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ABSTRACT

Kindler syndrome is a rare autosomal recessive genodermatosis characterized by acral blistering in infancy,
photosensitivity, progressive poikiloderma, and skin atrophy. This review aims to provide an in-depth analysis of the
clinical manifestations, molecular pathogenesis, diagnostic criteria, and therapeutic approaches for Kindler syndrome.
We discuss the role of FERMT1 mutations in the disruption of keratinocyte adhesion and migration, contributing to the
phenotypic features of the disease. Additionally, we examine the multidisciplinary management strategies
encompassing dermatologic, ophthalmologic, and gastrointestinal care, emphasizing the importance of early diagnosis
and personalized treatment plans. Emerging therapies and ongoing research into gene therapy and targeted molecular
treatments are also explored. This comprehensive review seeks to enhance the understanding of Kindler syndrome
among clinicians and researchers, fostering improved patient outcomes through informed clinical practice and
innovative therapeutic developments.
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INTRODUCTION impairing their ability to adhere, migrate, and respond to
mechanical stress. The resultant skin fragility and
photosensitivity reflect the underlying cellular and

Kindler syndrome, first described by Theresa Kindler in
molecular defects.*?

1954, is a distinctive form of epidermolysis bullosa with
autosomal recessive inheritance. It presents a unique

combination of clinical features that evolve over time,
complicating both diagnosis and management. The
hallmark of Kindler syndrome is acral blistering in
infancy, followed by progressive poikiloderma,
photosensitivity, and diffuse skin atrophy. Patients may
also exhibit mucosal involvement, including gingival
fragility, esophageal strictures, and conjunctival
inflammation, leading to significant morbidity.*?

The molecular basis of Kindler syndrome lies in mutations
in the FERMT1 gene (also known as KIND1), which
encodes Kindlin-1, a crucial protein in the integrin-
mediated cell adhesion complex. These mutations disrupt
the structural integrity and functionality of keratinocytes,

Diagnosing Kindler syndrome involves a combination of
clinical evaluation, histopathological examination, and
molecular genetic testing. Clinicians must be vigilant in
recognizing the evolving phenotype and the potential for
systemic involvement. Given the multisystemic nature of
the disease, a comprehensive, multidisciplinary approach
to management is essential. Dermatologic care focuses on
wound management, sun protection, and monitoring for
skin  malignancies,  while  ophthalmologic and
gastrointestinal interventions address the mucosal
complications.t2

Current therapeutic strategies are primarily supportive,
aimed at minimizing symptoms and preventing
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complications. However, advances in genetic research and
molecular biology offer promising avenues for novel
treatments. Experimental approaches such as gene therapy
and small molecule inhibitors targeting specific pathways
involved in the disease pathogenesis are under
investigation, holding the potential for more effective and
personalized treatment options in the future.l?

In this review, we delve into the clinical spectrum of
Kindler syndrome, elucidating the pathophysiological
mechanisms and highlighting the latest advancements in
diagnosis and management. By synthesizing current
knowledge and exploring future directions, we aim to
provide a valuable resource for healthcare professionals
involved in the care of patients with Kindler syndrome,
ultimately contributing to improved patient outcomes and
quality of life.

Epidemiology

Kindler syndrome is an exceptionally rare autosomal
recessive genodermatosis, first identified in 1954 by
Theresa Kindler. Its global prevalence remains difficult to
ascertain due to the rarity of the condition and the
likelihood of underdiagnosis or misdiagnosis, particularly
in regions with limited access to advanced genetic testing.

Nonetheless, available data indicate that Kindler syndrome
is more frequently reported in consanguineous
populations, reflecting the increased likelihood of
autosomal recessive disorders in these settings.3#

Global distribution and prevalence

Epidemiological studies of Kindler syndrome are sparse,
primarily consisting of case reports and small case series.
As such, precise prevalence rates are not well-established.
Estimates suggest that there may be fewer than 250 cases
documented worldwide. However, the actual number of
individuals affected by Kindler syndrome is likely higher,
given the underreporting and potential misclassification of
cases as other types of epidermolysis bullosa or related
genodermatoses.®*

Genetic predisposition and ethnic variability

Kindler syndrome is caused by mutations in the FERMT1
gene (also known as KINDL1), located on chromosome
20p12.3. This gene encodes kindlin-1, a focal adhesion
protein critical for keratinocyte adhesion, migration, and
integrity. The vast majority of mutations in FERMT1
identified in Kindler syndrome patients are loss-of-
function mutations, leading to the absence or significant
reduction of functional kindlin-1 protein.>#

Given its autosomal recessive inheritance pattern, Kindler
syndrome is more prevalent in populations with high rates
of consanguinity. For instance, reports indicate a higher
incidence of Kindler syndrome in certain Middle Eastern
and South Asian countries, where consanguineous

marriages are more common. In these populations, the
probability of inheriting two copies of the mutated
FERMT1 gene is significantly increased, thereby elevating
the risk of developing the syndrome.3#

Age and gender distribution

Kindler syndrome manifests shortly after birth or within
the first few months of life, with early symptoms typically
including acral blistering and photosensitivity. There does
not appear to be a gender predilection; both males and
females are equally affected. The initial presentation may
vary widely among individuals, complicating -early
diagnosis. Over time, the disease progresses with
additional features such as poikiloderma, skin atrophy, and
mucosal involvement becoming more apparent.3#

Familial clustering and sporadic cases

Most reported cases of Kindler syndrome occur in familial
clusters, reflecting its genetic basis. These clusters often
arise in families with a history of consanguinity, though
sporadic cases are also documented. Sporadic cases can
result from new mutations in the FERMT1 gene or from
non-consanguineous parents who are both carriers of a
recessive mutation.3#

Clinical registries and epidemiological research

Efforts to better understand the epidemiology of Kindler
syndrome have led to the establishment of clinical
registries and research consortia. These initiatives aim to
collect comprehensive data on affected individuals,
including genetic information, clinical manifestations, and
long-term outcomes. Such registries are invaluable for
identifying epidemiological trends, facilitating early
diagnosis, and improving management strategies.®*

Implications for public health and genetic counseling

The rarity and genetic nature of Kindler syndrome
underscore the importance of genetic counseling,
particularly in communities with high consanguinity rates.
Genetic counseling can provide at-risk couples with
information about the likelihood of having an affected
child and offer options such as carrier screening and
prenatal diagnosis.

Additionally, public health initiatives that promote
awareness and early diagnosis are crucial for mitigating
the impact of the disease and enhancing the quality of life
for affected individuals.3*

While Kindler syndrome remains a rare and underreported
condition, understanding its epidemiology is essential for
improving patient care and outcomes. Continued research
and the expansion of clinical registries will be key in
uncovering the true prevalence of this debilitating disorder
and informing effective public health strategies.
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CLINICAL MANIFESTATIONS

Kindler syndrome is a rare autosomal recessive
genodermatosis characterized by a distinct combination of
clinical features that evolve over time. The syndrome
presents a broad spectrum of dermatological and mucosal
manifestations, contributing to significant morbidity.
Understanding the clinical manifestations is crucial for
accurate diagnosis, comprehensive management, and
improved patient outcomes.>®

Dermatological manifestations

The hallmark of Kindler syndrome is skin fragility, which
typically presents shortly after birth. Neonates and infants
often exhibit acral blistering, particularly on trauma-prone
areas such as the hands, feet, elbows, and knees. These
blisters can be spontaneous or trauma-induced and tend to
heal with significant scarring, leading to atrophy.>6

As patients age, the cutaneous manifestations evolve.
Photosensitivity is a common feature, with affected
individuals developing erythema, blistering, and later
hyperpigmentation and hypopigmentation upon sun
exposure. This photosensitivity often leads to progressive
poikiloderma, a triad of skin atrophy, reticulated
hyperpigmentation, and telangiectasia, primarily on sun-
exposed areas.>®

The skin atrophy in Kindler syndrome becomes more
pronounced with age, resulting in thin, fragile skin that is
prone to tearing and ulceration. This atrophy can be
particularly severe on the dorsum of the hands and feet, as
well as on the shins. Patients may also develop
pseudosyndactyly, a fusion of the digits, due to chronic
blistering and scarring.>¢

Other cutaneous features include milia, small cysts that
commonly appear on trauma-prone areas, and nail
dystrophy, which can manifest as onycholysis, subungual
hyperkeratosis, and nail plate thinning. There may also be
hair abnormalities, such as sparse scalp hair and eyebrow
loss.

Mucosal involvement

Kindler syndrome is distinguished by its mucosal
involvement, which can affect various organ systems and
significantly impact the quality of life. Oral mucosa
fragility is common, leading to gingival inflammation,
periodontal disease, and early tooth loss. Patients often
experience painful oral erosions and blisters, which can
complicate eating and oral hygiene.”?

Ocular involvement includes conjunctival inflammation
and photophobia. Recurrent conjunctivitis and keratitis
can lead to corneal scarring and, in severe cases, vision
impairment. Regular ophthalmologic evaluations are
essential for early detection and management of these
complications.”8

Gastrointestinal manifestations are also significant.
Esophageal involvement can lead to strictures, dysphagia,
and an increased risk of esophageal carcinoma. Patients
may present with symptoms of esophagitis, including pain
and difficulty swallowing. Other gastrointestinal features
include rectal mucosal fragility, which can result in
bleeding, fissures, and strictures, necessitating careful
monitoring and intervention.”®

Genitourinary involvement is characterized by urethral
and vaginal stenosis. In females, vaginal fragility and
stenosis can lead to dyspareunia and difficulties with
gynecological examinations. Urethral strictures may
present with symptoms of urinary retention and recurrent
urinary tract infections.”8

Systemic involvement and associated conditions

Systemic involvement in Kindler syndrome is less
common but can occur. Some patients may develop
anemia, likely due to chronic blood loss from mucosal
erosions. Additionally, there is an increased risk of
developing squamous cell carcinoma, particularly in areas
of chronic scarring and atrophy. Regular skin
examinations and prompt biopsy of suspicious lesions are
critical for early detection and management of
malignancies.”®

Musculoskeletal abnormalities, such as joint contractures
and reduced mobility, may arise secondary to chronic skin
and mucosal scarring. This can significantly impact daily
activities and quality of life, necessitating a
multidisciplinary approach to care, including physical
therapy and occupational therapy.”®

The clinical manifestations of Kindler syndrome are
multifaceted and progressive, involving both the skin and
various mucosal sites. Early recognition of the
characteristic  features, including acral blistering,
photosensitivity, poikiloderma, and mucosal fragility, is
essential for accurate diagnosis and effective management.
Comprehensive care requires a multidisciplinary
approach, addressing dermatological, ophthalmological,
gastrointestinal, and genitourinary complications to
improve patient outcomes and quality of life. Continued
research into the underlying pathophysiological
mechanisms and potential therapeutic interventions holds
promise for better management of this complex
genodermatosis.’®

HISTOPATHOLOGICAL FINDINGS

Kindler syndrome is a rare autosomal recessive
genodermatosis that presents a unique and evolving array
of clinical manifestations. The histopathological features
of Kindler syndrome are crucial for its diagnosis and
differentiation from other forms of epidermolysis bullosa
and poikilodermatous disorders. Understanding these
histopathological characteristics can aid in the
confirmation of diagnosis and provide insights into the
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pathophysiological ~ mechanisms

syndrome. %0

underlying  the

Skin biopsy findings

The histopathological examination of skin biopsies from
patients with Kindler syndrome reveals several
characteristic features, which vary depending on the
patient's age and the stage of the disease. Early lesions
typically show evidence of skin fragility and blister
formation, while chronic lesions exhibit changes
associated with poikiloderma and atrophy.%

Blistering and skin fragility

In early-stage lesions, histopathology often reveals
subepidermal blisters. These blisters are usually located at
the dermo-epidermal junction.

Electron microscopy studies show cleavage within the
lamina lucida of the basement membrane zone, similar to
other forms of epidermolysis bullosa.

There may be a mixed inflammatory infiltrate in the
superficial ~ dermis, consisting predominantly  of
lymphocytes.®10

Poikiloderma

As the disease progresses, the characteristic
poikilodermatous changes become more prominent. These
include a combination of atrophy, pigmentary changes
(both hyperpigmentation and hypopigmentation), and
telangiectasia.

Histologically, poikiloderma is evidenced by thinning of
the epidermis, flattening of the rete ridges, and a reduced
number of melanocytes in the basal layer.%°

The presence of dilated blood vessels in the superficial
dermis, corresponding to clinical telangiectasia, is a
common finding.*1°

There may also be dermal fibrosis and homogenization of
collagen bundles, contributing to the atrophic appearance
of the skin.%0

Epidermal atrophy and dyskeratosis

Chronic lesions often show marked epidermal atrophy,
with a thin epidermal layer and reduced rete ridges.**
Dyskeratosis, or abnormal keratinocyte differentiation,
may be observed, with individual necrotic keratinocytes
scattered throughout the epidermis.**12

Basement membrane zone abnormalities

Immunohistochemical studies can reveal abnormalities in
the basement membrane zone. Staining for type IV

collagen and laminin may show irregular or fragmented
patterns, indicating structural alterations.'*?

The expression of kindlin-1, the protein encoded by the
FERMT1 gene, is typically absent or significantly reduced
in keratinocytes. This can be demonstrated using specific
antibodies against kindlin-1.1%1?

Dermal changes

The dermis in Kindler syndrome often shows signs of
chronic inflammation, with a perivascular lymphocytic
infiltrate 2

There may be increased dermal fibrosis, particularly in
older lesions, contributing to the sclerotic appearance of
the skin.1112

Solar elastosis, resulting from chronic sun exposure, is
frequently observed in sun-exposed areas, exacerbating
the atrophic and poikilodermatous changes.***?

Mucosal biopsy findings

Mucosal involvement is a significant aspect of Kindler
syndrome, and histopathological examination of mucosal
biopsies can provide additional diagnostic information.1%2

Oral mucosa

Biopsies of the oral mucosa may show epithelial atrophy
and subepithelial blistering, similar to the findings in skin
biopsies.!12

There is often a mixed inflammatory infiltrate in the
subepithelial connective tissue.

Chronic lesions may exhibit fibrosis and scarring,
contributing to gingival fragility and periodontal
disease.!H?

Esophagus and gastrointestinal tract

Esophageal biopsies may reveal subepithelial blistering,
epithelial atrophy, and fibrosis, which can lead to stricture
formation.112

Chronic inflammation with lymphocytic infiltrates is a
common finding.

In severe cases, there may be evidence of epithelial
dysplasia, increasing the risk of malignancy.*2

The histopathological features of Kindler syndrome are
diverse and evolve with the progression of the disease.
Early-stage lesions are characterized by subepidermal
blistering and skin fragility, while chronic lesions exhibit
poikilodermatous changes, epidermal atrophy, and dermal
fibrosis. Immunohistochemical studies can further
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elucidate abnormalities in the basement membrane zone
and the expression of kindlin-1. Mucosal biopsies provide
additional diagnostic insights, revealing similar patterns of
blistering, atrophy, and inflammation. Comprehensive
histopathological evaluation is essential for confirming the
diagnosis of Kindler syndrome and understanding its
complex pathophysiology.314

CURRENT THERAPIES

Kindler syndrome is a rare autosomal recessive
genodermatosis  characterized by skin  fragility,
photosensitivity, progressive poikiloderma, and mucosal
involvement. The management of Kindler syndrome is
complex and multifaceted, focusing primarily on
symptomatic relief and prevention of complications due to
the absence of a definitive cure. Current therapeutic
strategies encompass dermatological care, management of
mucosal manifestations, and multidisciplinary approaches
tailored to individual patient needs. Emerging therapies
and ongoing research into genetic and molecular
treatments hold promise for more targeted and effective
interventions in the future. 114

Dermatological management

The primary goal of dermatological care in Kindler
syndrome is to manage skin fragility, prevent blister
formation, and address chronic skin changes such as
poikiloderma and atrophy.t3

Wound care

Gentle skin care regimens are essential to minimize trauma
and prevent blister formation. Patients are advised to use
mild, non-irritating cleansers and emollients to maintain
skin hydration and integrity.*3

Wound management involves the use of non-adherent
dressings to protect blisters and erosions. Hydrocolloid,
silicone-based, or foam dressings can provide a moist
wound environment that promotes healing and reduces
pain.1314

Photoprotection

Given the significant photosensitivity in Kindler
syndrome, rigorous photoprotection measures are crucial.
Patients should use broad-spectrum sunscreens with high
SPF, wear protective clothing, and avoid peak sun
exposure. 1516

Tinted sunscreens or physical blockers containing zinc
oxide or titanium dioxide can provide additional protection
against ultraviolet radiation.151¢

Management of poikiloderma

Topical corticosteroids or calcineurin inhibitors may be
used intermittently to reduce inflammation and manage

symptoms of erythema and pruritus associated with
poikiloderma.

Laser therapy, such as pulsed dye laser (PDL) or intense
pulsed light (IPL), may be beneficial for treating
telangiectasia and improving the cosmetic appearance of
the skin.1516

Surveillance for skin malignancies

Regular dermatologic evaluations are essential for the
early detection of skin cancers, particularly squamous cell
carcinoma, which is more common in areas of chronic
scarring and atrophy.156

Suspicious lesions should be promptly biopsied and
managed according to standard oncologic guidelines.'>16

Mucosal management

The mucosal involvement in Kindler syndrome can
significantly impact the quality of life and requires
comprehensive and proactive management strategies.*>16

Oral and dental care

Oral hygiene is critical to prevent gingival inflammation
and periodontal disease. Patients should maintain regular
dental check-ups and use soft toothbrushes and fluoride
toothpaste.

Topical corticosteroids or antimicrobial mouthwashes may
be prescribed to manage oral erosions and mucositis.'>¢

Dental interventions, including scaling and root planning,
should be performed with caution to avoid trauma to the
fragile oral mucosa.!>16

Gastrointestinal management

Esophageal strictures can cause dysphagia and require
endoscopic dilation to maintain esophageal patency and
improve swallowing function, !>

Proton pump inhibitors (PPIs) or H2 receptor antagonists
may be used to manage gastroesophageal reflux and
esophagitis.1>1¢

Nutritional support and dietary modifications, including
soft or pureed foods, can help manage dysphagia and
prevent weight loss.>16

Genitourinary care

Urethral and vaginal strictures should be monitored
regularly. Topical estrogen creams may be used to
maintain mucosal integrity and reduce symptoms of
vaginal atrophy.>16
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Urological or gynecological interventions, such as
dilatation or surgery, may be necessary for severe
strictures causing urinary or reproductive difficulties.'>16

Multidisciplinary approach

A comprehensive, multidisciplinary approach is essential
for the effective management of Kindler syndrome,
addressing the diverse and systemic manifestations of the
disease,!>16

Dermatology

Regular follow-ups with a dermatologist are crucial for
monitoring skin health, managing blisters, and preventing
complications such as infections and malignancies.'>¢

Ophthalmology

Ophthalmologic care is necessary to monitor and manage
conjunctival inflammation, Kkeratitis, and other ocular
complications. Lubricating eye drops, topical steroids, or
immunosuppressants may be prescribed as needed.'516

Gastroenterology

Gastroenterologists play a key role in managing
esophageal strictures, nutritional deficiencies, and other
gastrointestinal issues. Endoscopic evaluations and
interventions are important components of care.>16

Genetics and counseling

Genetic counseling is recommended for affected
individuals and their families to provide information about
the inheritance pattern, risks of recurrence, and options for
prenatal diagnosis.!>

Emerging therapies and research

Ongoing research into the molecular and genetic basis of
Kindler syndrome offers hope for the development of
targeted therapies that can modify the disease course and
improve outcomes.*16

Gene therapy

Advances in gene editing technologies, such as CRISPR-
Cas9, hold potential for correcting mutations in the
FERMT1 gene. Preclinical studies are exploring the
feasibility and safety of gene therapy approaches for
Kindler syndrome.516

Molecular therapies
Research into small molecules and biologics that can

modulate the expression or function of kindlin-1, the
protein encoded by FERMTL, is underway. These

therapies aim to restore normal cellular functions and
reduce disease manifestations.>16

Regenerative medicine

Stem cell-based therapies and tissue engineering
techniques are being investigated for their potential to
regenerate damaged skin and mucosal tissues in patients
with Kindler syndrome.78

The current therapeutic landscape for Kindler syndrome is
primarily supportive and symptomatic, focusing on
managing skin fragility, preventing complications, and
addressing mucosal involvement. A multidisciplinary
approach is essential for comprehensive care, involving
dermatology, ophthalmology, gastroenterology, and other
specialties. Emerging research into gene therapy and
molecular treatments offers promising avenues for future
therapies that may provide more effective and targeted
interventions.  Continued  advancements in  our
understanding of the disease pathophysiology will be key
to developing innovative therapies and improving the
quality of life for patients with Kindler syndrome.*"!8

CONCLUSION

Kindler syndrome represents a complex and multifaceted
genodermatosis, characterized by skin fragility,
photosensitivity,  progressive  poikiloderma, and
widespread mucosal involvement. This autosomal
recessive disorder, caused by mutations in the FERMT1
gene, leads to a broad spectrum of clinical manifestations
that pose significant challenges in diagnosis, management,
and patient care. Kindler syndrome is a rare and
challenging genodermatosis with significant clinical and
therapeutic implications. A comprehensive understanding
of its clinical manifestations, histopathological features,
and genetic basis is essential for accurate diagnosis and
effective management. The multidisciplinary approach to
care, combined with emerging therapeutic research, holds
promise for improving patient outcomes and quality of
life. Continued advancements in our understanding of
Kindler syndrome and the development of innovative
treatments will be pivotal in transforming the landscape of
care for this complex disorder. By fostering collaboration
and research, we can aspire to achieve better health and
well-being for individuals affected by Kindler syndrome.
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