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SUMMARY
Introduction Incontinentia pigmenti (IP) is a rare X-linked dominant genodermatosis. Mutations of the 
IKBKG gene are responsible for IP. A deletion of exons 4–10 can be found in 80% of patients with IP. There 
are 69 different mutations of the IKBKG gene that have been reported.
Case Outline A proband, female patient from a family without previously diagnosed IP is reported. 
She had skin and dental changes typical of IP. The diagnosis was made according to updated IP criteria. 
Pathohistological and ultrastructural analysis of skin biopsy confirmed the diagnosis. However, the 
common deletion of exons 4–10 in the IKBKG gene could not be detected. Sequencing revealed the 
indel (deletion/insertion) mutation c.641_647delGCATGGAinsAT (p.Arg214HisfsX38) in exon 5 of the 
IKBKG gene. Because this mutation could not be detected in the unaffected mother of the proband, it 
seems to be a de novo mutation.
Conclusion The registered novel frameshift IKBKG mutation c.641_647delGCATGGAinsAT (p.Arg214HisfsX38) 
can be considered to be the cause of IP in this case.
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INTRODUCTION

Incontinentia pigmenti (IP) is a rare X-linked 
dominant genodermatosis that appears almost 
exclusively in females and is usually lethal in 
utero for males [1]. The IKBKG (inhibitor of 
kappa-B kinase gamma, previously NEMO) 
gene is the only gene known to be associated 
with IP [2]. Mutations of the IKBKG gene are 
responsible for IP. A deletion of exons 4–10 
in the IKBKG gene can be found in 80% of IP 
patients [1]. To date, in IP patients 69 differ-
ent mutations in the IKBKG gene have been 
reported [3, 4, 5]. These mutations originate 
from different molecular mechanisms [6]. The 
IKBKG gene product NEMO/IKKγ is required 
for activation of NF-κB (nuclear factor kappa-
B) transcription factor. As a consequence of 
the IKBKG gene mutation, its accurate prod-
uct does not arise and NF-κB activation does 
not occur [1]. At the skin level, NF-κB appears 
to have a dual role in cell growth and apopto-
sis. The phenotypic expression of IKBKG gene 
mutation is highly variable [1]. No genotype–
phenotype correlation is apparent from the 
comparison of patients with different loss-of-
function mutations [7].

It is noteworthy that some hypomorphic 
mutations in the IKBKG gene, reducing but 
not eliminating NF-κB activation, were found 
in surviving male patients. These males are 
affected by a different disease, named hypo-
hidrotic ectodermal dysplasia associated with 
severe immunodeficiency (EDA-ID) or oc-
casionally associated with osteopetrosis and 
lymphoedema (OL-EDA-ID) [7].

CASE REPORT

In this study, a female patient from a family 
without previously diagnosed IP is reported. 
IP diagnosis was made according to updated 
criteria [8]. The family pedigree was construct-
ed, and routine laboratory findings for the 
proband and the mother were obtained. The 
investigation protocol followed the guidelines 
of the Helsinki Declaration and was approved 
by the Clinical Center of Serbia Ethics Com-
mittee. Written informed consent was obtained 
from all participants or their parent/guardian.

The pedigree analysis revealed that there 
were no other family members with IP stig-
mata. The proband’s mother had two sisters. 
One died one month after birth (of unknown 
reason), and the other was healthy. The pro-
band from clinically healthy nonconsanguine-
ous parents was born at term by Caesarean sec-
tion. She was the first child from a first normal 
pregnancy. At birth she had vesiculo-bullous 
lesions, typical for IP stage 1, grouped along 
Blaschko’s lines. The lesions were located on 
the extremities, trunk, and back, with more on 
the left side. A skin biopsy was taken, and skin 
samples were prepared for light and electron 
microscopic investigation in a routine way [9]. 
Pathohistologically intraepidermal vesicles 
with eosinophils, apoptotic keratinocytes, and 
eosinophils infiltrating the epidermis and der-
mis were found, indicating IP stage 1 [10]. On 
light microscopy, apoptotic keratinocytes are 
characterized by a condensed and basophilic 
nucleus and eosinophilic homogenization 
of the cytoplasm, which sometimes contains  
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irregular basophilic materials. Ultrastructural analysis 
revealed keratinocytes and dermal cells in the process 
of apoptosis. Eosinophilia of 29% was registered. After a 
couple of months the skin lesions evolved through stages 
2 and 3.

The proband was 32 months old. Some of the skin 
changes already evolved into stage 4. In addition to hy-
per- and hypopigmented macules, proband had conical 
teeth, and her dentition had been delayed. There were no 
abnormal neurological and ophthalmological findings. To 
confirm IP diagnosis, molecular genetic testing for IKBKG 
gene mutation was performed.

Blood samples were collected and used to extract DNA 
using standard protocols. Molecular genetic testing was 
done at Diagenos, Center for Medical Genetics, Osna-
brueck, Germany. For testing a modified polymerase chain 
reaction (PCR) protocol was performed [1]. However, the 
common deletion of exons 4–10 in the IKBKG gene could 
not be detected. Sequencing revealed the indel (dele-
tion/insertion) mutation c.641_647delGCATGGAinsAT 
(p.Arg214HisfsX38) in exon 5 of the IKBKG gene, a het-
erozygous frameshift mutation with a premature termina-
tion signal. This mutation could not be detected in the 
unaffected mother of the proband.

DISCUSSION

The proband developed skin and dental changes typical 
for IP, and with an unambiguous clinical diagnosis she 
met updated IP diagnostic criteria [8]. Slightly higher 
expression of skin lesions on the left side was consistent 
with literature data [10]. Pathohistological findings cor-
responded to the stage 1 of IP and confirmed the diagnosis 
[11]. Ultrastructural analysis revealed apoptotic changes 
of keratinocytes that are typical for IP [1]. The mutation 
c.641_647delGCATGGAinsAT (p.Arg214HisfsX38) that 
was found in the proband has not been described as a 
causative mutation in the previous literature or in mu-
tation databases (HMGD, Cardiff ) [3]. The mutation 
resulted in an altered amino acid sequence beginning at 
position 214 and subsequently in a premature termina-
tion signal. Because this mutation could not be detected 
in the unaffected mother of the proband, it seems to be 
a de novo mutation. The local high frequency of micro/
macro-homologies, tandem repeats, and repeat/repeti-
tive sequences makes the IKBKG gene locus susceptible 
to novel pathological IP alterations [12]. The novel muta-

tion has probably been generated by de novo events during 
parental gametogenesis, whose origin could be due to the 
peculiar genomic architecture of the IKBKG gene locus 
[6, 12]. However, gonadal mosaicism can’t be ruled out – 
either maternal or paternal. 

The phenotypic expression of IKBKG gene mutation is 
highly variable, even among related patients with the same 
mutation [1]. In contrast, patients with different IKBKG 
mutations may have the same clinical phenotype [1]. The 
presented patient has a typical IP phenotype with an ac-
celerated course of skin changes but novel IKBKG gene 
mutation. Variability of the IP phenotypic expression was 
likely to be the result of the skewed X-chromosome inacti-
vation [1], the pleiotropic role of the NEMO/IKKγ [6], or 
dimer-specific regulatory mechanisms within the NF-κB 
family of transcription factors [12, 13].

A large scale of different deletions of exons 4–10 has 
been identified in the IKBKG gene [10]. The presence of 
common IKBKG exons 4–10 deletion in six Serbian IP pa-
tients has been reported [14]. This mutation corresponds 
to the majority (80%) of IKBKG mutations in IP [1, 10]. 
In the remaining 20% of patients with IP, the mutation 
is hidden by the second copy of the IKBKG gene and the 
presence of a highly homologous IKBKG pseudogene 
[10]. In cases of hidden mutations [10], when no large 
deletion is identified in the gene, while phenotypical ex-
pression of the disease is highly suggestive of an IKBKG 
gene anomaly, a microrearrangement can be searched for 
using direct sequencing of the coding regions [7]. Besides 
the 69 different IKBKG gene mutations published, in the 
presence of a single IP minor criterion when other IP ma-
jor criteria are absent, the newly detected novel mutation 
c.641_647delGCATGGAinsAT (p.Arg214HisfsX38) would 
be acceptable for making a diagnosis among female first-
degree relatives [3, 8].

In conclusion, in the proband with typical IP skin 
and dental phenotype the novel IKBKG gene mutation 
c.641_647delGCATGGAinsAT (p.Arg214HisfsX38) was 
registered. This novel IKBKG frameshift mutation can be 
considered to be the cause of IP in this case.
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КРАТАК САДРЖАЈ
Увод Ин кон ти нен ци ја пиг мен ти (ИП) је рет ка ге но дер ма то за 
ко ја се на сле ђу је до ми нант но ве за но за X-хро мо зом. За по ја-
ву ИП од го вор не су му та ци је ге на IKBKG. Код 80% бо ле сни ка 
са ИП на ђе на је де ле ци ја на ег зо ни ма 4–10 ге на у IKBKG ге ну. 
До сад је код бо ле сни ка са ИП утвр ђе но 69 раз ли чи тих му-
та ци ја на овом ге ну.
При каз бо ле сни ка Про банд је би ла де вој чи ца из по ро ди це 
у ко јој до сад ни је ди јаг но сти ко ва на ИП. Она је на ко жи и зу-
би ма има ла про ме не ти пич не за ИП. Ди јаг но за је по ста вље-
на при ме ном уна пре ђе них кри те ри ју ма за ИП. Ди јаг но зу су 
по твр ди ле па то хи сто ло шка и ул тра струк тур на ана ли за би-

оп си је ко же. Код про бан да ни је от кри ве на де ле ци ја ег зо на 
4–10 ге на IKBKG. Се квен ци о ни ра њем је по ка за но при су ство 
in del (de le tion/in ser tion) му та ци је c.641_647del GCAT GGA in sAT 
(p.Arg214HisfsX38) ег зо на 5 на ге ну IKBKG. По што ова му та ци ја 
ни је от кри ве на код мај ке про бан да, из гле да да је у пи та њу 
му та ци ја de no vo.
За кљу чак Но во от кри ве на fra mes hift му та ци ја ге на IKBKG 
c.641_647del GCAT GGA in sAT (p.Arg214HisfsX38) мо же се сма-
тра ти узроч ном ИП.

Кључ не ре чи: ин кон ти нен ци ја пиг мен ти; ген IKBKG; frame-
shift му та ци ја; ге но дер ма то за; ди јаг но за

Нова frameshift мутација гена IKBKG као узрок инконтиненције пигменти
Снежана Минић1,2, Душан Трпинац3, Миљана Обрадовић3

1Универзитет у Београду, Медицински факултет, Београд, Србија;
2Клиника за дерматовенерологију, Клинички центар Србије, Београд, Србија;
3Институт за хистологију и ембриологију, Универзитет у Београду, Медицински факултет, Београд, Србија

Примљен • Received: 06/02/2015   Прихваћен • Accepted: 21/04/2015


