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Abstract 

   
Ichthyoses are group of genetic disorders of cornification with abnormal differentiation and desquamation of the 

epidermis. Clinically ichthyosis can be distinguished into syndromic ichthyosis and non-syndromic ichthyosis 

(limited to the skin only). This study presents clinical and molecular characterization of three urelated Pakistani 

families displaying different forms of hereditary ichthyosis. The objective of the study was to search for 

pathogenic mutations in FLG, ALOXE3 and STS genes in three Pakistani families with different forms of 

recessive hereditary ichthyoses. DNA samples of all available affected and unaffected individuals were PCR 

amplified using microsatellite markers and further analyzed by DNA sequencing. DNA sequence analysis 

revealed a novel and two previously reported mutations in the genes FLG, ALOXE3 and STS. Deletion mapping 

showed a deletion of about 1.67Mb region having genes VCX3A, HDHD1, STS, VCX and PNPLA4 in one family 

with recessive X-linked ichthyosis. This study expandsspectrum of mutations in the genes FLG, ALOXE3 and 

STS. 
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Introduction 

Ichthyoses are group of genetic disorders of 

cornification with abnormal differentiation and 

desquamation of the epidermis, clinically 

characterized by scaling or hyperkeratosis of the skin 

or both. Scaling is usually associated with thickening 

of the cornified layer. Ichthyoses can be inherited or 

acquired, presenting at birth or later in life associated 

with autoimmune, metabolic, infectious, and 

inflammatory diseases or medication. The mode of 

inheritance of ichthyoses may be, autosomal 

dominant, autosomal recessive, X-linked dominant or 

X-linked recessive (Oji et al., 2010). 

 

The ichthyoses are both clinically and etiologically 

enormously heterogeneous resulting in considerable 

difficulties in their classification. Clinically ichthyosis 

can be distinguished into syndromic ichthyosis 

(involvement of skin with other organs) and non-

syndromic ichthyosis (limited to the skin only). Non-

syndromic ichthyoses are further classified into 

common ichthyoses including ichthyosis vulgaris (IV) 

and recessive X-linked ichthyosis (RXLI); autosomal 

recessive congenital ichthyosis (ARCI) that include 

lamellar ichthyosis (LI), congenital ichthyosiform 

erythroderma (CIE), harlequin ichthyosis (HI), 

pleomorphic2 ichthyosis (PI); and keratinopathic 

ichthyosis (Oji et al., 2010; Vahlquist, 2010). 

 

Ichthyosis vulgaris (MIM 146700) is a relatively 

common genetic keratinization disorder, accounting 

for more than 95% of ichthyosis cases. Individuals 

with ichthyosis vulgaris commonly display dry skin 

with mild generalized fine scaling especially on the 

flexor limbs and lower abdomen, palmoplantar 

hyperlinearity and keratosis pilaris (Sybertet al., 

1985). Symptoms usually manifest within the first 

year of life and become more severe with age. Smith 

et al. (2006) first demonstrate that loss of function 

mutations in FLG(Fillagrin) gene on chromosome 

1q21.3, underlie ichthyosis vulgaris. 

 

The X-linked recessive ichthyosis (MIM 308100) is a 

disorder of cutaneous keratinization, which results 

due to deficiency of an enzyme steroid sulfatase 

(STS), encoded by the STS gene located on 

chromosome Xp22.31 (Webster., et al 1978). RXLI is 

usually evident during the first few weeks of life as 

polygonal, loosely adherent translucent scales in a 

generalized distribution that desquamate widely. 

These are then quickly replaced by large, dark brown, 

tightly adherent scales occurring primarily on the 

extensor surfaces of the lower limbs, trunk, neck and 

scalp (Høyer et al., 1986). The palms and soles are 

usually spared. The face is usually free of scales, 

except in the preauricular areas (Wells and Jennings, 

1967). Most patients with RXLI (˃90%), have deletion 

of the entire STS gene and flanking sequences. 

Xp22.3 is rich in low-copy repeats (LCRs), having 

multiple recombination hot spot motifs. These 

repeats are responsible for the microdeletions in this 

region due to non-allelic homologous recombination 

(NAHR) (Van-Esch et al., 2005). 

 

Autosomal recessive congenital ichthyosis (ARCI) are 

heterogeneous disorders of the skin. ARCI is divided 

into lamellar ichthyosis, congenital ichthyosiform 

erythroderma, harlequin ichthyosis and pleomorphic 

ichthyosis. Lamellar ichthyosis (LI) is characterized 

by the presence of large dark, plate like scales with 

mild to moderate erythema. Congenital ichthyosiform 

erythroderma (CIE) represents fine white scales with 

variable erythroderma. Harlequin ichthyosis is the 

most severe form of ARCI, patients with HI are born 

encased in thick collodion membrane that gradually 

disappears during the first weeks of life and is 

replaced by large, thick, plate like scales. A new type 

of ARCI, pleomorphic ichthyosis (PI); is characterized 

by marked cutaneous hyperkeratosis at birth and 

later develop mild skin symptoms of ichthyosis (Oji et 

al., 2010; Vahlquist, 2010). 

 

Nine genes for ARCI have been identified to date, 

including five LI associated genes; 

TGM1(Transglutaminase 1) (MIM 242300) on 

chromosome 14q11, CYP4F22(Cytochrome P4F22) 

(MIM 604777) on chromosome 19p12-q12, 

NIPAL4(NIPA like domain containing 4) (MIM 

612281) on chromosome 5q33, PNPLA1(Patatin like 

phosolipase domain containing 1) (MIM 612121) on 

http://www.ncbi.nlm.nih.gov/pubmed?term=Oji%20V%5BAuthor%5D&cauthor=true&cauthor_uid=20643494
http://www.ncbi.nlm.nih.gov/pubmed?term=Oji%20V%5BAuthor%5D&cauthor=true&cauthor_uid=20643494
http://www.ncbi.nlm.nih.gov/pubmed?term=Sybert%20VP%5BAuthor%5D&cauthor=true&cauthor_uid=2579164
http://en.wikipedia.org/wiki/Chromosome_1_(human)
http://en.wikipedia.org/wiki/Chromosome_1_(human)
http://en.wikipedia.org/wiki/Chromosome_1_(human)
http://en.wikipedia.org/wiki/Chromosome_1_(human)
http://www.ncbi.nlm.nih.gov/pubmed?term=Webster%20D%5BAuthor%5D&cauthor=true&cauthor_uid=74568
http://www.ncbi.nlm.nih.gov/pubmed?term=Wells%20RS%5BAuthor%5D&cauthor=true&cauthor_uid=6072316
http://www.ncbi.nlm.nih.gov/pubmed?term=Wells%20RS%5BAuthor%5D&cauthor=true&cauthor_uid=6072316
http://www.ncbi.nlm.nih.gov/pubmed?term=Wells%20RS%5BAuthor%5D&cauthor=true&cauthor_uid=6072316
http://www.ncbi.nlm.nih.gov/pubmed?term=Wells%20RS%5BAuthor%5D&cauthor=true&cauthor_uid=6072316
http://www.ncbi.nlm.nih.gov/pubmed?term=Oji%20V%5BAuthor%5D&cauthor=true&cauthor_uid=20643494
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chromosome 6p21.31, LIPN(Lipase N) (MIM 613924) 

on chromosome 10q23.31; three CIE associated genes 

ALOX12B(Arachidonate 12-lipoxygenase) (MIM 

603741) and ALOXE3(Arachidonate lipoxygenase 3) 

(MIM 607206) on chromosome 17p13, and 

CERS3(ceramide syntase 3) (MIM 615276) on 

chromosome 15q26.3; and a single HI associated 

gene; ABCA12(ATP binding cassette subfamily A 

member 12) (MIM 601277) onchromosome 2q34-q35 

(Huber et al.,1995; Russell et al., 1995; Jobardet al., 

2002; Lefevreet al., 2003, 2004, 2006; Akiyama et 

al., 2005; Natsugaet al., 2007; Israeli et al., 2011; 

Grallet al., 2012; Radneret al., 2013). 

 

In the present study, we have investigated three 

unrelated Pakistani families segregating different 

forms of ichthyosis. Genotyping using microsatellite 

markers showed linkage of family A to FLG gene and 

family B to ALOXE3. DNA sequence analysis revealed 

a novel mutation in FLG gene and a recurrent 

mutation in the ALOXE3 gene. Sequence analysis of 

STS gene in the third family with X-linkedichthyosis 

revealed complete deletion of the STS gene. 

 

Materials and methods 

Subjects 

For this study three families (A, B and C), 

demonstrating various forms of hereditary 

ichthyoses, were recruited from different regions of 

Pakistan (Fig. 1). Approval of the study was obtained 

from the Institutional Review Board (IRB) of Quaid-i-

Azam University, Islamabad and Gomal University D. 

I. Khan, Pakistan. Both affected and unaffected 

members of all the three families were informed 

about research methodology and objectives of this 

study. Pedigree drawings of the families were based 

upon detailed question/answer sessions conducted 

with affected and elders of the families. 

 

Genomic DNA (deoxyribonuclease) was extracted 

from peripheral blood samples, collected from 9 

affected and 11 unaffected members of the three 

families, by GenEluteTM blood genomic DNA kit 

(Sigma-Aldrich, St. Louis, MO, USA). DNA was 

quantified by Nanodrop-1000 spectrophotometer 

(Thermal Scientific, Wilmington, MA, USA) 

measuring its optical density (OD) at 260nm and 

diluted to 40–50 ng/µl for amplification by 

polymerase chain reaction (PCR). 

 

Genotyping 

Considering the features observed in affected 

members and mode of inheritance of the phenotype, 

linkage in two families (A and B) was tested by 

genotyping microsatellite markers linked to gene FLG 

on chromosome 1q21.3 (D1S2715, D1S305, D1S1153, 

D1S2624, D1S1653, D1S398, D1S1167, D1S2768), 

TGM1 on chromosome 14q11 (D14S1430, D14S581, 

D14S972, D14S264, D14S1041, D14S1032, D14S275), 

ALOX12B and ALOXE3 on chromosome 17p13 

(D17S906, D17S960, D17S1353, D17S1812, 

D17S1844), NIPAL4 on chromosome 5q33 (D5S1978, 

D5S2012, D5S1507, D5S2852, D5S820, D5S412), 

CYP4F22 on chromosome 19p12–q12 (D19S840, 

D19S226, D19S929, D19S588, D19S199) and ABCA12 

on chromosome 2q34–q35 (D2S371, D2S2322, 

D2S2319, D2S1345,D2S2382). Family C representing 

X-linked ichthyosis, STS gene mapped on Xp22.3 was 

sequenced directly in both affected and unaffected 

members. 

PCR-amplification of the microsatellite markers was 

performed according to standard procedure as 

described by Mir et al. 2012. The PCR-amplified 

products were resolved on 8% non-denaturing 

polyacrylamide gel, stained with ethidium bromide 

and genotypes were assigned by visual inspection. 

Allele size for respective microsatellite markers was 

determined using 5-, 10- and 20-bp DNA ladders 

(MBI Fermentas®, Life Sciences, York, UK). Order of 

markers was based on Rutgers combined linkage-

physical map of the human genome (Matiseet al., 

2007). 

 

Sequencing 

Standard sequences of the genes including FLG, 

ALOXE3, STS, PNPLA4,HDHD1, VCX3A, VCX, VCX2 

and VCX3B were obtained from Ensembl Genome 

Browser(http://www.ensembl.org/Homo_sapiens/G

ene). Using Primer3 version 0.4.0 software (Rozen 

and Skaletsky, 2000), forward and reverse primers 

http://en.wikipedia.org/wiki/Chromosome_1_(human)


 

13 Mir et al. 

 

Int. J. Biosci. 2019 

for PCR amplification of coding exons, splice junction 

sites, 5’ UTR (untranslated region) and 3’ UTR of the 

genes were designed. The PCR amplification 

conditions used were 95◦C for 5 min, followed by 30 

cycles of 95◦C for 30 sec, 59◦C for 30 sec, and 72◦C for 

4 min with a final extension at 72◦C for 10 min. 

Amplified PCR products were analyzed on 2.5% 

agarose gel under UV transilluminator (Biometra, 

Germany). Fragment size of each amplicon was 

determined using 100 bp DNA ladder (MBI, 

Fermentas, UK). Purification of the PCR-amplified 

products wasperformed with a commercially available 

kit (Marligen Bio-sciences, Ijamsville, MD, USA). 

DNA Sequencing of the amplified PCR products was 

performed with Big Dye Terminator v3.1 Cycle 

Sequencing Kit together with an ABI Prism 310 

Genetic Analyzer (Applera, Foster City, CA, USA). The 

sequence of each amplicon was then aligned with 

reference sequence by using Bioedit sequence 

alignment tool (editor version 6.0.7, Ibis, Biosciences, 

CA, USA). 

 

Results 

Clinical features 

Affected members of the three families (A, B and C) 

were clinically examined by dermatologists at the 

local government hospitals. Affected individuals of 

family A, presented here, displayed characteristic 

features of ichthyosis vulgaris, having severe dry, 

desquamated skin with generalized fine to dark scales 

especially on the face, flexor limbs and abdomen (Fig. 

2a, b).  

 

Fig. 1. Pedigree drawings of three Pakistani families with different forms ofrecessive hereditary ichthyoses. 

Circles and squares represent females and males, respectively. Clear symbols represent unaffected individuals 

while filled symbols represent affected individuals. Symbols with crossed lines represent deceased individuals. 

Symbols with a star represent the samples that were available for the study. 
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In family B, affected members exhibited congenital 

ichthyosiform erythroderma with fine white 

ichthyotic scales that are more severe on back, arms 

and legs. Affected individual IV-2 has highly 

furfuraceous skin on back (Fig. 2c). Affected members 

in family C showed typical features of recessive X-

linked ichthyosis (RXLI) with mild erythroderma and 

polygonal, loosely adherent translucent scales 

developed few weeks after birth that later on become 

larger and dark brown. No scales were found on 

palms and soles.Severity of RXLI phenotype was 

observed on the lower extremities of affected 

individuals with tightly adherent brown to black 

scales (Fig. 2d). The patients have complaints of 

bleeding from scaly skin, which occurs mostly in 

severe cold conditions. 

 

Fig. 2. Clinical presentation of ichthyosis vulgarisa,b: severe dry skin with finewhite to dark scales on the face 

and trunk of affected individual (V-1 and V-2) in family A. c: ARCI, Fine white ichthyotic scales on the back of 14 

year old affected individual (IV-2) of family B. d: X-linked ichthyosis, thick, large, tightly adherent, brown scales 

on the front of the lower extremities of a 36 years old affected individual (V-4) of family C. 
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Height, growth, vision, dentition and mental 

condition were normal in affected members of the 

three families. Ectodermal abnormalities of hair, nail, 

sebaceous glands and sweat glands were not 

associated with the disease phenotype in affected 

individuals. Ectropion and eclabium were not found 

in any affected member of the three families. 

Heterozygous carrier individuals had normal skin, 

and were clinically indistinguishable from 

genotypically unaffected individuals of the respective 

families. 

 

Genotyping and mutation analysis 

Linkage in two families (A and B) was tested, using 

microsatellite markers, specific to genes including 

FLG (1q21.3), TGM1 (14q11), ALOX12B (17p13), 

ALOXE3 (17p13), NIPAL4 (5q13), CYP4F22 (19p12–

q12), and ABCA12 (2q34–q35). Haplotype analysis 

showed linkage in the family A to the gene FLG and 

family B to ALOXE3 and ALOX12 genes. 

 

In family A, sequence analysis of exon 3 of the FLG 

gene detected a novel single base-pair homozygous 

duplication (c.358dupG) leading to a frameshift and 

premature termination codon 40 bp downstream 

(p.Glu120Glyfs*14) (Fig-3a). In family B, sequence 

analysis of exon 4 of ALOXE3 gene revealed a 

recurrent homozygous nonsense mutation involving C 

to T transition at nucleotide position 418 (c.418C>T) 

of the gene. This resulted in substitution of a codon 

for arginine at amino acid position 140 to become a 

stop codon (p.Arg140*) (Fig-3b). The sequence 

variants, identified here, were found in the 

heterozygous state in the obligate carriers and 

segregated with the disease in the respective families. 

To exclude the possibility that the mutations 

identified in the present families, do not represent 

non-pathogenic polymorphisms, a panel of 100 

unaffected unrelated ethnically matched control 

individuals were screened for the frameshift and 

nonsense mutations identified in family A and B, 

respectively. 

 

In family C, PCR results analysis showed complete 

deletion of the STS gene in the affected individuals 

(Fig-3c). To define the deletion breakpoints in 

families with RXLI, we designed primer pairs for the 

neighboring genes HDHD1 and PNPLA4 which were 

also found deleted in all affected members. We then 

used primer pairs as described by Van-Eschet al. 

(2005). Affected individuals of family showed 

amplification of primer pairs VCX3A-dis and VCX2-

prox but no amplification was obtained in primer 

pairs VCX3A-prox and VCX2-dis (Fig-3d), thus 

representing a deletion of about 1.67Mb region 

involving VCX3A, HDHD1, STS, VCX and PNPLA4 

genes. To further confirm these results PCR analysis 

of RU1region of the VCX genes was carried out. In 

affected individuals of the three families, we obtained 

two fragments of 163bp and 523bp corresponding to 

RU1 region of VCX2 and VCX3B genes respectively, 

while the normal individuals of the three families and 

control showed amplification of four fragments 

(523bp, 403bp, 343bp and 163bp) representing RU1 

region of all the four VCX genes (Fig-3e). These 

results demonstrates that recombination may took 

place between the 1Kb repeat unit 2 (RU2) regions of 

VCX3A and VCX2 genes that share ˃95% identity, by 

the mechanism of NAHR and results in the deletion 

of VCX3A,HDHD1, STS, VCX and PNPLA4 genes 

leaving VCX2 intact. 

 

Discussion 

In the present investigation we have described three 

Pakistani families affected with different forms of 

recessive hereditary ichthyoses. The affected 

members of family A showed characteristic features of 

ichthyosis vulgaris having severe dry skin with dark 

scales. Affected members of family B exhibited 

erythroderma with fine white ichthyotic scales, 

exhibiting phenotypes of autosomal recessive 

congenital ichthyosis. Family C was associated with 

recessive X-linked ichthyosis presenting polygonal, 

loosely adherent translucent scales on the body of the 

affected members after births, which are then 

replaced by large, dark brown, tightly adherent scales. 

 

Screening of the genes linked to the respective 

families with different forms of recessive hereditary 

ichthyoses revealed a novel and two recurrent 
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mutations. DNA sequence analysis identified a novel 

homozygous duplication mutation (c.358dupG) in 

FLG gene leading to a frameshift and premature 

termination codon 40 bp downstream 

(p.Glu120Glyfs*14) in family A with ichthyosis 

vulgaris, a recurrent homozygous nonsense mutation 

involving C to T transition at nucleotide position 418 

(c.418C>T) in ALOXE3 gene, resulting in substitution 

of a codon for arginine at amino acid position 140 to 

stop codon (p.Arg140*) in family B with ARCI. Family 

C showed a deletion of about 1.67 Mb region having 

VCX3A, HDHD1, STS, VCX and PNPLA4 genes.

 

Fig. 3. (a) Sequence analysis of a novel duplication mutation c.358dupG in FLGgene in family A and (b) a 

recurrent nonsense mutation c.418C>T in ALOXE3 gene, in family B. The upper panels represent the nucleotide 

sequences in the control unaffected individual, the middle panels in the heterozygous carrier and thelower panels 

in the affected individual. Arrows indicate position of mutations in the affected individuals. (c) Deletion 

mutations analysis of STS gene showing amplification of all exons, 5’UTR and 3’UTR of STS gene sequences only 

in a carrier individual of family C. No amplification has been observed in any of the affected individual. (d) 

Affected individuals of family C showed amplification of primer pairs VCX3A-dis and VCX2-prox but no 

amplification was obtained in primer pairs VCX3A-prox and VCX2-dis. (e) Amplification of the RU1 region of the 

VCX genes showed four fragments (523bp, 403bp, 343bp and 163bp) representing RU1 region of all the four VCX 

genes in control, Mother and Father of affected individuals while in affected individuals, we obtained two 

fragments of 163bp and 523bp corresponding to RU1 region of VCX2 and VCX3B genes respectively. 100 bp DNA 

ladder in the left column of the panel indicate size of the PCR amplified products.UTR untranslated region, Ex 

exon, A affected, C control, bp base pair, M mother, F father. 
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FLG gene (MIM 135940) comprises three exons, 

spans ∼25 kb of DNA and located in the epidermal 

differentiation complex (EDC) on chromosome 

1q21.3. The 4061 amino acids protein consists of S100 

calcium binding domain, B domain, 10-12 filaggrin 

repeats and C-terminal domain. Filaggrin (filament 

aggregating protein) plays an important role in the 

epidermal barrier function by aggregating keratin 

intermediate filaments in the granular cell layer to 

form the stratum corneum (Steinertet al., 19881; Dale 

et al., 1985). In addition, the degradation products of 

filaggrin contribute to moisture retention in the 

cornified layers (Akiyama, 2011). To date, more than 

40 different population-specific FLG mutations have 

been identified, each resulting in a truncated 

profilaggrin geneproduct, which is not processed into 

functional FLG monomers? The novel mutation 

(p.Glu120Glyfs*14) identified in family A is located in 

the Leader Peptide of S100 calcium binding domain, 

thus results in loss of function of the Flg protein. The 

truncated protein so formed, loses major portion of 

the Flg protein require for aggregating keratin 

intermediate filaments to form the stratum corneum. 

 

ALOXE3 gene (MIM 607206) has fifteen exons, 

spaning about 22 kb of genomicDNA on chromosome 

17p13.1. The 843 amino acids protein contains PLAT 

(Polycystin-1, Lipoxygenase, Alpha-Toxin) domain or 

LH2 (Lipoxygenase homology 2) domain and a large 

lipoxygenase domain. To date, 19 pathogenic 

mutations in ALOXE3 gene, comprising 6 missense, 5 

nonsense, 4 splice-site, 3 small deletion and 1 gross 

deletion mutations. Lipoxygenase-3 encoded by 

ALOXE3 gene, is non-heme iron-containing 

dioxygenase, highly expressed insupra basal layer of 

epidermis. This enzyme participate in lipid 

metabolism of lamellar granule content or 

intercellular lipid layer, by acting as hydroperoxide 

isomerase (epoxyalcohol synthase) using product of 

ALOX12B, 12R -HPETE, into a specific epoxy alcohol 

product, 8 R -hydroxy-11R ,12 R -epoxyeicosa-5 Z ,9 E 

,14 Z -trienoic acid (Krieg et al ., 2001; Yu et al., 

2003). The recurrent mutation (p.Arg140*), 

identified in family B is located in the lipoxygenase 

domain, results in the production of truncated  

protein. 

 

STS gene (MIM 300747) consists of 10 exons and 

spans about 146 kb onchromosome Xp22.31, 

encoding 583 amino acids protein. This protein 

contains two sulphatase domains. Deficiency of 

steroid sulphatase encoded by STS gene accumulates 

cholesterol sulphates in the outer epidermis thereby 

inhibiting the production of cholesterol (Epstein and 

Williams, 1981; Elias et al., 1984; Bergner and 

Shapiro, 1988;). This also results a delay in 

corneodesmosme degradation, thus disrupting the 

lamellar membrane architecture, accounting for the 

barrier abnormality in RXLI (Zetterstenet al., 1988; 

Elias et al., 2004). The large number of deletion 

mutations reported in STS gene is probably due to 

several variable number of tandem repeats (VNTR) 

sequences flanking the gene. Some of these VNTR 

sequences are recombinogenic and stimulate 

nonallelic homologous recombination (NAHR) 

(Wahlset al., 1990; Li et al., 1992; Van et al., 2005). 

The 1.67 Mb microdeletions in family C may result in 

deletion of RU2 of VCX3A and VCX2 genes as 

described in (Van-Eschet al., 2005). 

 

The common mechanism among all forms of 

ichthyoses is the disruption of the epidermal barrier. 

Any abnormality in the formation, processing, or 

transportation of lipids including cholesterol esters, 

epoxy alcohols and others, alter the stability of the 

skin barrier, leading to ichthyoses with the severity 

depending on where the disruption occur. 

 

Conclusion 

In this study, we have identified novel and previously 

reported mutations in FLG, ALOXE3, and STS genes 

in three Pakistani families with different forms of 

hereditary ichthyoses. All the mutations were loss of 

function mutations either may impair the enzyme 

activity or ablating protein synthesis, thus confirming 

the crucial role played by these genes during 

epidermal barrier formation. 
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