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Progeria : Pathogenesis and Oral Manifestation- A Review 

Saigal S, Bhargava A

ABSTRACT 
Our life span is genetically programmed and it is possible that a defect in produced 
proteins encoded by the ‘longevity’ gene is a cause of aging. Progeria which is a 
rare, fatal genetic condition which affects between one in four million and one in 
eight million children of both sexes equally and characterized by premature and 
accelerated aging. The appearance and physiology of these children resembles to 
elderly people but they typically have life span to their mid teens. It is also known 
as the Hutchinson-Gilford syndrome, which was initially reported by Johnathan 
Hutchinson in 1886 and further described by Hastings Gilford in 1904. It is an 
autosomal recessive disorder, which means an individual has inherited a mutated 
gene from both parents. It is added to the expanding catalogue of ‘laminopathies’, 
diseases caused by mutations affecting nuclear lamina proteins known as lamin A 
(LMNA). In oral manifestation primary finding is micrognathia with delayed tooth 
eruption and incomplete formation of root of permanent tooth. Presently there are 
no known cures for this abnormality.
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INTRODUCTION
The word “Ageing” does not give a good feeling to most 
of us because of problems and diseases associated with 
ageing. Many individuals take megadoses of vitamin E; drink 
Kombucha tea etc., all in the hope of finding the “fountain 
of youth”. According to social, behavioural, physiological, 
morphological, cellular and molecular changes, ageing can 
be considered in many different ways. In recent years ageing 
has become the social and political agenda. Ageing stories, 
particularly anti-ageing therapies, are a big attraction in 
newspapers and magazines. Although etiology of aging 
is important to understand, but it is equally important to 
differentiate the normal physiological changes from those 
associated with diseases.1 Aging can be characterized, 
according to Helfand and Rogina, as an inevitable 
consequence of being a multicellular organism; associated 
with a random, passive decline in function; leading to 
a global loss of homeostasis over time; and mortality 
increasing with age.2 Progeria is a rare, multisystem but 
devastating disorder affecting various tissues and organs 
like bone, muscle, skin, subcutaneous tissue, vessels and 
heart that mimic premature aging.3 There are two types of 
progeria namely:

1)Hutchinson-Gilford Progeria Syndrome

It occurs in about one in eight million children. Signs of 
progeria begin to show around six to twelve months when 
the baby fails to gain weight and skin changes occur. The 
characteristic features of this syndrome includes: baldness, 
prominent scalp, veins and eyes, small jaw, delayed tooth 
formation, thin limbs with prominent joints, short stature, 
joint stiffness, hip dislocations, thickened, tight and shiny 
skin over joints. Average life expectancy is 13 years, with 
approximately 75% dying from heart disease.4

2)Werner Syndrome (adult progeria)

It occurs in about one in one million individuals. First sign 
of syndrome is around puberty when the child fails to 
have a normal growth spurt, or may be delayed until an 
individual is as old as 30 years. The characteristic features 
of this syndrome includes: striking difference between 
person’s appearance and his/her real age, greying hair 
and/or balding, wrinkling and aging of the face, sunken 
cheeks, small jaw, small stature (usually less than 1.6m 
tall), muscle weakness, thickened, tight and shiny skin over 
joints, leading to ulcers, high-pitched voice is noted. Death 
usually occurs in patients between 30-50 years, with most 
dying from heart disease or cancer.4
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HISTORY
In 1886, the general practitioner Jonathan Hutchinson 
described a three and half year-old boy with congenital 
absence of hair and mammary glands with atrophic 
condition of the skin and its appendages. He thought it 
was a form of ectodermal dysplasia. A second patient was 
mentioned briefly by Hutchinson in 1895 but described 
in much more detail by Hastings Gilford (1897) who had 
followed the patient for several years until his death at 17 
years. Hastings Gilford in 1887 suggested naming the entity 
‘progeria,’ ‘pro’ meaning early and ‘geras’ meaning old age 
in ancient Greek.5

EPIDEMIOLOGY
It is a rare condition with a reported incidence of one in 
eight million births.6 The mean age of death is at age 13 
years, most commonly due to atherosclerosis. It is mainly 
sporadic in occurrence, but a genetic cause has now 
been implicated following the identification of de novo 
heterozygous mutations in the LMNA gene in the majority 
of progeria patients. A single family showing autosomal 
recessive inheritance of homozygous LMNA mutations has 
also been reported.7

PATHOGENESIS
The nucleus is the defining feature of eukaryotic cells and 
is separated from the cytoplasm by the nuclear envelope 
(NE). The NE is composed of three distinct elements, i.e., 
the nuclear membrane, nuclear pore complexes, and the 
nuclear lamina, in which the nuclear membrane is a double-
unit membrane whose outer nuclear membrane (ONM) is 
continuous with and shares biochemical and functional 
properties with the endoplasmic reticulum (ER). The inner 
nuclear membrane (INM) is distinct from ONM and ER 
which is defined by a subset of integral membrane proteins, 
termed nuclear envelope transmembrane proteins (NETs) 
that are anchored to the INM during interphase.8 

Recently, interest in the NE has intensified after the 
discovery of mutations in either protein of the nuclear 
membrane or lamins or nuclear pore complexes (NPC) 
proteins which give rise to a wide range of inherited 
diseases, collectively termed either nuclear envelopathies 
if mutations arise in inner nuclear membrane INM or NPC 
proteins, or laminopathies if mutations arise in lamins. 
The association of NE proteins with such a wide range of 
diseases implies important functions for these proteins 
in the normal development and/or maintenance of many 
different tissue types. Indeed, many NE proteins have 
differential expression profiles during development and 
have been implicated in a range of cellular functions 
including the maintenance of cellular architecture, 
apoptosis, DNA replication, and transcription.8

Mammals possess three lamin genes, namely lamin B1 
(LMNB1), lamin B2 (LMNB2) genes and the developmentally 
regulated lamin A/C gene (LMNA). B-type lamins form 
the fundamental constituents of the nuclear envelope 

which are essential for cell viability and normal embryonic 
development whereas A-type lamins have more specialized 
functions in terminally differentiated cells, fulfilling 
essential functions in organ and tissue homeostasis. 
They include two major products lamin A and C which 
are expressed in virtually all differentiated somatic cells.9 
Although the A-type lamins are widely expressed, LMNA 
mutations are responsible for different clinically defined 
disorders with tissue-selective abnormalities.10 Genetic 
studies since the late 1990s have shown that mutations in 
LMNA cause about a dozen clinical disorders with different 
names (Table 1). These can more broadly be classified into 
diseases affecting predominantly in adipose tissue, striated 
muscle, peripheral nerve, or multiple tissues resulting in 
progeroid phenotypes.11

Table 1. Mutations in LMNA cause several distinct clinical 
diseases predominantly affecting adipose tissue, striated muscle 
and giving a progeria phenotype.

Adipose Tissue Striated Muscle Progeria Phenotype

1.Dunnigan-type 
familial partial lipo-
dystrophy

1.Autosomal 
dominant (and rarely 
recessive)

1.Hutchinson-Gilford 
progeria syndrome

2.Lipoatrophy with 
diabetes and other 
features of insulin 
resistance

2.Emery-Dreifuss 
muscular dystrophy

2.Atypical Werner 
Syndrome

3.Atypical lipodystro-
phy syndromes

3.Cardiomyopathy 
dilated 1A

3.Variant progeroid 
disorders

4.Mandibulo-acral 
dysplasia

4.Limb-girdle muscu-
lar dystrophy type 1B

4.Mandibulo-
acral Dysplasia 
which is a features 
of lipodystrophy and 
progeria.11

5.Peripheral Nerve 5.Congenital muscu-
lar dystrophy

6.Charcot-Marie-
Tooth disease type 
2B1

6.“Heart-hand” 
syndrome

Other researchers showed that progeria may arise randomly 
due to a single letter change in one gene of the child’s DNA. 
12-14 The mutation believed to occur in the father’s sperm 
before conception that results in the production of a toxic 
protein that attaches to and distorts the nucleus (the cell’s 
command center containing its genetic material). Although 
cells normally multiply during growth and development, 
the misshapen nucleus cannot divide properly, ultimately 
damaging cells and accelerating the aging process.12 It also 
has been demonstrated that patients with progeria have 
pronounced shortening of telomeres thus; telomere length 
may serve as a biologic clock regulating the life span of 
normal cells. It is thought that telomeres become shorter 
with time because of a decrease in activity of the enzyme 
telomerase, which is responsible for the maintenance of 
the normal telomeres length.13 Few other researches has 
focused on a link between progeria and aging, among 
other topics, has evaluated the role of fibroblast life 
span, immune function, endocrine function, lipofuscin 
accumulation, thermolabile enzymes, atherosclerosis, and 
hyaluronic acid excretion (Table 2) .14
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Table 3. Common clinical features in Werner’s syndrome, HGAS 
and aging are given in Table 3.1,5,15.

Features Werner’s 
syndrome

HGAS Common 
aging

MIM number 277700 176670 ..

Causative gene(s) WRN, LMNA LMNA Unknown 
or
Inaplcable

Genetics Autosomal 
recessive

Sporadic, 
autosomal
dominant

Inappli-
cable

Onset Young 
Adulthood

Childhood Late
Adulthood

Weight range (kg) 30-45 0-15 Variable

Hair graying + + +

Hair loss Male pattern Total +

Skin thinning + + +

Subcutaneous tissue loss + + _

Skin calcification + _ _

Ankle ulceration + _ _

Hyperkeratosis + _ _

Cataracts + _ +

Short stature + + Variable

Coxavalga _ + _

Atherosclerosis + + +

Osteopenia/osteoporosis + + +

Cancer susceptibility + _ Variable

Laryngeal atrophy (high 
voice)

+ + _

Diabetes Variable _ Variable

Hypogonadism + + Variable

Thymic atrophy + _ +
Note: MIM=Mendelian inheritance in man, +=present, -=absent.

Fibroblast life 
span

Studies have shown that cultured fibroblasts from patients with progeria have demonstrated a significant (nine-tenths) reduction in 
cellular life span, when compared with age-matched control subjects.

Immune func-
tion

An abnormal immune function resulted due to decreased numbers of HLA cell-surface markers. However no abnormality was dem-
onstrated in the number/function of HLA antigens.

Endocrine Studies revealed that insulin binding to nonspecific receptors was reduced in progeria cells, while specific receptor binding ap-
peared to be normal. However the finding is not clear at present.

Lipofuscin ac-
cumulation

If progeria represents accelerated aging, then theoretically excessive amounts of lipofuscin should be found when compared with 
age-matched control subjects. Studies supported this showing normal qualitative and quantitative amounts of lipofuscin in patients 
with progeria when compared with age matched control subjects.

Thermolabile 
enzymes

Increased thermolability of certain enzymes may parallel the age-associated accumulation of lipofuscin and compromise cell func-
tion. Accordingly, the abnormal thermolability of glucose-6-phosphate dehydrogenase, hypoxanthine phosphoribosyltransferase, 
and 6-phosphogluconate dehydrogenase has been demonstrated in progeria fibroblasts, but again, further studies have challenged 
this by showing no consistent derangement.

Atherosclerosis Is an invariable finding in every autopsy case of progeria. Also, hyperlipidemia in the form of increased low-density lipoprotein levels 
and increased /3-lipoprotein and pre-/3-lipoprotein levels has been documented, as well as low levels of high-density lipoprotein 
and increased serum cholesterol levels. However, as hyperlipidemia is not a uniform and is not uncommon for normal young adults 
to exhibit signs of atherosclerosis, these findings are of questionable significance.

Hyaluronic acid 
(HA) excretion

In the second decade of life, HA constitute approximately 1% of glycosaminoglycans, whereas in fifth to seventh decades of life, it 
constitutes circa 6% of glycosaminoglycans. This suggests that HA may be a normal feature of advancing age. Progeria may be an 
example of the effect of increased HA and concomitant reduced vascularity.

Table 2. Studies and researches focusing link between progeria. and aging.

ORAL MANIFESTATIONS
A) Jaws:

In progeria micrognathia is the primary manifestation 
with comparative paucity of vertical growth. Mandible 
is hypoplastic with short ramus and obtuse mandibular 
angle. The palatal vaults are narrow and high whereas the 
alveolar process is atrophic. The maxillary arch is small 
therefore overall craniofacial disproportion is seen.16

B) Teeth and its development:

It is associated with delayed tooth eruption with delayed 
loss of deciduous teeth and overcrowding therefore 
extraction of over retained primary teeth is advised.17,18 

There is a high caries incidence. Incomplete and abnormal 
formation of roots of primary molars whereas in permanent 
teeth delay and irregular calcification of the crowns are 
seen. Anodontia, hypodontia and enamel hypoplasia is 
also seen in some cases. Lateral incisors located lingually 
and palatally. Discoloration of teeth are also noted in some 
cases.16, 19

C) Other features:

There is a reticular atrophy of pulp with narrow pulp 
chambers, calcification along the nerve fibers and 
the vascular walls are found.16 Severe osteolysis with 
pathological fractures are also evident in some cases.19

HISTOPATHOLOGICAL FEATURES
Skin, bone, and cardiovascular tissue exhibit the most 
prominent histologic changes. In the skin, a normal to 
atrophic epidermis is observed with an increase in the 
basal layer of melanin. The dermis reveals thickened 
and disorganized collagen fiber bundles with areas 
of hyalinization, whereas elastic fibers appear to be 
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