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Abstract

Hutchinson-Gilford Progeria Syndrome (HGPS) is a rare genetic condition marked by rapid aging in children,
primarily resulting from mutations in the LMNA gene. This review article delves into the clinical manifestations,
underlying mechanisms, and prevalence of HGPS, emphasizing common symptoms such as growth delays, hair
loss, and cardiovascular issues that often lead to premature death. It further investigates the molecular processes
associated with the disorder, focusing on progerin production—an abnormal protein that interferes with cellular
operations and accelerates aging. The article also reviews current diagnostic methods, including genetic analyses
and imaging findings, alongside ongoing clinical trials exploring potential treatments like Lonafarnib. While there
have been notable advancements in research and therapeutic approaches, challenges persist in finding reliable
biomarkers and comprehending the full effects of HGPS on those affected. This review seeks to offer a thorough
understanding of progeria, highlighting the necessity for ongoing research to enhance diagnostic and treatment

options for this challenging condition.
Keywords: Progeria
Introduction

Hutchinson-Gilford progeria syndrome (HGPS), commonly referred to as progeria, is an extremely rare genetic
disorder characterized by accelerated aging in children. This condition affects approximately 1 in every 4 to 8
million live births (1-3). Infants with HGPS typically appear healthy at birth but begin to show signs of aging within
their first year, including growth delays, alopecia (hair loss), and skin changes resembling scleroderma (4-7). Other

symptoms include a lack of subcutaneous fat, skeletal abnormalities, and joint stiffness. The average life expectancy
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for individuals with this syndrome is around 13 years, with most succumbing to cardiovascular diseases and related

complications (8,9). The primary cause of HGPS is a de novo mutation in the LMNA gene, specifically a single
nucleotide changes in exon 11 (¢.1824C>T, p.G608G), which accounts for about 90% of cases. This gene encodes
lamin A, a crucial protein that provides structural support to the nuclear envelope. The mutation leads to the
production of an abnormal protein known as progerin, which disrupts normal cellular functions by altering the
processing of prelamin A (10). As a result, progerin remains improperly modified and associates abnormally with
the nuclear membrane, leading to significant cellular dysfunction (11). The cellular manifestations of HGPS include
distinctive features observed in fibroblasts from affected individuals, such as nuclear blebbing, thickened nuclear
laminae, and abnormal distributions of nuclear pore complexes. These alterations contribute to a loss of peripheral
heterochromatin and have been linked to changes in gene expression profiles within these cells. Interestingly,
progerin has also been detected in normal cells, suggesting that the underlying mechanisms of progeria may share
similarities with those involved in typical aging processes (12-14). A proposed mechanism for HGPS suggests that
the disease leads to premature depletion of stem cells, impairing tissue regeneration capacity. This theory posits that
tissues subjected to continuous mechanical stress or those requiring high cell turnover—such as skin—experience
accelerated exhaustion of their progenitor cells (15,16). Supporting evidence comes from studies indicating that
expression of progerin triggers differentiation in human mesenchymal stem cells (17). Furthermore, research
involving induced pluripotent stem cells (iPSCs) derived from HGPS patients has indicated a potential link between
stem cell depletion and increased sensitivity to hypoxic conditions. To investigate this hypothesis further,
researchers have utilized mouse models that replicate several characteristics of the HGPS skin phenotype (18,19).
Previous findings from these models demonstrated that postnatal expression of the HGPS mutation results in a
progressive phenotype marked by initial epidermal hyperplasia followed by advanced stages characterized by
epidermal hypoplasia and fibrotic changes in the dermis (20). While other models of accelerated aging have shown
reduced stem cell populations and impaired function, there remains a lack of evidence directly linking human

premature aging syndromes like HGPS to stem cell depletion (21).
Epidemiology and prevalence of Progeria Syndrome

The prevalence of Hutchinson-Gilford progeria syndrome (HGPS) is estimated to be between 1 in 4 to 8 million
live births, making it an extremely rare condition (22). This syndrome does not show any significant differences
based on gender, ethnicity, or geographic location, and it is generally regarded as sporadic in nature. Currently,
approximately 114 children diagnosed with HGPS are reported across 39 countries. The average lifespan for these
individuals is around 13.5 years, with a life expectancy range of 8 to 21 years (23). Most deaths result from
cardiovascular issues such as strokes, heart attacks, or heart failure. HGPS is classified as an ultra-rare autosomal
dominant orphan disease that affects both sexes equally and does not favor any ethnic group. The condition typically
manifests in early childhood and has an overall prevalence estimated at 1 in 18 million. In 2014, it was estimated
that around 300 to 350 children were living with progeria globally. According to the Progeria Research Foundation’s
International Registry, by September 2015, there were 125 children identified across 43 countries (24). The
incidence rate is noted as approximately one in every 4 million births, with an average life expectancy of about 14.6

years, ranging from as low as 1.6 years to as high as 27.5 years. Notably, while children with various progeroid
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syndromes experience numerous physical symptoms such as growth delays and skin changes, their cognitive

functions typically remain intact (25,26).
Etiology and common symptoms of Progeria syndrome

Classical Hutchinson-Gilford progeria syndrome (HGPS) is primarily caused by a sporadic autosomal dominant
mutation, although there are rare inheritable forms like Werner’s syndrome (27). There exist atypical variants known
as non-classical progeria, which present with milder growth retardation, slower hair loss, delayed onset of
lipodystrophy, and more pronounced osteolysis, particularly in areas other than the face. Individuals with non-
classical HGPS often survive into adulthood and inherit the condition in an autosomal recessive manner. Typically
HGPS arises from a de novo point mutation in the DNA (28). Affected children appear normal at birth but
experience significant weight loss and growth failure within their first year. By 18 to 24 months, they exhibit signs
such as a thin physique, a small facial structure relative to their head size, high-pitched voices, irregular teeth
alignment, a pinched nose, and notably large, prominent eyes. Other physical characteristics include
underdeveloped clavicles and lack of sexual maturation. Over time, these children lose body fat and eyelashes,
leading to complete baldness (alopecia). Their skin becomes fragile and translucent, revealing underlying veins.
Common health issues include angina, hypertension, joint stiffness, and hip dislocations (29). Clinical evaluations
reveal prolonged prothrombin times and elevated platelet counts, which are not typical of normal aging processes.
Biochemical tests generally yield normal results except for increased levels of low-density lipoproteins and
cholesterol in the blood, along with heightened urinary excretion of hyaluronic acid (HA) (30). It is estimated that
these children biologically age around ten years for every calendar year. Remarkably they maintain normal
cognitive abilities and intelligence levels. However, there has been limited research into the signalling pathways or
neurochemical profiles in the brains of these individuals (31). Therefore, it remains plausible that brain signalling
mechanisms are involved in the disease's development. Heart disease progresses rapidly in these children by
approximately age 13, mirroring the prevalence seen in the general population around their sixties. Notably, there

has been only one documented case of a patient living up to 45 years (32).
Pathophysiology of Progeria syndrome

Mutations in the LMNA gene, which encodes the proteins lamin A and C, lead to significant disruptions in various
cellular processes, including DNA replication and repair, gene transcription and silencing, nuclear pore complex
positioning, chromatin remodeling, and the dynamics of the nuclear envelope during cell division (33-36). Over
400 mutations in this gene have been linked to a wide range of degenerative diseases, including neuropathies,
muscular dystrophies, lipodystrophies, and disorders associated with premature aging. Among the most severe
conditions arising from these mutations are Hutchinson-Gilford Progeria Syndrome (HGPS) and Restrictive
Dermopathy (37-39). HGPS is a rare but severe condition where affected individuals appear healthy at birth but
develop pronounced growth abnormalities within their first two years (40). These children exhibit features
associated with accelerated aging and typically succumb to cardiovascular issues related to atherosclerosis by their
teenage years. In contrast, Restrictive Dermopathy presents with even more severe symptoms, including significant
growth retardation and limited movement while in utero, often resulting in death shortly after birth (40,41). Both

HGPS and Restrictive Dermopathy stem from mutations that interfere with the normal conversion of prelamin A
IJNRD2412254 International Journal Of Novel Research And Development (www.ijnrd.org) [



http://www.ijrti.org/

© 2024 IJNRD | Volume 9, Issue 12 December 2024 | ISSN: 2456-4184 | [NRD.ORG
into lamin A. This conversion process involves several steps, beginning with farnesylation at the C-terminal ‘CaaX’

motif of prelamin A (42). Following this, endopeptidases such as Rcel or Zmpste24 cleave the -aaX sequence, after
which the terminal cysteine undergoes carboxymethylation by Icmt (isoprenyl cysteine carboxyl
methyltransferase). A subsequent cleavage by Zmpste24 removes an additional 15 amino acids, including the
farnesylated cysteine, resulting in mature lamin A (43-46). The majority of HGPS cases involve a specific de novo
heterozygous silent mutation (c.1827C > T, G608G) located in exon 11 of the LMNA gene. This mutation activates
a cryptic splice site in mRNA, leading to a deletion of 50 amino acids that includes the critical Zmpste24 cleavage
site near the C-terminus of prelamin A (47). The outcome is the production of progerin, a permanently farnesylated
and carboxymethylated protein that disrupts nuclear architecture, alters heterochromatin positioning within the
nucleus, modifies epigenetic regulation, affects signalling pathways and gene expression, destabilizes telomeres,
induces genomic instability, and accelerates cellular senescence (48). Restrictive Dermopathy results from prelamin
A accumulation due to missense mutations in LMNA or due to loss-of-function mutations affecting Zmpste24.
These genetic alterations highlight the critical role of proper lamin processing in maintaining cellular function and

integrity (49).
Experimental models of progeria

To enhance the understanding of the pathogenesis and progression of progeroid syndromes (PSs) and to explore
potential therapeutic avenues, researchers worldwide have focused on developing various animal models (50). For
instance, Lmna—/— mice exhibit cardiac and skeletal muscle abnormalities akin to those seen in Emery-Dreifuss
muscular dystrophy in humans. Another study found that homozygous mice with an autosomal recessive mutation
in the Lmna gene display characteristics similar to HGPS, including significant growth delays, skin and bone
pathologies, and typically die within 4 to 5 weeks (51,52). Additionally, Ercc1—/— mice, which are deficient in DNA
repair, show slight delays in embryonic and early postnatal development; however, their growth nearly halts by the
second week after birth, leading to death by four weeks (53). These mice also present with various issues such as
skin, liver, and bone marrow pathologies, progressive ataxia, and signs of premature aging. Zmpste24—/— mice
appear normal at birth but soon develop progeroid symptoms like hair loss, spinal deformities, and dental and bone
abnormalities (54). Treatment with a protein farnesyltransferase inhibitor (FTI) can alleviate some of these
symptoms. These Zmpste24—/— mice also show elevated levels of growth hormone (GH) along with significantly
reduced plasma insulin-like growth factor 1 (IGF-1), both of which are crucial for regulating longevity.
Administering recombinant IGF-1 helps restore the balance between GH and IGF-1 in these mice, delaying the
onset of many progeroid features and significantly extending their lifespan (55). In vitro studies have suggested that
FTIs may play a role in treating HGPS as well. A recent investigation demonstrated that rapamycin can inhibit
abnormal mTORCI signalling in Lmna—/— mice, leading to improved cardiac and skeletal muscle functions and
enhancing their survival rates. These findings underscore the potential for targeted therapies to mitigate the effects

of progeroid syndromes through various molecular pathways (56).
Current status of diagnosis, drugs and medication

Despite ongoing efforts to find an effective treatment for Hutchinson-Gilford Progeria Syndrome (HGPS), there is

currently no diagnostic kit available for its early detection. Typically, diagnosis begins with a clinical evaluation
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based on observable phenotypic traits and the child's medical history. Following this assessment, genetic testing for

mutations in the LMNA gene is commonly performed to confirm the diagnosis of HGPS and to facilitate early
intervention in treatment (57). A case report has indicated that clinical diagnosis can also be supported by specific
radiological findings, such as diastasis of the sagittal suture accompanied by multiple Wormian bones in the skull,
a hypoplastic mandible with an infantile angle, fish mouth vertebrae, bilateral coxa valga deformity, and resorption
of terminal phalanges. In collaboration with organizations like the Progeria Research Foundation, the National
Institutes of Health, Boston Children’s Hospital, and Dana-Farber Cancer Institute, a clinical drug trial was
launched in 2010 to evaluate the effectiveness of three promising drugs: Pravastatin (a statin used to lower
cholesterol and prevent heart disease), Zoledronic acid (a bisphosphonate for treating osteoporosis and preventing
fractures), and Lonafarnib (a farnesyltransferase inhibitor that has shown potential in reversing progeroid features
in various mouse models). This trial involved 25 children with progeria over a two-year period and reported that
Lonafarnib successfully promoted weight gain while improving cardiovascular and skeletal issues (58). This
represents a significant advancement in progeria research and may lead to the development of definitive treatments

for this rare and complex syndrome.
Scope for future research

Progeria, or Hutchinson-Gilford Progeria Syndrome (HGPS), is a rare condition that poses challenges for research
due to its infrequency (59,60). However, the efforts of affected children's families, along with various research
groups and the Progeria Research Foundation (PRF), have significantly raised awareness about the syndrome.
Research has suggested potential biomarkers for HGPS, such as elevated levels of hyaluronic acid (HA). Yet, some
studies have contradicted this notion, indicating that HA levels in the urine and serum of HGPS patients are similar
to those of healthy controls (61). A comprehensive analysis by Gordon and colleagues examined serum and urinary
hyaluronidases using both quantitative (ELISA) and qualitative (gel detection) methods, ultimately disputing the
validity of HA as a reliable marker for HGPS. Consequently, the search continues for a definitive and accessible
diagnostic marker (62). Proteins associated with HGPS are thought to play a crucial role in the aging process, which
may contribute to the increased risk of premature heart disease in these children. Investigations into factors like
IGF-1 signalling and hormonal cascades in existing aging models have revealed significant deviations from normal
parameters. These deviations could stem from issues related to the pituitary gland or other organs, defects in
micronutrient metabolism (such as vitamin D), abnormal protein glycation, imbalances in antioxidant levels, or
other physiological processes (63). Research has shown that WNIN/Ob rats, which are obese models developed by
the Wistar Institute of Nutrition, exhibit signs of premature aging, including tumor development and immune
response deficiencies. It is essential to analyse these animal models for their genomic, proteomic, and biochemical
profiles to identify shared or potentially faulty pathways that may contribute to the understanding of progeria and
related disorders (64).

Conclusion

The field of gerontology has gained recognition relatively recently compared to other research disciplines.
Currently, researchers are dedicating significant efforts to delay the natural aging process and mitigate the associated

physical, psychological, and social challenges. While the inheritance pattern of Hutchinson-Gilford Progeria
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Syndrome (HGPS) is established, it primarily presents as a sporadic condition. Therefore, investigating the

underlying cellular and molecular mechanisms that contribute to accelerated aging and the rapid progression of

HGPS is essential for effective intervention.
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