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Abstract

hyaluronic acid (HA) excretion in progeria patients.

Progeria is a rare genetic disease with striking features that resemble accelerated aging. The inheritance pattern, paternal

age effect, and lack of consanguinity argue that it is due to a sporadic dominant mutation. We have observed elevated levels of
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Gilford Progeria Syndrome; ORD: Office of Rare Diseases;
NIH: National Institutes of Health; MAD: Mandibulo-Acral
Dysostosis; PRF: Progeria Research Foundation.

Introduction

The word Progeria comes from the Greek rogeros
meaning ‘prematurely old. It was first described in an
academic journal by Dr. Jonathan Hutchinson in 1886 and Dr.
Hastings Gilford in 1897-both in England. The condition was
later named Hutchinson-Gilford Progeria Syndrome (HGPS).
It is currently hypothesized to result from a gene mutation
arising around the time of conception or shortly thereafter
[1,2].

Definition

Progeria is an extremely rare, fatal genetic condition that
affects children and gives them an appearance of accelerated

aging [3].
Prevalence

e Progeria is listed as a “rare disease” by the Office of Rare
Diseases (ORD) of the National Institutes of Health (NIH)

[4]-

Progeria

e HGPS prevalence is reported to be 1 in 8 million births
[5].

¢ The true prevalence, however, has been suggested to be
closer to 1 in 4 million births because many cases likely
go undiagnosed or are misdiagnosed [6].

Progeria, or Hutchinson-Gilford progeria syndrome (HGPS), is
an extremely rare genetic disorder, and its prevalence across
different populations is generally consistent with its overall
rarity. However, there may be slight variations in prevalence
due to factors such as genetic diversity, geographic location,
and access to healthcare. Here’s a general overview:

Global Prevalence: Progeria is estimated to occur in about
1 in 4 to 8 million live births worldwide. This means that on
average, there might be just a few hundred cases worldwide
at any given time.

Ethnic and Racial Groups: Progeria has been reported
in various ethnic and racial groups, including Caucasians,
African-Americans, Hispanics, and Asians. While there may
be some differences in prevalence among these groups, the
overall rarity of the condition remains consistent.
Geographic Distribution: Progeria has been documented
in many countries around the world, including the United
States, Europe, Asia, and Africa. However, due to its rarity, the
number of reported cases may vary from region to region.
Consistency of Prevalence: Despite variations in population
demographics and geographic locations, the prevalence

Nurs Health Care Int]


https://medwinpublishers.com/NHIJ/
https://portal.issn.org/resource/ISSN/2575-9981#
https://medwinpublishers.com/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.23880/nhij-16000316

of progeria remains low and relatively consistent across
different populations.

Research and Awareness: Research efforts and increased
awareness of progeria have led to more accurate diagnosis
and reporting of cases worldwide. This ongoing research may
provide further insights into the prevalence and distribution
of progeria in different populations.

Overall, while progeria can affect individuals from
diverse backgrounds, its rarity means that it is consistently
uncommon across different populations [7].

The prevalence of progeriain India, like in most countries,
is extremely low due to the rare nature of the condition.
Progeria affects approximately 1 in 4 to 8 million live births
worldwide, and this prevalence is generally consistent across
different populations, including those in India [8].

Fertility

In general, people with progeria have such severe failure
to thrive (poor growth from the time of childhood) that it
prevents fertility.

e The absence of complete sexual maturation has been
considered characteristic of the syndrome.

e Yet a case described and published at 1989 by
endocrinologists in Spain reported that a 32-year-old
woman with progeria had delivered a child at age 23
which means that she must have been sexually mature
to deliver the child.

e However sexual maturity is rare in these patients [3].

Prognosis

e As there is no known cure, the average life expectancy
for a patient with HGPS is 13 years, with an age range of
7-27 years.

e At least 90% of patients die from complications of
atherosclerosis, such as heart attack or stroke.

¢ Mental development is not adversely affected; in fact,
intelligence tends to be above average.

¢ With respect to the features of aging that progeria
appears to manifest, the development of symptoms is
comparable to aging at a rate eight to ten times faster
than normal.

e  With respect to features of aging that progeria does not
exhibit, patients show no neuro degeneration or cancer
predisposition.

¢ They also do not develop the so-called “wear and tear”
conditions commonly associated with aging, such as
cataracts (caused by UV exposure) and osteoarthritis
(caused by mechanical wear) [7].
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Symptoms

Although they are born looking healthy, children with
Progeria begin to display many characteristics of accelerated
aging at around 18-24 months of age. The children have a
remarkably similar appearance, despite differing ethnic
backgrounds [3]. Most of the following features are
manifested after the age of three years in children with
Hutchinson-Gilford Progeria Syndrome (Figures 1-3).

Figure 1: Facial features of Progeria.

Figure 2: Symptoms of Progeria Syndrome.
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7 yr 8yr 10 yr 12yr

Fig: Dutch Patient at the age of 1 year, 1 year, 2 years, 6 years, 7 years, 8 years, 10
years, and 12 years.

Figure 3: Dutch Patient at the age of lyear, 2year, 6year, 7year, 8year, 10 year and 12 years.

Types of Progeria Non Classical-Atypical-HGPS
Classical HGPS A group of patients with progeria that show a definite
overlap with patients with other syndromes“e.g. [9]
Classically affected patients strongly resemble one mandibulo-acral dysostosis (MAD)” (Table 1).
another.
Feature Classical HGPS Non-classical progeria
Growth Deficiency
Prenatal Mild Mild
Post natal Severe Mild
Lipid dystrophy Expressed Slower but in the end expresse:u;\;:;ivg?ce;: ge;);;eptcheeks, submandibular, and
Hair loss Expressed Variable , Minimal to severe
Scleroderma Moderate Moderate
Osteolysis
Acra Moderate Expressed
Clavicles Mild Expressed
Mandible Moderate Expressed
Viscerocranium Moderate/ Severe Mild, Slowly progressive
Neurocranium Mild Expressed
Fractures Late; Head Early ; Humeri, Ribs
Vascular problems Early ; Expressed Often late, but sometimes early

Table 1: Differences between Classical Hutchinson-Gilford Progeria Syndrome and Non-Classical Progeria.

Genetic Causes ¢ LMNA gene is located on chromosome 1q22 and is
composed of 12 exons.
. Mutations in the LMNA gene cause Hutchinson-Gilford . Only four causative heterozygous mutations for [10]
progeria syndrome. HGPS in LMNA are recognized (Figure 4).
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Figure 4: Normal gene vs Progeria gene.

Genetic Causes Classic HGPS

¢.1824C>T transition in exon 11 results in a silent Gly-to-
Gly change at codon 608 (p.Gly608Gly).

This silent change results in increased usage of an
internal cryptic spice site resulting in an in-frame
deletion of 150 nucleotides and50 amino acids from the
lamin A protein [11].

Atypical HGPS

1822G>A (p.Gly608Ser), c.1821G>A (p.Val607Val), or
¢.1968+1G>A 11 (Figure 5)

Globular o Helical coiled coil domain Globular
head Flexible Heptad tai
domain linker  repeat NLS domain A50
2A 281 282 / }
Met540Th €.1824C>T €.1968+1G>A C.1968G>A
p-MetoabIhr C.1968+2T>C CA968+5G>A
Perturbation of Moderately
globular domain High progerin High progefin Low progerin

Progeroid laminopathy/

Mandibuloacral dysplasia ~ Classic HGPS

Non-classic HSPS  Atypical Werner syndrome

Age 2 Age 5.4 Age 11.5

(c.1968+2T>C)

Age 37
(c.1968G>A)

Figure 5: LMNA mutations in progeria patients. The
diagram shows the structure of lamin A. It consists of
globular head domain, linker regions, a-helical coiled coil
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Figure 6: above Diagram’s showing mode of inheritance
of progeria.
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domain and globular tail domain.

Mode of Inheritance

HGPS is not usually passed down in families.

The gene change is almost always a chance occurrence
that is extremely rare.

However, HGPS is considered [12] a “sporadic auto somal
dominant” mutation (Figure 6).
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Molecular Basis of Disease

Lamin A is an inner nuclear membrane protein with both
structural and cell signaling effects.

The single C to T transition at nucleotide 1824 of LMNA
does not change the translated amino acid (Gly608Gly),
but activates a cryptic splice site, resulting in the deletion
of 150base pairs in the 3’ portion of exon 11.
Translation followed by post-translational processing of
this altered mRNA produces a shortened abnormal pre
lamin A protein with a 50 amino-acid deletion, hence
forth called “progerin”.

A key to disease in HGPS is the presumably persistent
farnesylation of progerin, which renders it permanently
intercalated into the inner nuclear membrane where it
can accumulate and exert progressively more damage to
cells as they age.

The inability to release progerin from the nuclear Figure
7 membrane results in structural stress on the nucleus.
It is hypothesized that this permanently farnesylated
mutant form of pre lamin A (progerin) [13] leads to the
progressive defects in nuclear architecture that are seen
in HGPS (Table 2).

Copyright© Gayathri R.
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Steps In Norm Al Cell

Steps In Progeria Cell

The gene LMNA encodes a protein called prelamin A

The gene LMNA encodes a protein called prelamin A

Prelamin A has a farnesyl group attached to its end

Prelamin A has a farnesyl group attached to its end

Farnesyl group is removed from prelamin

Farnesyl group remains attached to prelamin A

Abnormal form called PRELAMIN A

Abnormal form of prelamin A called PROGERIN

Prelamin A is not anchored to the nuclear rim

Progerin is anchored to the nuclear rim

Normal state of the nucleus

Abnormally shaped nudeus

~

Table 2: above diagram shows, Steps in Norm Al & Progeria Cell’s.

Figure 7: Diagram showing HGPS Cell & Normal Cell.

Outcome of Disease

The outcomes for individuals with progeria can vary,
but the condition typically leads to a shortened lifespan and
various health complications. Here are some key aspects of
the outcome of progeria:

Shortened Lifespan: Most individuals with progeria have
a significantly shortened lifespan compared to the general
population. The average life expectancy for individuals with
progeria is around 14 years, although some individuals may
live into their late teens or early twenties.

Cardiovascular Complications: Progeria primarily affects
the cardiovascular system, leading to various complications
such as atherosclerosis (hardening and narrowing of
the arteries), cardiovascular disease, and stroke. These
complications significantly contribute to the shortened
lifespan of individuals with progeria.

Physical Characteristics: Progeria causes characteristic
physical features associated with premature aging, including
growth failure, loss of subcutaneous fat, joint stiffness, hair
loss, and skeletal abnormalities. These physical changes can
impact mobility and quality of life.

Other Health Issues: In addition to cardiovascular
complications, individuals with progeria may experience

Gayathri R. Progeria. Nurs Health Care Int] 2024, 8(3): 000316.

other health problems such as skeletal abnormalities, dental
issues, hearing loss, and vision problems [14].

Diagnosis

The diagnosis is based on recognition of common clinical
features and Molecular genetic testing of LMNA, the only
gene known to be associated with HGPS [14].

Molecular Genetic Testing

e Targeted Mutation Analysis can be used to identify
the pathologic variant c.1824C>T (p.Gly608Gly), the
common recurrent de novo LMNA mutation in exon 11
that defines classic HGPS.

e Sequence Analysis of the entire coding region and
associated splice junctions identifies:

e 1824C>T the common mutation that defines classic
HGPS

e ¢1822G>A (p.Gly608Ser), c.1821G>A (p.val607Val),
andc.1968+1G>A, the other three mutations that define
atypical HGPS

e Other sequence variants in the gene that may be
associated with other progeroid syndromes.

e Urinary Hyaluronic Acid is not a valid test for the
diagnosis of HGPS. Although urinary hyaluronic acid has
been reported to be increased in children with HGPS, the
measurement is now regarded as unreliable [15].

Prenatal Diagnosis and Pre Implantation Genetic

Diagnosis (PGD)

e Parental diagnosis and PGD for at-risk pregnancies
require prior identification of the disease-causing
mutation in the family.

e Of note, recurrence within a family is rare given that
most mutations are de novo and germ line mosaicism is
rare [16].

Treatments

¢ There’s no cure for progeria.

¢ Regular monitoring for cardiovascular disease may help
with managing the child’s condition.

¢ Some children undergo coronary artery bypass surgery
or dilation of cardiac arteries (angioplasty) to slow the
progression of cardiovascular disease.

Copyright© Gayathri R.
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e Certain therapies may ease or delay some of the signs
and symptoms. They include:

¢ Low-dose aspirin. A daily dose may help prevent heart
attacks and stroke.

e Other medications. Depending on the child’s condition,
doctor may prescribe other medications, anticoagulants
to help prevent blood clots.

¢ The use of growth hormone may help increase height
and weight.

¢ Physical and occupational therapy. These may help with
joint stiffness and hip problems and may allow the child
to remain active.

e Extraction of primary teeth. Extraction may help prevent
problems associated with the delayed loss of baby teeth
[14].

Life Style and Home Remedies

e Some steps you can take at home that may help progeria
child include:

e Make sure the child stays well hydrated. Dehydration can
be more serious in children with progeria. Be sure the
child gets enough to drink, especially during an illness
or in hot weather.

e Provide frequent, small meals. Because nutrition and
growth can be an issue for children with progeria, giving
the child smaller meals more often may help to increase
his or her caloric intake.

e Provide opportunities for regular physical activity. Check
with the child’s doctor to learn which activities are right
for the child.

¢ Get cushioned shoes or shoe inserts for the child. The
loss of body fat in the feet can cause discomfort.

e Make sure the child is up to date on childhood
immunizations. A child with progeria isn’t at increased
risk of infection, but like all children is at risk if exposed
to infectious diseases.

Provide learning opportunities: Progeria won't affect the

child’s intellect, so he or she can attend school at an age-

appropriate level [13].

Therapies under Investigation

e FTIs-a potential drug treatment for children with
Progeria:

¢ Drugs known as Farnesyl Transferase linhibitors (FTIs),
which were developed for treating cancer, have shown
promise in laboratory studies in correcting the cell
defects that cause progeria.

e FTIs are currently being studied in human clinical trials
for treatment of progeria.

e Progeria research foundation (PRF)-funded study
Identifies Rapamycin as Possible Treatment for Progeria:

¢ Researchers at the National Institutes of Health and

Gayathri R. Progeria. Nurs Health Care Int] 2024, 8(3): 000316.
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Massachusetts General Hospital in Boston, MA published
anew study in Science, Translational Medicine that may
lead to a new drug treatment for children with Progeria.

¢ Rapamycin is an FDA approved drug that has previously
been shown to extend the lives of non-progeria mouse
models.

e This new study demonstrates that rapamycin decreases
the amount of the disease-causing protein progerin by
50%, improves the abnormal nuclear shape, and extends
the lifespan of progeria cells.

¢ This study provides the first evidence that rapamycin
may be able to decrease progerin’s damaging effects in
children with progeria [16].

Progeria Research Foundation

The Progeria Research Foundation (PRF) was
established in the United States in 1999 by the parents of a
child with Progeria, Drs. Leslie Gordon and Scott Berns, and
many dedicated friends and family who saw the need for a
medical resource for the doctors, patients, and families [17]
of those with Progeria and for funding of Progeria research
(Figures 8-10).

Figure 8: Progeria Research Foundation Logo.

Figure 9: Founders Of Progeria Research Foundation with

their Progeria affected child.
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Sampson Gordon Berns (October 23, 1996-]January 10,
2014) was an American activist with progeria, an extremely
rare and fatal disease that causes the body to age rapidly.
Berns helped raise awareness about the disease and he was
the subject of the HBO documentary Life According to Sam,
which was first screened in January 2013 [18].

Figure 10: Sampson Gorden Berns.

Since that time, PRF has become a driving force
for promoting advances in the field, including the 2003
historic discovery of the Progeria gene, and has developed
a comprehensive network of to aid those affected by
Progeria and those researchers who want to conduct
Progeria research. PREF is the only non-profit organization
worldwide solely dedicated to finding treatments and the
cure for Progeria [17].

Measures to Decline the Disease Progress

Efforts to slow down the progression of progeria
and improve the quality of life for affected individuals
primarily focus on supportive care and potential therapeutic
interventions. Here are some measures that may help in
managing progeria:

Cardiovascular Monitoring and Management: Regular
monitoring of cardiovascular health is essential for
individuals with progeria due to the high risk of cardiovascular
complications such as atherosclerosis and cardiovascular
disease. This may include regular check-ups with a
cardiologist, monitoring blood pressure and cholesterol
levels, and implementing lifestyle modifications such as a
heart-healthy diet and regular exercise (as tolerated).

Medications: Some medications may be prescribed to
manage specific symptoms or complications associated with
progeria. For example, individuals may be prescribed aspirin

Gayathri R. Progeria. Nurs Health Care Int] 2024, 8(3): 000316.
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or statins to help reduce the risk of cardiovascular events,
and pain management medications may be used to alleviate
joint stiffness and discomfort.

Physical Therapy: Physical therapy can help improve
mobility, flexibility, and strength in individuals with progeria.
Therapists can provide exercises and techniques to help
maintain range of motion, prevent contractures, and manage
musculoskeletal issues.

Nutritional Support: Proper nutrition is important for
overall health and well-being. A balanced diet rich in
nutrients can help support growth, development, and overall
health in individuals with progeria. Nutritional supplements
may also be recommended if dietary intake is inadequate.
Research and Clinical Trials: Ongoing research into the
genetics and biology of progeria has led to the identification
of potential therapeutic targets. Clinical trials are underway
to evaluate new treatment approaches aimed at slowing
down the progression of the disease and improving outcomes
for affected individuals. This may include experimental
drugs targeting the underlying genetic mutation or pathways
involved in progeria.

Psychosocial Support: Living with progeria can present
unique challenges for affected individuals and their families.
Psychosocial support, including counseling and support
groups, can help individuals and families cope with the
emotional and psychological aspects of the condition and
improve overall quality of life [14].

While there is currently no cure for progeria, these
measures can help manage symptoms, reduce complications,
and improve the overall well-being of individuals affected
by the condition. Additionally, continued research and
advancements in medical science offer hope for future
treatments that may further slowdown the progression of
progeria.

PRF Programs and Services

¢ International Patient Registry
¢ Diagnostic Testing Program

¢ Medical & Research

¢ Database Cell & Tissue Bank

e Progeria Family Network

e Research funding

e  Scientific workshops

¢ Public awareness

¢ Volunteers & fundraising [13].

Conclusion

The term progeria applies to all diseases characterized
by premature aging symptoms, it is often applied specifically
in reference to Hutchinson-Gilford Progeria Syndrome.
Progeria disease provides medical researchers a window to
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better understand how the body works and to explain some
of the mysteries of the aging process [8,19].
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