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Dear Editor:
Inherited ichthyoses comprise a large group of cornifica-
tion maladies characterized by dry, rough and scaly ap-
pearance of most or all the integument. Ichthyoses have a 
heterogenous genetic background with ＞50 associated 
genes segregating in autosomal recessive/dominant and X- 
linked inheritance pattern. Its subtypes can be distinguish-
ed based on the pattern of hyperkeratosis/scaling, mode of 
inheritance, onset and alterations over time, manifesta-
tions in other organs, and family history. Yet, the pheno-
typic heterogeneity occasionally necessitates laboratory 
investigations and genetic analysis for proper diagnosis1. 
These are categorized as rare disorders having an inci-
dence rate of 5 to 10/100,000 in United States (http:// 
www.firstskinfoundation.org); however, the prevalence for 
individual subtypes of ichthyosis vary widely depending 
on the mode of inheritance and demographic location. 
Although, data on prevalence of ichthyoses in Pakistani 
population is not available, a study conducted to analyze 
harlequin ichthyosis enrolled 45 patients worldwide, 19 
(∼42%) of whom belonged to Pakistan and its surround-
ings2. In this demographic location, the incidence rate of 
inherited disorders is higher compared to rest of the world 
due to frequent consanguinity practices, and lack of 
awareness and genetic counselling3. Here we report an in-

bred Pakistani family affected with two different ichthyos-
es: lamellar ichthyosis (LI) and X-linked ichthyosis (XLI). 
The consanguineous family had three patients (V-1, V-2, 
and V-3) born to phenotypically normal parents (III-1 and 
IV-1) (Fig. 1A). Patient V-3 had died during infancy. The 
appearance and severity of the phenotype in V-1 and V-2 
dramatically varied from each other. V-1 had a very severe 
phenotype of classic LI. Born as collodion baby, V-1 pre-
sented generalized, dark-brown, large, plate like adherent 
scales. Ectropion, eclabium, hypotrichosis, scarring alope-
cia, palmoplantar hyperkeratosis, and onychauxis were 
seen. Flexural contractures were observed on axilla, groin, 
neck, and antecubital fossae (Fig. 1B∼E). The phenotype 
of V-2 was milder than V-1. V-2 presented generalized, light 
to dark-brown scales, with mild involvement of face and 
scalp and normal scalp hair. Other features including nail 
deformities, ectropion, eclabium, and palmoplantar hyper-
keratosis were not observed (Fig. 1F∼H). His phenotype, 
although different from V-1, was initially categorized as 
autosomal recessive congenital ichthyosis (of which LI is a 
subtype) due to the frequently observed phenotypic heter-
ogeneity within patients of a family1,4. The study was pro-
ceeded after obtaining approval from the institutional re-
view board of the Quaid-i-Azam University (IRB no. 216) 
and written informed consents about investigating and 
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Fig. 1. (A) Pedigree of the studied family. Squares and circles represent males and females, respectively. Clear and filled symbols 
are indicative of unaffected and affected status of individuals, respectively. Symbols with crossed lines indicate deceased individuals. 
Double lines denote consanguineous marriage and an arrow at the left bottom corner of symbol denotes proband. (B∼E) Phenotypic 
appearance at different anatomic sites of the affected individual V-1. (F∼H) Phenotypic appearance at different anatomic sites of 
the affected individual V-2.

publishing the data along with photographic material from 
the enrolled individuals. 
Owing to the higher proportion of TGM1 (which encodes 
for transglutaminase-1 protein) mutations underlying LI4, 
TGM1 was sequenced in the proband V-1 as done pre-
viously5. Sequencing identified a homozygous missense 
mutation c.424C＞T (p.R142C) in the gene (Fig. 2A). The 
p.R142C mutation has often been observed in individuals 
affected with classic LI (similar to V-1 phenotype) and is 
found to completely eliminate the enzyme activity in mur-
ine epidermis6. Segregation analysis of the mutation re-
vealed an interesting scenario; the other patient V-2 and 
the normal individuals III-1, IV-1, and V-4 were hetero-
zygous for the mutant allele (Fig. 2B). Thus, complete TGM1 
was screened in V-2 to find another variation that could 
render the protein nonfunctional. However, c.424C＞T 
was the sole divergence from reference sequence of TGM1 
in V-2. The possibility of a dominant negative effect of the 
mutant protein was eliminated by the normal hetero-
zygous parents. Thus, TGM1 sequencing remained incon-

clusive to rule out the single cause of ichthyosis in the 
family necessitating re-examination of V-2.
Predominance of male patients and sparing of face and 
palmoplantar surfaces in V-2 clued XLI presentation. About 
90% of reported XLI cases occur due to complete or parti-
al deletions in steroid sulfatase gene (STS)7, thus, STS exon-1 
and 10 were tested through polymerase chain reaction 
amplification in V-2 and a normal control individual. Exon-1 
was amplified in both samples but exon-10 was not ampli-
fied in V-2 indicating a deletion at the 3’ end of STS (Fig. 2C). 
Further screening of the upstream exons and downstream 
markers RH36507, DXS7434E, and D12S1026, delimited 
the deletion starting in intron-7 and ending upstream of 
DXS7434E spanning ∼47 kb genomic region. V-1 did not 
carry the deletion. The identified deletion predicts a stop 
lost as well as the loss of 218 amino acids at the C-termi-
nal of protein. This mutant protein would lack several im-
portant amino acids critical for substrate recognition, trans-
membrane domain, and active site8 thus affecting the nor-
mal function of the protein.
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Fig. 2. Screening of TGM1 and STS
in the affected individuals. (A) Ch-
romatogram demonstrating mutation
c.424C＞T in exon 3 of TGM1 in 
V-1 and (B) in V-2, (C) polymerase 
chain reaction amplification of STS
exons using gDNA of affected in-
dividuals V-1 and V-2 and an ethni-
cally matched positive control. a= 
exon 7_V-2 (443 bp), b=exon 8_V-2
(682 bp), c=exon 9_V-2 (485 bp), 
d=exon 10_V-2 (757 bp), e=exon 
7_V-1 (443 bp), f=exon 8_V-1 
(682 bp), g=ladder, h=exon 9_V-1 
(485 bp), I=exon 10_V-1 (757 bp), 
j=exon 7_control (443 bp), k=exon
8_control (682 bp), l=exon 9_con-
trol (485 bp), m=exon 10_control 
(757 bp).

In the studied family, the phenotypic heterogeneity often 
observed in autosomal recessive congenital ichthyosis4 
and the two disease entities being related in terms of ap-
pearance of the integument were the leading causes of 
misdiagnosis in the patient V-2. This seemingly uncom-
mon scenario has also been found elsewhere where a 
family was segregating the most common ichthyoses viz 
the semi-dominant ichthyosis vulgaris (prevalence 1:250), 
and XLI (prevalence 1:2,000), either disorder was inherited 
from a parent9. Besides, a recent report shows concurrent 
congenital myopathies and hypophosphatemic rickets in a 
consanguineous family which was resolved only after be-
ing analyzed molecularly through whole exome sequenc-
ing10. With the higher accessibility and advancements in 

molecular technologies, this scenario is expected to be ob-
served more often especially in areas where consanguinity 
and marriages within tribe/caste are frequently practiced. 
The degree of consanguinity and the frequency of the 
pathogenic allele are directly related to the chances of 
co-occurrence of inherited diseases3. Therefore, in addi-
tion to phenotypic heterogeneity, the higher chances of 
co-occurrence of genetic disorders in inbred populations 
should never be dismissed for accurate diagnosis, as oth-
erwise, the co-occurring features of etiologically different 
disease entities within the same individual or concurrence 
of related inherited diseases in members of the same fam-
ily may lead to misleading diagnosis and genetic counsel-
ing. Moreover, a multigene panel covering all the genes 
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related to the disease symptoms is considered the test of 
choice to avoid the confusion arising from overlapping 
features of the disorders4,10. 
To conclude, we identified two Pakistani siblings affected 
with different types of ichthyoses. The scenario reflects an 
adverse outcome of the higher consanguinity and socio-
cultural norms practiced in this demographic location. 
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