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Hucresiz DNA (cell free DNA; cfDNA)
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Protokol biyopsisi (Bx)

W Plasma and cell-free DNA

7 White blood cells
J Red blood cells

...1948
...1965
...2000

Erken Tani

Orneklem hatalar ve Kanser tedavisinde dokudaki gergcek zamanl degisikleri

Yorumlama farkliliklart izlemek icin ‘Likid Biyopsi’ ve antenatal tani amacgh

Klinik bulgular  subklinik allograft hasarini tanimlamak ve

geri donusiu olmayan hasar gelismeden once miidahale etmek igin



Hucresiz DNA (cell free DNA, cfDNA)

core DNA

Kan dolasiminda uzunlugu 80 - 200 bp (ort: 167 bp) olan ¢ift sarmalli bir DNA fragmani

histone H1

] ‘/ A . genetlk ve linker DNA
« Inflamasyon popitoz
y epigenetik degisiklikler
« Kanser v Nekroz
fragmanlarinin uzunluk
« Otoimmiinite v" Netoz L )
_ ve butunlugune gore
- Sepsis v Aktif sekresyon
Y K — CfDNA I — Kaynak|andl§]I hiucreler
. ani
* Paralizi
° Fiziksel ef0r1 travma Medlan t1/2 16 dk - 25 sa (Ol’t 30 dk)

* Eritroblast enukleasyonu

Allogreft hasari igin potansiyel bir erken gosterge,

donorden turetilmis hucresiz DNA olan dd-cf DNA

Qi T, Int. J. Mol. Sci. 2023, 24, 1503
Wang W, Oncotarget 2017:8;43180-91



Transplantasyonda dd-cfDNA kantifikasyonu

v' Mutlak
ml basina kopya (cp/ml) veya
genom esdegeri (GE/ml)

v Fraksiyonel (%, bagil)
toplam cfDNA havuzundaki dd-cfDNA’nin yiizdesi V



Normalde, dolagsimdaki cf-DNA'nin kuiguk bir kismi (<%0.2) dd-cfDNA

AR durumlarinda 1 1 1, AR suresi boyunca 1 1 1, sonraki 3 ay iginde |

birka¢ gun

Aylar
dd-cfDNA 111 Bx ile AR tanisi

» Klinik AR tanisi (hem ABMR hem de TCMR)

Ancak,
v" AR disi durumlarda

v Enfeksiyon dahil diger greft hasan tiirlerinde

rolu hala arastiriimaktadir

dd-cfDNA'daki artis — klinik patoloji belirtisi




iskemi Reperfiizyon Hasari

dd-cfDNA

%10'20 -1 ,l----.....
T <10 gun 1 dd-cfDNA — Gelecekteki komplikasyonlarin bir igareti
%l - | | >10 gun 1 dd-cfDNA — Stabil olmayan hastada allotransplant hasari
| ——— |

%

Kadavra Tx’lerde & canli verici Tx’lere gore

e x4 .....
;"/ kadavra l
ST 0 can dd-cfDNA %: erken donemde X4, uzun vadede X2 1

| — |
erken gec

Shen J, et al. Dynamics of early post- operative plasma ddcfDNA levels in kidney transplantation: a single-center pilot study. Transpl Int. 2019
Gielis EM, et al. Plasma donor-derived cell-free DNA kinetics after kidney transplantation using a single tube multiplex PCR assay. PLoS One. 2018
Beck J, et al. Donor- derived cell-free DNA is a novel universal biomarker for allograft rejection in solid organ transplantation. Transplant Proc. 2015



ORIGINAL CLINICAL SCIENCE—GENERAL

Diagnostic Accuracy of Donor-derived Cell-free DNA in
Renal-allograft Rejection: A Meta-analysis

Xiao, Hanyu MD'; Gao, Fang MD% Pang, Qidan MD?; Xia, Qiuxiang MD, PhD"; Zeng, Xianpeng MD, PhD": Peng, Jingtao

Transplantation
June 2021 105(6):p 1303-1310

n=9 ¢aligma +; bunlardan n=6 (ABMR+TCMR) i¢in dd-cfDNA'nIn tanisal dogruluguna odakl

ABMR ABMR+TCMR
Hassasiyet (Sensitivity): 0.84 0.70 l
Ozgiilliik (Specificity): 0.80 0.78
ROC Egrisi Altinda Kalan Alan (AUC): 0.89 0.81
Tanisal Odds Orani (DOR): 20.48 8.18 l
Negative Likelihood ratio (NLR):  0.20 0.39 I
dd-cfDNA: negatif ——> ABMR olasiligi l Yanhs Negatif' —» mutlaka allograft biyopsisi

ABMR'yi elemek (rule out) igin ¢ok kullanigl




META-ANALYSIS

Donor-derived cell-free DNA as a diagnostic marker for

kidney-allograft rejection: A systematic review and Biomolecules and Biomedicine, 2024
meta-analysis Vol. 24, No. 4, 731-740

Yanbo Xing ©1'2%, Qiang Guo ©1*, Cong Wang ©1'2, Haoying Shi©12, Jiarui Zheng 12, Yijun Jia 12, Chengyong Li®>1, and Chuan Hao ©1*
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ABMR igin %1 esik degere gore dd-cfDNA'nin tanisal dogruluguna odaklanan 13 makale analiz edilmis
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v" AR tanisinda dd-cfDNA'nin dogrulugu cok giivenilir degil

AR i¢in
Negatif Prediktif deger (NPV) I —— "dislama testi" olarak deger katar

v ABMR icin bir tani gostergesi olarak yararhdir




Rejeksiyon Tipini Belirmedeki Rolu

ABMR TCMR

interstisyel inflamasyon ve tiibiilit; dd-cfDNA'nin

yaygin bozulmasina — daha kucuk parcalara

Kompleman aracili ‘membrane attack complex’; Apopitoz sonrasi fagositoz; hiicre ici igerigin

hiicre lizisi; dolagima 1111 cfDNA cogunu izole eder; dolagima 7 cfDNA salinmasi

Antikorlar ve vaskiler endotel arasindaki etkilesimler; Daha az damari tutulumu

dd-cfDNA'nin dogrudan kan dolagsimina salinmasi

TCMR'yi tespit etmek igin test performanslarinin daha fazla arastirilmasi gerekir

Oellerich, et al. Liquid biopsies: Donor-derived cell-free DNA for the detection of kidney allograft injury. Nat. Rev. Nephrol. 2021

Dauber EM, et al. Quantitative PCR of INDELs to measure donor-derived cell-freeDNA—a potential method to detect acute rejection in kidney transplantation: a pilot study. Transpl Int 2019
Clausen FB, et al. Droplet digital PCR-based testing for donor-derived cell-free DNA in trans- planted patients as noninvasive marker of allograft health: Method- ological aspects. PLoS One 2023
Kueht, M.L., et al. The Current State of Donor-Derived Cell-Free DNA Use in Allograft Monitoring in Kidney Transplantation. J. Pers. Med. 2022

Bloom, R.D., et al. Cell-Free DNA and Active Rejection in Kidney Allografts. J. Am. Soc. Nephrol. 2017

Halloran, P.F., et al. Antibody-mediated Rejection Without Detectable Donor-specific Antibody Releases Donor-derived Cell-free DNA: Results From the Trifecta Study. Transplantation 2023



AR icin dnDSA & dd-cfDNA?

Molekuler Mikroskop Tani Sistemi
n=280 biyopside =)  dd-cfDNA
DSA

ABMR + %75 dd-cfDNA 2%1.0 ABMR'yi ongorduren bir faktor olarak

%44 DSA +
AUC dd-cfDNA 0.85

DSA 0.66

Bu da dd-cfDNA’y1 AR’yi tanimada DSA’ya gore daha iyi bir biyobelirteg haline getirmektedir

Bloom, R.D et al. Cell-Free DNA and Active Rejection in Kidney Allografts. J. Am. Soc. Nephrol. 2017



dnDSA ile dd-cfDNA iligkisi

dd-cfDNA kalici >%0.5 olanlarda, gelecekte 3 x daha fazla dnDSA uretimi riski

dd-cfDNA her %1'lik artis, dnDSA olugsumu riskinde %20'lik bir artisla iligkili

bazale gore medyan
Histolojik Rejeksiyon yok =— ~00120'lik —_— dnDSA gelisimi

dd-cfDNA 1 Medyan
91 gun

Bu L, et al. Clinical outcomes from the Assessing Donor-derived cell-free DNA Monitoring Insights of kidney Allografts with Longitudinal surveillance (ADMIRAL) study. Kidney Int. 2022



AR icin dnDSA + dd-cfDNA?

iki bagimsiz kohortta DSA + dd-cfDNA kombinasyonunun AR tanisal degerine etkisi

* Post Tx >180 gun DSA + subklinik vakalar  Endikasyon biyopsileri ile ABMR aranan vakalar
l dd-cfDNA eklenmesi

ABMR'nin tanimlanmasinda TCMR, glomeriilonefrit ve BKVN icin benzer

tanisal verimi iyilestirmis bir tanisal degere donusmemis

dd-cfDNA, DSA ve ABMR'nin tani eksenini guglendirirken,

diger patolojileri tanimlamadaki tanisal dogrulugu, optimalin altinda kalmigtir

Mayer KA, et al. Diagnostic Value of Donor-derived Cell-free DNA to Predict Antibodymediated Rejection in Donor-specific Antibody-positive Renal Allograft Recipients. Transpl Int 2021
Huang E, et al. An assessment of the value of donor-derived cell-free DNA surveillance in patients with preserved kidney allograft function. Transplantation. 2023



Donor-derived cell-free DNA monitoring for early
diagnosis of antibody-mediated rejection after kidney

. . . Nephrol Dial Transplant, 2025, 40, 1384-1395
transplantation: a randomized trial —

Aylin Akifova ! Klemens Budde {2, Kerstin Amann?®, Maike Buettner-Herold?, Mira Choi!, Michael Oellerich?, Julia Beck®,

dd-cfDNA
¢

dnDSA+ Bobrek nakil hastasi > ABMR tanisina kadar gegen siireyi kisaltabilir mi?

Tek merkezli, acik etiketli, randomize klinik calismada



>18 yas

Post-Tx >180 gun

En son yillik HLA taramasinda dnDSA'nin MFI > 1000










dnDSA+ Bb Tx’de
mutlak dd-cfDNA
rehberliginde bx, ABMR
tanisina kadar gegen sireyi

kisaltabilir

Biopsies

AMR diagnosed

Time to AMR
diagnosis

Ortanca (IQR)

Results

Intervention
Q dd-cfDNA
. monitoring

13
7

2.8 months
1.7-5.3

Control

‘ Standard
W of care

| 13
5

14.5 months
13.3-16.7



Evaluation of de novo donor
specific antibodies after kidney
transplantation in the era of

donor-derived cell-free DNA Onginal Research

Yuan Tian", Lukas Frischknecht’, Anna Mallone, 1033819?5;%30065

Fabian Rossler?, Thomas Schachtner® and Jakob Nilsson™

} frontiers ‘ Frontiers in Immunology

dd-cfDNA == dNDSA icin patojenik olani & olmayan antikorlardan ayirt etmeye ?

Gercek n=28
MFI >500 dnDSA + Reaktivite oruntusunu / Olas| n=27
n=75 hasta ve epitop ozgullugune gore
Yanlhis n=20

Transplantasyon oncesi genotipleme +

dd-cfDNA esik degeri %0.6
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Donor-derived cell-free DNA (dd-cfDNA) for detection of

allograft rejection in pediatric kidney transplants

Dechu P. Puliyanda® | Rita Swinford®> | Helen Pizzo' | Jonathan Garrison?

Aleksandra M. De Golovine? | Stanley C. Jordan!

Pediatric Transplantation.
2021:25:213850.

dd-cfDNA

n==67
medyan

- Klinik olarak endikasyon (n=48) 0.47
(greft disfonksiyonu,

DSA, viral enfeksiyon, I6kopeni)

-Onceden belirlenmis zamanlar 0.37

her 3-6 ayda bir /n=19)
dd-cfDNA > %1.0 veya klinik endikasyon biyopsi

AR tanisinda dd-cfDNA >%1 esik degeri igin
%86 duyarlhlik ve %100 ozgulluk
(AUC: 0.996, 0.98-1.00; p= 0.002)

n= 48 klinik olarak AR suphesi +
n=7 dd-cfDNA skoru <%l
n=3 bx’de AR+




Use of a donor-derived cell-free DNA assay to monitor
treatment response in pediatric renal transplant recipients with Pediatric Transplantation.

allograft rejection 2022:26:214258.

Justin A. Steggerda® | Helen Pizzo® | Jonathan Garrison | Xiaohai Zhang |
Mark Haas | Irene K. Kim©® | Stanley C. Jordan | Dechu P. Puliyanda

ﬁ Ornekler 6 aylik araliklarla
Enrolled for dd-cfDNA Testing
o8 ratlents (immiinsiipresyonun | her 3 ayda bir)

A/\Q

dd-cfDNA Score <1% dd-cfDNA Score >1%
39 Patients 19 Patients

/\.?

Biopsy with Rejection No Rejection on Biopsy
18 Patients 1 Patients

Mixed
AM.R TCMR ABMR+TCMR
11 Patients 2 Patients .
5 Patients

Histolojik olarak kanitlanmis reddi olan hastalar ¢calisma grubu +




TCMR AMR Mixed
n=2 n=11 n=5

7 . ) \\ Biyopsi SCr 1.28 £ 1.09 mg/d|
\
\\
- o \\. Tedaviyi takiben, dd-cfDNA tum rej turleri icin dustu
ABMR  9%1.50 [%60.90-%3.10]
S < 5 >001
U, Karisik %1.40 [%0.95-%4.15]
> o o g :
. L SCr, rej tipinden bagimsiz olarak tedavi
oFA>r::Tx PosTth OF;n;‘rx Poslth Oi;relTx Poslth onceSi SeViyeIere gore minimum degi§iklik
FIGURE 3 Pre- and post-treatment dd-cfDNA measurements. Donor-derived cell-free DNA (dd-cfDNA) measuremen ts are presen ted for

individual patients, separated by rejection subtype. Dotted line represents 1% threshold

TCMR'li hastalar guvenilir bir sekilde dd-cfDNA ile takip edilebilir

ABMR'de surekli olarak 1 dd-cfDNA ; devam eden subklinik AR mi, testin dogal bir sinirlamasi mi ?




Longitudinal Evaluation of Donor-Derived Cellfree
DNA in Pediatric Kidney Transplantation

Raja Dandamudi ! Hongjie Gu,” Charles W. Goss,” Leslie Walther,! and Vikas R. Dharnidharka’

CJASN 17: 1646-1655, 2022

dd-cfDNA
x100

dd-cfDNA + alici-cfDNA

Allograft ile alici arasindaki boyut esitsizligi % dd-cfDNA?

n=57 ¢cocuktan

Post tx ilk 12 aylik kan ve idrar ornegi

Recipient sex, n (%)
Boys 32 (56)
Girls 25 (44)
Recipient age, yr

Recipient BSA

Race, n (%)

White 45 (79)

Black 9 (16)

Other 3 (5)
Donor source, 1 (%)

Deceased 42 (74)

Living 15 (26)
Prior transplant, n (%)

Yes 1(2)
Primary kidney disease, n (%)

Glomerular disease 23 (40)

Nonglomerular disease 30 (53)

Unknown 4 (7)

Donor age, yr
Median (25-75 percentile) 27 (20-34)
Donor sex, n (%)

Boys 33 (58)
Girl 24 (42)
Donor BSA

Median (25-75 percentile) 1.1 (0.78-1.6)




Donor to Recipient BSA ratio 1.5 Donor to Recipient BSA ratio >1.5
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nakilden >4 ay <%0.3 nakilden >8 ay kadar %0.3'e ulasmamis




Utilization of donor-derived Cell-Free DNA in pediatric kidney

transplant recipients: A single center study
Pediatric Transplantation. 2023:00:e14582.

Daniel Ranch'©® | Mingwei Fei? | Elisabeth Kincade®** | Kim Piburn® |
Kelley Hitchman® © | Kelsey Klein®*

[
E=

n=42, 61 allograft bx (n=44 endikasyon, n=17 protokol)

L
P <0.0001

—
V]

Bx/AR tedavisi oncesinde ve sonrasinda dd-cfDNA

[
(=]

-

AR tedavisinden sonra dd-cfDNA'daki medyan degisiklik -%0.57

Dd-cfDNA (%)

Esy

dd-cfDNA <%l'e gegen ort sure 8.5 gun

+

L8 ]

1.2

U. L5

(=]

No rejection Rejection

n=26 n=35

Protokol bx’lerde, 4/17 TCMR AR (+) & (-) median dd-cfDNA &
AR - hepsi dd-cfDNA <1%

AR + sadece n=1 dd-cfDNA >1%
<%?1 dd-cfDNA hastalarin protokol biyopsilerinde AR olmamasi

Bu biyopsi sayisini azaltabilir




Donor-derived Cell-free DNA as a Noninvasive
Biomarker of Kidney Allograft Rejection in Pediatric

Kidney Transplantation Transplantation. 2025 Apr 9.

Julien Hogan 1 2 3, Roshan George #, Carissa Hayes 4, Olivier Aubert 1, Véronique Baudouin ¢,

Elodie Cheyssac 2 Charlotte Duneton 2, Chris Fan 4, Margret Kamel 4 Marion Rabant 2,

Hong Yin ®, Alexandre Loupy !, Rouba Garro *

Pediatrik bobrek nakli alicilar (pKTR'ler)

v’ Standart izlem

v Tek bagina dd-cfDNA’ya gére izlem = 3 modeli, AR tanisi ile iligkisi i¢in karsilagtirmiglar

v’ Standart izlem + dd-cfDNA cee 196
@@® rediatric kidney
transplant recipients

367

& indication & protocol
blop5|es

@ Donor—derived cell-free
DNA (dd-cdDNA)



dd-cfDNA with rejection and BkN

dd-cfDNA, )
AR varhgiyla guglu ve bagimsiz bir gekilde iligkili % i
odds ratio: 1.89 "] == — = EE I L

T T
Normal BKvN AMR TCMR Borderline Mixed

(confidence interval 1.40-2.60)

31



1.00 1

0.751

sensitivity
o
o
o

0.251

0.00 1

AUC

dd-cfDNA tek basina 0.76 (Cl 0.69-0.81)

model Standart izlem 0.80 (CI 0.71-0.85)
= cfDNA alone
= Combined Model
= SOC Model _
Standart izlem + 0.84 (Cl 0.79-0.90)
dd-cfDNA
p=0.01
000 025 050 075 100

1 - specificity

dd-cfDNA, standart bakimla birlestirildiginde pKTR'lerde AR ongorusunu iyilestirir




ORIGINAL ARTICLE !‘)

Donor-derived cell-free DNA testing in pediatric kidney transplant

recipients: indications and clinical utility Pediatric Nephrology (2025) 40:2669-2678

Jayanthi Chandar'*® - Vaka Sigurjonsdottir'*© . Marissa Defreitas'*© - Tara Gavcovich'® - Mingming Zhou®® .

Klinik bir endikasyon icin (dd-cfDNA) testinin gerceklestiriimesindeki tek merkezli deneyim

Yontem Kreatinin |
de novo anti-HLA antikorlarinin (dnHLAab) + dd-cfDNA

Bir klinik endikasyon

dd-cfDNA >%1
hastalarin klinik ozellikleri
dd-cfDNA <%1



Median dd-cfDNA according to Clinical Condition

BKVN N=1 (3.8)

r
All BPAR * | N=32[2.4(1.0,4.0)]
| de novo HLA antibodies no BPAR * N=18 [2.2 (1.5, 4.4)]

Highly sensitized-no BPAR =3 [0.6 (0.38,0.9)

No BPAR or HLA antibodies N=52 [0.25 (0.18,0.38] p<0.0001

I T T T 1
0 2 4 6 8

Median dd-cfDNA fraction

* In Dunn's multiple comparisons test, there is a significant difference between All BPAR (Borderline,
TCMR 1A and 1B, ABMR) and de novo HLA antibodies from other indications.

Immiinolojik sessizlik durumlarinda medyan <%0.25




Avantajlar

1. ABMR icin oldukc¢a hassas, invaziv olmayan biyobelirte¢

2. Yuksek negatif ongoru degeri, gereksiz invaziv tani biyopsisinden kaginmaya yardimci olur
3. Kisa bir t,,, sahiptir ve basarili AR tedavisinden sonra seviyeleri hizla duser

4. Yetersiz immunosupresyonun invaziv olmayan sekilde tespiti

5. Mutlak ‘absolute’ (copy/mL) dd-cfDNA, kesirli ‘fractional’ (%) dd-cfDNA'nin bir sinirlamasi

olan enfeksiyon ve AR ayrimini yapabilir

6. Erken greft kaybini ve yeniden nakilleri azaltmak icin nakil alicilarinin maliyet-etkin gozetimi

Oellerich, M., et al. Liquid biopsies: Donor-derived cell-free DNA for the detection of kidney allograft injury. Nat. Rev. Nephrol. 2021
Oellerich, M., et al. Absolute quantification of donor-derived cell-free DNA as a marker of rejection and graft injury in kidney transplantation: Results from a prospective observational study. Am. J. Transplant. 2019



Dezavantajlar

1. BK nefriti ve diger organ hasari nedenleri sirasinda da artabilir

2. Farkl testlerin AR i¢in farkh esikleri vardir ve preanalitik faktorlerin standardizasyonun anlasiimasi

3. Uzun sureli gozlemde test sikligi ve zamanlamasi? Seri olgum gerekli

4. Kronik rejeksiyon veya subklinik rejeksiyon konusunda veri eksikligi

5. Nakilden sonraki 4 hafta icerisinde yeterince test yapiimamisg

6. dd-cfDNA %, efor, travma, VKI artigi gibi kosullarinda artabilir; Esik deger? Mutlak deger?

7. Testin maliyeti ve pediatrik hastalarda ihtiya¢c duyulan nispeten buyuk kan hacmi (5 mL)

Chopra, B., Sureshkumar, K.K. Emerging role of cell-free DNA in kidney transplantation. World J. Exp. Med. 2021



Sonug

dd-cfDNA'nin yorumlanmasi i¢in klinik baglam onemlidir ve bu da onemli bir sinirlamadir

dd-cfDNA tek basina bir test olarak kullanilamaz

dd-cfDNA 1

* Enfeksiyonlarin varhgi

« Takrolimusun hasta ici degiskenligi gibi diger klinik bilgiler ve
* Viral replikasyonun biiyuklugii test kombinasyonlariyla birlikte
* Viruse ozgu T hucresi izleme yorumlanmasi gerekir

« de novo antikorlar

Zorluklara ve bilinmeyenlere ragmen AR tespiti icin umut vaat etmektedir




