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Research letter

T-cell responses against 4-tert-butylphenol-
exposed pigmented cells in a patient with
occupational vitiligo

DOI: 10.1111/bjd.17713

DEAR EDITOR, Several case studies on contact or occupational

vitiligo after skin contact with 4-tert-butylphenol (4-TBP) have

been reported.1,2 Biochemical and cellular effects of 4-TBP on

melanocytes have been shown in vitro,3–6 but immunological

analyses explaining the immunizing ability of 4-TBP leading

to widespread vitiligo lesions beyond areas of primary contact

are still lacking. We report here the presence of a systemic

T-cell response to 4-TBP-exposed pigmented cells in a patient

with chemically induced vitiligo.

A 54-year-old man with Fitzpatrick skin type V presented with

vitiligo after contact of the hands and arms with the two-compo-

nent adhesive Armaflex, containing 4-TBP, during work as an

insulation installer at a shipyard (Fig. 1). He first developed der-

matitis at the contact sites, which depigmented 4 weeks later.

Although further contact with Armaflex adhesive was avoided, he

developed white patches on the dorsal site of his feet after wearing

plastic sandals. After 3 months the depigmented lesions were still

spreading beyond the contact sites and new white macules

occurred spontaneously on his chest (Fig. 1). The patient had a

family history of type 1 diabetes and early hair greying, but no

family history of vitiligo or thyroid disease.

Histopathology of a depigmented lesional skin biopsy

showed a normal epidermis with a dermal perivascular lym-

phocytic infiltrate, pigment-containing macrophages and the

absence of melanocytes. Patch tests with Armaflex and the

European Standard Series showed contact allergy to Armaflex

and to 4-TBP, followed by depigmentation of both patch test

areas 7 weeks later, with similar histopathology. Considering

the negative family history of vitiligo or thyroid disease, a

Koebner reaction by 4-TBP that reactivated a pre-existent

occult vitiligo seems unlikely. Three months of treatment with

topical tacrolimus followed by narrowband ultraviolet B ther-

apy for 6 months resulted in repigmentation of his face, but

not of the extremities. Afterwards, the vitiligo remained stable

for 3 years and was successfully treated by autologous punch

grafting. Nine years after initial contact with 4-TBP and the

onset of vitiligo, the disease was still stable, and blood

samples for immunological analyses were taken upon

informed consent.

Our in vitro analyses confirmed that 4-TBP inhibited melanin

synthesis in pigmented cells (data not shown).3 To investigate

the presence of systemic immunity against TBP-exposed mela-

nocytes, we stimulated peripheral blood T cells with autolo-

gous dendritic cells loaded with overnight 4-TBP-exposed

pigmented melanoma cells, as described previously for

monobenzone.7 Increased CD8+ T-cell reactivity against 4-

TBP-exposed cells was found in the patient, compared with a

panel of healthy donors (data available on request). In addi-

tion, moderate reactivity against unexposed cells was seen in

the patient, which may mediate the systemic spread of the

vitiligo to distant, unexposed body sites. The moderate levels

probably reflect the stable disease activity at the time of blood

sampling. The CD8+ T-cell response of the patient predomi-

nantly produced interferon-c upon 4-TBP stimulation, corre-

sponding to the T-cell responses found in vitiligo. No CD4+

T-cell reactivity was observed in the patient. Both CD8+ and

CD4+ T-cell reactivity to 4-TBP-exposed cells could be

induced in a healthy donor blood during 7 days of culture.

These T-cell responses were also reactive with the

keratinocyte cell line HaCaT exposed to 4-TBP, indicating

reactivity towards 4-TBP as a hapten in a contact dermatitis–
delayed-type hypersensitivity reaction (DTH),8 rather than

being pigment cell specific. DTH reactions are predominantly

mediated by CD4+ and CD8+ T-cell responses, found locally

in sensitized skin, followed by dampening of the response by

regulatory T cells producing interleukin (IL)-10. The depig-

mentation of the 4-TBP patch test site in the patient suggests

that contact sensitization by 4-TBP can increase the immuno-

genicity of pigmented cells leading to autoimmunity and

Fig 1. The patient with 4-tert-butylphenol-induced contact vitiligo.
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vitiligo. The potential TBP reactivity in patients with stable

vitiligo without a history of TBP exposure was not tested, as

occult exposure to (similar) phenols cannot be ruled out,

thereby obscuring conclusions on specificity.

The mechanism by which 4-TBP can induce vitiligo may

involve oxidative stress in melanocytes and apoptotic cell

death,3,4 resulting in the release of melanocyte antigens that

are taken up by dendritic cells. 4-TBP also activates the pro-

duction of IL-6, IL-8 and heat shock protein 70, key mole-

cules in the pathogenesis of vitiligo and other autoimmune

diseases.5,6 Presentation of melanocyte autoantigens by

activated dendritic cells can trigger a cytotoxic CD8+ T-cell

response against melanocytes, leading to vitiligo.

In conclusion, we have shown increased CD8+ T-cell reac-

tivity against pigmented cells upon 4-TBP exposure in a

patient with chemical-induced vitiligo. Our study adds to the

knowledge of 4-TBP as a provoking factor for vitiligo. These

findings emphasize the immunizing ability of 4-TBP against

pigmented cells and the risk of developing vitiligo upon

4-TBP exposure in susceptible individuals.

C . VR I JMAN
1

K . J . WI L L EMS EN
1

E .P .M. T J IN
1

A . KAMMEY ER
1

J .G . VAN DEN BOORN
1

J .P .W. VAN DER VE EN
1

F .H.W. JUNGBAUER
2

S .H. KARDAUN
3

R.M. LU I T EN
1 iD

1Department of Dermatology and Netherlands

Institute for Pigment Disorders, Amsterdam

University Medical Centers, University of

Amsterdam, Amsterdam Infection &

Immunity Institute, Cancer Center

Amsterdam, Amsterdam, the Netherlands
2Netherlands Expert Center on Occupational

Dermatology and 3Department of

Dermatology, University Medical Center

Groningen, Groningen, the Netherlands

Correspondence: Rosalie M. Luiten.

E-mail: r.m.luiten@amc.uva.nl

References

1 Bajaj AK, Gupta SC, Chatterjee AK. Contact depigmentation from free
para-tertiary-butylphenol in bindi adhesive. Contact Dermatitis 1990;

22:99–102.
2 Ebner H, Helletzgruber M, Hofer R et al. [Vitiligo from p-tert-butyl-

phenol; a contribution to the problem of the internal manifestations
of this occupational disease]. Derm Beruf Umwelt 1979; 27:99–104 (in

German).
3 Manga P, Sheyn D, Yang F et al. A role for tyrosinase-related protein

1 in 4-tert-butylphenol-induced toxicity in melanocytes: implica-
tions for vitiligo. Am J Pathol 2006; 169:1652–62.

4 Hariharan V, Klarquist J, Reust MJ et al. Monobenzyl ether of hydro-
quinone and 4-tertiary butyl phenol activate markedly different

physiological responses in melanocytes: relevance to skin depigmen-
tation. J Invest Dermatol 2010; 130:211–20.

5 Toosi S, Orlow SJ, Manga P. Vitiligo-inducing phenols activate the

unfolded protein response in melanocytes resulting in upregulation
of IL6 and IL8. J Invest Dermatol 2012; 132:2601–9.

6 Kroll TM, Bommiasamy H, Boissy RE et al. 4-Tertiary butyl phenol
exposure sensitizes human melanocytes to dendritic cell-mediated

killing: relevance to vitiligo. J Invest Dermatol 2005; 124:798–806.
7 van den Boorn JG, Picavet DI, Van Swieten PF et al. Skin-depigment-

ing agent monobenzone induces potent T-cell autoimmunity toward
pigmented cells by tyrosinase haptenation and melanosome autop-

hagy. J Invest Dermatol 2011; 131:1240–51.
8 Matrolonardo M, Loconsole F, Conte A et al. Allergic contact der-

matitis due to para-tertiary-butylphenol-formaldehyde resin in a
hearing aid. Contact Dermatitis 1993; 28:197.

Funding sources: J.G.vdB. and R.M.L. were supported by a grant from

the Netherlands Organization for Scientific Research (NWO-Vidi grant

016�056�337). E.P.M.T. was supported by Preseed grants from the

AMC (grant SKE Preseed 2010) and the Netherlands Genomics Initia-

tive (NGI Preseed 2013).

Conflicts of interest: none to declare.

© 2019 The Authors British Journal of Dermatology
published by John Wiley & Sons Ltd on behalf of British Association of Dermatologists

British Journal of Dermatology (2019) 181, pp387–388

388 Research letter

https://orcid.org/0000-0002-0800-0721
https://orcid.org/0000-0002-0800-0721
https://orcid.org/0000-0002-0800-0721
mailto:

