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The Woronoff ring is a ring-like hypopigmentation
zone around regressing psoriasis lesions. Although
it was first described more than 100 years ago, its
aetiology has remained a mystery. Recent insights into
the pathogenesis of psoriasis can now explain the ori-
gin of the Woronoff ring. Psoriasis involves an HLA-
class I-restricted autoimmune response of CD8* T cells
against melanocytes in the epidermis. The pathogenic
CD8* T cells are not cytotoxic, but are characterized
by the production of interleukin-17, interleukin-22 and
tumour necrosis factor-a. Interleukin-17 and tumour
necrosis factor-a act synergistically on melanocytes by
increasing proliferation while inhibiting melanogene-
sis. This reduces the cellular melanin content despite
an increased number of melanocytes in psoriatic le-
sions. As a consequence, during healing the prior in-
fluence of interleukin-17 and tumour necrosis factor-a,
despite the increased density of melanocytes, leaves
a hypopigmented zone at the edge of regressing pso-
riasis lesions, which becomes visible as the Woronoff
ring. This mechanism can explain a long-discussed
puzzling phenomenon in dermatology.
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Nearly 100 years ago, Dr D. L. Woronoff, a derma-
tologist at the clinic for skin diseases of Moscow
University in Russia, published his investigations on
a pale annular zone that was known to appear around
healing psoriasis lesions, and was thought to be caused
by a spastic vessel contraction or hypopigmentation (1).
He described the clinical appearance of these rings as a
“pseudoatrophic” annular zone surrounding acanthotic
psoriatic plaques, and gave a precise histological des-
cription (Fig. 1). He reported that this zone was histo-
logically distinct from both the psoriasis plaque and the
surrounding normal skin due to the absence of parake-
ratosis in the stratum granulosum, a broadened stratum
Malpighii due to more layers of living cells leading to
increased epidermal thickness, and irregularly shaped
papillae without dilation of the capillaries. He concluded
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SIGNIFICANCE

The Woronoff ring is a depigmented zone arising around
healing psoriasis plaques. Analysed in detail for the first
time approximately 100 years ago, our current understan-
ding of the pathogenesis of psoriasis enables its explana-
tion due to the cytokine pattern of the T-cell-mediated
pathogenic melanocyte-specific psoriatic autoimmune re-
sponse. The production of interleukin-17 and tumour ne-
crosis factor-a causes suppression of melanin synthesis
with a simultaneous increase in melanocyte proliferation.
This results in an inflammation-induced hypopigmentation
surrounding the healing psoriasis lesions. The emergence
of the phenomenon is thus coherently integrated into our
immunological understanding of psoriatic pathogenesis.

Abb, 1

Abb, 2
1. Psoriatische Papel. 2. Psendoatrophische Zooe, 3. Normale Haut

Fig. 1. The pseudoatrophic zone around the psoriatic papules
and scheme of histological changes. From the original publication by
Woronoff, 1926 (1).
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that this zone, which he sketched in a scheme (Fig. 1),
inhibited further development of the psoriatic plaque
and was more likely to result in regression of psoriasis
lesions. Since he also observed these changes around
corymbiform syphilitic skin lesions, he concluded that
these “achromatic phenomena’ were to the utmost extent
better able to withstand all possible pathological stimuli
than normal skin.

Based on these studies, the annular zones of hypopig-
mentation developing around psoriatic skin lesions are
referred to as the Woronoff ring. The Woronoffring is a
phenomenon that is mentioned in major dermatological
textbooks as a morphologically distinct alteration of
healing psoriasis plaques, and it has been occasionally
addressed in the medical literature with only a few pho-
tographic illustrations. The width is usually between 2
and 6 mm, with regional fluctuations, and increases with
the size of the central psoriatic plaque (2). The Woronoff
ring has been observed after ultraviolet (UV) phototh-
erapy or photochemotherapy (3), topical treatment, such
as anthralin (4) or glucocorticosteroids, or systemic tre-
atments including fumaric acid esters (5) or the tumour
necrosis factor (TNF)-a antagonist adalimumab (6),
but it may also occur spontaneously. The nature of the
Woronoff ring is still not fully explained. This article
discusses the aetiology of the Woronoff ring in terms
of new insights into the pathogenesis of psoriasis, using
the example of a patient who developed Woronoff rings
around regressing psoriasis plaques under UV (311 nm)
radiation therapy.

CASE REPORT

A 71-year-old female patient with a long history of psoriasis
had undergone phototherapy with UVB (311 nm) radiation. The
resolving psoriasis plaques developed annular zones of hypopig-
mentation and, further outward, circumferential hyperpigmenta-
tion (Fig. 2A). A biopsy from a whitish Woronoff ring showed a
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dense population of c-Kit" melanocytes in the basal epidermal
layer (Fig. 2B) compared to lesional and normal skin (Fig. 2 C, D).

DISCUSSION

Different approaches have tried to explain the aetiology
of the Woronoff ring. Disturbed vascularization, as
discussed in early descriptions, appeared unlikely as
a cause, since injections of prostaglandin E, (7), hista-
mine phosphate and metacholine chloride (8) produced
wheals with surrounding red flare involving both the
Woronoff ring and adjacent normal skin. Furthermore,
by measuring the cutaneous and subcutaneous blood
flow in the Woronoff ring by the **Xe washout method,
cutaneous vasoconstriction corresponding to a white der-
mographism could be excluded as the cause of the white
discoloration (9). A major cause of the Woronoff ring was
suspected in alterations in prostaglandin metabolism.
Observation of a decreased level of prostaglandins in
the tissue corresponding to the Wornoff ring has led to
the hypothesis that UV therapy induces an inhibitor of
prostaglandin synthesis, which causes the white ring
by reducing inflammation (10). In addition, diminished
inflammation in the Woronoff ring was attributed to a
decreased level of endoglin, a scavenger of transforming
growth factor beta (11). A histological study using the
Masson-Fontana stain observed a marked decrease in
the amount of basal-zone epidermal melanin in both the
halo and the psoriatic lesions (8).

Recent insights into the psoriatic pathogenesis now
provide another explanation for the aetiology of the
Woronoff ring. The HLA-class I allele, HLA-C*06:02,
is the main psoriasis risk gene (12). Psoriasis develops
upon epidermal recruitment, activation and clonal ex-
pansion of CD8" T cells (13, 14). CD8" T cells recognize
peptides that are presented by HLA-Class I molecules.
Because the peptide antigens are derived from intracel-

Fig. 2. Clinical features and
immunostaining of melanocytes
in patient and control skin.
(A) Woronoff rings developing as
depigmented zones around regressing
psoriasis lesions during UVB (311 nm)
radiation on the buttocks. Note the
slight hyperpigmentation surrounding
the depigmented halo. (B) Dense
population of c-Kit+ melanocytes
(red) in the basal epidermal layer
of a biopsy from a Woronoff ring
compared with (C) a psoriasis lesion or
(D) normal skin; blue: DAPI. Staining
by Akiko Arakawa, MD, PhD. Original
magnification x25.
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lular proteins, an HLA-class I-restricted pathogenic
CDS8* T-cell response is primarily directed against a
particular target cell type expressing the parent protein
of said antigenic peptides (15, 16). In fact, in psoriasis
HLA-C*06:02 mediates an autoimmune response against
melanocytes through autoantigen presentation as the
underlying pathomechanisms of T-cell mediated chronic
inflammation (17).

The pathogenic psoriatic CD8" T cells represent a
particular subtype of epidermal CD8" tissue-resident
memory cells. Such CD8" T cells are characterized by
the expression of CD103 and by CD69, and develop in
the skin from epithelium-infiltrating precursor cells (18).
CD103 is the o subunit of the o B, integrin receptor,
binds E-cadherin, which is highly expressed on epithelial
cells and thus promotes lodging of CD8" T cells in the
epidermis (19), while CD69 inhibits egress of T cells
from tissue via the sphingosine 1-phosphate receptor 1
(20, 21). The epidermal psoriatic CD8" T cells belong
to the T perieytotoxic ! 7 (T, .17) T cell type and produce the
cytokines interleukin (IL)-17, TNF-a and IL-22 (22),
which are the signature cytokines of the lesional pso-
riatic immune response (23). These cytokines promote
the epithelial hyperplasia, accumulation of neutrophilic
granulocytes and production of antimicrobial peptides,
and thus convey the clinical manifestation of psoriasis
with the scaly erythematous squamous plaques.

In addition to these clinically apparent cytokine
effects, IL-17 and TNF-a have another impact: they
alter the functional state of melanocytes. IL-17 and
TNF-a synergize in reducing skin pigmentation while
promoting melanocyte proliferation (24). They inhibit
pigmentation-related signalling and melanogenesis by
suppressing pigmentation-related genes and lowering
cellular tyrosinase levels in melanocytes, thereby redu-
cing cellular melanin content. IL-17 and TNF-a further
jointly induce the expression of melanocyte mitogens,
including CXCL1 and IL-8, thus enhancing melano-
cyte proliferation. In psoriasis, epidermal melanocytes
are under the constant influence of IL-17 and TNF-a.
Accordingly, the combined effect of these 2 cytokines
causes hypopigmentation and, at the same time, increases
the number of melanocytes by stimulating melanocyte
proliferation, which is reflected by the expression of the
proliferation marker Ki67 on melanocytes in psoriatic
lesions (24). This impact on melanocytes can now explain
the emergence of the Woronoff ring. During healing,
the effect of IL-17 and TNF-a leaves a hypopigmented
zone on the edge of regressing lesions, where melano-
genesis is still suppressed despite the increased density
of melanocytes along the basement membrane (Fig. 2B)
seen in lesional psoriatic skin (24, 25). The progressive
recovery of pigmentation genes, along with the numeri-
cally increased melanocytes can then lead to an abundant
melanin production and thus cause post-inflammatory
hyperpigmentation. This is already evident here as a

ﬂ ActaDV //f\\
YEARS

()

The Woronoff ring in psoriasis 67

hyperpigmented zone around the Woronoff ring (Fig.
2A) and can eventually induce hyperpigmentation of the
entire lesion. Accordingly, selective therapeutic blockade
of TNF-a or IL-17 caused rapid recovery of pigmentation
and post-inflammatory hyperpigmentation in healing
psoriatic lesions of treatment responders (24). The ring
may develop if the psoriasis plaques regress centripetally
and not evenly over the entire lesion, so that a remaining
central plaque is surrounded by a healed skin zone. If
the psoriasis lesions evenly heal, either a uniform post-
inflammatory hyperpigmentation or hypopigmentation
may remain at the site of the former psoriasis plaque, as
is often observed.

At the same time, these findings raise the question of
how psoriasis differs from vitiligo. Both diseases are
based on an autoimmune response against melanocytes.
The pathogenic T cells of vitiligo correspond with the
expression of CD8'CD103"CD49a" to a tissue-resident
memory phenotype, which is characterized by a high
production of interferon (IFN)-y and has the protective
purpose to mediate local immunity to viruses (26).
CD49a is the a-subunit of the a 8, integrin receptor and
is expressed on ~15% of all skin-derived T cells (27).
The CD8"CD103"CD49a* T cells express cytotoxic gra-
nules including granzymes and perforins and have a high
cytotoxic potential, which can be further amplified by
IL-15 (26). When activated in an autoimmune response
against melanocytes they promote T-cell-mediated killing
of melanocytes and induce the persistent depigmentation
of vitiligo through the permanent elimination of mela-
nocytes. The melanocyte-specific CD8"CD103" psoriatic
T cells are clearly distinguished from the melanocyte-
specific CD8" T cells of vitiligo by the absence of the
expression of CD49a, by a different cytokine transcrip-
tion profile and a lack of cytotoxicity, which even IL-15
cannot overcome (26). Instead, they belong to the T, 17
phenotype, whose actual role is the antimicrobial im-
mune defence against extracellular bacteria and fungi
(23, 28). When activated against melanocytes in psoria-
sis, they are not cytotoxic, but induce an antimicrobial,
yet sterile, immune reaction. Psoriasis can therefore be
considered as a T-cell-mediated antibacterial defence
reaction against melanocytes (29, 30). The reason for the
different functional outcomes of the melanocyte-specific
autoimmune response in psoriasis and vitiligo may lie
in the different genetic predisposition of the 2 diseases.
According to genome-wide association studies, psoriasis
and vitiligo arise on a different genetic background and
HLA-association, which may then decide the respective
functional differentiation of the pathogenic immune
response (31, 32).
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