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Dowling-Degos disease is a rare autosomal dominant genodermatosis. It is characterized

by acquired reticulate hyperpigmentation over the flexures, comedone-like follicular
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papules, and pitted perioral scars that usually develop during adulthood. Mutations in
genes affecting melanosome transfer, and melanocyte and keratinocyte differentiation have
been implicated in the pathogenesis of this disease. These genes include KRT5, POFUTT,
POGLUTT1 and, most recently, PSENEN. Dowling-Degos disease can be found in isolation
or with other associated findings, most notably hidradenitis suppurativa. This condition
belongs to a spectrum of conditions that all result in reticulate hyperpigmentation that at
times are hard to distinguish from each other. The most closely linked entity is Galli-Galli,

which is clinically indistinguishable from Dowling-Degos disease and can only be
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distinguished by the presence of acantholysis on microscopy. Unfortunately, Dowling-

Degos disease is generally progressive and recalcitrant to treatment.
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Introduction

Dowling-Degos disease (DDD) is a rare autosomal dominant
genodermatosis that belongs to a spectrum of conditions that
present with reticulate hyperpigmentation. It is characterized by
acquired reticulate hyperpigmentation over the flexures (Fig. 1).
Mutations in genes affecting melanosome transfer, and melano-
cyte and keratinocyte differentiation have been implicated in the
pathogenesis. DDD can be found in isolation or with other asso-
ciated findings. Unfortunately, this condition is generally pro-
gressive and recalcitrant to treatment.’

Materials and methods

The data collected from this review was retrieved by searching
PubMed, SCOPUS, and Medline for the available literature. The
keywords “Dowling-Degos disease”, “Galli-Galli disease”,
“reticulate pigmentation”, “KRT5", “POFUTT1", “POGLUTT", and
“PSENEN’ were used. The references of the articles retrieved
were also reviewed to add relevant articles.

Historical background

First described in 1932 by Behdjet, DDD was considered a vari-
ant of acanthosis nigricans.? In 1938, Dowling and Freudenthal
described the condition as a benign form of acanthosis nigri-
cans. They described a patient who presented with more than a
20-year-history of pigmentation in various folds, some areas

International Journal of Dermatology 2021, 60, 944-950

were described as “freckled” hyperpigmentation while others
were more confluent.® Then in 1954, Degos and Ossipowski
noted the reticulate appearance of the hyperpigmentation and
termed this condition “dermatose pigmentaire éticulée des
plis”.* Finally, in 1978 Jones and Grice coined the name Dowl-
ing-Degos disease as a genodermatosis with reticulate hyper-
pigmentation and pitted perioral scars. Although recognized as
a distinct entity, the resemblance to acanthosis nigricans was
acknowledged.®

Epidemiology

Dowling-Degos disease is an uncommon genodermatosis, and
less than 100 cases have been reported in the literature. Both
sexes are affected, with few sources reporting a slight female
predominance.®” There is no racial predilection for DDD.2 The
onset of DDD is usually during adulthood, however, it may
occur in childhood.®

Genetics

The main genes implicated in DDD pathogenesis are KRT5
(keratin 5 gene), POGLUTT1 (protein O-glucosyltransferase 1),
POFUTT1 (protein O-fucosyltransferase 1), and PSENEN (prese-
nilin enhancer protein 2 gene). Interestingly, the underlying
genetic mutation appears to be correlated with a specific pheno-
type (Fig. 2).""'%'° The first localization of a genetic locus for

© 2020 the International Society of Dermatology


mailto:
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fijd.15385&domain=pdf&date_stamp=2020-12-23

Stephan, Kurban, and Abbas

Dowling-Degos disease Review

Figure 1 Clinical illustrations of DDD on (a) axilla, (b) chest, and (c) inframammary with hypopigmented lesions. (d) Histology of DDD
exhibiting filiform epidermal downgrowths extending from the epidermis down to the superficial dermis, elongated rete ridges, dermal
melanosis, and a mild superficial perivascular lymphocytic infiltrate (H&E, x100)

Generalized DDD
with or without
hypopigmentation

Dowling Degos
Disease

Figure 2 Genotype/phenotype correlation in DDD

DDD came in 2006. Betz et al® identified a loss-of-function
mutation in the keratin 5 (KRT5) gene found on chromosome
12q in patients with DDD. Mutations in KRT5 resulting in DDD
are seen in the head region of the KRT5 allele, which is
involved in melanosome trafficking. A mutation will result in hap-
loinsufficiency and disruption in melanosome transfer.’
Subsequent research could only identify KRT5 mutations in
less than half of DDD patients, suggesting that other genetic
mutations were still not identified.'” Genetic sequencing of a
family with multiple DDD members mapped the affected gene to
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chromosomal region 17p13.3, but the gene has not been identi-
fied to date.'® In 2014, nine different mutations in the POGLUT1
gene were identified in 13 unrelated DDD individuals."" In addi-
tion, Li et al. discovered mutations in the POFUT1 gene in sev-
eral family members with generalized DDD.'® Both POGLUT1
and POFUTT play a critical role in Notch signaling, which is
essential in regulating melanocyte and keratinocyte proliferation
and differentiation.'®'! Finally, PSENEN gene mutations, which
also affect the Notch signaling pathway by modifying an enhan-
cer gene that encodes a component of y-secretase protein com-
plex, have recently been identified in a DDD variant associated
with hidradenitis suppurativa and with DDD localized to the
scrotum.™

Clinical presentation

Clinically, DDD presents with reticulate hyperpigmentation of
the flexures. The main sites of involvement are the axilla, ingu-
inal folds, submammary folds, and the neck (Fig. 1). The face,
chest, and wrists may be involved. The pigmentation is usually
symmetric and progressive.9 In general, the condition is known
to worsen during the summer months and in pregnancy.®®
Although the lesions of DDD are usually asymptomatic, they
may occasionally be associated with pruritus.>'® In some
cases, the pruritus has been described to be triggered by
heat,2° sweating, or friction.?'

Clinically, the lesions appear as round to oval hyperpig-
mented lentigo-like macules of various sizes that may coalesce.
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Hyperkeratosis may also be seen. In addition to the hyperpig-
mented macules, patients may develop comedone-like follicular
papules usually over the back or neck and pitted-like scars peri-
orally.'® Palmar pits have also been described in patients with
DDD.

Speckled macules may be found in the genital region. This
has been described on the scrotum and penile shaft in males
and on the vulva in females.®

Atypical presentations

There have been various reports in the literature which include
atypical presentations of DDD or additional uncommon findings
in addition to the classical DDD presentation.

Fingernail dystrophy has been described in one patient with
DDD. This patient also had hyperpigmented macules over the
dorsa of the hands and nailfolds in addition to the typical loca-
tions that are commonly involved.®

Dyschromatosis universalis hereditaria-like lesions have also
been described in association with DDD. One report describes
a mother and daughter with this presentation. In addition to the
typical DDD findings, these patients also exhibited interspersed
irregular hyperpigmented and hypopigmented macules over the
trunk.??

DDD can also present in localized areas such as the vulva.
This presentation may occur in isolation32425 or with DDD find-
ings elsewhere on the body.® In contrast, DDD may be present
in a generalized form with extensive hyperpigmentation over the
trunk and extremities in addition to the classical DDD find-
ings.2®?” Generalized DDD may also present with hypopig-
mented macules (Fig. 1c).282° Although hypopigmented lesions
have mostly been associated with generalized DDD, such
lesions without any other classical DDD features have been
reported.2®

Variants of DDD have been reported. A follicular variant of DDD
has been described where patients presented clinically with hyper-
pigmented or keratotic follicular papules, and on histopathology
the findings were limited to the follicle while the interfollicular
epithelium was spared. The typical DDD histologic findings were
limited to the follicular epithelium in these patients.3*3'

In addition, Linke et al. described one patient that presented
with a vesicular variant of DDD. The patient presented with
hyperpigmented macules as well as erythematous papules and
vesicles on the trunk. This patient was found to have a mutation
in the POGLUT1 gene in addition to a variant of the KRT5 gene
in the heterozygote state. The authors speculate that the
POGLUT1 mutation is the driver of DDD in this patient, while
the KRT5 variation led to a phenotypic modification resulting in
this vesicular variation.*?

Dermoscopy

Dermoscopy is not routinely employed for DDD diagnosis. How-
ever, there are reports of certain dermoscopic findings that have
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been demonstrated. In one report of localized DDD of the vulva,
dermoscopic imaging of the hyperpigmented macules revealed
hyperpigmented grids of brown lines of varying sizes overlying
a light brown background.?' Similar findings were reproduced in
other studies as well.2" However, the associated papules seen
in DDD may offer more specific findings. On dermoscopy, these
papules exhibit irregular, brown, star-shaped figures overlying a
red background. The star-shaped figures are a result of periph-
eral hyperpigmented projections with associated follicular plug-
ging or inclusion cysts at the center leading to a central
hypopigmented area. The brownish peripheral projections repre-
sent the elongated rete ridges seen on pathology, while the
central hypopigmentation is because of the overlying inclusion
cysts which prevent the visualization of the basal layer pigment
on dermoscopy.2'32

The associated palmar pits of DDD on dermoscopy may also
offer a clue to the diagnosis. On dermoscopy these pits have
been shown to reveal keratin plugging with pigmented linear fur-
rows which break the dermatoglyphic pattern.®®

Histopathology

The microscopic changes in DDD may vary; however, certain
findings are seen in the majority of patients with the disease
(Fig. 1d)."® Hyperkeratosis is observed in most cases. The epi-
dermis may be of normal thickness, or thinning may be
observed. Filliform or antler-like epidermal downgrowths are
seen extending to the superficial dermis and walls of the hair
follicles. Dermal fibrosis, elongated rete ridges, horn cyst forma-
tion, a dilated follicular infundibulum, basilar and dermal mela-
nosis, and a perivascular lymphocytic infiltrate may all be seen
as well."®273% On electron microscopy, a normal number of
melanocytes are seen with an increase in the number of mela-
nosomes.'®®* The melanosomes are abnormally distributed
throughout the cytoplasm rather than being tightly clustered.'®
In addition, mast cells may be found in biopsy specimens of
DDD. It has been reported that the number of tryptase-positive
mast cells are significantly higher in DDD specimens compared
to normal skin, which may explain why some patients experi-
ence pruritus.3® However, given that not all patients with DDD
experience pruritus, the exact role that mast cells play in the
pathogenesis of this disease is unclear.

Genetic testing

The diagnosis of DDD is usually made based on clinical and
histological grounds.! However, in some cases genome-wide
linkage scans using single-nucleotide polymorphisms and
exome sequencing can identify pathogenic genes in DDD.'® In
the event that genetic testing is to be pursued, sequencing of
KRT5, POFUT1, POGLUT1, and PSENEN genes should be
performed. If it is not possible to have all genes sequenced at
once, KRT5 should be the priority for initial testing. However, in
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a patient presenting with generalized DDD, POFUT1 may be
the initial gene of choice to be sequenced.'”

Associations

Various associations have been noted with DDD. Perhaps the
most well-described association is the association of hidradeni-
tis suppurativa (HS) with DDD. HS is an inflammatory condition
of the hair follicle that results in recurrent boils and sinus
tracts.® The first report of DDD coexisting with HS dates back
to 1990.%¢ Since this publication, there have been reports in the
literature also describing patients with this DDD-HS overlap.
The association between DDD and HS can be explained by
their pathophysiological mechanisms. Familial cases of HS
have been linked to mutations in genes whose protein products
comprise the y-secretase complex. These genes include
NCSTN, PSEN1, and PSENEN.*” The y-secretase complex
functions to cleave the intracellular Notch receptors which
results in the activation of Notch signaling. Concomitantly,
mutations in POFUT1 and POGLUT1 have been described in
patients with DDD. These genes are also important in regulat-
ing the Notch signaling pathway. Therefore, it can be hypothe-
sized that abnormal Notch signaling underlies the
pathophysiologic mechanisms of patients with an HS-DDD over-
lap. In fact, mutations in POFUT?,*® NCSTN,*® and PSE-
NEN*©4142 have been identified in patients who harbor the
DDD-HS phenotype. It is important to note, however, that muta-
tions in POFUTT1 and PSENEN have been described in patients
with DDD and no evidence of HS.

Table 1 Differential diagnosis of Dowling-Degos disease (DDD)

Dowling-Degos disease Review

There have also been reports of additional findings in
patients with the DDD-HS presentation. Dixit et al*® pre-
sented the case of a mother and daughter with HS, DDD,
and arthritis. In addition, Fenske et al.** reported the case of
a 38-year-old female with DDD, HS, and multiple keratoacan-
thomas on the lower extremities. It was noted by the authors
that the common denominator of all three of these diagnoses
is the origination from the pilosebaceous unit. Therefore, this
presentation may result from a single underlying defect. A
patient with DDD, HS, and perianal squamous cell carcinoma
has also been described.*® Loo et al.*® presented the case of
a 49-year-old female with DDD, HS, and multiple epidermal
cysts.

Other conditions have also been described in DDD patients.
Khaddar et al. reported a patient who developed DDD after
receiving long-term psoralen phototherapy for psoriasis.*” Seb-
orrheic keratoses, dystrophic fingernails, severe nodulocystic
acne, and an accessory tragus have also all been associated
with DDD.648:48:49.80 |nterestingly, a case of DDD coexisting
with Darier’s disease (DD) has been described. Since both con-
ditions involve a mutation involving chromosome 12 (ATP2A2 in
DD and KRT5 in DDD), this patient may have had a genetic dis-
ruption upstream of both genes or may have had mutations in
both genes."

Differential diagnosis

The differential diagnosis of DDD includes other conditions that
present with reticulate pigmentation (Table 1).16895253 The

Genetic
features Clinical features Histologic features Distinctions from DDD
Dowling-Degos AD, Keratin Reticulated hyperpigmented macules Hyperkeratosis, filiform -
disease 5and 14 over the flexural areas with perioral pitted epidermal downgrowths and
scars and comedone-like basilar pigmentation
papules
Galli-Galli disease AD, Keratin 5 Identical to DDD Same as DDD with the presence Histological presence of
of acantholysis acantholysis
Reticulate AD, ADAM10 Coalescing reticulated atrophic Epidermal atrophy, elongation Earlier onset, acral sites
acropigmentation hyperpigmented papules on acral areas of the rete ridges and
of Kitamura hyperpigmentation at the basal
layer
Haber Syndrome Comedone-like lesions, pitted scars, Follicular keratotic plugs Rosacea-like facial
keratotic papules, hyperpigmentation, and epidermal budding erythema
facial erythema
Dyschromatosis AD, ADAR, Hyperpigmented and hypopigmented Hyperpigmented lesions exhibit Onset in childhood.
symmetrica DSRAD macules on the dorsal distal extremities increased melanin in the basal Absence of epidermal
hereditaria keratinocytes atrophy and elongation of
(acropigmentation rete ridges
of Dohi)

AD, autosomal dominant; AR, autosomal recessive.

© 2020 the International Society of Dermatology
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similarities between these conditions both clinically and histolog-
ically raise the possibility that these disorders all belong to an
overlapping spectrum.

In addition to this spectrum, other conditions may enter into
the differential diagnosis of DDD. These include acanthosis
nigricans, neurofibromatosis type 1, lentiginosis profusa peri-
genito-axillaris, dyschromatosis universalis hereditaria, confluent
and reticulate papillomatosis (Gougerot-Carteaud), Bannayan-
Riley-Ruvalcaba syndrome, mucosal melanotic macules, and
Darier’s disease.*®

Galli-Galli disease

Perhaps the most closely associated disorder is Galli-Galli dis-
ease (GGD) with both conditions being considered on the same
disease spectrum. GGD is also an autosomal dominant geno-
dermatosis that is clinically indistinguishable from DDD (Fig. 3).
Loss-of-function in KRT5 has also been detected in patients
with GGD. GGD can be differentiated from DDD histologically,
with the differentiating factor being the presence of acantholysis
in GGD (Fig. 3b).5* Thus, GGD is considered to be an acan-
tholytic variant of DDD.%® Treatment of GGD is generally unsat-
isfactory. Ablative laser treatment seems to be the most
effective therapeutic modality.%®

Treatment

The treatment of DDD is difficult, and a standard treatment
strategy has yet to be established. Multiple therapeutic modali-
ties have been tried with variable success rates. Firstly, patients
must be advised to avoid friction through clothing and to engage
in sun protective measures to avoid exacerbation of the hyper-
pigmentation.®

The use of topical treatment in DDD has been unsuccessful.
One report mentioned little benefit after treatment with topical
tretinoin 0.1%, hydroquinone 5%, and dexamethasone 0.1%.*
However, in general, the use of topical steroids and topical
hydroquinone have not been shown to be effective.’® In addi-
tion, topical tretinoin may be irritating in the areas commonly

Stephan, Kurban, and Abbas

afflicted by DDD. Treatment with topical adapalene gel 0.1%
twice daily has been shown to offer a modest benefit in one
patient.5” The use of systemic etretinate®”®® and isotretinoin®®
have been tried with no success.

Intense pulsed light (IPL) therapy has been used in the treat-
ment of DDD. One study utilized IPL for lesions over the popli-
teal fossa. Two sessions of IPL over 4 months resulted in a
marked reduction of the pigmentation.®°

The use of laser devices has been tried in the treatment of
DDD. One report demonstrated acceptable results with one ses-
sion of ablative Er:-YAG laser®" while another report attempted
treatment with four sessions of Er:YAG ablative laser in combi-
nation with isotretinoin 10 mg once daily resulting in improve-
ment.®> Er:-YAG use in DDD was extrapolated from its proven
effectiveness in acantholytic disorders such as Hailey-Hailey
and Darier disease.®' Ablating the pathologic epidermis and trig-
gering regeneration of a new epidermis from the interfollicular
epithelium may help in the resolution of the clinical lesions.

Other laser devices have also been tried. One report
attempted treatment of a patient with DDD using three sessions
of Q-switched Nd: YAG laser 3 weeks apart followed by two
sessions of fractional CO, laser 4 weeks apart. This resulted in
significant improvement in the clinical hyperpigmentation as well
as the pitted scarring.” One study performed both fractional
ablative CO, laser therapy and fully ablative Er:YAG laser on
the same patient with DDD using a split-side technique. It was
found that the CO, laser treatment was less effective than the
Er:'YAG modality. There was complete response with the areas
treated with Er:YAG while there were persistent lesions in the
areas treated with CO, laser.%®

Conclusion

In conclusion, DDD is an autosomal dominant genodermatosis
that results in acquired pigmentation over the flexural sites with
follicular comedone-like papules and pitted perioral scars. This
condition is acquired in adulthood and is progressive. Thus far
three main genes have been implicated in the pathogenesis of
DDD; these include KRT5, POFUT1, and POGLUTI. This

Figure 3 (a) Clinical illustrations of GGD with lentigo-like lesions on chest. (b) Histology of GGD exhibiting features of DDD in addition to

acantholysis (H&E, x200)
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condition exists on a spectrum of reticulate hyperpigmentation
disorders which include Galli-Galli disease, Haber syndrome,
acropigmentation of Dohi, and reticulate acropigmentation of
Kitamura. Unfortunately, this condition is progressive, and most
treatment modalities fail to resolve the lesions completely.
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