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Kindler syndrome (OMIM 173650) is an autosomal 
recessive condition characterized by skin blistering, 
skin atrophy, photosensitivity, colonic inflammation 
and mucosal stenosis. Fewer than 100 cases have been 
described in the literature. First reported in 1954, the 
molecular basis of Kindler syndrome was elucidated 
in 2003 with the discovery of FERMT1 (KIND1) loss-
of-function mutations in affected individuals. The 
FERMT1 gene encodes kindlin-1 (also known as fer-
mitin family homologue 1), a 77 kDa protein that lo-
calizes at focal adhesions, where it plays an important 
role in integrin signalling. In the current study, we de-
scribe five novel and three recurrent loss-of-function 
FERMT1 mutations in eight individuals with Kindler 
syndrome, and provide an overview of genotype-phe-
notype correlation in this disorder. Key words: kind-
lin-1; epidermolysis bullosa; skin atrophy; poikiloder-
ma; blistering.
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Kindler syndrome (KS; OMIM 173650) is a rare auto-
somal recessive muco-cutaneous disorder. The cuta-
neous features consist of trauma-induced skin blistering, 
particularly of acral sites, skin atrophy, poikiloderma 
(a combination of skin atrophy, hypo- and hyper-
pigmentation and telangiectases) and varying degrees 
of photosensitivity (1). The extra-cutaneous features 
include colonic inflammation, gingivitis, periodontitis 
and mucosal inflammation affecting the oesophagus, 
urethra, vagina and anus. There is also an increased 
risk of muco-cutaneous cancer (1). In 2003, the mo-
lecular basis of KS was elucidated with the discovery 
of loss-of-function FERMT1 (also known as KIND1) 
gene mutations by genome wide linkage studies and 
candidate gene sequencing of DNA obtained from large 
consanguineous pedigrees (2, 3). The FERMT1 gene 

encodes kindlin-1 (also known as fermitin family homo-
logue-1), a 77 kDa protein that localizes to focal adhe-
sions, where it mediates actin cytoskeleton-extracellular 
matrix (ECM) interaction (3). Kindlin-1 participates in 
integrin activation, a critical process for cell adhesion, 
differentiation and migration (4, 5). In normal skin, 
kindlin-1 is present in the basal keratinocyte layer in a 
polar fashion (3, 6, 7). In KS skin, reduced kindlin-1 
expression is noted, associated with severe disruption 
of the cutaneous basement membrane (3, 6, 7). To date, 
40 different disease-associated FERMT1 mutations 
in KS have been reported. In this study, we expand 
the FERMT1 mutation database to 45 by reporting an 
additional five novel and three recurrent mutations in 
eight individuals with KS and provide an overview of 
genotype-phenotype correlation in this condition.

MATERIALS AND METHODS

Molecular analysis
This study was approved by the local research ethics committees 
of the referring hospitals as well as the Guy’s and St Thomas’ 
Hospitals NHS Foundation Trust and conducted according to 
the principles of the Declaration of Helsinki. Peripheral blood 
samples were taken from eight affected individuals and, where 
possible, from their parents. Polymerase chain reaction (PCR) 
amplification of genomic DNA was performed using 14 pairs of 
primers spanning the coding exons and flanking introns of the 
FERMT1 gene (RefSeq NM_016213.1) as described previously 
(3, 8, 9). The amplicons were purified using the QIAquick PCR 
purification kit (Applied Biosystems, Warrington, UK) and 
sequenced using an Applied Biosystems 3730 DNA Analyzer. 
Mutations were confirmed by bi-directional sequencing and 
excluded in 200 control chromosomes in unrelated control 
individuals.

RESULTS

Clinical features of patients with Kindler syndrome

Eight individuals (subjects 1–8) with KS were studied. 
Their clinical features and clinical details are illus-
trated in Fig. 1 and Table I, respectively. The clinical 
details of subjects 2, 7 and 8 have been reported pre-
viously (10–12).
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FERMT1 mutation screening

Sequencing analysis of DNA from subject 1 showed 
compound heterozygous FERMT1 mutations, namely 
p.Trp12X and IVS14+2T>C (Fig. S1A; available at http://
www.medicaljournals.se/acta/content/?doi=10.2340/0001
5555-1063). Sequencing analysis of parental DNA revea-
led that the mutation, p.Trp12X, was paternally inherited, 
while the other mutation, IVS14+2T>C, was maternally 
transmitted. In subject 2, mutation analysis disclosed a ho-
mozygous nonsense mutation, p.Trp250X, in the FERMT1 
gene (Fig. S1B). Mutation analysis of genomic DNA 
from subject 3 disclosed two heterozygous mutations; 
namely, a nonsense mutation, p.Gln49X, and a frameshift 
mutation, c.676insC (Fig. S1C). Sequencing analysis of 
genomic DNA from subject 4 disclosed a homozygous 
nonsense mutation, p.Tyr403X, in exon 10 of the FERMT1 
gene (Fig. S1D). Mutation analysis of subject 5 showed 
a compound heterozygous FERMT1 mutations, denoted 
c.384_385+2del4 and IVS13+2T>C (Fig. S1E). In subject 
6, a homozygous FERMT1 mutation, denoted c.676insC 
was identified in exon 5. In subjects 7 and 8, a homozy-
gous c.676insC mutation was present (Fig. S1F). None 
of these mutations has been identified in screening 200 
chromosomes in unrelated control individuals.

DISCUSSION

In this study, we report 5 novel and 3 recurrent patho-
genic FERMT1 mutations in 8 individuals with KS. 

The previously unreported FERMT1 mutations were 
p.Trp12X, IVS14+2T>C, p.Trp250X, p.Gln49X 
and c.384_385+2del4. The following FERMT1 mu-
tations were recurrent: c.676insC, p.Tyr403X and 
IVS13+2T>C. When added to the global FERMT1 
mutation database in KS, a total of 46 mutations have 
now been disclosed. The complete FERMT1 muta-
tion database is illustrated in Fig. 2. The c.676insC 
mutation is a recurrent mutation, previously reported 
in individuals of Pakistani (8), Brazilian (of Italian 
descent) (13) and Albanian (14) origins. In this study, 
we disclose the c.676insC mutation for the first time 
in an Australian Caucasian individual, an Indian 
subject and two affected brothers from Serbia. The 
mutation, p.Tyr403X, has recently been described in a 
36-year-old individual with KS, but no further details 
about his ethnicity or geographical background were 
available (15). Furthermore, the splice site mutation, 
IVS13+2T>C, has been reported previously in a 5-day-
old neonate who remains, to date, the youngest patient 
to be accurately diagnosed with KS (16).

An increased risk of muco-cutaneous squamous cell 
carcinoma (SCC) has been noted in KS. Specifically, the 
following mutations have been reported in association 
with SCC in KS: IVS7-1G>A, c.93_94delGA, IVS9-
6T>A, p.Arg110X and g80929_89169del (1). In our 
study, we report an additional two FERMT1 mutations 
that were associated with SCC, namely c.676insC and 
p.Trp250X. To our knowledge, two individuals with KS 
have died as a result of complications of their SCC. It 

Fig. 1. Clinical features of Kindler 
syndrome (KS). (A and B) Marked 
skin atrophy on dorsal aspect of 
hands and feet of a 42-year-old 
individual (subject 2) with KS who 
harboured the homozygous FERMT1 
mutation, p.Trp250X/p.Trp250X. 
(C) Poikiloderma involving the neck 
of a 10-year-old individual (subject 
1) with compound heterozygous 
FERMT1 mutations IVS14+2T>C and 
p.Trp12X. (D) Palmar hyperkeratosis 
and erosions in a 9-year-old subject 
(subject 4) with the homozygous 
FERMT1 mutation, p.Tyr403X/p.
Tyr403X. 
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is, however, premature to spe-
culate whether KS-associated 
SCC is more aggressive than 
non-KS-associated SCC, given 
the small number of individuals 
with KS with SCC. While an 
upregulation of kindlin-1 has 
been described in certain cancers 
(17), the development of SCC 
in KS provides an intriguing 
role for kindlin-1 deficiency 
in the development of cancer. 
Although there does not seem 
to be any correlation between 
the nature of the mutations and 
the occurrence of cancer in these 
individuals, it is possible that 
some mutations may predispose 
to carcinogenesis. For instance, 
the splice site mutation, IVS9-
6T>A, led to ablation of exons 9, 
10 and 11 of the FERMT1 gene. 
Amplification and sequencing of 
cDNA from the skin of this indi-
vidual revealed aberrant splicing 
with either deletion of exon 10 or 
deletion of exons 9, 10 and 11, 
both of which involved loss of 
the pleckstrin homology domain 
of kindlin-1 (18). 

A possible link has been pos-
tulated between intestinal pat-
hology in KS and mutations 
present within exons 2–7 of the 
FERMT1 gene. The number 
of reported cases is, however, 
small and further work is re-
quired to delineate the role of 
kindlin-1 in colonic pathology. 
Interestingly, kindlin-1 null 
mouse, generated by replacing 
the ATG-containing exon 2 with 
a neomycin resistance cassette, 
displayed an ulcerative colitis-
like phenotype (5), previously 
reported in several individuals 
with KS (14, 19, 20). Although a 
clear genotype-phenotype corre-
lation is not apparent in KS, the 
present study expands the global 
FERMT1 mutation database as 
well as helps optimize overall 
mutation detection strategies and 
highlights specific mutations in 
patients from particular geogra-
phical origins.
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