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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 2m2 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 SC57-59 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-1� (IL-1�), which 

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

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

and tumour necrosis factor-� (TNF-�) 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-

ids76,77 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-1� and IL-1RA have been recovered from 

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

and IFN-�).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 visually86 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-

zema103,104 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-� 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-1� 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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