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Hutchinson-Gilford progeria 
syndrome
Hutchinson-Gilford progeria syndrome 
(HGPS) is a rare disease with an incidence 
of approximately 1 out of 10 million and a 
world-wide prevalence of less than 500. 
The clinical features of HGPS are charac-
terized by accelerated aging; young chil-
dren develop skin changes such as alopecia 
and dry skin, musculoskeletal abnormali-
ties including skeletal dysplasia and joint 
contractures, and endocrine findings like 
lipodystrophy and insulin resistance (1, 2). 
Cardiovascular abnormalities include left 
ventricular hypertrophy and decreased 
vascular function. Adolescents with HGPS 
develop atherosclerosis, leading to strokes 
and myocardial infarction. The average 
age of death in HGPS is 15 years old.

HGPS is an autosomal dominant dis-
ease caused by a mutation in the LMNA 
gene encoding the lamin A protein (3, 4). A 
single base-pair mutation in LMNA gener-
ates a cryptic splice site, creating an abnor-
mal mRNA encoding a truncated protein. 
This abnormal protein, called progerin, 
fails to be processed normally; instead of 
a farnesyl group temporarily attached to 
the protein and then cleaved off, a farnesyl 
group is permanently affixed to progerin.

Progerin is a dominant gain-of-func-
tion protein that causes a host of abnormal 
cellular reactions (5). Normal lamin pro-
teins play many roles in the nucleus of the 

cell, maintaining the structure of the nucle-
ar lamina, transducing signals from the 
periphery into the nucleus, and serving as a 
scaffold for transcription factors (6). How-
ever, progerin disrupts the morphology of 
the nucleus, alters epigenetic regulation of 
gene transcription, dysregulates transcrip-
tion, inhibits DNA repair, shortens telo-
meres, and accelerates cellular senescence.

The major cause of premature death 
of subjects with HGPS is myocardial 
infarction, but the pathogenesis remained 
obscure until recently. Postmortem stud-
ies revealed atherosclerosis in the coro-
nary arteries of children with HGPS, but 
the vascular lesions were characterized 
by dense fibrosis rather than atheroma-
tous cores seen in typical coronary artery 
disease of normally aging individuals (7). 
Furthermore, the vasculopathy of HGPS 
is characterized by loss of smooth muscle 
cells in the medial layer of the arterial wall 
(8–11). This loss of vascular smooth muscle 
is also seen in a mouse model for progeria 
(12). However, this mouse model of HGPS 
expresses progerin in all cells, obscuring 
the contribution of individual cell types 
and specific pathways to accelerated ath-
erosclerosis in HGPS.

Progerin in endothelial cells 
drives tissue fibrosis
What is the key vascular cell that leads 
to severe atherosclerosis in HGPS? In 

the current issue of the JCI, Osmanagic- 
Myers and colleagues show that endothe-
lial cells play a major role in the patho-
genesis of HGPS (13). The research team 
created a unique mouse overexpressing 
progerin only in endothelial cells. These 
mice have a shortened life span, confirm-
ing that vascular pathology is a major 
cause of premature death in HGPS.

Next, these transgenic mice have left 
ventricular hypertrophy and diastolic dys-
function, which are seen in patients with 
HGPS. Furthermore, the transgenic mice 
have cardiac fibrosis in an interstitial and 
perivascular pattern, a pattern that also 
occurs in some humans with HGPS. Thus, 
progerin enhances cardiac fibrosis. The 
question remains — how is this achieved?

Exploring the endothelial pathway 
underlying cardiac fibrosis, the investi-
gators discovered that progerin impairs 
signal transduction from the cytoskeleton 
into the nucleus. In particular, abnormal 
mechanosensing limited the activity of the 
transcription factor MRTF-A, decreasing 
endothelial nitric oxide synthase (eNOS) 
expression and NO production (Figure 1). 
NO is a messenger molecule well known 
to inhibit fibrosis by limiting fibroblast 
proliferation and activation (14, 15). Thus, 
progerin in endothelial cells permitted 
exuberant tissue fibrosis by limiting endo-
thelial synthesis of NO.

Progerin in vascular smooth 
muscle cells drives vascular 
fibrosis
Endothelial cells are not the only critical 
effector cells of HGPS in the vessel wall. 
Another team recently identified vascular 
smooth muscle as a major target of proger-
in (16). Hamczyk and colleagues created 
a mouse overexpressing progerin only in 
vascular smooth muscle cells. These trans-
genic mice die sooner than control mice 
and display the vascular phenotype char-
acteristic of humans with HGPS: vascular 
smooth muscle loss in the medial layer 
of arteries and fibrosis in the adventitial 
layer. These studies show that vascular 
smooth muscle cells are particularly sensi-
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or senescence, may play a role in vascular 
disease during physiological aging. Novel 
therapies that target progerin pathways in 
the vasculature may not only lead to cures 
for the accelerated aging of HGPS, but to 
new approaches to slow atherosclerosis 
during the process of natural aging.

Address correspondence to: Charles J. 
Lowenstein, 601 Elmwood Avenue, Box 
CVRI, Rochester, New York 14624, USA. 
Phone: 585.276.5077; Email: charles_
lowenstein@urmc.rochester.edu.

 1. Gordon LB, Brown WT, Collins FS. Hutchin-
son-Gilford progeria syndrome. In: Adam MP, et 
al. eds. GeneReviews. Seattle, WA: University of 
Washington, Seattle; 1993.

 2. Merideth MA, et al. Phenotype and course of 
Hutchinson-Gilford progeria syndrome. N Engl J 
Med. 2008;358(6):592–604.

 3. De Sandre-Giovannoli A, et al. Lamin A trun-
cation in Hutchinson-Gilford progeria. Science. 
2003;300(5628):2055.

 4. Eriksson M, et al. Recurrent de novo point muta-
tions in lamin A cause Hutchinson-Gilford proge-
ria syndrome. Nature. 2003;423(6937):293–298.

 5. Gonzalo S, Kreienkamp R, Askjaer P. Hutchin-
son-Gilford progeria syndrome: A premature 
aging disease caused by LMNA gene mutations. 
Ageing Res Rev. 2017;33:18–29.

 6. Gruenbaum Y, Foisner R. Lamins: nuclear inter-
mediate filament proteins with fundamental 
functions in nuclear mechanics and genome 
regulation. Annu Rev Biochem. 2015;84:131–164.

 7. Olive M, et al. Cardiovascular pathology in 
Hutchinson-Gilford progeria: correlation with 
the vascular pathology of aging. Arterioscler 
Thromb Vasc Biol. 2010;30(11):2301–2309.

tive to progerin — although the underlying 
mechanisms are unknown. Thus, progerin 
in vascular smooth muscle cells leads to 
vascular fibrosis.

Progerin during aging in the 
normal vasculature
Tremendous advances have been made in 
research uncovering the pathophysiology of 
HGPS — but a cure remains elusive (17). The 
current new studies reveal novel insights 
into accelerated atherosclerosis in HGPS. 
Progerin in the vascular wall drives the 
cardiovascular phenotype of HGPS: endo-
thelial progerin enhances cardiac fibrosis, 
whereas vascular smooth muscle proger-
in causes vascular fibrosis. These studies 
suggest new approaches to treat HGPS, 
such as drugs targeting progerin pathways 
in endothelial cells and vascular smooth 
muscle cells. The current study in the JCI 
suggests that therapies that target NO path-
ways might improve cardiac and vascular 
function in HGPS. In addition, therapies 
targeted at vascular smooth muscle cells 
might limit the severe atherosclerosis that 
can cause premature death in HGPS.

These studies also reveal new pathways 
for vascular disease during normal aging. 
Progerin biology is relevant for normal 
aging, since progerin is found in the ves-
sel wall of humans as they age normally — 
although at levels much lower than in sub-
jects with HGPS (7, 18). Pathways activated 
by progerin, such as shortened telomeres 

Figure 1. In healthy endothelial cells, shear stress activates the mecha-
noresponsive myocardin-related transcription factor MRTF-A, increasing 
eNOS expression and NO production, which in turn inhibits tissue fibrosis. 
However, in endothelial cells of subjects with Hutchinson-Gilford proge-
ria syndrome, the mutant lamin called progerin interferes with normal 
mechanosensing, inhibits eNOS expression and NO synthesis, and permits 
accelerated fibrosis.
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