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Abstract

Introduction: Incontinentia pigmenti is a rare X-linked dominant disease which affects the ectodermal tissues, usually lethal in males.
Materials and Methods: A retrospective analysis of clinical data obtained from the photographic documentation and casenotes of patients
diagnosed to haveincontinentia pigmenti at the National Skin Centre. The study covered the period from January 1990 to December 1999.
Results: Twenty-six patients were diagnosed to have incontinentia pigmenti of the Bloch-Sulzberger type; 23 (88.5%) were females and 3
(11.5%) were males. Therewere 20 Chinese, 3Malay and 3 I ndian patients. Most patients had cutaneous manifestations at birth or within
the first week of life. Cutaneous featuresincluded vesicles, papules, verrucous plaques and splash-like hyperpigmentation along the lines
of Blaschko. The cutaneouslesionswerewidespread in 21 (81%) and localised in 5 (19%) patients. | n some cases, hypopigmented atrophic
streaks (2 patients) or whorled scarring alopecia (4 patients) were seen. Extracutaneous manifestations, seen in 5 (19%) patients, included
neurological, dental and ocular defects. One Malay girl had severe neurological involvement associated with ocular abnormalities. A
positive family history was present in 6 (23%) patients. The 3 male patients were Chinese without any family history. Conclusions: Each
stage of the disease comes with its own set of differential diagnosis, including infections e.g. herpes virus infection and other types of
genodermatosese.g. linear and whorled nevoid hypermelanosis. The phenomenon of whorled scarring alopecia, hitherto unreportedin the
literature, corresponded to the lines of Blaschko. In the 3 Chinese male patients, the disorder probably originated from a new mutation. X
chromosome inactivation in females during early embryogenesis results in a mosaic population of cells and this explains the linear and

patchy manifestations of incontinentia pigmenti.
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I ntroduction

Incontinentia pigmenti, called Bloch-Sulzberger
syndrome, isarare X-linked dominant disorder involving
ectodermal structures. It is a multisystem disorder with
cutaneous, ocular, dental, cerebral and skeletal
manifestations. Over 700 cases have been reported and
97% arefemales. Itisusually lethal inmalesand, by 1998,
only about 50 males have been reported in the literature.?
The locus for incontinentia pigmenti has been linked
genetically to the factor VIII genein chromosome X28.2
Thegenefor NEMO (NF-kappaB essential modulator) has
been mapped to a position 200 kilobases proximal to the
factor VIl locus. GenomicrearrangementinNEMOimpairs
NF-kappaB activation and is a cause of incontinentia
pigmenti. Until recently, many geneticists believed that
thereare two forms of incontinentiapigmenti, type 1 being
sporadic and assigned to X p11 and type 2 being hereditary
and assigned to Xg28. This is most likely an erroneous
concept. All casesclassified sofar as" inconti nentiapi gmenti

typel” appear to belongtothegroup called hypomelanosis
of Ito because vesiculobullous lesions were absent. Skin
biopsies, when performed, did not show thetypical findings
of incontinentia pigmenti.

In 1975, Carney reviewed over 600 published clinical
reports of incontinentia pigmenti and provided the most
comprehensive survey of the disease.* Theskin findingsin
incontinentia pigmenti are the most characteristic clinical
features of the disorder. All four cutaneous stages in the
form of inflammatory, proliferative, pigmentary and
atrophic hypopigmented lesions may exceptionally be
seen simultaneously but usually follow each other in this
sequence. Alopecia and nail dystrophy are common too.
Extracutaneous features of incontinentia pigmenti include
dental, ocular and cerebral abnormalities.

Inthisstudy, wereviewed theclinical featuresof patients
with incontinentia pigmenti seen at adermatology tertiary
referral centre in Singapore over a 10-year period (from
January 1990 to December 1999).
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Subjects and Methods

A retrospectiveanalysisof al patientswithincontinentia
pigmenti seen at the National Skin Centre (NSC) from
January 1990 to December 1999 was conducted. Referrals
to the NSC were from hospital paediatricians, private
dermatol ogistsand general practitioners. Therewererecords
of atotal of 37 patients. Detailed clinical information was
available in 26 patients. The diagnosis of incontinentia
pigmenti was clinically established in all 26 cases. Skin
biopsieswere performed in 9 patients, including the3 male
patients. |ncomplete information existed on the remaining
11 patients. We report the clinical features as seen in the
group of 26 patients for whom information is complete.

Results

The 26 patients consisted of 23 (88.5%) females and 3
(11.5%) males. There were 20 Chinese, 3 Malay and 3
Indian patients. They presented at the NSC from the first
week of lifeto 15 years of age. Fifteen patients were seen
in the first week of life, 4 between the ages of 1 week and
1 year, and 7 after the age of 1 year. Six had a positive
family history. Analysis of these 6 pedigrees revealed that
the female carriers had children in a sex ratio of
approximately 2 girlsto 1 boy (the rough ratio of 5:2 had

Fig. 1. Vesiclesand bullae on an erythematous base along the lines of Blaschko on the
legs.

Fig. 2. Verrucous plaques along the lines of Blaschko on the foot.

to be corrected for the female index patient). The 3 male
patients were sporadic cases.

Twenty-three patients had cutaneous lesions at birth or
withinthefirst week of life, theremaining 3 patients could
only recall theonset asbeing“ sinceyoung”. Thecutaneous
lesions were widespread and bilateral in 21 patients and
localised, usually to one limb, in 5 patients. There are 4
clinical stages in incontinentia pigmenti. The first stage
consisted of grouped vesi clesand bullaconan erythematous
base, in swirls and patches along the lines of Blaschko on
the limbs and the trunk (Fig. 1). In 15 patients, they were
seen from birth to 3 months of age. One exception, a
Chinese girl with histopathologically confirmed
incontinentia pigmenti, continued to develop vesiclesttill
the age of 4.5 years. The second stage, verrucous papules
and plagues on an erythematous base in linear patches or
swirlsalong the lines of Blaschko, were seen from birth to
the age of 3 yearsin 11 patients (Fig. 2). The third stage,
brown pigmentation in streaks and whorls along the lines
of Blaschko, were seen from birth to the age of 20 yearsin
23 patients (Fig. 3). The fourth stage, hypopigmented
streaks along the lines of Blaschko, were seenin 2 patients
only, at the ages of 3 and 12 years, respectively.

A remarkableand sofar lesswell-knownfeature, scarring
aopecia waspresent in 4 patientsand mainly on the vertex
of the scalp with awhorled pattern (Fig. 4).

Extracutaneous abnormalities were seen in 5 patients
(Tablel) i.e., in 19% of the 26 patients. One Malay girl
manifested neurol ogical signs, being afflictedwith cerebral
palsy and hypotonia at birth, and subsequently developed
strabismus and retinal detachment of the left eye. She had
widely-spaced notched conical teeth and awhorled pattern
of scarring alopecia. Her mother had likewise widely-

Fig. 3. Fig. 4.

Fig. 3. Hyperpigmentation along the lines of Blaschko on the back.
Fig. 4. Whorled scarring alopecia.
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TABLE I: EXTRACUTANEOUS ABNORMALITIES

Extracutaneous abnormalities No. of patients

Dental peg/notched teeth 2
delayed deciduous teeth eruption 1
hypodontia, adontia, enamel hypoplasia

Central  cerebral palsy 1

nervous hypotonia 1

system  childhood seizures 2
microcephaly and mental retardation,
hydrocephalus

Eye retinal detachment 1
Strabismus 1

cataracts, glaucoma, optic atrophy,
neovascularisation

Note: abnormalities in italics have been reported in the literature but were
not seen in our patients.

spaced, notched teeth and scarring alopecia. Two other
children had neurological involvement in the form of
seizures. One boy had febrile fits and one girl had fitsin
childhood.

The 3 male patients were all Chinese and had no family
history of incontinentia pigmenti; careful examination of
their mothers did not revea any abnormalities. All 3
presented in the first week of life with vesicles and
subsequently developed papules and hyperpigmentation.
One of them had scarring alopecia and febrile seizures;
cytogenetic analysisrevealed anormal 46, XY karyotype.
All 3 patients had skin biopsies done during the vesicular
stage. All 3 biopsies showed spongiotic vesicles with
eosinophils in the epidermis and a predominantly
eosinophilic infiltrate in the upper dermis.

Discussion

Inthisreview, wewould liketo highlight the differential
diagnosis of incontinentia pigmenti, the exceptional
occurrencein males, and the concept of aselective process
eliminating the functionally aberrant cell clone during
early childhood. In particular, we emphasi ze the presence
of linear and whorled scalp lesionsreflecting functional X-
chromosome mosaicism and being described for the first
time in incontinentia pigmenti.

The differential diagnosis includes those diseases that
may present with a vesiculobullous eruption at birth or
shortly after, suchasneonatal infectionse.g. herpessimplex,
varicellazoster, bull ousimpetigo and genodermatosese.g.
epidermolysis bullosa (especially of the Dowling-Meara
type), bullouscongenital ichthyosiformerythroderma. The
verrucouslesionsinthe second stage may resemblealinear
epiderma nevus. Diseases that manifest with splashed
pigmentation in older infants, such as linear and whorled
nevoid hypermelanosis, the Franceshetti-Jadassohn
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syndrome, dermatopathia pigmentosa reticularis and post
inflammatory hyperpigmentation, should be considered in
the differential diagnosis of incontinentia pigmenti in its
third stage. Hypomelanosis of Ito can result in
hypopigmentation resembling the fourth stage.

In 1977, Happle proposed functional X-chromosomal
mosal ci sm asthe genetic mechani sm underlying cutaneous
anomalies that were seen in a number of X-linked skin
diseases such as incontinentia pigment.> Moreover, he
recognized that these cutaneous anomalies followed the
lines of Blaschko and thus he could tiein the devel opment
of the lines of Blaschko with a datable embryonic event.
Convincing proof for the concept of functional X-
chromosomal mosaicism was later provided by his group
from functional sweat studiesin female carriers of the X-
linked gene defect hypohidrotic ectodermal dysplasia,
showing on the back of the patient a gross, fountain-like
mosai ctypical of thelinesof Blaschko. Itisnow recognised
that during early embryogenesis of a mammalian female
organism, X chromosome inactivation, or lyonisation,
resultsin amosaic population of cells; some cells have an
active paternal X chromosome, others have an active
maternal X chromosome.® It hasbeen hypothesi sed that the
segmental and streaked manifestations of incontinentia
pigmenti may be consequential to tissue mosaicism from
random X inactivation, with the normal X chromosome
activein uninvolved skin, and theincontinentiapigmenti X
chromosome active in involved skin.”

Incontinentia pigmenti is a X-linked dominant disease
seen amost exclusively in females. The mutation is lethal
for affected hemizygousmal es.? Severa longitudinal studies
show that femal es with incontinentia pigmenti have about
twice the number of daughters as sons; this sex ratio was
illustrated in our series. Thisislikely dueto the increased
incidence of spontaneous abortions of male fetuses.®
Affected girlssurvivebecauseof twofunctionally different
cell clones resulting from lyonisation. These phenotypes
display the mosaicism pattern type 1a, which consists of
narrow bands along the lines of Blaschko.!?

An unusual and hitherto unreported feature, scarring
alopecia, waspresent in 4 patientsand mainly on thevertex
of the scalp with awhorled pattern (Fig. 4). It appears to
correspond to Blaschko's lines on the scalp.t®

Extracutaneous abnormalities were seen in 5 patients
(Tablel). They represent 19% of the 26 patients and this
rateismuch lower than the 80% noted in Carney’ sreview.
Severe neurological manifestations have been reported
and include seizures, mental retardation, spasticity,
hemiparesis and encephalopathy.* Francis and Sybert'
noted that neurological involvement usually occurred early
in life and was associated with eye involvement. Carney’s
rather high percentageof extracutaneouslesionsmay reflect
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abias of ascertainment.

The exceptional occurrence of incontinentia pigmenti in
males can be explained in the following ways showing
three possihilities. Firstly, these men may have a47,XXY
congtitution (Klinefelter's syndrome),*® and they are able
to survive because of their extra normal X chromosome.
The disease would reflect functional X-chromosome
mosaicism asfound in females. Secondly, they may reflect
genomic X-chromosomal mosaicism resulting from an
early post-zygotic mutation involving Xg28. Thirdly, they
may originate from a gametic half-chromatid mutation.*®
This is transmitted to the zygote and semiconservative
replicationwill resultinachromosomewithtwo chromatids
carrying different base pairs (Fig. 5). After cleavage, one
cell may carry a complete mutation. In this case, the skin
involvement would usually be widespread, systematised
and bilateral. Our 3 male patients, like the males reported
intheliterature, are considered to be sporadic casesand are
likely to have resulted from new mutations. Only 1 had
extracutaneous manifestation (febrilefits) and cytogenetic
analysis in this individual revealed a normal karyotype.
Unfortunately, cytogenetic analysis was not done on the
other 2 malepatients. Assumingthat all 3maleshad normal
XY karyotypes, we can propose that they exemplify
genomic X chromosomal mosaicism dueto either an early
post-zygotic mutation or agametichal f-chromatid mutation.
The latter situation may also arise in the male patient’s
gonads. Hence, these men may potentially transmit the
disease to their daughters and must be appropriately
counselled. Based on the existing literature, males appear

Each circle represents a
gamete; the 2 vertical lines
within represent the double
helix DNA of achromatid.
One gamete carries a
chromatid with asingle-
strand mutation

The gametes fuse and the
mutation is transmitted to
the zygote.

Semiconservative
replication takes place.

After cleavage, one cell
may carry a complete
mutation.

Fig. 5. Gametic half-chromatid mutation.

to have ahigher rate of mental retardation than the general
population, but there does not appear to be a correlation
between the severity of skin involvement and mental
status.?2 Our 3 male patients were neither more severely
affected nor show any signs of mental retardation.

In female patients, the clinical findings may sometimes
likewise be subtle, reflecting extreme lyonisation. This
may explain why a positive family history was present in
only 6 (23%) of our patients. The mothers of these 6
patients had either a history of the characteristic skin
changes, dental abnormalities or scarring alopecia. The
dental abnormalities and scarring alopecia are permanent
and can be used as markers to ascertain affected adult
women. In our series, one mother and a grandmother had
whorled scarring alopecia. The mothers of these 6 patients
had children in a female to male ratio of 2:1, which
corresponds to the expected ratio in a X-linked dominant,
male-lethal disorder (Fig. 6).

Four sequential stages are classically described in
incontinentia pigmenti: inflammatory, proliferative,
pigmentary and atrophic. It is not uncommon to find a
coexistence of two or even three stages in 1 patient; this
phenomenon was documented in 14 of our patients. Crops
of vesicular lesionsarerarely seen beyond oneyear of life;
one of our patients had vesicular lesionstill the age of 4.5
years. Presumably, the functionally aberrant clones can be
eliminated by the normal cell clones but this may be
incompl ete; thus, the presenceof vesiclesinalinear mosaic
forminlatechildhood or evenadulthood hasbeenreported.”

About 14% of patients showed the typical whorled
hyperpigmentation as the initial and solitary clinical
expression of incontinentia pigmenti; even fewer patients
are born with this pigmentation.* Two of our patients
presented at the age of 1 week and 3 months, respectively,
with the typical hyperpigmentation since birth. They had

Affected mother
(small x =X
chromosome with
NEMO mutation)
X x XY
XX X x XY xY
Normal Carrier Normal Lethal
daughter daughter son
2 daughters : 1son

Fig. 6. X-linked dominant, male-lethal inheritance.
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no history of and showed none of the other stages of
incontinentia pigmenti on follow-up. Most likely one or
more of the first two stages may have occurred already in
utero. The diagnosis of incontinentia pigmenti should be
carefully reconsidered in these patients as differentiation
from linear and whorled nevus may be difficult. A helpful
clinical signisthat the latter does not disappear with time,
whereas incontinentia pigmenti tends to clear.

The typical transition from inflammation to verrucous
hypertrophy and hyperpigmented skinareasinincontinentia
pigmenti suggests agradual replacement of defectivecells
by normal cells. This would imply a process eliminating
the cell popul ation with the active X chromosome carrying
the incontinentia pigmenti gene. This hypothesis has been
supported by demonstrating that the same X chromosome
is preferentially active in fibroblasts grown from normal
and hyperpigmented skin of an affected girl.*®

Histologically, thevesicular |esions are characterised by
eosinophilic spongiosis, intragpidermal vesicles, often
surrounded by dyskeratotic cells, and a predominantly
eosinophilicinfiltratein the dermis. The verrucouslesions
show hyperkeratosis, papillomatosis, acanthosis and
scattered dyskeratotic cells. The pigmented lesions show
an accumulation of melanophagesin the superficial part of
the dermis.

A skinbiopsy takeninthe vesiculobullous phaseis often
helpful in establishing the diagnosis.

For the skin disorder, no treatment is needed except for
the control of secondary infection of the vesiculobullous
lesions. Meticulous dental hygieneis advisable and dental
intervention in affected patients can minimise cosmetic
disahility related to the dental abnormalities. Neurologic
consultation should be sought if the patient is symptomatic
and ophthalmol ogic consultation at thetime of diagnosisis
advisable. Female members of the family should be
examined for signs of incontinentia pigmenti.

Genetic counselling should beofferedto al families. For
a woman with incontinentia pigmenti, one pregnancy in
four will probably result in a spontaneous abortion.
Statistically, half of her daughters will have incontinentia
pigmenti. Of the affected daughters, about 30% will have
more pronounced manifestations than her mother and
about 94%will haveat | east asmany defectsasher mother.*
If awoman without ahistory or symptomsof incontinentia
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pigmenti gives birth to achild with this disorder, this may
reflect either anew mutation in the child or the presence of
extreme lyonisation in the mother. Males who have
incontinentia pigmenti as a result of a new mutation may
transmit the disease to their daughters.
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