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 Introduction

Ichthyosis is a group of cornification disorders, which affects 
a part or all of the skin. It is characterized by widespread 
dryness and scaling. A number of etiological factors (drugs, 
malignancies, and autoimmune diseases) may be responsible 
for acquired ichthyosis.[1] Genetically determined or hereditary 
ichthyosis shows high genetic heterogeneity.[2] The most 
common hereditary form is ichthyosis vulgaris caused by the 
mutations in FLG gene.[3] This is followed by X‑linked recessive 
ichthyosis  (XLRI) with a prevalence of 1/6000  males.[4] 
Another form of hereditary ichthyosis is autosomal recessive 
congenital ichthyosis  (ARCI) which affects 1 in 300,000 
newborns worldwide.[5] The prevalence is higher in some 
populations due to the founder effect. ARCI patients are 
affected in utero and show clinical findings, such as collodion 
membrane, at birth.[6] There are three major clinical forms of 
ARCI: Lamellar ichthyosis  (LI), congenital ichthyosiform 

erythroderma  (CIE), and harlequin ichthyosis  (HI). HI, the 
most severe form, shows hyperkeratosis characterized by thick 
plaques separated by fissures and is caused by large deletions 
or mutations resulting in premature stop codon in ABCA12 
gene.[7,8] LI patients present with large, dark, plate‑like scales 
covering the whole body surface, eclabium, and ectropion.[6] 
CIE patients show whitish, fine, semi‑adherent scales with 
erythrodermia.[9] The major problems in the last two forms of 
ARCI are the risk of severe dehydration and infections leading 
to morbidity and mortality.[10] Both forms of ARCI are caused 
by the mutations in eight different genes in 80% of patients: 
TGM1 and NIPAL4 gene mutations account for 50% of ARCI 
patients, while ALOX12B, ALOXE3, CYP4F22, ABCA12, 
PNPLA1, LIPN, and CERS3 gene mutations are responsible 
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for the rest of patients.[11‑14] Eight percent of patients with 
ARCI have mutations in CYP4F22 gene located at 19p13.1.12. 
The CYP4F22 gene encodes for a protein that is a member 
of cytochrome P450 family and plays a role in the fatty acid 
metabolic pathway.[15,16]

In this study, CYP4F22 mutations were investigated in 
22 patients diagnosed with ARCI and previously shown that 
they did not have TGM1 and NIPAL4 mutations. In five patients 
four different mutations, two of them being novel were defined.

Materials and Methods

The present study was approved by the institutional ethics 
review board of our institution (Decision Number: 11‑6.1/3). 
Twenty‑two patients recruited from Ege University Faculty 
of Medicine, Department of Dermatology and Department 
of Medical Genetics were included in the study. Medical 
history, physical examination, and pedigree analysis were 
evaluated to determine the heredity pattern and ichthyosis 
type. The type of ichthyosis was verified histopathologically 
only when the patient’s consent was provided. Twenty‑two 
patients (aged between 5 months and 36 years) studied had a 
pedigree suggestive of ARCI and did not have a mutation in 
TGM1 and NIPAL4 genes which are the two most common 
ARCI causing genes. These two genes are routinely tested as 
a first step in ARCI patients in our laboratory. In this study, 
22 patients were sequenced for the gene CYP4F22 described 
as an ARCI causing gene previously. Parents of all patients 
having CYP4F22 mutations were screened for the mutations. 
A  hundred control chromosomes were evaluated for novel 
mutations.

Molecular genetic analysis
DNA isolation was performed from peripheral blood 
lymphocytes using MagNa Pure LC DNA Isolation Kit 
I (Product No: 0300039900001; Roche, USA). In 22 patients, 
all exons and exon‑intron boundaries of CYP4F22 gene were 
sequenced by ABI 3130 using the instrument protocols. When 
a mutation was detected, parents were analyzed. The primers 
used for CYP4F22 gene amplification are listed in Table 1. All 
variations detected were evaluated using Ensembl Genome 
Bowser and HGMD mutation database.

In slico analysis
Genomic variations which had not been reported previously 
were evaluated by protein sorting intolerant from tolerant (SIFT) 
and PolyPhen.

Results

This study included 22 ARCI patients who do not have 
mutations in their TGM1 and NIPAL4 genes. In 5 (22.7%) out 
of 22 ARCI patients, homozygous CYP4F22 mutations were 
detected. Two patients had a known mutation, c.1303C<T 
and one another known mutation c.727C>T, whereas two 
patients had two different novel homozygous mutations 
[Figure 1 and Table 2]. Novel mutations were not detected 
in 100 healthy control chromosomes. Parental consanguinity 
was declared in 4 of 5 patients. One patient had parents from 
a small village, but no consanguinity was described. All 
parents were heterozygous for the mutations detected in their 
children. Clinical features and the mutations detected in these 
five patients are given in Table 2. Five ARCI patients having 
CYP4F22 mutations presented with palmoplantar involvement, 
ectropion, and erythema [Figure 2]. One had a pigmentation 
defect in the retina. Ocular examinations of other patients 
were normal, and one of them had been discussed in another 
study.[17] A skin biopsy was performed in three mutation‑positive 
patients, one patient showed hyperkeratosis, parakeratosis and 
thickened stratum corneum and one patient showed acanthosis, 
spongiosis in the epidermis, and perivascular eosinophilic 
infiltration. One patient histopathological examination showed 
nonspecific findings.

Discussion

ARCI is a rare form of ichthyosis with an estimated prevalence 
of 1:300,000 newborns.[5] It is expected more common in 
populations with a high rate of consanguineous marriages 
such as Turkey.

In this study, parents of four patients with homozygous 
CYP4F22 gene mutations were consanguineous. In 
the studies by Lefèvre et  al. and Lugassy et  al., high 
parental consanguinity rates in ARCI patients were also 
reported.[15,18]

Table 1: Primers used for CYP4F22 gene amplification

Exon Forward primer Reverse primer PCR product (bp) Annealing temperature (F/R) °C
1 5’GTGTGCTGGGAACCTTCTGT3’ 5’AAACTGCTTGCCCTCTCTGA3’ 492 56
2 5’AGCCAACTGCCTGAAATCAT3’ 5’TCAAATGACCCTTCCTCTGG3’ 374 56
3 5’TGGATGACAGAGCAAGACTCC3’ 5’TCCACTTGTCACCTTTGCTG3’ 269 56
4 5’GGCTGGGGCTTTAGAGAAGA3’ 5’AGCCTAACAAGGACCCGACT3’ 382 56
5 5’GGTCCAGGCTCCAACTCAT3’ 5’TCCCATAGGCCAGAGTTGTC3’ 388 56
6 5’AATGGGGACAGGAGGCTTAT3’ 5’CACCACGCCTAATGGAGTTT3’ 457 56
7 5’TGCAGTTAGCCGAGATTGTG3’ 5’TGGATGTTGTGTCGTGACCT3’ 373 56
8 5’TGTTTGAGGGTGAGGATGTG3’ 5’CCCCCATTTTGTAGCTGAAG3’ 398 56
9-10 5’GTGGCTCGGCCTCTAGTTAT3’ 5’AAATGGCTAAATGCGGAGTG3’ 1260 55
11-12 5’TGCTCCCCATCCATCTTTAC3’ 5’CTATGCCCTCGGGATCTTTG3’ 987 55
PCR: Polymerase chain reaction
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Table 2: Clinical findings of autosomal recessive congenital ichthyosis patients with CYP4F22 gene mutations

Case 1 Case 2 Case 17 Case 20 Case 22
Involvement of 
the body region

Periumbilical region 
and extremities 
extensor surfaces

Face and extremities 
extensor surfaces

Suprapubic lower umbilical 
region and extremities 
extensor surfaces

Face and extremities 
extensor surfaces

Face, body and 
extremities 
extensor surfaces

Scaling 
properties

Whitish, 
semiadherent 
scaling

Gray-Whitish, 
semiadherent scaling

Brown, adherent, fine, 
lamellar, and scaling

Gray-whitish and 
semiadherent scaling

Whitish, semi 
adherent scaling

Erythema + + + (at birth) + +
Collodion 
membrane

- - + - +

Ocular findings Ectropion (at birth) Ectropion Ectropion Ectropion and dry eyes Ectropion and 
retinal pigment 
defect

Eclabium + (at birth) - - - + (at birth)
Palmoplantar 
involvement

Hyperlinearity Hyperkeratosis 
hyperlinearity

Hyperlinearity Hyperlinearity Hyperkeratosis

Scalp 
involvement

- + - - -

Nail 
involvement

- - + (hyperkeratosis) - -

An/hypohydrosis - - - - -
Systemic 
involvement

- - - - -

Histopathologic Nonspecific - Hyperkeratosis, 
parakeratosis, and thickening 
of the stratum corneum

Acanthosis and 
spongiosus, dermal 
lymphocyte infiltration, 
and perivascular edema

-

Mutation c.1303C>T/
c.1303C>T*

c.1303C>T/1303C>T* c.976C>T/c.976C>T** c.1189C>T/c.1189C>T** c.727C>T/
c.727C>T*

*Known mutation, reported by LeFevre et al. and Pigg et al.,[15,20] **Novel mutations, reported in this study

Mutations in eight different genes in almost 80% of ARCI 
patients have been identified so far. Among these genes, 

CYP4F22 gene mutations were detected in 8% of all ARCI 
patients.[19] TGM1 and NIPAL4 genes have been described 

dc

ba

Figure  1: Electropherogram of detected CYP4F22 gene mutations.  (a) c.1303C>T(H435Y) homozygous mutation  (b) c.976C>T(p.R326X) 
homozygous mutation (c) c.1189C>T(p.R397C) homozygous mutation (d) c.727C>T(p.R243C) homozygous mutation
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as the two most common mutated genes in ARCI patients. 
Therefore, these two genes were analyzed in our ARCI patients 
in the first step. In our study population, CYP4F22 gene was 
responsible for the 22.7% (5/22) of ARCI patients who did not 
have mutations in TGM1 and NIPAL4 genes.

Homozygous c.1303C>T mutation defined in our two patients 
was reported by Lefèvre et al. previously.[15] Our two patients 
were from the Mediterranean Region of Turkey. The cases 
reported by LeFevre were also from the coastal Mediterranean 
region. Therefore, there may be a founder effect for this 
mutation.

In one patient, we detected homozygous c.727C>T  (p. 
Arg243Cys) mutation which was reported previously in 
compound heterozygous state with a frameshift variant in an 
ARCI patient by Pigg et al.[20]

One of our patients was homozygous for the novel 
c.976C  >  T  (p. Arg326X) mutation which causes 
stop codon in exon 7. The other novel homozygous 
mutation  (c.1189C  >  T) affects well conserved arginine 
residues in ichtyn protein [Figure 3]. These two mutations 
were not reported previously and not detected in 100 control 
chromosomes. In addition, PolyPhen and SIFT analysis 
indicated that they were damaging mutations, which supports 
their causative roles.

Phenotypic features of our patients were very similar to 
the features of previously reported patients with CYP4F22 
mutations. In the study by Lefèvre et al., patients carrying 
CYP4F22 mutation presented with a CIE phenotype at birth, 
progressing later to a more lamellar aspect of the skin, 
and palmoplantar hiperlinearity which is the characteristic 
feature of this ichthyosis form.[15] In our study, a 21‑year‑old 
patient presented with LI at the time of examination; 
however, CIE was described during her newborn and 
childhood period.

It has been reported that most of the ARCI patients are not 
born as collodion babies.[15] Our two patients with CYP4F22 
mutations had a history of collodion baby at birth.

Ectropion, one of the most common features of ARCI, was 
noted in all of our patients and eclabium was observed in 
two patients at birth  [Table  2]. As the ARCI is classified 
in nonsyndromic ichthyosis forms, systemic findings are 
not expected.[11] Our ARCI patients did not have systemic 
involvement either. Only one patient had defective retinal 

pigmentation on ophthalmological examination. Retinal 
involvement has not been reported in ichthyosis patients 
previously. Among CYP 450 superfamily members, CYP27A1 
and CYP11A1 have an important role in retinal cholesterol 
metabolism.[21] CYP4V2 mutations have been shown in 
Bietti’s crystalline corneoretinal dystrophy which is a form 
of hereditary retinal degeneration.[22] However, there has 
been no report about retinal expression of CYP4F22 in the 
literature. Further studies are needed to determine whether it 
is coincidental or a part of the disease.

We were able to perform histopathological examination on 
three of five patients with CYP4F22 mutations. One patient 
showed hyperkeratosis, parakeratosis, and thickened stratum 
corneum which were consistent with the histopathological 
findings seen in previously reported ARCI patients.[15] In 
another patient, biopsy showed acanthosis spongiosis in the 
epidermis and perivascular eosinophilic infiltration, which 
were interpreted in favor of atopic dermatitis. Atopic dermatitis 
has been reported to be associated with ichthyosis vulgaris 
and XLRI.[23,24] Oji et al. revealed that the corneodesmosin is 
the important for integrity of the epidermal barrier and loss 
of corneodesmosin causes peeling skin syndrome leading to 
atopy.[25] Regarding the data reported previously, it has been 
considered that atopic dermatitis could be a part of ichthyosis 
caused by CYP4F22 mutations or perhaps, it is a coincidence 
in this case.

Conclusion

To the best of our knowledge, this is the first study investigating 
the molecular etiology of ichthyosis in the Turkish population 
and one of the few examples of molecular genetic screening 
of CYP4F22 gene in ARCI patients. We have reported two 
novel CYP4F22 gene mutations. Further studies will expand 
the mutation spectrum of CYP4F22 gene mutations in the 
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Figure 3: Amino acid sequence of CYP4F22 in different organisms (397. 
Arginine Residue)

cba

Figure 2: Clinical findings of case 20. (a) Erythema and fine scaling on the face. (b and c) Palmoplantar keratoderma and hyperlinearity
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etiopathogenesis of ARCI in the Turkish population. Further 
molecular analysis should be planned to reveal the molecular 
genetic etiology of the disease in ARCI patients who did not 
have mutations in the genes analyzed.
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