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THE RENIN-ANGIOTENSIN SYSTEM
The renin-angiotensin system (RAS) is a hormonal system that is of vital importance not
only in the regulation of arterial blood pressure and salt balance, but also in many
physiologic and pathophysiologic mechanisms in almost every organ system.1–3 The system
consists mainly of a 2-step enzymatic cascade catalyzed by renin and angiotensin-converting
enzyme (ACE), generating angiotensin II (Ang II), a single bioactive peptide. Ang II, the
main RAS effector hormone, acts through 2 receptor subtypes, Ang II types 1 and 2
receptors (AT1R and AT2R) (Fig. 1).4,5 Both the receptor types belong to the G protein–
coupled receptor family but differ in terms of tissue distribution and cell signaling pathways.
Most of the functions of Ang II are carried through AT1R. The role and biologic functions
of AT2R are less studied. It has been documented that AT2R inhibits and antagonizes
AT1R-mediated functions,6–9 and when stimulated by Ang II, AT2R exerts effects that are
the opposite of AT1R, including antiinflammatory,10 antiproliferative,10 and antiapoptotic
actions (Table 1).11 Hence, AT2R may play an important role in vascular aging.

Evidence suggests that virtually every organ system in the human body possesses a local
RAS. The components of RAS are present in peripheral tissues such as vasculature, kidneys,
adrenal glands, heart, and immune cells, all of which locally produce Ang II.12–14 These
local systems seem to be independently regulated and compartmentalized from the plasma
circulation.15

Binding of Ang II to AT1R or AT2R activates various complex signal transduction
pathways. Through AT1R, Ang II activates various intracellular protein kinases. These
intracellular signaling cascades include receptor- and non-receptor–mediated tyrosine
kinases, serine/threonine kinases, mitogen-activated protein kinase (MAPK) family
(extracellular signal-regulated kinase, c-Jun N terminal kinase, and p38MAPK), p70 S6
kinase, Akt/PKB (protein kinase B), and various protein kinase C isoforms.16–19 These
intracellular signals have been linked to vascular remodeling through induction of
hypertrophy, hyperplasia, and migration of vascular smooth muscle cells.16–19 In contrast,
AT2R signals through 3 major transduction pathways that seem to oppose the actions of
AT1R: (1) activation of various protein phosphatases causing protein dephosphorylation, (2)
activation of the nitric oxide/cyclic GMP system, and (3) stimulation of phospholipase A2,
with subsequent release of arachidonic acid.20 Of these pathways, MAPK and
phosphotyrosine phosphatase (PTP) have been the most studied classic signaling cascade of
AT1R and AT2R.21–25 AT1R activates MAPK cascade, whereas AT2R inhibits MAPK and
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activates PTP.24 The influence of cross talk between AT1R and AT2R on activation of these
signaling pathways is still largely unknown.

CHANGES IN RAS WITH AGING
Most of the studies on the effect of aging on RAS have been done in animal models. The
effects of aging on RAS have been studied in tissues and in circulation. There seems to be a
differential regulation of the circulating and intrarenal RAS during aging.26 On the tissue-
specific level, renal Ang II content increases in older animals.27 In contrast, aging is
associated with a decline in the concentration of the components of the circulating RAS in
animals, including reduction in renal tissue renin messenger RNA levels, juxtaglomerular
cell renin content, responsiveness of renin release to various challenges, and plasma renin
and Ang II levels.27–33 The decline in the concentration of the components of the circulating
RAS during aging may be a consequence of the age-related increase in pressure, because
plasma Ang II levels do not decline in rats without increased pressure during aging.26 The
reduction in the levels of the circulating RAS components may also have predisposed to the
increased renal vasoconstrictor responses to exogenously administered Ang II in older
animals.27 Upregulation of AT1R has been observed in both the heart and the vasculature,1,2

suggesting an important role of RAS in senescence. On the other hand, AT2R is expressed
in large quantities in fetal tissues but its expression decreases in the neonatal period and
reaches a comparatively low level in the adult animal.34 However, the capacity for AT2R
reexpression is retained in the adult, because upregulation is a common response to
circumstances of cardiovascular tissue damage, such as myocardial infarction, heart failure,
and hypertension.27,35–37 The only available studies on microvascular AT2R expression and
action in humans demonstrate that AT2R expression can be induced chronically in
hypertensive diabetic subjects by AT1R blockade and, under these circumstances, mediates
vasodilation.27,37 However, the interpretation of these studies and their applicability in
human studies is still an area of debate.

There is evidence that an altered ratio between AT1R and AT2R levels may result in
elevated blood pressure and induction of inflammation.38 The contribution of changes in the
expression of AT1R and AT2R to the increased production of inflammatory cytokines
observed in older individuals is yet to be explored. It also seems that the use of AT1R
blockade increases AT2R activity in vivo.39,40 Beneficial actions of AT1R blockers on
remodeling and cardiac fibrosis were completely abolished by simultaneous AT2R
blockade, suggesting that such beneficial effects are because of AT2R activation rather than
AT1R blockade.41–43

How aging might influence RAS is still largely unknown. Genetic and environmental factors
may contribute44 but fail to account entirely for any changes with age. There is evidence
from human monozygotic twin studies that methylation patterns can change with aging.45

The process of aging and development is accompanied by selective methylation of genes
that are not needed for function of the differentiated cell. Evidence from animal and human
studies suggests that in utero expression of the angiotensin receptors is regulated by
methylation of the angiotensin receptor genes.46,47 However, no studies are available on the
effect of aging on the regulation of AT1R and AT2R and their genes in humans. Given the
importance of these receptors in performing the major functions of RAS and the gap in
knowledge related to how aging triggers and affects these systems, studies as proposed here
may have important implications for human health.
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RAS AND ITS ROLE IN CHRONIC INFLAMMATION AND FRAILTY IN OLDER
ADULTS

Inappropriate, chronic, low-grade inflammation is implicated in the pathogenesis of many
common and disabling diseases in older adults. Most of these diseases are slowly
progressive and have a clear association with advancing age.48–50 In addition, chronic
inflammation is associated with functional decline, frailty, and increased mortality.51,52 The
clinical criteria for frailty include weight loss, low levels of activity, muscle weakness,
exhaustion, and slow walking speed.51

The causes that trigger chronic inflammatory activation in older adults are likely
heterogeneous and include multiple chronic disease states, redox imbalance, senescent cells,
and increased body fat.53–57 These triggers act through nuclear factor κB signal
transduction, which leads to increased expression of multiple inflammatory mediators
including tumor necrosis factor (TNF) α, interleukin (IL) 1b, IL-6, cyclooxygenase 2, and
inducible nitric oxide synthase.53–55 The inflammatory cytokine IL-6, total white blood
cells, neutrophils, and monocytes have also been identified as significant correlates of frailty
in older populations.58,59 Although the cause cannot be proven from these studies, the
consistent and reproducible associations between increased expression of markers of
inflammation and frailty in older adults suggest that inflammatory pathways are more active
in frail older adults than in nonfrail adults and that chronic inflammation worsens disease
status, leading to muscle strength decline and stem cell failure.48,60 Hence, chronic
inflammation may play an important role in late life decline. Frailty status provides an
important in vivo model for chronic inflammation and etiology of inflammation and for
RAS change.

Substantial evidence confirms the role of RAS in activation of inflammatory pathways. Most
of the functions of Ang II are carried through AT1R. The role and biologic functions of
AT2R are less studied. It has been reported that AT2R inhibits and antagonizes AT1R-
mediated functions (see Table 1).6–9 The activation of AT1R has a powerful
proinflammatory effect.61 AT1R actions include induction of reactive oxygen species,62

hypertrophy and apoptosis,11 and stimulation of fibroblast proliferation and collagen
synthesis.63 AT1R antagonists exert cardiovascular protection, in part through their vascular
antiinflammatory effects.64 AT1R activation affects cytokine levels by increasing IL-6,65

TNF-α,66–70 and interferon gamma production71 and decreasing nitric oxide and cyclic
GMP production.72 AT1R expression seems to be limiting for the effect of Ang II.
Upregulation of AT1R expression enhances the action of Ang II in vitro as well as in vivo.73

The molecular mechanisms through which angiotensin receptors manipulate cytokines
production and chronic inflammation remain unclear (Fig. 2). Ang II activates the signal
transducer and activator of transcription proteins 3 (STAT3).74 STAT3 is a key signal
transduction protein that mediates cell differentiation, proliferation, apoptosis, inflammation,
and tumor cell evasion of the immune system.75 Binding sites have been identified for
STAT3 within the promoter region of TNF-α.76 Mutation of the 3 base pairs of the STAT3
binding site had considerable effects on the promoter activity, demonstrating that STAT3
upregulates TNF-α expression.76

To date, few have studies examined the influence of increased inflammation on RAS. In
animal models IL-6, released locally, contributes substantially to the vascular dysfunction
produced by Ang II.77 Treatment of mice with IL-6 for 18 days increased vascular AT1R
expression.78 Because the upregulation of AT1R expression in vitro and in vivo is involved
in IL-6–induced propagation of oxidative stress and endothelial dysfunction, the interaction

Abadir Page 3

Clin Geriatr Med. Author manuscript; available in PMC 2013 September 06.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



of the proinflammatory cytokine IL-6 with RAS may represent an important pathogenetic
mechanism in inflammatory diseases in older population.

AGING RAS—DISEASE INTERACTIONS CULMINATING IN THE
DEVELOPMENT OF FRAILTY

RAS contributes to the pathogenesis of several human diseases that have a clear association
with advanced aging, including hypertension, myocardial infarction, congestive heart
failure, stroke, atrial fibrillation, coronary artery disease, diabetes, and nephropathy. Large
population studies have clearly demonstrated that both ACE inhibitors and Ang II receptor
blockers (ARB) have been shown to be effective in preventing or regressing some of the
age-associated effects of these diseases in humans and animals.79–81

Myocardial Infarction
The expression of both AT1R and AT2R is upregulated in cardiac tissue after myocardial
infarction. Induction of myocardial infarction in mice lacking AT2Rs caused significant
damage to the heart as compared with the wild-type mice,42,82 demonstrating that the
beneficial effects of AT1R blockade after myocardial infarction may be partially mediated
by the AT2R.83

Left Ventricular Hypertrophy
The extent of left ventricular hypertrophy is aggravated by the activity of RAS,84,85

independent of, and in addition to, the effect of elevated blood pressure.86,87 At similar
blood pressure levels, incidence of left ventricular hypertrophy was greater with the ARB
losartan than with the β-blocker atenolol throughout a follow-up of 5 years.88–90

Atrial Fibrillation
Treatment with ARB has been shown to reduce the incidence of atrial fibrillation by 21% in
hypertensive patients.91–93 The mechanism underlying this protective effect is related to the
prevention of left atrial dilation and atrial fibrosis and to the reduction of conduction
velocity.81

Stroke
Several clinical trials have demonstrated a prominent effect of ARB treatment on the
prevention of stroke.88,94–97 At a similar blood pressure, control ARB had an additional
25% reduction in strokes compared with those on a β-blocker.88 A similar result was also
observed in the Study on COgnition and Prognosis in the Elderly (SCOPE).

Atherosclerosis
Activation of RAS through AT1R (1) induces vasoconstriction and formation of
extracellular matrix and matrix metalloproteinases, (2) enhances migration and proliferation
of vascular smooth muscle cells, (3) increases synthesis of plasminogen activator inhibitor
(PAI-1), and (4) stimulates release of proinflammatory cytokines, including IL-6 and TNF-
α.98

Diabetes
In a meta-analysis, treatment with ARBs has been shown to reduce the incidence of diabetes
mellitus by 23%, regardless of the presence of cardiovascular disease.99–101
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Renal Damage
Treatment with ARBs improves renal damage in patients with and without diabetes.102–104

Dementia
Hypertension induces damage to brain microcirculation, which contributes to the
development of dementia. However, evidence on the benefit of RAS blockade on cognitive
function has been controversial. The role of angiotensin IV on cognitive function has been
described.105–107

Muscle Strength
A fully functional RAS exists in the skeletal muscle microvasculature. Studies have also
confirmed that skeletal muscles generate Ang II locally.108–110 The polymorphism of the
ACE gene is an important factor in determining physical performance.111 However, clinical
studies are needed to confirm a role for blockade of RAS in muscle function.

Osteoporosis, Fracture Risk, and Bone Marrow Density
Clinical studies indicate a possible role of RAS in bone metabolism and fracture risk.
Patients treated with an ACE inhibitor showed an increased bone mineral density and a
reduced fracture risk.112–114 In addition, individuals with decreased ACE activity have a
higher bone marrow density than individuals with increased ACE activity.115

SUMMARY
RAS plays a broad role in vascular regulation, inflammation, oxidative stress, and apoptosis.
Each of these molecular realms has been hypothesized to influence the aging phenotype.
RAS also clearly influences multiple disease states with increasing age, and pharmaceuticals
targeting these pathways are now a mainstay of treatment of many older adults. RAS
blockade exerts potent antiatherosclerotic, antihypertensive, antiinflammatory,
antiproliferative, and oxidative stress–lowering properties. Given the influence of RAS on
frailty-related diseases and traits, and the age-related changes in this system that seem to
accelerate these conditions, further evaluation on the causes, multisystemic interactions, and
intervention development on RAS regulation is indicated.
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Fig. 1.
The steps in the biochemical pathway that is involved in the formation of the most
biologically potent angiotensin peptide Ang II and its interaction with angiotensin receptors.
The enzymes renin converts angiotensinogen to angiotensin I, which in turn is converted via
angiotensin converting enzyme to Angiotensin II. Other enzymes that facilitate alternative
pathways for the formation of Ang II are tPA, cathepsin G, and tonin. tPA, tissue
plasminogen activator.
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Fig. 2.
A hypothetical model for changes in the angiotensin receptors with aging and/or frailty,
resulting in increased production of cytokines, pathologic changes, and development/
worsening of diseases. Note that with robust aging, the balance is maintained between the
angiotensin receptors despite decrease in both AT1R (blue circles) and AT2R (red circles).
With development of frailty that balance is tipped toward more expression of AT1R and less
AT2R predisposing to increased cytokine production, which further widens the gap by
increasing the expression of AT1R and reducing expression of AT2R. ACEi, ACE inhibitor;
ARBs, Ang II receptor blockers.

Abadir Page 13

Clin Geriatr Med. Author manuscript; available in PMC 2013 September 06.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Abadir Page 14

Table 1

Opposing functions of AT1R and AT2R, which might be linked to aging

AT1R AT2R

Vasoconstriction Vasodilatation

Cell growth Antigrowth

Cell proliferation Cell differentiation

Antinatriuresis Natriuresis

Production of O2
− Production of nitric oxide

Stimulation of fibroblast proliferation and collagen synthesis Inhibition of fibroblast proliferation

Apoptosis Antiapoptosis
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