 and IL-15). 

The question might arise whether the cytokine levels in TDF are influenced by the sam-

pling method, i.e. poration and suction. Upon stimulation, for example by trauma, keratino-

cytes and fibroblasts have been shown to release a wide array of inflammatory mediators, e.g. 

IL-6, CCL2, CCL4, CCL5, CXCL8, G-CSF and VEGF.
38,40,46,47

 These responses can occur 

very rapidly, for instance the production of IL-6 can increase as early as 15 min after an in-

sult.
48

 On the other hand, it could be speculated that the presence of these inflammatory me-

diators in the non-irritated skin is caused by a process called ‘immunosurveillance’. In this 

process, cytokines and chemokines in the skin continuously attract inflammatory cells, e.g. 

natural killer cells, dendritic cells and T-cells, which guard against invading pathogens and 

tumors.
49-52

 More research is needed to elucidate to which extent the cytokine levels in unex-

posed skin are genuine or induced by the sampling procedure. However, regardless the fact 

that measured cytokine levels were possibly influenced by the sampling procedure, clear dif-

ferences in cytokine levels were found between non-exposed, single and repeated exposed 

skin. It is remarkable that the levels of IL-9 decreased after SLS-irritation. Possibly, the cyto-

kines produced by the keratinocytes disappear from the interstitial fluid by binding to an in-

creased number of receptors as present on inflammatory cells, soluble receptors or proteins
53

 

present in the irritated skin. We assume that it is unlikely that the decrease in cytokine levels 

was caused by a dilution effect due to oedema, as no signs of oedema were observed in our 

subjects.  
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In control skin, strong correlations were found between levels of inflammatory markers 

(ECP and MPO) and of inflammatory mediators (IL-6, CCL2, CCL4, CCL5, CXCL8, G-CSF 

and IL-9), as well as among the inflammatory mediators themselves (data not shown). This 

suggests a balanced interplay between these factors in the epidermis. However, after single 

and repeated SLS exposure, this concerted action seems to be disturbed, reflected in the loss 

of correlation between the inflammatory mediators and markers. When examining patterns of 

inflammatory mediators and markers in comparing single and repeatedly exposed skin, our 

data revealed that subjects showing higher levels of ECP and MPO after repeated exposure 

compared with single exposure, also showed the same pattern of CCL4 and CXCL8. Pecu-

liarly, we found strong inverse relations between the markers ECP and MPO with both IL-

1RA and G-CSF. The cytokine IL-1RA is known for its anti-inflammatory properties. Levels 

of the growth factor G-CSF, which is generally known as a stimulatory factor for granulo-

cytes and monocytes and the production of cytokines,
54

 were in normal skin positively associ-

ated with levels of ECP and MPO. However, in irritated skin, we observed an inverse associa-

tion, which might be in line with the growing evidence on the possible anti-inflammatory 

properties of G-CSF. Several investigators showed that the presence of G-CSF suppressed the 

production of pro-inflammatory cytokines of several cell types upon stimulation.
54

 The pat-

terns described here might implicate that in irritated skin inflammation is controlled by a 

number of mediators only, and which may reflect individual susceptibility. 

The pattern of barrier impairment and skin inflammation response induced by a 3-week 

repeated SLS exposure was similar as described in our previous study.
17

 This pattern was 

characterized by recovery of the skin barrier (‘hardening’), in the third week even though the 

skin was still daily exposed to the irritant. Further, we have confirmed our earlier findings on 

considerable interindividual differences in skin response to skin irritation.
17,28,55

 Also the lev-

els of the inflammatory mediators and markers showed large interindividual differences. This 

has been demonstrated not only for normal skin, but also after single and repeated SLS expo-

sure. This is in agreement with our previous study
17

 and that of other investigators.
10

  

For the broader application of the used sampling technique, some important issues have to 

be resolved. For the analysis, we needed considerable amounts of TDF, which made a sam-

pling time of 4 h from two sampling sites necessary. This was particularly the case in unex-

posed skin, where the collected volume amounted to 97 µl. In SLS- exposed skin, this volume 

was almost two times higher. As addressed previously, the effect of the laser poration proce-

dure on TDF cytokine levels needs to be elucidated. For example, the contribution of the po-
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ration can be studied by making series of different numbers of micropores (e.g. 4, 8, 12 and 

16) at the site of sampling. Another option is studying cytokine kinetics in time after poration. 

In this study, we showed one of the many applications of this minimally invasive tech-

nique. This method might also be useful in studying the differences in inflammatory media-

tors and markers between irritant and allergic contact dermatitis. Furthermore, the levels of 

inflammatory mediators in other inflammatory skin diseases, e.g. atopic dermatitis and psoria-

sis, might be studied.  

We have shown here for the first time, the presence of a wide panel of inflammatory me-

diators and markers in single and repeated skin irritation. We showed differences in the cyto-

kine response after a 3-week SLS exposure compared with a single SLS exposure and we 

identified some mediators that may reflect individual susceptibility to irritation. However sev-

eral of our findings have to be still elucidated in more extensive studies. Understanding the 

mechanism of chronic skin irritation is of great importance for the identification of factors 

associated with individual susceptibility to chronic ICD.  
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Abstract 

 

Background  Interleukin (IL)-1α and its receptor antagonist IL-1RA, play a role in skin in-

flammation. Several polymorphisms in the IL1 gene cluster, coding for IL-1α, IL-1RA and 

IL-1β, influence their protein expression. Within this cluster, strong linkage disequilibrium 

has been shown.   

Objectives  We studied the association between the polymorphisms IL1A -889 (C→T) and 

IL1B -31 (T→C) and the concentration of IL-1α and IL-1RA in the stratum corneum (SC).  

Methods  In 124 patients with chronic irritant contact dermatitis, we genotyped the IL1A -889 

and IL1B -31 polymorphisms and determined the amount of IL-1α and IL-1RA on tape strips 

obtained from uninvolved skin of the volar forearm.  

Results  The SC IL-1α concentration was 23% and 47% lower in subjects with IL1A -889 C/T 

genotype and T/T genotype, respectively, compared with wildtype genotype. In subjects with 

IL1B -31 C/C genotype, the IL-1α concentration was 51% lower compared with C/T and T/T 

genotype. The ratio IL-1RA/IL-1α increased twofold in IL1A -889 C/T genotype and three-

fold in T/T genotype compared with wildtype.  

Conclusions  We showed a clear effect of IL1 genotype on protein expression in the SC. This 

altered expression may be responsible for the interindividual differences in the inflammatory 

response of the skin. 
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Introduction 

 

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

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

and forearms. The eczematous reaction is characterized by dryness, redness, scaling and hy-

perkeratosis.
1
 The mechanism of the development of CICD and the predisposing factors for 

this skin disease are not well understood. Cytokines and chemokines play an important role in 

skin inflammation by orchestrating cutaneous inflammatory and repair processes.
2
 Upon an 

external insult, keratinocytes produce a wide variety of inflammatory mediators, e.g. GM-

CSF, IFN-γ, IL-1α, IL-1β, IL-6, IL-8 and TNF-α, resulting in a pro-inflammatory cascade 

reaction.
2,3

 To counteract this inflammatory response, also anti-inflammatory cytokines are 

produced, e.g. IL-1RA and IL-10.
2,4

 The balance between pro- and anti-inflammatory cyto-

kines is important for the extent and duration of the individual inflammatory response.
2
  

In genes encoding cytokines, several polymorphisms were found, which influence the lev-

els of these proteins.
5
 These genetic variants might play a role in individual susceptibility to 

skin inflammation. Polymorphic loci in cytokine genes might be associated with altered levels 

of cytokines by directly affecting gene transcription. Gene polymorphisms can also be non-

functional but can still be associated with altered protein expression due to linkage disequilib-

rium (LD) with a functional polymorphism in the same or even adjacent genes.
6,7

  

In the literature, the IL1A -889T allele has been associated with several inflammatory dis-

eases including juvenile rheumatoid arthritis, periodontitis, and Alzheimer’s disease.
8
 Other 

studies have shown no associations
8,9

 or reported a protective effect of the IL1A -889T allele 

on for example systemic lupus erythematosus
10

 and systemic sclerosis.
11

 The IL1A -889 

polymorphism is located in the promoter region, which may alter transcriptional activity of 

the IL1A gene.
12

 Data on the in vivo influence of the IL1A -889T allele on protein expression 

is still limited. In patients with severe periodontal disease, the IL1A -889T allele was associ-

ated with increased IL-1α protein levels in gingival crevicular fluid.
13

   

To find out whether this IL1A -889 single nucleotide polymorphism (SNP) is associated 

with altered cutaneous IL-1α protein expression, we studied the influence of this SNP on IL-

1α concentration in the stratum corneum (SC). IL-1α is constitutively produced by keratino-

cytes and the SC has been shown to act as a major reservoir of active IL-1α.
14

 Genetic studies 

showed LD between several polymorphic loci within the IL1 gene cluster, which contains the 

genes IL1A, IL1B, and IL1RN.
15,16

 As the IL1B -31 polymorphism is in LD with other poly-
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morphisms within the IL1A gene,
16

 also a possible influence of this SNP on the SC IL-1α 

concentration was studied. Besides the cytokine IL-1α, also IL-1RA is abundantly present in 

the SC.
17,18

 The IL1RN gene, coding for IL-1RA, is also located within the IL1 gene cluster 

and therefore we studied whether the IL1A -889 and IL1B -31 SNPs were associated with an 

altered SC IL-1RA concentration. IL-1RA exerts an anti-inflammatory function by blocking 

IL-1 activity by competitive binding to the IL-1 receptors without triggering a signal cas-

cade.
19

 Therefore, we also studied the balance between the cytokine IL-1α and its antagonist 

IL-1RA.   

In this study, we obtained SC tape strips from uninvolved skin of the volar forearm of 124 

patients with CICD and determined the amount of IL-1α, IL-1RA and soluble protein on the 

tapes. The IL1A -889 and IL1B -31 genotypes were determined using DNA isolated from buc-

cal swab samples obtained from each subject.  

 

 

Methods 

 

Subjects 

SC tape strips were collected from 124 CICD patients, registered at the Department of Der-

matology, University of Osnabrueck in the months November until May. The patients had 

CICD of the hands during ≥ 3 months at examination or had had medically verified CICD of 

the hands during at least 1 period of ≥ 3 months (CICD was mostly occupational). For each 

patient, a dermatologist completed a check list on diagnosis, course of the disease, treatment, 

patch test results, and occurrence of atopic diseases in the past and present. The patients were 

classified using the following three diagnoses regarding the hands (i) CICD without atopy, i.e. 

erythema, scaling and fissures, located at the back of the hands or the interdigital web spaces, 

strictly exposure-dependent course and no signs of atopy, (ii) CICD with atopic skin disposi-

tion, i.e. clinical features as (i) but additionally major atopic signs (flexural eczema) or com-

binations of so called ‘minor criteria’ of skin atopy,
20-22

 and (iii) irritant-induced atopic ec-

zema, i.e. predominantly palmar itch, vesicles, erythema, oozing, symmetrically present, pro-

tracted course after exposure discontinuation.
23,24

 Patients with other chronic inflammatory 

diseases (i.e. rheumatoid arthritis, Crohn’s disease, systemic lupus erythematosus, and psoria-

sis) were excluded. All included patients were Caucasian and ≥ 18 years. Written informed 
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consent was obtained from each subject before entering the study. The study was approved by 

the Ethical Committee of the University of Osnabrueck.   

 

Tape stripping 

Tape strips were taken from the volar forearm on skin free from visible eczematous lesions. 

Templates of Scanpor® tape (Norgeplaster, Vennesla, Norway) were fixed to the skin around 

each site to limit the tape stripping area to a circular area of 18-mm diameter. Four strips were 

taken using Diamond® adhesive tape (Diamond Ultra Clear Tape, 19 mm x 25 mm; The Sel-

lotape Company, Eindhoven, the Netherlands). The four pieces of tape were successively ap-

plied to the sites and homogeneously pressed on to the skin by moving a 1.0-kg stainless steel 

roller
25

 to and fro ten times. The tapes were then quickly removed at an angle of 170° with the 

skin. During the tape stripping procedure, the examiner wore vinyl-gloves and used forceps. 

The first tape was discarded and the following three tapes were pooled into a 20 ml glass vial. 

The vials were immediately stored at -18 °C until extraction.   

The amount of soluble protein and cytokines was determined based on a generally used 

approach as described previously.
17,26

 In short, two ml phosphate-buffered saline (Merck, 

Darmstadt, Germany) with 0.005% Tween-20 (Sigma-Aldrich, Zwijndrecht, the Netherlands) 

was added to each vial, and the vials were left on ice for 30 min. Extraction was performed 

using an ultrasound sonifier equipped with a probe (Salm & Kipp, Breukelen, the Nether-

lands) for 15 min in ice-water. The extract was centrifuged (1 min, 15000 g) and supernatant 

aliquots were re-frozen at -80 °C until required for further analysis. The extracts were ana-

lysed for the cytokines IL-1α and IL-1RA using specific enzyme-linked immunosorbent assay 

(ELISA) kits (Human CytoSets, Biosource International, Camarillo, CA, USA). The amount 

of soluble protein in each extract was determined with the Micro BCA protein assay kit 

(Pierce, Rockford, IL, USA) using the supplied bovine serum albumin as standard. No IL-1β 

can be measured using the non-invasive tape stripping approach.
27

 

 

DNA sampling and isolation 

For collection of DNA material, buccal mucosa cells were used obtained by rubbing the in-

side of the cheeks with a cotton swab on a plastic stick (Medispo, Oud Beijerland, the Nether-

lands). After the mouth was rinsed with water, two swabs were obtained. After sampling, each 

swab was placed into a 15 ml tube (Greiner Bio-one, Alphen a/d Rijn, the Netherlands) with 2 

ml of lysis buffer (Puregene® Cell Lysis Solution, Gentra Systems, Minneapolis, MN, USA) 
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to disrupt the cells and stabilize the DNA. Genomic DNA was extracted using a commercial 

DNA isolation kit (Puregene®, Gentra Systems, Minneapolis, MN, USA) based on a standard 

proteinase K digestion method according to the manufacturer’s protocol. The tubes were 

stored at 4 °C up to 3 months before DNA isolation. The amount of DNA was quantified by 

absorbance at 260 nm, and an aliquot was diluted to a working concentration of 2-10 ng/µl.   

 

Genotyping 

Genotyping for IL1A -889 (C→T) (rs1800587) and IL1B -31 (T→C) (rs1143627) polymor-

phisms was performed by means of a fluorogenic 5’ nuclease PCR TaqMan® assay (Applied 

Biosystems, Foster City, CA, USA) using reagents obtained from Applied Biosystems 

(Primer/Probe Mix and TaqMan® Universal PCR Master Mix without AmpErase® UNG) 

and following the manufacturer’s protocol. Analyses were made on an ABI Prism 7700 se-

quence detection system (Applied Biosystems, Foster City, CA, USA). Each plate contained 

two non-template controls and five allelic controls. Random replicate samples were deter-

mined (10% of all samples); intrasubject concordance rates of this method was shown to be 

>99% in a larger study.
28

  

 

Statistics 

The observed genotype frequencies were compared with the expected Hardy-Weinberg distri-

bution by χ
2 

test. LD was examined using Haploview software (version 3.32, Cambridge, MA, 

USA). Statistical analyses were performed using Pearson’s correlation coefficient, Student’s 

t-test and one-way analysis of variance (ANOVA) with LSD (pairwise comparison) post hoc 

test. Data on cytokine concentrations were log-transformed to obtain normal distributions. 

Accordingly, geometric means (meanG) and geometric standard deviations [SDG] were used. 

The statistical analysis was performed using SPSS software version 12.0 (SPSS Inc., Chicago, 

IL, USA).  
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Results  

 

Tape strips were sampled from 53 males (aged 42 ± 10 years; mean ± SD) and 71 females 

(aged 38 ± 13 years). 35% of the patients were diagnosed as CICD without atopy, 18% as 

CICD with atopic skin disposition and 47% as irritant-induced atopic hand eczema. Of all 

patients, 55% had one or more type IV sensitizations. The genotype distribution for IL1A -889 

was: C/C 48%, C/T 40% and T/T 12% and for IL1B -31: T/T 48%, T/C 39% and C/C 13%. 

Genotype distributions did not deviate from Hardy-Weinberg equilibrium for both polymor-

phisms and there was no LD between these two SNPs (D’ = 0.352; LOD = 1.05). Genotype 

distributions were closely similar from the point of view of sex, age, sub-diagnosis and type 

IV sensitizations. 

The concentration of IL-1α and soluble proteins were analysed in the SC tape strips of all 

124 subjects, and the concentration of IL-1RA was analysed in the tapes of 74 subjects. On 

average, tape strips contained 8.3 [2.6] pg IL-1α/µg protein (meanG [SDG]) and 6.7 [4.2] pg 

IL-1RA/µg protein, the ratio between IL-1RA and IL-1α was 0.7 [4.1]. The correlation be-

tween IL-1α and IL-1RA was 0.39 (P < 0.001). No differences were found in the IL-1α con-

centration between males (8.7 [2.5]) and females (8.1 [2.7]; P > 0.2), but the IL-1RA concen-

tration was lower in males (4.8 [4.0]) compared with females (8.8 [4.2]; P = 0.049), as well as 

the ratio between IL-1RA and IL-1α (0.5 [4.1] vs. 0.9 [3.9]; P = 0.042). Given the equal dis-

tribution of genotypes regarding sex, sex is not a confounder of the relation between IL1 

genotypes and the cytokines IL-1α and IL-1RA. No differences in cytokine concentrations 

were found between the three sub-diagnosis groups or between patients with and without type 

IV sensitizations (data not shown).   

The SC IL-1α concentration in subjects with IL1A -889 C/C genotype was 10.0 [2.5] 

pg/µg protein and showed a genotype dependent decrease to 7.7 [2.8] pg/µg protein in sub-

jects with C/T genotype (Figure 1A) and to 5.3 [2.3] pg/µg protein in subjects with T/T geno-

type (P = 0.023). The SC IL-1α concentration was also influenced by IL1B -31 genotype 

(Figure 1B). The IL-1α concentration was 9.2 [2.5] and 9.1 [2.7] pg/µg protein in subjects 

with IL1B -31 T/T and T/C genotype, respectively and decreased to 4.5 [2.2] in subjects with 

IL1B -31 C/C genotype (P = 0.006 and P = 0.008, respectively).  
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Figure 1. The IL-1α concentration normalized by soluble protein obtained by stratum corneum tape strips 

for IL1A -889 genotype (A) and IL1B -31 genotype (B). One-way analysis of variance (ANOVA) with LSD 

(pairwise comparisons) post hoc test.  

 

 

Whereas the SC IL-1α concentration showed an IL1A -889 genotype dependent decrease, the 

IL-1RA concentration showed an opposite, however not significant, trend. The SC IL-1RA 

concentration increased from 5.3 [3.8] pg/µg protein for C/C genotype to 7.6 [4.7] pg/µg pro-

tein for C/T genotype and to 12.3 [3.9] pg/µg protein in subjects with IL1A -889 T/T geno-

type. When examining the balance between IL-1RA and IL-1α, the IL-1RA/IL-1α ratio was 

0.5 [2.6] in subjects with C/C genotype and showed a genotype dependent increase to 1.0 

[4.5] in subjects with C/T genotype (P = 0.015) and to 1.6 [2.1] in subjects with T/T genotype 

(P = 0.021). No associations were found between IL1B -31 genotype and SC IL-1RA concen-

tration or IL-1RA/IL-1α ratio.   
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Discussion 

 

Using a SC tape stripping technique in CICD patients, we have shown that subjects with the 

variant IL1A -889T allele have a lower concentration of the pro-inflammatory cytokine IL-1α 

in the outermost layers of the skin as well as a higher IL-1RA/IL-1α ratio. The IL-1RA/IL-1α 

ratio, which partly determines the inflammatory response, was caused by a higher concentra-

tion of IL-1α but also by a lower IL-1RA concentration. The observed influence of IL1A 

genotype on SC IL-1α concentrations might not only be caused directly by a functional IL1A -

889 polymorphism but also by other polymorphic loci within the IL1A gene considering the 

high degree of LD within this gene.
15,16

 

For the IL1B -31 polymorphism, which is also located within the IL1 gene cluster, we 

showed that the variant C/C genotype was associated with a lower SC IL-1α concentration. 

We found no clear LD between the two polymorphic loci IL1A -889 and IL1B -31, as also 

reported by others.
16

 However, also for the IL1B -31 SNP, it is imaginable that the association 

with IL-1α is caused through LD with another polymorphism in the IL1A gene.
16

 One may 

also speculate that the effect of IL1B -31 on IL-1α is mediated by the local concentration of 

IL-1β.  

In a genetic association study, we observed that apprentices in vocational training for 

high-risk occupations for CICD with the variant IL1A -889T allele had a lower risk of symp-

toms of dermatitis at the hands.
28

 Regarding a lower concentration of the pro-inflammatory 

cytokine IL-1α and a favourable balance between IL-1RA and IL-1α in the SC, probably this 

IL1A -889T allele might be considered as a protective genotype against skin irritation.  

Our study was the first to investigate the relation between genotype and cytokine expres-

sion in the skin. Our results with respect to IL-1α are opposite to what other investigators re-

ported in other tissues. An in vivo study showed that the IL1A -889T allele was associated 

with increased IL-1α protein levels in gingival crevicular fluid of patients with severe perio-

dontal disease.
13

 In an ex vivo experiment, an increased production of IL-1α was shown in 

LPS-stimulated peripheral blood mononuclear cells from subjects with an IL1A -889T allele.
12

 

Further studies are needed to investigate the mechanism by which this polymorphism exerts 

different effects on IL-1α expression in different cell types and tissues.   

We studied the relation between genotype and SC cytokine expression in patients with 

CICD. As the tape strips were obtained from non-involved skin of the volar forearm, we as-

sumed that their state of disease does not affect the expression of IL-1α and IL-1RA. Indeed, 
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we found no relation between the Osnabrueck Hand eczema Severity Index (OHSI)
29

 as de-

termined in the patients at the time of the investigation and the concentrations of IL-1α and 

IL-1RA (data not shown). We suppose that the polymorphisms studied here in patients have a 

similar influence in healthy subjects. In our study, the concentrations of IL-1α and IL-1RA in 

the upper layers of the SC were within the same range as we found previously.
26

 Sex-related 

differences in SC IL-1RA concentrations and in the ratio between IL-1RA and IL-1α were not 

previously reported. Possibly, higher sun exposure in females may explain these differences, 

as UV-B light is known to increase IL-1RA and the ratio IL-1RA/IL-1α.
27

  

SC tape stripping is a relatively fast and simple technique. However, a limitation is that in 

normal healthy SC, only IL-1α and IL-1RA are present in sufficient amounts for routine cyto-

kine determination.
17

 To study relations between polymorphisms in genes encoding other cy-

tokines and their level of expression in the skin, a different sampling technique is needed. 

Recently, a new technique for cytokine sampling has been introduced, which includes obtain-

ing epidermis-derived fluid by a suction procedure after microporation of the SC by a laser 

device. By using this technique, we were able to determine more than 13 cytokines in epider-

mis-derived fluid obtained from normal, healthy skin.
30

 This device might be a good tool to 

study the effects of cytokine gene polymorphisms on the cytokine concentration in the viable 

epidermis.  

This study is the first to show altered cutaneous protein expression among different cyto-

kine SNP genotypes. We expect that further studies of such associations will lead to more 

insight in the mechanism by which genetic differences influence the susceptibility to skin in-

flammation and will open up perspectives for predictive testing in occupational dermatology.  
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Abstract 

 

Background and objectives  Cytokines play an important role in skin inflammation. We 

determined whether polymorphisms in cytokine genes contribute to the occurrence of oc-

cupational chronic irritant contact dermatitis (CICD).  

Methods  In a case-control study, nine polymorphisms in the genes coding for IL-1α, IL-1β, 

IL-8, IL-10 and TNF-α were determined in 197 patients with CICD. 217 apprentices in vo-

cational training for high-risk occupations for CICD served as controls.  

Results  For all polymorphisms, no differences in genotype distributions were found be-

tween patients and controls. However, in patients with self-reported low levels of wet work 

and irritant exposure, more TNFA -308 variant genotypes (G/A and A/A) were present 

compared with those exposed to higher levels or controls, which indicates a TNFA induced 

increase of susceptibility. In patients with TNFA -308 variant genotypes, the prevalence of 

flexural eczema was higher (48% and 57%) compared to those with wildtype genotype 

(30%). Regarding IL1A -889, prevalence of symptoms of dermatitis was lower in appren-

tices with T/T or C/T genotype (32% and 36%) compared with wildtype genotype (54%; 

C/C). This indicates a protective effect of these variant alleles in acquiring hand dermatitis.   

Conclusions  This study provides evidence that some genetic variations alter susceptibility 

to (chronic) dermatitis. Knowledge of the impact of genetic differences on the risk of CICD 

is essential in predictive testing of individuals at-risk.  
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Introduction 

 

Repetitive contact of the skin to irritants can cause irritant contact dermatitis. High-risk 

occupations for developing chronic irritant contact dermatitis (CICD) include hairdressing, 

health care, metalworking and cleaning. In these professions, the prevalence of CICD is 

high, for example, up to 35% of junior hairdressers have been reported to develop ICD dur-

ing their first year.
1
 CICD is often located on the hands and forearms, and is characterised 

by dryness, redness, scaling and fissuring of the skin.
2
 The prognosis of CICD is poor and 

persistent CICD may result in impaired quality of life and loss of work ability.
3,4

  

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

its development.
5
 However, the mechanism of CICD development is not clearly under-

stood. Also, little is known of the predictive value of methods to test an individual’s sus-

ceptibility to acquiring CICD. The prognostic value of, for example, baseline transepider-

mal water loss or a brief sodium lauryl sulphate (SLS) irritation test appears to be poor.
1,6,7

 

Up to now, one of the few, if not the only established predisposing factor for CICD is hav-

ing a history of atopic dermatitis.
8
 

Another approach to assess individual susceptibility concerns inflammatory mediators 

in the skin, e.g. cytokines and chemokines. These mediators play an important role in skin 

inflammation by orchestrating cutaneous inflammatory and repair processes.
9
 The contribu-

tion of cytokines and chemokines in skin irritation was studied in several experimental irri-

tation studies using stratum corneum tape strips, skin suction blister fluids, skin biopsies or 

epidermis-derived fluid.
10-14

 In genes encoding these cytokines, functional polymorphisms 

were found which are associated with several inflammatory diseases, presumably by influ-

encing the levels of these proteins.
15

 One study addressed the association between a single 

nucleotide polymorphism (SNP) and individual susceptibility to experimentally-induced 

skin irritation.
16

 Subjects with a variant tumour necrosis factor (TNF)A -308A allele had a 

lower irritant threshold to SLS, indicating an association between this A allele and in-

creased susceptibility to irritants.  

Knowledge on the role of polymorphisms in genes encoding cytokines that are involved 

in the pathogenesis of CICD, could result in identifying genetic factors leading to CICD 

susceptibility. These predisposing genetic factors may help in the identification of individu-

als at-risk for CICD and could be used for pre-employment counselling and in workers’ 

health surveillance programs. Therefore, we determined whether several polymorphisms in 
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cytokine genes contribute to the occurrence of CICD. Genotypes and variant allele frequen-

cies of nine SNPs in a group of 197 patients with occupational CICD were compared with 

the data of 217 control subjects. We selected a control group which represents the genetic 

distribution of the source population from which the patients originate. So we chose as con-

trols second and third year students in vocational training for high-risk occupations for 

CICD. We selected nine SNPs in five genes coding for cytokines and chemokines that are 

involved in skin irritation,
9
 based on the following criteria: minor (variant) allele frequen-

cies of > 5%, evidence of functionality in in vitro or human studies and known association 

with inflammatory disease.
15

 The following SNPs were selected: interleukin (IL)1A -889, 

IL1A +4845, IL1B -511, IL1B -31, IL8 -251, IL10 -1082, IL10 -592, TNFA -308 and TNFA 

-238. Further, based on data obtained by the involved dermatologists, we investigated the 

association of these SNPs with the sub-diagnoses, type IV sensitizations and flexural ec-

zema in CICD patients. In the control group, we investigated the association between these 

SNPs and self-reported skin abnormalities at the hands and flexural eczema. 

 

 

Methods  

 

Study population 

The inclusion criterion for the patients was CICD of the hands or forearms at examination 

during ≥ 3 months, or medically verified CICD of the hands or forearms during at least 1 

period of ≥ 3 months in the past. All consecutive patients who were seen in the Department 

of Dermatology, University of Osnabrueck between November 2005 and March 2007 and 

met the inclusion criteria were invited to participate; only 16 refused for personal reasons. 

197 patients were included in the study. All patients visit this clinic, which is specialised 

for occupational dermatology, by virtue of the statutory employers’ accident liability insur-

ances. Usually they were referred by their local dermatologists. Further, 75% are in-

patients, who participate in a specific interdisciplinary treatment and prevention pro-

gramme, and 25% are out-patients.
17

 For each patient, a dermatologist completed a detailed 

checklist on sub-diagnoses, course of the disease, patch test results, present or past flexural 

eczema, other atopic signs and occupational activities. The patients were classified using 

the following three diagnoses regarding the hands (i) CICD without atopy, i.e. erythema, 

scaling and fissures, located at the back of the hands or the interdigital web spaces, strictly 
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exposure-dependent course and no signs of atopy, (ii) CICD with atopic skin disposition, 

i.e. clinical features as (i), but additionally previous atopic dermatitis (including flexural 

eczema) or a combination of so called ‘minor criteria’ of skin atopy,
18-20

 and (iii) irritant-

induced atopic eczema, i.e. predominantly palmar itch, vesicles, erythema, oozing, symmet-

rically present and protracted course after exposure discontinuation.
21,22

 The patients were 

employed in varying job sectors at the start of their hand eczema: (I) health care sector, (II) 

metal and construction sector, (III) hairdressing and beauty sector, (IV) food and catering 

sector, (V) cleaning sector, (VI) other sector with skin exposure to irritants and (VII) other 

sector without skin exposure to irritants or unemployed/pensioner. For each patient, a com-

bined exposure-score on wet work and skin exposure to irritants was calculated based on 

the patients’ history as obtained by the dermatologist. For each of both exposures the fol-

lowing scores were defined: no exposure (0 points), < 2 h of exposure per working day (1 

point), 2 - 4 h of exposure per day (2 points) and > 4 h of exposure per day (3 points). The 

exposure-score consisted of the sum of the wet work score and the irritant exposure score; 

it was considered ‘low’ if the sum score was 3 points or less, ‘moderate’ if 4 points and 

‘high’ if 5 or 6 points. This classification was chosen to obtain sufficient numbers in each 

class. 

Controls were apprentices in training for one of the following risk-professions for 

CICD: (I) (geriatric) nurses, (II) metalworkers and mechanics, (III) hairdressers or (IV) 

cooks. They were recruited from the second and third school years at vocational schools in 

Osnabrueck, irrespective of skin abnormalities of the hands. The number of controls se-

lected from each vocational training category was roughly based on the number of patients 

per job category (Table 1). In total, 217 controls were included in the study. All controls 

completed a questionnaire on present and past skin abnormalities at the hands that are signs 

of dermatitis, on present and past flexural eczema and on wet work. 

Patients and controls with chronic inflammatory diseases (e.g. rheumatoid arthritis, 

Crohn’s disease, systemic lupus erythematosus and psoriasis) were excluded. The inclusion 

criteria for patients and controls were: Caucasian and age ≥ 18 years. Written informed con-

sent was obtained from each subject before entering the study. The study was approved by 

the Ethical Committee of the University of Osnabrueck.   
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DNA sampling and isolation 

For the collection of DNA material, buccal mucosa cells were used obtained by rubbing the 

inside of the cheeks with a cotton swab on a plastic stick (Medispo, Oud Beijerland, the 

Netherlands). After the mouth was rinsed with water, two swabs were obtained from each 

subject. After sampling, each swab was placed into a 15 ml tube (Greiner Bio-one, Alphen 

a/d Rijn, the Netherlands) with 2 ml of lysis buffer (Puregene® Cell Lysis Solution, Gentra 

Systems, Minneapolis, MN, USA) to disrupt the cells and stabilize the DNA. Genomic 

DNA was extracted using a commercial DNA isolation kit (Puregene®, Gentra Systems, 

Minneapolis, MN, USA) based on a standard proteinase K digestion method, according to 

the manufacturer’s protocol. The tubes were stored at 4 °C up to 3 months before DNA 

isolation. Upon DNA isolation, 12 µl proteinase K solution (20 mg/ml, Merck, Darmstadt, 

Germany) was added to each tube and incubated overnight at 55 °C. After the samples were 

cooled down to room temperature, the swabs were placed inside a 10 ml syringe (BD 

Plastipak, Franklin Lake, NJ, USA) positioned in a 50 ml tube and centrifuged at 3000 rpm 

for 10 min. The obtained solution was added to the tube with the lysis buffer and subse-

quently 0.7 ml protein precipitation solution (Puregene®, Gentra Systems, Minneapolis, 

MN, USA) was added. After centrifugation at 2500 rpm for 15 min, the supernatant con-

taining the DNA was transferred to a new 15 ml tube and 2 ml isopropanol (Fluka, Deisen-

dorf, Germany) was added. Then the tube was centrifuged at 3000 rpm for 15 min and the 

supernatant was removed. The pellet was transferred to a 2 ml polypropylene tube (Fisher 

Emergo, Landsmeer, the Netherlands) and centrifuged at 14000 rpm for 10 min. After re-

moval of the supernatant, the pellet was washed using 1 ml ethanol (70%) and again centri-

fuged at 14,000 rpm for 1 min. After removal of the ethanol, the DNA pellet was resus-

pended in 100 µl of TE buffer (10 mM Tris, 1 mM EDTA; Sigma-Aldrich, Zwijndrecht, the 

Netherlands). The amount of DNA was quantified by absorbance at 260 nm, and an aliquot 

was diluted to a working concentration of 2-10 ng/µl.   

 

Cytokine genotyping 

Genotyping of IL1A -889 (rs1800587), IL1A +4845 (rs17561), IL1B -511 (rs16944), IL1B -

31 (rs1143627), IL8 -251 (rs4073), IL10 -1082 (rs1800896), IL10 -592 (rs1800872), TNFA 

-308 (rs1800629) and TNFA -238 (rs361525) was performed by means of a fluorogenic 5’ 

nuclease PCR TaqMan® assay (Applied Biosystems, Foster City, CA, USA) using reagents 

obtained by Applied Biosystems (Primer/Probe Mix and TaqMan® Universal PCR Master 
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Mix without AmpErase® UNG). Analyses were performed following the manufacturer’s 

protocol and made on an ABI Prism 7700 sequence detection system (Applied Biosystems, 

Foster City, CA, USA). Each plate contained 2 non-template controls and 5 allelic controls. 

Random replicate samples were determined (11% of all samples) and showed intrasubject 

concordance rates of >99%.  

 

Statistics 

The observed genotype frequencies were compared with the expected Hardy-Weinberg 

distribution by χ
2
 test. Linkage disequilibrium (LD) between SNPs was examined using 

Haploview software (version 3.32, Cambridge, MA, USA). To estimate the risk of disease 

conferred by a particular genotype, we calculated the odds ratios (OR) of being a patient 

with 95% confidence intervals (95%-CI) using logistic regression comparing the heterozy-

gous and homozygous variant allele genotype with the homozygous wildtype genotype 

using the additive model. ORs and 95%-CIs for allele frequencies or haplotypes were cal-

culated using χ
2
 test with the more frequent allele or haplotype as reference. To compare 

the genotype of patients in different classes of exposure, an ordinal regression was used 

with genotype as the dependent variable (additive model) and the exposure as the inde-

pendent. The Cochran-Armitage trend test with the additive genetic model was used to 

compare the frequency of flexural eczema and skin abnormalities between genotypes. The 

χ
2
 test served to compare the frequencies of skin abnormalities between two wet work-

groups. P-values are two-sided. Patients or controls with incidental missing data were ex-

cluded from the analysis of that specific variable. The statistical analysis was performed 

using SPSS software version 12.0 (SPSS Inc., Chicago, IL, USA).  

 

 

Results  

 

Characteristics of patients and controls 

In the 197 patients, the age was 39 ± 12 years (mean ± SD) and 63% were female. 93% of 

the patients reported that they were employed in a job with irritant exposure at the start of 

their hand eczema. The median age at the start of hand eczema was 33 years (range 0 - 60 

years), the median duration of occupational irritant skin exposure until the onset of hand 

eczema was 6 years (range 0 – 41 years) and the median duration of hand eczema until the 
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time of the investigation was 4 years (range 6 months – 50 years). The hand eczema was 

diagnosed as CICD without atopy in 28% of the patients, as CICD with atopic skin disposi-

tion in 23% and the remaining 49% was diagnosed as irritant-induced atopic hand eczema. 

The number of patients employed in each job sector at the start of their hand eczema is 

shown in Table 1. The median duration of occupational irritant skin exposure until the on-

set of hand eczema was notably high in the metal and construction sector (Table 1). The 

diagnosis CICD without atopy was most reported in the metal and construction sector and 

the diagnosis irritant-induced atopic hand eczema was most prevalent in the health care, the 

food and catering and the cleaning sectors (Table 1).   

Of the 217 controls, the age was 22 ± 5 years (mean ± SD); 59% were female. The con-

trol subjects were in vocational training to become a (geriatric) nurse (39%), a metalworker 

or a mechanic (24%), a hairdresser (28%), or a cook (9%). Forty percent of the controls 

reported to have skin abnormalities of the hands at present and 33% reported skin abnor-

malities that became first manifest after the start of their vocational training. The most re-

ported present skin abnormalities of the hands, were dry skin (76% of all controls who re-

ported skin abnormalities), redness (47%), fissures (40%), itching (27%) and/or scaling 

(10%). The median duration since start of these present skin abnormalities was 9 months 

and ranged from 1 week up to 36 years. No differences were found between the percentage 

of controls with present skin changes in the four vocational training groups (data not 

shown). 
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Table 1. Number of patients, years of skin irritant exposure until start of hand eczema and sub-

diagnosis of chronic irritant contact dermatitis (CICD) for the job categories at the start of hand ec-

zema. 

Sector Frequency (%)   Sub-diagnosis   

    

Years of exposure 

until start of hand 

eczema            

(median [range]) 

CICD without 

atopy (%) 

CICD with 

atopic skin 

disposition 

(%) 

Irritant-

induced atopic 

hand eczema 

(%) 

Health care sector  65  (33.0)   5.0 [0 - 34] 15.4 21.5 63.1 

Metal and construction sector  47 (23.9) 11.5 [0 - 41] 51.1 25.5 23.4 

Hairdressing and beauty sector  25 (12.7)   4.8 [0 - 41] 24.0 28.0 48.0 

Food and catering sector  11   (5.6)   7.6 [0 - 29] 18.2 9.1 72.7 

Cleaning sector  10   (5.1)   4.0 [0 - 29] 10.0 20.0 70.0 

Other, with skin exposure  26 (13.2)   7.6 [0 - 24] 38.5 15.4 46.1 

Other, without skin exposure  13   (6.6)   0 15.4 38.5 46.2 

Total 197 (100)   6.0 [0 - 41] 27.9 22.8 49.3 

 

 

Genotype distributions in CICD patients and controls 

In both patient and control group, the genotype distributions of the SNPs did not deviate 

from the Hardy-Weinberg equilibrium. We observed that the IL1A -889 SNP was in com-

plete LD with the IL1A +4845 SNP. Only two haplotypes were found for IL1A -889 and 

+4845: C/G and T/T. Also, the IL1B -511 and IL1B -31 SNPs were in complete LD with 

C/T and T/C as the only two haplotypes. Only the results of IL1A -889 and IL1B -31 geno-

type are given in the following sections. No differences in genotype distribution or variant 

allele frequencies were found between the patient and control group for all studied SNPs 

(Table 2). The IL10 -1082 and IL10 -592 SNPs were in LD (D’ = 1.0, LOD = 35). The fre-

quencies of the three IL10 -1082/IL10 -592 haplotypes in the patient group (51%, 30%, and 

19%, for G/C, A/C and A/A haplotype, respectively) did not differ from the control group 

(49%, 27% and 24%, respectively). The ORs and 95%-CIs were 1.07 (0.77 – 1.47) for A/C 

vs. G/C haplotype and 0.78 (0.55- 1.12) for A/A vs. G/C haplotype.  
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Table 2. Distribution of cytokine single nucleotide polymorphism (SNP) genotypes and allele frequen-

cies in CICD patients (n = 197) and controls (n = 217).  

SNP Genotypes or 

alleles 

Patients  n (%) Controls  n (%) OR   (95%-CI) 

IL1A -889 C/C   96 (48.7%) 106 (48.8%) 1 

 C/T   80 (40.6%)  89  (41.0%) 0.99 (0.66 - 1.49) 

 T/T   21 (10.7%)  22  (10.1%) 1.05 (0.55 - 2.04) 

 C allele 272 (69.0%) 301 (69.4%) 1 

 T allele 122 (31.0%) 133 (30.6%) 1.02 (0.76 - 1.36) 

     
IL1B -31 T/T   85 (43.1%)   86 (39.6%) 1 

 T/C   88 (44.7%) 101 (46.5%) 0.88 (0.58 - 1.33) 

 C/C   24 (12.2%)   30 (13.8%) 0.81 (0.44 - 1.50) 

 T allele 258 (65.5%) 273 (62.9%) 1 

 C allele 136 (34.5%) 161 (37.1%) 0.89 (0.67 - 1.19) 

     
IL8 -251 T/T   57 (28.9%)   55 (25.3%) 1 

 T/A 103 (52.3%) 115 (53.0%) 0.86 (0.55 - 1.36) 

 A/A   37 (18.8%)   47 (21.7%) 0.76 (0.43 - 1.34) 

 T allele 217 (55.1%) 225 (51.8%) 1 

 A allele 177 (44.9%) 209 (48.2%) 0.88 (0.67 - 1.15) 

     
IL10 -1082 A/A   45 (22.8%)   53 (24.4%) 1 

 A/G 104 (52.8%) 115 (53.0%) 1.07 (0.66 - 1.72) 

 G/G   48 (24.4%)   49 (22.6%) 1.15 (0.66 - 2.02) 

 A allele 194 (49.2%) 221 (50.9%) 1 

 G allele 200 (50.8%) 213 (49.1%) 1.07 (0.81 - 1.41) 

     
IL10 -592 C/C 130 (66.0%) 129 (59.4%) 1 

 C/A   59 (29.9%)   74 (34.1%) 0.79 (0.52 - 1.20) 

 A/A     8   (4.1%)   14   (6.5%) 0.57 (0.23 - 1.40) 

 C allele 319 (81.0%) 332 (76.5%) 1 

 A allele   75 (19.0%) 102 (23.5%) 0.77 (0.55 - 1.07) 

     
TNFA -308 G/G 134 (68.0%) 160 (73.7%) 1 

 G/A   54 (27.4%)   52 (24.0%) 1.24 (0.79 - 1.93) 

 A/A     9   (4.6%)     5   (2.3%) 2.15 (0.70 - 6.57) 

 G allele 322 (81.7%) 372 (85.7%) 1 

 A allele   72 (18.3%)   62 (14.3%) 1.34 (0.93 - 1.94) 

     
TNFA -238 G/G 182 (92.4%) 195 (89.9%) 1 

 G/A   15   (7.6%)   21   (9.7%) 0.77 (0.38 - 1.53) 

 A/A     0   (0%)     1   (0.5%) - 

 G allele 379 (96.2%) 411 (94.7%) 1 

 A allele   15   (3.8%)   23   (5.3%) 0.71 (0.36 - 1.38) 

The odds ratios (ORs) and 95%-confidence intervals (CIs) were derived from logistic regression comparing 

the heterozygous and homozygous variant allele genotype with the homozygous wildtype genotype. ORs and 

95%-CIs for allele frequencies were calculated with the most frequent allele as the reference.   
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Findings in patient group  

As in our study CICD patients with different sub-diagnoses were included, we investigated 

whether cytokine SNPs might play a role in these sub-classes of patients. However, geno-

type distributions in the three diagnosis groups did not significantly differ from the control 

group (data not shown).  

As we hypothesised that CICD would occur at relatively low exposure in subjects with 

gene-based susceptibility, we divided the patients employed in a job with present skin ex-

posure (n = 180) in three classes: those with a low, moderate and high exposure-score. Us-

ing ordinal regression, we found a significant change towards an increased frequency of 

variant TNFA -308 genotypes (G/A and A/A genotype) as the skin exposure-score de-

creases (P = 0.024; Figure 1). In the patients with a low exposure (n = 32), the TNFA -308 

genotype distribution showed significantly more variant genotypes (44% and 12% for G/A 

and A/A genotype, respectively) than the control group (24% and 2%). The ORs and 95%-

CIs were 3.08 (1.38 – 6.88) for G/A vs. G/G genotype and 9.14 (2.20 – 38.0) for A/A vs. 

G/G genotype. No differences were found in TNFA -308 genotype distribution of patients 

with a moderate or high exposure-score compared with controls (data not shown). For the 

other cytokine SNPs, no such effects were found. No trends were found as regards the 

prevalence of a specific sub-diagnosis or (a history of) flexural eczema in the low, moder-

ate or high exposure-score classes.   

Of all patients, 53% had one or more type IV sensitizations. No clear differences were 

found between the genotype distribution of subjects with and without type IV sensitizations 

(data not shown).  

We studied whether cytokine SNPs might be a predisposing factor for actual or past 

flexural eczema, which was present in 36% of the patients according to the records of the 

dermatologists. In the patients an increasing prevalence was found for TNFA -308 geno-

type: 30% (38/126) of those with wildtype genotype (G/G) had flexural eczema, 48% 

(23/48) of those with G/A genotype and 57% (4/7) of those with A/A genotype (χ
2
 for 

trend, P = 0.014). No relations were found for the other cytokine SNPs.  
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Figure 1. Genotype distribution of the TNFA -308 polymorphism in chronic irritant contact dermatitis 

patients, in the three exposure-score groups according to combined wet work and irritant exposure and 

in controls.  

 

 

Findings in control group 

As 40% of the controls reported skin abnormalities at the hands, we studied whether cyto-

kine SNPs might be a risk factor of skin abnormalities in this group. We found a decreasing 

prevalence of skin abnormalities that were present at the time of the investigation or that 

had started during their vocational training for IL1A -889 genotype: 54% (57/106) of those 

with IL1A -889 wildtype genotype (C/C) had present or past skin abnormalities, 36% 

(32/89) of C/T genotype and 32% (7/22) of T/T genotype (χ
2
 for trend, P = 0.008). Further, 

41% (38/93) of subjects with IL1A -889 C/C genotype reported to have (first) onset of skin 

abnormalities after the start of their vocational training, 27% (22/83) of C/T genotype and 

19% (4/21) of T/T genotype (P = 0.016). No associations were found between the preva-

lence of skin abnormalities and the other cytokine SNPs. The prevalence of present skin 

abnormalities at the hands tended to be higher in controls who reported more than 4 h of 

wet work per day (45%) compared with those who did less than 4 h (33%; P = 0.09). 

Twenty percent of the controls reported in the questionnaire that they had present or 

past flexural eczema. We found no indication of a relation between TNFA -308 genotype or 

any of the other cytokine genotypes and flexural eczema in the control group.  
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Discussion 

 

This is the first study, to our knowledge, that investigated the effect of polymorphisms in 

cytokine genes on the risk of CICD. Although we found no clear differences between the 

patient group and the controls as a whole, three results show interesting effects of cytokine 

SNPs. (i) In patients with low exposure, the variant TNFA -308A allele was associated with 

increased risk of CICD. (ii) The variant TNFA -308A allele was associated with an in-

creased prevalence of flexural eczema in the patient group. (iii) The variant IL1A -889T 

allele was associated with a lower prevalence of dermatitis in the control group.  

As regards the ORs and the 95%-CIs, our study groups were of sufficient size to ex-

clude strong effects (i.e. OR > 2) of cytokine SNPs on risk of CICD. If we had included 

more CICD patients, we might have been able to detect small effects of TNFA -308, TNFA 

-238 and IL10 -592 variant alleles (observed ORs 1.34, 0.71 and 0.77).  

Our control group consisted of apprentices in training for high-risk occupations for 

CICD. We presume that this group represents the genetic distribution of those who have 

chosen for a high risk occupation. We took into account the possibility that in our study 

population a pre-selection process could have occurred, i.e. that persons who know that 

they are sensitive to dermatitis would avoid a high risk occupation. If this were true, the 

apprentices would have a lower prevalence of predisposing SNPs compared to the general 

population. This selection process likely was negligible because the genotype distribution 

of our control group and healthy German Caucasian blood donors was closely similar.
23

 A 

substantial loss of susceptible control subjects after entering vocational training can be ex-

cluded as, according to the schools, we missed at most one or two apprentices who devel-

oped hand eczema and quit their training. 

Our patient group consisted of cases of occupational CICD visiting the Dermatology 

Department in Osnabrueck. We will have missed some susceptible workers who reduced 

their exposure or moved to an occupation without irritant skin exposure because of the ap-

pearance of hand eczema. This will have shifted our results towards the null-hypothesis. 

Only a prospective cohort study design can prevent such a selection process. The failure to 

show an effect may also be due to the presence of other causes of susceptibility to CICD, 

e.g. high skin exposure to irritants or unknown susceptibility genes. This reduces the impact 

of the genotypes under study in the patient group and shifts the ORs towards unity. In 

summary, regarding the group-wise comparison, we think that some effect of a susceptibil-
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ity polymorphism can have been missed. Our finding that preferentially among the lower 

exposed patients the presence of the variant TNFA -308A allele was increased, fits to the 

assumption that in patients with a high susceptibility, the irritant contact dermatitis appears 

at a lower exposure level compared with the patients with normal susceptibility. We men-

tion that the exposure-score was a rather rough estimate of the patients’ skin exposure and 

we assume that comprehensive occupational skin exposure monitoring would have given an 

even better relation with the presence of the variant TNFA -308A allele.  

As our control group consists of apprentices, who differ from the patients in age, dura-

tion and level of skin exposure to irritants, non-genetic risk factors of CICD can not be in-

vestigated by comparison of the CICD patients with the controls.  

For the first time, an association was revealed between the TNFA -308A allele and the 

prevalence of flexural eczema in CICD patients. A study investigating this SNP in relation 

to risk of atopic dermatitis did not show an association,
24

 possibly due to the inclusion of 

atopic dermatitis patients with various phenotypes. We have no hypothesis by which 

mechanism this SNP increases the risk of flexural eczema. The variant TNFA -308A allele 

appeared to be associated with a low threshold to acute skin irritation
16

 and with an in-

creased susceptibility to allergic contact dermatitis.
25

 This variant allele has also been 

linked to increased TNF-α production,
26,27

 which, however, was not confirmed by others.
28

  

In our study, the variant T allele of the IL1A -889 SNP showed a protective effect with 

respect to symptoms of dermatitis at the hands in a group of apprentices involved in high 

risk activities to obtain skin irritation. The IL1A -889T allele has been associated with an 

increased risk of rheumatoid arthritis, periodontitis and Alzheimer’s disease;
15

 other studies 

showed no association.
15,29

 Others reported a decreased risk of systemic lupus erythemato-

sus
30

 and systemic sclerosis.
31

 An explanation might be found in the fact that rheumatoid 

arthritis, periodontitis and Alzheimer’s disease are generally considered as ‘T helper 1 

(Th1)’ cytokine mediated diseases,
32-34

 whereas systemic lupus erythematosus and systemic 

sclerosis are typical ‘Th2’-diseases.
35,36

 Possibly, the IL1A -889T allele exerts its predispos-

ing or preventative effect via Th1 polarization by altered IL-1α expression.  

The IL1A -889 polymorphism is located in the promoter region which may alter tran-

scriptional activity of the IL1A gene.
37

 We investigated the association between the IL1A -

889 SNP and IL-1α cytokine levels in the stratum corneum. The IL-1α concentration was 

23% and 47% lower in subjects with IL1A C/T genotype and T/T genotype, respectively, 

compared with subjects with the C/C wildtype genotype.
38

 The reduced cutaneous level of 



Cytokine gene polymorphisms and CICD 

 145 

the pro-inflammatory cytokine IL-1α associated with the IL1A -889T allele explains a pro-

tective effect of this allele towards hand dermatitis.  

We observed that the IL1A -889 SNP was in complete LD with the IL1A +4845 SNP 

and IL1B -31 with IL1B -511. This observation has also been reported in the Caucasian 

population by other investigators.
31,39

 This implicates that the described associations with 

regard to the IL1A -889 SNP and the IL1B -31 SNP also apply to the IL1A +4845 SNP and 

the IL1B -511 SNP, respectively.  

We found a prevalence of symptoms of dermatitis of 40% in our control group, which 

agrees to previously reported frequencies in nursing, hairdressing, metalworking and cook-

ing apprentices.
1,40-43

 In those groups, the frequencies ranged from a period prevalence of 

23% for at least mild signs of hand eczema during a 2.5 year observation period in metal-

working trainees
41

 to a point prevalence of 51% in third year hairdressing apprentices.
43

 In 

the general population, the one-year prevalence of symptoms of hand dermatitis is 6-

12%.
8,44

  

This study provides evidence that genetic polymorphisms of TNFA -308 and IL1A -889 

influence the susceptibility to (chronic) dermatitis. We expect that further studies of the 

associations as found by us will lead to more insight in the role of the interindividual ge-

netic differences and the occurrence of inflammatory skin disorders. In future, this knowl-

edge will be essential in predictive testing of individuals at-risk in pre-employment coun-

selling and in workers’ health surveillance programs or in the treatment of patients.  
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Abstract 

 

Background and objectives  Polymorphisms in the filaggrin (FLG) gene which result in loss 

of filaggrin production, may alter the skin barrier and are a well-known predisposing factor 

for atopic dermatitis. As a compromised skin barrier and atopic dermatitis are risk factors for 

chronic irritant contact dermatitis (CICD), our objective was to determine whether polymor-

phisms in the FLG gene contribute to the occurrence of occupational CICD.  

Methods  In a case-control study, the FLG polymorphisms R501X and 2282del4 were deter-

mined in 206 patients with CICD. 217 apprentices in vocational training for high-risk occupa-

tions for CICD were chosen as controls. Data on skin condition were collected by dermatolo-

gists for patients and questionnaires for controls. 

Results  We found no clear difference between the patient and control group in the frequency 

of carriers of a FLG null allele (9.7% vs. 7.4%; OR = 1.35, 95%-CI 0.68 - 2.69). The fre-

quency of carriers in CICD patients with skin atopy (11.9%) tended to be higher than in CICD 

patients without atopy (3.6%; P = 0.08), but not higher compared with the control group 

(7.4%; P = 0.14). 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), but less clearly in 

controls (36% vs. 19%; P = 0.13).  

Conclusions  Our study suggests that 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 previous findings.  
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Introduction 

 

Workers involved in wet work or having frequent skin contact with chemicals, for example 

hairdressers, nurses, metalworkers and cleaners are at high risk to acquire chronic irritant con-

tact dermatitis (CICD).
1
 This skin disease, which is most frequently localized on the hands, is 

characterized by dryness, redness, scaling and hyperkeratosis.
2
 Occupationally induced CICD 

often has a poor prognosis and may lead to long sick leave periods, change of occupation and 

an impaired quality of life.
3-5

 CICD is a multifactorial disorder; both genetic and environ-

mental factors play a role in its development.
6
 However, the mechanism of the development 

of CICD and factors that predispose individuals to this skin disease are only partially under-

stood.  

The stratum corneum (SC) constitutes the principal barrier of the skin to penetration of 

substances.
7
 A proper skin barrier function is essential in the prevention of skin irritation 

when working with irritants.
8
 The protein filaggrin plays an important role in the structure and 

the hydration of the SC. Filaggrin, acronym for filament-aggregating protein, promotes the 

flattened shape of corneocytes by packing keratin filaments into bundles to form the keratin 

skeleton.
9
 During the cornification process, the protein profilaggrin is proteolytically cleaved 

and released as 10 to 12 individual filaggrin units. After exerting its role in the formation of 

keratin filament bundles, filaggrin is degraded, mostly into free amino acids.
9,10

 These amino 

acids, which form the majority of the natural moisturising factors, are highly hygroscopic and 

contribute to the water retention in the SC.
10

 The gene encoding filaggrin (FLG) is located 

within the epidermal differentiation complex on chromosome 1q21, a dense cluster of genes 

involved in the terminal epidermal differentiation and formation of the SC.
11

 Recently, two 

polymorphisms in the FLG gene were identified, which both encode for a premature termina-

tion codon located in the first FLG repeat, leading to a complete loss of processed filaggrin.
12

 

These mutations were originally found to be a cause of ichthyosis vulgaris, a keratinisation 

disorder characterised by a very dry and flaky skin. Processed filaggrin was completely absent 

in homozygous carriers and compound heterozygous carriers, i.e. heterozygous for both 

polymorphisms.
12

 Upon further investigation, these so called FLG null alleles, designated as 

R501X and 2822del4, were also shown to be a predisposing factor for atopic dermatitis.
13

 

Atopic dermatitis is a chronic inflammatory skin disease characterized by pruritic, eczematoid 

lesions and a course marked by exacerbations and remissions.
14

 The symptoms usually start in 

early infancy or childhood, often with flexural eczema, and can persist into adulthood. Several 
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studies showed that, depending on the disease phenotype, between 16% and 56% of atopic 

dermatitis patients carried one or more FLG null alleles, in comparison with 5% to 10% of 

subjects in the general European population.
13,15-21

 These findings confirm the already exist-

ing hypothesis of a barrier dysfunction underlying atopic dermatitis in at least part of the pa-

tients.
22

  

Using immunohistochemistry, heterozygote carriers of a FLG null allele were found to 

have reduced amounts of filaggrin in their epidermis compared to subjects with the wildtype 

genotype.
23,24

 In line, heterozygotes had a significant lower amount of natural moisturizing 

factor in their SC as determined by confocal Raman spectroscopy.
25

 In addition, these carriers 

had a higher baseline transepidermal water loss (TEWL) and an increased skin irritability to 

sodium lauryl sulphate (manuscript in preparation). Despite of an impaired skin barrier asso-

ciated with a filaggrin deficiency, not all persons carrying a FLG null allele had a history of 

atopic dermatitis.
13,25

 

Present or past atopic dermatitis is a predisposing factor for hand eczema corresponding 

with a factor 2 increased risk
26-28

 and for CICD.
29

 As FLG polymorphisms appeared to be a 

substantial risk factor for atopic dermatitis, an elevated frequency of these polymorphisms is 

to be expected in the CICD patients with a history of atopic dermatitis. The hypothetic role of 

FLG null alleles in the causation of CICD among those with atopic dermatitis is shown as 

pathway A in Figure 1. In addition, as a filaggrin deficiency affects the skin barrier, this may 

also directly increase an individual’s susceptibility to skin irritants and induce CICD follow-

ing pathway B (Figure 1). Skin exposure to irritants is needed to develop CICD, but may also 

play a role in the development of atopic dermatitis.  
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Figure 1. Hypothesised role of FLG polymorphisms (null alleles) in the causation of CICD. ‘Exp’ denotes 

external skin insults, e.g. by irritants. 

 

 

Our objective was to determine whether the FLG R501X and 2282del4 polymorphisms con-

tribute to the occurrence of CICD. In a case-control study, the frequencies of these polymor-

phisms in a group of 206 patients with occupational CICD were compared with the data of 

217 control subjects. We selected a control group which represents the genetic distribution of 

the source population from which the patients originate. So we chose as controls second and 

third year students in vocational training for high-risk occupations for CICD. Further, based 

on data obtained by the dermatologists involved, we investigated the association of the FLG 

null alleles with the sub-diagnoses, type IV sensitizations, dry skin, flexural eczema and time 

of onset of hand eczema in CICD patients. In the control group, we investigated the associa-

tion between these FLG null alleles and self-reported skin abnormalities at the hands and 

flexural eczema.  

 

 

Methods  

 

Study population 

The inclusion criterion for the patients was CICD of the hands or forearms at examination 

during ≥ 3 months, or medically verified CICD of the hands or forearms during at least 1 pe-

riod of ≥ 3 months in the past. All consecutive patients who were seen in the Department of 

Dermatology, University of Osnabrueck between November 2005 and April 2007 and met the 
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inclusion criteria were invited to participate; only 16 refused for personal reasons. 206 pa-

tients were included in the study. All patients visit this clinic, which is specialised for occupa-

tional dermatology, by virtue of the statutory employers’ accident liability insurances. Most of 

them were referred by their local dermatologists. Further, 75% are in-patients, who participate 

in a specific interdisciplinary treatment and prevention programme, and 25% are out-

patients.
30

 For each patient, a dermatologist completed a detailed checklist on sub-diagnoses, 

course of the disease, present or past flexural eczema, other atopic signs and on occupational 

activities. The patients were classified using the following three diagnoses regarding the 

hands (i) CICD without atopy, i.e. erythema, scaling and fissures, located at the back of the 

hands or the interdigital web spaces, strictly exposure-dependent course and no signs of 

atopy, (ii) CICD with atopic skin disposition, i.e. clinical features as (i), but additionally pre-

vious atopic dermatitis (including flexural eczema) or a combination of so called ‘minor crite-

ria’ of skin atopy,
31-33

 and (iii) irritant-induced atopic eczema, i.e. predominantly palmar itch, 

vesicles, erythema, oozing, symmetrically present and protracted course after exposure dis-

continuation.
34,35

 The patients were employed in varying job sectors at the start of their hand 

eczema: (I) health care sector, (II) metal and construction sector, (III) hairdressing and beauty 

sector, (IV) food and catering sector, (V) cleaning sector, (VI) other sector with skin exposure 

to irritants and (VII) other sector without skin exposure to irritants or unemployed/pensioner.  

Controls were apprentices in training for one of the following risk-professions for CICD: 

(I) (geriatric) nurses, (II) metalworkers and mechanics, (III) hairdressers or (IV) cooks. They 

were recruited from the second and third school years at vocational schools in Osnabrueck, 

irrespective of skin abnormalities of the hands. The number of controls selected from each 

vocational training category was roughly based on the number of patients per job category. In 

total, 217 controls were included in the study. All controls completed a questionnaire on pre-

sent and past skin abnormalities at the hands that are signs of dermatitis, on present and past 

flexural eczema and on wet work.  

Patients and controls with chronic inflammatory diseases (e.g. rheumatoid arthritis, 

Crohn’s disease, systemic lupus erythematosus and psoriasis) were excluded. The inclusion 

criteria for patients and controls were: Caucasian and age ≥ 18 years. Written informed con-

sent was obtained from each subject before entering the study. The study was approved by the 

Ethical Committee of the University of Osnabrueck.   
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DNA sampling and isolation 

For collection of DNA material, buccal mucosa cells were used obtained by rubbing the in-

side of the cheeks with a cotton swab on a plastic stick (Medispo, Oud Beijerland, the Nether-

lands). After the mouth was rinsed with water, two swabs were obtained. After sampling, each 

swab was placed into a 15 ml tube (Greiner Bio-one, Alphen a/d Rijn, the Netherlands) with 2 

ml of lysis buffer (Puregene® Cell Lysis Solution, Gentra Systems, Minneapolis, MN, USA) 

to disrupt the cells and stabilize the DNA. Genomic DNA was extracted using a commercial 

DNA isolation kit (Puregene®, Gentra Systems, Minneapolis, MN, USA) based on a standard 

proteinase K digestion method according to the manufacturer’s protocol and described else-

where.
36

 The tubes were stored at 4 °C up to 3 months before DNA isolation. The amount of 

DNA was quantified by absorbance at 260 nm, and an aliquot was diluted to a working con-

centration of 2-10 ng/µl.   

 

FLG genotyping 

The polymorphisms R501X and 2282del4 were genotyped by methods based on Palmer et 

al.
13

 Genotyping for R501X was performed by means of a fluorogenic 5’ nuclease PCR 

TaqMan® assay (Applied Biosystems, Foster City, CA, USA) using reagents obtained from 

Applied Biosystems (primers, probes and TaqMan® Universal PCR Master Mix without Am-

pErase® UNG) following the manufacturer’s protocol. R501X was typed by using the primer 

pair CCCTCTTGGGACGCTGAA and CACTGGAGGAAGACAAGGATCG, and the probes 

VIC-AGCTGTCTCATGCCT and 6FAM-AGCTGTCTCGTGCCT. Analyses were made on 

an ABI Prism 7700 sequence detection system (Applied Biosystems, Foster City, CA, USA).  

Genotyping for 2282del4 was performed by sizing a fluorescently labelled PCR fragment 

on a DNA sequencer (Abi Prism 3100 Genetic Analyzer, Applied Biosystems) using Gene-

Mapper software (v4.0, Applied Biosystems). The polymorphism was typed by using the 

primer pair: TCCCGCCACCAGCTCCA and 6FAM-CTGATGGTGACCAGCCTGT. PCR 

reactions (20 µl) were performed using AmpliTaq Gold PCR Master Mix (Applied Biosys-

tems). Reactions were amplified as follows: 95 °C (5 min), one cycle; 95 °C (15 s), 51 °C (15 

s) and 72 °C (45 s), 33 cycles; and 72 °C (7 min), one cycle (MyCycler, Bio-Rad, Hercules, 

CA, USA). Fragments were diluted 1:40 and sized against ROX-350 size markers (Applied 

Biosystems) according to the manufacturer’s protocol. The wildtype allele was 190 bp, and 

the 2282del4 allele was 186 bp.  



Chapter 4.3 

 156 

In both assays, DNA samples of known mutant-genotype (kindly provided by Prof. H. 

Traupe, Department of Dermatology, University of Muenster, Germany) were used as a posi-

tive control. Further, each plate contained 2 non-template controls and 5 allelic controls. Ran-

dom replicate samples (15% of all samples) were determined and showed intrasubject con-

cordance rates of > 98%.  

 

Statistics 

The observed genotype frequencies were compared with the expected Hardy-Weinberg distri-

bution by χ
2
 test. To estimate the risk of disease conferred by a particular genotype, we calcu-

lated the odds ratios (OR) with 95% confidence intervals (95%-CI) of being a patient using 

logistic regression comparing the heterozygous and homozygous variant allele genotype with 

the wildtype genotype. The χ
2
 test was used to compare the frequency of carriers of one or 

more FLG null alleles between the patients and controls or between subgroups of patients and 

controls. The χ
2
 test was also used to compare the frequencies of flexural eczema, type IV 

sensitizations, dry skin and skin abnormalities between carriers and non-carriers. The non-

parametric Mann-Whitney U test was used to compare duration of skin exposure between 

carriers and non-carriers. P-values are two-sided. Patients or controls with incidental missing 

data were excluded from the analysis of that specific variable. The statistical analysis was 

performed using SPSS software version 12.0 (SPSS Inc., Chicago, IL, USA).  

 

 

Results   

 

Characteristics of CICD patients and controls 

Of the 206 CICD patients, the age was 40 ± 12 years (mean ± SD) and 64% were female. 93% 

of the patients reported that they were employed in a job with irritant exposure at the start of 

their hand eczema. The median age at the start of hand eczema was 33 years (range 0 – 60 

years), the median duration of occupational irritant skin exposure until the onset of hand ec-

zema was 6 years (range 0 – 41 years) and the median duration of hand eczema until the time 

of the investigation was 4 years (range 6 months – 50 years). The hand eczema was diagnosed 

as CICD without atopy in 27% of the patients, as CICD with atopic skin disposition in 24% 

and the remaining 49% was diagnosed as irritant-induced atopic hand eczema. The number of 

patients employed in each job sector at the start of their hand eczema is shown in Table 1. The 
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percentage of females was highest in the health care sector and lowest in the metal and con-

struction sector (Table 1). The diagnosis CICD without atopy was most reported in the metal 

and construction sector and the diagnosis irritant-induced atopic hand eczema was most 

prevalent in the health care, the food and catering and the cleaning sectors.   

Of the 217 controls, the age was 22 ± 5 years (mean ± SD); 59% were female. The control 

subjects were in vocational training to become a nurse (39%), a metalworker or a mechanic 

(24%), a hairdresser (28%), or a cook (9%). Forty percent of the controls reported to have 

skin abnormalities at the hands at present and 33% reported that skin abnormalities became 

first manifest after the start of their vocational training. The most reported present skin ab-

normalities of the hands were dry skin (76% of all controls with skin abnormalities), redness 

(47%), fissures (40%), itching (27%) and/or scaling (10%). The median duration since the 

start of the present skin abnormalities was 9 months and ranged from 1 week up to 36 years.  

 

Table 1. Number of patients, gender and sub-diagnosis of chronic irritant contact dermatitis (CICD) for 

the job categories at the start of hand eczema. 

Sector Frequency (%)   Sub-diagnosis   

    

Females (%) 

CICD without 

atopy (%) 

CICD with 

atopic skin 

disposition (%) 

Irritant-induced 

atopic hand 

eczema (%) 

Health care sector  67 (32.5) 95.5 14.9 22.4 62.7 

Metal and construction sector  49 (23.8) 6.1 49.0 26.5 24.5 

Hairdressing and beauty sector  26 (12.6) 84.6 23.0 30.8 46.2 

Food and catering sector  12   (5.8) 75.0 16.7   8.3 75.0 

Cleaning sector  12   (5.8) 83.3 8.4 33.3 58.3 

Other, with skin exposure  26 (12.6) 38.5 38.4 15.4 46.2 

Other, without skin exposure  14   (6.8) 92.9 14.3 35.7 50.0 

Total 206 (100) 63.6 26.7 24.3 49.0 

 

 

FLG genotype in CICD patients and controls 

In both patient and control group, the genotype distributions of the R501X and 2282del4 

polymorphisms did not deviate from the Hardy-Weinberg equilibrium. For both polymor-

phisms, we found no clear difference between the patient and control group in the frequency 

of carriers of one or more FLG null alleles (Table 2). In the patient group, 9.7% was carrier of 
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one or more FLG null alleles compared with 7.4% in controls (OR = 1.35, 95%-CI 0.68 – 

2.69).  

 

 

Table 2. Genotype distribution of the R501X and 2282del4 FLG polymorphisms in chronic irritant contact 

dermatitis patients and controls.  

Polymorphism Genotype Patients  n (%) Controls  n (%) OR   (95%-CI) 

R501X AA 198 (96.1) 213 (98.2) 1 

 Aa     8   (3.9)     4   (1.8) 2.15 (0.64-7.26) 

 aa     0   (0)     0   (0) - 

     
2282del4 AA 194 (94.2) 205 (94.5) 1 

 Aa   12   (5.8)   11   (5.1) 1.15 (0.50-2.67) 

 aa     0   (0)     1   (0.5) - 

     
Combined AA 186 (90.3) 201 (92.6) 1 

 Aa*   20   (9.7)   15   (6.9) 1.44 (0.72-2.90) 

 aa**     0   (0)     1   (0.5) - 

AA, homozygous wildtype; Aa, heterozygous; aa, homozygous variant; *Heterozygous for R501X or 2282del4; 

**Homozygous for R501X or 2282del4; or compound heterozygous. OR, odds ratio; CI, confidence interval 

 

 

Findings in patient group 

As in our study CICD patients with different sub-diagnoses were included, we investigated 

the association of FLG null alleles with these sub-diagnoses. In the subgroup of patients diag-

nosed as CICD without atopy, 3.6% (2/55) was carrier of a FLG null allele, 14.0% (7/50) was 

carrier in the subgroup diagnosed as CICD with atopic skin disposition, and 10.9% (11/101) 

of patients diagnosed as irritant-induced atopic hand eczema. The percentage of carriers in 

each of these three sub-diagnosis groups did not differ significantly from the control group 

(7.4% in the control group; 16/217, P > 0.15 for all comparisons). The percentage of carriers 

in patients diagnosed as ‘skin atopics’ i.e. CICD with atopic skin disposition or irritant-

induced atopic hand eczema was 11.9% (18/151), which tended to be higher than the 3.6% 

(2/55) carriers in those diagnosed as CICD without atopy (P = 0.08), but not higher compared 

with the control group (P = 0.14).  

We studied whether FLG null alleles might be a predisposing factor for present or past 

flexural eczema, which was recorded by the dermatologists in 35% of the patients. An in-
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creased lifetime prevalence of flexural eczema was found for patients with a FLG null allele: 

60% (12/20) of carriers of a FLG null allele had flexural eczema vs. 32% (55/170) of non-

carriers (P = 0.014). Or by another approach, in patients with a history of flexural eczema 

18% (12/67) was carrier of a FLG null allele and in those without flexural eczema 7% 

(8/123). The lifetime prevalence of flexural eczema was 33% (14/42) in patients diagnosed as 

CICD with atopic disposition and 55% (53/96) in patients diagnosed as irritant-induced atopic 

hand eczema.  

Of all patients, 53% had one or more type IV sensitizations. The prevalence of one or 

more type IV sensitizations was 40% (8/20) in carriers of a FLG null allele, which did not 

differ significantly from the 55% (102/186) as reported in non-carriers (P = 0.20). A substan-

tial part of the patients had a dry skin (60%), with a prevalence of 75% (15/20) in carriers and 

58% (105/180) in non-carriers (P = 0.15).  

We studied whether FLG null alleles shortens the duration of irritant skin exposure to the 

onset of hand eczema. The median duration of exposure before the start of hand eczema was 

5.4 (range 0 - 29) years in carriers, which was not different from a median duration of 6.0 

(range 0 - 41) years in non-carriers (P > 0.2).  

 

Findings in control group 

Of the controls, 40% reported skin abnormalities at the hands at the time of the investigation. 

We studied whether having one or more FLG null alleles might be a risk factor for skin ab-

normalities in this group. The prevalence of present skin abnormalities or past skin abnormali-

ties which had started during their vocational training was 57% (8/14) in carriers of one or 

more FLG null alleles, compared with 41% (71/175) in non-carriers (P > 0.2). In carriers, the 

prevalence of having skin abnormalities at the hands before the start of the vocational training 

was 43% (6/14), which was significantly higher than 10% (17/175) in non-carriers (P < 

0.001).  

We studied whether FLG null alleles might be a predisposing factor for flexural eczema, 

which was reported in the questionnaires in 20% of the controls. The lifetime prevalence of 

self-reported flexural eczema was 36% (5/14) in carriers of one or more FLG null alleles, 

compared to a prevalence of 19% (35/184) in non-carriers (P = 0.13).  
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Discussion 

 

This is the first study, to our knowledge, that investigated the association between polymor-

phisms in the FLG gene and occupational CICD. We found no effect (OR = 1.35, 95%-CI 

0.68 - 2.69) of the FLG loss-of-function polymorphisms R501X and 2282del4 on risk of this 

skin disease.  

As regards the control group, the frequency of carriers of R501X and 2282del4 null alleles 

in our apprentices (7.4%) was within the range of the reported frequency of carriers in Ger-

man population controls (6-10%).
17-19,37

  

FLG null alleles are a predisposing factor for atopic dermatitis,
13

 therefore we expected to 

find an increased frequency of these alleles at least in the subgroup of patients with an atopic 

skin disposition (73% of all patients) or in patients with the sub-diagnosis irritant-induced 

atopic hand eczema (49% of all patients) compared with the control group. The frequency of 

11.9% and 10.9% carriers, respectively, although not significant, was in line with this expec-

tation. Among those patients diagnosed as CICD without atopy, we found a frequency of as 

low as 3.9% carriers, which may indicate that an impaired skin barrier without atopy (path-

way B), as shown in Figure 1, is not very likely as a cause of CICD.  

A large proportion (35%) of our patients had present or previous flexural eczema, which 

is a characteristic of atopic dermatitis. In this subgroup of patients, we found an increased 

frequency of FLG null allele carriers (18%), which is in agreement with the percentage of 

carriers of these risk alleles reported in the literature in adult patients with unspecified atopic 

dermatitis (range 16-21%).
16,18,19

 The lifetime prevalence of self-reported flexural eczema in 

carriers of a FLG null allele was 2 times higher compared with the wildtype genotype in the 

group of apprentices (36% vs. 19%), which is in agreement with a higher lifetime prevalence 

of flexural eczema (60%) in carriers compared with non-carriers (32%) in patients.  

Recently published studies showed a lifetime prevalence of atopic dermatitis of 15-20% in 

children and adolescents in Western countries.
38-42

 As 20% of our apprentices reported a his-

tory of flexural eczema, which is a characteristic of atopic dermatitis, our data confirm the 

findings of Nyren et al. who reported that a subject with a history of atopic dermatitis in 

childhood does not seem to avoid a job with a high risk of hand eczema.
43

  

Recently, Lerbaek et al. published a population-based study, in which they investigated 

the association between FLG null alleles and self-reported hand eczema, including irritant and 

allergic contact dermatitis, atopic dermatitis, mixed forms and some subjects with vesicular 
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and hyperkeratotic hand eczema.
44

 Similar to our results, the FLG null alleles R501X and 

2282del4 did not appear to be a risk factor for hand eczema.  

The occurrence of signs of dermatitis at the hands during the vocational training of the 

apprentices was high, both in carriers (57%) of a FLG null allele and in non-carriers (41%). 

However, before the start of the vocational training, signs of dermatitis were four times more 

prevalent in carriers (43%) than in non-carriers (10%). An increase in prevalence of signs of 

hand dermatitis during vocational training was to be expected as the apprentices, in training 

for high risk occupations, perform wet work and/or are exposed to skin irritants. However, we 

do not have an explanation why the increase was less prominent among carriers of a FLG null 

allele compared with non-carriers. Future studies could investigate e.g. whether apprentices 

who are aware of their increased susceptibility take more protective measures.  

Recently, we have reported that carriers of a FLG null allele have reduced amounts of 

natural moisturizing factors in their SC and reported dry skin.
25

 Therefore, we studied the 

relation between dry skin and FLG null alleles in patients. However, prevalence of dry skin 

seemed only slightly higher in carriers (75%) compared with non-carriers (58%). Possibly 

other factors present in our patient population might mask an effect of FLG deficiency. Filag-

grin-deficient subjects were shown to have a reduced skin barrier function indicated by a 

higher transepidermal water loss,
25

 therefore one would expect an increased prevalence of 

allergic sensitizations. However, this factor was not different between carriers and non-

carriers (40% vs. 55%), which is in line with the recently published findings of Lerbaek et al. 

who did not find an association between contact allergy and FLG null alleles in a population-

based study.
44

 More research is needed to determine whether the hypothesis on increased risk 

of allergic sensitizations in carriers of FLG null alleles can be disproved.  

Recently, 11 other null-mutations in the FLG gene have been discovered in the European 

population,
21,45

 however, additional screening for these FLG polymorphisms will likely not 

change our results, as the sum of their frequencies is only ~2% in the general population.
21

 

Our patient group consisted of cases of occupational CICD visiting the Dermatology De-

partment in Osnabrueck. We will have missed some workers with a FLG null allele who re-

duced their exposure or moved to an occupation without irritant skin exposure after early ap-

pearance of hand eczema. This will have shifted our results towards the null-hypothesis. Our 

patients reported a median age at onset of hand eczema of 33 years, which was more than 10 

years later than the median age of onset of 20 years reported in a large cohort of hairdressers
46

 

or 21 to 25 years in the general population.
46,47

 This may indicate that we have missed several 
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patients who developed signs of hand eczema at a young age. The failure to show more clear 

effects may also be due to the presence of patients with other causes than a high genetic sus-

ceptibility to CICD. The CICD in part of the patients might have been caused predominantly 

by a high skin exposure to irritants. These patients reduce the impact of the susceptibility 

genotypes under study in the patient group and consequently shift the ORs towards unity. 

Such an effect will be aggravated if genetic susceptibility can be caused by several other 

polymorphisms, e.g. functional polymorphisms in genes coding for inflammatory mediators 

or proteins essential for the skin barrier. In view of the inevitable loss of genetically suscepti-

ble workers during their career preceding a case-control study, the contribution of a filaggrin 

deficiency to CICD should preferably be determined by means of a prospective cohort study. 

In such a study, the participants should be followed from the start of their vocational training. 

An additional important advantage of a cohort study design is that the contributing effect of 

the level of exposure can be studied. For the moment, our study suggests that FLG polymor-

phisms are not a substantial risk factor of CICD.  
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General Discussion 

 

This thesis aimed at obtaining more insight in individual susceptibility factors to acquire oc-

cupational chronic irritant contact dermatitis (CICD). To this end, studies were performed 

focussing on three aspects: (1) permeability of the skin barrier, (2) changes in cytokine levels 

in the skin in experimental irritation and (3) the role of genetic polymorphisms. This chapter 

will discuss the main findings of this thesis and will present recommendations for further re-

search and for the occupational health practice.  

 

 

1. Skin barrier 

 

In volunteers, after a brief exposure to the model irritant sodium lauryl sulphate (SLS), the 

extent of damage to the skin barrier as measured by the increase in transepidermal water loss 

(TEWL) appeared to be dependent on the thickness of the stratum corneum (SC), and on the 

penetration parameters diffusivity and partition coefficient of SLS between SC and water 

(Chapter 2.1). As shown here, a more permeable skin is more susceptible to skin irritation. 

The structure and composition of the SC, as reflected in the parameters diffusivity and parti-

tion coefficient, as well as the thickness of the SC layer were important factors, which empha-

sizes the need for skin care to maintain a proper skin barrier in workers exposed to skin irri-

tants. The differences in skin permeability between individuals could only partially explain 

the considerable interindividual differences in skin barrier damage and inflammation caused 

by a single exposure to a skin irritant. Therefore factors other than permeability will also play 

a role in individual susceptibility irritation by SLS and likely other irritants.    

Patients with atopic dermatitis were found to have an enhanced skin permeability for SLS 

in non-involved skin, especially those with active atopic dermatitis lesions (Chapter 2.2). Pa-

tients with atopic dermatitis also showed an increased baseline TEWL, which is another indi-

cation of an impaired barrier function. The compromised barrier in patients with atopic der-

matitis likely contributes to the increased susceptibility to hand eczema and CICD and conse-

quently requires extra skin care. Recently, several loss-of-function polymorphisms in the 

filaggrin (FLG) gene were discovered, which were found to be important risk factors for 

atopic dermatitis.
1,2

 Carriers of these FLG null alleles have an impaired skin barrier function 
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(manuscript in preparation). Probably, these polymorphisms in the FLG gene may be one of 

the causes of the compromised barrier in the investigated patients with atopic dermatitis.  

As a repetitive exposure to an irritant at a low concentration is more relevant for the occu-

pational situation than a single exposure to a high concentration, healthy volunteers were also 

repeatedly exposed to 0.1% SLS during a period of three weeks. Part of the subjects showed 

repair of the skin barrier to water, while the skin was still exposed to the irritant (Chapter 3.2 

and 3.3). We suppose that this process is a reaction which leads to repair and thickening 

(‘hardening’) of the SC barrier.
3-5

 The capability of skin barrier repair likely is an important 

factor in individual susceptibility to chronic irritation. Research is needed to investigate which 

mechanisms are involved in this process and to explain the interindividual differences.  

Not only the thickness of the SC but also the composition and structure of the lipid bilay-

ers should be considered in trying to understand the interindividual differences in skin condi-

tion and barrier repair after exposure to irritants. Further, differences in cytokine expression 

may play a role in the differences in barrier repair as these mediators control inflammation as 

well as repair processes. Further studies should investigate whether subjects with a better re-

pair capacity are less susceptible to obtain CICD in the workplace. In future, monitoring of 

SC thickness, structure and composition in apprentices and workers exposed to irritants might 

appear to be useful. This will be an appeal to develop appropriate bio-engineering techniques.    

Screening of individuals at risk is an important activity in occupational medicine, and 

such screening must be based on the validity of certain predictive characteristics. Three pa-

rameters, reflecting skin barrier function and irritation response, were investigated for their 

value to predict an individual’s skin irritation response in the repeated 3-week exposure study 

(Chapter 3.2), which was used as a model for an occupational exposure. In accordance with 

the literature, we confirmed that the baseline TEWL value
6-9

 and the change in TEWL after a 

single SLS exposure test
10,11

 have no appreciable predictive value. For the latter parameter, 

the barrier repair that occurred in part of the subjects might at least partly explain the lack of 

predictive value. Subjects with a higher increase in erythema after a single exposure have also 

a higher increase after a repeated SLS exposure but the association (r = 0.72) has insufficient 

power to allow reliable screening of individuals for susceptibility to chronic skin irritation. 

Additional predictive parameters are needed, e.g. those which take into account the mecha-

nisms involved in skin barrier repair.   
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2. Cytokines in skin irritation 

 

Cytokines play an important role in inflammatory processes, however, little is known of the 

role of these inflammatory mediators in skin irritation and in individual susceptibility. To en-

able measurement of cytokines in the skin, the suitability of two innovative techniques was 

explored in experimentally induced skin irritation in healthy volunteers. The first technique is 

based on SC tape stripping and the second comprises sampling of epidermis-derived fluid. 

With the tape stripping technique, three different cytokines could be determined in the SC of 

unexposed skin and after repeated SLS exposure (Chapter 3.1 and 3.2). The SC concentra-

tions of the cytokines differed substantially between individuals both in unexposed and in 

SLS-exposed skin. Repeated SLS exposure over a period of three weeks resulted in a decrease 

in interleukin-1α (IL-1α) and an increase in IL-1 receptor antagonist (IL-1RA), the ratio be-

tween IL-1RA/IL-1α and the CXC chemokine ligand (CXCL)8. In normal skin, cytokine con-

centrations were approximately equal across the SC. So for measurement of the basal (unex-

posed) SC cytokine concentrations in healthy skin, it suffices to strip only the superficial SC, 

which saves time and yields a sufficient amount of cytokines for the analysis. Compared to 

unexposed skin, after induced skin irritation, cytokine levels differed among the different 

depths in the SC. In this situation, determination of cytokines in different layers or in the 

whole SC will be necessary. The cytokines in the oldest, upper layers of the SC are presumed 

to represent the cytokine response of the earlier period of the irritation. The cytokine levels in 

the youngest layers at the bottom of the SC reflect more the cytokine response of the kerati-

nocytes resulting from the recent exposure to SLS.  

SC tape stripping is minimally invasive and can be used in large scale studies, but only a 

few cytokines can be studied. Further, the origin of cytokines in the tape strips is not fully 

clear yet: they may have leaked from damaged corneocytes or have diffused from the viable 

epidermis. Further studies are needed to address this question. 

With transdermal fluid (TDF) sampling seventeen inflammatory mediators and two in-

flammatory markers were detected in epidermis-derived fluid (Chapter 3.3). With this sam-

pling technique also substantial interindividual differences in the concentration of cytokines 

in SLS-exposed skin as well as in unexposed skin were found. We mention the following re-

sponses: the inflammatory mediators CC chemokine ligand (CCL)11, CXCL10 and vascular 

endothelial growth factor and the inflammatory markers eosinophil cationic protein and mye-

loperoxidase were increased both after single and repeated exposure. Levels of IL-1α and ba-
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sic fibroblast growth factor were only increased after single exposure, whereas IL-1RA was 

only increased after repeated exposure. After repeated exposure, CCL5 and the ratio IL-

1RA/IL-1α both increased compared with single exposure.  

The TDF sampling technique allows a large number of inflammatory mediators to be 

studied. However, large scale application is currently hampered by the duration (several 

hours) of the sampling period. In addition, studies need to address the effect of the skin dam-

age due to the laser poration procedure on levels of inflammatory mediators in TDF.  

The cytokine IL-1α is constitutively present in the keratinocytes and is supposed to be the 

first signal after damage of the skin barrier (danger signal). IL-1RA is also constitutively pre-

sent and functions as an anti-inflammatory cytokine.
12,13

 It may therefore be plausible that the 

levels of these cytokines determine an individuals’ response to skin irritation. Therefore, base-

line concentrations of cytokines in the SC were studied as predictors of single and repeated 

skin irritation response. Higher baseline IL-1RA and CXCL8 levels and a higher baseline IL-

1RA/IL-1α ratio were indicators of a higher skin irritation response as determined by TEWL 

and erythema after single exposure to SLS (r between 0.55 and 0.67). The predictive value 

regarding the skin response to repeated irritation was limited: only baseline IL-1RA levels 

were positively related to an increase in erythema after a repeated 3-week SLS exposure (r = 

0.53). This association does not give sufficient power to allow reliable screening of individu-

als by means of this parameter as such for susceptibility to chronic skin irritation. Further re-

search is needed to elucidate the underlying mechanism.  

Both sampling techniques showed that the ratio between IL-1RA and IL-1α was increased 

after repeated irritation. As the pro-inflammatory effects of IL-1α are counteracted by the 

anti-inflammatory cytokine IL-1RA, the balance between these proteins partly determines the 

inflammatory response.
12,13

 These findings confirm that, during repetitive skin contact with 

irritants, anti-inflammatory mechanisms come into play to suppress the early pro-

inflammatory response upon a new insult. Whether interindividual differences in the concen-

trations of IL-1RA and IL-1α are involved in individual susceptibility to skin irritation could 

be addressed in further studies.  

The cytokine sampling studies described here, in which several inflammatory mediators 

and markers relevant for irritated skin were found, had an explorative character. Further stud-

ies are needed to determine the role of the inflammatory mediators, that were newly identified 

with this technique, in individual susceptibility to skin irritation. The unravelling of the role of 

specific mediators in inflammation and repair processes will be difficult, as these are part of 
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complex interactive networks, in which also receptors on cells, soluble receptors and the pres-

ence of receptor antagonists should be taken into account. Possibly, identification of genes 

that are up- or down-regulated in skin irritation using a gene-expression array can help in 

more targeted research of key mediators in these processes.  

 

 

3. Genetic polymorphisms 

 

The case-control study described in this thesis was the first to investigate whether polymor-

phisms in several cytokine genes and in the filaggrin (FLG) gene contribute to the occurrence 

of occupational CICD (Chapter 4.2 and 4.3). The results showed that nine single nucleotide 

polymorphisms (SNPs) in genes coding for the cytokines IL-1α, IL-1β, IL-8, IL-10 and TNF-

α and two loss-of-function polymorphisms in the FLG gene were not a substantial risk factor 

of CICD. The estimated odds ratios were < 1.3 (P > 0.1) for the cytokine SNPs and < 2.2 (P > 

0.2) for the FLG polymorphisms. Possibly these results give an underestimation of the real 

association, because with this study design persons have been missed with a polymorphism-

induced increased susceptibility, who recovered from their beginning dermatitis by reducing 

their exposure. Nevertheless interesting effects of the polymorphisms have been found: (1) an 

increased susceptibility due to the TNFA -308A allele was indicated by a higher prevalence of 

this variant allele in lower exposed patients, (2) flexural eczema, a main characteristic of 

atopic dermatitis, was more prevalent among patients with the variant TNFA -308A allele or 

with a FLG null allele, and (3) a protective effect of the variant IL1A -889T allele against 

hand dermatitis was found in the apprentice group.  

The observation in the patients that carriers of a variant IL1A -889T allele were more 

likely to have an elevated ratio between IL-1RA and IL-1α in their SC (Chapter 4.1), is in line 

with the finding of the case-control study that carriers of this variant IL1A -889T allele had 

less frequently hand dermatitis (Chapter 4.2). It can be speculated that an intrinsic favourable 

cytokine balance reflected in a high IL-1RA/IL-1α ratio, might result in a better resistance 

against sustained exposure to irritants. In the model as described by Malten, CICD becomes 

evident when multiple sub-threshold insults of the skin by irritants, each starting before com-

plete recovery from the foregoing damage, reach a critical level of damage.
14

 Due to the fa-

vourable IL-1RA/IL-1α ratio, these persons may have relatively smaller insults or quicker 

recovery and may therefore later or never reach the critical level. The favourable effect of a 
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high IL-1RA/IL-1α ratio does not fit to the finding that volunteers with an elevated baseline 

IL-1RA/IL-1α ratio were found to be more susceptible to a single exposure to 1% SLS (Chap-

ter 3.2). We have no explanation for this apparently contrasting observation. Further studies 

are needed to acquire insight in the susceptibility to acute and repeated skin irritation for dif-

ferent IL1A -889 genotypes.  

In the case-control study several well known polymorphisms were selected because of a 

known role of the corresponding cytokine or chemokine in skin irritation (in vivo or in vi-

tro),
13

 variant allele frequencies in the population of > 5%, evidence of functionality of the 

polymorphism in in vitro or in human studies and because of a known association with in-

flammatory disease.
15

 Future studies may focus on polymorphisms in genes coding for the 

newly identified inflammatory mediators which were shown exclusively in repeated skin irri-

tation and on their functionality.  

A disadvantage of a case-control study for diseases that have a reversible stage, is that part 

of the susceptible persons will recover due to reducing their exposure or moving to an occu-

pation without irritant skin exposure. In our case, such workers have been missed in the pa-

tient-sample. Only in a prospective cohort study, such a selection process resulting in under-

estimation of the factors under study, can be prevented. Another drawback of our case-control 

study was the limited data on skin exposure. In our study, part of the cases presumably origi-

nated predominantly due to a relatively high skin exposure to irritants. The impact of high 

exposure might have obscured an effect of the investigated polymorphisms as a risk factor for 

CICD. The role of exposure can be addressed in a prospective cohort study, giving a better 

answer on the contribution of genetic and exposure-related factors in the development of 

CICD. In such a study, a newly employed study population, e.g. apprentices is needed as they 

are not yet selected by effects of exposure. On the other hand, because of the fact that the ec-

zema in our patients started after an exposure duration of six years on average, the causes of 

the appearance of CICD after a sustained occupational exposure are also relevant for further 

study.  

Prevention campaigns of CICD encourage reduction of skin exposure for all employees 

working with skin irritants. In future, when skin exposure is reduced for the majority of the 

population, the genetic and endogenous susceptibility factors will become relatively more 

important as a risk factor in the population. For example, in the patient-control study, the 

presence of the variant TNFA -308A allele was increased preferentially among the lower ex-

posed patients.  
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Present or past atopic dermatitis is a risk factor for hand eczema and CICD. Several epi-

demiological studies showed that a history of atopic dermatitis without occupational skin ex-

posure at least doubles the risk for hand eczema, and exposure at the workplace doubles this 

risk again.
16

 Currently, counselling of susceptible workers by occupational physicians is 

based on a history of atopic dermatitis. According to the guidelines developed by the Nether-

lands Society of Occupational Medicine, an employee is classified into a risk group related to 

susceptibility based on specific clinical observations and history. For each risk group corre-

sponding recommendations are outlined.
17

 As among the published studies on skin atopy or 

atopic dermatitis different criteria and definitions are used, good universally applicable diag-

nostic criteria for these conditions are needed. Further studies on the involvement of FLG null 

alleles in atopic dermatitis may be helpful in the differentiation of subtypes of this skin dis-

ease.   

Knowledge on the contribution of genetic polymorphisms in individual susceptibility to 

CICD is useful in the occupational health practice for the development of a predictive test 

which could be used for career guidance regarding medical aspects and for diagnostics and 

therapeutic advices for apprentices and workers in high-risk occupations. As in our study no 

clear relation was found between genetic polymorphisms and risk of CICD, there is as yet no 

evidence for genetic screening on these polymorphisms. Before implementation of any ge-

netic test in the workplace, epidemiological, ethical, legal and social considerations should 

always be taken into account.
18-22

 As regards genetic screening for risk factors to acquire 

CICD, it has to be realized that genetic susceptibility demonstrated in a worker does not al-

ways imply that this person has to be excluded from the job. Several studies showed that a 

considerable number of individuals with a personal history of atopic dermatitis, an important 

risk factor for hand eczema, manage to work under conditions of irritant exposure without 

developing hand eczema.
16

 This observation suggests that many susceptible workers for 

CICD not have to be excluded from the job as long as they take proper individual protective 

measures. Genetic screening can help in early identification of such persons at-risk in order to 

stimulate tailor-made protective measures. 

 

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 
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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 thesis. 
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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

 cm
2
 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-1α (IL-1α). 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-1α 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-1α decreased by 30%, IL-

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

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-1α 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-1α) 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-1α, 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-1α 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-1α 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-1α 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-1α, IL-1β 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-1α and IL-1RA was determined on tape 

strips obtained from uninvolved skin of the volar forearm. The SC IL-1α 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-1α concentration was 51% lower compared with the C/T and wildtype geno-

type (T/T). The ratio IL-1RA/IL-1α 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-1α, IL-1β, IL-8, IL-10 and TNF-α 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-1α 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. 
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Individuele gevoeligheid voor chronische irritatieve contact dermatitis 

 

 

Samenvatting 

 

Beroepsgerelateerde chronische irritatieve contact dermatitis (CICD) is een veel voorkomende 

huidaandoening, die veroorzaakt wordt door herhaaldelijk contact van de huid met irriterende 

stoffen. Het is een vorm van eczeem die zich in de meeste gevallen op de handen en onderar-

men bevindt en veelal gepaard gaat met roodheid, schilfering en droogheid van de huid, 

kloofjes en pijn. Werknemers hebben een hoog risico op het krijgen van CICD in beroepen 

waarin veelvuldig huidcontact is met water (‘nat werk’) of met irriterende stoffen, zoals bij 

kappers, verpleegkundigen en metaalbewerkers. De prognose van CICD is vaak slecht en kan 

leiden tot verminderde kwaliteit van leven en verlies aan werkvermogen.   

CICD is een multifactoriële aandoening waarbij zowel genetische als omgevingsfactoren 

een rol spelen. Over het ontstaansmechanisme van CICD is weinig bekend, evenals over de 

factoren die de individuele gevoeligheid voor deze ziekte bepalen. Een van de weinige beken-

de factoren die het risico op CICD verhoogt is het hebben (gehad) van atopische dermatitis. 

Kennis over factoren die individuele gevoeligheid bepalen is van belang voor de bedrijfsge-

neeskunde bij het ontwikkelen van een voorspellende test welke gebruikt kan worden als 

hulpmiddel bij beroepskeuze advies voor leerlingen en werknemers in beroepen met een hoog 

risico op CICD. Tevens zou een dergelijke test gebruikt kunnen worden voor diagnostische 

doeleinden en voor therapieadvies.   

In dit proefschrift wordt een aantal studies beschreven met het doel om meer inzicht te 

krijgen in factoren die gevoeligheid voor het krijgen van CICD bepalen. Deze onderzoeken 

richtten zich op een drietal gebieden: de doorlaatbaarheid van de huid (Hoofdstuk 2), verande-

ringen van cytokinen in de huid als gevolg van irritatie (Hoofdstuk 3) en de rol van genetische 

polymorfismen (Hoofdstuk 4). 
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Hoofdstuk 2 betreft de betekenis van de doorlaatbaarheid van de huid voor de individuele 

gevoeligheid.  

In Hoofdstuk 2.1 wordt de relatie onderzocht tussen enerzijds de penetratiesnelheid van de 

irriterende stof natriumlaurylsulfaat (SLS) in het stratum corneum (SC) en anderzijds de ver-

slechtering van de barrièrefunctie voor water en de ontstekingsreactie van de huid. De pene-

tratiesnelheid van SLS werd onderzocht met behulp van een tapestrip techniek. Bij 20 gezon-

de vrijwilligers werd de huid aan de binnenkant van de onderarm gedurende 4 uur blootge-

steld aan een 1% SLS-oplossing door middel van een blootstellingskamertje met een diameter 

van 18 mm. Na het einde van de blootstelling werd het SC laag voor laag met behulp van 

strookjes plakband geheel verwijderd en werd op elke tape de hoeveelheid SLS en eiwit ge-

meten. De penetratieparameters, d.w.z. de diffusie- en de partitiecoëfficiënt van SLS tussen 

het SC en water, werden bepaald door middel van een aanpak die gebaseerd is op de tweede 

diffusiewet van Fick d.w.z. regressie van de concentratie SLS als functie van de relatieve 

diepte van het SC. De diffusie- en de partitiecoëfficiënt voor SLS bedroegen respectievelijk 

1.4 x 10
-8

 ± 0.6 x 10
-8

 cm
2
 h

-1
 (gemiddelde ± SD) en 93 ± 22. Dezelfde vrijwilligers werden 

tevens gedurende 24 uur blootgesteld aan 1% SLS, waarna de schade aan de huidbarrière en 

de mate van ontsteking bepaald werd door meting van respectievelijk het transepidermaal 

waterverlies (TEWL) en de roodheid van de huid (erytheem). 24 uur na blootstelling was de 

TEWL gestegen van 9.0 ± 3.0 (basaal) naar 81 ± 42 g m
-2 

h
-1

 en het erytheem van 7.8 ± 2.1 

naar 12.2 ± 3.2 eenheden. De mate van barrièreverslechtering bleek afhankelijk te zijn van de 

TEWL basaalwaarde, de dikte van het SC en de diffusie- en partitiecoëfficiënt. De mate van 

ontsteking werd voornamelijk beïnvloed door de dikte van het SC. De penetratiesnelheid van 

SLS en de na blootstelling optredende toename in TEWL en erytheem waren hoger bij de 

atopici dan bij de niet-atopici onder de vrijwilligers. De atopische status werd bepaald met 

behulp van de Erlangen Atopie Vragenlijst. Dit onderzoek bevestigt de veronderstelling dat 

de huid vatbaarder is voor effecten van irriterende stoffen naarmate de doorlaatbaarheid groter 

is.   

 

Hoofdstuk 2.2 beschrijft een studie waarin de penetratie van SLS in het SC van symptoom-

vrije huid van patiënten met atopische dermatitis vergeleken werd met de penetratie in de huid 

van gezonde vrijwilligers. De diffusie van SLS door het SC van de patiënten bedroeg circa 

tweemaal de diffusie door het SC van gezonde controlepersonen, terwijl de partitiecoëfficiënt 

van SLS 30 procent lager was. Een tendens werd gevonden dat de verhoogde diffusiecoëffi-
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ciënt en de verlaagde partitiecoëfficiënt meer uitgesproken waren bij patiënten met actuele 

huidlaesies t.g.v. atopische dermatitis dan bij degenen waarbij de atopische dermatitis tot rust 

gekomen was. De TEWL basaalwaarde van de patiënten was 33% hoger dan van de controle-

personen. Dit betekent een minder effectieve waterbarrière bij de patiënten. Alle bevindingen 

in dit onderzoek wijzen op een (constitutioneel) minder goede barrièrefunctie bij patiënten 

met atopische dermatitis.  

 

 

Hoofdstuk 3 betreft de mogelijke betekenis van cytokinen in de huid voor de individuele ge-

voeligheid.  

In het onderzoek beschreven in Hoofdstuk 3.1 werd de toepasbaarheid onderzocht van de 

tapestrip methode voor het bepalen van het cytokinengehalte in het SC. Op tapes afkomstig 

van verschillende lagen in het SC werd de hoeveelheid cytokinen en eiwit bepaald. Hierbij 

werden drie verschillende soorten tape vergeleken: D-squame
®

 tape, welke veelvuldig ge-

bruikt wordt in dermatologisch onderzoek, Diamond
®

 tape, welke gebruikt is voor een aantal 

studies van onze onderzoeksgroep; en Sentega
®

 tape, welke uitgekozen is vanwege de water-

oplosbare lijm die mogelijk gunstig zou kunnen zijn voor de cytokinenopbrengst vanaf de 

tape. Toegepast op de huid aan de binnenkant van de onderarm bleek dat de drie soorten tape 

gelijke hoeveelheden oplosbaar eiwit en interleukine-1α (IL-1α) opleverden. Diamond
®

 tape 

leverde de grootste hoeveelheid totaal eiwit (oplosbaar en onoplosbaar). De drie soorten tape 

zijn alle geschikt voor tapestrippen van het SC. De hoeveelheid totaal eiwit per strip daalde 

naarmate de diepere lagen in het SC bereikt werden, terwijl de hoeveelheid oplosbaar eiwit en 

het gehalte IL-1α genormaliseerd voor oplosbaar eiwit niet verschillend waren tussen ver-

schillende dieptes in het SC. Het totaal eiwit bestaat voor meer dan 85% uit onoplosbare cor-

neocyten, terwijl het oplosbaar eiwit en de cytokinen voornamelijk afkomstig zijn uit de ex-

tracellulaire matrix. Derhalve werd normalisatie van de hoeveelheid cytokinen op basis van 

oplosbaar eiwit beschouwd als de voorkeursmethode. In normale, niet-blootgestelde huid was 

de cytokinenconcentratie in de bovenste laag van het SC gelijk aan de concentratie in de on-

derliggende lagen van het SC. Voor de bepaling van cytokinenconcentraties in niet-

blootgestelde huid kan volstaan worden met het strippen van enkel de oppervlakkige lagen 

van het SC, waardoor tijd bespaard kan worden.    
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Hoofdstuk 3.2 beschrijft een onderzoek waarin gekeken is naar veranderingen in de cytoki-

nenconcentraties in het SC na irritatie. Bij twintig gezonde vrijwilligers werd op de binnen-

kant van de onderarm een 3-weekse irritatietest (0.1% SLS, 6 uur per dag, 4 dagen per week) 

uitgevoerd. Deze herhaalde blootstelling veroorzaakte de volgende veranderingen in cytoki-

nenconcentraties in het - gehele - SC: IL-1α daalde met 30%, IL-1RA en CXCL8 namen toe 

met respectievelijk een factor 10 en 4. De verhouding tussen IL-1RA en IL-1α steeg met een 

factor 15. In zowel de herhaaldelijk aan SLS blootgestelde huid als de niet-blootgestelde huid 

waren aanzienlijke interindividuele verschillen in cytokinenconcentraties te zien. In de aan 

SLS blootgestelde huid verschilden de cytokinenconcentraties tussen de verschillende lagen 

in het SC. IL-1α was lager in de diepste laag ten opzichte van de middelste en de buitenste 

laag, terwijl IL-1RA afnam in de richting van de buitenkant van het SC. Beide gradiënten 

weerspiegelen een verschuiving in de tijd van inflammatoire (IL-1α) naar anti-inflammatoire 

(IL-1RA) dominantie. CXCL8 was verhoogd in de middelste laag vergeleken met de buiten-

ste laag. Deze resultaten laten zien dat het noodzakelijk is om de cytokinenconcentraties in de 

verschillende lagen of het gehele SC te bepalen wanneer recent geïrriteerde huid onderzocht 

wordt.  

De vrijwilligers werden in dit onderzoek tevens eenmalig 24 uur blootgesteld aan 1% SLS. 

Degenen met hogere basale IL-1RA en CXCL8 concentraties in het SC vertoonden een grote-

re stijging in TEWL en erytheem als gevolg van de blootstelling. Dit suggereert dat de 

basaalwaarden van IL-1RA en CXCL8 indicatoren zijn voor de gevoeligheid voor acute 

huidirritatie. Hogere basaalwaarden van IL-1RA waren ook gerelateerd aan een sterkere toe-

name in erytheem na herhaalde blootstelling aan SLS.  

Om te zien of huidreacties na een eenmalige blootstelling aan SLS een voorspellende 

waarde hebben t.o.v. de reacties na een herhaalde blootstelling werden deze vergeleken. Er 

werd geen relatie gevonden tussen de toename in TEWL na de eenmalige blootstelling en de 

toename na de 3-weekse blootstelling (r = 0.06). Dit bevestigt eerdere bevindingen dat de 

toename in TEWL na een eenmalige blootstelling aan SLS niet gebruikt kan worden als een 

voorspellende parameter voor de toename in TEWL na een langdurige blootstelling. In tegen-

stelling tot de TEWL, werd voor erytheem een verband gevonden tussen de score na de een-

malige en de 3-weekse SLS blootstelling (r = 0.72). Tijdens de 3-weekse SLS blootstelling 

werd een aanzienlijke tussenpersoonvariatie gevonden in zowel de mate van schade aan de 

barrière en van ontsteking van de huid als in de veranderingen in de intensiteit van de reacties 

in de tijd. Bij zes personen werd herstel van de huidbarrière voor water waargenomen (‘har-
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dening’), ondanks dat de huid nog steeds dagelijks blootgesteld werd aan SLS. Wij veronder-

stellen dat ‘hardening’ van de huid een belangrijke factor zou kunnen zijn voor de individuele 

gevoeligheid voor chronische irritatie. Daarnaast is dit fenomeen waarschijnlijk voor een deel 

verantwoordelijk voor het gebrek aan correlatie tussen de TEWL stijging na een eenmalige en 

herhaalde blootstelling aan SLS. Het optreden van herstel van de huidbarrière werd bevestigd 

in een tweede vrijwilligersonderzoek beschreven in Hoofdstuk 3.3.    

 

Hoofdstuk 3.3 beschrijft een onderzoek waarin gekeken is naar de aanwezigheid van in-

flammatoire markers en mediatoren in de epidermis. In dit onderzoek werd gebruik gemaakt 

van een nieuwe sampling techniek. Met deze techniek worden eerst met een laserapparaat vier 

microporiën in het SC gemaakt en vervolgens wordt transdermale vloeistof aangezogen met 

behulp van een draagbaar pompsysteem. Bij negen vrijwilligers werd transdermale vloeistof 

afgenomen van niet-blootgestelde huid, na een eenmalige irritatietest (4 uur, 10% SLS) en na 

een 3-weekse irritatietest (4 dagen/week, 0.1% SLS). Deze sampling techniek leverde vol-

doende transdermale vloeistof op voor de bepaling van 27 cytokinen d.m.v. een multiplex-

assay en de bepaling van IL-1α, eosinophil cationic protein en myeloperoxidase d.m.v. ELISA. 

Eenmalige en herhaalde blootstelling aan SLS induceerde een toename in de hoeveelheid eo-

sinophil cationic protein, die gecorreleerd was met de toename aan myeloperoxidase. Deze 

eiwitten, afkomstig van eosinofiele en neutrofiele leukocyten, worden beschouwd als ontste-

kingsmarkers. In de transdermale vloeistof afkomstig van de drie huidlocaties werden 17 van 

de 28 inflammatoire mediatoren gedetecteerd. Net als in de tapestrip experimenten werd ook 

een grote tussenpersoonvariatie gevonden in de hoeveelheden inflammatoire mediatoren in 

niet-blootgestelde en in aan SLS blootgestelde huid. Ondanks deze variatie kon van een aantal 

mediatoren een duidelijke verhoging t.g.v. de irritatie aangetoond worden: CC chemokine 

ligand (CCL)11, CXCL10 en vascular endothelial growth factor na zowel eenmalige als her-

haalde blootstelling, IL-1α en basic fibroblast growth factor na eenmalige blootstelling en IL-

1RA na herhaalde blootstelling. Na herhaalde blootstelling waren CCL5 en de ratio IL-

1RA/IL-1α beiden verhoogd vergeleken met een eenmalige blootstelling. Dit onderzoek liet 

zien dat eenmalige en herhaalde huidirritatie een differentiële expressie van verscheidene in-

flammatoire mediatoren en markers induceren.   
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Hoofdstuk 4 betreft de mogelijke betekenis van genetische polymorphismen bij de individue-

le gevoeligheid voor CICD.  

Hoofdstuk 4.1 beschrijft een onderzoek waarin gekeken is naar de associatie tussen polymor-

fismen in het IL1 gencluster en de concentratie IL-1α en IL-1RA in het SC. In het IL1 gen-

cluster, dat o.a. de genen bevat die coderen voor IL-1α, IL-1β en IL-1RA, werd in genetische 

studies een sterk gekoppelde overerving (‘linkage disequilibrium’) gevonden tussen verschil-

lende polymorfe loci. Door middel van DNA geïsoleerd uit wangslijmvlies werden 124 pati-

enten met CICD gegenotypeerd voor de IL1A -889 en IL1B -31 single nucleotide polymor-

fismen (SNPs). De concentratie IL-1α en IL-1RA werd bepaald op tapestrips afkomstig van 

symptoomvrije huid op de onderarm. De IL-1α concentratie in het SC was 23% en 47% lager 

bij personen met respectievelijk het variante IL1A -889 C/T en T/T genotype vergeleken met 

het wildtype genotype (C/C). Bij personen met het variante IL1B -31 C/C genotype was de 

IL-1α concentratie 51% lager vergeleken met het C/T en wildtype genotype (T/T). De ratio 

tussen IL-1RA/IL-1α was verdubbeld bij personen met het variante IL1A -889 C/T genotype 

en verdriedubbeld bij het T/T genotype vergeleken met het wildtype genotype (C/C). Dit on-

derzoek liet een duidelijk effect zien van IL1 genotype op de cytokinenexpressie in het SC 

van symptoomvrije huid van CICD patiënten. Deze genotype-gebonden expressie is mogelijk 

verantwoordelijk voor de tussenpersoonverschillen in de inflammatoire respons van de huid.  

 

Hoofdstuk 4.2 beschrijft een patiënt-controle onderzoek waarin gekeken is of polymorfismen 

in cytokinengenen bijdragen aan het vóórkomen van beroepsgebonden CICD. In de Dermato-

logiekliniek van de Universiteit van Osnabrück werden bij 197 patiënten met CICD negen 

SNPs bepaald in genen die coderen voor IL-1α, IL-1β, IL-8, IL-10 en TNF-α. Als controle-

groep fungeerden 217 leerlingen in opleiding voor beroepen met een hoog risico op CICD. 

Hoewel de cijfers enigszins tendeerden in de verwachte richting werden er geen duidelijke 

verschillen in genotype distributie gevonden tussen de patiënten- en de controlegroep als ge-

heel. Mogelijkerwijze is dit een onderschatting van de werkelijke samenhang doordat in de 

gebruikte onderzoeksopzet de personen gemist worden met een - door een SNP veroorzaakte - 

verhoogde gevoeligheid, die hun beginnende dermatitis genezen hebben door hun blootstel-

ling te verminderen. Toch lieten drie resultaten interessante effecten van cytokine SNPs zien. 

(i) Bij patiënten met een relatief lage blootstelling aan nat werk en irritantia kwamen de vari-

ante TNFA -308 genotypen (G/A en A/A) vaker voor in vergelijking tot patiënten met een 

hogere blootstelling of controles. Dit gegeven duidt op een door TNFA -308 geïnduceerde 
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verhoogde gevoeligheid. (ii) Patiënten met een variant TNFA -308 genotype (G/A and A/A) 

hadden vaker flexuraal eczeem in hun voorgeschiedenis (respectievelijk 48% en 57%) verge-

leken met patiënten met het wildtype genotype (30%; G/G). Deze bevinding suggereert een 

causale relatie tussen het TNFA -308A allel en het vóórkomen van flexuraal eczeem, een 

kenmerkend symptoom van atopische dermatitis. (iii) 40% van de leerlingen rapporteerde dat 

zij op het moment van het onderzoek één of meerdere symptomen hadden van dermatitis aan 

de handen. De prevalentie van symptomen van dermatitis was lager in leerlingen met het va-

riante IL1A -889 T/T en C/T genotype (32% en 36% respectievelijk) vergeleken met het wild-

type genotype (54%; C/C). Dit duidt op een beschermend effect van het variante IL1A -889T 

allel voor handeczeem. Het in Hoofdstuk 4.1 beschreven verband tussen het variante IL1A      

-889T allel en een verlaagd IL-1α gehalte in het SC ondersteunt de bevinding van het be-

schermende effect van dit variante allel. De bevindingen in dit patiënt-controle onderzoek 

vormen een aanwijzing dat de genetische polymorfismen TNFA -308 en IL1A -889 de gevoe-

ligheid voor (chronische) dermatitis beïnvloeden.  

 

Hoofdstuk 4.3 beschrijft een onderzoek waarin gekeken is of twee ‘loss-of-function’ poly-

morfismen in het filaggrine (FLG) gen bijdragen aan het vóórkomen van beroepsgebonden 

CICD. Hierbij is gebruik gemaakt van dezelfde onderzoekspopulatie als in Hoofdstuk 4.2. 

Beide polymorfismen, R501X en 2282del4, dragen bij aan een verhoogd risico op atopische 

dermatitis en leiden tot een minder goede huidbarrière. In het onderzoek werd geen duidelijk 

verschil gevonden tussen de patiënten- en controlegroep in de frequentie van dragers van deze 

zogenoemde FLG nul-allelen (9.7% vs. 7.4%; odds ratio = 1.35, 95%-betrouwbaarheids-

interval 0.68 - 2.69). Net als in het cytokinen SNP onderzoek (Hoofdstuk 4.2) is dit mogelij-

kerwijze een onderschatting van de werkelijke samenhang. Het aantal dragers van een FLG 

nul-allel onder CICD patiënten met een atopische huid (11.9%) neigde naar een hogere fre-

quentie dan bij patiënten zonder atopie (3.6%; P = 0.08). In de CICD-patiëntenpopulatie had-

den de dragers van een FLG nul-allel vaker flexuraal eczeem in hun voorgeschiedenis dan 

niet-dragers (60% vs. 32%; P = 0.014); ook bij de controlepersonen werd een dergelijk ver-

schil gevonden (36% vs. 19%; P = 0.13). Deze studie suggereert dat de onderzochte FLG po-

lymorfismen geen sterke risicofactor voor CICD zijn. Het verhoogde risico voor dragers van 

een FLG nul-allel op flexuraal eczeem, een kenmerk van atopische dermatitis, is in overeen-

stemming met bevindingen van andere onderzoekers.  
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In Hoofdstuk 5 worden de belangrijkste bevindingen van dit proefschrift besproken, worden 

aanbevelingen voor nader onderzoek gedaan en wordt de relevantie voor de bedrijfsgezond-

heidszorg beschouwd.  

Dit proefschrift liet zien dat de huid vatbaarder is voor effecten van irriterende stoffen 

naarmate de doorlaatbaarheid groter is. Dit benadrukt de noodzaak voor het instandhouden 

van een adequate huidbarrière bij werknemers die blootgesteld worden aan huidirritantia, in 

het bijzonder bij personen met atopische dermatitis in de voorgeschiedenis. Tijdens de 3-

weekse irritatietest werd bij een aantal vrijwilligers herstel van de huidbarrière waargenomen, 

ondanks dat de huid nog steeds blootgesteld werd aan SLS. Verder onderzoek dient zich te 

richten op de mechanismen die betrokken zijn bij het herstel van de huidbarrière bij een lage 

blootstelling en op de tussenpersoonverschillen in deze herstelcapaciteit.  

Door middel van het tapestrippen van het SC en het bemonsteren van transdermale vloei-

stof, werden veranderingen gevonden in de concentraties van een groot aantal inflammatoire 

mediatoren na blootstelling aan SLS. Verder onderzoek is nodig om vast te stellen of de in 

transdermale vloeistof aangetoonde mediatoren een rol spelen bij de individuele gevoeligheid 

voor huidirritatie. Een aantal parameters, te weten de barrièrefunctie voor water, de huidreac-

tie na een eenmalige irritatietest en de basaalwaarden van cytokinen in het SC hadden een 

beperkte waarde als voorspeller van de huidreactie na een 3-weekse irritatietest. Onderzoek 

naar aanvullende voorspellende parameters is noodzakelijk om personen ‘at-risk’ tijdig te 

kunnen herkennen.  

Uit het patiënt-controle onderzoek bleek dat negen SNPs in cytokinengenen en twee ‘loss-

of-function’ polymorfismen in het FLG gen waarschijnlijk geen duidelijke risicofactoren voor 

CICD zijn. Toch lieten de resultaten enkele andere interessante conclusies toe: (i) het variante 

TNFA -308A allel bevordert waarschijnlijk de gevoeligheid voor CICD, (ii) het variante    

TNFA -308A allel en het FLG nul allel zijn beide bevorderend voor flexuraal eczeem en (iii) 

het variante IL1A -889T allel heeft een beschermende invloed op handeczeem. In toekomstig 

epidemiologisch onderzoek gericht op het vinden van voorspellende parameters voor de indi-

viduele gevoeligheid voor CICD heeft een prospectieve cohort design de voorkeur om meer 

inzicht te krijgen in de bijdrage van zowel genetische factoren als huidblootstelling.    

De in dit proefschrift beschreven onderzoeken leveren interessante resultaten die het in-

zicht vergroten met betrekking tot de relatie tussen enerzijds individuele gevoeligheid voor 

CICD en anderzijds de huidbarrière, cytokinen in de huid en genetische polymorfismen. Op 
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dit moment leveren de bevindingen nog geen nieuwe toepassingen voor de bedrijfsgezond-

heidszorg bij het identificeren van gevoelige personen. Verdere onderzoeken zijn nodig waar-

bij gebruik gemaakt kan worden van de bevindingen en aanbevelingen beschreven in dit 

proefschrift.   
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Dankwoord 

 

Promoveren doe je niet alleen. Daarom wil ik graag via deze weg iedereen heel hartelijk be-

danken die bijgedragen heeft aan dit proefschrift.  

 

Allereerst wil ik mijn beide co-promotoren Sanja Kežić en Maarten Verberk en mijn promo-

toren Frank van Dijk en Derk Bruynzeel bedanken. Beste Sanja, heel erg bedankt voor de 

enthousiaste en waardevolle begeleiding. Je stond altijd voor mij klaar, zorgde voor nieuwe 

ideeën en zorgde ervoor dat de vaart erin bleef. Beste Maarten, bedankt voor je grote inzet bij 

de begeleiding van mijn promotietraject. Zonder jouw enthousiasme, nuttige opmerkingen en 

creatieve oplossingen was ik nooit zover gekomen. Sanja en Maarten, ik heb een leuke tijd 

met jullie gehad! Beste Frank, bedankt voor je enthousiasme en betrokkenheid bij het project 

en jouw waardevolle nieuwe ideeën. Beste Derk, bedankt voor alle hulp en steun tijdens mijn 

promotietraject. Dankzij jou bleef ook het perspectief vanuit de kliniek niet onderbelicht.  

 

Natuurlijk was dit alles niet gelukt zonder hulp vanuit het lab. Daarom ben ik Carien, Floren-

tine en Yung Yung heel erg dankbaar voor hun grote inzet voor mijn project. Ik vond het erg 

gezellig om jullie als collega’s te hebben gehad. Ivone, dank je wel voor alle hulp bij mijn 

project, voor de gezellige tijd als kamergenoten (en ook eventjes als huisgenoten) en voor de 

leuke tijd in Kroatië. Daarnaast wil ik ook alle AIO’s en andere collega’s van het Coronel 

Instituut en het NCVB bedanken voor de gezelligheid, de goede sfeer en de betrokkenheid en 

hulp bij mijn project. Margot en Marie-Christine, heel erg leuk dat jullie als mijn paranimfen 

willen optreden! 

 

I also would like to thank prof. Swen John and Liubov Khrenova of the Dermatology De-

partment at the University of Osnabrueck. Dear Swen, thank you very much for making our 

joint project possible, for all your help and your enthusiasm. Dear Ljuba, many thanks for all 

the valuable work you did for our project. I did enjoy my visits to Osnabrueck. Further, I 

would like to acknowledge Heike Voss and the other dermatologists for their contribution to 

the project.  

 

Daarnaast wil ik ook de collega’s van het VUmc bedanken voor hun bijdrage aan mijn pro-

ject. Thomas Rustemeyer, jouw enthousiaste inzet en jouw nuttige input voor de artikelen heb 
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ik heel erg gewaardeerd. Sue Gibbs en Sander Spiekstra, bedankt voor jullie hulp bij het op-

starten van de onderzoeken, de bijdrage aan de artikelen en jullie belangstelling voor mijn 

project. René Lutter van Experimentele Immunologie ben ik erg dankbaar voor het mogelijk 

maken van de multiplex cytokine assays en de hulp bij het schrijven van het artikel. Barbara 

Smids-Dierdorp, bedankt voor het uitvoeren van de analyses. Verder wil ik Bert Redeker be-

danken voor de hulp bij het opzetten van de Taqman assays en het beschikbaar stellen van de 

apparatuur en alle medewerkers van het sequence lab voor het mogelijk maken van de FLG 

genotypering. Jaap Krüse, bedankt voor je belangstelling voor mijn project en jouw hulp bij 

de skin-penetration artikelen. 

 

Natuurlijk wil ik ook alle stagiaires die aan mijn project meegewerkt hebben heel hartelijk 

bedanken: Guillaume, Kim, Alexandra en Linda. Ellen, ik heb een gezellige tijd gehad met 

jou als kamergenote. Succes met promoveren! Daarnaast wil ik ook alle proefpersonen be-

danken die aan de onderzoeken meegewerkt hebben. Zonder jullie was dit boekje niet moge-

lijk geweest! Tim Jacobs, heel fijn dat jij mij geholpen hebt met het maken van het omslag 

van mijn proefschrift. 

 

Natuurlijk is er in het leven nog meer dan alleen promoveren. Marije, Els, Efua en Mariëlle, 

bedankt voor alle gezelligheid en de leuke dingen die we gedaan hebben. De ‘Miepen’ (Irene, 

Nynke, Mirjam, Liselore, Joanne, Suzan, Letteke, Hante, Daphne en Tessa) en Elles, allemaal 

heel erg bedankt voor alle belangstelling en leuke avondjes en uitjes. Daarnaast wil ik ook 

nog de instructeurs van het ASC bedanken. Dankzij jullie kon ik me na het werk helemaal 

uitleven en als het nodig was alle frustraties afreageren. En natuurlijk ook de ‘harde kern’ 

sporters, bedankt voor jullie gezelligheid!  

 

Papa en mama, heel erg bedankt voor jullie interesse in mijn werk en voor alle steun en ver-

trouwen. Maurice, hartstikke bedankt voor alle (sportieve) ontspanning! Jaap en Riet, bedankt 

voor jullie belangstelling en alle gezelligheid.  

Lieve Huub, zonder jouw onuitputtelijke steun en geduld had ik dit nooit voor elkaar gekre-

gen. Dank je wel voor alle liefde en de geweldige tijd die we samen gehad hebben en de tijd 

die nog komen gaat.   
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