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Degerli Hekimlerimiz,

Telomer Biyolojisi hakkinda tim Dulinya’da klinik ¢calismalar her yil artarken ayrica telomer élgim icin Life
Length (LL) Telomer Analiz Testi’nin de (TAT) énemi giderek artiyor. LL TAT sadece kisinin biyolojik yas!
hakkinda bilgi vermek ile kalmayip ayrica daha spesifik veriler almak icin de kullanilabiliyor. Hatta Cleveland
Heart Institute’de LL TAT artik standart check up programinin bir pargasi olarak kullanihyor.

Bu sayimizda Dr. Mark J. Tager’in LL TAT testi hakkinda American Academy of Anti-aging Medicine (A4M)
dergisinde yayinlanan yazisini aktariyoruz. Yazida testin klinik kullanimi hakkinda aydinlatici bilgiler yer aliyor.

TAT’In en 6nemli fonksiyonlarindan biri ise yaglanma hizini tam olarak dlgebilen bir test olmasi. Hastaya
yapilacak ilk testte kisinin kronolojik yasina goére biyolojik yasini net olarak gérmek mimkin oldugundan
gercekten ne kadar hizli ya da yavas yaslandigi hakkinda net bir fikir veriyor. Ayrica bu testin yaninda kisinin
yasam tarzi incelendiginde onu hizli yaslandiran aliskanliklar konusunda énlem almak hasta agisindan daha
kritik hale geliyor.

Hatta hastanin yasam aliskanliklarinda (beslenme-egzersiz-besin destekleri-TA65-ve/veya tedaviler)
degisiklikler yaptiktan sonra bunlarin gercekten ne kadar ise yaradigi hakkinda 1 yil sonra ikinci bir test
yaparak programin basarisi ve hastanin programa uyumu kontrol edilebiliyor. Her yil dlizenli kontroller ile
hastanin yasam seklinde daha da fazla iyilestirmeler yapilabiliyor.

Testin en 6nemli gérevlerinden birisi de yapilan uzun soluklu tedavinin basarisini, tipki dnce-sonra fotografi
gibi ortaya koyabiliyor olmasi. Clnku glinimuzde anti-aging tedavi talepleri ile gelen hastalar hizli sonug ve
gbzle gorilebilir degisim bekliyorlar. Dolgu-Botox uygulamalarinda oldugu gibi hastanin éncesi ve sonrasi
fotograflarinin ¢ekilmesi hastanin kendi gelisimi hakkinda fikir edinmesi, ikna olmasi agisindan ¢ok énemli bir
adim. Ancak i¢sel anti-aging programlarinda ise bu kadar kesin bir 6lcim metodu bugtine dek yoktu. LL TAT
testi bir tur icsel yaslanmanin geri dénisinin éncesi ve sonrasi fotografi gibi de disunulebilir. Hastanin bu
test ile programina daha sadik ve hassas olmasi saglanabilir. Hastalar sonug aldiklari, gelisim kaydettikleri
programlari genel olarak birakmak istemezler. LL TAT testi hasta sadakati agcisindan da faydali olabilir.

LL TAT testinin sonuglarina érnek olmasi igin, 6 ay ara (normalde 6nerilen 1 yildir) ile yapilmig 2 testinin
karsilastirmali sonuclarini takip eden 2 sayfada bulabilirsiniz (rapor daha detaylidir sadece 6zet kisimlar
alinmistir). ilk élgiimde bireyin kronolojik-biyolojik yas farki 11,4 bulunmustur. Hasta giinde 2 kapsiil TA-65
kullanmaktadir. Ve 5,5 ay sonra yeniden TAT testi yapildiginda bu fark 8,7’ye gerilemigtir. Yani 5,5 ay icinde
2,7 yillik bir gelisim saglandigindan bahsetmek mimkindur. Bu test sonucu ile hasta biyolojik yasinin ne
kadar geri gittigini yani ne kadar genclestigini net bicimde gorebilmektedir.

Hastaya yapilabilecek olan farkli tedaviler ve yagsam seklindeki degisiklikler ile hizli sonuglar da elde
edilebilir. Ancak bu 2 testin yan yana kondugunda géstermis oldugu asil isaret, bireyin gelisimini net bicimde
izleyebilmektir.

Life Length TAT testi hakkinda www.telomer.com.tr adli web sitemizin giris sayfasinda Turkge alt yazili 3
video bulabilirsiniz. Ayrica web sitemizin Klinik Galismalar bélimiinde hastaliga gére siniflanmis yaklagik
350 adet klinik calismaya da ulasabilirsiniz. Hasta icin bilgilendirici videolari bekleme odalarinizdaki TV
ekranlarinda kullanabilirsiniz.

1. Hastalara telomer testi hakkinda bilgi veren video (3 dk)
2. Life Length TAT’In klinik 6Gnemi hakkinda Dr. Tager’in agiklamalar yaptigi video (~8 dk)
3. Life Length TAT’In hastalara nasil agiklanabilecegi/yorumlanabilecegi hakkinda Dr.Tager’in videosu (~7,5 dk)

Bir sonraki sayimiza dek telomerlerinizin hep uzun kalmasi dilegi ile...

Kubilay Tarkmen

Bizi sosyal medyada takip edebilirsiniz.

nantiaging.com.tr I@' antiagingcomtr uantiagingcomtr anti-aging.com.tr
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1st Report issue date : 29-10-2015

Your estimated biological age
Chronological Age: 43.7 years old
Estimated Biological Age: 55.1 years old
Difference: 11.4

2nd Report issue date: 15-04-2016

Your estimated biological age
Chronological Age: 44.2 years old
Estimated Biological Age: 52.9 years old
Difference: 8.7

Your telomere length

Median Telomere Length: 9.2 Kb
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Your telomere length

Median Telomere Length: 9.6 Kb
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Median telomere length — Comparison by age band and percentiles

Median 14
telomere This graph shows how your median
length 13 telomere length compares with other
(Kb) ) people your age.
1
s [90-95] Each color block represents a specific
. [75-90] percentile of our database. As an
[ [50-7:
10 [25-5 example only: falling in the 75t
[ 10-25] percentile means that 25% of people
9 =0 of your age have a longer median
s telomere length than you.
7 It is therefore best if your results falls

into one of the higher bands.
Chronological age (years)

The black dot above shows your result.
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20" percentile / short telomeres — Comparison by age band
and percentiles

This graph shows your 20 percentile
value (which represents your shortest
telomeres) compared with the control

database.
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Each color band represents a
percentile of the control database.

Falling in the 75th percentile, for
instance, means that 25% of the
people of your age present shorter
telomeres than you have and,
consequently, a higher degree of
cellular aging than you.

It is therefore best if your results fall
Chronological age (years) into one of the upper bands.

The black dot above shows your result.
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TELOMER TESTININ

KLiNIK DEGERI

Mark J. Tager, MD

2009 yilinda telomerazin kesfi ile alinan Nobel Odiilii sonrasinda,
telomer biyolojisi alaninda Onemli gelismeler goriildi. Pub
Med'de bu konuyu iceren kanser, kok hiicre, kardiyovaskiiler
hastaliklar, diyabet, merkezi sinir sistemi ve akciger ile ilgili en
azindan 20.000 makale yayinlanmustir.

Guintimiizde saglik profesyonelleri artan bir ilgi ile telomer testini
uygulamalarina dahil etmektedirler. Uygulamalarin biyiik bir
cogunlugu iki kesisen giice dayanmaktadir: Kisiye &zel ilag ve
bireylerin giderek artan yaslanma siirecini yavaglatma istegi.
Giivenilir ticari testlerin gelismesi bireylerin telomer uzunlugunu
Slgmeye ve kritik kisaliktaki telomerleri belirlemeye olanak saglar,
ikisi de genel hiicre saghgmnin belirtegleridir. Telomer bilimi
laboratuvardan kliniklere sicradik¢a, bu yeni 6l¢cli parametresi
bize hastaliklarin erken tanimlanmasi, risk istatistiklerinin
¢ikarilmasi, tedavi kosullarinin belirlenmesi ve saglikli olmak i¢in
yasam kosullarinda degisiklik yapma sans1 kazandiriyor.

| Telomer Biyolojisi

Lineer kromozomlarin sonlarinda telomer adi verilen yapilar
bulunur. TTAGGG tekrar dizilerine sahip kodlama ézellikleri
olmayan DNA vyapilarindan olusan telomerlerin en O6nemli
ozelligi, kromozomlar1 yikimdan (degredasyon) korumaktir. Her
kromozom replikasyonundan sonra telomerler kisalir ¢iinki
DNA replikasyon mekanizmasi son pargalarin olustugu kesintili
zinciri kopyalayamaz. Telomer kritik kisaliga ulastiginda
replikatif senesens tetiklenir ve sonraki hiicre bolinmeleri
durdurulmus olur. Bu sayede wuglar1 "Kapaksiz' kalan
kromozomlarin kromozomal fiizyonlarla genetik mutasyonlara
yol agmasi 6nlenmis olur. Kok, tireme ve kanser hiicrelerinde
telomeraz adi verilen enzim yiiksek aktivite gostermektedir.

Telomeraz riboniikleoprotein kompleksi olan RNA kalibindan
(TERC) olusur. Bu enzim shelterin protein kompleksi ile birlikte
telomerleri uzatmak igin ¢aligir. Bircok insan kanser hiicresinde
telomeraz asir1 Uretilir. Bu telomeraz pozitif hiicrelerde artan
hiicre bolinmesine ragmen telomerler kisalmaz, hiicreler
olimstizlesir.

Hiicre tipine bagli olarak, Hayflick limiti hiicre béliinme sayisini
50-70 olarak smurlar. Bu da hiicre 6mriiniin en son noktasidir.
Yaslanmayla beraber, telomer kaybi yillar gectikge ilerler.

Sayisal olarak baktigimizda, rahimde bulunan fetiisiin
15.000-20.000 baz ciftine veya 15-20 kilobaza sahip oldugunu

sovlevebiliriz. Dogum ile birlikte bu sav1 10-15 kilobaza kadar

diismektedir. Yasam boyunca telomerler her yil heterojen bir
sekilde 100 ile birka¢ yiiz baz ¢ifti (bp) olacak sekilde
kisalmaktadir.

Telomer aragtirmalar1 kisa telomerlerin bir¢ok hastalikla iliskili
oldugunu giiglit kanitlarla gostermistir?. Kritik kisaliktaki
telomerlerin kardiyovaskiiler hastaliklar?, tip 2 diyabet?, kanser®,
osteoporoz®,  osteoartrit’,  pulmoner fibrozis®,  depresif
bozukluklar® ve merkezi sinir sistemi!® hastaliklarin gériilmesine
katkida bulunmaktadir. Telomer uzunlugunun hastaliklarin
onceden belirlenmesini saglayan bagimsiz bir degisken oldugu
artik genis evrelerce kabul edilmektedir.

British Medical Journal'de yaymnlanmis olan 43.000 kisiden
olusan bir calismada telomer uzunlugunun kardiyovaskiiler
hastaliklar i¢in bagimsiz bir risk faktorii oldugu bildirilmigtir!!.
Bityiik bir meta-analizinde kisalan telomerlerin tip 2 diyabetle
anlamli bir iliski i¢inde oldugu gosterilmistir'?. Diger ¢aligmalar
ise kisa telomerlerin kanser agresifligi ile iliskili olabilecegini
bildirmistir!>!4.

| Anti-Aging Puan Tablosu

Telomer uzunlugu somatik hiicrelerin ¢ogalma durumunu belirler,
bu da kronolojik yasa kars1 biyolojik yasin belirlenmesine olanak
saglar. Telomer uzunlugu telomeraz enzimi, cevresel etkiler ve
yasam stili gibi bircok parametre ile iliskilidir.

Sigarals, obezite!® asir1 alkol tiiketimi'’, stres ve sosyal yoksunluk!®
gibi olumsuz aligkanliklar' ve yetersiz beslenme?® telomerlerin
hizla yipranmasina neden olmaktadir. Arasgtirmalar pozitif yagam
sartlarnin ~ telomer  kisalma  hizin1  etkileyebilecegini
gostermektedir?!. Akdeniz diyeti??, belirli vitaminler, Omega-32
yag asidi iceren gida takviyeleri, egzersiz?* ve farkindalik?> pozitif
yasam sartlarini olusturmaktadir. Klinik uygulamalarda telomer




Mark J. Tager, MD | TELOMER TESTININ KLINiK DEGERI

belirlemek ¢ok 6nemli bir yer tutmaktadir. Farelerin somatik
hiicrelerinde yapilan g¢alismada telomeraz aktivasyonu ile kisa
telomerlerin uzadigi kesfedilmistir, buna goére telomerazin
arttirilmasiyla  insan  yasam  siirecinin  uzatilabilecegi
distintilmektedir?®?7,

| Telomer Testine Genel Bakis

Telomer uzunlugunu o6l¢mek i¢in kullanilan en yaygin teknik
graniilosit ve lenfositleri iceren periferik beyaz kan hiicrelerinin
degerlendirilmesidir®®.  Farkli  dokularmm  farkli  hizlarda
yaglanmasina  ve kendilerine 6zel farkli telomer uzunluklar
olmasma ragmen, hipertansif hastalardaki genel doku kaybinin
16kosit telomer uzunlugu ile karotid ateroskleroz arasindaki iliskiye
bagli oldugu gorilmistir?.

Giintimiizde kanda bulunan I6kosit telomerlerini 6lgebilen ticari
olarak faaliyet gosteren 3 teknoloji mevcuttur. Piyasadaki mevcut
testlerin hem artilari, hem de eksileri bulunmaktadir. (FDA
tarafindan agiklanan herhangi bir tiikiiriik testi veya evde kullanimi
miimkiin olabilen bir test bulunmamaktadir, ileride de olacagina
dair bir isaret yoktur.)

Q-PCR tek bir gen kopyasmin DNA amplifikasyonu teknigine
dayanmaktadir. Bu metot kolayca 6l¢eklenebilir, nispeten ucuzdur
ve biyik epidemiyolojik c¢aligmalarin ¢ogunda kullanilmigtir.
Sonuglari kiyaslayabilmek ve istatiksel dogrulama yapabilmek i¢in
biiytik bir veri tabani bulunmaktadir. Test 2 sayfa rapor
sunmaktadir ve ortalama telomer uzunluklarini normatif bir grafik
tizerinde gostermektedir. Sonrasinda bir sayfalik hastalar icin
tavsiyeler kismi bulunmaktadir.

Diger yontemlerle kiyaslandiginda PCR'in dogrulugu daha azdir ve
tekrarlanabilirligi dasiiktir. Bu metot direkt olarak Olciilebilir
degildir ve degerler amplifikasyon dongiisiinden tahmin edilir.
PCR kullaniminin en biiyiik dezavantaji telomer uzunlugunu
ortalama bir deger olarak vermesidir. Klinik agidan ¢ok daha
6nemli olan kritik kisaliktaki telomerler hakkinda herhangi bir veri

icermemektedir. PCR sonuglart biiyiik veri tabanlari ile
kiyaslanabilir ~ olsa  da, biyolojik yas bu metot ile
belirlenememektedir.

Flow - FISH teknigi ile telomer problari floresan ile hibridize
edildikten sonra, hiicre popiilasyonundaki telomer uzunluklar
FACS metodu kullanilarak (floresan ile hiicreler siralanir) analiz
edilir. Bu metod Q-PCR'a kiyasla ¢ok daha 6lciilebilir ve tekrar

edilebilir  6zellige sahiptir. Bu test genetik danigmanlikta
kullanilmaktadir. Flow-FISH'1n uzun siire kullanimi sonucunda
sonuglart  kargilagtirabilmek  i¢in  gerekli  veri  tabami
olusturulmustur.

Bu test uzun siire laboratuvar ortaminda ¢alisildig1 ve ¢ok zaman
aldig1 icin, (g test i¢indeki en pahali olandir. Flow-FISH testi kan
hiicresindeki grantilosit ve lenfositleri ayirarak ortalama telomer
uzunlugunu saglikli bireylerin degerlerini de referans alarak kesin
ve tekrar edilebilir bir sekilde sunar. Q-PCR'da oldugu gibi tek tek
telomerlerin uzunluklart ve kritik kisaliktaki telomerler hakkinda
bir bilgi sunamamaktadir. Sonuglar graniilosit ve lenfosit telomer

uzunluklarimin kiyaslandig bir sayfada verilmektedir ve grafik ile
gosterilmektedir.

Sekil 1: Fotomikrograf I6kositleri (mavi noktalar) ve telomerleri (pembe
noktalar) gosterir. Kirmizi floresan noktalarin yiiksek yogunluklu olmas:
telomerlerin uzun ve kisa telomer yiizdesinin az oldugunu gostermektedir.
(Kaynak: Life Length, hasta raporu)

Telomer Analiz Teknolojisi® (TAT®) quantitatif floresan in situ
hibridizasyon ile konfokal mikroskobundan olusan, genis
populasyondaki hiicrelere tek tek giris yapilmasini saglayan HT Q-
FISH teknigine dayanmaktadir.(Sekil 1) Her kan Orneginden
100.000 telomerin uzunlugu tek tek ol¢iiliir. Bu teknoloji Spanish
National Cancer Research (Ispanyol Milli Kanser Arastirmasi)
tarafindan gelistirilmistir®®. TAT testinin varyasyon katsayist %5'in
altinda olmasi nedeniyle flow-FISH metoduna gore ¢ok daha kesin
ve tekrar edilebilir sonuclar vermektedir.

Test sonuglarmin veri tabani genisletilmistir, buna istinaden
Avrupa'nin bilimsel standartlarina uygunlugu verilmistir. TAT ile
kullanilan konfokal mikroskobu kromozomlar: tek tek 6lgebilen,
kritik kisaliktaki telomerleri tanimlayabilen ve biyolojik yasi
belirleyen tek teknolojidir. Ayrica deney maliyeti Q-PCR'a
yakindr.

6 sayfadan olugan detayli hasta raporunda medyan ve ortalama
telomer uzunluklar1 en kisa %20 dilime gelen kritik kisaliktaki
telomer ytizdesiyle birlikte verilir. (Sekil 2)
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Sekil 2: Histogram 20. ytizdelikte bulunan kritik kisaliktaki telomerleri
(kirmizi), medyan telomer uzunlugunu (MTL) ve ortalama telomer
uzunlugunu (ATL) gostermektedir. Kaynak: Life Length hasta raporu
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| Telomer ile ilgili Geligtirilen Yeni Testler

Telomapping, doku kesitinden alinan kromozom {izerindeki
telomer uzunluklarini belirlemeye yarayan son zamanlarda
gelistirilmis bir tekniktir. Sabit doku kesitleri dokudaki spesifik
hiicre turleri i¢inde bulunan kisa telomerlerin siralanmasini
belirlemek icin kullanilir. Orneklerin kendine &zel topolojisi
korunur. Bu yontem agresif =~ kanser Oncesi lezyonlarin
saptanmasina olanak tanryarak geribildirimlerin ve tedavilerin
onceden belirlenebilmesi imkanini verir. Telomapping ¢ok zaman
isteyen bir yontemdir ve su an icin yiiksek adetlerde test
yapabilmek i¢in uygun bir metot degildir.

Q-TRAP Kantitatif Telomerik Tekrar Amplifikasyon Protokoliine
dayanmaktadir ve biyolojik 6rnek iginde telomeraz aktivitesini
olgen c¢ok hassas bir metotdur. Kanser karsiti ajanlarin
gelistirilebilmesi i¢in farmakolojik testlerde telomer uzunlugunun
oOlgiilebilmesi giderek 6nem kazanmaktadir. Telomeraz olgiimii
kanser aktivitesinin belirlenmesine ek olarak, yasam stilini
degistirilmesini ve gerekli gida takviyelerinin alinmasini saglayarak
anti- aging faydalar da sunabilir.

Giivenilir telomer testleri artik piyasada mevcuttur. Gintmiizde
bu testler i¢in geri ddeme yapilmamaktadir, hastalar masraflari
kendileri karsilamaktadir. Maliyete gore bu test klinik degeri en
6nemli olan veriyi sunmaktadir: her bir hiicrede bulunan kritik
kasaliktaki telomerlerin uzunluklari.

Beyaz kan hiicrelerinin hastanin saglik durumuna gore degiskenlik
gosterecegi hicbir zaman unutulmamalidir. Akut bir hastalig1 ve
stabil olmayan bir durumu olan hastanin hiicreleri ve buna bagh
olarak telomer uzunluklar: etkilenebilir.

Telomer Testinin Giinliik Pratikte Uygulanmasi

Artan telomer saglig tani, tahmin ve tedavide biyiik rol oynayan
kisiye ozel ilaglarin ¢ok 6nemli bir tamamlayicisidir. Telomer
sendromlarina (en bilinen Konjenital Diskeratoz) anormal kisa
telomerler neden olmaktadir3:32, Idiyopatik  Pulmoner
Fibrozis'in klinik olarak teshis edilmesinde telomer uzunlugunun
onemli bir parametre oldugunu gosteren calisma ise {imit
vericidir®. Telomer uzunlugu ayrica erken baslangich yumurtalik
kanserinde risk faktori olabilir®*.

Belki de telomer testinin en 6nemli ozelligi ardistk Ol¢timler
yapilarak kisinin yilik saglik durumunun degerlendirilmesini
saglamasidir. Test sonucu saglik durumunu goésteren bir rapor
kart1 gibidir, hem doktor, hem de hasta tim midahale ve
programin ne derece iyi ¢alistigini gérmiis olur. Bu da 2 datay:

telomer yipranma hizi. Yillik alinan raporlar kisinin yagsam stilini
degistirmeye  yardimci  olabilir veya uygun tedavinin
gelistirilmesini saglayabilir.

Ozet

Telomer bazli arastirmalarin artmasiyla telomer yipranmasinin
yaglanma siirecindeki rolii daha detayli olarak anlagilmaktadir.
Kritik kisaliktaki telomerlerin 6l¢iimii her bir hiicrenin hiicresel
sagligini ve senesens durumunu tanimlamamiza yardimct olur.
Hiicresel hasar1 cevresel etkiler, yasam stili ve gida takviyeleriyle
azaltirken, stireci uzun donemli degerlendirebilen bir yonteme
sahibiz. Telomer uzunluklarini belirlemek olasi hastaliklarin
tanimlanmasimni  ve teshis edilmesini saglamaktadir. Yeni
telomeraz ve doku testleri timit verici goriinmektedir. Eldeki
veriler artarken, telomer uzunlugu ile hastaliklar arasindaki
iliskiye gore onceden Onlemlerin alinabilmesi, telomer testinin
anti-aging  bakimda  standart bir  prosediir  olacagini
gostermektedir.

Bilgilendirme: Dr. Tager Life Length'e danigsmanlik yapmaktadir.
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THE GLINICAL VALUE
OF TELOMERE TESTING

Since the award of the 2009 Nobel Prize for the discovery of
telomerase, the field of telomere biology has grown dramatically.
At last count there were more than 20,000 articles in Pub Med,
with cancer, stem cells, cardiovascular disease, diabetes, CNS and
pulmonary conditions comprising the majority.

Clinicians today are increasingly becoming interested in
incorporating telomere testing into their practices. This is driven
in large part by two converging forces: a growing understanding of
the role telomeres play in personalized medicine; and increasing
consumer demand for integrative treatment that can slow the
aging process. The development of reliable commercial testing now
allows for the measurement of individual telomere lengths and
quantification of the number of critically short telomeres, both key
determinants in overall cellular health. As telomere science moves
from the lab to the clinic, measurement of this novel biomarker
holds promise for improving early disease identification, risk
stratification, treatment algorithms, and health behavior change.

| Telomere Biology

The ends of linear chromosomes are capped by telomeres—
repeating sections of non-coding DNA TTAGGG units that
protect the important areas from degradation. Telomeres shorten
after each chromosome replication because the machinery of DNA
replication cannot copy the last bit of the lagging strand. When
the telomeres become critically short, this triggers a process of
replicative senescence whereby further cellular division is normally
halted. This avoids the risk of genetic mutations from chromosomal
fusions due to “uncapped” chromosomes. In special cells such as
stem cells, germ cells and cancer cells, an enzyme called telomerase
is highly active.

Telomerase is a unique ribonucleoprotein complex consisting of an
RNA template (TERC) and a reverse transcriptase catalytic subunit
(TERT) that works along with a protein complex called shelterins
to lengthen the telomeres. Telomerase is also highly expressed
in most human cancer cells. These telomerase-positive cells do
not experience telomere shortening with increased cell division,
making them immortal.

Depending on cell type, the Hayflick limit establishes the absolute
number of cellular divisions in the range of 50-70 times. This
governs the upper end of potential cell longevity. With aging, the
progressive loss of telomeres continues over the years.

To put the numbers in perspective, a fetus in utero may have
telomeres with around 15,000 to 20,000 base pairs or 15 to 20

Mark J. Tager, MD

kilobases. By birth this number may be reduced to 10 to 15 kilobases.
Over the span of a lifetime, telomeres shorten heterogeneously at
rates that vary from 100 to several hundred base pairs per year.

The vast body of telomere research has provided strong evidence
associating short telomeres with a variety of disease states.”
Critically short telomeres contribute to cardiovascular disease’,
Type 2 diabetes*, cancer®, osteoporosis®, osteoarthritis’, pulmonary
fibrosis®, major depressive disorders® and CNS diseases.* Telomere
length is increasing being recognized as an independent variable in
predicting disease.

A study of more than 43,000 subjects reported in the British
Medical Journal concluded that telomere length is an independent
risk factor for cardiovascular disease.!" A large meta-analysis
showed significant association between shortened telomere length
and Type 2 diabetes.”? Other studies are showing that the finding
of short telomeres may be associated with the aggressiveness of

certain cancers.,'*

| An Anti-Aging Scorecard

Telomere length provides a marker of the proliferative history of
somatic cells, and as such allows for the determination of biological,
as opposed to chronological age. Maintaining telomere length
involves a number of coordinated activities including the enzyme
telomerase and the associated effects of environmental and lifestyle
factors. Accelerated telomere attrition is affected by negative health
habits such as smoking'’, obesity'®, excessive alcohol consumption
17, stress and social deprivation'®, sedentary habits'”and poor diet®.
Research is also showing that positive health practices can impact
the rate of telomere shortening®'. Among these positive activities
are a Mediterranean diet?, certain vitamins and supplements
including Omega-3 fatty acids®, exercise*, and mindfulness.®
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The ability to monitor telomere length, and more importantly,
to assess short telomeres in individual cells can be an important
tool in clinical practice. The discovery that short telomeres in
the somatic cells of mice could be increased by the activation of
telomerase holds promise that telomerase enhancing therapies

may be able to expand the human lifespan.?,?”

|An Overview of Telomere Testing

The most commonly accepted technique for measuring telomere
lengths has been assessing circulating peripheral white blood cells,
including both granulocytes and lymphocytes. Although different
tissues age at different rates, and have their own distinct telomere
lengths, overall tissue loss has been well correlated with peripheral
white blood cell measurements.?® This correlation can be seen, for
example, in the relationship between leukocyte telomere lengths
and carotid atherosclerosis in hypertensive patients.”

There are three currently available commercial technologies that
measure leukocyte blood telomeres. There are pros and cons to
each of the current tests on the market. (There are no salivary tests
or home diagnostics that are cleared by the FDA at this time, nor
does it appear that such testing is on the horizon.)

Q-PCR is based on the DNA amplification signal of single copy
genes. This methodology is relatively inexpensive, easily scalable,
and has been used in many of the larger epidemiological studies. A
significant database exists to compare results and derive statistical
validation. The test generates a two-page report plotting the
average telomere length on a normative graph. One page of patient
recommendations follow.

Compared to other modalities, PCR tends to be less accurate and
reproducible. The methodology is not directly quantifiable and
values are extrapolated from amplification cycles. The largest
negative to the use of PCR is that it only provides information as
an average of telomere lengths reported as telomere score and does
not provide information on the length of the shortest telomeres,
the measurement of which is most important clinically. While
PCR results can be compared against a large database, biologic age
cannot be assessed or inferred from this method.

The flow-FISH (fluorescence in situ hybridization) method uses
a FACS (fluorescence activated cell sorter) to analyze telomere
length in a cell population after hybridization with a fluorescence
telomere probe. The methodology is more quantitative and
reproducible than QPCR. The test has been employed in genetic
counseling. Flow-FISH has been in use long enough to generate a
good data base to compare results.

Because the test is more labor and time intensive, it is the most
expensive methodology of the three. The flow-FISH assay provides
accurate and reproducible measurements of mean telomere length
from defined blood cell subsets of separate granulocytes and
lymphocytes, together with reference values from a set of healthy
individuals (currently, according to the company ~400 between
a few months and 100 years of age). Similar to Q-PCR, there is
no information provided on individual telomere lengths and the
analysis of critically short telomeres. Results are reported as a one-

page comparison of granulocyte and lymphocyte telomere lengths
compared to the 50% norm and also displayed as a graph.

Figure 1: Photomicrograph showing leukocytes (blue dots) and
telomeres (pink spots). A higher intensity of fluorescence in the
red dots indicates greater telomere length and a lower percentage
of short telomeres. (Source: Life Length, patient report)

Telomere Analysis Technology® (TAT®) based on HT Q-FISH
is derived from quantitative fluorescence in situ hybridization
augmented with digital confocal microscopy to access large
populations of individual cells (Figure 1). Approximately 100,000
individual telomeres are measured in each blood sample. The
technology was initially developed at the Spanish National Cancer
Research.® The accuracy and reproducibility of TAT is superior to
flow-FISH with coefficients of variation below 5%. The database of
test results has expanded, given that this technology has become the
scientific standard in Europe. TAT with confocal microscopy is the
only technology that can measure individual chromosomes, assess
the presence of critically short telomeres and determine biological
age. In addition, test pricing approximates the cost for Q-PCR.

A detailed six-page patient report provides both median and average
telomere lengths as well as detailing the numbers and percent of
critically short telomeres as represented by the lowest 20th percentile
(Figure 2).
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Figure 2: Histogram showing the 20% percentile of critically short
telomeres (in red), Median Telomere Length (MTL) and Average
Telomere Length (ATL) Source: Life Length patient report
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| New Tests on the Telomere Horizon

Telomapping (US Patent No 8,084,203 B2) has recently been
developed to determine the telomere lengths on chromosomes
from tissue sections. Fixed tissue sections are used to determine
the degree of short telomeres within specific cell types in the tissue.
The special topology of the sample is maintained. This methodology
has great applicability for the detection of precancerous lesions, as
well as aiding in staging the aggressiveness of cancer, and providing
feedback on treatment prognosis. Telomapping is time intensive
and the process is not yet scaled for high throughput.

Q-TRAP stands for quantitative Telomeric Repeat Amplification
Protocol and is a highly sensitive measurement of telomerase
activity in biological samples. The ability to accurately measure
telomerase is taking on increased importance for pharmaceutical
testing of anti-cancer agents. In addition to assessing cancer
activity, telomerase measurement may be able to help substantiate
anti-aging effects from lifestyle and nutraceutical interventions.

Reliable telomere tests are now available commercially. Currently,
there is no reimbursement for these tests, so patients must pay out
of pocket. Given the cost it is important that the test provide the
most clinically relevant data: the number of individual cells bearing
critically short telomeres.

Regardless of the test you employ, it is important to remember
that white blood cells vary with the patient’s health status. Testing
a patient with an acute or unstable condition may affect both the
numbers of cells and their telomere length.

| Bringing Telomere Testing Into Your Practice

Increasingly telomere health is becoming an important component
of personalized medicine, where it plays a role in the spectrum
of diagnosis, prognosis and treatment modification. Telomere
syndromes, most notably dyskeratosis congenita, are caused
by abnormally short telomeres.”,** There is promising research
showing that telomere length may be a diagnostic biomarker for
another orphan disease, Idiopathic Pulmonary Fibrosis*’, which
currently is challenging to diagnose clinically. Telomere length
may also be a risk factor for early onset of ovarian cancer.**

Perhaps the greatest value of telomere testing is in obtaining serial
measurements by incorporating it as part of an annual health status
assessment. It is like a report card, letting both the physician and
the patient know how well the total intervention and program

is working. This requires two pieces of data: 1) the number and
percent of critically short telomeres and, 2) the rate of telomere
attrition. Annual snapshots may also serve as powerful lifestyle
behavior change motivators or as tools to enhance treatment
adherence.

Summary

The ever-increasing body of telomere-based research provides
deeper understanding of the critical role telomere attrition plays in
the aging process. More specifically, the ability to measure critically
short telomeres in individual cells provides the key determinant of
cellular health and senescence. As we seek to limit cellular damage
through environmental, lifestyle and supplementary modifications,
we now have a method of assessing long-term progress. Assessing
telomere length can also aid in the detection and prognosis of
certain diseases. New tests for telomerase and tissues appear
promising. As the data grow and the link between telomere length
to disease and prevention becomes more established, so too will
telomere testing become the standard of care for anti-aging.

Disclosure: Dr. Tager is a consultant for Life Length.
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