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Abslracl

Inlroduclion

ACKGROUND: Epidemiclogical dsts  reveal

parallel irends of decreasing slsep duration smd

incrzascs in metahalic dizorders such as ohesity,
diabetes aid hypertension. There 15 growme evidence that
thess wends are mechanizacally related,

CONTENT: The cueadian svstem orchesimates the
tempural orgemizanon of nany aspecis of physiology,
meheling wetabolizm, m sypcloony with e 24 Lo
robation of e Tarth. The cmeadian svslen 15 3 complen
feedhack nerwarle thar involves inreractions herween the
ceniral nervous systemn and perpheral ssues. Circadian
regilation 15 mbmmately Tmked f0 metabohe homeostass
and that dvsregvlation of ciecadian shythms can contribote
o disease. Conversely, metabolic signals also feed back
e the circadian system, modulating circadian gene
cxpressionand behavicr

SUMMARY: Both inter and intraorgan desynchrony may
be involved in the pathogenesiz of cardiometaholic disease
atiributable o effects in brain and mliple metaholic
fisemes ineinding  heart, liver faF, mmeola, panotans,
ancd prul. Tiforts iy dissect the maleeular mestators tiat
coopdinare  cweadian, metabolic, and  ecandiovascular
systemns iy ulimaiely lead 0 both improved therapewtics
and preventive interventions.

EEYWORDS: Cucadian dewitluns, clock menes, nuclea
receptor. sleep, obesity. cardiometabolic tsk.

Draly behsviours that sre asvichronous wath tee el
Lght'dark eyele. sueh s slaft work: el Ty and sleep
deprivanon, ave been sironely amd consitently associated
with a number of chronie diseases, meluding diabetes, heart
diseaze and obesity, We now live in a 24 h mechapized
warld in which one can shop, eat, exercize. drink, work
and play around twe eloek, wd the conseguences o lerms
of ealth may ultimacely be considerable. Wik amificial
Ll we no louger eapereues o 10-12-h pesiod of e
darknzss at night, and our sleep, cating and activity periods
arc offen disconnecrcd from the eamh’s oeational thwhm,
Moderm ar travel forces our bodies to abonpily scclimate (o
new time 2ones arl altered hehtfdatk evelzs, otten imdnemg
“jet lag, People experience moreasing cieadian stressas
as globalization forces faclones, retal commence  ad
comparter-based jobs towards a *247" aparating schednle,
However, the impacts of these stiesses on health gre not
fully appreciated and reouire comprehensise infcgration of
research information from the ficlds of circadian biology,
sleep. metaholizm, numition and human phvsioloey (1)

The prevalence of dizhetes and ohesity 1= imcreasing &t
an alarming rateworldwade, and the canses of this pamdemic
are ot fully umdersteod. Chrome sleep curtalment 15 a
behavior that haz developed over the past 2.5 decades.
Laboratory and epidennologmeal studies suggrest (el sleep
loss may play & rols in the increased prevalence of diabetes
andior obesity {2).

Today, more than 30% of adull men and women
between the ages of 3 and 64 vears repott sleeping less
than 6 hours par night. The deceease in average sleep
durafion has ocowred over the same e periel as the
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increase in the prevalence of nhesity and diabetzs (30

Sleep restriction may affect ensrey balimee ani resnl
m wetrhil man becanse of an aprernbaion of appenie, more
hnes bo-eal and a decrease menerry expendiiure. Simafican
weight gain may in mm result in insulin resistance, o
condition that mereases (e risk of developmsr diabeies and
may promate fimther adiposity, This cascade of negative
events is Tikely o be acceleratad o many overweight and
abese individuals by sleep-disoidered breathing {510B),
i reporied mdependent nsk factor Tor snsolin resislanes
{451

Circadian and metabolic regnlarory systems cvalved
to be fmenonal and adaptive during a e when the
lifeswvies and the environmental exposurcs of cnr honter
gatherar ancestoes were quite different from oday The
cirgadian rhsthms of corearly ancestors weie more closely
sviehronized 1o the risine and setting of the sun, 3o they
wpe likely o have obtaimcd more sleep. Today we have
arrificial lights o cxremd onr active phases and distracrions,
anich as longer work davs snd commuting fimes, increases in
shift work mnd an mereasz n the nse of television, personal
eommpuiers sud the mtemet, which curinil oor sleep. Hunter-
gatherers als foods that wers available ssasonally whereas
today we can ear virmally any food vear-round (G)

Cwidenwes froan epaderpioboreal sindies 1 consiste
withy bypothesized mechnmstic hnks between cireadian
hology, sleep and metabobizm, Modemn hiestvles are
meampatible in mady wavs with the ininsse attribotes we
mhenied. Imbalances can resull from s process o dys-
reyulale our circadian snd metabolic systews, resulling
m waladaphive and dyvsfopctonal health outeomes swch
as obesity, diabetes and hyperension. Given lhe wide
dispanries berween our current environments and lifestyles
and those of our hunter-gatherer ancestoss, it s ool
surprising Mat a Lwee propormion of 0s are soffering from
theze illnesses (H).

[t metabolic changes resulting from sleep restrction
Mmeiom 1o merease body wetght. msolin resistance and
blood pressure then interventions designed to increase
the amoint and improve the quality of sleep conld seree
a5 meannents and as prmary prevenfative measures foe
metabobhe disorders (G}

Metabolic Consequences of
Sleep Deprivalion

Poor slesp has increasingly zained attention as a potential
gonfriburor to the recent obesity epidemic, The increascd
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prevalence of ohesity i Western: nations over the past
half-century has been paralleled by & severs redncion m
sleep duranon. Physiolomeal sindies sprrest redueed sleep
nty 1mpacl homuonal regulaizon . of sppeils. Prospeclive
smidies swgacst reduced habitnal slccp duration as asscssed
by seli-repor] 15 an mdependent risk factor for an mereased
tate of weight gain and inciden obesity (7).

Fesunhs  from  experimental  =hidics
meshanistic link between inadecmate slesp and increasing
body wetght. Sharl sleep duratiom has abso been theonred

snggest @

to docrease enerpy expenditare (#) by impaecting non-
exerese aclivily ermorenesis (90 and by doopping core
Lady temperatirs (100, Sleep deprivalion kas been dhown
to decrease glucose tolerance and compromize insulin
semativity (113, Shogt sleep duration cculd also lead
weisht eain and obesity by increasing the dine available
tooeat and by making maintenance of 4 healthy lifestvie
maoge difficult.

Individvals who engage in shift work bave been
shown to be at increased sk for the metahalic syndrome,
implicating bath the nming of sleep mnd sleep duration
m e mesocintion (12, One of the pomary effects of
circadian desymehrony from shifl work 15 8 reduclion n
total sleep rime, 50 the most parsimonions cxplanarion far
thes apparend mopeaet of shill wark om metabolsan-selaed
outeomes 15 the effect of cireadian desynclmony on skeep
fluration rather than. direct etfects from perturbabons i the
cireadiai systedl.

A nmnber of crosssectonal, as well as prospeciive,
epidemiologic studies (13,14) have provided evidence ol
arl assoctation between sell-reported short-duraton andf
or peor-guality sleep md the previlence or mecidence
of diabete: mellims, after age, BM] and varous ather
confoending variables are taken into account. short sleep
dogation was fovad o predict an increased incidence of
dishetes in fonr of the six smdies, whereas poar-cuality
sleep was associated with an increased risk of diabeies
wetlitus 1o [ive of the six stidies {153,

In a mndomuzed. crossover smady that mvolved twao
mghts of 4 h m hed versus o mghtsof 100 h an bed, the
dayrime profiles of the satery hormene, leptin, and the
sppehte-sbmnlating hommone, ghrehn, wers measured and
the participants completed validated scales for unesr and
appeiaie [or vareus focd calczones. Overall lephn levels
decrcased by an average of [8%, while gheelin levels
increased by 28%; the ghrelinleptin tatin inercased by
ot than 5% Hunger mereased by 23R and appetite for
nmirients wath a bagh carbohoydrate conent was mereased by
miome tham 30% when sleep was restricted . 0 thas merease
m bungrer dunng sleep resinebion were o ranslale mio 3
commnensurale merease 1 food miake, weighl gain would
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be expected o ocour over tfime (17,

The effect of slesp restriction on appetite eanlaton
ssemms Lo be similar in the shorl teom (26 days) (16.18)
and In chromie conditions. Indeed, e epidzouclozic
sludhies bive shown reduced leplin evels alier contrelhng
for BMI ar adipasity in habimal short doration slecpers
(192N, High ghrelin levels were also associated with
shart duration sleep. This hody of eprdeminlogic evidence
supports the hypothesiz that sleep curtatlment may he a
plansible “‘nontraditional” hifestyle factor that contriboes
o the epidernde ol obesly (210 Inereasing the duralion af
sleep for thoss who regularly curtail it has been sugacsied
a3 a moans to improve the bealth of the populaticn nz a
whole (23],

The existence of a ‘vicious cirele’. in which shor
durafion sleep may ritally promote weight zaimg the
resultant  exeess achippsity woull then malwe  sleep
disturbances and psyehologieal sivess, willy a vet [urilier
decrease i total sleep time, The prevalence of Obstiuctive
Sleep Apmea (O5A) monstabolie and spdoerine disonders
is very high: In patients with diabetes mellims, the
prevalence of 85 15 between 17% (23) and 48% {24).
Tn a prebminary report. which mvalved only ohese
patients with diabetes mellitvz, vadiagnosed D5A was
found in S7% of the parncipants (25). Polveysae-ovary
syndrome (FOOS), the most common endocrine disonder
of premenopavsal  women, mvobves  obssiy, msalin
rosistance and a substantialby clevancd sk of carly onscr,
inpared pocose toleramce and Jiabetes mellitus. whereas
the nisk of 05A m healthy young women, even if they are
overweielt of obese, iz less than 10M%, in women with
PCOS, recent reports have foind a prevalence of O54 of
44705 (26.27).

05N fnvolves respimalory  distrbances, liypoxic
siress. poor-gqualiny sleep fowing v osleep [ragmentation
and low Jevels of slow-wave dlesp) and reduced oral sleep
time. Lhe alterafions in glocose regulation and/or appetite
tegulation olxserved with experimentally reduced sleep
duration ad quality (11,100 sueeest that pooc-gualiy
antd short-durafion sleep, 1 addition w0 bypozia, conld
cotpribute to oltered sineose homeosipsns aml weiglhil gam
in patisnis wids 054

Tn evaelinsion . ehrome slaep Toss Tehavioral or <leep
dizorder related  may represent anovel risk facoor Foo weigh
i, msulin fesistance, tvpe 2 diabetes, hypertension aind
cardiovazcular dizease (281,

Restorative sleep 15 essential for well-being, bat sleep
curtzilment has heeome a common behavior in modern
sociely. In sddition. slesp disorders, particularly O5A are
very common in mdividnals with metabolic and endocnine
dizorders, but often remam nodiagnozed. The aceumulated
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evitdence for a defeterions effect of short duration or poor
quality sleep on metabolic and endoerine foietion supporrs
the hypothesis that clhronte. volmiary sleep curtailmenl
and sleep disorders such as O5A mav adversely atfect the
course of dissase m patienls with wetabobe amd endocrines
disorders {171,

Sleep is Necessary for Heallh

Why do we sleep”™ Nonetheless, we ae Depinming [0
understand the conmibgtion of sleep to Ivndamental
bram processes (22U 50 Mammalian sleep 15 an active
process that consists of alernating periods of non-rapid
eve movement (NERMY and rapid cye movement (REM)
eleep (310 The lenath of NREM REM cycle in human =
approcimately 20 win and is repeaied four 00 5ix ([mes per
might. NEEM sleep 15 chvded mio stages 1AL 1 and 1Yot
prosressively deepar sleep. The syichronization of coitical
avtivity during siages HEamd PV resulls inhigh — amnplitede
Tow — troquency electrocneephalozraph wavetorms known
as “slow — wave sleap” (5W5). Gonetie and environmental
factors snch as sex, raccicthnicity, chromolozical ape,
safineconmine siams and  others, comimbaite o0 The
congitderable mterindividnal vanahihty m the quantity and
architecmge of Iininan sleep (32-33),

Although the brain gprves us sigmals that mdicate when
we have had insafficient sleep, data show thar moce and
moee of 15 are ienoring these signals and reducing the
amount of sleep we obtain cach night: The percentage of
adhlts who sleep less than & b per night 15 now greater than
at any other time om record (361,

Itig clear that our cioment praclice of sleeping less 15
largely inven by sowetal changes, meluding mcresised
reliancs on longer wark henrs and shitt wook, the trend
for longer commure times, and increased aecessibiliny o
mezdia of all sortz. Sleep losc is aszociated with imcrcasced
phesity: ([%37) and wirth rednced levels of leptin and
mereased levels of ghrelhin (16,19, the combinahon of
which ncreases appetite. Slesp loss 15 also associated
with ¢habetes and wnpaired glucose (olermnce moa dose-
reluled manner: mdividuals thal reporl sleeping less than
1 per night are ~1.7 times as likely, and thiose that report
sleeping f2ss than 5 I per night are ~2.3 Gmies as likely,
to have thabetes than mdividnals that abtam 7 h of sleep
(38). Cardiovasenlar disease and hypertension are also
associated with sleep loss: the nisk of a fatal beart sthack
pecreases $5% w welividoals who ducucally sleep 5 b opes
might or bess {390 Collecirvely, these sxmnples demonstrales
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witle-rangang  conssgquences of sleep loss on physical
health. Obesity, diabetes and cardiovasenlar disease a
pathologies that are characterized, in part, by milaaomatory
PrOCCsscs.

Feeding and sleep are two of the most mme —
consimming bar nutsily exclnsive hehavionrs in remestrial
mammnals. Converging data now indicate that the contrel
of mammakan sleep i closely miegrated wath the
mechanizms that suppodr the overall energy balance and
mietabube survival of the species (31 40-42)

It lias hecn hyporhesized that, similar to the process of
seasonal hibernation, anc of the functions of sleep may he o
conscive cnorey in the conrse of the dav. Sleep is gencrally
the hme when mammalian core body  temperature and
phy=ical activity are reduced the most. Apart from ks well
- recognired potential for enargy savings throngh enforeed
mmmmola bty Tweever, bunan sleep 1s onby aceompanied by
a modest decline in resting encroy expendimne (4.3)

A recent understanpding of nenral mechanisms that
conrrol slecp and wakefulness show their closce infegration
with  pathways  that encregy  homenstasis,
feeding, activity, reward and mobvation {3141} The

Feomiatc

identification of & new class of excitatory nearons in the
lateral hypothalwms, which contins pepiides known as
hypocreting of orexins, has revealed a complex system of
ceniral and peripheral pathways that suppor the actrvity and
vigilanee of the crganizm ln the presence of covironmental
or metabolic threats to its survival (41, Orexin nenrons
responed to cirenlating factors such as ghicosc, insulin,
leping, and ghrelin, and project fo varions regions of the
bramn to conitol newroendocnne and anfonomic activity.
anit promole feeding and aronsal. Mot surpnsmgly, changes
in thizs system have been hypofwsized o eomtribute 1o the
padiogenssiy of mesbolie disorders associated with (e
man shot slecp (440,

Many laboratoricz hsve developed what is nowe
overwhelming evidence linking sleep deprivation enhaneed
imter lenkin | heta (1113, and the related cyfokme mmor
necrosis factor alpha (TWF), o svmptoms assnciated with
sleep deprivation, sech as sensitivity to Kndline and pain
slimmeh, cogmttve, memory, and perfonuance mpamnents.,
depresslon, sleepinegss, and tatizpe, Further, chroate sleep
loss i associated] wdlh patholofees such as. uwsialiobic
svindrome, chropie  inflammation, and  cardiovascular
dizoass (15).

Many of the symptoms induced by sleep loss, ep.
sleepmess, fatigue, poor cognition, enhanced sensilivity
to pamn, can be elicited by mjection of exogenons 111 or
TNE, that AP, released dufine neurotransmission. acting
via purne P2 receplors on glhia releases T and THI Thas
mechanism may provide the means by which the brain
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keeps truck of prive weage hstory. TL1 and TNF m o act
on penrons o chanes thelr wnrrinsie properties and therebsy
chianyre mput-ouipul properiies (Le: stale shall) of the local
network invalved (45).

Sleep. like any behaviour. is regulated m the brain by
mitltiple averlapping nenroamatomic circats and related
nenrochermical syatems. -1 and THE interact wath several
of these systems. mchwhng the serstomn {(also known
as 3-hpdromytreptamine (3-HI system (44 The 3-HT
wystenn 15 one of the wost mvesiigaied transoifier sysiems
wirh respect to the reenlation of sleep,

The dmportanee of the 5-ITT system’s mols i cleep
reenlation is supporcd by hoth experimental data and
chimical observabons:  pharmacological - manpalations
that affect the 3-HT system by allering newrsdranzmitter
syathesis, release, binding or re-aptake and metabolizo
resull i profoumsd alterations moslesp (47). Sleep w also
attered dnrmg clinical conditions such as deprezsion, n
which e metonality of the 5-TIT system is thoughl o be
chronically aleerad (48,

Thus, e dependent  proccas
infinenced hy cytokines and their effector molecuies such

sleep i a4 local

as mifric oxide, prostaglanding and adenasine {45 Crood
sleep 15 necessary for phiysical and mental health. For
example, sleep loss impairs mnmme functon, and sleep
Iz altered durine infeciion. lmoowne sizpalling molecules
are present in the healthy brain, where they interact with
nenrochemical svstems fo coptribnte fo the regulation of
marmal sleep (19).

Many people enmently sleep onlv 5 6 b per mght.
Fpideminiogical stdies have demonstrated thar self
reparted short slesp 15 assoctaled wath mereased incidence
of obesity and diabetes, hishlizhrine the inpatanes of this
irenidd for pubilic healih. This (odmg has inggered moewed
research wip it the mechanizms that link the regulation
of mammalian slecp and metabolizm (13

Central and Peripheral
Circadian Cleck

Wit mereasing ecowomie and sociin] demands, we are
rapidly evelving intoa 24 hsociety. In any wrban coononyy,
about 20% of the population are required (0 womk cutside
the regular G800 1700 b working day and this figure 1=
Likcely to merease. Althoveh the merease mn shitterodk hias
led ta greater fexabibily i work schedules, the ability
o provids goods and services thooghout the day and

might, dml possibly gredter employment epporiumties, the
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neygative elfecls of shaltwork sl clorome sleep loss on
Frealile amd produciivily ame nuw being appreciaied {3500

Thie 24-h sowgely 15 an environmental challenge that
autstrgps our biclogeal adaptation 10 the natural 24-h
cycle of Hght and dwlmess. One of the magor inflnences on
time-of-dav vagations in phisiology and elaviowr is the
activity of internal rhvilun generating systems. Cireadian
(about 24 b rhythms, e controlled by a-master bialogical
clock. In mammals, the master biological clock is locared
i e suprachiznsmatie nuele of the hyvpothalamus . AL tie
subezlindar level of oroanisstion. circadian rhythims arc
generated by mransenptional and translational feedhack
loops  mvolving molple clock  gemes. The precise
penndicity {or cycle length! of the biological clock is
knowm to be genetieally determined, and variation in ¢lock
sines 15 hought 1o be selated 10 mdivada] differcuces m
namral wake and sleep nmes (507,

These nerwork feamrcs acr in concort a5 3 gonctic
Puffering sysiemy o mamtnn oloek fetaon in the e
of menstic and emAranmental pertuthation (310, A& key
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characlenslie al the biologeal cluek 15 s abality 10 s-
adjusl faather by phase advancimy or delaying) o clianges
m e enviromment, for exanple alfer iransinendiam
travel. Symptomes of jetlag are hovght 10 be cansed Dy
desynchromization of crrcadian rhydms from fhe external
envitonment, the iransient change in the phase relationship
of individual thvibinz, and perhaps changes 1nthe amplitode
of thythimsz.

Symproms of jetlag inclode davtime tiredness,
difficully mnuatng sleep atl mypht {afler eastwand Dight) or
carlv awalening {afrer westweard flighty, distrbed night
time slecp, impaired davtime alermess and performance,
gastrodnrestingl problems, loss of appetite, and inappropriate
bming of defecaton and wrinznom. Soch sympioms can
sericusly impair a person’s peformance and ability o
funslion, i penl Docause of e maducion m sleep gueality
and qumantity, and becanse performance and alermess
rhythims will rakoe szveral days fo resynchronize {50,

Rickogmeal shythang oz an oantezral component of
esaentinlly all aspects of life. These rhvthms are controlled

ﬁ_]_ghl‘.l'dai"ﬂ

Central pacemakers

Social
‘contacts Alenicnetic nids
! Bymualeihic
:E?«"E rcise Paraaympalbelc

Hocganmin

Endocring
rhythms

Food l

Peripheral oscillators

Figure 1 Cirgani2alion of IR e sdian systionm inomdamneals (Acspded wilh pesrnission fTrom | iggandaotl SWikkane S Wilking) (157)
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Metabolic output

DBF TEF HLF ._‘*
. mrmpﬂdu,;
CREB-ATF-CRE) (. lucose &

Figure 2, Guiding blocks of o msdecularn dock phdaplod wilh pormission Trom Clecvier I, s (74,

i part by circadian clocks,  transenptionally - hased
mechamisms that synclroiize the orpanisey 10 is changing
envionment. The cemiral civcadian elock 15 focated wathin
the mprachiasmatic nuclens of the brain, while perigheral
clocks ams located willon vitually all eells outsids of the
suprachiscmarie nuclens.

Both central and periphcral cireadian clocks kel
rezolate many physiclogical functions, ircluding nsulin
semsitivity. endocrng Tegnlation, emergy  homenstasis,
satiery signalling, cellnfar profiferation and cardiovasenlar
Mmetion (52} Clock genes and thew protein produets are
invelved in negative and positive reenlatory focdback
loops. In mammaals, the transeripional aceivalors CLOCEK
feircatian locowoter oolpul eyeles kaput) and BMALL
(tram and mnscle ARNT-Lke peolein 1} helersdimernze
and activate the expression of the clock penes Perlod (Par]
1, 2 and 3 and Cryplochirome (Crv) d and 2 {53-33). FER
and CRY proteins tocether enter the muelens and CRY':
repress CLOCK-BMAT | doven transenption, sud ties,
the sxpression of the Moy and Crv penss (50-33). The
auleme of (his fesdboek loop 14 the oseillniion of Per and
Cry transenpts and protein prodncts. Other fecdhack lanps,
mvolving franscrption factors anch as orphan ooclem
receptors {39-62) and TREC 172 proteins (63,047 add np onte

the basic loop to fine mue circadian periedicity (39 .561) and
mediate ourpats pathways (65 660, These owrpo; pathways
are the links berween the moleenlar elock mechanism and
phvsiolomeal chiy s

In addition o the Peroand Oy genes, CLOCES
RAIALT alsn aetivare franseripdion of the refinoie acid-
relared orphan nuclear receptars Rev-erbo and  Boro
(3AT 6267 REY ERRo s o the vetinoie neid - related
orphan recepior (ROR) response element (RORE) o the
fhrald promorer resulting i inhibition of ranscription
and this action = opposed by KO, which activanes the
RORLE (52 p0-62), o additon o e ouclear hommoue
receptor feccdlback loop, PAR domain basic feneine zipper
iranseripiicn factors (RAN BEIPY, including DBP (D-zite
binding protein), TEF (thyrotroph  embryonic factor),
HLF (hepatic levkerma factor), and the ¢AMP pathway
(CRER-ATF-CREM) also feedback om the clock, actmy
Uireasgh cogmate T box and CREE elemenks respeciively
(E1eTAS-T2 Postranslanonal modifGeation, meluding
phosphorylation  and  abdguinaton,  provice  [orlier
reanlation of the clock netwark Casein kinase Te and -f
{CKle and CK15) phosphorylates PER and CRY, tapging
them for pobnisgquityiation by the B2 uhinnitin ligase
complexes [i-1rCP1 {f-uansduecinrepeat containing protein
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[y amcd FRXLS (F-box and lescime-neh repeal protemn 33,
respectively, ultimarely leading fo their deeradation by the
265 proleosome (T3},

These clocks coordinate hiolaoical processcs to
maintan synchrony with the envirommental cveles of
light and nutmrient=. Tt has been known for mony years that
mineron s aspects of inetabolssm exhibat dalv rhythindciry,
mchuding muny types of crculating and  mtracellnlar
metabolites, feeding-related hetmenes, and  ineestive
beluaors (T4,

Metabolism  and  cireadian  clocks are  tighey
i lackeal, clocks diive welaluolic proccsses, aand vaioos
mctaholic paramcters. affect clocks, producing: complex
feedback relabonsiups.

The numbers af zenes judged m be thythmic ranged
feoeam 3% to 20% in the different microacray smidies of pene
eapmession profles: saggesting thal a large proporiion of the
transcapromees i thess fizsues are voder circadian contral
Anuone he shytbome genes wdenafied, many bave roles o
biosynthetic and merabalic proceases, including cholesiorol
and hpnd metabolisis, slycelysis ad gluconeorsnesis,
oxidative phosphorylation, and detoxification pathways:
lmpostantly. the rate-linting enFymes in many of these
patlways are mmder circadian control. suggestimg that the
clock's inflvence on these processes may b2 even broader
e veheatedd by the mowbers of dhy e senes (74,7530,
Thms, multiple signals may be involvad in the entrainment
of clocks, including outnents (sterols, lgnds,  awlior
carbohyirates), humorai siznals (innfin, gcocorticoid,
and peiiaps mceretin). and possibly even sipmals foi
vagal efferents that travel from autonomic centers o the
liwer i7476-78).

In & seoeen for differentially displayed  metimal
wanscripts selectively increased af nisht in Xewopws,
Green and Besharse identified a novel BENA deadenvlise,
which thev termed “noctmin.” Noctmormin cxpression has
snbsequently been identified i a wide range of wannnalian
frasncs, meludimg fver, oocytes, aned brown fat, m addihon
fo petina Intrpuingly, expression of Nocnawin inceases
-100-fold m e camky evensne bours i the liver, aond ooece
that luive mowtations inthe core ciceadian clock oene, Clock,
fave redueed levels of Woctumen (79).

It iz important to note thar the ke role of the liver 15 to
muntain glecose levels through hepatie gluconeogenesis
dunng slesp; thus, Moctirmn may normally play an
impertant role in the metabolic ransition from waketolness
i sleep (12, the fed to the fasted conditon). Teanscoypion
of Nocirnin, a well characterized deadenvlase, is hishly
wivihmmie in ssveral peripheral tissues and has now been
identitied as an important factor modnlating the response
to dhiet-anduced abssaty (79,
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Acoumdatmg  evidence  reveals antngumg lmks
berween the cucadian clock and cellvdar metabolism
(7480810, whach, at least m part, rely on epgenelic control
and chromarin remodeling (823, The civepdian regmlatar
CLOCK has an mtrmsic acetylitansferase activity, wiuch
emables circadian chromann remodefing by acctylating
histones (530 and nonbistone protems, ineloding ifs awn
partner BAAT] (841 The histone deacervlase (HIAC)
that connterbalances the histone aceryiiransterase function
of CLOCK 15 5TRT1 (83.86), an eneyime wlose aclivity 1y
dependent on intraceliniar KAD+ levels (37), Althongh
NAD s SIRT 1's natural cosubstrate., the redoced form of
NAD+(NADH) and the by product of NAD< consumption,
mreatinade (AN, repess the activity of SIETL (ST and
generate an enrymanc feedhick loopon the HTYAC function
of this enzviee . Iwo main systemns deternins NADY levels
m the cell. the de novo Mosynthesis from ryplophan md
the NADM salvape pathway (38). A eritical step of the
latter pathway is controlled by the snzyme nicotinamide
phosphorthosyliransterase (MAMPT) (8599, also known as
visfann or pre=D ¢l colony-snleoeing factor (PREL.,
which catalyzes the firat step in the hinsynthesis of MATH
from NAM. NAMPT is mmplicated i cellular metabolism,
semescence, and survival morespomse o penoluxic stress
(=820, Becanse of the role of SIKTT in modulating clock
[onction, su bt gucadisn wime may by aclueved by
WAL= oscillating levels (93,

Dealy  sepodelling of lostone proteins . anderlies
infcTactions hetween circadian clock genes and metabolic
mengs. This repulatory mechanism ¢ould be widespread,
affecting other physinlogical processes. Pavtionlar attention
was paid to how the molecular cicadian clock affects
provesses relaled io enerey hoowostasis, There were Lwo
main reasons tor ths, First, musation of 8 key cireadian
genes, Clock, leads o obesaty aml metabolic symlrome — a
combination of disorders that increases the risk of diabetes
and heart disease. Second, several genes mvolved i
metabalism, nchuting those mediating the formanon of
fatty tizspe and carbolwdrate metabeolism (sech as Kev-
erda, Rora snd Ppara), show reciprocol resolaiion with
eore gircadian ¢lock senes.,

Alenghial and colleagues’ resulls (943 hok (hese
‘chronometabolic’ moleenlar imtcractions to the cwclic
regrulation of chrowatm Mrougeh histone acetviation. They
show that a specihe genenie dismphon of the mterachon
berween the nuclear recepior co-tepressar 1 {Meorl) and
the clromstn-madifying enzyme histone deacetylase 3
(Hdacs), which is activated by Mool leads to aberrant
regulation of clock gemes smd  abmormal - cireadian
behavionr, In mm, the oscllatory cxpression patern of
severdl metabohie genes 15 disrupited, leading o aliecations
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menergy balance. They find fhat mice with loss of function
of the MNearl
showing mereaszd sensitivity W the homnone msulin as

Hddace? complex are leaner than normal,

a result of inereased energy expendimirs. So, contrary to
ihe comupw pereeption thal dismupton of tomal daly
tlaylluns (for example, in slill workers) 1s welabolically
deletenons, these resuls indicate thar alterations of normal
circadian phyvsiclogy conld lead w favonrable metabolic
changes - changes that conld combat diseazes of nuirinonal
excess, including cardinmerabolic discrders (95),

Circadian clocks  synchronize  diverse  biological
processes inoorgamsm o 24-hour Bubil-dark eyeles. The
e activaion of selstive pathvways ensbles the
arganisis o opdinize their ability (0 store and generaie
clheqical energy, o minimize environmental stresses, and
to teproduce through cell growth and division ¢velss. In
mamumaliain fissues. major wetabolic patlvways exhiba
mbust dinmal chwthms, cheding  2locose and  lipid
melabobsm as well a5 nuteehendraal fuel oxulatioss. Thas
femporal oreanization of coerey metabalism in nelation to
ciresaiany v aclds @ new dimensaon ki the neckni=mns
that maintain cncrey  homcostasis, Choo recent shedy
demomstred. that the fransenptional eoacovator PGS
lex 15 & kew factor that integrates clock and metahofic
pathrerays (D00 PGO-Te stinmlates the expression of clock
venes, nomably Bmall {Amtly and FBev-erba (Nrldl),
thromgh coactivation of the ROR family of orphan anelear
receptors, Mice lacking PGC 1o show abinommal divrnal
rliviliang of activaly, body emperature and weetabolie rate
(9T,

Nuclear Receptors, Circadian Clock
and Metabolism

Mammalian zenomes contain A8 A% mclear recepror (R
gones encding a laree family of proteing that funckion as
ligand-indncible transcription factors (8%, This famdly
e herdes receptors for steroid and thyroid hormones retinome
ackd vitamin LY exystetols, and fattvacid derivatives as well
as a nutiber vl orphan reeeplors for whichno phvsiolegieal
ligands have been identified. Muclear receptors (3Ez) form
d lamgre fanly of transcenpiion factors tial melude both
ligand-indocible and orphan reecptors (99).

Whiolz body energy homeostasis depends on & fight
and coordinated control of key metabolic processes.
Muclear receptors are transcription factors which, m
tesponse o activaion by endogeneous (fomw mennediane
wedabobs ) or swogenows (food-denvedy small Za-soluble

Circadian Clock and Cardiometabolic Risk (Meiliana A, et al.)
Indones Biomed ]. 2010; 2(2): 16-32

molectles. such as hommones or fatty acids. contmol clusters
of penes involved in major regulatory pathways. Most of
them (Rev-erhs arcl RORs, PPAR:, FXEs (NEIIT), ERRy
(NE3BY, for instance) display evelical expression in liver,
adipose ssue amlior sheletz] muscle, mdivating that they
nuy enimmin and svnclromse ragseripional melabole
notworks in @ circadian manncr, In this context, the twa
corg clock components Rev-erbo and ROBo may play a
central role in orchestrating the lempoes| conrdination of
merabolizm (100,

They are also moponent reguliirs of lipad and
lipepromgin metabolism,  adipogenesis  and  vaseular
inflammuation. Morsover, they cross-talll wath several
other nuclear recepiors controlling sneray mpeostss.
Therefore, Bev-erba and ROBo may play a central mole
in flwe conrdinaticn of metabolic processes and circadian
outpues.

Pev-erbo expression is mdueed during the adipogenic
process (011027 amd ectope Bev-erbo. expresson m
FTSL1 preadipecytes promotes their diffcrenration inte
wbnre achpocyies and enbemees hpd shomrages C101 ), Thas
action of Reverho is further enhanced by treatiment with the
PPARY Tigand msighitazone, PPARy Tigamls andioce Bave
erhie expression and Rew-erhie aver-expression ineneasss
the expression of the PPARY target genes al'2 and COANDY
enbmncer-binding protein (o/EBFM. logether, these data
indicate o role for Rev-erbo in adipocyte ditferentiation
and physiology and sugeest that Rew-crbee can dircctly
link the adiporenic process and e master clock sysienl,
and confd play a role in the well documentzd link berseen
sleep disarders and weight gain.

A major characteristic of Rev erho expression i its
robust circadian regulation i vira in sennmm-synehronised
Mbroblasts (I03), ec vive o pomary  cultures of wa
hepatocyles (104), as well asdn vive m ban, bver, mnsele,
penereds and while snd brown adipose Bssos (75, 104-107).
BORse alse displavs a sitong divmal expression pailem in
adipose tissue, whereas RORy (NRI1F3) oscillates in the
liver (107). RORH (INR1F2) is also exprassed in the SCN
antd the refima. Tt 15 interesting to note that not all ROR
isotypes peak at the same time (1073, Sioce the three BOR
1soforns do nak all oyele m the same esnes, we hypothesise
that the ratio berween each isoform of ROR and Rev-arb
anaght afTeel e rewiulation of the positive limobom & ssie-
specific manner and may offer the apportnnity to finemne
the ciresdian serworl: 1o nuttent and enargy metabolizm,

Seweral other ooclear recepiors (such as FPARS
and their coregnlators (e, POCT) shaw steong circadian
paerns in onmerons fissnes and, althopeh oot belowging
o the core clock machinery, they moght transduce
circadian siznals infe membolic admstments. Feeding
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fme i oone of the major cuss m the synehmomsatim of
the peripheral clock {108}, and food access restrction to
Ui gl phase nverses he phass of cireadian expression
i eotse bver withoul affectng SCM orcadian peus
expression. Femarkably, rlucocorticoids miedere in that
process since nuce harbourng a hepatospecific deletion
af the glneocorticoid receptor [GR] (KE3CL) invent their
circadian liver aene expiression mors rapidly after the day-
e skult of food avalability, Interesingly, Fev-crbae
cxpression 15 down-regmlated by glueocorticoids {104},
and Rew crbwe may theretore also play & rok in phasce
adjustment to food avalatality (105,

The Ffasting/feeding tranzition is one of the most
pradietalle daily changes Inimplies coordinated merahalic
acdjesimients in several metabolic fissuss o order (o
maintain fusl supply and energy homeostasis at all times.
PEATy amnd SREEDPLe plav a crucial mele in adipose
fissuie by repulatme the balanes between hpogenesss aml
lipolysis. Similarly, FRAR o, SREBPIc, PGOT and HNFA«
modulare expression of senes involved in Fatty acid EA)
oxtdation, rhveolvsiz'sloconeogenssis and play crocial
roles in the ehacose vs. FA oxidation switch. Interestingly,
st of e Cexeept for FINFAoh oscillae diooally b e
liver, skeletal mmscle andior adipose nssue, FPAR has
been shown to oscillate dusrpally (1 10) and 15 able to bind
ta e Bmall promoter and regulate its exprescion (111},
while the cinckBmall heterodimer recprocally regulares
PEAHRA (117 Both PPAR S and PPARY inecrease Revoarhao
exapmession. In addiion, a recent reporl demonsirated thal
PGCLo enhances Rev-erbo manscription throngh RO
transenpional aclvity potentiaton (57

Ie expandme funetonal ks berween MR and
cincadian clocks open novel perspectives for understanding
the lommopal resulation of the mammalian circadian
svstem az well as for explornge the role of circadian clocks
in the pathozenesizs of MR related diseases such as cancer
and wetalolic svirdome: (53,

Circadian Rhythms
in Adipose lissue

Ohesity 15 one of the most profound public health problems
today, and althomgh mosch has been learned resarding the
regnlatinn of body weizht and adipasite, the provelznee
of ohesity continnes ta rise. Simplisdc explanstions based
on nutrfional overconsumption, poor diet and'or lack of
phy=ical activity are inadsquate 10 explain this dramaric
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mise m obemnly prevalence. Coment trealmients for obesity
have been largely nnsnecesstul in maitaining long-term
weetghil loss, demonstrating the uryrenl need [or new ausaehl
mio meechanisns hal may lead o obesily and alieged
metabolism. Recently, a number of studies have provided
stpport for a link berween the altersd sleep/walke patterns
associated with onr “24-h" lifestvle and obesity. At the
hear of the association between sleep and obesity may be
a medevular wechimasn s o all eukaryote cells and
orzamsms, namely the circadian clock (11 5,114)

{rver the conrse of a 21 h perad, the adipocyte
sl reciprocally adjust rates of nglyeeride syarhesis
{lipngenesis) amnd storage with rales of mglyceride
hreakdomn (hipolvsiz) Althengh  divenal  wariations
adipose  melabolism are  undoobiedly  inloenced by
newsohnmoral factors, the circadian. clock within the
adippevie lkely plavs a sygmificam role by allering
sensiiivity of the adipoeyvie to specafic sionnoli (s g msokm,
adrenaling) thromghout the day, or by altering the capaciry
af the adipocyte for malveeride storage (g, mbpencing
expression of lipid-stabilizing peoteins, such as perlipin
{113},

Womwreus  vovicommeotsl  fluenees  promssls
adipooyte proliferation and differentiation, and the carly
stages of fhose processes arc governed by . complcs
interaction of adipeeyis-erriched transeription factons. S
early signa of adipoeyte differentiation 1= the expression
af the (YERP family of franservipion factors (116), which
are midueed by pro-athpogeme signals, swch a5 msubn,
glueocoricoids. IGI-1 and otfher growth factors, as well
s falty acuds.

C/EBP-fi bias al=o Deen shown previously o andergo
light entramable cireadian thythms in the cye (117D,
sigeestive of regnlation by the circadian clock. Consistent
withy these observations, we fnd that ofebph exiobis
dramatic  divenal wvariations i expression in  muorine
vpadubvinal adipuse. Taken topelber, hiese observalions
snggest that C/EBP 3, a critical factor in adipocyte
differcniiaton and a putative clock cantolled gene. may
be a novel Imk between the circadian clock, adipooite
hinlogy and glohal adiposity.

Kev-grbrt i2 an orphan meclear teceptor thar haalsn
been implicated I adipoeyle differentaation. Tt s highily
enpressed in adipose tizsue, and s gene empression
is specifically mduced in difTersutiating  adipoewies.
Prring adipogensas, Rev-erlae pene sxpression imbially
declines ard snbsequently mcreases. Remarkahly, Rev
etbo protemn levels are nearly the opposite. increasing
early 1n adipogenesis and then marksdly decreasimg

adipoeytes. The Rev-erbor profein is nécessary for the
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early mitotic events that are required for adipopenesis: The
aubsequent reduction in Rev-erbo protein, doe to increased
degradation wia the 265 proteazome, s also recmired for
adipocyte differentiation becanse Rev-erba represses the
exprezsion of PPARY2. the master ianscriptional rezylatar
of adipezencsiz, Thns, opposite 1o what might be prodicied
[ Fev-erlue. Gene expression. Rev-erho profein Ievels
st rise and then Fall for adipoeyie differentianon (o oeour,
Thws. the dynamic expression of Fev-etDo 15 an importint
determinant of adipocyte differentistion (1151

There are multiple fines of evidence that sugges|
i close relatonship betweesn  cncachan thytlms  and
adipose biology, Indeed. mulliple aspects of adipose-
ralated phvsiolosy display daily vacation. For instanes, in
Tnwsmnanes 24-1 rhythans have been reported e circulalog
hiood bome concentration of leptin and adiponectin (1139,
which are members of the far derved hormane family, the
adipokmes. Teptin exhibits stmkang circadian pattemns
both gene expression and protein secretion, with peaks in
leptin expression occnrming during the sleep phaze of the
steep—wake cvele 1n homans (120,

Leprin retains diprnal variation in release erenin altered
webabobe stites such ay cbesly, althoweh e gl vde of
peak release is lower in obese subjects (121). Along with
leptin, a nouber of additional adipoeyie-specific [aclors
have been demonsirated o exiobin thythmde egpression,
including acylation stimulating protein {msp), adipein (00,
rexistin (riid, adiponectin (aper 5y and visfatin (e,

Lo bmans, cirenlating adiponectin levels exhubic both
ultrachan pub=aithty and a divmal vanation. In the laller
citse, e paltemn of adiponectin release 1= oul of phase with
leptin with & sigoifcant dechne af mght, reaclimg a madir
in fhe carty moming (119)

It is now clearly nnderstond that different adipose
depors have markedly different mfluences over hody
metababfizm; for example. sasceral fat 15 a mnch betier
predictor of metabolic svodrome than subcutansons fat
(122). This differential Dmeton of adipose depols also
appears m exiend to cireadian tivthmicity, as the phase of
clock pese thytlons o sdhpose Bssue 15 dependent upon
anatomical location (115,123, Thesz findings smagest fhat
he initacellular clock gene system acls in viseeral adipose
tissnes as well az lver and s influenced Ty the conditions of
abesitytype I dinbetes and pioglitazone treatment (1241,

Ihe role of the peripheral circadian clock mechanism
williin the adipocyie tepresents an exciiing new feld
of sty in pursut of the conses of mcreasng obwesity
prevalencs. Tlocidation of e Ink betwesn e adipoeyle-
spectlie cmeadian cloek and obesly may have profoumnd
iplications on the tmeng of obesily Herapies.

Circadian Clock and Cardiometabolic Risk (Meiliana A, et al.)
Indones Biomed ]. 2010; 2(2): 16-32

Circadian Rhylhms
in Cardievascular Function

Seweral aspects of cardiovasoular physiology and the
incidence of cardicwascular events, such a5 sudden
caridiae death, mvoeardizl infarcton. unstable anging,
veninculsr tichyeandia, amd 1schetrme and hemomdigic
siroks, are subject o dhumal vanation, peaking in e
carly morming honrs. The eafly moming surge in blood
proasure, accompanied by adecline in endothelial fonction,
catncides with the peak incidenze m clinical cardiovascniar
evenls, The correspomding asollaniions 1 zene and protem
expression of known regnlators of vascnlar physiology
highlight e potential importanes of the vasoular clock
in the described diwrnal variation of the incidence  of
cardiovascular events (125),

The exisience of & circadian thytlon in e Tunetion
af hmman bleod vessels has long been recognized, Two
dspects of vaseular Dmetion, vaseular tone and thrombus
[emmation, have been studied in respect w the daly ovicle.
Studies have previovsly described a circadian variability in
both sympathetic tone and vazenlas reactivity (o adrener;
receptor agnmists. Other studies have shown that vasenlar
tone exhibils 2 cireadian vanaton m hormans (1 26).

Buoth the master elock m e SCN amd the penpleeral
clocks, inchuding those within the vasculature, impose
d thytion in several mediators of vaseular Tuneton. The
SCM ean exert its cffoet both dircetly into the vasenlamire
avel awliveedly By osvwehromizing  peripheral  cloekis
Cilucocorticnids, catecholamines, sngiotensin TT, and
el activity vary with tme within the day. This tamporal
variation is respansibie for adiwnal wariation in vasoacring
fezponses, resulting in the dimrmal wthm of Blood
pressure, Moreover, eircadian clock function is neccssary
[n physwdogical  angmoseocsis and  oombozenesis,
Crresliom  clocks miabat Akl symaling and sesuliing
vasoular senescence and promols endothelial progenton
cell mobiization to naintain angiogenesis. Vaseunla
Tonpuinal remodeling and composition requires fonctional
circadian clocks for physiologizal thrombogenesis (1253

Clreadian musalipnment  bas been mmplicated
m the development of  obesity, habetss  melhins,
ard  cardiovasenlar  disease.  Time-of-day—dependent
synchromzation of organisms with their environmenl
is mcdiafed by circadian clocks, This cell antomomons
mezchanism has been identificd within 2l cardicvascular
relevant cell types, imchuling cardiomyoeytes. Recent
mnlecnlar- amnl genetic-based =mdies suggest that the
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vardiomyocyle  circadizn
myneardial processes, inchicding transcription, signaling,

orovarth, merahalism, and contractile fmnction. Fallowing an

clock  mfusness  woliapls

appreciation of its phyvsinlogical toles, the carlinmyocyte
circadian clock has recently been linkead to the pathngenesis
of heart disease in responte to adverse stresses, such az
ischemia/reperfusion, in animal models {127).

Acenmulating  evidence  suogzpests  that  intrinsic
cicadisn clocks vaerl some level ol vontol over T
rarc, Thromgh maintenance of a controfled epvironment
for a prolonged pedod of tme, Hu et al have seported that
citeadian rhythmes in heart tate variabdlaty are driven by an
intringjc mechanism in humans (12E).

Mvocardial metabobizm and  conmactile  funciion
are interlinked (1297, lmbalancesfimpairosent of enerey
melabolism adversely  aflects canhac [unchon (1300
Conversely, penods of imersased cardiae outpul  are
balapeed by mereased metabolic fuxes, thereby meeting
energetic demands (131, What is hecoming increasingly
clear 15 that metabodizm 15 maeparably interbnked wath the
cireadian clock.

The passibility that a molecnlar mecharism intrinsic
to the cardiomyeeyte, snch-as the circadian elock, may
contobute o Canbovascolar disease 15 lhe solgect of
confcmporary  investization, A principal role of ecll
auremoanea: etresdinn elocks in 1o allow mieipalion
of changes in extracellular’emsironmental  stimuli. The
presence of soch 4 mechanizm enables the cell’organd
Organisim Lo react i a strmidns with appropriate tioing and
response. [herefore, impainment of the ¢lock mechanism
may lead to responses outside of the normal phvsiologieal
range. Inferestingly, although cssontially all marunaliance]l
Uypes possess funeional eneadian clocks, this mechanian
appears io b2 repulated in a cell-type specific manner { L33},
This raises the possibility that dvssynchronizaton berwesn
distinet cell tvpes (eo, cardicmyocytes, vasenlar siwoth
mscle cells, endothehial cells) conld poenr wathin & given
svstemyorean ez, hearty dunng specific phvsiolopicald
pathological  silvatons, Whether prolomy
dvssynchronization contributcs toward the pathogenesis
of cardiovastular dizease 15 an mteresing livpotiesis, Sols
and haming have recently hypothesized that ikappmopriate

cireadian

elevations in pressure during the sleepinactive phase
may  significantly  contibafe oward  the  development
uf pathologieal hypertrophy, and ulbmately contractile
deatunction (ic, cardiomyopathy) (1331

The carty stage of fibrosis development involves
degradation of the cxistimg cxtracclinlar  matixz by
cxmaccllwdarmatris metallopretcinases (MMP=), Mumcrons
patholozical conditions associated with fikwosiz, snch as
heart fadlore. mvoeardial infarction, and hyvpertension,
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have also been reporied lo be associated with meresased
levels and activities of MMPs (134-138), The activity of
WMPs 32 normally connterhalanced by the prescnee of
tizme inhihitors of matriz metalloproteinazes (TIMPs)
Dring times of exmracellnlar mamix breakdown MMP
levels have been shown ta be elevated aud "TIMEP Tevels
repressed. 'This is followed by o decrease in MMP activity
by TIMEP ichibition) and collagen deposition (1571,

Twer NN Groweed# oo oonpe2d) aml 2 TIMD:
(timpd and fmp3) were identifizd as being circacian clock
regulated (138}, Previous research has demonsirated that
activation of the SMALDD complex (SMADZGM ALY
SMALM) mmduces e transcription of several rypes of
collagen. inclading type T, oype T, and dype W (135}
laterestingly, the expression levels of both smodd and
siadd appear o be mfuenced by e cardiomyvoeyvie
prreathian clock (138). Consistent with altarations m SMAT)
comples components, a large nember of collapen renes
were identified as clotk regulated (coldal, coldal coldal,
eeldal, and reltad). Collectively, these data swppest a
pissible role for the cardiomyooyte cireadian elock in
miodulating cardiac Gbrosis, which may i tom miloence
the parthogenesis of eardiovasenlar diseaze {17545)

The canbiomvocyle crreadian clock las  emerged
as a moleenlar mechanism infinencing mmitiple eritical
processes. Thas  mzehawsm  peofoundly
myocarthal  gene  expressiom,  signaling,
metabalism, and coutracrle fonetion o a time-of-day-
dependent manner. More specificaily. the cardiomvocyie
gircadian ¢lock appears to reoulate heart rate, avowth,
triglvecride and glveogen metabolism, and contractility, as
well as modulate the responsivencss of the myvocardinm
o extracellolar [actors/stimoh. such as fanly acids aod
[i-adrenergic sipnaling This mechapism is aliered in
multiple amimal models of cardiovasoular disease and
modnlaces the severty of myocardial damage in response
i adverse/patholnmcal stresses (eg, tschemic episodes). Tt
is therefore tempting (o speenlate that dyssvnchrony of the
cardiomyooyle eircatian clock doring shall work, diabeiss
mellims, andfor ohesity confritmtes to the pathogenesis of
cardiovascular disease (127).

In addiion to representing a rnisk  factor  for

mvacarinl
mflnences

cardiovascular dizzase, core corcadian components nught
b important for the repair of cardhovasenlar tssue. The
process of regenerabon of blood] vessels depends  on
proliferation of endothelial and smooth muscle eclls, both
of which harbor functional cleck (140, Accordingly, the
circadian proteins might he involved in regulation of the
cell cycle checkpains in & way similar to ofher tissics {ic,
lver) amd this comtmbute to fssne repar. Recent repon
demonsirating the presence of fonciional circadian clock
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m cullumed bons mamre—denved mowse and  hwmem
mesenchymal stem cell provides rhe ratinnale for poteatial
exploiling of the circadian machimery 1o [sealitate beart
ropair (141,1435.

Circadian Clock and
Metabelic 5yndrome

The incidence of the metabolic syndrome (MetS)represents
a specirinn of dsorders thal continge (o increase across
the ndustralized waorld. Both genetic and énvironmental
factoas comteibuie 00 metabolic svndrome and  recent
evidence aas emerged 1o snggest thel allerabons
circadian svstems and sleep participare 1o the pathogenesis
of the disease (74,

In facr, the general disregard for timing, in cweles of
foeding, sheep, and activity, is cqnally pervasive in our
mindemn partens of reduced slcen, =hift work, and 247
activity, Thus, it shonld no longer eseape 15 ta recognize
that we have taloen timang for granted ., despite its contraliby
to mamtzming metabolic heaith {1437,

Circadian Clock and Cardiometabolic Risk (Meiliana A, et al.)
Indones Biomed ]. 2010; 2(2): 16-32

Dysregubanon of thess pathways owing to, lorimstanee,
a fecenrany lifestyle and high ealoric:intake,; nesults in the
developient of cholestsrol almomualilies (dy lipidenna).
insulim rcsistance. obcsity and hyvpertcnsion.  These
digewders often oceur simmlianeonsly and bave therefoze
been prowped under the term “metaboelic syndrome” (Fig.
3. Recent stuchies show that deletion of the Clack and
Bl gepes esults nol only o cucadian distorbances,
bl also m metabohe abnommalies of hpul and glueose
hoincostasis—a  phoenotvpe  resombling  the  merabolic
syintlronme {1440

Circadian clocks and cnergy metsholizm are finked
because the disruptions of the clockwork lead w alteraions
in metabolizm ad vice versa (145). Muotation in the Clock
pene leads to MetS in mice (144), and in Imntans Clock
polymorphisms have been associated with obesity and
Mers (147 .148), Celnlar metabolic states can serve as
a link between stinwli from the habitat and drive for the
clockwors, because (e reduced fonns of medinamnds
adenine dinncicotide cofactors stinmiste DINA hinding
of the NPASZ-ARNTL (149} and CLOCK-ARNTL (130}
beteradimers, whereas the omidized forms inhibit the
binding (151 Npas 2Aeficient mice have redncesd ahility fo
adapt to resinctad feeding (152, whereas Clork-deficient

Light
Hormones % Metabodic G
(&.g. insulin, stimuli Imm-
glucocorticoids) SCN metabolism
te.g.,glgcng&n
PERAs matabolism)
CRYs ) / Cholesterol
E metabalism
& | (e.g., HMG-CoA
BMAL1 reductase,
CLOCK A — \‘:vp?m.npm-w]
Clock genes ™"~ yanscription Triglyceride metabolism
o faclors (e.g., FAS, ACC,...)
'I{aﬂ.FHthl-
Feading/fasting Rev-ert
(e.g. glucose) m

Flgura 3. [ranscrmional contral of metabolic pathwsys oy circadian oscillators (Sdapted witn permission from Heture Publishing Groups)

1144

I

27



The Indonesian Biomedical Journal, Vol.2, No.2, August 2010, p.16-32

miee adapt 1ot sven betier than do wald-Lype moce (L53),
sngeesting & key role of NPAST,

Sowe  exanples. ol adipose-specific
implicarcd in MetS are leptin, adipsin, resistin, adiponectin
and wisfatin, il of them cxhibiting circadian rhythmicity.
Ciincncorticomds are slso key factors i the pathogenesis
of Mesh thar showr circadian rythouety in Iminan adipose
tissne (154 Adiponectin, defined as the “guandian angel”
against Mets distufbances (155), exhibits both ultcadian
puldsalility amd a diumal varation. The daily paliem of
this adipocytokine is ont of phase with leptin, showing a
'\,'it:rriﬁﬂ:rrﬂ ile=c e i r|'i.|_1|'|r anicl FE:-1|'_'i'|'-|1I_JT? & kT in the r_~;|'|,"|,_',-

molecules

miorming {1561,

Circadian shythiee in the ability of cadiomiyocyie
o mse farty acids have alse been comsidered essenbzl
i the development of Metd (137) 'Lhes. the inability
of cardiomyocyte to cope with the periodical increases
in famy scid availability and results in accnmmiation of
mitreellular Jong-chan Gdly acid denvabives, causing
conrrectile dysfunction of the heart. OF particnlar relevance
o Blets is the effect that cicadizn sysiein has on Dlood
presaure (BP), endothelial and hemostatic funchion. BP
varies dincnally, rising during the day and dipping at aighe.
Thve Toss of thiz pattern is correlated with insulin resistance
and is associared with increased cnd-orean damage (158),

In  adibbion, mowsoting  evidence  [om chogeal
cpidemiclogical smdics has led o the hypathesis thar
ore Of the wajor changres i e indostrralized world that
contribmites o the pathngencsis of the Mets involves the
imroduetion of amificial liglt and wiok into the nighi-
time, i addition fo the parvacive rise in volontary sleap
curtailment. Indeed, these comumon discrders of circadian
bebiavior amd slesp are associated with mersased hunger,
deereased ehueose and lipid metabolism, and broad chapoes
i the hormonal sigmals mvolved mosatiely. Remarkably,
ulsesily wid high G feeding also rocipiocally affeer the
citvadian sysiem o mace. mdicating that metabolism.
circaskan shotiums, and possibly sleep are interconnectad
thronegh complex Pebavioral and meleculy patheays.
Thuns, alteratioms 0 energy homeosiasis associated with
obesity may et in motion a “vicloes cyele” of eircadian
dsrupiion, I e leading o exacerbation of e ongnal
metalmlie distorbance,

Bench to Bedside Application

It isbecoming more aid mere evidens that circadian proteins
play mmportant foles n the processes of cell proliferation
and control of lespoase to penctoxic stress both at the

28
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cellular amd orgamianal levels. The molecolar systens
and pathways atfected by the cimadian clock include
exlracellular stomals, checkpomt contmol, cell prolifeation.
and DNA damage response, highlighting their importance
and potential translational applicaticns {159

The recent discovery of actual moleenlar clock work
mechanizims maide virmually all of our ¢ells has added time
as a critical fonrth dimension of cellnlar physiology. These
principles highlight several important bench-to-bedside
applications. Dirmalmolec ular vardationbolds consileratle
promise for novel discovery of plysiclogically important
Faonmsarkers for ::l:i-:_'l'i1|g i :erlbeenlmli'ljrig,4l'i.:,:|lt_r|'||'|-,':i11g: wrlier
treating human disease. However, in translating rescanch
froan bench to bedside, the differences between noetirnal
amimials and diernal hurmans most be considered . The risk!
bepefit ratio of some therapentic siratéeies is not the same
across the 24-hour divrnal cyele.

[izgepard  for divmal rhythms may  conrsibiee
o diifferepees i therapewiie eflicacy. winch way be
obsemed, between noctemal animial micdels and naman
paents, Clindeal trials shouid voutinely taks mbo account
the differing safety and efficacy profiles over 24-howr daly
eyeles. Chronotherapentics offers an approach, which may
enhapce drg etficacy, reduce side otfects, attain better
patieat compliance and perhaps reduce costs even for long
eslablisted donges.

These smdics also show that sleep dismption or an
mappropriately synelronized wabie/deep scheduls way
b an moportant environmentsl determinan: atfecting the
expression of a disease phenotyps (1600

Conclusion

Synchromy between extermal and miemal divmal chythoms
and harmony amonz the melecular thathms witkin the
eell 15 essenial for nomnal ergan Dolugy. The subsirae
and cnzvmatic components of a given metabolic pathway
1l be present not only in e ool compartuental space
within the ccll hot slso &t the right fime. Cell physiolozy
1= 4 dimensional Hannony between oor Taology and oar
emiranment 1= i key o good health
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