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Yaglanma 2T MQM

* Fizyolojik fonksiyonlari etkileyen ve molekullerde,
hiicrelerde ve dokularda canlinin yasami boyunca hasar

birikimidir.
* Bir organizmanin stres kosullarinda homeostazi

surdirme kapasitesini azaltir ve bircok hastalik icin daha
buyuk bir risk olusturur.

* Yaslanan dokularda, hucresel seviyede
v'Senesens
v'DNA ve protein hasari birikmesi

v'DNA’da meydana gelen epigenetik degisiklikler sonucunda
gen ifadesi ve hicre islevlerinin degisimi



Insan Omriiniin Kalitilabilirligi

Omir, saglik ve gevrenin
blrgok yonunu tek bir nihai
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5.3 million aile agaci,
13 milyon kisi: %16



Genom Epigenom







Genetik Faktorler




Uzun dmrin genetigi

Aday gen calismalari

Immun sistem:
HLA polimorfizmleri




Uzun omrun genetigi

Aday gen calismalari

Kardiyovaskuler sistem:
APOE ve ACE polimorfizmleri




Model Organizmalar

Yolak yaklasimi

Model organizmalarda bulunan yolaklarda yer alan
proteinleri kodlayan genlerdeki polimorfizmlerin
Insanlarda arastirilmasi

Mitokondriyal fonksiyon
Oksidatif stres direnci
DNA tamiri

Hlcre dongusu kontroll
Proteostaz

Telomer kisalmasi




C. elegans’da dGmur uzatan mutasyonlar
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Instilin/IGF-1 sinyal iletim yolagi mutantlari

* daf-2 ve daf-16 mutantlari uzun yasiyor

Insulin/IGF-1
reseptoru

FOXO




Yaslanma ve uzun omir kompleks poligenik sureglerdir

*Replike edilemeyen sonuclar

* Cok sayida kucuk veya iliml etkili genetik vayantlar
* Cok genis kohortlar gerekli

* Varyantlar arasi non-lineer epistatik etkilesimler,
cevresel faktorlerle etkilesimler vb.

* GenAge veri tabani: >300 yaslanma-iliskili gen

* LongevityMap veritabani: >500 insan genetik iliski
calisma



Yaslanma ve uzun omiur kompleks poligenik 6zelliklerdir

HAGM/}‘, = Genomics Drugs = Animal Longevity = Ageing Changes = Ageing Information Quick Search

GenAge: The Ageing Gene Database

at the Human Ageing Genomic Resources

GenAge Database of Ageing-Related Genes

Welcome to GenAge, the benchmark database of genes related to ageing. GenAge is divided into genes related to longevity and/or ageing in model organisms (yeast, worms,
flies, mice, etc.) and ageing-related human genes. The section on human ageing-related genes includes the few genes directly related to ageing in humans plus the best
candidate genes obtained from model organisms. Human genes are thus considerably better annotated and include more information. GenAge is manually curated by
experts to ensure high-quality content.

GenAge: The Ageing Gene
Database

Search human genes Search model organism genes
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Search Human Genes Search Genes in Models
= Downloads

https://genomics.senescence.info/genes/



https://genomics.senescence.info/genes/

m GenAge

A curated dakabase of candidate human ageing-related genes and

genes associated with longevity and/or ageing in model organisms.

m GenDR

A curated database of genes associated with dietary restriction in

model organisms either from genetic manipulation experiments or

Search human

Search model organisms

LongevityMap

Database of human genetic variants associated with longevity.

Search genes/variants

Gene Expression

Projects focused on gene expression profiling of ageing and of
dietary manipulations of ageing, such as caloric restriction.

Cancer

Studies focused on cancer, in particular using genomics and
bicinformatics approaches.

gene expression profiling.

Search gene manipulations

Search gene expression

m CellAge

Database of human genes associated with cellular senescence.

Search CellAge

Genomes

Information on developing genomic resources and methods for
studying long-lived species.

Software

Software for ageing research, including the Ageing Research
Computational Tools (ARCT) perl toolkit.



Yaslanma ve uzun omiur kompleks poligenik slireglerdir

Human Longevity Genetic Variants

(_] ( Welcome to the LongevityMap, a database of human genetic variants associated with loengevity. Negative results are also
G G included in the LongevityMap to provide visitors with as much information as possible regarding each gene and variant
previously studied in context of longevity. As such, the LongevityMap serves as a repository of genetic association studies
Build 3 (24/06/2017) of longevity and reflects our current knowledge of the genetics of human longevity.
LongevityMap search
Search Finding Entries

] Search chromosomes only
Searching the LongevityMap can be done by gene or genetic variant (e.g., reFSNP number). You can enter one or more

Search words from the gene's name or use the gene's HGNC symbol. Note that the search is case insensitive. It is also possible
to search for a specific cytogenetic location but for this you need to tick the box below.

Bibliography

Database Statistics Search the LongevityMap

[l Search chromosomal location only
Submit a variant to the
database Entries in chromosomes:

Help

Citation gggﬁ
Download

https://genomics.senescence.info/longevity/



https://genomics.senescence.info/longevity/

Uzun dmurle iliskili en cok replike edilen ve
One cikan aday genler:

APOE

FOXO3
Sirtuinler
Telomer genleri



Uzun édmdrle iliskili en cok replike edilen ve
dne cikan aday genler: APOE

e £4: dusuk plazma APOE ve
CRP seviyesi

* Yuksek plazma kolesterol,
LDL-C, ateroskleroz ve
artmis BKI

* Yuksek kardiyovaskuler
hastalik riski

* Yiksek Alzheimer Hastaligi
riski




Uzun édmdrle iliskili en cok replike edilen ve
dne cikan aday genler: APOE

Meta analiz: Xu ve ark. Biomed Res Int (2016) 3912175

e £3/€3 ile karsilastirildiginda; €3/€4 ve €4/4 genotipleri artmis koroner
kalp hastaligi riski ile iliskilidir.
o £3/ed: %22; €4/e4d: %45
e €2 aleli: Riskte %16 azalma

e Bazi arastirmacilar, APOE’nin uzun émiur geni olmaktan cok, bir
"kirilganlik geni" oldugunu dustinmektedir.

* €4 aleli tasiyicilarinda goreceli olarak orta ve erken yaslilikta kardiyovaskuler
mortalitenin artmis olmasinin bir sonucu olarak, ¢ok ileri yaslarda €2 sikliginin
yiksek bulunuyor olabilir.



Uzun édmdrle iliskili en cok replike edilen ve
dne cikan aday genler: FOXO3

* The forkhead/winged helix box, group O
* Transkitpsiyon faktorleri

* Instlin/insilin-benzeri biyime faktdri (IGF-1) aracili sinyal iletim yolagi
(11S)’nin onemli bilesenlerinin gen ifadesi icin gereklidirler.

* 1IS yolaginin uzun dmurle iliskisi ilk olarak C. elegans’daki mutasyon
calismalari ile ortaya konmus ve diger model organizmalarda da replike
edilmistir.



Uzun édmdarle iliskili 6ne cikan diger aday
genler: Sirtuinler

7 Uyesi vardir (SIRT1-7).
* NAD*-bagimli olarak post-translasyonel modifikasyon
* Metabolik ve néronal yolaklarin diizenlenmesi

e Artmis sirtuin seviyeleri yasa bagli-metabolik disfonksiyon ve
kanser riskini azaltarak uzun émdarle iliskili



Uzun édmdarle iliskili 6ne cikan diger aday
genler: Telomer iliskili genleri

* TERT polimorfizmleri: Askenazi Yahudileri
ve cocuklarinda

* TERC polimorfizmleri

* OBFC1 geninin 3’-UTR’sinde lokalize
varyantlar



Uzun omrun genetigi

GWAS

(Genom bovu iliski calismalari)

Hangi varyant(lar)
>100 yas grubunda
anlamli olarak daha
sik gbzleniyor?

P< 5x108
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GWAS’'da one cikan uzun émurle iliskilendirilmis genler (1)

Gene symbol Function(s) of encoded protein

ANKRDZ0A9P Pseudogene; no known function.

AP5Z1 Subunit 5 of adaptor-related protein complex; facilitates vesicle-mediated intracellular sorting and trafficking of selected
transmembrane cargo proteins.

ATXNZ2 Autoimmune disease and blood traits.

B3GALTL B-1,3-Glucotransferase; transfers glucose to O-linked fucosylglycans on thrombospondin type-1 repeats of several proteins.

BEND3 Associates with chromatin remodeling complexes to modulate gene expression and heterochromatin organization.

BMP4 TGF-p superfamily member; involved in embryonic development.

BMP5 TGF-p superfamily member; embryonic and disease development; injury response.

C9orf62 Encodes a protein of unknown function.

C200rf187 Encodes a protein of unknown function.

CAPN9 Digestive tract functions; is associated with gastric cancer.

C10RF Encodes a protein of unknown function.

CDENZ2B-AS1 LncBNA (ANRIL) that is in a region associated with CAD, type 2 diabetes, cancer. Regulates neighboring tumor

suppressor genes CDKN2A and CDKNSB.
Removal of CDEN2A-expressing senescent cells rescued aging phenotypes in mice.
Causal mechanism suggested by countering lower ANRIL expression seen in atherosclerosis.

CHRNA3/5 a-3/5 neuronal nicotinic acetylcholine receptor subunit; ligand-gated ion channel; frailty gene; associated with COPD.
CHRNA4 Encodes a-4 neuronal nicotinic acetylcholine receptor subunit;
CYP2A6 Member of the cytochrome P450 mixed-function oxidase system; metabolism of xenobiotics; oxidation of nicotine and cotinine.
DBC1 Negative regulator of SIRT1 and cellular stress response.
EBF1 Controls expression of key proteins required for B cell differentiation, signal transduction and function.
EGLN2 Control of mitochondrial function, hypoxia tolerance and apoptosis in cardiac and skeletal muscle; breast cancer.
ELOVL6 Long-chain fatty acid elongase; important role in energy metabolism and insulin sensitivity.
EPHX2 Hydrolase involved in lipid metabolism.
Polymorphisms are associated with coronary calcification.
EXOC3L2 Interacts with EXOC4 exocyst complex component; targeting exocyst vesicles to the cell membrane; upregulated by VEGF-A.
FOX03 Transcription factor regulating stress resistance, DNA repair, etc.
FPGT Fucose-1-phosphate guanylyltransferase; involved in salvage.
Pathway to reutilize L-fucose from glycoprotein & glycolipid turnover.
FURIN Widely-expressed membrane-bound protease essential for regulatory and effector T-cell function.

Involved in atherosclerosis.
Polymorphisms are associated with blood pressure.

HLA-DRB1 Central role in immune system by presenting peptides derived from extracellular proteins.
HLA-DQA1 Central role in immune system by presenting peptides derived from extracellular proteins.

L6 Interleukin 6; pro-inflammatory cytokine and anti-inflammatory myokine; role in innate immunity.
KLFb Regulates macrophage inflammatory gene expression by modulating function of NFkB and PPAR-v.
LPA Lipoprotein(a); phospholipid derivate; signaling; enhances coagulation; risk factor for CAD.

LYST Intracellular protein trafficking from secretory lysosomes.

MAP3K4 Cell differentiation and survival, apoptosis, innate immune response and oxidative stress response.

BBA - Molecular Basis of Disease 1865 (2019) 1718-1744



GWAS’'da one cikan uzun émurle iliskilendirilmis genler (2)

Gene symbol Function(s) of encoded protein

MARK4 Regulation of microtubule dynamics; messenger in Wnt-signaling pathway; oxidative stress and inflammation.

MCZR Encodes the adrenocorticotropin (ACTH) receptor crucial to cortisol-mediated stress response important in aging.
Defects lead to subclinical Cushing's syndrome, impaired blood glucose regulation and immune system dysfunction.

MDN1 Encodes midasin, a nuclear chaperone required for maturation and export of pre-60s ribosomal subunits. Is upregulated in aging brain
possibly for repair and replacement of compromised macromolecules.

MICA MHC class I polypeptide-related sequence A precursor; antibody formation; regulated by heat shock stress pathway.

MICB Heavily glycosylated protein; ligand for NKG2D type II receptor; binding activates cytosolic response of natural killer cells.

NBPF5 Neuroblastoma breakpoint tamily member 5; members have roles in developmental and neurogenetic disorders, as well as cancers.

NBFF6 Neuroblastoma breakpoint family member 6; members have roles in developmental and neurogenetic disorders, as well as cancers.

PARK2 Parkin; component of multiprotein E3 ubiquitin ligase complex, which is part of the ubiquitin proteasome targeting proteins for
destruction.

PLG Plasminogen; plasmin precursor; degrades fibrin clots.

PROX2 Transcription factor; gene ontology suggests involvement in cardiac muscle and neuron differentiation.

PSORS1C3 Psoriasis susceptibility 1 candidate 3 (non-protein coding); is a IncRNA expressed in stem cells and cancer cell lines.

RBMXL1 A BNA binding protein. Other such proteins have been implication in cellular senescence and neurodegeneration.

SEMAG6D Semaphorin 6D; stop signal for dorsal root ganglion neurons.

SHZ2B3 Encodes lymphocyte adaptor protein, INK, having a key role in linking vascular and renal inflammation to hypertension.
CAD, blood pressure, TNF-a, cell counts, colorectal cancer

SMAD7 Belongs to TGFP superfamily; inhibitor of TGFP receptor type I and signaling; binds other intracellular proteins; cancer cell growth.

TMTC2 Binds calcium uptake pump SERCAZ2B and carbohydrate chaperone calnexin; role in calcium homeostasis.

TNNI3K MAP kinase kinase kinase family member; cardiac remodeling.

TOMM40/APOE/APOC1 Cognitive functions; mitochondrial structure and function; HDL and VLDL metabolism.

TOPZ2RB DNA topoisomerase 11 [ DNA breakage and rejoining; gene regulation.

TOX DNA binding; T-cell development.

TLR4 Toll-like receptor family member; intracellular signaling pathway NF-«B and inflammatory cytokine production; innate immune system
activation.

USP2-AS1 USP antisense RNA 1; is activated by MYC.

Uspr42 Ubiquitin-specific peptidase 42; ubiguitin-proteosome dependent proteolysis.

ZWI10 Centromere/kinetochore protein; functions in spindle checkpoint; chromosomal segregation.

BBA - Molecular Basis of Disease 1865 (2019) 1718-1744



Yaslanma ile iliskili genlerin sistem-seviyesinde analizi: Gerontom
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Saglikl yaslanma ile iliskili genler

v'Saglikli Kaslanma, cok uzun
yasamaktan farkli bir fenotip

v UK; N=1354

85-105 yas araliginda kronik hastalik
oykusu bulunmayan gonulliler
(wellderly) ve kontroller

Tum genom dizileme

Genom boyu anlamlilik sinirina ulasan
lokus yok

One cikanlar; bilifsel islevler iliskili
varyantlar: MHC lokus, SLC22A4, KCNE4;
FOXO3, APOE

v’ Saghkli yasam tarzi

Cell 215 (2016) 1002-1011

85-105 yas

Kronik hastalik 6ykiisii yok Kontroller

i i i E Hangi varyant(lar) i i i i

* saglkli yaslananlarda ¢
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Epigenetik Faktorler




Epigenetik

e Conrad Hal Waddington (1905-1975)

* DNA'daki diziye 6zgl degisikliklere
atfedilemeyen kalitsal ozellikleri tanimlamak
icin kullaniimistir.

* Kromatin biyolojisi

* DNA aracili tim sureclerin dizenlenmesinde
yonlendirici rol Ustlenir
* Replikasyon
e Transkripsiyon
* Tamir



DNA metilasyonu ve Yaslanma

v'Telomer boyu gibi yaslanma
icin bir biyobelirtectir.

v «Epigenetik saatler»

v'Yaslanma ile birlikte;
v'Lokositlerde global bir
hipometilasyon
v'Spesifik bazi promotor
bolgelerinde hipermetilasyon

O Unmethylated

Front. Genet., 18 February 2019



Metilasyon saatleri

v'Metilasyon desenlerine
bakarak biyolojik yas degisik
hata oranlariyla tahmin
edilebilmektedir.

v'"Monozigotik ikiz calismalari

Proc. Natl. Acad. Sci. U. S. A. 102 (2005) 10604-10609.;
Molecular Cell 71, September 20, 2018



Kromatin modifikasyonlari ve Yaslanma: SIRT1

Young Cell Aged Cell
NAD+ NAD*
C NAD* C
NMN ATP NMN ATP
Nicotinamide Nicotinamide

Nicotinamide

| Replicative Senescence 1 Heterochromatin Formation (SAHF]
} Lifespan } Replicative Senescence

Oncogene (2007) 26, 5489-5504



Kromatin modifikasyonlari ve Yaslanma:
H3K4me3 ve H3K27me3

* Yaslanma ile birlikte
metilasyonda azalma

* CR, rapamycin hipometilasyonu
engelliyerek yasam suresini
uzatiyor

* Yaslanma ile birlikte H3K27me3
seviyesinde global bir azalma

* H3K27me3 seviyesini artiran
uygulamalar yasam suresini
uzatiyor




