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Hutchinson-Gilford Progeria Syndrome (HGPS) is a rare genetic disorder
Published on: 17 Mar 2025 | characterized by accelerated aging in children. It was first described by Jonathan
Hutchinson in 1886 and later independently by Hastings Gilford in 1897.
Children with HGPS typically exhibit growth retardation, loss of body fat and
Published by: hair, skin changes, joint stiffness, and severe cardiovascular complications. The
DrSriram Publications disorder is caused by a mutation in the LMNA gene, which encodes lamin A, a
protein essential for maintaining the structural integrity of the cell nucleus. This
2025] Al rights reserved. mu.tationlleads to the productign of an abnormal form of lamin A, calle_d prqgerin,

which disrupts nuclear architecture and cellular function, resulting in the

premature aging phenotype observed in HGPS.

e Methods: We conducted a comprehensive search from April to June 2024 using
PubMed and Google Scholar. Keywords used ("Hutchinson-Gilford Progeria
Creative Commons Syndrome" OR Progeria) AND (pathophysiology OR "genetic disorders" OR
Attribution 4.0 "LMNA gene mutation" OR "Lamin A protein" OR "nuclear envelope" OR
"cardiovascular complications"” OR "clinical features” OR "molecular
mechanisms" OR "therapeutic approaches"). The review included peer-reviewed
original research papers, systematic reviews, and meta-analyses.
Conclusion: HGPS is characterized by premature aging due to a mutation in the
LMNA gene. Despite progress in understanding its molecular mechanisms and
improving clinical management, significant obstacles remain due to the rarity of
the condition and ethical considerations in research and treatment. Future
research should aim to advance therapeutic strategies through innovative
approaches.
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INTRODUCTION

Hutchinson-Gilford Progeria Syndrome (HGPS) is a rare genetic disorder characterized by premature
aging in children. It was first documented in the late 19 century by Jonathan Hutchinson and Hastings Gilford.
Children with HGPS typically exhibit growth retardation, hair loss, skin changes, joint stiffness, and severe
cardiovascular problems, often leading to premature death due to complications such as atherosclerosis. The
syndrome arises from a mutation in the LMNA gene, which encodes lamin A, a protein crucial for maintaining
the structure of the cell nucleus.! This mutation results in the production of an abnormal form of lamin A, known
as progerin, which disrupts nuclear function and accelerates the aging process at the cellular level. Understanding
the cellular mechanisms disrupted by progerin not only advance our understanding of HGPS but also identify
potential therapeutic targets for age-related conditions beyond this syndrome and have the potential to improve
quality of life.>3 This literature review aimed to explore the latest research on the epidemiology, pathophysiology
diagnosis, management, and prognosis of HGPS.

Methods

We conducted a comprehensive search from April to June 2024 using PubMed and Google Scholar
databases. The studies reviewed encompassed research published up to 2024. Keywords used for the search
included ("Hutchinson-Gilford Progeria Syndrome" OR Progeria) AND (pathophysiology OR "genetic disorders"
OR "LMNA gene mutation" OR "Lamin A protein" OR "nuclear envelope" OR "cardiovascular complications"
OR "clinical features" OR "molecular mechanisms" OR "therapeutic approaches"). We included peer-reviewed
original research papers, systematic reviews, and meta-analyses, provided they were published in English or had
comprehensive English translations.

Epidemiology

Hutchinson-Gilford Progeria Syndrome (HGPS) is a rare genetic disorder, estimated to occur in
approximately 1 in 4 to 8 million live births worldwide. It affects both sexes equally and typically arises
sporadically due to de novo mutations in the LMNA gene. The syndrome manifests across diverse ethnic groups
and geographical regions. Clinical symptoms typically emerge at a median age of 18-24 months, characterized by
growth retardation, distinct facial features, skeletal anomalies, and early onset cardiovascular complications. The
severity of HGPS significantly impacts life expectancy, with affected individuals usually succumbing to
complications related to cardiovascular disease during their teenage years or early twenties.’

Pathophysiology

The pathophysiology and molecular mechanisms of HGPS are complex.* It is caused by a de novo
mutation in the LMNA gene, resulting in the production of progerin, an abnormal form of lamin A. Unlike normal
lamin A, progerin lacks a crucial cleavage site, causing it to remain permanently anchored to the inner nuclear
membrane. This disrupts normal nuclear architecture, leading to nuclear blebbing and altered chromatin
organization. Progerin's presence also interferes with DNA repair mechanisms, contributing to increased DNA
damage accumulation and genomic instability (Table 1). These cellular abnormalities ultimately trigger premature
cellular senescence, particularly affecting tissues with high turnover rates such as skin and vascular tissues, which
manifests clinically as growth retardation, skeletal abnormalities, joint contractures, loss of subcutaneous fat, and
skin changes resembling premature aging. Cardiovascular complications, including atherosclerosis and heart
disease, are major contributors to the shortened lifespan of individuals with HGPS.?

The presence of progerin also interferes with DNA repair mechanisms, contributing to an accumulation
of DNA damage and genomic instability within cells. These cellular abnormalities ultimately trigger premature
cellular senescence, particularly affecting tissues with high turnover rates such as skin and vascular tissues.
Clinically, individuals with HGPS exhibit growth retardation, skeletal abnormalities such as hip dislocations and
abnormal clavicles, joint contractures particularly in the fingers and hips, loss of subcutaneous fat, and distinctive
skin changes resembling premature aging such as thinning of the skin and prominent veins.? Cardiovascular
complications, including progressive atherosclerosis and heart disease, are major contributors to the shortened
lifespan of individuals with HGPS. These complications manifest early and severely, often leading to death in
their teenage years or early twenties. The complex interplay of cellular and molecular abnormalities in HGPS
highlights its profound impact on multiple organ systems and underscores the urgent need for effective therapeutic
strategies to improve the quality of life and extend the lifespan of affected individuals.’
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Table 1: Pathophysiology of Hutchinson Gilford progeria syndrome

Mechanism/Aspect Description

Genetic Mutation De novo mutation in the LMNA gene, producing progerin

Progerin Production Abnormal form of lamin A lacking a cleavage site, leading to nuclear
abnormalities

Cellular Effects Disruption of nuclear architecture, altered chromatin organization

Impact on DNA Repair Impaired DNA repair, increased DNA damage accumulation

Mechanisms

Cellular Senescence Premature cellular aging, particularly affecting tissues with high turnover
rates

Diagnosis

Diagnosing Hutchinson-Gilford Progeria Syndrome (HGPS) involves a multi-faceted approach
combining clinical assessment, laboratory investigations, and imaging studies. Clinically, physicians look for
characteristic physical features including growth retardation, distinct facial characteristics (relatively small face
with disproportionately large head), skeletal anomalies (hip dislocation and joint contractures), and skin changes
resembling premature aging. These clinical indicators often prompt suspicion of HGPS and guide further
diagnostic steps (Table 2).

Laboratory investigations are crucial for confirming the diagnosis. Genetic testing is central, focusing on
identifying the specific de novo mutation in the LMNA gene, notably the ¢.1824C>T (p.G608G) mutation, which
results in the abnormal production of progerin (Table 3). Molecular genetic techniques such as DNA sequencing
or targeted mutation analysis are employed to definitively identify this mutation .

Imaging modalities complement clinical and genetic assessments. X-rays are used to assess skeletal
abnormalities, including osteolysis and abnormalities in bone mineral density. These imaging studies help track
disease progression over time and inform treatment strategies.’

Given the high prevalence of cardiovascular complications in individuals with HGPS, comprehensive
cardiovascular evaluations are integral to diagnostic protocols. This includes echocardiography to assess cardiac
structure and function, as well as vascular imaging to evaluate for atherosclerosis and other vascular
abnormalities.®

Table 2: Diagnosis of Hutchinson Gilford progeria syndrome

Diagnostic Method Description

Clinical Assessment Based on physical traits such as growth retardation and facial features

Genetic Testing Identification of LMNA gene mutation (e.g., ¢.1824C>T) via DNA sequencing
Imaging Studies X-rays for skeletal assessment; echocardiography for cardiovascular evaluation

Biomarker Identification Identification of biomarkers or genetic signatures for early detection

Table 3: Clinical manifestations of Hutchinson Gilford progeria syndrome

Clinical Feature Description

Growth Retardation Severe delay in growth resulting in diminished stature
Distinctive Facial Features Small face, disproportionately large head

Skeletal Abnormalities Hip dislocation, joint contractures, abnormal bone growth
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Cardiovascular Complications ~Atherosclerosis, arterial stiffness, heart disease

Skin Changes Thin skin, loss of subcutaneous fat, sclerotic changes

Metabolic Issues Insulin resistance, dyslipidemia

Dental Abnormalities Delayed tooth eruption, dental crowding

Neurological Symptoms Cognitive impairment, seizures, strokes (less common)
Comorbidities

Individuals diagnosed with HGPS often face a spectrum of health challenges across various bodily
systems. Cardiovascular complications are prevalent, encompassing conditions such as atherosclerosis, arterial
stiffness, and cardiovascular calcification, which heighten the risk of hypertension, heart disease, and stroke,
contributing significantly to mortality in affected individuals.® Skeletal anomalies such as osteoporosis, joint
contractures, hip dislocation, and irregular bone growth lead to restricted mobility and musculoskeletal
discomfort. 7 The syndrome's hallmark premature aging features include skin alterations such as thinning, loss of
subcutaneous fat, and sclerotic changes with visible veins which increase susceptibility to skin injuries and
infections.*

Children with HGPS typically exhibit severe growth retardation, resulting in diminished stature and
delayed physical development compared to their peers. Metabolic issues such as insulin resistance and
dyslipidemia may also arise, necessitating vigilant nutritional management and support. > Dental complications
such as delayed tooth eruption, dental crowding, and structural abnormalities are common.'® Though less frequent,
neurological symptoms including cognitive impairment, seizures, and strokes have been observed in some
individuals with HGPS, further complicating their health management and care strategies.'!

Management

The management of HGPS involves a collaborative effort among a diverse team of healthcare
professionals, including pediatricians, geneticists, cardiologists, orthopedic specialists, dentists, and others. This
multidisciplinary approach aims to comprehensively address the various manifestations and complications
associated with the syndrome. Regular cardiovascular monitoring is essential due to the heightened risk of
cardiovascular issues in individuals with HGPS. This includes periodic echocardiography and vascular imaging
to detect conditions like atherosclerosis, with treatment often involving medications to manage hypertension and
other cardiovascular risks.

Management of skeletal abnormalities focuses on enhancing mobility and reducing discomfort through
a variety of interventions. Physical therapy is essential for maintaining joint function and muscle strength. Specific
types of physical therapy may include range-of-motion exercises, which help prevent joint stiffness and maintain
flexibility, and strength training exercises to build muscle support around joints. Additionally, aquatic therapy can
be beneficial due to the low-impact nature of water-based exercises, which reduce stress on joints while providing
resistance for muscle strengthening. Joint mobilization techniques, including gentle stretching and manual
manipulation, help preserve range of motion. Orthotic bracing can provide support and stability for weakened
joints, and surgical interventions may be necessary to correct severe contractures or hip dislocations, improving
overall function and comfort.

Tailored dietary plans are essential to ensure individuals receive adequate and balanced nutrients. High-
calorie and protein-rich foods support growth and development, while healthy fats from sources like olive oil,
nuts, and fatty fish contribute to cardiovascular health. Complex carbohydrates from whole grains, vegetables,
and fruits help maintain energy levels and manage blood sugar. Ensuring sufficient intake of calcium and vitamin
D for bone health, and omega-3 fatty acids for cardiovascular support is crucial. Regular monitoring and
adjustments to the diet help address issues like insulin resistance and dyslipidemia effectively.

Regular dental assessments dental check-ups, typically every six months or more are advised. These
assessments are crucial due to common dental issues in HGPS, such as delayed tooth eruption, dental crowding,
and structural abnormalities. Early and ongoing dental care helps to address and manage these problems promptly,
promoting better oral health and comfort. Regular visits allow for timely interventions, such as orthodontic
treatments, preventive care like cleanings and fluoride treatments, and management of any emerging dental
complications. This proactive approach ensures dental health and reduces risk of more severe oral health issues
over time.

Symptomatic management in HGPS is multifaceted, addressing a wide range of symptoms. Pain
management strategies may include medications and physical therapy, while skin care routines are tailored to
handle the fragile, thin skin and prevent infections. Gastrointestinal problems, such as feeding difficulties and
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constipation, are managed with appropriate dietary adjustments and medications. Ongoing research is pivotal in
the quest for innovative therapies.

Current efforts are exploring the use of farnesyltransferase inhibitors, which aim to reduce the
accumulation of progerin. Additionally, gene editing techniques, such as CRISPR/Cas9, are being investigated to
correct the underlying LMNA gene mutation directly, offering the potential for more effective and long-lasting
treatments. These research endeavors aim to improve the overall outcomes and quality of life for individuals
affected by HGPS, providing hope for future advancements in therapy and care.’

Prognosis

HGPS is associated with a significantly reduced life expectancy compared to the general population.
Most individuals with HGPS do not survive beyond their teenage years or early twenties, primarily due to
cardiovascular complications such as atherosclerosis and heart disease. These cardiovascular issues are major
contributors to mortality in affected individuals. Despite advancements in supportive care and management
strategies, including cardiovascular monitoring and symptomatic treatments, the prognosis remains guarded.

Limitations

This literature had several limitations. Firstly, the rarity of the condition meant that the available data
was limited. Secondly, much of the information relies on individual cases and anecdotal reports, which, while
valuable, do not provide the comprehensive data needed for a full understanding and development of universal
treatment protocols. Thirdly, there is a lack of long-term information, making it difficult to assess the long-term
effects of potential treatments and the natural progression of the disease. Fourthly, the focus has predominantly
been on the cellular and molecular aspects of HGPS, with less attention given to the psychosocial impacts and
quality of life issues faced by patients and their families. Lastly, access to new and emerging therapies can be
limited by regulatory, financial, and logistical challenges, complicating efforts to apply findings to clinical
practice. Addressing these limitations through collaborative efforts, increased funding, and innovative approaches
will be crucial for advancing the understanding and management of HGPS.

Future directions

Future research directions in HGPS are focused on advancing therapeutic strategies to improve patient
outcomes. This includes exploring innovative treatments such as farnesyltransferase inhibitors to reduce progerin
accumulation and gene editing techniques such as CRISPR-Cas9 to correct the underlying genetic mutation. These
approaches aim to not only modify disease progression but also enhance the overall quality of life for individuals
affected by HGPS. Additionally, efforts are underway to enhance early diagnosis and screening methods by
identifying biomarkers or genetic signatures that enable faster and more accurate detection, potentially leading to
more effective management strategies.

Research efforts are also aimed at deepening our understanding of the molecular mechanisms underlying
HGPS. This involves investigating how progerin accumulation disrupts cellular and tissue function, particularly
affecting nuclear structure, DNA repair mechanisms, and cellular aging processes such as senescence. These
insights are crucial for developing precise, targeted therapies that can effectively counteract the detrimental effects
of HGPS. Furthermore, there is a need for longitudinal studies to comprehensively track disease progression over
time and gain insights into the natural history of HGPS. This includes monitoring various aspects of the disease
phenotype such as clinical outcomes, cardiovascular health, skeletal integrity, and overall quality of life.
Simultaneously, future research aims to enhance support services for patients and families affected by HGPS
through initiatives focused on psychosocial support, caregiver education, and advocacy efforts.

CONCLUSION

HGPS stands as a challenging and exceptionally rare genetic disorder characterized by premature aging
and profound health implications. The underlying pathophysiology, driven by the abnormal accumulation of
progerin due to a mutation in the LMNA gene, highlights the urgent necessity for ongoing research and therapeutic
advancements. Despite strides in unraveling its molecular mechanisms and enhancing clinical management,
significant obstacles persist, primarily the condition's rarity and ethical considerations in research and treatment
protocols. Looking forward, future research endeavors are poised to propel therapeutic strategies forward through
innovative approaches such as farnesyltransferase inhibitors and gene editing technologies. These pioneering
efforts aim to arrest disease progression and enhance outcomes for individuals grappling with HGPS. Augmented
early diagnostic tools and screening methodologies, coupled with comprehensive longitudinal studies to monitor
disease trajectory and natural history will play pivotal roles in refining clinical practices and optimizing treatment
strategies. Furthermore, the prioritization of comprehensive support services is imperative for meeting the diverse
needs of patients and families affected by HGPS. This encompassing approach includes tailored medical care,
robust psychosocial support, and educational initiatives to cultivate community awareness and understanding. As
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scientific comprehension deepens and therapeutic interventions advance, the pursuit of effective treatments and
holistic care strategies remains paramount in easing the burden of this disease and improving the quality of life.
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