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Molecular Mechanisms of
Human Skin Aging

AABBSSTTRRAACCTT  Skin has long been recognised to protect the organism from deleterious environmental (physical, chemical,
microbiological) agents, and is crucial for the maintenance of temperature, electrolyte and fluid balance. In addition, skin
is a sensory organ, a biofactory for the synthesis, processing and/or metabolism of a wide range of structural proteins, gly-
cans, lipids and it fulfils the requirements of a classic endocrine organ. Indeed, human skin cells produce a variety of hor-
mones including growth factors and sex steroids and essential vitamins such as vitamin D.  With accelerating age skin loses
its structural and morphological characteristics and as a consequence all functions mentioned above deteriorate. This de-
terioration is enhanced cumulatively by various environmental physical, chemical and mechanical insults. Exposed areas
of the body such as the face, the neck, and the hands suffer the most by the influence of extrinsic factors and overexpo-
sure of these regions may result in premature skin ageing. Ultraviolet (UV) radiation, infrared (IR) radiation and tobacco
smoking are by far the most aggressive environmental agents. In non-exposed areas ageing is mainly attributed to intrin-
sic factors, e.g. genetic predisposition and changes in the endocrine environment and reflects degradation processes of the
entire organism. The clinical signs of ageing are more prominent in sun-exposed skin than in sun-protected regions. Typ-
ical histological features and biochemical changes accompany intrinsically and extrinsically aged skin, respectively. Al-
though the fundamental mechanisms are still poorly understood, a growing body of evidence points toward the
involvement of multiple pathways in the generation of aged skin. Several theories have been proposed including the the-
ory of cellular senescence, decrease in cellular DNA repair capacity and loss of telomeres, point mutations of extranuclear
mtDNA, oxidative stress, increased frequency of chromosomal abnormalities and gene mutations. Furthermore, hormones
have been also shown to play a distinct role. In the following years, as the number of persons aged 80 and over is expected
to rise, health care financing, and disease prevention will be important issues to content with.

KKeeyy  WWoorrddss::    Skin, extrinsic factors, intrinsic factors, ageing, cellular senescence, telomeres, DNA repair capacity, 
mtDNA, hormones, oxidative stress, progeroid syndromes

ÖÖZZEETT  Derinin organizmayı zararlı çevresel (fiziksel, kimyasal, mikrobiyolojik ) ajanlardan koruduğu ve sıcaklık, elektrolit
ve sıvı dengesinin korunmasında önemli rol oynadığı bilinmektedir. Ayrıca, bir duyu organı olarak deri, çeşitli yapısal
protein, glikan, lipid sentezi, işlenmesi ve/veya metabolizması için çalışan bir biyo-fabrikadır ve klasik bir endokrin
organının gerekliliklerini yerine getirmektedir. Gerçekten de, insan derisi hücreleri büyüme faktörleri ve seks steroidleri
dahil çeşitli hormonlar ve D vitamini gibi vitaminler üretmektedir. Yaşın ilerlemesiyle, deri yapısal ve morfolojik
özelliklerini kaybeder ve sonuç olarak yukarıda bahsedilen tüm işlevleri bozulur. Bu bozulma çeşitli çevresel fiziksel,
kimyasal ve mekanik saldırılar ile kümülatif olarak artar. Yüz, boyun,  ve eller gibi derinin açıkta kalan bölümleri dış
faktörlerin etkisiyle en çok zararı görürken bu bölgelerin aşırı maruz kalması erken deri yaşlanmasına yol açabilir.
Ultraviyole (UV) radyasyon, kızılötesi (IR) radyasyon ve tütün içiciliği en saldırgan çevresel ajanlardır. Açıkta olmayan
alanlarda, yaşlanma genetik yatkınlık ve endokrin ortamındaki değişiklikler gibi içsel faktörlere bağlanmaktadır ve tüm
organizmanın degradasyon sürecini yansıtmaktadır. Klinik yaşlanma belirtileri güneşe maruz kalan bölgelerde güneşten
korunan bölgelere göre daha fazladır. İçsel ve dışsal olarak yaşlanan deriye tipik histolojik özellikler ve biyokimyasal
değişiklikler eşlik eder. Temel mekanizmalar halen çok iyi anlaşılamasa da, yaşlı derinin oluşmasında birden çok yolun
etkisinin olduğunu gösteren kanıtlar gittikçe artmaktadır. Hücresel yaşlanma, hücresel DNA onarım kapasitesinde düşüş
ve telomerlerin kaybı, ekstranükleer mtDNA’da nokta mutasyonları, oksidatif stres, kromozom anormalliklerinin ve gen
mutasyonlarının sıklığının  artması dahil çeşitli teoriler önerilmiştir. Ayrıca, hormonların farklı bir rol oynadığı
kanıtlanmıştır. Gelecek yıllarda, 80 ve üzeri yaşlardaki kişilerin sayısının artması beklendiğinden, sağlık giderlerinin
karşılanması ve hastalık önleme üzerinde durulması gereken önemli konular haline gelecektir.

AAnnaahhttaarr  KKeelliimmeelleerr:: Deri, dış faktörler, iç faktörler, yaşlanma, hücresel yaşlanma, telomer, DNA onarım kapasitesi, 
mtDNA, hormonlar, oksidatif stres, progeroid sendromlar
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i ke all ot her or gans, skin suf fers prog res si ve mor-
p ho lo gic and physi o lo gic dec re ment with in cre a -
sing age and pro vi des the first ob vi o us evi den ce of

the age ing pro cess. Skin age ing can be clas si fi ed in to
light-in du ced age ing (pho to a ge ing, exo ge no us age ing)
and en do ge no us age ing. The lat ter oc curs in non-ex po -
sed are as, which are not in di rect con tact with en vi ron -
men tal fac tors such as ul tra vi o let (UV) and in fra red (IR)
ir ra di a ti on (e.g. the in ner si de of the up per arm)1 and is
ma inly at tri bu ted to ge ne tic fac tors, and al te ra ti ons of
the en doc ri ne en vi ron ment. In con trast to pho to a ge ing,
en do ge no usly aged skin ref lects deg ra da ti on pro ces ses of
the en ti re or ga nism. This ar tic le ad dres ses the fun da -
men tal mec ha nisms in vol ved in skin age ing.

CELLULAR SENESCENCE

The the ory of cel lu lar se nes cen ce des cri bes the ob ser ved
loss of the cells pro li fe ra ti ve po ten ti al af ter a li mi ted
num ber of cell di vi si ons.2 Ac cor ding to this the ory, cells
pos sess a ‘bi o lo gi cal clock’, which sig nals the end of the -
ir rep li ca ti ve li fe span, and as a con se qu en ce, they can-
not be sti mu la ted to en ter the S1 pha se by physi o lo gi cal
mi to gens, ar res ting at the G1 pha se. This pro cess can be
partly exp la i ned by the se lec ti ve rep res si on of growth
re gu la tory ge nes. 

Stu di es on ke ra ti nocy tes,3 fib rob lasts4-6 and me la -
nocy tes,7,8 ha ve re ve a led that they all show an age-as so -
ci a ted dec re a se in cu mu la ti ve po pu la ti on do ub lings.
Fib rob lasts, for ins tan ce, ta ken from a nor mal hu man tis-
su e go thro ugh only abo ut 25-50 po pu la ti on do ub lings
when cul tu red in a stan dard mi to ge nic me di um. To-
wards the end of this ti me, pro li fe ra ti on slows down and
fi nally stops and the cells en ter a sta te from which they
ne ver re co ver. The re duc ti on in pro li fe ra ti ve ca pa city of
skin de ri ved cells in cul tu re from old do nors and pa ti -
ents with pre ma tu re age ing syndro mes and the ac cu mu -
la ti on in vi vo of se nes cent cells with al te red pat terns of
ge ne ex pres si on 8 al so sup port the the ory of cel lu lar se -
nes cen ce. 

THE FREE RADICAL THEORY

Oxy gen ra di cals (ROS) are in cre a singly con si de red as the
ma jor con tri bu tors to age ing and the pro tec ti ve mec ha -
nism aga inst oxi da ti ve stress is ob ser ved as an in dis pen -
sab le func ti on.9 It has be en shown that oxy gen ra di cals
le vels ri se and an ti-oxi dant ac ti vity dec li nes with ad van -
cing age.10-12

Skin pos ses ses many de fen si ve mec ha nisms in or -
der to re du ce the pro duc ti on of ROS from in ter nal so -

ur ces. For examp le, the ac ti vity of enz ymes which in di -
rectly pro du ce oxy gen me ta bo li tes can be al te red (xant -
hi ne oxi da se mo du la ti on). The re is a re pa ir system
con sis ting of enz ymes and small mo le cu les,13-16 an ti o xi -
dant enz ymes such as ca ta la se and pe ro xi da se and low
mo le cu lar we ight an ti o xi dants, such as to cop he rols as -
cor bic acid, NADH and car no si ne, which can do na te an
elec tron and then sca ven ge ROS.10

Ex cess ROS pro duc ti on le ads to ac cu mu la ti on of
cel lu lar da ma ge,17,18 which inc lu des  oxi da ti on of DNA
re sul ting in mu ta ti ons and oxi da ti on of mem bra ne li pids
le a ding to re du ced trans port ef fi ci ency and al te red trans
mem bra ne sig nal ling, pro ces ses which ha ve as con se qu -
en ce the age ing phe noty pe. A dis tur bed stress res pon se
is al so known to be as so ci a ted with a de fect in pro te oly -
tic sytems such as lyso so mal ac ti vity and ubi qu i ti ne-
pro te o so me path way in so ma tic cells.19 As a con se qu en ce
al te red pro te ins can not be eli mi na ted re sul ting in ac cu -
mu la ti on of mis fol ded and da ma ged pro te ins in the cells. 

Mo re o ver, ac cu mu la ti ve evi den ce sug gest that ROS
play a cru ci al ro le by par ti ci pa ting in mul tip le MAP ki-
na se path ways, which in du ce AP-1 and in turn the sig-
nal cas ca de, al re ady men ti o ned abo ve. 

The fre e ra di cal the ory has be en al so sup por ted by
the fact that stra te gi es that re du ce me ta bo lism and the
pro duc ti on of ROS, such as di e tary ca lo ric res tric ti on
(DCR) can ex tend li fes pan of ex pe ri men tal ani mals.20

Stu di es con duc ted in ani mal mo dels de mons tra ted that
DCR can re tard the age ing pro cess by inf lu en cing stress
res pon se and al te ring the ex pres si on of me ta bo lic and bi -
osyn the tic ge nes.21 Can cer pre ven ti on du e to al te ra ti ons
of hor mo ne me ta bo lism, hor mo ne-re la ted cel lu lar sig-
nal ling, oxi da ti on sta tus, DNA re pa ir and apop to sis has
be en al so as so ci a ted with DRC.22,23 In skin tis su es of mi -
ce with DCR we ight con trol a pa let te of ge nes sho wed a
dif fe ren ti al ex pres si on when com pa red to mi ce re ce i ving
nor mal di et.24 DCR co uld show pro fo und in hi bi tory im-
pact on the ex pres si on of ge nes re le vant to can cer risks
(e.g. ne u rob las to ma ras on co ge ne, Ne u rob las to ma myc-
re la ted on co ge ne 1, Rab40c, Mye lob las to sis on co ge ne-
li ke 2, Lung car ci no ma myc-re la ted on co ge ne 1,
Mye lob las to sis on co ge ne , RAB5B, RAP2B, RAB34).

GENES AND MUTATIONS

The mec ha nisms, which se em to be as so ci a ted with age-
ing are comp lex.25,26 Re cent stu di es on mo dels such as
the ye ast Sacc ha romy ces ce re vi si a e,27 the ne ma to de Ca -
e nor hab di tis ele gans,28 the fly Dro sop hi la me la no gas -
ter,29-31 the mo u se Mus mus cu lus32 and hu mans33 show
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that sing le ge ne mu ta ti ons can con tri bu te to the ini ti a -
ti on of age ing and in du ce pre ma tu re age ing syndro mes.
Ho we ver, the re are no spe ci al ge nes that can ca u se age-
ing-as so ci a ted da ma ges. The ma ni fes ta ti on of age ing is
mostly du e to the fa i lu re of ma in te nan ce and re pa ir mec -
ha nisms34,35

Stu di es on hu man ke ra ti nocy tes ha ve de mons tra -
ted al te red ex pres si on of growth-re gu la ting mo le cu les
with age; the re is an in cre a se of the ba se li ne ex pres si on
of the dif fe ren ti a ti on-as so ci a ted ge nes li ke SPR2 and in-
ter le u kin 1 re cep tor an ta go nist36 and EGF bin ding and
re cep tor phosp hory la ti on is re du ced and tho ught to be
the re sult of age re la ted chan ges in a cri ti cal downs tre -
am sig nal ling ele ment.37

In se nes cent fib rob lasts, ge nes li ke the c-fos pro to-
on co ge ne,38 the he lix-lo op-he lix Id-1 and Id-2 ge nes39

and com po nents of the E2F trans crip ti on fac tor8,40 ha ve
be en shown to be dow nre gu la ted, and ne ga ti ve growth
re gu la tors are ove rex pres sed inc lu ding the p21 and p16
in hi bi tors of cyclin de pen dent pro te in ki na ses.41 Ot her
chan ges se en in se nes cent skin fib rob lasts inc lu de in cre -
a sed ex pres si on of IL-1 and of the EGF-li ke cyto ki ne he -
re gu lin that mo du la tes the growth and dif fe ren ti a ti on.42

Mo re o ver, elas tin ge ne ex pres si on is mar kedly re du ced
af ter the age of 40–50, as de ter mi ned by mRNA ste ady
sta te le vels.43

Fut her mo re, re cent stu di es in di ca te that en do ge -
no us and exo ge no us age ing may sha re so me fun da men -
tal path ways, and may ha ve so me com mon me di a tors.
Pho to a ge ing is tho ught to be the su per po si ti on of UV-
ir ra di a ti on from the sun on in trin sic age ing.44

So me of the si mi la ri ti es are chan ges in the MAP ki-
na se sig nal ling path ways, li ke dec re a ses in ERK-de pen -
dent MAP ki na se ac ti vity and in cre a ses in
stress-ac ti va ted JNK and p38 ki na se,45 which re sult in re-
du ced cell pro li fe ra ti on, dif fe ren ti a ti on, and cell sur vi val
46 and en han ced growth ar rest, apop to sis and stress-re -
la ted res pon ses.46,47 As a con se qu en ce of the stress-ac ti -
va ted MAP ki na se path ways, the ex pres si on of c-jun and
c-Jun N ter mi nal ki na se – an ups tre am ac ti va tor of c-jun,
is ele va ted in aged com pa red with yo ung skin.45 As c-jun
is a cons ti tu ent of the trans crip ti on fac tor AP-1, AP-1 is
al so ele va ted and sub se qu ently the AP-1 re gu la ted con-
nec ti ve tis su e deg ra ding enz ymes MMP-1 (in ters ti ti al
col la ge na se), MMP-3 (stro mely sin 1) and MMP-9 (ge la -
ti na se B). Pa ral lely, the re is an ob ser ved re duc ti on in the
ex pres si on of tis su e in hi bi tors of me tal lop ro te i na ses.48-

50 Anot her com mon fe a tu re is the in cre a sed in so lub le de-
g ra ded col la gen and the re duc ti on of type I and III

pro col la gen synthe sis, which may re sult from the im pa -
i red TGFß sig nal ling path way.51,52

Ly et al me a su red mRNA le vels in fib rob lasts iso la -
ted from yo ung, midd le-aged, and el derly pa ti ents with
pro ge ri a and fo und chro mo so mal pat ho lo gi es that le ad
to mis re gu la ti on of key struc tu ral, sig nal ling, and me ta -
bo lic ge nes as so ci a ted with the age ing phe noty pe.53

In re cent stu di es re se arc hers ha ve be en fo cu sing on
ge ne mu ta ti ons ac com pan ying known pro ge ro id syndro -
mes e.g. Hutc hin son-Gil ford pro ge ri a, Wer ner’s syndro -
me (WS), Roth mund-Thom son syndro me, Coc kay ne
syndro me, Ata xi a te le an gi ec ta si a and Down syndro me.54

The most com mon skin di sor ders of the se syndro mes
which are cha rac te ri sed by an ac ce le ra ti on of the age ing
phe noty pe are alo pe ci a, skin at rophy and scle ro sis, te le -
an gi ec ta si a, po i ki lo der ma, thin ning and gra ying of ha ir
and se ve ral ma lig nan ci es. Most of the se syndro mes are
in he ri ted in an au to so mal re ces si ve way and mostly dis-
p lay de fects in DNA rep li ca ti on, re com bi na ti on, re pa ir,
and trans crip ti on. Ex pres si on ge ne pat terns of skin cells
de ri ved from Wer ner pa ti ents,55 old and yo ung do nors
sho wed that 91% of the analy zed ge nes had si mi lar ex-
pres si on chan ges in WS and in nor mal age ing imp lying
trans crip ti on al te ra ti ons com mon to WS and nor mal
age ing rep re sent ge ne ral events in the age ing pro cess. 

Furt her stu di es con duc ted to in ves ti ga te chan ges in
ge ne ex pres si on du ring skin age ing ha ve be en per for med
on na tu rally aged hu man fo res kin ob ta i ned from chil-
dren and el derly ma les. So me of the mec ha nisms pro po -
sed to be in vol ved in the in duc ti on of age ing com pri se
dis tur bed li pid me ta bo lism, al te red in su lin and STAT3
sig nal ling, up re gu la ti on of apop to tic ge nes partly du e to
the de re gu la ti on of FO XO1, dow re gu la ti on of mem bers
of the jun and fos fa mily, dif fe ren ti al ex pres si on of cytos -
ke le tal pro te ins (e.g., ke ra tin 2A, 6A, and 16A), ex tra -
cel lu lar mat rix com po nents (e.g., PI3, S100A2, A7, A9,
SPRR2B), and pro te ins in vol ved in cell-cycle con trol
(e.g., CDKs, GOS2).56

THE MITOCHONDRIAL DNA (MTDNA) 
THEORY

Ge ne tic da ma ge and ins ta bi lity out si de the nuc le ar ge no -
me has be en al so sug ges ted to con tri bu te to age ing.57 The
mtDNA synthe sis ta kes pla ce ne ar the in ner mi toc hon -
dri al mem bra ne, whe re the si tes of for ma ti on of ROS are
and the fact that mtDNA lacks ex ci si on and re com bi na -
ti on re pa ir, has ma de many in ves ti ga tors to be li e ve that
cu mu la ti ve da ma ge of the mtDNA may play a key ro le in
the pat ho ge ne sis of the age ing phe noty pe.58,59
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Exa mi na ti on of hu man fib rob last mtDNA in aged
in di vi du als re ve a led po int mu ta ti ons at spe ci fic po si ti -
ons in the con trol re gi on for rep li ca ti on. No tably, a
T414G trans ver si on was fo und in a sig ni fi cantly hig her
pro por ti on of per sons ol der than 65 ye ars of age when
com pa red with yo un ger per sons. The se re sults lent sup-
port to the no ti on that cu mu la ti ve da ma ge to mtDNA
du ring li fe con tri bu tes to the age ing pro cess.53

THE TELOMERE HYPOTHESIS

The te lo me re hypot he sis of cel lu lar age ing 60 pro po ses
that loss of te lo me res du e to in comp le te DNA rep li ca ti -
on and ab sen ce of te lo me ra se pro vi des a mi to tic clock
that sig nals cycle exit, li mi ting the rep li ca ti ve ca pa city of
the so ma tic cell 61. Hu man te lo me res con sist of re pe ats
of the se qu en ce TTAGGG/CCCTA A at chro mo so me
end, which are not rep li ca ted in the sa me man ner as the
rest of the ge no me but ins te ad are synthe si sed by the en-
z yme te lo me ra se .61-63 By mec ha nisms that re ma in unc -
le ar, te lo me ra se al so pro mo tes the for ma ti on of pro te in
cap struc tu res that pro tect the chro mo so me ends. Te lo -
me ra se is ac ti ve in germ li ne cells and in hu mans, te lo -
me res in the se cells are ma in ta i ned at abo ut 15 ki lo ba se
pa irs (kbp). In con trast, te lo me ra se is not ex pres sed in
most hu man so ma tic cells li ke skin cells.64,65 As a re sult,
the ir te lo me res be co me 50-100 nuc le o ti des shor ter with
every cell di vi si on, and the ir pro tec ti ve pro te in caps pro-
g res si vely de te ri o ra te. Even tu ally, af ter many cell ge ne -
ra ti ons, DNA da ma ge oc curs at chro mo so me ends. The
da ma ge ac ti va tes a p53-de pen dent cell-cycle ar rest that
re semb les the ar rest ca u sed by ot her types of DNA da m-
a ge.

The lack of te lo me ra se in most so ma tic cells has be -
en pro po sed to help pro tect hu mans from the po ten ti -
ally da ma ging ef fects of ru na way cell pro li fe ra ti on, as
oc curs in can cer. Te lo me re loss is tho ught to con trol
entry in to se nes cen ce.65-69

HORMONE DECLINE AND SKIN AGEING

Furt her fac tors that may play a pre do mi nant ro le in the
ini ti a ti on of skin age ing is the physi o lo gi cal hor mo ne de-
c li ne oc cur ring with age. Over ti me im por tant cir cu la -
ting hor mo nes dec li ne du e to a re du ced sec re ti on of the
pi tu i tary, ad re nal glands and the go nads or du e to an in-
ter cur rent di se a se. Amongst them, growth fac tors [i.e.
growth hor mo ne (GH) and in su lin-li ke growth fac tor-I
(IGF-I)], and sex ste ro ids (e.g. an dro gens and es tro gens)
show sig ni fi cant chan ges in the ir blo od le vels. 

By now, in mo dels of ani mal age ing, such as in or-
ga nisms as di ver se as the ne ma to de Ca e norr hab di tis el-
e gans, the fly Dro sop hi la me la no gas ter, and the mo u se
Mus mus cu lus, the im por tan ce of hor mo nal sig nals on
the age ing phe noty pe has be en al re ady do cu men ted.
Sup pres si on of hor mo nes such as in su lin-li ke pep ti des,
growth hor mo ne (GH) and ste rols70 or the ir re cep tors
can in cre a se li fes pan and de lay age-de pen dent func ti o -
nal dec li ne. Con boy et al71 sho wed that the age-re la ted
dec li ne of pro ge ni tor cell ac ti vity of mi ce co uld be re-
ver sed by ex po su re to yo ung se rum and that the cells co -
uld re ta in much of the ir in trin sic pro li fe ra ti ve po ten ti al
even when old, un der li ning the gre at im por tan ce of the
syste mic en vi ron ment. In an in vit ro mo del of hu man
hor mo nal age ing, hu man skin cells cul tu red un der hor-
mo ne-subs ti tu ted con di ti ons sho wed al te red li pid syn-
the sis and me ta bo lism and af fec ted ex pres si on of ge nes
be ing in vol ved in bi o lo gi cal pro ces ses, such as DNA re-
pa ir and sta bi lity, mi toc hon dri al func ti on, oxi da ti ve
stress, cell cycle and apop to sis, ubi qu i tin-in du ced pro te -
oly sis, and trans crip ti o nal re gu la ti on in di ca ting that the -
se pro ces ses may be hor mo ne-de pen dent.72 The se stu di es
il lus tra te the im por tan ce of the hor mo ne en vi ron ment
for de te ri o ra ti on of the hu man or ga nism and the age ing
pro cess. 

The growth hor mo ne (GH)/ in su lin-li ke growth
fac tor-I (IGF-I) axis is con si de red to be one of the most
im por tant sig nal ling path ways in vol ved in age ing. Se -
rum le vels of IGF-I ha ve be en re por ted to in cre a se from
birth to pu berty, fol lo wed by a slow dec li ne thro ugh
adult ho od. This re duc ti on has be en cor re la ted with the
prog res si ve dec li ne of GH with ad van cing age.73 Pa ti -
ents with iso la ted GH de fi ci ency (IGHD), mul tip le pi tu-
i tary hor mo ne de fi ci ency (MPHD) inc lu ding GH, as
well as pri mary IGF-I de fi ci ency (GH re sis tan ce, La ron
syndro me) pre sent signs of early skin age ing such as dry,
thin and wrink led skin. Ot her re sul ting cha rac te ris tics
of GH/IGF-I de fi ci ency are obe sity, hyperg lu ce mi a, re-
du ced body le an mass, os te o pe ni a, lo we red ve no us ac-
cess, hyperc ho les te ro le mi a, car di o vas cu lar di se a ses and,
sub se qu ently, pre ma tu re mor ta lity.74-77 Tre at ment of
nor mal el derly ma les with GH re sul ted in ame li o ra ti on
and re ver se of the age ing signs and symptoms.78-80 Ho -
we ver, re cent re ports of an as so ci a ti on of GH subs ti tu -
ti on and in cre a sed risk of pros ta te, lung, co lon, bre ast
can cer as well as a pos sib le dec re a se of in su lin in sen si -
ti vity all ma ke furt her in ves ti ga ti ons ne ces sary re gar -
ding sa fety and ef fi cacy of GH subs ti tu ti on in the age ing
po pu la ti on.81
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On the ot her hand, me no pa u se, which is cha rac te -
ri sed by a ra pid dec li ne of sex-ste ro ids, has be en as so ci -
a ted with a wor se ning of skin struc tu re and func ti ons,
which can be at le ast par ti ally re pa i red by hor mo ne re-
p la ce ment the rapy or lo cal es tro gen tre at ment.82 Im pro -
ve ment of epi der mal skin mo is tu re, elas ti city and skin
thick ness,83 en han ced pro duc ti on of sur fa ce li pids,84 re-
duc ti on of wrink le depth, res to ra ti on of col la gen fi bers85

and in cre a se of the col la gen II I/I ra ti o 20 ha ve all be en
re por ted un der hor mo ne rep la ce ment the rapy.

In in vit ro stu di es the ef fects of GH, IGF-I an dro -
gens and es tro gens at age-spe ci fic le vels on hu man skin

cells ha ve be en do cu men ted.  IGF-I sho wed to play an
im por tant ro le in the re gu la ti on of the li pid synthe sis
in hu man se bocy tes whi le 17β-es tra di ol sho wed no sig-
ni fi cant ef fects on the bi o lo gi cal ac ti vity of the cells.
Der mal fib rob lasts sho wed to be mo re sus cep tib le to
17β-es tra di ol tre at ment, whi le IGF-I co uld sig ni fi -
cantly sti mu la te fib rob last pro li fe ra ti on. Furt her mo re,
an in terp lay bet we en the 17β-es tra di ol and IGF-I sig-
nal ling path way was do cu men ted in both cell types.
The se re sults in di ca te the im por tan ce of IGF-I in the
re duc ti on of skin sur fa ce li pids and thick ness with ad-
van ced age. 
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