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Old, but gold? Not the case for the immune

system when promoting systemic ageing
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Commentary on ‘An aged immune system drives senescence

and ageing of solid organs’ by M. J. Yousefzadeh et al. 2021,

Nature, 594(7861):100-105.

The saying ‘the older, the wiser’ may be appropriate for several aspects
in everyday life, but a senescent immune system, according to a recent
elegant study from Yousefzadeh et al., may drive systemic ageing. The
authors described a mechanism underlying the age-dependent decline in
immune system function and immunosenescence and their detrimental
effects on peripheral tissues. This novel mechanism was demonstrated
using specific deletion of Excision repair cross complementing-group 1
(Ercc1) in murine Vav1-positive haematopoietic precursors.1 ERCC1, an
endonuclease pivotal for DNA excision repair;2 and the deficiency of the
ERCC1–XPF complex increases tissue oxidative damage thus initiating
cell senescence.2,3 Vav-iCreþ/�; Ercc1�/fl mice presented accelerated age-
ing and premature immunosenescence characterized by progressive pe-
ripheral leukopoenia with lymph node atrophy and compromised
cellular and humoural immune function starting prematurely, at
5 months of age. Splenocytes, bone marrow cells, and peripheral CD3þ
cells from aged transgenic mice showed increased levels of p21 and p16
senescence markers, and senescence-associated secretory phenotype,
when compared to the wild-type counterpart.

Activation of immunosenescence in the transgenic mice haemato-
poietic compartment induces systemic ageing and its hallmarks such as
oxidative stress, increased expression of p16 and senescence-associated
b-galactosidase in the liver and kidney. Activation of tissue senescence
was indeed conferred by immune cells, as transgenic splenocytes in-
duced tissue p16 expression when transplanted into the p16Ink4a-lucifer-
ase reporter mice. Interestingly, when young wild-type splenocytes were
administered to a transgenic model of human progeroid syndrome
(Ercc1�/D mice), senescence and tissue damage were lowered in several
tissues.

These findings are important, as they show that immune system dys-
function induced by impaired endogenous DNA repair in haemato-
poietic progenitors, can trigger ageing in peripheral organs, affecting
lifespan and quality of life. These mechanisms can have a critical impact
on the cardiovascular field. It is well known that ageing is a major predis-
posing risk factor for coronary syndromes and cardiovascular morbidity
and mortality.4 Hence, growing interest in cardiomyocyte and vascular
cell ageing characterized by metabolic remodelling, mitochondrial dys-
function, epigenetic and transcriptomic alterations, and DNA instability.5

Currently, most therapeutic strategies have been focusing on cardiopro-
tection,5 immunomodulatory approaches have also been considered.
For example, Zacchigna et al. have shown that regulatory T cells (Treg)
can exert a cardio-tropic paracrine effects in stimulating rodent cardio-
myocyte cell division. Treg depletion during gestation was shown to de-
crease maternal and foetal cardiomyocyte proliferation.6 Considering
that mammalian cardiomyocyte renewal is strictly restrained to the very
early postnatal age, with subsequent loss of this programme in the transi-
tion towards maturation and adulthood, the regenerative role of Treg in
the neonatal heart may offer translational value for future therapeutic
strategies. In such a perspective, an anti-ageing approach focused on neu-
tralizing systemic immunosenescence, demonstrated by Yousefzadeh
et al., may be of critical value in promoting cardioprotection and cardio-
myocyte regeneration.

T cells can also regulate other mechanisms of cardiovascular dis-
ease. Pan et al. recently demonstrated that aged T cells can accelerate
angiotensin II-induced vascular, renal and cardiac oxidative stress, and
fibrosis with a crucial mechanism dependent on Interferon (IFN)-c
overproduction. Detrimental cardio-renal effects of the secretome
from senescent dysregulated T cells were antagonized by IFN-c neu-
tralizing antibodies.7 In this context, therapeutic anti-ageing strategies
addressing immune cell senescence and their endogenous DNA re-
parative mechanisms, may offer a novel approach for preventing accel-
erated ageing in hypertension.

It has been broadly reported that, in addition to ageing itself, inflam-
maging can contribute to the onset of vascular stiffness, atherosclerosis,
and diabetes.8 Notably, sustained administration of the mTOR inhibitor
rapamycin in diabetic mice following myocardial ischaemia/reperfusion
injury has been reported to reduce infarct size, highlighting the STAT3-
miR-17-92-mTOR signalling axis as novel cardio-protective candidate
target to be exploited in diabetes.9 Similarly, Yousefzadeh and co-
authors reported that rapamycin stimulation in the Vav-iCreþ/�; Ercc1�/fl

model counteracted immune senescence and ameliorated systemic age-
ing; thus, senotherapeutics, may represent an appealing option to ‘kill
two birds with a stone’, by (i) specifically tackling immunosenescence-
driven disease, while (ii) exerting cardio-protective effects in the elderly
and in metabolic syndrome patients at the same time.

Targeting senescence in Vav1þ progenitors may also influence endog-
enous cardiac reparative mechanisms via resident stromal progenitor
cells. Indeed, the murine adult epicardium has been shown to contain
injury-responsive clusters of CD45þ Vav1þ haematopoietic resident
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.cells possibly resembling an anatomical niche and contributing during
heart embryonic development and adult homeostasis.10 While bone
marrow transplantation studies revealed a supporting role for the hae-
matopoietic compartment in replenishing epicardial CD45þ progenitor
turn over, this process was altered by ageing with significant depletion of
Vav1þ cells in the cardiac tissue of mature 12–18 months old mice.
Given the potential of the adult epicardium to be reactivated and con-
tribute to cardiac repair by secreting paracrine factors, it may be relevant
to understand whether such CD45þ stromal component may be
pharmacologically targeted by senolytics, as shown in the Vav-iCreþ/�;
Ercc1�/fl model.

Overall, the study by Yousefzadeh et al. sheds new light on systemic
ageing being fostered by immunosenescence induced by DNA damage
repair impairment in the haematopoietic cell compartment (Figure 1).
Given the relevance of the immune system and haematopoietic com-
partment in contributing to cardiovascular homeostasis, repair, and re-
generation, the findings provided by this important study could also offer
relevant implications for rejuvenating therapies in the cardiovascular
system.
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