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Abstract Incontinentia pigmenti (IP; OMIM# 308300) is a rare inherited disease
caused by a mutation of IKBKG, which is also known as NEMO, located on Xq28. IP
patients usually present with abnormalities of skin, eyes, nails and central nervous
system. The neurological damege, which occur usually from neonatal through the
early infantile period, leads to neulogical complication such as development retarda-
tion, motor paralysis and epilepsy. However, there has been little study done concern-
ing the effect of therapy for the neural abnormalities. We have investigated the clini-
cal findings in a female IP case with a novel mutation of IKBKG for six years due
to disclosing the neurological prognosis and the immunological features. It is hoped
that the present study will contribute to a better management of IP patients.
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Introduction

Incontinentia pigmenti (IP; OMIM# 308300)
is an X-linked dominant disorder, affecting
ectodermal tissues involving skin, hair, nails,
eyes, and central nervous system (CNS)." The
skin lesions progress in four stages: inflam-
matory, verrucous, hyperpigmented, and hy-
popigmented/atrophic.” CNS abnormalities
are present in approximately 30% of patients.'
The disease gene of IP is Inhibitor of Kappa

light polypeptide gene enhancer in B cells, Ki-
nase Gamma,/Nuclear factor kappa B, Essen-
tial Modulator (IKBKG/NEMO) (GenBank
NM 003639.3)." The common deletion span-
ning exons 4 through 10 of the IKBKG occurs
in approximately 60~80% of IP.” In addition,
cytosine stretches in the exon 9-10 region are
well-known mutation hotspots.” Here, we re-
port a case of a female IP patient with a novel
frame-shift mutation in the cytosine stretch-
es in exon 9 of the IKBKG.
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Case description

A 5-day female infant was hospitalized
presenting partial and clonic seizures in the
right upper and lower limb. The patient pre-
sented with linear erythematous on her ex-
tremities at birth with subsiding vesicles on
the back of the hands (Fig. 1a, b). Laboratory

tests on admission revealed a white blood
cell of 1.42x10°/L (eosinophils 25%). Mag-
netic resonance imaging showed diffused
high intensity in subcortical white matter
on diffusion-weighted imaging, suggesting
multiple lesions of brain infarction, that were
the cause for the seizure (Fig. 2). A skin bi-
opsy from a bulla on the thigh at 1 month

(a)
Fig. 1

(b)

Skin changes when she was b-day-old were recognized. (a) Erythematous skin with a
linear pattern in extremities. (b) Small pustular regions in the right hand.

Fig. 2

Hign intensity regions were observed
in the occipital lobe on diffusion-weight-
ed image when she was 7days of age.

Fig. 3

Spongiosis with intraepidermal blis-
ters and the infiltration of eosinophils
in the epidermis and the upper layer of
the dermis (hematoxylin-eosin, original
magnification x100) in her age 1 year.
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A novel heterozygous mutation consisting of a 8-bp insertion (¢.1109 1100insTTGCCCCC)
in exon 9 of IKBKG (p.Ala371Cysfs*83) in the patient.

of age showed epidermal spongiosis with the
formation of intraepidermal blisters and in-
filtration of numerous eosinophils, compat-
ible with IP (Fig. 3). After obtaining written
informed consent, we performed long poly-
merase chain reaction (PCR) amplification
of the IKBKG followed by direct sequencing
analysis." The results revealed a novel het-
erozygous mutation consisting of an 8-bp
insertion (c.1109 1110insTTGCCCCC) in exon
9 of IKBKG (p.Ala3d71Cysfs*83) in the patient
but not in her mother (Fig. 4), suggesting a
de novo mutation. Linear erythematous has
subsided by 4 months with brown whorled
and linear pigmentation developing on the
extremities. No dental abnormality, nail dys-
trophy, ocular or hair abnormalities were
found. Currently, the patient aged 6 years
and 9 months had received routine immuniza-
tion and has no vaccine-related adverse event,
especially a reactivation of skin lesions. The
status of her skin has been normal except for
the pigmentation in the inguinal region (Fig.
5). When her 3-month-old and 4-year-old, im-
munocompetence was evaluated. The levels of
immunoglobulin (IgG, IgA, IgM) were nor-
mal and the T-cell activation was ascertained
by lymphocyte proliferation test. Moreover,
the TNF-a production induced by stimulation
of lipopolysaccharide was confirmed. At her 4
years and 10 months, antibody titers against
hepatitis B virus, varicella-zoster virus, ru-
bella virus and measles virus were evaluated
for the assessment of vaccine response. The
titers of Hepatitis B surface antigen were 0.3
mlIU/mL in chemiluminescent enzyme immu-
noassay test (effective value > 9.9 mIU/mL)
and the titers of varicella-zoster virus were
less than 4-fold in complement fixation test

(effective value > 4-fold). Fortunately, there
have been no episodes of severe infection in-
cluding hepatitis B and chickenpox. She has
mild developmental retardation and left side
dominant spastic paralysis. Rehabilitation
therapy and an administration of botulinum
toxin have been performed. No epileptic
events have occurred beyond neonatal peri-
ods.

Fig. 5
Hyperpigmentation on the left ingui-
nal region when she was 4 years of age.
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Discussion

Generally, frameshift mutations occur in
stretches of repetitive DNA nucleotide runs
that probably cause slippage errors of the
DNA polymerase at the replication fork.” Fus-
co et al.” reported that the cytosine stretches
in the exon 9-10 are mutational hotspots and
it harbors only frameshift mutations in cyto-
sine residues in the exon 9-cytosine stretches,
which were consistent with our case. Five
cases of IP with a mutation in exon 9 were
reported.” There are no notable differences
between our patient and the reported cases
about the clinical course. The variability in
the IP phenotype unrelated to genotype is
ascribed to the variability in X-inactivation
affecting the function of NF-xB.’

In IP patients, CNS anomalies are one of
the major manifestations, which are com-
mitted to neurological dysfunction and life-
threatening event. The most frequent type
of CNS involvement is seizures, comprising
approximately 40% of all CNS disorders.’ The
mnitial neurological manifestations occurred
in the first week in 58.3% of IP patients.® As
our patient, some IP patients can suffer from
neurological lesions in the early neonatal pe-
riod. Brain imaging revealed serious abnor-
mal changes including infarction, atrophies
and corpus callosum lesions.” It is required
to differentiate possible diseases such as en-
cephalitis.” In the acute phase, some reports
have mentioned the efficacy of corticosteroid
therapy.*” However, there is no well-estab-
lished treatment for cerebral disorders. As
we know, few studies have attempted to in-
vestigate long-term prognosis. Our patient
has had a developmental disability and motor
paralysis for six years or more. To establish
the treatment for CNS impairment, an ac-
cumulation and consecutive observation 1is
needed.

The nuclear factor kappa-B essential modu-
lator (NEMO) is the main regulator in the
NF-«B signaling pathway involved in apop-
tosis, inflammation and immune system. The
NEMO dysfunction is associated with IP and
ectodermal dysplasia, anhidrotic, with im-
munodeficiency (EDA-ID) resulting from hy-
pomorphic mutations in the IKBKG/NEMO
gene."” Immunodeficiency is usually presented

in EDA-ID patients. However, there is a re-
port of IP female cases presenting immune
disorder." Therefore, immune responsiveness
should be assessed as possible, especially be-
fore immunization of live vaccines such as
BCG.” As far as vaccination is concerned,
vaccine potency and adverse reactions are
also controversial. Some cases of reactivation
of skin lesions after immunization are de-
scribed. The present case has no reactivation
episodes related to vaccination. Moreover, it
should be evaluated for the elevation of an-
tibody titer against each pathogen, which
could demonstrate the ability of antibody
production associated with NEMO deficiency.
We validated no increased virus titer against
hepatitis B and chickenpox. To our knowl-
edge, there has been little study done concern-
ing vaccine efficacy. The correlation between
the unresponsiveness of immunization and
NEMO abnormality remains unclear. The
question has remained unanswered whether
the responsiveness of immunization is nega-
tively impacted by NEMO abnormality. A
further investigation of the immune system
in IP should be conducted.

Conclusion

We reported a female case of incontinetia
pigmenti with a novel mutation of the IKBKG
gene. A comprehensive assessment of disease
complications in IP is necessary. It is hoped
that this study will contribute to better man-
agement of the incontinentia pigmenti.

Conflict of Interest
The authors declare no conflict of interest.
References

1. Conte, M.I., Pescatore, A., Paciolla, M.,
Esposite, E., Miano, M.G., Lioi, M.B,,
McAleer, M.A., Giardino, G., Pignata, C.,
Irvine, A.D, Scheuerle, A.E, Royer, G.,
Hadj-Rabia, S., Bodemer C. Bonnefont,
Jean-Paul, Munnich, A., Smahi, A,
Steffann, J., Fusco, F. and Ursini, M.V.:
Insight into IKBKG/NEMO locus: report
of new mutations and complex genomic
rearrangements leading to incontinentia



A Female IP Case with A Novel Mutation in /IKBKG 25

pigmenti disease. Hum. Mutat., 35: 165-
177, 2014

. Hadj-Rabia, S., Froidevaux, D., Bodak,
N., Hamel-Teillac, D., Smahi, A., Touli,
Y., Fraitag, S., Prost, Y. de and Bodmer,
C. : Clinical study of 40 cases of incon-
tinentia pigmenti. Arch. Dermatol., 139:
1163-1170, 2003

. Fusco, F., Pescatore, A., Bal, E., Ghoul,
A., Paciolla, M., Lioi, M.B., D'Urso, M.,
Rabia, S.H., Bodemer, C., Bonnefont,
J.P., Munnich, A., Miano, M.G., Smabhi,
A. and Ursini, M.V.: Alterations of the
IKBKG locus and diseases: an update and
a report of 13 novel mutations. Hum.
Mutat. 29: 595-604, 2008

. Hoshina, T., Takada, H., Sasaki-Mihara,
Y., Kusuhara, K., Ohsima, K., Okada, S.,
Kobayashi, M., Ohara, O. and Hara, T.:
Clinical and host genetic characteristics
of Mendelian susceptibility to mycobac-
terial diseases in Japan. J. Clin. Immu-
nol., 31: 309-314, 2011

. Lovett, S.T. : Encoded errors: mutations
and rearrangements mediated by mis-
alignment at repetitive DNA sequences.
Mol. Microbiol., 52: 1243-1253, 2004

. Minic, S., Trpinac, D. and Obradovic, M.:
Systematic review of central nervous sys-
tem anomalies in incontinentia pigmenti.
Orphanet. J. Rare. Dis., 8: 25, 2013

. Wolf, N.I., Kramer, N., Harting, 1., Seitz,
A., Ebinger, F., Poschl, J. and Rating,
D.: Diffuse Cortical Necrosis in a Neo-
nate with Incontinentia Pigmenti and an

10.

11.

12.

Encephalitis-Like Presentation. AJNR.
Am. J. Neuroradiol., 26: 1580-1582, 2005
Wolf, D.S., Golden, W.C., Hoover-Fong,
J., Applegate, C. Cohen, B.A., Germain-
Lee, E.L., Goldberg, M., Crawford, T.O.
and Gauda, E.B.: High-dose glucocorti-
coid therapy in the management of sei-
zures in neonatal incontinentia pigmenti:
a case report. J. Chil. Neurol., 30: 100-
106, 2015

Ogasawara, K., Honda, Y., Maeda, H.,
Sato, M., Nakano, H. and Hosoya, M.:
Corticosteroid Therapy in Neonatal In-
continentia Pigmenti With Asymptom-
atic Cerebral Lesions. Pediatr. Neurol.,
99: 85-87, 2019

Maubach, G., Schmadicke, AC. and Nau-
mann, M.: NEMO Links Nuclear Factor-
kB to Human Disease. Trends. Mol. Med.,
12: 1138-1155, 2017

Ohnishi, H., Kishimoto, Y., Taguchi, T.,
Kawamoto, N., Nakama, M., Kawai, T.,
Nakayama, M., Ohara, O., Orii, K. and
Fukao, T.: Immunodeficiency in Two
Female Patients with Incontinentia Pig-
menti with Heterozygous NEMO Muta-
tion Diagnosed by LPS Unresponsive-
ness. J. Clin. Immunol. 6: 529-538, 2017
Senturk, N., Aydin, F., Haciomeroglu,
P., Yildiz, L., Totan, M., Canturk, T. and
Turani, AY.. Pulmonary tuberculosis
and cutaneous mycobacterial infection

in a patient with incontinentia pigmenti.
Pediatr. Dermatol. 6: 660-663, 2004






