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Investigators have understood that the
arrangement of the ECM is critical in
the formation of organ structures dur-
ing development and in the remodel-
ing of tissues after injury. However, the
ECM is perceived to play a passive role
in dynamic pathological processes
such as heart failure and hypertension.
This misconception largely results
from difficulties in interpreting the
pathology seen in human diseased tis-
sue without an understanding of the
full phenotypic course of the patho-
logic process over time. The use of
transgenic animal studies now allows
us to introduce gain of function and
loss of function mutations so as to
evaluate the direct role of ECM mole-
cules in disease pathogenesis. There
are multiple examples of dominant
mutations in structural ECM mole-
cules that lead to abnormal tissue for-
mation and disease phenotypes (1). In
this issue of the JCI, Faury and col-
leagues present an interesting example

of a dominant mutation in an ECM
protein that results in developmental
structural changes that ultimately
cause the animals to acquire hyperten-
sion in their adult life (2).

Elastin and vessel formation
Elastin constitutes 50% of the dry
weight of the aorta. During vessel
development, elastin synthesized by
smooth muscle cells forms elastic
fibers that are arranged into concen-
tric rings of elastic lamellae around the
arterial lumen. Each elastic lamella
alternates with a ring of smooth mus-
cle, forming a lamellar unit. The elas-
tic lamellae allow an artery to comply
with the increased hemodynamic
stress of cardiac systole and maintain
sufficient blood pressure during dias-
tole (Figure 1) (3).

Variations in the lamellar subunits
(defined as the elastic lamellae and
adjacent smooth muscle cells) deter-
mine the distribution and magnitude
of the tensile strength of the vessel.
Hence, the greatest number of lamel-
lar units is found in the larger, more
proximal vessels that experience high-
er wall stress, indicating a linear rela-
tionship between the number of lamel-
lar units and tensional force within the
vessel wall (4, 5).

Elastin mutations in disease
Three clinical conditions have been
linked to a mutation or deletion of the

elastin gene, ELN. Autosomal domi-
nant cutis laxa, a primarily cutaneous
condition, is the result of frameshift
mutations in ELN that influence elas-
tic fiber structure through a domi-
nant-negative effect (6). Several years
ago, investigators identified mutations
in ELN in patients with supravalvular
aortic stenosis (SVAS). SVAS is an
autosomal dominant disorder caused
by intragenic deletions or by a large
spectrum of mutations within the
elastin gene (7, 8). These result in func-
tional haploinsufficiency through
either nonsense-mediated decay of
mRNA from the mutant allele or the
production of a nonfunctional protein
(9, 10). Narrowing of the ascending
aorta is a dominant feature of SVAS,
but other arteries, including pul-
monary arteries, are often also affect-
ed. If not corrected, SVAS may lead to
cardiac hypertrophy and heart failure
(11). Finally, Williams syndrome, a
neurodevelopmental disorder that has
SVAS as a component, develops as a
consequence of submicroscopic dele-
tions within chromosomal subunit
7q11.23 involving the whole of the
ELN gene (12).

Alterations in elastin content
change arterial wall structure
To directly investigate the conse-
quence of elastin mutations on vessel
formation, a mouse with a complete
loss of function in the Eln gene was
generated (13). The elastin-null mice
died of obstructive arterial disease due
to subendothelial cell proliferation
and reorganization of smooth muscle.
These changes occurred in isolated
organ cultures of arteries and were not
subject to hemodynamic stress (13).

The characterization of mice hap-
loinsufficient for elastin (Eln+/–)
revealed a role for elastin in the forma-
tion of vessel wall structure (14). The
arteries of Eln+/– mice exhibited thinner
elastic lamellae and an increased num-
ber of smooth muscle cell layers. Most
interestingly, these identical changes
have been observed in the arteries of
patients with SVAS (14).

In the present report, Faury et al. (2)
meticulously examined the mechanical
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properties of the arteries of the Eln+/–

mice compared with normal Eln+/+ mice,
correlating changes in inner and outer
vessel diameter with alterations in trans-
mural pressure. The Eln+/– animals were
stably hypertensive with mild cardiac
hypertrophy and did not exhibit the
hypertension-induced arterial wall
hypertrophy and decreased distensibili-
ty of large elastic arteries associated with
essential hypertension (2). The mean
arterial pressure (MAP) of Eln+/– mice
could be reduced with angiotensin II
inhibitors, and renin levels were two-
fold greater than in Eln+/+ mice, suggest-
ing that the renin-angiotensin system
plays a role in maintaining the high
blood pressure of the Eln+/– mice (2).

The results of this study provide
insight into how hemodynamic forces
resulting from altered matrix structure

influence vascular development (Fig-
ure 1). Most importantly, these mutant
Eln animals will be extremely useful in
identifying the mechanism of hyper-
tension in arteriopathies associated
with elastin haploinsufficiency.

Overview and future questions
Vessels of patients with essential hyper-
tension exhibit decreased arterial com-
pliance and increased vascular resist-
ance with an increase in vascular tone
(15). Hypertensive patients maintain
the decreased compliance at the same
pressures as normotensive patients,
implying that functional and/or 
structural changes other than pressure-
mediated stretching of arteries con-
tribute toward reducing arterial com-
pliance (16, 17). The discovery of an
alteration in vessel compliance in the

Eln+/– mice along with increased MAP
suggests that vessel elastin in patients
with hypertension should be examined.
Mutations in the elastin gene could
ultimately be a cause of hypertension.

The mechanism by which a change
in elastin content leads to alterations
in cell signaling and subsequent struc-
tural changes in the vessel wall
remains to be determined. Matrix
molecules bind to integrin receptors,
and any alteration in the structural
components of the matrix could con-
sequentially alter signaling through
the integrin receptors. Additionally, it
will be interesting to determine
whether elastin loss leads to structur-
al changes in other organs of the Eln+/–

mice in response to increased mechan-
ical stress. For example, the lungs
from the Eln+/– mice would presum-
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Figure 1
Haploinsufficiency of elastin in mice leads to developmental changes in the vessel wall, resulting in an increase in lamellar units. During the
adult life of the animal, these structural changes translate into altered vessel compliance and a significant increase in the mean arterial pres-
sure. These changes are similar to what is observed in two diseases identified as having mutations in the elastin gene; however, the incidence
of hypertension (HTN) is lower in the human diseases. These intriguing findings raise the possibility that patients with essential hyperten-
sion, who exhibit decreased compliance of their arterial vessels, may have mutations in their elastin gene. Such mutations would lead to
structural changes in the vessel during development that predisposes the patients to the development of hypertension later in life.
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ably have diminished elastin content.
Since the rodent lung continues to
develop until two months after birth,
one wonders whether Eln+/– lungs
undergo structural reorganization
when exposed to postnatal transmur-
al pressure and what the conse-
quences of such reorganization might
be on pulmonary function.
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Naturally arising CD4+ regulatory T cells, which engage in the mainte-
nance of immunologic self-tolerance, specifically express FOXP3, which
encodes a transcription-repressor protein. Genetic defects in FOXP3
cause IPEX, an X-linked autoimmune/inflammatory syndrome. With
FOXP3 as a specific marker for regulatory CD4+ T cells in humans, it is
now possible to determine their origin and developmental pathway (see
the related article beginning on page 1437).
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The immune system discriminates
between self and non-self, maintaining
immunologic self-tolerance (i.e., unre-
sponsiveness to self-constituents). It is
known that potentially hazardous self-
reactive T and B cells are clonally delet-

ed at immature stages of their develop-
ment or inactivated upon encounter
with self-antigens in the periphery.
There is now accumulating evidence
that, in addition to these passive mech-
anisms of self-tolerance, a population
of CD4+ T cells, called regulatory T
cells (TR cells), engage in the mainte-
nance of peripheral self-tolerance by
actively suppressing the activation and
expansion of self-reactive T cells (1–3).
The majority, if not all, of such natu-
rally occurring CD4+ TR cells constitu-
tively express CD25 (IL-2 receptor α
chain) in the physiologic state. Indeed,
removal of CD25+CD4+ T cells, which
constitute 5–10% of CD4+ T cells in
rodents and humans, leads to sponta-

neous development of various autoim-
mune diseases in otherwise normal
mice (4). The removal of CD25+CD4+

TR cells also triggers excessive or misdi-
rected immune responses to microbial
antigens, causing immunopathology,
such as inflammatory bowel disease
(IBD), due to hyper-reaction of the
remaining T cells to commensal bacte-
ria in the intestine (3).

FOXP3: master control gene 
for the development and function
of natural CD4+ TR cells
There is now evidence not only for the
presence of CD25+CD4+ TR cells in
humans but also for their essential
roles in controlling autoimmunity,
immunopathology, and allergy in
human diseases (5). This is best illus-
trated by IPEX (immune dysregula-
tion, polyendocrinopathy, enteropa-
thy, X-linked syndrome), a rare
monogenic disease of male children
that is accompanied by autoimmune
disease (such as type 1 diabetes), IBD,
and severe allergy similar to those pro-
duced in mice by depletion of
CD25+CD4+ TR cells (6). The causative
gene, FOXP3 (Foxp3 in mice), which
encodes a transcription repressor
(7–10), is specifically expressed in
CD25+CD4+ T cells in the thymus and
periphery (11–13). Forced expression
of the Foxp3 gene can convert murine
naive T cells to TR cells that pheno-
typically and functionally resemble 
naturally arising CD25+CD4+ TR cells 


