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Photocontact dermatitis is one of the major occupational and environmental
skin diseases, which is adversely induced by chemicals. This dermatitis is
evoked by skin application of photosensitive agents plus ultraviolet light ir-
radiation. There are phototoxic and photoallergic mechanisms in this der-
matosis. It is thought that the incidence of the latter is higher than that of
the former. The photoallergic type is mediated by Langerhans cells, T cells,
and various cytokines and chemokines, and thus occurs via a well-organized
immunological mechanism. Photoconjugation of epidermal cells with a
photohaptenic chemical is the initial step, and Langerhans cells serve as an-
tigen-presenting cells, Causative photohaptens are bound to MHC class 1L
molecules/self peptide on Langerhans cells upon exposure to UVA. The
photomodified Langerhans cells sensitize and elicit antigen-specific T cells
that mediate photoallergy.

Key words : photoallergy, contact dermatitis, UVA, contact hypersensitivity,
Langerhans cells

sites where a photocontactant is applied and
solar light is irradiated. Histologically, the
skin lesion is an eczematous tissue reaction
characterized by epidermal spongiosis, exocy-

In occupational skin disorders, contact dermati-
tis is the major skin disorder (1), and photo-
contact dermatitis is a specialized form of this
skin disease (2). Eczematous eruptions that pa-
tients develop include erythema and papules/
vesicles, and occasionally bullae, at the skin

tosis, and a dense mononuclear cell infiltrate in
the dermis (3). Since the dermatitis is induced
by a combination of application of a chemical to
the skin and irradiation of the same site with
ultraviolet (UV) light, it is sometimes difficult
to diagnose this photosensitivity. The action
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spectrum of this photosensitivity i§ mainly
UVA.

Photocontact dermatitis is divided into two
subtypes: phototoxic and photoallergic contact
dermatitis. The phototoxicity is mediated by
oxygen radicals, and the resultant cellular
damage is caused by photoreaction of chemicals
with lipid, DNA, and amino acids. Recently,
-the cellular phototoxicity against 3T3 fibrob-
lasts has been used for evaluation of photo-
toxicity, and a study to validate this in vitro
system is being performed in Japan as well as
in some Kuropean countries. In contrast, the

Photocontact dermatitis: From basic photobiology to clinical relevance
. 1 |

photoallergenicity is induced and elicited by
immunological sequences involving many
immunocompetent cells and molecules. There-
fore, evaluation of photoallergenicity is more
difficult than that of phototoxicity.

In photocontact dermatitis, the incidence of
photoallergy is thought to be higher than that
of phototoxicity. Thus, great attention must be
paid to photoallergic contact dermatitis (4, 5).
This review aims to highlight photocontact der-
matitis focusing on its immunological and mo-
lecular mechanisms.

Table 1. Causative agents of photocontact dermatitis

Antimjcrobial agents (mainly halogenated salicylanilides)

tetrachlorosalicylanilide (TCSA)

dibromosalicylanilide (DBS, dibromosalan)

tribromosalicylanilide (TBS)
bithionol (thiobisdichlorophenol)

trichlorocarbanilide (TCC, triclocarban)
trifluoromethyldichlorocarbanilide (TFC)

hexachlorophene

chloro-2-phenylphenol (Dowicide 32)

fenticlor (thiobischlorophenol)

multifingin (bromochlorosalicylanilide, BCSA)
jadit (buclosamide, butylehlorosalicylamide)

triclosan
chlorhexidine
dichlorophene
sulfanilamide
Perfumes
musk ambrette
6-methylecoumarin
sandalwood oil
Sunscreens

para-amino-benzoic acid (PABA)
octyl-dimethyl PABA (padimate Q)
amyl-dimethyl PABA (padimate A)

glycerol PABA

benzophenone (especially benzophenone-3=oxybenzone)
butyl-methoxydibenzoylmethanes (Parsol 1789)

digalloyl trioleate
cinnamates (cinoxate)
Hair dye

paraphenylenediamine (PPD)

Non-steroidal anti-inflammatory drugs

Ketoprofen
Suprofen

Phototoxic therapeutic chemicals

Psoralen
Coal tar

sL
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Causative chemicals

As shown in Table 1, various agents have been
reported to evoke photocontact dermatitis. His-
torically, halogenated salicylanilide and related
compounds, which were contained in soaps/de-
tergents and used as topical antimicrobial
agents, yielded a large number of patients with
photocontact dermatitis (6-8). The elimination
of these germicides from the market reduced
the number of such patients. Perfumes, such as
musk ambrette and 6-methylcoumarin, and
sunscreen agents, especially benzophenone-3
(oxybenzone) (5), became causative thereafter.
However, recent causative agents of photo-
contact dermatitis are topical non-steroidal,
anti-inflammatory drugs, such as ketoprofen
(9) and suprofen (10).

Almost all chemicals listed in Table 1 clini-
cally evoke photoallergic dermatitis. However,
‘when tested in their phototoxicity, they exhibit
various degrees of phototoxicity. Therefore, it
had been misestimated that phototoxicity is the
mechanism of photocontact dermatitis in most
cases. The agents that cause only phototoxicity
with rare exceptions include psoralen and coal
tar, which have thus for been used for therapy.

Prohapten theory
UVA]

Photocontact dermatitis: From basic photoiaiology to clinical relevance

Photoantigen formation in photo-
allergic type

Since photoallergic contact dermatitis is an
immunological disorder, it is necessary for
causative chemicals to become antigens or
photoallergens upon exposure to UVA. Asillus-
trated in Fig. 1, two hypotheses have been put
forward to explain the formation of photo-
allergen (5). One is that the photosensitizer is
a prohapten, which is converted to a complete
hapten by UV irradiation, and the hapten can
binds to protein. In another theory, the photo-
sensitizer is a photohapten, which, in advance,
binds noncovalently to the carrier protein, and
upon UV irradiation, a covalent bond occurs via
the formation of free radicals. In the case of
photohaptens, therefore, UVA-preirradiated
chemicals are incapable of binding to protein,
and a non-covalent bond between photohapten
and protein is required before irradiation of
them with UVA,

This is in accordance with clinical photopatch
test, in which a causative chemical is applied to
the skin and UVA is irradiated to the same site.
This method is for testing the photohaptenic
property. When the prohaptenicity is examine,
a UVA-preirradiated chemical should be ap-

(= ()

Photohapten theory
UVA

photo- protein

hapten

non-covalent bond

covalent bond

photo-
hapten

covalent bond

Fig. 1 Two theories for the formation of photoantigen
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