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Abstract:

Cardiac fibrosis refers tan excessive deposition of extracellular matfieCM) in cardiac

tissue. Fibrotic tissue is stiffer and less complieggultingin subsequertardiac dysfunction

and heart failureCardiacfibrosis in the ageing heart may involve activation of fibrogenic
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signalling and inhibition of antiibrotic signalling, leading to an imbalance of ECM turnover
Excessive accumulatioof ECM such as collagen in older patieatstributes to progressive
ventricular dysfunction. Overexpression of collagen is derived from various sgurce
including higherglevels of fibrogenic growth factors, proliferation of fibroblasts eellular
transdifferentiation. These may be triggered byactors, such as oxidativetrass,
inflammation;*hypertension, cellular senescence @iddeath,contributirg to agerelated
fibrotic cardiacremodelling In this review, we will discuss the fibrogenic contributors in
agerelatedscardiac fibrosis, and the potential mechanisms by which fibrogenic prazaasses

be interruptedor therapeutic intent

Key Words=Ageing, cardiac fibrosis, extracellular mattuenover, fibrogenic factors, heart

failure

1. Introduection
Ageingis-asmajor independent risk factor for cardiovascrdéated morbidity and mortality.
The ageingheart exhibs different biological featureand processesompared withyoung
hearts which'include ncreasd apoptosissustainedow grade inflammaén, hemodynamic
changes and cardiomyocytenescengg). Most ageing-dependent changessult in the
accumulatien=of: collagerleading tocardiac fibrosis andubsequenprogression to heart
failure. In=thisTreview, we wilsummarisecurrent knowledge about the contriimgf factors
for ageingrelated cardiac fibrosis andhe potential mechanisms responsible for fibrosis
development in thageingheart. Fully understamay thesefactors and mechanisno$ ageing
may providewinsight into potential novel afibrotic therapeuticsfor ageing related
cardiovascular. diseases suchheart failurewithin the ageing population.

2. Theprocess of cardiac fibrosis
Cardiac ibrosisdue toexcessive deposition ektracellularmatrix(ECM), including collagen

and fibronectinresuls in excessive accumulation of fibrous connective tisSine. ECMis
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normally regulated by resident fibroblasts whinbdulatethe balance between synthesis and
degradationof collagenand provi@s structural supportand tissue repairfor the heart.
However,excessiveof ECM deposition leads to pathological changes that incbidenber
dilation and hypertrophygventually leading to failure(2).
There arestwoumain causés overexpression of collagefibrogenic growth factors and
increase of cellular populatioBCM depositionis regulatedoy proteases and their inhibitors
such asmatrix metalloproteinases (MMPs) and the tissue inhibitors of metalloproteinases
(TIMPs). MMPs,are members of proteadamily, which play an important role in collagen
degradationw=in contrgsfTIMPs acts as an inhibitoof MMPs by decreasing collagen
degradation (3)The levels of MMPs and TIMPs are balanced by several cytokiretsas
plateletderived:growth factor (PDGF), hepatdmding EGFlike growth factor (HBEGF),
insulinlike*"growth factor 1 (IGFL), epidermal growthfactor (EGF), granulocyte
macrophage colongtimulating factor (GMCSF) and transforming growth factoTGFp),
(4, 5). These. faetors induckbroblast proliferation indicating their fibrogenic activity6).
Fibroblastspraliferation and transformation aemother key cellular evenin the fibrotic
process.in, the fibrotic hearncreasedmyofibroblasts are derived from proliferation and
transformation of the local resident populations of fibroblasts teamtsdifferentiation of
intrinsic cells. This is enhanced in the process of tissue repair when there is a pressure
overload or.myocardiahfarction (7 8). Other known cell typéransdifferentiations include
epithelial cells undergoing epithelial to mesenchymal transition (EMT) and efidbtets
undergoing endothelial to mesenchymal trdiiferentiation (EndMT)9, 10).The cell trans
differentiation process is characteeid by expressn of the contractile proteim-smooth
muscle actins(@SMA). Cell transformation and the fibrogenic fact@so interaciwith each
other asintrinsic cellstransdifferentiationis followed by increasing levels of fibrogenic
factors (such as TGFl and ED-A fibronectin) (11). Pericytes may also be an additional
source of myofibroblasts in the fibrotic heart. However, their role in fibreticodelling of
the ventricle is still unknowi§9). Roliferating myofibroblasts are also rmmononly found in
many damagedhearts (12). Therefore,targeting fiborogenic growth factors and cellular
transdifferentiation may bef therapeutidenefitfor cardiac fibrosis.

3. Contributorsof cardiac fibrosisin ageing

This article is protected by copyright. All rights reserved



In contrast to conventional cardiac fibrosis which is accompanied by inappropriate
proliferation of cardiac cells and excessive depositioB@F¥, agingrelated cardiac fibrosis
is characterized by degenerative changes, such as progressive loss of mgoeytes
necrotic and apoptotic cell death with increase in myocardial collagen c¢h8nfThis
means the“absolute number of myocytes decreases in aging hearts, and the remaining
cardiomyocytesundergo hypertrophy amgtocardiumfibrosis. With ageing, the levels of
MMP-1, MMP-2, MMP-3, and MMR14 decreases significantly. MMPs primarily serve as
collagenases, playing an important role in the degradation of aggsceiMP-1, MMP-2,
and MMR3)yfibronectin by MMP-2, MMP-3, and MIVP-14), laminin py MMP-2, MMP-3,
and MMR14), and gelatindy MMP-1, MMP-2, MMP-3, and MMR14)(14). On the other
hand, ageing=increases gibrotic MMPS inhibitors, TIMP-1 and TIMPR4, in the human
heartleading“to"unbalance of ECM turnover and cacdibrosis(15). The key contributing
factors related to cardiac ageing and the roles they play are summarised in Figure 1.

3.1. Inflammation

The relationship between inflammation and cardiac fibrasiswell established.
Inflammatery cells release fibrogenic cytokines and growth fastorsilatingthe reparative
processAsseries of cytokines (M1, TNFa, and IL-18) promote DNA damage, senescence
and even apoptosis in the myocardium, followed by fibroblasts undergoing proliferation to
replace lost,cardimyocyteg16). In addition,cardiac fibroblastexhibit dynamic phenotypic
changedo/the proliferative phasdue inflammation Of thesg TGH3 serves as the master
switch regulating the transition from inflammation to fibrq4ig).

Thereis accumulating evidencir the link betweeninflammation, ageing and cardiac
fibrosis (6;18):==Ageinghas been associated with lgrade systemic inflammation, that may
be derived froma continued stress respong&9). Low-grade systemic inflammation
charactesed by increased systemic levelsspkcificcytokines and €eactive protein (CRP)
hasbeenelosely linked with fibrosig20). Both the expression of inflammatory geméCcl5,
Ccll11, andCcl8) and theconcentrationof inflammatory cytokinegIL-4, IL-6 and IL-13)
show a strong positive correlation witlgeingand fibrosisin vivo (21). Furthermore, some
cytokines have been reported to promote cardiac fibrosmgeéing directly. Galectin3,
promotescollagen synthesis, depositiaand fibrosis by regulating MMPs/TIMPs levéR?2),
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as well asindependently predictg all-cause mortality(23). Cadiotrophind is a cytokine
related to cardiac hypertrophyhich promotes fibrosis througlupregulating fibrogenic
factors (TIMP-1, osteopontin and periostinlownfegulating antfibrotic factors (MMR2
and MMR13) (24), and inducing fibroblast proliferatioand/ordifferentiation(25). In the
mouse madel,"aged cardiotrophifi-Imice demonstrate reduceatterial fibrosis andyreater
longevity @6)"Therefore, inflammatory factors may be one of kbg contributors in age
related cardiac fibrosis through collagen turnover andleelroliferation/ differentiation.

3.2. Hemodynamic factors
Hypertension=is commonly found in eldpersons. With ageing vasculature undergoes
structural and functional changeharactesed by endothelial dysfunction, wall thickening,
reduced econtractility, and arterial stiffeningCurrent evidencedemonstrates aclose
relationshipbetween hypertension and cardiac fibrq&ig. A previous studyfound thatthe
accumulation of collagen during natural ageing chronic hypertension, anéh vitro
myofibroblast.senescence, shanany common protein profilessuggestingthat fibrosis
arisng fromsageingmay have common underlying mechanisms with hyperter(@8&yn On
the othershandthere are a series of hemodynamic facteossessindibrogenic effects
independent othe influencesby blood pressurencludingthe hormone factors fronrenin-
angiotensinaldosterone syste(RAAS) and endothelin-1 (29,30).
Severalhemodynamic factors are closely linked watheingdependent cardiac fibrosi®f
these,the shormenal factor®f the RAAS attractedthe mostattention and arehe most
important contributorRAAS is a hormone system that is involved in the regulation of the
plasma sodium concentration and blood pressure. When the plasma sodiuntrabonds
lower than=nermal or the renal blood flow is reduced;rpron is converted into renin.
Plasma renin then cleaves angiotensinogen to a short chain amino acid peptide known as
angiotensin | (Ang I). Ang | is then converted to form an -paptde known as angiotensin
Il (Ang 1I), by the enzyme angiotensgonverting enzyme (ACE) found in the endothelial.
Ang Il results In increased arterial blood pressure and also stimulates the secretion of
aldosterone, which causes the tubular epithelial teliscrease the reabsorption of sodium.
Increased activation of the RAAS has been demonstrated in the ageing population by a
previous study (31), which can result in hypertensalated fibrosis(32).
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In aging, apartfrom its hypertensive effec RAAS activation directly affects progressive
ageingrelated organ fibrosis specifically in the heart and kidney. Aalgihe carnpromote
myofibroblast proliferation and stimulaEeCM synthesis. Aga&lependent stimulation of local
RAAS in the myocardium drives cardiac hypertrophy and fibrasifgature that &n be
replicated 4in“young rats chronically infused with Ang83,34 As another important
vasoconstriction=factor, endothelln enhancedibronectin and collagen expression am
ageingmodel, suggestg thatageingrelated cardiac fibrosis is, at leastpart, dependent on
the upregulation of endothelih (30) Currently,several targe inhibitors of RAAS have
been shownste'inhibit the development of cardiac fibrosis in various experimextalsnof
pathological cardianemodelling(35).
On the othershand, some vasodilation factage beershown to havebenefcial effect for
fibrosis. They“includerelaxin and natriuretic peptides (ANP, BNP and CN®jch play
important roles imgeingdependent process Relaxin possegs various cardieprotective
biological functions 36, 37) and reverses cardiac ancenal fikrosis in spontaneously
hypertensive taté38). In ageing,the physiological endothelivitiependent andndependent
vasodilator.response to relaxin dentd, which could induce fibros{89).The recombinant
form of relaxin2 showed potentialclinical benefits forageingrelatedatrial fibrillation by
reversing atrial fibrosis and modulating cardiac ionic curr@is. Natriuretic peptides
functions to,decrease blood pressure by suppressing the RAAS and incesabumg and
water excretior(41,42 In ageing, the levels gerum ANP and BNP are increased and serum
CNP is decrease(3). ANP and QNP hawe been shown to inhibit collageynthesis and
fibroblast proliferation(44). In animalexperimentationplasma CNP irolder rats was less
than onethird-of the level of younger rats The fall in CNP was reciprocated by concurrent
increases in left,ventricular fibros{45). A progressive decline in circulating CNP was also
noted in another study and was strongly associated with a reciprocal increase in cardiac
fibrosis (43, 46) .The natriuretic peptides have been prot@ possess potewmardio renal
actions and are beginning to be regarded as a therapangitwith clinical development
underway 42).

3.3. Cellular senescence and death
Cellular senescence is the phenomenon by which normal diploid cells ceasal¢oldisi
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charactesed by a large flattened morphology, tegulation of senescenasesociated f3-
galactosidase (Sf-gal) activity and proteins (such as pl16, pl9, p21 and p53). It is
accompanied witlageingand ascribed tanaccumulation of ageelated damagenvolving
either myoegtes yor fibroblasts. More than 600 genes have been identified for cellular
senescencegndof them, the p53/p21 pathwayas been identified tplay a key rolg47).
Heart intrinsic'cellular senescence closely rsladecardiac fibrosismaking cardiomyocytes
vulnerable; to certain stressdaurthermore senescence at a molecular leveguls in an
accumulatien of, reactive oxygen species (R@8herated from dysfunctional mitochondria
leading to “inflammation inducing apoptosis ofcardiac myocytes and fibroblasts, and
resulting in remoadelling and fibrosis (48).
p53knockdewniin cardiac fibroblasis vivo, resuls in inhibition ofsenescence accompanied
by reduced“collagen productio9). This mechanism maybe a result of suppressing
inflammatary cytokines. Asan antiageing factor, senescence marker protein 30 show
cardicprotectivereffed through antioxidative effects and could be a novel therapeutic target
to prevent'ageingelated cardiac fibrosi&0).
During ageing, ardiacmyocyte death is often the initial event responsible for activation of
fibrogenicssignals in the myocardiur@ardiac nyocyte death causestress prompting the
fibrotic responsein cardiac tissues bya series of signalling crosstalk. Inflammatory
cytokines and.ROS promote cell death by activating both death receptor pafactasated
by TNFo)fand mitochondrial apoptotic pathweayactivated by ROS)causing further
exacerbabn of cardiacdysfunction (51) Current theraipsfor cardiac fibrosisusually focus
on blocking the fibrosis pathway. Howevethesecannot eliminate the sustained fibrotic
response-activated by cell senescence and death. Therefore, in addition to targeting the initial
triggers, antHfibresis treatment should also focus imterrupting the cycle o€ell deathto
prevent furthefibrosis (51).

3.4. Reactive Oxygen Species
ROS are reactive chemicgpecies containing oxygen, derived from NADPH oxigdéseated
within cell membranes, mitochondria, peroxisomes, and endoplasmic reti@llwhyhich
play important rols in immune defences(52). However, overexpression of ROS can
potentially cause dtleilar damage by impairing DNIRNA synthesisand protein functigns
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andacceleratinghe ageing process. In fibrosis, fibroblasts and epithelial cells have been well
documentedo utilise mitochondrial ROS as second messengers to facilitate diverse signal
transduction pathway&3). Some cytokinesreinvolved in ROSinduceddifferentiation of
fibroblastssuch asTGF3, which has been reported to require R@®$ the induction of
differentiation(54,55 Accumulating evidence suggests that Nox4 NADPH oxidase may be
an important*dowriceam effector in mediating T@Fnduced fibrosis, while NADPH
oxidasedependent redoxgignalling may in turn regulate TGFSmad signallingin a feed
forward manneb6,57) ROS may also plagnimportant role ithe RAAS-dependent ageing
fibrosis process since RAAS inhibition reduce cardiac expression of NADPH oxidative
componentsp22phox, p47phox, and gp91phd24). In addition accumulation of ROS
inducescell-apoptosis througa mitochondriadependent pathway, which promegtress and
fibrosis(51).
Interestingly, undecertainconditionslike hyperglyc&mia the hydrogen peroxiggroducing
NADPH oxidasesultype show antifibrotic effects. A previousstudy found that NOX4
inhibits snmooth,muscle cellpathophysiological proliferation in diabetic Apéemicein vivo
through"PRGF and NOXactivation(58). Further investigations needed tgrovide more
evidencdorthe role of ROS in ageinglated cardiac fibrosis.

3.5. Other factors
In additionyto.the aforementioned factqrshere areother agerelated mechanismghat
promote cardiac fibrosigcluding pasminogen activator inhibitek (PAI-1), andcathepsin
K.. PAI-1lis a principal inhibitor of fibrinolysis, which can regulate the dissolution of fibrin
and also ‘inhibit the degradation of the ECM by reducing plasmin generatiofl RAI
significantly-upregulated in a variety of pathologies associated with the pmtesageing
(59). The lysosamal cysteine proteasathepsin K has been shown tattenuate ageg-
related cardiac fibrosida suppression atellular apoptosi$48).

4. Melecular Mechanisms
Upon comprehensive analysistoe GEOpublic database (GSE8146D), which documents
the differental expressiorof genesof theheart betweenld and young micetheresults show
that the old heart is charactel by changes in the cellular cycle, adaptirenunity,
metabolic shift and cell death cydlgl) as shown with G@P) enrichment (Figurel.A) and
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reactome pathway enrichmeriigure2.B). These show that the ageingprocess involve a
series ofimportantcellular signalling eventssuch asthe mitogeractivated protein kinase
(MAPK) signalling pathway, TGH3/Smad signalling pathway and a series of noncoding
RNA and autophagy pathways

4.1. MAPK signalling pathway
The MAPK signalling pathway may be the key signalling modulator linking a mutigwof
adverse contributors tdetrimental effects on cardiac functjancluding fibrosis in ageing
Mammals express at least four distinctly regulated groups of MARHisding extracellular
signalvrelated=kinases (ERK)/2, Jun aminderminal kinases (JNK1/2/3), pBBAPK
proteins (p3®MAPK has o/p/y/d isoforms) and ERK5 which are activated by specific
upstream MAPK Kinases (MAPKs, or MEKS. MAPK signalling activatesat least 20
transcripionfactors and isinvolved in a series of other signalling pathways(62,63).
The MAPK signalling pathway is responsible fearrious cellular functions, including celar
apoptosis, _proliferation, differentiation and migrati¢é4). It is suggested thaMAPK
signalling is ‘increased during agein@65-67). The activation of p3®IAPK due to
endoplasmic_reticulum stresgs been found to promotmardiac myocytes apoptosis in
ageingmiee;which in turnpromotescardiac stress and indwcibrosis (68). Activation of
ERK1/2 MAPK signalling has been shown to contribute cardia fibrosis through
TGFB/Smadisignallingin aged PAI1l deficient micg(69). Recentlynhibition of the MAPK
signalling pathway has been regarded as a potettiadapeutictarget forageingrelated
fibrosis and other degenerative chandgds nhibition of apoptosis singnal regulated kinase
1 (ASK1) (a ROS sensitive kinadeelongsto MAKKK family)to alleviates oxidative stress
by blocking-dewnstream p88APK signalling ¢0). Cardiac fibrosis caalsobe alleviated by
other small moleculesincluding scutellarin, rosmarinic acid and phosphocreatine, through
inhibition of MAPK signalling (7173).

4.2. TGFp/Smad signalling pathway
In TGFB/Smad signalling, the Smad complex, made up of TGF phosphorylated receptor-
activated Smads 8mads: Smadl, Smad2, Smad3, Smad5, and Smad8) thatssacete
with the cemediator SmadThen theSmad complexes activate specific geranscription
through cooperative interactions with other Didfding and coactivator protei(¥t). In
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fibrosis, TGFBnot only directly stimulateECM expressiopbut alsoexers its potent matrix
preseving actions by suppressing the activity of MMPs and inducing synthesis of protease
inhibitors, such as PAL and TIMPs(6, 75) It also plag a key role inthe process of EMT

and EndMT when Smad2/3/4 complex recrigtdT-promoting transcription factoras ce
activatos, suchias TWISTE6).

Even though; others have observed higher levels of TGFp and phosphorylation of Smad2
in ageing thear{87). Our previous studies showed no major variationmRNA levels of
TGFB in myoeardium during ageing (78, 79)However, higher levels of T@F and
phosphorylation of Smad2 have bearserved inageinghears(80). This disparity may be
due to the levels of TGFp being increased in heart connective tissue, and not in myocytes
(77). Furthermare, somageingrelated factas such as MMPY can activate latent TGFp,
leading to further activation offsadsignalling 80).

Interventionsdirectly targetingthis pathway have been shownhave undesired systemic
side effects.dueito th@eiotropic physiologicé functions of TGFB (81). Thereforgtargeing
downstream sighallingathways involved in TGFB-inducedprocessesay beabetter option
to preventfibrosis irageing (82,83.

4.3. Nencoding RNA
Currentlyit is estimated that nearly a quarter bé thuman genome can be transcribed into
RNA, whereas_ protetsoding genes make up only 3286 of the genom(@4). Noncoding
RNA transcmptionsare a class of the RNA species amnd categoried into small noncoding
microRNAs (mIRNAs) and longhnoncoding RNAs (IncRNA$85). These have various
effects in‘.requlatig gene expression, including transcriptional regulatlooRNA by
recruiting=chrematin regulatory proteins to specific genomic locations, genomic imprinting,
organisation of protein complexes, and shaping distinct nuclear structures (86).
To date manymiRNAs have beeronfirmed tobe involvel in cardiac fibrosis. The targets of
these MIRNASmMiR-21, miR29, miR15, miR101, miR132, miR1, miR133, miR208a
and miR34) are mostly involved in collagen synthesis prag€iElastin, Fibrillinl, Myd88),
TGFB/Smad signalling (TGFBR1, Smad3, Smad4, Smad7), transcript factorgdbrcycle
progression and apoptog(s-fos, foxO3) and stress signalling (dM8PK) (85).
In animal and clinial experiments, a series of miRNAs have beenelihko ageingrelated
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cardiac fibrosis. Compared with youmgice older mice possess higher 2R levels in
cardiactissue contributingto increasd senescence and activat of cardiac fibroblasts in
the ageindheart(87). The antifibrotic factor, miR17,acts as a negative modulator afdiac
cellular senescence bypression oproteinaseactivatedreceptord (PAR4)However miR17
is downregulated in the elderl{88). Other miRNAs such as miB4a show both protective
effects byr=inhibiting ageelated cardiomyocyte death and remodelling and-pntective
effects when overexpressday promoting prenflammatory factor secretion in SMC and
inducing irflammation(89), (90).
In the context-of bart disease, the role of miRNAavebeen intensely studied, whereas the
role of INnCRNAS remains largely unexploretio date, only a few IncRNAs have been
characteged=far their function. MHEassociated RNA transcriptMhrt) and CHRF
(AK048451);have been implicated in cardiac hypertrophy. Mhrt can binde8RM/SWI2-
related gene helicase domain and prevent it from resagngenomic DNA targets, which
has been shown to be reactivated in cardiac stress and promote pathological gene expression
(91). CHRF isysignificantly upregulated in heart failuratipnts, andt has beerfound to
induce cardiomyocyte hypertrophy and apoptasigtro (92), as well adeing upregulated
in cardiacfibrosis model@®3). The complex roles of necoding RNAs, including miRNAs
and IncRNAs, in ageingelated cardiac fibrosis are yet to be fully explored.

4.4. Autophagy
Autophagy is the natural, destruaivmechanism by which cytoplasmic constituents,
including organelles and intracellular pathogens, are sequestered in a-meuftbeane-
bound autegphagosome and delivered to the lysosome for degradatwwa involves
regulation ef-autophagselated genedn the ageingheart,damaging ofproteins, DNA and
cellular organellespromotesstresdan cardac myocyts and further inducecellular apoptosis
and death. Sufficient evidence sugdhat autophagy flux is downregulated in the heart
during ageing Persigentinflammation, cellular senescence and depression -oéguylators,
such as Sirt, may be the cause of (8%95.Failure of cardiac cells to undergo autophagy is
thought to be one of the main reasons for promoting cardiac damage in ageidg€dg)is
alsocharactesed bythe loss of stressnduced adaptatiorsapacity which may result partly
from the suppression of autophagyd lack of autophagy during stress appears to promote
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cell death and morbidity97, 98). Stress factors, such as ROS, regulate the activity of the
protein kinases, mechanistic target of rapamycin (mMTOR) and-AdfiPated protein kinase
(AMPK) (98). In ageing animal models, several targets including CR&B1Atrogin
1(100), Calstabin2 and Akt101, 102), are downregulatedand have been identified for the
ameliorationofymyocardial fibrosiby the activaion of autophagy.Furthermore obesity
andbr metabolic=syndronsein older personsmay also iduce progressive changes in
myocardial inflanmation, apoptosis and fibrosis whigvolves theactivation of mTOR
signalling and ndepression of autophad03). Calorie restriction may exert a cardiac
protective effect by attenuation of mitochondrial ROS production, activate autophagy and
inhibit inflammatory signalling pathway404). Restoring autophagy theageingheartmay
be a potential'strategy ftreatingageingrelated cardiac fibrosis in the future.

5. Conelusion
The processf cardiac fibrosisnvolvesincreasecdcollagenexpression and deposition due to
fibrogenic growth factors,cellular transdifferentiation by inflammationoxidative stress
senescence and@poptosis The mechanisms dgeingrelatedto cardiac fibrosis may be
explainedby. a series of fibrogenic pathwaysuch as activation of MAPK and T@Smad
pahways,and depression of autophagy. Many of the factors and mechanisms involved in
ageingrelated cardiac fibrosis are operative in disease or pathological conditions in the
younger heart.. However, there are significant characteristic difference palyictilar
imbalancefof preand antifibrotic factors in ageingr-urther investigation is likely to develop
novel strategies that may potentially reduce cardiac fibrosis in the elBearlgermore, novel
therapeutic_targethiave beenidentified which could lead to thedevelopmentof new

treatmenitdor-the management of ageinglated cardiac fibrosis.
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Figurelegends

Figure 1.

A schematic depiction of the fibrosis process in aging. Increase/activatifibragenic
contributors (blue) and decrease/inhibition of diliogenic contributors (red) promote
collagen deposition and/or fibroblast proliferation, and eventually leading t@acdiloiosis
in the ageing heart.
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Figure 2.

Enrichment analysis for different expression of genes in the heart of old mice show tha
biological jprocesses mostly involve cellular cycle, adaptive immune, metabolic shift and
cellular death™(A). The genes involved in stress signalling and adaptive proteaion a

differentially"expressed (B). The data was derived from the GEO public datgbaE8146)

and figuresare draw by ReactosfA package in R/Bioconductor.

The data was“derived from the control and old heart animal model of the GEO public
database | (GSE8146, https://www.ncbi.nim.nih.gov/geo/query/acc.cgi?acc=GSE8146), and
Figures wererereated with the ReactomePA package in R/Bioconductor. The GEO is a public
repository“that“archives and freely distributes microarray,-gexération sequencing, and
other forms of highthroughput functional genomic data submitted by the scientific
community...The data from GEO can be -amalyzed and published freely
(https://wwwnebi.nlm.nih.gov/home/about/policies.shtml).  We haveanalyzed the raw

data fromsthe database and the results are include it in our manuscript. Somenafrike

data fromseDNA microarray (cCDNA chip) have been published before by others who als
analyzd the same database from a diffeqgmuispective (Reiter E, Mol Aspects Med 2007,
28(5-6):668-91).
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