
Contact Dermatitis 2002, 47, 267–271 Copyright C Blackwell Munksgaard 2002
Printed in Denmark . All rights reserved

ISSN 0105-1873

Review Article

Variability in responsiveness to irritants: thoughts on
possible underlying mechanisms
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Patch testing with chemical irritants almost always produces a striking variability in the intensity
of reaction between individuals, even amongst normal, healthy subjects. Whilst there have been
many attempts to define factors which predispose to heightened or, conversely, to diminished reac-
tivity, the underlying cellular mechanisms responsible for the variability remain poorly understood.
In this review, a number of possible explanations are proposed, with a particular emphasis on
those which relate to the influence of pre-existing disease or to the genetic regulation of certain
immunological and inflammatory processes.
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It is common practice for many of us to exper-
imentally induce acute irritant contact dermatitis
(ICD) in human subjects. By applying irritant
chemicals under patch tests, we can conveniently
study aspects of the pathogenesis of ICD, and in-
vestigate the irritancy potential of products in-
tended for skin use. Arguably, however, one of the
most intriguing aspects of the procedure is the
variability in the intensity of reaction displayed be-
tween individuals. We are all familiar with suscep-
tible phenotypes, such as atopics, but the vari-
ability is more fundamental than that, extending
throughout the healthy, nonatopic population.
Thus, it is difficult, if not impossible, to predict
amongst a seemingly uniform cohort of normal
subjects which individuals will mount a strong irri-
tant reaction and which will hardly respond at all,
particularly, in the author’s experience, when ap-
plying that most widely used of experimental irri-
tants, sodium lauryl sulfate (SLS).

Many investigators have attempted to identify
factors which affect reactivity to irritants, as sum-
marized in Table1. In this review, however, con-
sideration will be given to some of the possible
underlying biological mechanisms which might in-
fluence this diversity in susceptibility. Uppermost
amongst them will be those which confer what
could be regarded as a genetic predisposition to
inflammation. With the emerging elucidation of
the roles played by gene polymorphisms in health
and disease, data drawn from both the dermatolo-

gical and wider medical literature will be examined
in the context of some of the cellular processes
which we know are taking place during the evolu-
tion of acute irritant reactions. Reference will also
be made to selected external factors, such as cli-
matic conditions, which are known to exert an in-
fluence on patch test reactivity, and for which poss-
ible explanations based on our knowledge of the
pathophysiology of inflammation may be put for-
ward. In order to facilitate this, a brief overview of
the major cellular events in ICD, relevant to these
themes, will first be presented.

Aspects of the Cutaneous Response to Irritants

There does not appear to be a single cascade of
events which leads to the development of ICD, but
rather a multiplicity of pathological changes
which, together, give rise to an inflammatory re-
sponse, designed to effectively rid the skin of the

Table1. Factors which influence susceptibility to irritation

Influencing factor Reference

History of atopic dermatitis 1, 2
Concomitant disease (other than atopy) 3–5
Sex 6
Menstrual cycle 7
Age 6, 8
Race 6
Application site 9
Climatic conditions 10



268 WILLIS

noxious agent. Initially, pro-inflammatory me-
diators exert greatest effect, providing the con-
ditions necessary for leukocytes to migrate up into
the affected site but, gradually, as the reaction pro-
ceeds, those which limit further infiltration and
promote repair and regeneration of the skin, pre-
dominate. Pivotal amongst the early inflammatory
events is the production and release of cytokines,
two of which, interleukin-1 (IL-1) and tumour ne-
crosis factor-alpha (TNF-a), are undoubtedly of
major significance, being the only cytokines cap-
able of activating sufficient effector mechanisms to
independently trigger cutaneous inflammation (11,
12). Given their prominence and potency as me-
diators, it is not unreasonable to speculate that in-
terindividual variations in the level of their produc-
tion, whether attributable to intrinsic or extrinsic
factors may, in turn, give rise to variations in the
intensity of an inflammatory response.

At times partly driven by cytokine release and
at others exerting an influence on their production,
oxidative stress, which arises through an inability
to adequately quench highly reactive and destruc-
tive free radicals, is now recognized as being one
of the mechanisms involved in ICD (13). Within
the skin, a variety of antioxidant enzymes and
other protective molecules, including heat shock
(stress) proteins have evolved to help deal with free
radicals. Again, it is conceivable that interindivid-
ual variations in the production of these sub-
stances may contribute to differences in reactivity
to irritants.

IL-1 in ICD

Through the 1990s, using a variety of in vitro and
in vivo human and animal models and a range of
different irritant chemicals, a great deal of evi-
dence emerged to support the view that IL-1 acts
as an important early pro-inflammatory cytokine
in ICD (14–18). Present in keratinocytes in a pre-
formed and biologically active state, IL-1a is read-
ily released when the epidermis sustains direct
damage by chemicals. IL-1b is also secreted by epi-
dermal keratinocytes, although, in this case, in an
inactive form, processed only after leaving the cell
(19). Both cytokines, which are produced by a host
of other skin cells as well as keratinocytes, are mul-
tifunctional, stimulating the production of cyto-
kines such as IL-6 and IL-8, inducing adhesion
molecule expression and costimulating T-cell pro-
liferation, amongst other activities (20).

As shown in Table1, certain clinically identifi-
able phenotypes, such as those with atopic derma-
titis (AD), generally display more vigorous reac-
tions to irritants than normal subjects. A possible
explanation lies in their production of IL-1. In a

PCR study of epidermal scrapings taken from
healthy appearing skin of patients with AD, Jungh-
ans et al. (21) demonstrated significantly higher
baseline levels of IL-1b, in comparison to skin of
normal individuals. Furthermore, in culture, such
cells appear to respond in an exaggerated fashion
when subjected to pro-inflammatory stimuli, such
as interferon-gamma, releasing greater quantities
of IL-1a than keratinocytes from control subjects
(22). When one considers that keratinocytes make
up 95% of the epidermis and are clearly the pri-
mary target for topically applied agents, such vari-
ations in IL-1 production and release may well
have a bearing on the strength of the ensuing reac-
tions.

Atopics are not the only clinical group to react
more strongly to irritants, those with seborrheic
dermatitis also display heightened responsiveness
(23). Again, this condition has recently been shown
to be associated with higher IL-1a and b levels,
both in areas of normal looking skin and at
lesional sites, in this case, by the use of quantitative
immunocytochemistry (24).

Variations in IL-1 production may also contrib-
ute to differences in reactivity to irritants seen
under other test circumstances. In a recent publi-
cation amalgamating a wealth of human 4-h patch
test data obtained over a 5-year period, Robinson
(6) showed that older individuals are hypo-reactive
to SLS, decanol, octanoic acid and acetic acid. Of
relevance to this finding, is the recent demon-
stration that IL-1a production appears to diminish
as one gets older. Cultured keratinocytes taken
from volunteers in their seventies displayed lower
absolute amounts of total IL-1a when exposed to
SLS and 12-O-tetradecanoylphorbol-13-ester, than
those obtained from 20-year-old subjects (25).
Moving away from human data, results of a study
by Ashida et al. (26) may help to explain the well-
established phenomenon of greater reactivity to ir-
ritants in the winter months, as compared to the
summer. Baseline levels of IL-1a were found to be
higher in the epidermis of hairless mice kept at low
humidity, the climatic condition which, of course,
tends to prevail during colder weather, and greater
amounts of IL-1a were released following tape
stripping. Whether triggered by alterations in epi-
dermal barrier function or some other mechanism,
such a quantitative change, if it were also to occur
in man, may well be of significance when patch
testing.

TNF-a in ICD

Unlike IL-1, the main pool of preformed TNF-a lies
within dermal mast cells, although the cytokine is
rapidly produced by keratinocytes and other skin
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cells upon appropriate stimulation (12). Again,
TNF-a displays important pro-inflammatory prop-
erties, such as the induction of the expression of ad-
hesion molecules, production of other cytokines
and up-regulation of MHC class I and II expression
and, again, we know it plays a significant role in
ICD. In a variety of experimental models and using
a range of irritants, the release of TNF-a has been
demonstrated by a number of investigators (16, 27–
29) and, indeed, was described by Piquet and col-
leagues (30) as being a ‘critical mediator’ in irritant
reactions. Interestingly, however, not all irritants ap-
pear to induce TNF-a, at least not in the mouse,
Holliday et al. (31) having failed to detect the cyto-
kine when employing benzalkonium chloride (BC)
as an experimental irritant.

Just as it is possible to speculate on the signifi-
cance of IL-1 levels in determining susceptibility
to irritants, so it is possible to view inherent vari-
ations in TNF-a as playing a role in reactivity.
Those with atopic dermatitis have been shown to
possess greater numbers of TNF-a positive mast
cells within the dermis of both lesional and non-
lesional skin (32). There also appears to be a
higher background level of the cytokine in the epi-
dermis, even at unaffected sites, in these individ-
uals (21). Furthermore, their keratinocytes, when
cultured and exposed to appropriate pro-inflam-
matory stimuli, release higher levels of TNF-a, as
well as the aforementioned IL-1b, than those taken
from nonatopic controls (22).

An important aspect of the variability seen in
TNF-a production, and one which is highly relevant
when considering, not just disease-related differ-
ences in susceptibility, but also interindividual di-
versity within a normal population, is the extent to
which the genes encoding TNF-a display poly-
morphisms. These particular genes are located
within the major histocompatibility complex
(MHC) in all vertebrates, the MHC being the most
gene-dense and polymorphic region of the entire ge-
nome (33). A number of polymorphisms have been
identified within and around the TNF-a gene, and
there is evidence that these have a bearing on the
level of production of TNF-a. At position ª308
within the 5ƒ-promoter region of the TNF gene is a
G to A transition polymorphism (34). The rarer A
allele, TNF-308A, is associated with increased tran-
scriptional activity when compared to the TNF-
308G allele, and, when lying on a particular ex-
tended haplotype, is associated with high TNF-a se-
cretion (35). In a study of Spanish atopic patients,
Castro et al. (36) found their frequency of the TNF-
308A allele to be higher than that of healthy con-
trols, an observation which might, again, in part,
help to explain the enhanced reactivity amongst
atopic individuals. Perhaps of greater significance

still to our understanding of susceptibility to irri-
tation, are the results of a study published in the
same year by Allen and colleagues (37), again look-
ing at the TNF-a gene ª308 polymorphism, but, in
this case, in normal healthy subjects. Critically, they
conducted patch testing with SLS and BC, and were
able to demonstrate a clear positive association be-
tween the frequency of the A allele and AA geno-
types and the degree of responsiveness to the two ir-
ritants. Further studies of a similar nature are ur-
gently needed to confirm and extend our knowledge
of the impact which TNF-a polymorphisms have on
irritant reactivity. Moreover, it should perhaps be
borne in mind at this point that the cell surface re-
ceptors for TNF-a, TNFR1 and TNFR2, also ap-
pear to have a regulatory role in TNF-a synthesis,
and have recently been demonstrated also to be sub-
ject to polymorphisms (33).

Oxidative Stress

There is a growing body of evidence to suggest that
oxidative stress is a component of both acute and
chronic reactions to irritants (13, 38, 39). Changes
in the levels of the antioxidant enzymes, glutathi-
one S-transferase (GST) and superoxide dismutase
(SOD), have been shown to be induced by a variety
of chemicals including, importantly, those which
do not generate free radicals directly. Irritants such
as SLS fall into this category, with the oxidative
stress presumably arising through indirect gener-
ation of free radicals by infiltrating leukocytes, as
well as from the reactive oxygen species-generating
activities displayed by TNF-a (40).

As alluded to in the introduction, it is reason-
able to speculate that the capacity of an individ-
ual’s skin to quench free radicals will be a deter-
mining factor in the strength of response to patch
testing. Significantly, the genes encoding several of
the antioxidant enzymes exhibit polymorphisms
which influence enzyme activity. Although refer-
ence to this appears to be lacking in dermatolo-
gical papers, there is evidence from the broader
medical literature that these polymorphisms do
have a bearing on the extent of cellular damage
seen under circumstances where oxidative stress
occurs. Recent studies have shown, for example,
that GST polymorphisms influence the level of oxi-
dative DNA damage in smokers (41), whilst both
GST and SOD polymorphisms have an influence
on the degree of oxidative stress injury induced
during pregnancy (42).

Stress Protein Production

One of the more recently identified consequences
of the damage caused to skin cells by chemical irri-
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tants is the synthesis of heat shock (Hsp) or stress
proteins. These are highly conserved molecules in
evolutionary terms, being present in the simplest
of prokaryotic cells through to highly differen-
tiated mammalian cells. They are released under
conditions of stress where protein denaturation is
likely to occur, such as exposure to heat, UV radi-
ation, alcohol, heavy metals, etc. Many function
as ‘molecular chaperones’ by binding to partially
folded or misfolded proteins, thereby preventing
their irreversible denaturation (43).

By performing a systematic proteomic analysis
of skin subjected, both in vivo and in vitro, to SLS
and other irritants, Boxman and colleagues (44),
demonstrated the up-regulation within the epider-
mis of one of these proteins, the 27kDa protein,
Hsp27. Interestingly, in addition to its putative
roles in thermotolerance and drug resistance, re-
cent evidence suggests that Hsp27 may also have
a protective role against cell damage induced by
oxidative stress (45), and may thus perhaps play a
part in determining overall susceptibility to epider-
mal injury. Again, it is conceivable that the analy-
sis of genes encoding Hsps may reveal, as yet un-
known, associations between polymorphisms and
reactivity to chemical irritants (46).

Concluding Remarks

The regulation of the inflammatory reaction to ir-
ritants is undoubtedly highly complex, with in-
numerable opportunities for interindividual vari-
ation at all points of the response, from inherent
resistance to cell damage through to the levels of
subsequent mediator release and ensuing leukocyte
infiltration. This review has considered just a few
of the many possible underlying influences. There
is little doubt that in future years, the further eluci-
dation of the genetic controls in health and disease
will provide us with a greater insight as to why
such a striking variability in responsiveness to
chemical irritants exists within the human popula-
tion.
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G. Seborrhoeic dermatitis and Pityrosporum (Malassezia)
folliculitis. characterization of inflammatory cells and me-
diators in the skin by immunocytochemistry. Br J Dermatol
2001: 144: 549–556.

25. Suh D H, Youn J I, Eun H C. Effects of 12-O-tetrade-
canoyl-phorbol and sodium lauryl sulphate on the produc-
tion and expression of cytokines and proto-oncogenes in
photoaged and intrinisically aged human keratinocytes. J
Invest Dermatol 2001: 117: 1225–1233.

26. Ashida Y, Ogo M, Denda M. Epidermal interleukin-1a
generation is amplified at low humidity. implications for the
pathogenesis of inflammatory dermatoses. Br J Dermatol
2001: 144: 238–243.

27. Hunziker T, Brand C U, Kapp A, Waelti E R, Braathen L
R. Increased levels of inflammatory cytokines in human
skin lymph from sodium lauryl sulphate-induced contact
dermatitis. Br J Dermatol 1992: 127: 254–257.

28. Enk A H, Katz S I. Early molecular events in the induction
phase of contact sensitivity. Proc Natl Acad Sci USA 1992:
89: 1398–1402.

29. Lisby S, Muller K M, Jongeneel C V, Saurat J-H, Hauser
C. Nickel and skin irritants up-regulate tumor necrosis fac-
tor-a mRNA in keratinocytes by different but potentially
synergistic mechanisms. Int Immunol 1995: 7: 343–352.

30. Piquet P F, Grau G E, Hauser C, Vassalli P. Tumour ne-
crosis factor is a critical mediator in hapten-induced irri-
tant and contact hypersensitivity reactions. J Exp Med
1991: 173: 673–679.

31. Holliday M R, Corsini E, Smith S, Basketter D A, Dear-
man R J, Kimber I. Differential induction of cutaneous
TNF-alpha and IL-6 by topically applied chemicals. Am J
Contact Dermat 1997: 8: 158–164.

32. de Vries I J, Langeveld-Wildschut E G, van Reijsen F C et
al. Adhesion molecule expression on skin endothelia in
atopic dermatitis: effects of TNF-alpha and IL-4. J Allergy
Clin Immunol 1998: 102: 461–468.

33. Hajeer A H, Hutchinson I V. TNF-a gene polymorphism:
clinical and biological implications. Micros Res Tech 2000:
50: 216–228.

34. Wilson A G, di Giovine F S, Blakemore A I, Duff G W.
Single base polymorphism in the human tumour necrosis
factor alpha (TNF alpha) gene detectable by NcoI restric-
tion of PCR product. Hum Mol Genet 1992: 1: 353.

35. Wilson A G, Symons J A, McDowell T L, McDevitt H O,
Duff G W. Effects of a polymorphism in the human tumour
necrosis factor alpha promoter on transcriptional activity.
Proc Natl Acad Sci 1997: 94: 3195–3199.

36. Castro J, Telleria J J, Linares P, Blanco-Quiros A. Increased
TNFA*2, but not TNFB*1, allele frequency in Spanish

atopic patients. J Invest Allergol Clin Immunol 2000: 10:
149–154.

37. Allen M H, Wakelin S H, Holloway D et al. Association of
TNFA gene polymorphism at position ª308 with suscepti-
bility to irritant contact dermatitis. Immunogenetics 2000:
51: 201–205.

38. Willis C M, Reiche L, Wilkinson J D. Quantitative im-
munocytochemical demonstration of reduced levels of su-
peroxide dismutase following topical exposure to dithranol
and sodium lauryl sulphate: an indication of the role of
oxidative stress in acute irritant contact dermatitis. Eur J
Dermatol 1998: 8: 8–12.

39. Willis C M, Britton L E, Reiche L, Wilkinson J D. Reduced
levels of glutathione S-transferases in patch test reactions
to dithranol and sodium lauryl sulphate as demonstrated
by quantitative immunocytochemistry: evidence for oxida-
tive stress in acute irritant contact dermatitis. Eur J Derma-
tol 2001: 11: 99–104.

40. Adamson G M, Billings R E. Tumour necrosis factor in-
duced oxidative stress in isolated mouse hepatocytes. Arch
Biochem Biophys 1992: 294: 223–229.

41. Dusinska M, Ficek A, Horska A et al. Glutathione S-trans-
ferase polymorphisms influence the level of oxidative DNA
damage and antioxidant protection in humans. Mutat Res
2001: 482: 47–55.

42. Hong Y C, Lee K H, Yi C H, Ha E H, Christiani D C.
Genetic susceptibility of term pregnant women to oxidative
damage. Toxicol Lett 2002: 129: 255–262.

43. Trautinger F, Kindas-Mugge I, Knobler R M, Honigsmann
H. Stress proteins in the cellular response to ultraviolet
radiation. J Photochem Photobiol 1996: 35: 141–148.

44. Boxman I L A, Hensbergen P J, van der Schors R C,
Bruynzeel D P, Tensen C P, Ponec M. Proteomic analysis
of skin irritation reveals the induction of HSP27 by sodium
lauryl sulphate in human skin. Br J Dermatol 2002: 146:
777–785.

45. Arrigo A P. Hsp27: novel regulator of intracellular redox
state. IUBMB Life 2001: 52: 303–307.

46. Esaki M, Furuse M, Matsumoto T et al. Polymorphism of
heat-shock protein gene HSP70-2 in Crohn disease. poss-
ible genetic marker for two forms of Crohn disease. Scand
J Gastroenterol 1999: 34: 703–707.

Address:
Carolyn Willis
Department of Dermatology
Amersham Hospital
Whielden Street
Amersham
Buckinghamshire HP7 0JD
United Kingdom
Tel: π441494734618
Fax: π441494734618
e-mail: carolyn.willis/sbucks.nhs.uk


