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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 value6-9 and the change in TEWL after a 

single SLS exposure test10,11 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-1� (IL-1�) and an increase in IL-1 receptor antagonist (IL-1RA), the ratio be-

tween IL-1RA/IL-1� 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-1� 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-1� 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-1� 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-1� 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-1� was increased 

after repeated irritation. As the pro-inflammatory effects of IL-1� 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-1� 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-1�, IL-1�, IL-8, IL-10 and TNF-

� 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-1� 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-1� 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-1� 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-1� ratio does not fit to the finding that volunteers with an elevated baseline 

IL-1RA/IL-1� 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. 

 

 



General Discussion 

 177 

References 
 
 1.  Baurecht H, Irvine AD, Novak N et al. Toward a major risk factor for atopic eczema: Meta-analysis of 

filaggrin polymorphism data. J Allergy Clin Immunol 2007. 
 2.  Palmer CN, Irvine AD, Terron-Kwiatkowski A et al. Common loss-of-function variants of the epidermal 

barrier protein filaggrin are a major predisposing factor for atopic dermatitis. Nat Genet 2006; 38: 441-6. 
 3.  Heinemann C, Paschold C, Fluhr J et al. Induction of a Hardening Phenomenon by Repeated Application 

of SLS: Analysis of Lipid Changes in the Stratum Corneum. Acta Derm Venereol 2005; 85: 290-5. 
 4.  Widmer J, Elsner P, Burg G. Skin irritant reactivity following experimental cumulative irritant contact 

dermatitis. Contact Dermatitis 1994; 30: 35-9. 
 5.  Wulfhorst B. Hardening-effect 1. Review and state of the art. Allergologie 1996; 19: 500-8. 
 6.  Bauer A, Bartsch R, Stadeler M et al. Development of occupational skin diseases during vocational train-

ing in baker and confectioner apprentices: a follow-up study. Contact Dermatitis 1998; 39: 307-11. 
 7.  Berndt U, Hinnen U, Iliev D et al. Is occupational irritant contact dermatitis predictable by cutaneous 

bioengineering methods? Results of the Swiss Metalworkers' Eczema Study (PROMETES). Dermatology 
1999; 198: 351-4. 

 8.  John SM, Uter W, Schwanitz HJ. Relevance of multiparametric skin bioengineering in a prospectively-
followed cohort of junior hairdressers. Contact Dermatitis 2000; 43: 161-8. 

 9.  Schmid K, Broding HC, Uter W et al. Transepidermal water loss and incidence of hand dermatitis in a 
prospectively followed cohort of apprentice nurses. Contact Dermatitis 2005; 52: 247-53. 

 10.  Koopman DG, Kezic S, Verberk MM. Skin reaction and recovery: a repeated sodium lauryl sulphate 
patch test vs. a 24-h patch test and tape stripping. Br J Dermatol 2004; 150: 493-9. 

 11.  Robinson MK. Intra-individual variations in acute and cumulative skin irritation responses. Contact Der-
matitis 2001; 45: 75-83. 

 12.  Kupper TS, Groves RW. The interleukin-1 axis and cutaneous inflammation. J Invest Dermatol 1995; 
105: 62S-6S. 

 13.  Steinhoff M, Luger TA. The skin cytokine network. In: Skin immune system (SIS): cutaneous immunology 
and clinical immunodermatology (Bos JD, ed), 3rd edition edn. Boca Raton: CRC Press, 2004: 349-72. 

 14.  Malten KE. Thoughts on irritant contact dermatitis. Contact Dermatitis 1981; 7: 238-47. 
 15.  Hollegaard MV, Bidwell JL. Cytokine gene polymorphism in human disease: on-line databases, Supple-

ment 3. Genes Immun 2006; 7: 269-76. 
 16.  Coenraads PJ, Diepgen TL. Risk for hand eczema in employees with past or present atopic dermatitis. Int 

Arch Occup Environ Health 1998; 71: 7-13. 
 17.  Jungbauer FH, Piebenga WP, ten Berge EE et al. Richtlijn contact eczeem - preventie, behandeling en 

begeleiding door de bedrijfsarts [Guideline contact dermatitis - prevention, treatment and counselling by 
occupational physicians]. Utrecht: NVAB, 2007. 

 18.  Brandt-Rauf PW, Brandt-Rauf SI. Genetic testing in the workplace: ethical, legal, and social implications. 
Annu Rev Public Health 2004; 25: 139-53. 

 19.  Casteleyn L, Van Damme K. Acceptibility of genetic susceptibility testing in occupational health - a posi-
tion paper. Arch Public Health 2004; 62: 15-22. 

 20.  Vineis P, Ahsan H, Parker M. Genetic screening and occupational and environmental exposures. Occup 
Environ Med 2005; 62: 657-62, 597. 

 21.  Technical and ethical guidelines for workers' health surveillance. 72. 1998. Geneva, International Labour 
Office (ILO). Occupational Safety and Health Series.  

 22.  Palmer KT, Poole J, Rawbone RG et al. Quantifying the advantages and disadvantages of pre-placement 
genetic screening. Occup Environ Med 2004; 61: 448-53. 

 

 


