Tip 2 Diyabet icin Molekiiler Biyobelirtegler
(PROTEOMIKS)




Enzyme kinetics

Degradation o
Genetik alt yapimiz bir hastaliga yatkinligimizi genom L 3. Y
i i 1 H Secretion N -
seviyesinde agiklamaya caligsa da bunu transkriptomik, o &
H H H . L M Postranslational X0genous intaks A
proteomik, metabolomik,hatta epigenetik gibi diger alanlarla odications \‘o‘,f

Degradation

birlikte calisarak hastaligl aciklamaya ¢alismak daha dogru
bir yaklasim olacaktir.

Secretion g

Activation : o%
R 2

i

Alternarive splicing

Micro RNAs
Epigenetics

RNA ediing =
RNA stability .
RNA sruclure ¢ -
3
Insertion-deletions

Al van K df& 3
pfé'fafge’n"éi QQ’ S B
L g@ ® ik

Bu yaklasimin amaci molekilerden sistem seviyesine gelerek
bitunsel bir sistem calismasi yapmaktir.
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Genom ¢alismalarindan transkriptom, proteom ve metabolom bir araya gelerek
sistem biyolojisini olustururlar.



Proteomiks calismasi yapilabilmesi icin o organizmanin genom
calismasinin tamamlanmis olmasi gerekir.

2003 yilinda insan genom taslagi tamamlandi (insan DNA’sinin baz cifti
dizilimi aciga cikartilarak, dizi icerisinde yer alan genlerin yeri bulundu).

Hood, L., & Rowen, L. (2013). The human genome project: big science transforms biology and medicine.
Genome medicine, 5(9), 79.



PROTEOMIKS

*  Protein s6zcigulniin sonuna eklenen ~omik eki Yunancadaki ~ome son ekinden tliremistir ve eklendigi
kelimeye timluk, bitlnlik anlami kazandirmaktadir.

*  “Proteom” belli bir yer ve zamandaki bir organizma veya sistemde Uretilen veya modifiye edilen tim
proteinleri ifade etmektedir.

*  Proteomiks ise herhangi bir organizmada; zaman, mekan, doku veya organizma dlizeyinde proteinlerin
yapi, fonksiyon ve etkilesimlerini inceleyen bilim dalina denir.




Genomiks vs Proteomiks

Genomiks, DNA'dan protein olusumuna kadar devam eden siireci
incelerken,

Genome
Chromosomes
Proteomiks translasyon basamagini ve sonrasinda sentezlenen
7"‘( G

proteinlerin kimyasal modifikasyonlarini “post-translasyonel
modifikasyonlar”(PTM) incelemektedir. (é\\
.,

Bu modifikasyonlar protein 6mrin, lokalizasyonunu, protein
etkilesimlerini ve aktivitesini etkileyen cok 6nemli gérevlere sahiptirler.

Protein




Proteom dokulara ve hiicrelere, hiicre donglisiinln
evrelerine, i¢c-dis uyaranlara ve ¢evre kosullarina ve benzeri
durumlara gore farklilik gosteren dinamik bir yapidir

Genetigi degismeyen bir organizmanin farkli zaman ve
mekanda farkli bir gériintliye sahip olmasini proteomdaki
zaman ve mekana baglh degisime baglamak miumkuindar

Sekil-1:

Genom ayni, proteom farkl
(http://www.populerbilgi.com/resimler/tirtil/pages/tirti
1-011.html ve http://www.mailce.com/kelebek-nesli-detehlikede.
html adreslerinden alinarak diizenlenmistir.)
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HUMAN PROTEOME ORGANIZATION

Proteomiks calismalarinin uluslararasi isbirligi ile gelistirilebilmesi ve insan Proteom Projesi’nin hayata gegirilebilmesi amaciyla, 2001 yilinda insan
Proteom Organizasyonu (HUPO) kurulmustur.

HUPO'nun birincil hedefi, insan genomunda protein kodladigi tahmin edilen yaklasik 20.300 genin her biri i¢in en az bir protein Grininin

tanimlanmasi, ve translasyon sonrasi modifikasyon, tek amino asit polimorfizmleri ve alternatif ug birlestirme gibi mekanizmalar sonucu ortaya
¢ikan izoform 6rneklerinin belirlenmesi olarak tanimlanmaktadir



Proteomiks Calismalarinda Kullanilan feknikler

« ikiyonlu jel elektroforezi gibi elektroforetik ydontemler.

« iki yonlu sivi kromatografi gibi kromatografik yontemler.
 Matrix Assisted Laser Desorption lonization- Time Of Flight
 (MALDI-TOF) gibi kitle spektrometrik yontemler.

*  Yiksek verimli teknoloji: Mikroarray yontemi

* Niklear Manyetik Rezonans teknigi (NMR)




Proteomik degerlendirme icin hem in vitro
hem de in vivo hlicre sivilari veya dokulari

Post-transyonel degisikliklere yonelik
proteomiks incelemeler:

kullanilabilir. _

e Serum e Glikasyon

e Plazma (eritrosit membran, l16kosit) * Oksidasyon
e idrar eFosforilasyon
e Asidik sivi veya plevral sivi e Nitrasyon

e Tukrik

e Brons sivisi, Vitroz sivi

e Prostatik akinti

e Doku (kalp, bobrek, KC, kas, yag dokusu,
pankreas adacik ve B- hiicreleri)



Proteomiks calismalarinin amadai

e Calismalarda arastirmanin sorusu ve amacina gore proteomiks ¢alismanin
yapisi belirlenmektedir

* Bir biyolojik surecte ne zaman, nerede, ne kadar miktarda hangi proteinin
ifade edildigine,

 Deneysel etken sonucu (6rnegin ilagc uygulanan bir hiicrenin) kontrol
grubuna gore hangi proteinin ifadesinin artip azaldigina,

* Proteinde meydana gelen post translasyonel modifikasyonlarina (protein
sentezlendikten sonra nasil bir degisime ugradigi),

e Bir proteinin diger proteinle nasil bir etkilesim icerisinde oldugu,
* Enfeksiyonel hastaliklara karsi gelistirilen antikorlarin karakterizasyonu gibi



Proteomiks uygulama alanlar
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Ideal bir biyobelirte¢ nasil almalidir ?

e Belirli bir hastalik icin 6zglin olmasi,

*  Bu hastaligin erken tanisini miimkuin kilmasi,

e Hastalik gelisimi ile miktarinda degisim meydana gelmesi,

« ilac tedavisine cevabin takip edilebilmesine olanak tanimasi,

 Kolayca elde edilebilecek biyolojik materyalde calisilabilmesi,

*  Duyarli, spesifik, tekrarlanabilir, ve kolay uygulanabilir bir metod ile belirlenebilmesi

istenen duyarhlk ve 6zgiinlGgiin artik tek bir biyobelirtec yerine, hastaliklarin

farkli yonlerini yansitabilecek “biyobelirtec panelleri” ile saglanmaktadir.




Estimated total number of adults (2079 years) with diabetes in 2019

B <100thousand

. 100500 thousand

. 500 thousand -<1 million
W 1-<10mitlion

. 10-<20 million

B =20milion

. No estimates made

34 ICF Diabetes Atlas | 9 edition

vl Global diabetes estimates and projections

At a glance 2019 2030

L L L ]
Total world population 7.7 billion 8.6 billion 9.5 billion
Adult population {20-79 years) 5.0 billion 5.7 billion 6.4 billion
Diabetes (20-79 years)
Global Prevalence 9.3% 10.2% 10.9%
Number of people with diabetes 463.0 million 578.4 million 700.2 million
Mumber of deaths due to diabetes 4.2 million - -
Total health expenditures for USD 760.3 billion USD 824.7 billion USD 845.0 billion
diabetes!
Hyperglycaemia in pre cy (20-49 years)
Proportion of live births affected 15.8% 14.0%" 13.3%°
MNumber of live births affected 20.4 million 18.3 million 18.0 million
Impaired glucose tolerance (20-79 years)
Global prevalence T.5% B.0% B.EY%
MNumber of people with impaired 373.9 million 453.8 million 548.4 million
glucose tolerance
Type 1 diabetes (0-19 years)
Mumber of children and adolescents 1,110,100 - -
with type 1 diabetes
MNumber of newly diagnosed cases 128,900 - -
each year

i Health expenditures for people with disbetes are asaumed to be on average two-fold higher than people without disbetes.

i Age-adjusted prevalence.

If current trends continue,

700 million adults
will have diabetes by 2045.

The largest increases will take place where
economies are moving from low- to
middle-income status.



Tip 2 Diyabetin Dogal Seyri
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Adapted from Type 2 Diabetes BASICS. Minneapolis, MN: International Diabetes Center; 2000.

Komplikasyonlarin T2DM tanisindan 6énce baslamasi nedeniile yuksek riskli
gruplarin erken donemde belirlenmesi 6nemlidir
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Nature Reviews | Disease Primers

DeFronzo, R. A. et al. (2015) Type 2 diabetes mellitus
Nat. Rev. Dis. Primers doi:10.1038/nrdp.2015.19



Diyabette Proteomiks Kullanhim Alanlar:

Erken tani, diyabet
gelisimini
ongorme

Diyabetin takibi ve
tedavisi

Komplikasyonlarin
gelisimi icin risk
belirleme




Erken tani, diyabet
gelisimini
ongorme




KC glukoneogenez kaynagi olmasi nedeni ile T2DM patogenezinde santral rol oynamakta
Hiperinstlinemiden kaynaklanan end-organ hasarinda hedeftir

KC hasarini gosteren biyobelirtecler T2DM tanisi konmadan 6nce disglisemili hastalarda artmistir.

ALT,

GTT,

Ferritin,

PAI 1 (plasminogen activator inhibitor 1),
Doku plasminogen aktivator (tPA) antigen,
C-reaktif protein (CRP),

Trigliserit

Sattar N, et al. Diabetes 2007;56:984 —91.



6000 hastada 64 aday protein’den 6 biyobelirte¢ 5 yil icinde T2DM
gelisimini tahmin etmistir.

* Adiponektin,

* CRP,

* Ferritin heavy chain 1,

* Interleukin-2 receptorA (IL-2RA),
* insulin

* Glukoz

Kolberg JA, et al. Development of a type 2 diabetes risk model from a panel of serum biomarkers rom the Inter99 cohort.
Diabetes Care 2009;32:1207-12.



A Systematic Review of Biomarkers and Risk
of Incident Type 2 Diabetes: An Overview of
Epidemiological, Prediction and Aetiological
Research Literature

2000-2016

705 abstrakt

164 full-text yayin

372 biyobelirte¢ degerlendirilmis

PLOS ONE | DOI:10.1371/journal.pone.0163721 October 27,2016
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Observational and Prediction Evidence for
Biomarker-Type 2 Diabetes Relation

T2DM o6ngormede etkili degil
(transferrin, vitamin D, PAI-1, proinsulin
and proinsulin/insulin orani).

T2DM ile iliskisi kuvvetli, ancak T2DM
ongormede orta-yiksek etkili (AKS veya
2. st glukoz, HbA1c, fructosamine ve
glikozillenmis albimin.

Urik asit T2DM ile iliskisi ve 6ngdrmede
en fazla etkili.

Hoh Glucose

ModestNull

No evidence

-

Glycated albumin

TNF-a:R2

Phenylalanine

sEselectin




A Panel of 6 Biomarkers Significantly Improves the
Prediction of Type 2 Diabetes in the MONICA/KORA
Study Population (Monitoring of Trends and
Determinants in Cardiovascular Diseases/
Cooperative Health Research in the Region of
Augsburg)

Thorand B. Et al. The Journal of Clinical Endocrinology & Metabolism,
2021, Vol. 106, No. 4, e1647-e1659
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Figure 1. Black squares: Monitoring of Trends and Determinants in
Cardiovascular Diseases/Cooperative Health Research in the Region of
Augsburg (MONICA/KORA) case-cohort study. White squares: KORA 54
cohort study. Hazard ratios (HRs) are adjusted for the adapted German
Diabetes Risk Score variables (age, sex, body mass index, survey,
hypertension, physical activity, smoking status, coffee consumption,
red meat consumption, whole-grain bread/muesli consumption, par-
ental history of diabetes). The biomarkers are sorted by size of HR esti-
mates in the MOMNICA/KORA case-cohort study.



GDRS (Alman Diyabet Risk
Skorlamasi)

Yas

Cinsiyet

BMI

Hipertansiyon

Fizik aktivite

Kirmizi et tiketimi

Tam tahilli ekmek/msli
Ailede diyabet 6ykusu
Sigara icimi

The Journal of Clinical Endocrinology & Metabolism, 2021, Vol. 106, No. 4

e1655
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Figure 2. The adapted German Diabetes Risk Score (GDRAS
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) model includes the covariates age, sex, body mass index, survey, hypenension, phys-

ical activity, smoking status, coffee consumption, red meat consumption, whaole-grain bread/muasli consumption, and parental history of diahetes,



1999-2016 yillari arasinda

47 aday biyobelirtecten 6’si GDRS klinik risk skorlamasindan daha ustin bir
sekilde T2DM gelisimini tahmin ettirmistir.

IL-1RA,

IGFBP-2,
sE-selectin,
Adiponektin,
HDL cholesterol,
Decorin



Kardiyak
biyobelirtecler




Diyabet: Komplikasyonlarin Onemi

(Calisma ¢agindaki

$°9 ~ - Kardiyovasiiler
enskm!'er_('ie \ ¢4 | mortalite ve inmede
korligin [\ “a¥| 2-4katarts
v I . = - d L0
en 6nemli nedeni Diyabetik ¢
Retinopati Inme
Diyfabetilf Kardiyovaskiiler
Nefropati Hastalik
Son donem bobrek
hastaliginin en 6nemli Diyabetik
nedeni Noropati
' Travmatik olmayan
I = 77 alt ekstremite amputasyonlarinin

Rawshani A, Rawshani A, Gudbjornsdottir S. Mortality and cardiovascular
disease in type 1 and type 2 diabetes. N Engl J Med.2017;377:300-301.
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Framingham risk skoru ve UKPDS (United Kingdom Prospective Diabetes Study) gibi dogrulanmis modeller, T2DM’li
bireylerde KV riskin hesaplanmasinda sinirl etkinlik gostermistir.

Framingham 10 Year Risk for Heart Attack

Sex: | Male v}
65|

Age:
Total Cholesterol: W‘ mg/dL
HDL Cholesterol: |'39' | mo/d
Systolic BP: '128| mmH
Diastolic BP: |76 | mmH
Patient has diabetes: [v|

Patient smokes: (/]

10 Year CHD Risk: 45%
Comparative Risk: 25%

| Calculate

Ordering Provider: | Allscripts, Cardiologist - TWP04

4




NPs (atrial NP, NT-proANP,
brain NP, NT-proBNP)

Kardiyak biyomekanik stres

Kardiyak miyosit nekrozu

inflamasyon

hs-Tn I/T (high-sensitive troponin)

H-FABR (Heart-type fatty acid-binding
protein)

sST2 (soluble suppressor tumorogenicity-2)

GDF-15 (growth/differential factor-15)

Prediyabet ve T2DM'’li hastalarda KV risk
ile iliski

Yeni baslangicli KAH ve MACE icin bagimsiz
prediktor

KY icin bagimsiz prediktorler

AF ve ani 6lim i¢in bagimsiz prediktorler
Mikro ve makrovaskiiler komplikasyonlar
Kotl kardiyak remodeling icin prediktor

MACE i¢in bagimsiz prediktor

KV 6lim ve KY icin prediktor
T2DM’un yol actigl KMP icin prediktor
Renal sonuglar i¢in prediktor

Uzun-donem mortalite ve renfarkt icin
prediktor

Prematiir 6lim icin prediktor
Asemptomatik kardiyak iskemi icin
prediktor

KV hastalik ve ve KV mortalite icin prediktor
KY ve KY-iliskili sonuglar igin prediktor
KV risk ve mortalite icin prediktor

KV risk ve mortalitenin 6ngorilmesi
Yeni baslangi¢li T2DM’in dngoérilmesi
AKS/MI’da MACE’lerin 6ngorilmesi

KY ve KY-iliskili sonuglarin 6ngérilmesi
T2DM’in yol actigi KMP’nin 6ngorilmesi



Patogenez Biyobelirtegler Prediyabet ve T2DM'’li hastalarda KV risk ile
iligki

Fibroziz Galektin T2DM'’in yol actigi KMP’nin 6ngorilmesi
MACE ve tim nedenlere bagl mortalitenin
ongorilmesi

Miyokardiyal hipertrofi Kardiyotrofin-1 T2DM’in yol actigi KMP’nin 6ngorilmesi

Ekstraselliiler matriks remodeling Ekstraselliler matriks biyobelirtecler HFpEF, KY-iliskili sonuglar, MACE’nin
ongorilmesi

Berezin A, Diabetes Ther (2020) 11:1271-1291



Protein biomarkers for the prediction of cardiovascular
disease in type 2 diabetes

The SUrrogate markers for Micro- and Macro-vascular
hard endpoints for Innovative diabetes Tools (SUMMIT)
konsorsiyumu

1,123 KVH ve 1,187 T2DM kontrol vakasi, 5 yil takipte
42 aday KV biyobelirtecten 6 tanesi riski 6ngérdirmustur:

N-terminal pro-B-type natriuretic peptide,
High-sensitivity troponin T,

IL-6,

IL-15,

Apolipoprotein C-l,

Soluble receptor for AGE.

Framingham skorlamasi ile birlikte eGFR, inslilin tedavisi ve
HbA1c riskin belirlenmesine katkida bulunacaktir.

Table3  Biomarkers selected by forward selection and a simple logistic
regression model adjusted for all covariates and biomarkers selected at
least once by forward selection

Normalised Percentage of  Effect in model including all
biomarker outer folds in ~ biomarkers selected in at least

which retained one outer training fold

OR per SD (95% CI) Wald p value

NT-proBNP 100 1.69 (1.47, 1.95) =0.001
apoCIII 100 0.79 (0.70, 0.88) <0.001
hsTnT 100 1.29 (1.11, 1.51) 0.001
IL-6 100 1.13 (1.02, 1.25) 0.021
sRAGE 100 0.84 (0.76, 0.94) 0.001
IL-15 100 1.15(1.01, 1.31) 0.032
Factor VII 26
Osteopontin 18
TNF-p 8
Fetuin A 2
Stem cell factor 2

CI, confidence interval

Looker H, Diabetologia (2015) 58:1363-1371



Table 3. Independent Biomarkers of Outcomes in All 8401 Participants

Risk Factor CV Compasite, HR (95% CIJ Expanded CV Composite, HR (95% Cly* Death, HR (85% Cly”

Clinical Faclors
Previous CV event 1.45 (1.28-1.65) 170 {1.54-1.87) 118 {1.04-1.25)

Albuminura 1.07 (0.95-1.21) 1.07 (0.98-1.17) .57 {0.B6-1.10)
Man 1.45 (1.25-1.66) 157 (1.41-1.75) 1.23 1.07-1.41)
Identifying Novel Biomarkers for Cardiovascular Events Men =55y, women =65 y 1.14':6.%3—1.33? 114(1.04-1.28) 1.37 (1.16-1.62)
. . . LDLMOL 1,10 (1.05-1,17) 1.00(1.05-1.14) 1,00 (1.03-1,16)
or Death in People With Dysglycemla Curtent smoking 1.45 (1.25-1.68) 132(1.18-1.48) 1.55 1.33-1.81)
. . oy s . . . Previous dizbetas mellitus 1.13 (0.96-1.31) 1051084117 1.24 (1061 .45)
Outcome Reduction With Initial Glargine Intervention trial ——— . o o W o
|dentified blomarkers
(ORIG ! N) . . . NT-proBnP 1.29 (1.22-1.35) 1.23(1.18-1.28) 1.2 (1.16-1.29)
Biyobanka serum érneklerinden 8401 vakada >6 yil takipte Tt fclr 3 12(1.14-1.3] A 125 1.18-1.34)
b. b I d v I d I Growth/differzntiation factor 15 1.19 (1.11-1.283t 1A8(1.12-1.24) 1.28 (1.20-1.536)
237 biyobelirteg degerlendiriliyor. Apoligoprataln B 1,19 1.12-1.26) 113(1.08-1.18 113 {1.07-1.2007
i Al Angiopoietin-2 147 (1.11-1,24) 143(1.13-1.24 119 {1.12-1.26)
(1) MI' INME, KV 6lim . Ostenprategerin 118 (1.11-1.28) 147 (.10-1.2451% 191 4121301
(2) KY hastaneye yatis veya revaskulanzasyon u-2-macrogiobuin 1.15 (1.08-1.22) A 1.20 {1.13-1.28)
. v ae ] ee Hepatocyte growth factor receptor 0.89 (0.85-.95)t 041 (0.88-0.95 (.88 {0.83-0 935t
(3) Tum nedenlere bagll Olum fulathione & lransferase 0.86 (0.81-0.91) 092 )
Glulath Torase o 36 (0.81-0.9 92 (0.88-0.96) 0.84 {0.79-0.89)
Chromogranin A 0.85 (0.80-0.91)1 087 (083-091)1 0.86 {0.80-0.92)¢
. . . . IGF hinding protein 4 NA 111 (1051170 NA
Growth differentiation factor 15, Trefoil factor 3, Alfa-2- Tenascn € " A 114 (L0721
. . . Selenoproten P NA HA 086 {0.82-0.91)¢
macroglobulin, macrophage derived chemokine, YKL-40, e Ssed Nﬁ o oo
insulin-like growth factor—binding protein 2, Kromogranin-A ‘:L;“’m . :: :‘: ]:}l:ﬁﬁ:i‘
. ve g en . T I minding rotein 1.01-1.16)
Mi , Inme, KV 6lim ile |||§k||| iken , Aeslits are 02530 0N Tonward Selgction In the entire database. CV Indicates cardiovascuiar: HOL, nigh-density pegrotain: HA, nazard ratio:

|GF, Insulin-like growth factor; LDL, low-density lipoprotein; NA, not applicable; and NT-proBNP, N-terminal pro-B-type natriuretic peptide.
"His are shown for categorical nisk factors or per 1 50 higher kevel of a confinuous or ordingl sk factor,
TVariatles were not identified in the model building group.

(NT-proBNP, angiopoietin 2, and glutathione 1Because e relalonship Defween these variables and death variea by duration of follow-up (e, there &S an Ineraction with timel, the HR
L . for 5 years Of ToHow-ug 18 shown.
S transferase a) Son 3 tanesi tim sonuclar ile

iliskilendirilmistir. Gerstein HC, Circulation. 2015;132:2297-2304.



Natritretik peptidler

* Natritrez ve vazodilatasyonu kolaylastirir

* Elektrolit ve su retansiyonu, vaskuler gecirgenlik, kardiyak kontraktilite, kan basinci
degisiklikleri izerinde sistemik homeostatik etkileri var

* Renin-angiotensin-aldosteron ve sempato-adrenal sistemin fizyolojik antagonisti

Miyokardiyak gerilme ve sivi yiklenmesine yanit olarak sentezlenir ve salgilanir,

« |skemi, hipoksi, inflamasyon, hormonlar (katekolaminler, aldosteron, renin), biiyiime
faktorleri (TGF-beta, VEGF) NP Uretimi, toplanmasi ve sekresyonu Uzerinde etkileri vardir.
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Hipovolemi ve kan basincini disdrurler
Sempatik aktivitenin inhibisyonu
Kardiyak hipertrofi ve fibrozizi azaltir
Pulmoner hipertansiyonu azaltir

iskelet kasinda oksidasyonun uyarilmasi,
SC adipoz dokuda lipolitik etki

BNP ile ilgili hipoglisemik etki



NP olctilmesi dnerilen durumlar

e Kalp yetmezligi (KY) tanisi
e Daha ylksek KV riske sahip hastalarin siniflandiriimasi
e KY baslangic riskinin belirlenmesi

 KY dekompanzasyonu nedeni ile kisa stireli hastaneye tekrar basvurunun tahmin
edilmesi

* Yas ve renal yetersizlik ile dlizeyler yuksek ¢ikabilir
* Obezitede ise dusuk cikabilir.

Ponikowski P, ESC Scientific Document Group, et al. ESC guidelines for the diagnosis and treatment of acute and chronic
heart failure: Eur Heart J. 2016;2016(37):2129-200.



PATIENT WITH SUSPECTED HF*
(non-acute onset)

!

v

ASSESSMENT OF HF PROBARBILITY

1. Clinical history:
iste f CAD

ugguta
Latenally displaced/broadened apical bear

3. ECG:
Any abnormality

u?:‘::.’.:‘z NATRIURETIC PEPTIDES
tide: 1
o ovl: ?m:l::l ln . « NT-proBNP =125 pg/mL
« BNP 235 pg/ml
practice

ECHOCARDIOGRAPHY

I HE confirmed (based on all available data)
crmine actiology and seart appropriate treatm

ent

stw naet

Akut olmayan durumda Ust sinir degerler:
B-type natriuretic peptide (BNP): 35 pg/mL
N-terminal pro-BNP (NT-proBNP):125 pg/mL;

Akut durumlarda ise daha yuksek degerler
kullanilmahidir

s BNP: 100 pg/mL,

NT-proBNP: 300 pg/ mL

KY dislanmasinda kullanilabilecek bir test

Ponikowski P, ESC Scientific Document Group, et al. Eur Heart J. 2016;(37):2129-200.



Prediyabet ve T2DM’li HFrEF olup GLP-1 analogu (liraglutid) ve SGLT2 inhibitor
(empagliflozin, dapagliflozin) ile tedavi altinda iken KV sonuclarda olumlu sonuclar
gozlenen hastalarda NTproBNP duzeylerinde azalma gozlenmistir.

Nomoto H, et al. Plos One 2015;10(8):e0135854.
Verma S, et al. Circulation. 2019;140(21):1693-702.
Jensen J,et al. (Empire HF). Trials. 2019;20(1): 374.

Aksine KY olmayan prediyabet/T2DM'’li hastalarda glukoz homeostazinda diizelme
ve azalmis KV riske ragmen, serum NTproBNP dizeyleri degismemistir.

Ferrannini E, et al. Diabetes Care. 2017;40(6):771-6.



* Natriuretik peptidler diyabetli hastalarda riski mikemmel bir sekilde
ortaya koyarken, KV tedavi planlanirken kararlarin alinmasinda kesin bir
sekilde etkili olmamislardir.

Troughton RW et al. Effect of B-type natriuretic peptide-guided treatment of chronic heart failure on total mortality
and hospitalization: an individual patient meta-analysis. Eur Heart J 2014;35: 1559 - 67.



Kronik KY’de etiyolojiye bakilmaksizin tani konulmasi ve prognozun belirlenmesinde serum BNP
veya N-terminal pro—B-tip natriuretikpeptid (NT-proBNP) kullanimi 6nerilmektedir.

Acil durumlarda natriuretik peptid biyobelirtecler KY tanisinin dislanmasinda yararldir.
Yuksek duzeyler tim nedenlere bagli ve KV mortalite, morbiditede artmis risk ile birliktedir.
Ayni zamanda kardiyak troponin olctilmesi akut KY’de prognozu belirlemede yardimcidir.

Taburculuk 6ncesi ve hastanede yatis esnasindaki NP diizeyindeki degisiklikler 6l1im veya tekrar
hastaneye KY nedeni ile basvuru riskinin 6nemli belirleyicileridir.

JACC VOL. 73, NO. 21, 2019 :2756—68,ACC/AHA Versus ESC Guidelines on Heart Failure



Miyokardiyal fibroziz biyobelirtecleri (soluble ST2 receptor, galectin-
3) hastaneye yatis ve 6luim riskini 6ngérdirmekle birlikte, klinik
kullanimdaki yerleri tam belirlenmemistir.

BNP ve NT-proBNP dizeyleri tedavi ile azalmakla ve klinik ile orantili
seyretmekle birlikte, biyobelirtec kilavuzlugunda tedavinin
yonlendirilmesi hakkindaki veriler tam yeterli degildir.

JACC VOL. 73, NO. 21, 2019 :2756-68,ACC/AHA Versus ESC Guidelines on Heart Failure



High sensitivity cardiac troponin (hsTn)

e Kardiyak troponinler AMI tanisi ve takibinde 1990’dan beri kullaniimakta

e High sensitivity cardiac troponin (hsTn) ise belirgin miyokardiyal hasari ve bilinen
KVH olmayan bireyleri tespit edebilir.

* hsTn yliksekligine yol agan mekanizmalar:

* Lipotoksisite, miyokardiyal steatoziz miyokardiyal strese yol acarak
e Dusuk dereceli inflamasyon, subklinik ateroskleroz

e Oxidatif stres, endoplasmik reticulum ve mitokondriyal stres,

* Prediyabet ve diyabetteki mikro- ve makro-vaskulopatiler

* Endotel disfonksiyonu

e Klinik olarak sessiz koroner plaklarda ruptiir ve mikroembolizasyon



*  High-Sensitivity Cardiac Troponin Concentration and Risk of
First-Ever Cardiovascular Outcomes in 154,052 Participants

* 28 prospektif calisma

¢ Onceden KVH olmayan 154,052 kisi

*  Primer dnleme calismalarindan elde edilmis KVH sonuglar ile
kardiyak troponin diizeyleri arasindaki iliski degerlendiriliyor.

Genel populasyonda, normal sinirlar igerisindeki yliksek troponin
konsantrasyonu artmis KV risk ile birliktedir.

Peter Willeit, Naveed Sattar, et. al.
JACCVOL.70,NO.5,2017:558-638

FIGURE 2 Detectable Cardiac Troponin Concentrations
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Coronary Prevention Study.




Kardiyak troponin degerlerinin popullasyonun
1/3 Ust kisminda yer alan degerlerinde:

Herhangibir KVH risk icin 43%

KAH icin 59%,

Fatal KVH sonuclar icin 67%,

inme icin 35% artmis risk s6z konusudur

Peter Willeit, Naveed Sattar, et. al.
JACCVOL.70,NO.5,2017:558-68

CENTRAL ILLUSTRATION Troponin and Risk of CVD Outcomes

Study Data

154,052 participants without CVD
recruited by 28 prospective studies

Cardiac Troponin Concentration Risk of a First-ever CVD Event
Detectable in 80% with high-sensitivity assays Relative risk comparing top vs. bottom third

CvD +43%
FatalCVD  +67%
CHD +59%
Stroke +35%

Bottom Third Middle Third  Top Third

Willeit, P. et al. ) Am Coll Cardiol. 2017:70(5).558-68.

In assescing the association of cardiac troponin concentration and CVID outcomes, we identified 28 relevant studies. Thirds of cardiac tropenin
concentration were defined within each study separately, Study-specific relative risks for first-ever CVD outcomes were poolad by using a random effects
meta-analysis, demonstrating that high cardiac troponin levels in the normal range are associsted with inoreased CVD event nisk. The distribution graph is
illustrative and cardiac troponin distributions were nat normally distibuted. CHD = coronary heart disease; (VD = cardiovascular disease.




High-sensitivity troponin | and incident coronary events,
stroke, heart failure hospitalization, and mortality in the
Atherosclerosis Risk in Communities (ARIC) Study

KVH olmayan 54-74 yas (n=8121).
Ort. Takip suresi 15 yil

hsTn | KVH, iskemik inme, ASKH, KY nedenli hastaneye yatis,
global KVH ve tim nedenlere bagli mortalite ile glgli ve
pozitif olarak iliskilidir.

Yuksek hs-Tnl dizeyleri genel poplilasyonda geleneksel risk
faktorlerinden bagimsiz olarak artmis global KVH insidansi
ile birliktedir.

Association of incident events with hs-Tnl by quintiles

hs-Tal, g/l P trend
Quintile 1 [0-13] | CQuintile 2 [14-19] | Quistile 3 [20-23] | Quintile 4 2.6-37) | Quintile 5 [38-25754] ]r::—mi[.

CHD N w1726 31744 1241510 14211541 247159 <(001
Modd | | Reference L19{0.87-1.63) 1790133241 2RT(217-381) <0 00|

Modd 2 | Reference LI {0.82-1.53) LA7(116-2.13) 220(1.64-295) =) 00

Ischemic smoke | o/ 1T 671 744 Rl RIEH 1457149 <1 il
Moded | | Reference L83 ( 1 25-2 86 162 (1.05-250) 403(275-5584) <1 0001

Model 2 | Reference L7341 14=163) 1 39(090-2.16) 2992 01-4 46) <1 (0|

ASCYD oN 1021726 1521744 1701514 34159 0001
Moddl | | Reference LAT(LOT=177) 1731 35-22%) 113 248-395) <1l 0|

Modd 2 | Relerence 125 (0.99-1.65) LEL(LT-154) 236(1 86100 < (001

HE N 8TIT20 12741744 163151 4277159 (001
Mudd | | Reference 141 L.O7-185) 206(1-55%-2.69) S3R(423-684) <0001

Modd 2 | Reference 1.36{1.03-1.70) LA (141240 216 420328537 1 0001

Gilabal CVD nN 16311726 6v1 744 B/ 5 3h1713% <11 0l
Modd | | Reference LAY (LE7=1T4) 18601 53-226) LIIE. 38516459 <1 001

Model 2 | Reference 1.36().11=1 b} 16711 37-208) i1 5 301 (250-363) <11 0011

Dheath N BN BT ERIR AL 411341 6287159 =0 001
Madel | | Reference 104 (i 901 35) 1231 -1 44) AL {1201 & [O& (168130 <1 |

Modd 2 | Reference 10T (0.90-1.26) LIR(LO0-1.3%) 3441141 LE3{1.56-214) <A (001

Diata are presented as hazard ratto (3% confidence interval . Model 1 was adjusted by age, sex, and moe; mode] 2 was model 1 plos total
choestered, HDL-C, SBE: use of aniiypertensive medication, current smoking, and diaberes satwe. P irend was caleulsied for linean increase in log
telatrve hazard with mereasing quintiles. bs-Tnl was measured with 2 chemalummescent immuncassay ( Archrbect 521 Troponm.L; Abbott, Abbodt

Park_ IL).

Abbrevistions: ASCY D: atheros clerotic cordiovascular discase; CHD, cononary heart disease; CVD, cardiovasculer discase; HDL-C, bigh-density
Iipepmatein chofesteral; HF, heart failure hospitalization: hs-Tnl, high-semsifivity candiac tropanin I SER. systolic blood pressure

Circulation. 2019 June 04; 139(23): 2642—-2653




Troponin 6lciimlerinin yaygin ve ekonomik olmasi, KV olaylari yliksek
duyarhlik ve 6zgilluk ile tahmin edebilmesi nedeni ile hs-cTnT/Is dizeyleri
prediyabetik ve diyabetik hastalarda risk siniflamasi icin Gmit vermektedir.

NPs ve hs-cTnT klinik sonuglari tahmin etmede halen en dnemli belirteclerdir, diger
biyobelirteclerin gelecekte daha buyuk calismalarda dikkatlice arastiriimasi gereklidir




Renal
biyobelirtecler




Diyabetik nefopati (DN) diinyada kronik bobrek yetersizligi ve son donem bobrek
yetersizliginin (SDBH) en sik rastlanan nedenidir.

Renal fonksiyonlar indirek olarak glomertler hasari gosteren:
- Glomerular filtrasyon hizi (GFR),
- Kreatinin klirensi, serum kreatinin,
- Proteinuri ile takip edilmektedir.

Ancak GFR ve kreatinindeki degisiklikler erken donemde ortaya cikarken proteinuri
genellikle hastaligin ge¢c doneminde gozlenmektedir.

BBA - Proteins and Proteomics 1868 (2020) 140475



Uriner proteomun % 30’u glomerular
plasma filtrasyonu, % 70’i urogenital sistemden
kaynaklanmaktadir.

Uriner biyobelirteglerin DN erken
donemde kullanilmasi hastaligin erken

doneminde ortaya ¢ikan tubuler
lezyonlarin tespiti ve tedavisinde ¢ok
onemlidir.

o IL-1p
o IL-6

o [L-8

® TNF-o
*8-OHdG o TGF-1
[-Pcptides-based biomarkers ] o Pentosidine * MCP-1

¢ CKD273 classifier o Uric acid ¢ Orosomucoid
1
(l’eptides) (oxidaﬁve stress markers) ( Inflammation markers ) (Others blomarkers)

i

Exosomes

Q’rotein-based biomarkerg
| | |
M t t
- spec'rome ry o Tubular markers Glomerular markers
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o Nephrin
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©iTRAQ analysis oNGAL o Transferrin o Vitamin D-binding proteins
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Fig. 1. Summary of the urine biomarkers for diabetic nephropathy.
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Tubuler hasari gosteren biyobelirtecler

e Urinary liver fatty acid binding protein (L-FABP),

* Neutrophil gelatinase-associated lipocalin (NGAL),
* N-acetyl-B-D-glucosaminidase (NAG),

* Urinary/renal damage molecule-1 (KIM-1)

 Tubulointerstitial kalici hasarin oranini erken donemde
yansitirlar ve hastaligin prognozunu gosterirler

M.A. Venkatachalam, J. Am. Soc. Nephrol. 26, (2015) 1765-1776



L-FABP proximal renal tubuler hicrelerde yer alir

Glomeruler hasar veya proteinuri ortaya cikmadan once idrarda
yuksek oranda atilmaktadir.

NGAL akut bébrek hasarini erken dénemde duyarli ve kesin bir
sekilde gosterir

Idrarda yiiksek NGAL diizeyleri T2DM, mikro ve makroalbuminiiri ve
azalmis GFR ile iliskilidir



Diger proteinler

Cystatin C (CST3), , tubuler hasari gosterir, diyabetin
erken déneminde pre-diyabetik nefropatide artar.

Angiotensin-converting enzyme-2 (ACE2),
Angiotensinogen
Uriner alpha-1-microglobulin



Glomerduler hasari gosteren biyobelirtegler

* Nefrin glomeruler podosit proteinidir, non-invaziv erken donemde ortaya
cikar.

* Transferrin (TF) glomeriler bariyerden kolaylikla gecer, mikroalbumindrili
ve vaskiler komplikasyonlari olan T2DM’li hastalarda artar.

* Laminin glomeruler bazal membranin bir parcasidir, normal albuminurili
hastalarda idrarda artmis olarak bulunabilir.

* Seruloplazmin, glikozaminoglukanlar DN erken donemde artan diger
glomerdler biyobelirteclerdir,

* Rutin klinik kullanima girmemislerdir.



CKD273 (Liquid biopsy)

 Uriner 273 peptidden olusan bir biyobelirtectir,

* Bobrekte kollajen fragmanlari (fibroziz ile ilgili oldugu
diusunulen), inflamasyon ile iliskili proteinlerden olusur,

 KBY’de olusan molekiler degisiklikleri yansitir.

 KBY’de hizli ilerleme oldugunda progresyonu erken dénemde,
mikroalbuminiri ortaya ¢cikmadan, GFR ve UAKR’dan 6nce
gosterir.

Tofte N, et al. Journal of Nephrology (2020) 33:931-948



Early detection of diabetic kidney disease by urinary proteomics and subsequent intervention with

spironolactone to delay progression (PRIORITY): a prospective observational study and embedded
randomised placebo-controlled trial

1775 T2DM ve normoalbumintrik hasta
Yuksek riskli hastalara spironolakton veriliyor

Proteomik siniflandirici olan CKD273 2. 5 yillik takip icerisinde klinik 6zelliklerden bagimsiz olarak
mikroalbumindriye ilerleme ve renal fonksiyonlarda bozulma ile iliskili olarak bulunuyor

Yuksek riskli hasta grubunda spironolactone albuminuriye ilerlemeyi engellemiyor

Lindhart M ET AL. Lancet Diabetes Endocrinol. 2020 Apr;8(4):301-312



Diyabetik ayak tlseri (DAU)

 Diyabetik hastalarin % 15—25’de DAU gelisir
« DAU ve ampitasyon temel morbidite ve mortalite nedeni

« Amputasyon yapilan hastalarin % 85 éncesinde DAU
mevcuttur

« Diinyada DAU prevalansi % 6.3 (95 % Cl: 5.4—7.3 %),
erkeklerde daha sik

Zhang P et al. Ann. Med. 49 (2017) 106-116



DAU ‘de yara iyilesmesini etkileyen

mekanizmalar

Azalmis veya bozulmus:

Growth faktor, Angiogenik yanit,
Makrofaj fonksiyonu

Kollagen ve l6kosit toplanmasi
Ekstracellular matrix depolanmasi,
Granulasyon doku miktari

Fibroblast ve keratinositlerin migrasyon ve
proliferasyonu

Epidermal sinirlerin miktari

Kemik iyilesmesi

Ekstracellular matrix (ECM) bilesenlerinin
toplanmasi arasindaki denge

MMP aracilikli remodeling

Genetics
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Notrofiller mikroorganizmalarin yok edilmesinde ilk basamakta yer
almaktadir.

Granuler proteinler tarafindan olusturulan ekstraselltler lifler ve
aktivasyon ile salinan kromatin notrofil ekstraselliler traps (NETSs)
olarak adlandirilir.

NETs olusumu nétrofillerin 6limu anlamina gelir (NEToziz).

NETs infeksiyoz ve inflamatuar faktorlerin yol actigl histon, DNA,
notrofil elastazdan olusmaktadir.

Yiksek glukoz seviyeleri NETozize yol acar.

Wang Y et al. Biomedicine & Pharmacotherapy 133 (2021) 110991



NETs diyabetik komplikasyonlarin patogenezinde rol oynar.

NEToziz dogal bir savunma sistemi olmakla birlikte, yliksek miktarda veya
disfonksiyonel NEToziz tromboz, inflamasyon, endotel disfonksiyonuna yol

acabilir.

Proteomiks ile NET bilesenlerinin (elastase, neutrophil gelatinase-
associated lipocalin, protease 3, ve protein) iyilesmeyen diyabetik ayak
ulserlerinde artmis oldugu gosterilmistir.

Fadini GP. Diabetes 65 (2016) 1061-1071.



Extensive serum biomarker analysis before and after treatment in healing of diabetic foot ulcers
using a cytokine antibody array

Makrofaj-derived chemokine (MDC),
Th2-type CC chemokine
Activation-regulated chemokine (TARC),
Clusterin

Syndecan 4,

Tedavi olmus DAU’de saglkl kontrol grubuna benzer sekilde yiiksek bulunmustur. DAU
iyilesmesinde prognozu gosterme potansiyeli mevcuttur..

J. Wang, et al. Cytokine 133 (2020), 155173,



Targeting MMP-9 in Diabetic Foot Ulcers

Matrix metalloproteinazlar (MMPs) yara iyilesmesinde rol oynarlar

MMPs yara olan bélgeden hucre ve nekrotik dokunun uzaklastirilmasini
saglayan jelatin ve kollajenlerin parcalanmasini saglarlar.

MMP-9 zararh rol oynar iken, MMP-8 yararlidir.

Jones J et al.Pharmaceuticals 2019, 12(2), 79
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Selektif MMP inhibitorleri DAU tedavisinde kullaniimak tizere gelistiriimektedir
Jones J et al.Pharmaceuticals 2019, 12(2), 79




Diyabetik retinopati (DR)

Diyabetik retinopati (DR)'de

Retinol-binding protein 1 (RBP1),

Nucleoside diphosphate linked moiety X type motif 10
(NUD10),

Neuroglobin (NGB) artarken,

Hemoglobin subunit gamma 2 (HBG2),
CD160 azalmistir.

Ting DSW et al. Curr Diab Rep (2016) 16: 125

Biomarkers of DR incidence

Biomarkers of DR

Biomarkers to

Serum Metabobonics progression and DME  stratify and guide
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Fig. 1 Conceptual framework for biomarkers of diabetic refimopathy. DR
duabetic retmopathy, DME diabetic macular edema, PDR proliferagve
diabetic retinopathy, HbAle glycated hemoglobin, CRP C-reactive
protemn, AGEs advanced glycation end products, RBP-1 retinol-binding
protem 1, NUD!0 Nucleoside Diphosphate hnked moiety X type motif
|0, NGB newroglobin, HBG2 hemoglobin subunit gamma 2, CRAE

Loss

central retmal arteriolar equivalent, CRVE central refinal vemular
equivalent, mfERG multifocal electrorinogram, M4 microaneurysm,
UWF ultra wide field, CMT central macular thickness, DRIL
disorganization of reintal inner layers, VEGF vascular endothehial
growth factor, PDGF platelet-denved growth factor, PEDF pigment
epithelium-derved factor




Biomarker Direction Outcome measure OR. 95 ¢ C1

Inflammation related

Retinol-binding protein 4 [23, 24] Increased PDR -
Peniraxmn-3 [19] Increased PDR 228-546.12
Homocystene Increased Any DR 1.28-2.62
TNF-ct [14] Increased 1 FDR L01-1.04
C-reactive protein [12] Increased Any DR 0.11-0.34
FDR 0.50* 0.30-0.70
Mannose-binding lectin [22] Increased 2 NPDR 345 1.42-7.05
VTDR 442 1.51-8.18
Anti-myeloperoxidase antibody [21] Increased 2 Any DR NA. NA.
. . . .. . S100A12 [200 Increased 2 Any DR 142 1.04-2.53
Biyobelirteglerin kegfi ile DR patogenezi STNFR1 {15 e Any DR 1T 125200
. . Serum amyloid A [15] Increased 1 Any DR 1.10 1.00-122
daha 1yl an|a§||m|§t| r. Sgp130 [15] Increased I Any DR 143 1.05-197
Thrombosis related
ADAMTSI3 activity [25] increased 1 Any DR 1.03 1.003-1.06
. . . . e . p-dimer [25 increased 1 Any DR 1.01 1.001-1.012
Tek bir nyObe|Irte§ farkh DR t|p|er|n| PALL [EL]} Trcreased 2 Any DR Lo12 1.00-1.024

Endothelial dysfunction related
ya nSIta maz E-selectin [14] Increased 1 FDR L.02° 1.01-1.03
sICAM-1[14] Increased ! DME 1.01# 1.00-1.03
sICAM-1[15] Increased 1 Any DR 142 1.07-1.89

BiYObe“rteg pane”eri (prOteomlkS, Laminin [18] Increased Any Any DR 54¢ 1.32-22.13

Angiogenesis related

1 1 Al ] Adiponectin [31] Decreased 2 Any DR —.62* ~0.80-0.44
meta b0|omlks’ genomlks Ve goru ntU|eme) Cystatin C [32] increased 2 moderate DR 190 1.37-2.61
D R ge I isi m i Veya I | e rI em esi n i d a h a iyi Fibroblast growth factor 21 [30] Increased 2 Any DR 0.73 0.64 to 0.85

Advanced glycation end products
tan|m|aya bilir CML [27] Increased 2 PDR 245 -
Pentosidine [48] Increased 1 Any DR - -
AGE-LDL-IC [29] Increased 1 Developing PDR 147° 1.19-1.81
Progression to severe NPDR 1.45° L17-1.80
oxLDL-IC [29] Increased 1 Progression to PDR 145" 1.17-1.80
Progression to severe NPDR 138" 1.13-1.69

DM diabetes mellitus, OR odds ratio, Cleon fidence interval, TNF tumor necrosis factor, sTNFR-{ soluble tumor necrosis factor receplor, sgpf 30 soluble
. . glycoprotein 130, PAL ] plasminogen-activating inhibitor 1, sJCAM-{ soluble intercellular adhesion molecule 1, CML carboxymethyl-lysine, AGE-LDL-
Ting DSW et al. Curr Diab Rep (2016) 16: 125 IC advanced glycation end product-low density lipoprotein-immunocomplex, oxLDL-IC oxidized low density lipoprotein-immunocomplex



Diyabetik retinopati belirtecleri:

- inflamatuar proteinler (leucine-rich alpha-2-
glycoprotein),

- Transport proteinleri (afamin and vitamin D-
binding protein),

- Yapisal proteinler (gelsolin, cytokeratin 8),
Protein arginine N-methyltransferase 5

Serum amyloid
p-component
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Fig. 6. Representative immunablotting analysis of vitronectin, leucine-rich alpha-2-glycoprotein, gelsolin, and serum amyloid P-component, and ELISA analysis of leucine-
rich alpha-2-glycoprotein, vitronectin, haptogl obin, and serum amyloid P-component for selected differentially expressed plasma proteins identified by proteomic analysis in
diabetic patients with or without retinopathy. Plasma samples from 3 diabetic retinopathy patients and 6 diabetic non-retinopathy patients were either run individually or
runin a pool. (A} 20 g of the albumin and immunoglobulin-depleted plasma were loaded and resolved by SDS-PAGE followed by immunoblotting with vitronectin, leucine-
rich al pha-2-glycoprotein, gelsolin, and serum amyloid P-component, or stained with colloidal coomassie blue G-250 as an internal loading control. (B) 50 pg of plasma
samples were coated onto each well ofa 96-well plate for ELISA analysis of leucine-rich alpha-2-glycoprotein, vitronectin, haptoglobin, and serum amyloid P-component and
the absorbance measured at 450 nm using a Stat Fax 2100 microtiter plate reader.

C.-H. Lu et al./Archives of Biochemistry and Biophysics 529 (2013) 146-156



Enzymes

Diyabetik noropati (DN) | o

HO-1
DPP4
PARP «
inflamasyon ve oksidatif sres ile iliskili R
DN erken tani konmasini saglayan bircok /" Miscellaneous
. . f SIRT1 Biomarkers of SR iy
biyobelirte¢ tanimlanmistir | G Lomtsmhtal ot
MALAT! Neuropathy | TRPVI
‘ miRNA A ) NF-kB
< Y /I/ 2
Oxidative
NFE2L2
Adiponectin

Figure 4. Classification of biomarkers involved in Diabetic Neuropathy. MCP-1:
monocyte chemoattractant protein-1; VEGF: vascular endothelial growth factor;
TRPV1: transient receptor potential vanilloid 1; NF-xB: nuclear factor kappa-
: light-chain-enhancer of activated B cells; NFE2L2: nuclear factor (erythroid-
Adki K, ARCHIVES OF PHYSIOLOGY AND BIOCHEMISTRY dgrived 2); NOX: nicotinamide adenine dinucleotide phosphate oxidase; HO-1:
haem oxygenase-1, DPP4: dipeptidyl peptidase-4, PARP o: Poly ADP ribose
polymerase o; SIRT1: sirtuin 1, MALAT 1: metastasis-associated lung adenocar-
cinoma transcript 1 and miRNA: microRNA.



Table 2.

Novel biomarkers involved in in vitro and in vivo study of diabetic neuropathy from the year 2000 to 2020.

Sr. No. Biomarker Response Reference

| Inflammatory biomarkers

1 Monocyte chemoattractant protein-1 (MCP-1) Upregulation (Angst et al. 2020, Mert et al. 2020)

2 Vascular endothelial growth factor (VEGF) Downregulation {Kallinikou et al. 2019, Sugimoto et al. 2019)
3 Transient receptor potential cation channel subfamily V member (TRPY1) Uprequlation (Dull et al. 2019, Agarwal et al. 2020}

4 Nuclear factor kappa-light-chain-enhancer of activated B cells (NF-kB) Upregulation (Yang et al. 2019, Liu W, et al. 2020)

Il Oxidative biomarkers

1 Nuclear factor (erythroid-derived 2) (NFE2ZLZ) Downregulation (Gupte et al. 2013, Li et al. 2019)

2 Adiponectin Upregulation (Cha et al. 2018)

] Enzymes biomarkers

1 Nicotinamide adenine dinucleotide phosphate oxidase (NOX 1 & 4) Upregulation (Jha et al. 2014)

2 Ceruloplasmin Upregulation (Samokyszyn et al. 1989)

3 Haem oxygenase-1 (HO-1) Downregulation (Leng et al. 2020)

4 Dipeptidyl peptidase-4 (DPP4) Upregulation {Surendran et al. 2020)

5 Poly ADP ribose polymerase o (PARP =) Upregulation {Chen and Li 2020)

v Miscellaneous biomarkers

1 Sirtuin 1 (SIRT1) Downregulation (Ostan et al. 2015, Oza and Kulkarni 2020)
2 Caveolin 1 Upregulated (Jia et al. 2020)

3 Metastasis associated lung adenocarcinoma transcript 1 (MALAT1) Upregulation (Zhou et af. 2018)

4 microRNA (miRNA) Dysregulation {

Xourgia et al. 2018, Chen et al. 2019)

Tani amacl veya yeni ilag gelistiriimesinde kullanilabilecek biyobelirtecler
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Fig. 1. Various proteomic approaches for identification of women ‘at risk’ of developing GDM are shown in this figure.



Clusterin isoform 1- fibrinogen alpha chain precursor artan
glukoz intoleransi ile baglantili

Fibronectin SNA — maternal spesifik glikoprotein,
hiperglisemi baslamadan 6nce GDM’nin erken belirteci,
OGTT yerine tarama testi olabilir.

1. trimester transthyretin—retinol binding protein—retinol
complex (TTR-RBP4—ROH) insiilin ile tedavi edilen GDM’nin
erken belirteci.

T. Ai, Biomed. Res. Int. 2015 (2015) 586309.
Nagalla, Indian J. Endocrinol.Metabol. 19 (2015) 155-159.

Varius proteomnics based biomarbers idniified and funciionally charaderized in GDM.

Technique used Biclogical specimen  Diagnostic criteria Profei icentified Expression Function References
wsed for GOM level
10-DIGE Serum ( human| Worll Hedth Organizaton ~ Fibronectin-SHa | Cell adhesion, growthand Nagallaet al[57)
(WHO) Uifferentiation
MALDFTOFand — Serum (human) Tntemational Association of ~ Clusterin | Frotect cells from et . [36]
nan-LC/ESI-MS IS the Diabetes and Fregnancy oxidative stress
Study Groups (IADPSG) Apalipapratein (1 | Lipid metabalism
Isoform 1 of fivinogen. | Blood clotting process
alpha chain precursar
SOSPAGENS Serum [ human| Haptoglobin Wanget al[51]
Protein SG8
Apaptosis inducing factar-1
SELDITOF Serum [ human) The Amenican Congressof ~ Apalipaprotein (Tl [ Involved in lipid Kmetal |32
(hstetricians and Gymecala- ranspart
gists
(ACDG)
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RBP4 | mefabolsm and insulin
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HPLCMS Amniotic flid Mela-tyrosine | Imvolvedinnitosatve  Escobaret al [
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Gestasyonel diyabet (GDM)

" Bodyfiuids . i @ ‘
X HH P /' Maternal serum/plasma,  )e_(07GOM W/
ELISA yontemi ile: (Gl — 1
- Adiponektin obez bayanlarda erken 2. alpiofitiid de v gt

trimestr’de 6lcimiu GDM 6ngdrmede basarili

After onset of GDM

- Serbest yag asitleri o |
- Sex hormone binding globulin (SHBG) . Discovery ' aerl s e ;
- Plasental growth hormone /\
- 15. hafta 6ncesinde SHBG ve high sensitivity- e | ST

. . y. Y
complement reactive protein (hs-CRP) GDM’in T ———
erken belirleyicisi “m“"“f"s""'

Early therapeutic

R.A. Maitland. Diabet. Med. 31 (8) (Aug 2014) 963-970.

management
A.M. Maged, J. Matern. Fetal Neonatal Med. 27 (11) (2014) 1108-1112.



Proteomiksde zorluklar

* Teknik nedenlerle ve protein etkilesimlerinin hicre icindeki dinamik yapisindan
dolayi tekrarlanabilirlikleri genellikle distktur.

* Farkl laboratuvarlar arasinda ayni tip dokuda yapilan ¢alismalardan farkl sonuglar
alinabildigi gibi, ayni laboratuvarlarda tekrar edilen yaklasimlarin tutarlh sonuglar
vermedigi de gorilebilmektedir.

e Kullanilan bazi teknikler otomasyona yatkin degildir
 Metodolojilerin standardize edilmesi

e Olgme ydntemlerinin iyilestiriimesi gereklidir.



SONUC

Diyabet tanisi ve takibi temel olarak glisemik gostergeler ile yapilmaktadir.

Disgliseminin altinda yatan mekanizmalari ortaya koyan biyobelirtecleri tanimlayan
daha fazla calisma yapilarak hedefe yonelik ve kisiye 6zguin tedaviler gelistirilmesi
mumkuindur.

Geleneksel risk faktorleri ile karsilastirildiginda, biyobelirtegler hastalik ile ilgili
gelecekteki riskleri gormede 6nemli bir imkan saglamaktadir.

“omics” dallarinin birlikte kullanilmasi diyabet komplikasyonlarinin basarili bir
sekilde engellenmesi ve diyabet tedavisinde daha iyi sonuclar alinmasini
saglayacaktir.



TESEKKURLER



Selective MMP-9 inhibition accelerates diabetic wound healing. (A)
Wound healing after treatment with 100 ug/wound/day of (R,S)-ND-
336, (R,S)-ND-322, or vehicle. Mean + standard error of the mean
(SEM); n = 8/group on days 7, 10, and 14; * p < 0.05, ** p < 0.01 by
Mann-Whitney U test. (B) Representative images of the wounds. (C)
In-situ zymography of wounds with DQ-Gelatin and DQ-Collagen
indicates that (R,S)-ND-336 inhibits MMP-9 but not MMP-8, while
(R,S)-ND-322 inhibits MMP-9 and poorly inhibits MMP-8.

Selektif MMP-9 inhibisyonu (ND-336)
diyabetik yara iyilesmesini hizlandirir.

Jones J et al.Pharmaceuticals 2019, 12(2), 79
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Proteomiks diyabet ve komplikasyonlari fizyopatolojisinin kompleks
yapisini cozmek icin kullanilabilir.

Proteomiks diger “omics” dallari (genomiks, metabolomiks,
transkriptomiks, lipomiks) ile birlikte tamamlayici olarak daha fazla bilgi

verir.

“omics” dallarinin birlikte kullanilmasi diyabet komplikasyonlarinin basarili
bir sekilde engellenmesi ve diyabet tedavisinde daha iyi sonuclar
alinmasini saglayacaktir.



T2DM’li hastalarda konvansiyonel risk faktorlerinin (HT, sigara,
obezite, dislipidemi) mortalite hizi ve yasam kalitesi tGizerinde
olumsuz etkileri vardir.

Remodelingi yansitan kardiyak biyobelirtecler (biyomekanik stres,
inflamasyon, nekroz/apoptoz, fibroziz, hipertrofi ve extraselluler
matrix remodeling) klinik sonuclari (6lim, MACEs, hastaneye

basvuru, KY) tahmin etmede ek yarar saglayabilir.



 T2DM’li kardiyak hastaligi olmayan NT-proBNP (>125 pg/ml) olan 300 hasta renin-angiotensin
system (RAS) antagonisti ve betabloker ile 2 yil sire ile takip ediliyor.

* Norohumoral tedavinin primer koruyucu etkisi arastiriliyor.
*  Primer sonlanim noktasi hastaneye yatis/kardiyak hastaliga bagh 6lim.

NT-proBNP kullanilarak kardiyak olay gecirme riskine sahip hastalari belirlemede mikemmel
bir belirteg

* (RAS) antagonisti ve betablokerlerin intensif tedavi grubunda maksimal tolere edilebilir doza
titrasyonu diyabetik hastalarda kardiyak olaylarin primer énlenmesinde etkin ve guvenilirdir.

* Ancak NT-proBNP kullanilarak tedavinin yonlendirilmesi icin daha ¢ok ¢alisma gereklidir.

Huelsmann M, et al. PONTIAC (NT-proBNP Selected PreventiOn of cardiac eveNts in a populaTion of dlabetic patients without A
history of Cardiac disease): a prospective randomized controlled trial. ) Am Coll Cardiol 2013;62:1365-72.



NP KV riske sahip prediyabetik ve diyabetik bireyleri ekonomik olarak
belirlemede en dnemli aractur.
En ylksek sensitivite ve spesifite KY semptomu olan hastalarda

saptanmakla birlikte, asemptomatik bireylerde NP diizeylerinin
ongorduruci kesinligi geleneksel KV risk faktorlerine gore Gstiundur.

SGLT2 inhibitorleri ile tedavi edilen KY olan diyabetli hastalarda
dolasimdaki NP duzeylerinin seri dlctimleri riski 6ngérmede dnemlidir.

Berezin A, Diabetes Ther (2020) 11:1271-1291



Table 1. Characteristics of promising markers for each stage of diabetic kidney disease

Stage of Diabetic
Kidney Disease
Uncomplicatad
Diabetes

Incipient Diabetic
Mephropathy

Owvert Diabetic
Mephropathy

Protein

2 y-antitrynsin (SERPINAT)
Clusterin (CLU)

Type | collagen ([COLTAT/
COL1AZ)

Heparan sulfate protecglycan

SPG2)

OCsteopentin (SPP1)

Ursmedulin (UMOD)

oy-acid glycoprotein 1 (ORM1)

Cubilin {CUBN)
Haptoglebin (HF}

Megalin (LRF2)
Mannan-binding lectin serine
protease 2 (MASPZ)
Transferrin {TF)
aHS-glyeopeatein (AHSG)

B rmicroglobulin (B2M)

Hemopexin (HPX)
Retinal-binding pretein 4 (RBP4

Transthyrstin (TTR)

Description

A40-k [y serine protease inh bitor
50-kD nuciear form

75-kD secratory form

=130-0 extracellulzr matrx protein

4&9-kD basement membrane protein
35-kD secreted phosphopratein
854D GPl-anchared glyeaprotein

244D positive acute-phase reactant

399-kD endocytic receptor
454D positive acute-phase reactant

522-k[ endocytic recepior
Te-kD senine protease

774D plasma carrier of iron
39-kD) plaama carvier

14-kD MHC class | component

594D plasma carier of heme
234D plaama carvier of retinel

55-«D homotetrameric plasma carrier
of RBP4 and thyrosine

Direction of
Urinary Excretion®
1 {9 of 9)

13 of 4}

4 {8 of B)
) 2 of2)
T1ef1)

1011 of 1)
1 {5 of 5)

1 {1 of 1)
(2 of 4

1

of 1}
of 2)

1{20f2)
of 5)

15 of 5

of 1)
115 of 6)

1 of7)

Meghren
Segment
PT

PT
S
NS
LoH, DCT*

LeH, DCT
G

BT

NS

PT+
NS

Biological Processes

Coagulation, inflammation

Complamaent activation,
nflammation, lipid metabalism

Extracallular matnix organization

Elood vessel development,

extracellular ma
Adhesion, tissue development
Tissue develnprment

ix organization

Inflamm ation, immune systern,
transpart

Endocytosis, lipid metabolism

Immune systam response,
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i'r'S'EI'I‘ ms.pr_mse
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s, inflarmmat an, tissue
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FESQONSS

lron ion homeostasis, transport

leviFr e Systerm reiponse, basue
development, transport

Extraceliular matrix organization,
transport

Validated

ELISA, SRM
ELISA

Mone

Mare

Maone

ELISA, SRM
ELISA, immuno-

turbidimetry

Mane

ELISA, SRM

Mane
SRM

SRM
Mare

Mane

Mane
ELISA

ELISA
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