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SHORT COMMUNICATION

The dyschromatoses are a group of rare genodermatoses 
characterised by the presence of asymptomatic mottled 
hyperpigmented macules admixed with variably sized 
hypopigmented macules (1). Dyschromatoses are divided 
into dyschromatosis symmetrica hereditaria (DSH) and 
dyschromatosis universalis hereditaria (DUH). DUH is 
clinically diagnosed on the basis of widely distributed 
small hypo- and hyperpigmented lesions with appearance 
in infancy or early childhood and progression until stagna-
tion before adolescence (2). This division got highlighted 
recently by the detection of specific mutations in ADAR1/
DSRAD and ABCB6 genes in DSH and DUH, respectively 
(1, 3). First reported from Japan, DUH has subsequently 
been reported from several regions of the world as a ge-
neralised leucomelanoderma relatively sparing the face, 
palms and soles. It is usually transmitted in an autosomal 
dominant (AD) pattern with variable penetrance, with very 
few autosomal recessive (AR) and even sporadic cases 
reported (4, 5). In this study, we present ultrastructural 
findings in a case of DUH, with probable AR transmission. 

CASE REPORT
A 23-year-old unmarried male, product of consanguineous 
marriage, presented to us with mottled dyspigmentary patches 

which appeared insidiously since the age of 15 years, initially 
over the trunk and slowly progressed over a period of 6 years 
onto the back, abdomen and proximal extremities sparing the 
palms and soles. He denied history of altered sensations, chronic 
drug intake, photosensitivity or any contact with chemicals. All, 
except the eldest of his siblings, were similarly affected. Neither 
their parents, nor any of the 9 children of his 4 siblings were 
affected. Pictures of 3 out of his 4 affected siblings are shown 
in Fig. S11. Dermatological examination revealed innumerable 
irregular 1–10 mm sized hypopigmented macules interspersed 
with numerous minute hyperpigmented ones, over trunk, back 
and proximal extremities (Fig. 1). Hair, nail, mucosae, general 
physical and systemic examination revealed no abnormality. 
On the basis of these features, our case was diagnosed to have 
DUH. The family was counselled and the hypo- and hyperpig-
mented lesions of the proband were subjected to ultrastructural 
and molecular analysis. 

Transmission electron microscopy of ultrathin sections of 
the skin biopsies revealed comparable number of melanocytes 
in the 2 skin lesions, though the number of melanosomes per 
melanocytes were significantly reduced in hypopigmented 
epidermis as compared to hyperpigmented lesion (Fig. 2). 
Ultrastructure of melanocytes from ethnicity- and skin colour-
matched normal skin is shown in Fig. S21. 

Melanocytes and keratinocytes exist in the skin as a functional 
‘epidermal melanin unit’. We therefore examined the distribu-
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Fig. 1. Dyschromatoses universalis heredetaria: 
hyper and hypopigmented skin of proband. 
Innumerable mottled hypo- and hyperpigmented 
macules involving a) chest, b) back, d) thighs, 
e) highlighted dermatoscopically and c) sparing 
the palms in the proband.
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tion of melanosomes in the basal and suprabasal keratinocytes. 
The keratinocytes in hyperpigmented lesion presented with a 
relatively higher number of melanosomes (Fig. S3 a–e, vertical 
panel 3 and 41) compared to that of hypopigmented skin (Fig. 
S3 a–e, vertical panel 1 and 21). The increase in melanosome 
numbers in hyperpigmented epidermis was more than 2-fold 
compared to hypopigmented lesions (Fig. S3f1). A large pro-
portion of melanosomes were distributed in clusters and only 
a few of the single melanosomes were present in keratinocytes 
in both the lesions. Further analysis of melanosomes based on 
their distribution pattern in keratinocytes revealed significantly 
higher number of single as well as clusters of 2–4 melanosomes 
in hyperpigmented lesion compared to hypopigmented skin (Fig. 
S3g1). We did not observe significant difference in the sizes 
of the melanosomes between the keratinocytes of hypo- and 
hyperpigmented lesions (Fig. S4a1). Taken together, it suggests 
that in this form of DUH, melanocyte numbers are not affected. 
However, the melanosome synthesis and maturation are affected, 
accounting for lesser number of melanosomes in both melano-
cytes and keratinocytes of the hypopigmented lesions. Careful 
examination of the dermis showed presence of numerous me-
lanophages in the hyperpigmented lesion (Fig. S4b–d1), which 
was rarely observed in the hypopigmented lesional dermis. 

Clear differences in the melanosome numbers in the 2 types of 
skin lesions prompted us to investigate the regulation of melano-
genesis pathway in DUH. We compared the transcript levels of 
3 key melanogenic enzymes – DCT (dopachrome tautomerase), 
TRP1 (tyrosinase related protein 1) and Tyr (tyrosinase) – in the 
epidermis of the biopsies. Total epidermal RNA was isolated and 

converted to cDNA and quantitative real-time PCR analysis was 
carried out to examine the expression of DCT, TRP1 and TYR 
transcripts using TaqMan probes. Details of real-time PCR and 
ultrastructural studies are described in Appendix S11. Interestingly, 
both DCT and TYR showed more than two-fold upregulation in 
the hyperpigmented lesion as compared to hypopigmented lesion, 
though no significant difference was observed in expression levels 
of TRP1 between the 2 skin lesions (Fig. S3h1).

DISCUSSION

Although most commonly reported inheritance of DUH 
has been AD (1, 5–8), our patients’ pedigree is highly 
suggestive of an AR transmission (consanguineous mar-
riage of unaffected parents, etc.). However, in absence 
of detailed genetic analyses, the probability of low 
penetrant AD pattern of inheritance cannot be ruled out. 

The hyperpigmented lesions in DUH reveal increased 
melanin in the basal layer and, rarely, melanin incon-
tinence. The hypopigmented lesions show decreased 
melanin deposition in the basal layer (9). Electron mi-
croscopically, a number of studies of hypopigmented as 
well as the hyperpigmented skin (1, 2) have demonstrated 
morphologically normal melanocytes containing mela-
nosomes of all stages, normal keratinocyte to melano-

cyte ratio and tyrosinase activity as 
indicated by a positive DOPA reaction. 
However, the number of melanosomes 
is higher in both melanocytes and ke-
ratinocytes in hyperpigmented lesions 
and this feature has been observed 
in other studies as well (1, 10). We 
speculate that the presence of heavily 
pigmented cells in dermis could add 
to the perception of skin colour of the 
hyperpigmented lesions. Interestingly, 
the number of melanocytes in hypo-
pigmented lesions in leprosy are also 
known to be comparable to that of the 
uninvolved skin (11). In future studies, 
mechanisms that alter melanocyte fun-
ctions in these 2 contrasting disorders 
(DUH vs leprosy) would provide an 
opportunity to understand regulatory 
circuits involved in skin pigmentation.

The ABCB6 gene, located at 2q36, 
is the cause of AD transmitted form 
of DUH (2, 12). This gene belongs 
to a family of transporters that play a 
critical role in cellular transition metal 
homeostasis (13). Copper, a co-factor 
for tyrosinase in vertebrates, is a can-
didate ion that could utilise this trans-
porter. In view of more than two-fold 
increase observed in TYR and DCT 
genes in hyperpigmented epidermis 
viz-a-viz hypopigmented one, it would 

Fig. 2. Representative micro graphs of melanocytes (M, at the dermal–epidermal junction) 
containing  few melanosomes in the hypopigmented lesion (left panel) and relatively higher number 
of melanosomes in hyperpigmented lesion (right panel). Micrographs in a) show melanocytes at 
lower magnifications (scale bar 1 μm). Arrows in b) show absence of desmosomal connections 
in cell-cell junction between melanocytes and neighbouring keratinocytes (scale bar 0.5 μm). 
Magnified images in c)  reveal presence of early (white arrowheads) and late stage melanosomes 
(black arrowheads) in both hypo- and hyperpigmented lesions (scale bar 0.2 μm). d) Melanocytes 
in hyperpigmented epidermis show significantly higher number of melanosomes (n = 6 melanocytes 
counted mean with SEM). *p-value < 0.05.
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be interesting to investigate how mutations in copper 
transporter genes may result in transcriptional changes 
in tyrosinase and DCT.

Our cases have considerably later onset as well as 
stabilisation of the disease over time and an AR inheri-
tance pattern. The latter has to the best of our knowledge 
been hitherto reported in 9 members of 2 families only, 
none of which were subjected to ultrastructural analysis. 
The identification of genetic loci for the AR form of 
DUH may soon lead to unravelling of its pathogenetic 
mechanisms and, if not identical to ABCB6, may shed 
further light on this extremely rare and genetic hetero-
genous condition. 
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