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Pediatrik Bobrek Nakli

» 10 yillik greft sagkalim oranlari, kadavra ve canli dondér nakillerinde sirasiyla
%61-%77 ile %270-%75

» Sensitize olmayan alicillarin %30’u 10 yil icinde de novo DSA gelistiriyor

» de novo DSA gelistirenlerin %401, 5 yil icinde greft kaybediyor

» de novo DSA + ABMR gelisen hastalar — daha giicli immtinosiipresyon
» Enfeksiyonlar pediatrik alicilarda halen en sik 6liim nedeni (%28)

» Cogu pediatrik alict — yasam boyu birden fazla nakil ihtiyaci

Fernandez HE, Clin J Am Soc Nephrol. 2022.
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N Risk Siniflandirmasi
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Bobrek nakli alloimmodnite risk siniflandirmasi icin iki ana strateji

kullanilmaktadir
1. Alici ve donor arasindaki HLA uyumsuzluklarinin belirlenmesi

2. Alicinin serumunda 6nceden olusmus anti-HLA antikorlarinin tanimlanmasi

Bestard O, Transpl Int. 2021
Schaefer SM, HLA. 2016
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immiinolojik Testler

» Doku Tipleme
» Anti-HLA Antikor/Dondr Spesifik Antikor (DSA)

» Crossmatch (DSA Reaktivitesi)
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A Doku Grubu Antijenleri

» Major Doku Uyumluluk Kompleksi (MHC) genleri, kendinden olani
ve olmayani ayirt etmek icin doku antijenleri’ni kodlar

> T hlicrelerine antijen sunumu

insan Lékosit Antijeni (HLA)
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Plasma Membrane

Geo JA, Med Princ Pract. 2024
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Serology

HLA Tipleme Teknikleri

H LA Typing Techniques
. L 4
Molecular Assays
VPR, — ¥
PCR Based Hybridization
Method Based Method

.J Sequence Specific

Sequence Specific
Oligonucleotide

v

Sanger Based

¥

Sequencing
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Next Generation
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| Primers (SSP) (550) Sequencing (SBT) Sequencing (NGS)
|
v v
Real Time PCR Second Generation Third Generation
> A =
(RT-PCR) Sequencing Sequencing
Pyrosequencing > SMRT Sequencing
(Roche) ‘ (Pacific Biosciences)
Sequencing by
Oligonucleotide [ :
Ligation and Nanopore Sequencing
>l (Oxford Nanopore

Detection
SOLID (ABI)

Sequencing by
reversible
terminator
(Mlumina)
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Hydrogen lon
detection

(lon Torrent)

‘ Technologies)

Geo JA, Med Princ Pract. 2024
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HLA Tipleme Teknikleri
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Serology Typing method PCR-SSP method PCR-SSOP method NGS method
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Geo JA, Med Princ Pract. 2024



/
2

U

=

Tlrkiye’de HLA Tipleme Yontemleri KTIREX

HLA Tioleme Standart Risk | Yiiksek Risk Alici Kadaverik
P (Canh Verici) | (Canh Verici) | (Kadavra Dondr) Donor

Diisiik Coziintirliklii 14 (63.64%) 5 (22.72%) 17 (77.27%) 16 (72.27%)
Yiiksek Coziintirliklii 5 (22.72%) 14 (63.63%) 2(9.91%) 3(13.91%)

3 Lokus 10 (45.45%) 1(4.55%) 12 (54.55%) 9 (40.55%)
25 Lokus 8 (36.36%) 17 (77.27%) 7 (31.82%) 10 (45.82%)

UNOS HLA-A, -B, -C, -DRB1, -DRB3/4/5, -DQA, -DQB, -DPA, -DPB (2
EUROTRANPLANT

field)

Duslk ¢ozundrlikte sinirli lokus tipleme
» Hatali ve eksik DSA
» Nakil sonrasi tedavide gecikme

RESEARCH CENTER OF EXCELLENCE

Eurotransplant Manual,2022
STAR Working Group, 2022
Avna T, 2024
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immiinolojik Testler

» Anti-HLA/ Donoér Spesifik Antikor (DSA)
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(A)

Sensitization
HLA

Degree of
allosensitization

1 Unite %20
10 Unite ve ustu %40

Anti-HLA Antikor

(8)

Transfusion 1st abort/pregnacy

(€

Transplant

2 haplotypes (unknown) 1 haplotype (parent)

2 haplotypes
(deceased donor)

120 - 30 days Intermediate: 30 - 270 days

Passenger mismatched
leukocytes

1. gebelik %15-25
2. gebelik %50-60

20 Unite ve Ustl %70

High: 30 - 365... days
IS

Nakil 6ncesi %20
1. Tx %17
2. Tx %64
3. Tx %84
4. Tx%92

A

TIREX
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San Segundo D, Int J Mol Sci. 2025
Xu Q,. Am J Transplant. 2021
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N Allosensitizasyonu Tetikleyebilir mi? /\ TIREX

1.Capraz reaktivite
» Asli ve virlis/bakteri antijenleri — Alloantijenlere benzer epitoplar
tasiyabilir
(T/B hiicre yaniti HLA epitoplarina da yonlenebilir)
2.innate immiin aktivasyon
» Asl ve enfeksiyon sonrasi sitokin salinimi — Sessiz alloreaktif bellek o4 1 I £
T/B hiicrelerini uyarabilir 2H =TT T l[
3.Adjuvan etkileri 0 £ :I:!: :!: LLL
T§9388583% 333

» Bazi asi adjuvanlari — Non-spesifik immiin yanit

DR4 DR12 DR15 DR16 DR17 DR18 DRS2

>

100 + n=3

n=12

vaccination)
v
=1

% change in mean anti-HLA antibody MFI
(Post-vaccination compared to Pre-

B
w
1

Klinik G6zlemler

» Asi sonrasi DSA gelisimi ¢ok nadir bildirilmistir

» Cogu calisma — Asilarin giivenli oldugunu ve reddi artirmadigini
gostermektedir

» Asilamamanin riski >>> Asilama sonrasi DSA gelisme riski

% change in mean anti-HLA antibody
vaccination)
=
w

MFI (Post-vaccination compared to Pre-

» Asilamadan 1 ay sonra ek bir HLA antikor testi yapilmali

Mulley WR,. J Heart Lung Transplant. 2018
Segal, Y., Cell Mol Immunol. 2018
Zhao Y, Arch Pathol Lab Med. 2025
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Anti-HLA Antikor Testleri

..................

I Lumnex® 1 \
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screening ; specication specification
low - intermediate - high -
- R * ) ..,
|_trainsformed celline | Ene . Recombinant cell line
Coprpilete class lor 1l | Complete class | or ll .
phenotype of 3-5 . phenotype of 1 . Single alielic anbigen
- individuals . individual . 2
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Lachmann N,. Transfus Med Hemother. 2013
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S Anti-HLA Antikor Tayini

Hangi kitleri kullanmaliyiz?
Tarama Testi
» Hem HLA sinif | hem de sinif ll'ye karsi duyarlilik olusmasi, diistik greft sagkalim orani

Single Antigen Bead Testi

» Tek bir antijen diizeyinde hassas ve spesifik antikor profili

» HLA-A, B, C, DRB1/3/4/5, DQB1, DQA1, DPB1, DPA1 allellerine karsi gelisen antikorlar yiiksek
¢Ozundrlakld olarak belirleme

» Capraz reaktif gruplara (CREG'ler) ve epletlere karsi reaksiyon modellerini belirleme ve bead
panelinde temsil edilmeyen HLA molekdllerine karsi potansiyel reaksiyonlari tahmin etme

yetenegidir.
Standart Risk | Yiiksek Risk Aha
Bead (Canli Verici) | (Canli Verici) | (Kadavra Dondr)
Fenotip 10 (45.45%) 7 (31.82%) 10 (45.45%) ) .
(Tanimlama) Susal C, Transplantation. 2002
Single Antijen 8 (36.36%) 12 (54.55%) 4 (18.18%) Lachmann N,. Transfus Med Hemother. 2013

San Segundo D, Int J Mol Sci. 2025
Ayna T, 2024
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Senev A, Am J Transplant 2020
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Hook Etkisi (High-Dose Hook Effect)
> Asiri antikor varhig
> ikincil antikor, komplekslere baglanamaz

» Sonug: Beklenenin altinda diisiik MFI 6l¢ciimii

Prozon Fenomeni

> Asiri antikor veya inhibitérler

» Antijen-antikor capraz baglari olusmaz

» Reaksiyon cikmaz — Yanlis negatif

» Sinif | anti-HLA antikorlarinda yliksek prevalans

Mean Fluorescence Intensity —>

L] =SAB

£ = detection antibody - goat anti-Human IgG
R c01gthE

N PE
b. &m e =

d%/\@ A

= HLA-: spe cific Antibody from patient serum

aaaaa

(>%70)

**1gM, kompleman ve immiin kompleksler

» EDTA/ DTT/1s1inaktivasyonu
» Riskli hastalarda diliisyon
> Yiksek titreli (MFI 18.000 Ustii) HLA antikorlarinin gercek "glicini"
belirlemek icin serum seri diliisyonlarla testlenmeli
Desensitizasyon kararinda dilisyon kritik!!!

Antibody Concentration

Tambur AR, HLA. 2022
San Segundo D, Int J Mol Sci. 2025
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Teknik Sinirlamalar
Denatiire Beadler
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Denatiire HLA molekdl, kriptik antijen ve serbest beta2-mikroglobuline bagh non spesifik pozitiflikler

Belirli A Kan bagiscilan arasinda  Kafkas antijen  Belirli B Kan bagiscilan arasinda  Kafkas antijen
lokusu antikor sikhgi, % sikhgi, % lokusu antikor sikhgi, % sikhig, %
A*30:02 18.9 0.9 B*15:12 111 0
A*31:01 11.3 2.3 B*32:01 10.4 0
A*B0:01 8.5 0 B*15:16 9.9 0
A*34:01 6.8 0 B*37:01 7.8 1.3
A*66:02 6.6 0 B*44:02 6.1 9.0
A*43:01 5.9 0 B*45:01 5.9 0.4
A*66:01 5.9 0.2 B*81:01 A7 0
| Native HLA antigens Free HLA heavy chains
Native Cryptic é
epitopes epitopes //
g T~ T~ Ny T~ B
BEAD SURFACE

HLA sinif | bead (agir zincir + 8 2m + peptit)

Gombos P, Am J Transplant. 2013
Michel K, HLA 2016



Teknik Sinirlamalar
HLA Yogunlugu Farki

» Hicrelerdeki dogal ekspresyona kiyasla bead (izerinde daha fazla antijen (6zellikle C, DQ ve DP) bulunur
» Her lot farkli yogunlukta HLA antijenini barindirir
» Test basina diisen bead konsantrasyonu farklidir

» Tedarikgiler arasinda HLA kombinasyonunda farkliliklar var

130 1 HLA-AB HLA-C
O early lot
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Lachmann N,. Transfus Med Hemother. 2013



e, Teknik Sinirlamalar
Uy Nadir HLA Alelleri
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» Sinirl sayida HLA antijeni tariyoruz: Sinif | kiti 100 bead, Sinif 1l kiti 100 farkli bead; yaygin allelleri icerir

ExPlex paneli, 54 ek Sinif | ve 24 Sinif Il tek antijenle genisletilmis HLA Antikor kapsami

Atot1.02 A0zA0 ArzE02 B*O7:14 B*5:21 B*35:.08 B*39:06 B*2:.02 C*01:03 CHoa:04
AND2:08 Ar02:48 Ar2E:03 B*5:04 B*E:24 B*ag2 B*39:13 B*a:02 C*02:10 CH2:02
A02.07 Ar03:02 B*5:06 B*5:27 B*38:02 B*0:03 B*s0:02 C*04:03 C*4:03
B*&:07 B*a7:04 B*rag.o2 B*40:04 B*sE:02 C*oT0d C*E:06
B*5:17 B*27:06 B*30:04 B*0:06 B*e5:04 CH*O7:04 C*E:02
B*15:18 B*35:02 B*39:06 B*41:02 B*eE:03 C*08:02 CHT03
B*5:20 B*3E0a o803 e
DRE1*04:08 DRE1*08:07 DRE3*02:01 DPB1*D2:02 DPA1*01:03 DPB1*0:01 DPA1*01:06
DRE1*04:07 DRB1*13:02 DRB&s*01:02 DPBE1*26:01 DPAI*03:01 DPBE1*e5:01 DPA1*01:03
DRE1*04:10 DRE1*14:04 DPB1*20:01 DPA1*02:01 DPBi*06:01 DPA1*02:01
DRE1*04:11 DRE1*14:06 DPE1*31:01 DPAI*03:01 DPE1*07:01 DPA1*02:04
DRE1*0a:02 DREB1*14:08 DQE1*03:19 DOAI*02:01
DRE1*0&:02 DRE1*14:03 DGB1*0E:03 DOAT*01:01
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Nadir HLA Alellerine Yonelik Antikor Varhg

A

Eplet Analizi ile Belirlenebilir

Nadir alleller icin; dondr uyumsuz eplet analizi yapiimali
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https://www.epregistry.com.br/

Y/\ .
J\/k HLA Eplet Registry
hid
HLA-ABC HLA-DRB

New: Subscribe and stay updated!

HLA-DP

HLA-MICA

A LV

Click here and enter your email address to receive nofifications about new updates of this registry.

HLA-ABC eplets software version: 2025-02-01. IPDIMGT/HLA: 3.61

Q, Search Filters

D Name
1 1c
2 8D
3 9F
4 8H

Description

D

9F

SH

Evidence™*

Interlocus Mismatch Calc
Exposition* Status Str. eplet
High View
Very low
Very low
Very low

Publications

Frequency

View

View

View

View

New pattern

Changelog Contact

3D View (Luminex® Alleles)

C*15:05, C*16:01, C16:02, C*18:01, C*18:02

5408:01, C'08:02, CA0T:01, C*07:02, C*DT:04, C*18:01,

ci02

AO1:01, AD2.01, A02:02, AT02:03, A"0207, A°02:18,
A0, ADI0Z, A*32:01, A35:01, AT401, A%B001,

C01:02, C'01:03

8°18:01, B*27.03, B*Z7-04, B27.05, B*27-06, B*27:08,
B437:01, B*40:01, B*40:02, B°40:03, B*40:04, B*40:05,
B°40-06, B*41.01, B*41:02, B*42.02, B45:01, B*48:01

B*50:01, B*50:02, B*73:01

TIREX

KOC UNIVERSITY TRANSPLANT IMMUNOLOGY
RESEARCH CENTER OF EXCELLENCE

All Alleles

View (2340)

View (1787)

View (2312)

View (1527)



immiinolojik Testler

» Crossmatch (DSA reaktivitesi)




Crossmatch Testleri 7\ TIREX
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Antibody test methods CDC cross match Flow cross match Solid phase single antigen assay

Diagram of protocols

BT cell B/T cell ::Im
bead
l + racipient serum l + recipient serum l + recipient serum

'

BT cell BIT cell antigen
bead
fluoro-lgG
. ] + complement l * + fluore-lgG
» Alici serumunda reaktif DSA'yi | ’
o . e e * single ™
degerlendirmek icin anfigen
. boad
crossmatch testi yapilir. |
| 2
Ihﬂh >
Lusar —_ antigen
bead »
L
>
Usage of test Usually pre-transplant Usually pre-transplant Both pre- and post-transplant
Antigen source Mative antigens on donor Mative antigens on donor Purified single antigens on beads
lymphocytes lymphocytes
Antibody detected Cytotoxic, complement fixing IgG Donor specific IgG IgG anti-HLA antibodies in general
and IgM, donor specific
Antibody specificity determined No Mo Yas (HLA)
Quantitation Scale 1-8 binary Semi-quantitative Semi-guantitative
Sensitivity Low Intermediate High
Repeatability Low Low to intermediate High

Requirament for live cells Yes Yes Na



e, Crossmatch Testi
U Teknik Sinirlamalar

» Terapotik antikor kullanan hastalarda
( Rituximab (anti-CD20) ve Basiliximab (Simulect)
(anti-CD25)) yalanci pozitiflik

» Baziilaclar (statin veya steroid gibi) hiicre
ylzeylerinde HLA molekiillerinin ekspresyonu

dasurebilir; yanlis negatiflik

» Non-HLA, otoantikor ve immin komplekslere
bagh pozitiflik

» Enfeksiyon ve asilara bagh pozitiflikler

"% O ©

11

ELISA crossmatch

Substrate

Enzyme-labeled
anti-human Ig-Ab

Donor-specific
anti-HLA class I-Ab

HLA class I-Ag of
donor

Anti-HLA class I-Ab

Schlaf G,. Biomed Res Int. 2015
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Pre-op Alloimmiin Risk Yaklasimi KT'REX

Hastanin risk potansiyeli

KOC UNIVERSITY TRANSPLANT IMMUNOLOGY
RESEARCH CENTER OF EXCELLENCE

Hastadan detayli sensitizasyon anemnezi alinmahidir
(kan transfiizyonu, gebelik, gecirilmis nakil; asi ve enfeksiyon...)

Kan Transfuzyonu
Gebelik

Gaciriimig Nakil

T Mefroktomi
ATG/Ritwdmab Kullanim

Oneeki Dendriin HLA Sonuglan

T I 'Var
L) var
LJ var
Lt var
L var
Ll var

ﬂ-" —e
il Yok

g

L] Yok
L Yok
L] vek

[Var ke lkbowstuvira pBndenimesi rice olunsr]

Var Ise son transfuzyon tarihl U S .

Var 52 son gebellk tarihi R S -

Son nezkli tarihl R S .

Var [se nefrektom! tarihi S A
QtoimmDn Hastalik L var L] Yok
Primer Tani

San Segundo D, Int J Mol Sci. 2025
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Alloimmun Risk Yaklasimi

Pretransplant donor-recipient HLA laboratory evaluation

CDC crossmatch

DSA positive

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Flow crossmatch

DSA positive

DSA positive

Negative

Negative

Negative

Negative

Negative

Negative

Single antigen

bead History of sensitization

DSA positive

DSA positive

DSA positive

Negative Pregnancy or prior transplant with
repeat MM

Negative cPRA with unknown repeat MM

Negative No

Negative No

Negative No

HLA molecular MM

High

Low

MM, Mismatch; DSA, donor-specific antibody; ABMR, antibody-mediated rejection; TCMR, T cell-mediated rejection.

HLA identical

Yes

/\ KOC UNIVERSITY TRANSPLANT IMMUNOLOGY
RESEARCH CENTER OF EXCELLENCE

Immune risk assessment

Active memory and at risk for
hyperacute rejection

Active memory and at risk for
ABMR and TCMR

Active memory and at risk for
ABMR and TCMR

At risk for latent memory with a
recall Band T cell response

Potential risk for latent memory
with arecall Band T cell
response

Increased risk for de novo
alloimmune response

Baseline risk for de novo
alloimmune response

Low risk for de novo alloim-
mune response

Sensitization in Transplantation: Assessment of Risk (STAR) 2017 Working Group Meeting Report

Tambur et al. Am J Transplant 2018
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Pediatrik Hastalarda Nakil Sonrasi

CERTAIN Registry

A

TIREX

KOC UNIVERSITY TRANSPLANT IMMUNOLOGY
RESEARCH CENTER OF EXCELLENCE

a 1.0
,***L‘ Age Group =
< 6 years (n=206) E 0.81
80+ B 6-12 years (n=278) 3
> 12 years (n=318) 8 0.6
b
—. 60- 1
fal 2 S 0.41 -+ <6 years
® - + 6-12 years
£ 9o +~ >12 years
2 404 & 0.2 p =0.027
&
0.01
20- o 38 5 1 2 3 4 5 &
7 28 32 <6Gyears{206 180 162 121 95 71 53
6-12 years 1278 240 215 163 122 70 52
0- >12years1318 249 218 154 102 53 30
Infections  Rejections Infections Rejectlons 0 1 2 3 4 5 6

Year 1 post-transplant Year 2 post-transplant

BPAR, nakilden sonraki ilk 2 yil icinde hastalarin %23,8'inde meydana gelen ikinci en yaygin olay

Baghai Arassi M, Kidney Int Rep. 2024

Year post-transplant
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18% Contrasting Rejection Rates in High- vs. Low-Risk Immunologic Profiles
16.59%
° 20.00%
16% 15.40% AT . . o
14.98% 1481% ¢  14.65%"" L] 18.67% UNOS verisi
. . P
..... L]
1% 13.32% 18.00%6 »  2005-2022
12.54% e 1252
1223% | T e
12% Y 8% e 11.55%, ocerer™" hd — > <18yas
8 SN 1L T, S e T » Ik nakil
@ ° -
B 10% 9.39% = .
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Years Post-Transplant

Connelly J, Pediatr Transplant. 2015
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Cumulative incidence

=+~ de novo class || HLA-DSA

== de novo class | HLA-DSA
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Time after transplantation [years]
Number at risk (number censored)
337 (0) 299 (0)

242 (42) 210 (57)

174 (77)

139 (103)

1-year incidence
{95% CI)

3-year incidence
{95% CI)

5-year incidence
(95% Cl)

de novo class | HLA-DSA
de novo class || HLA-DSA

45%(2.3-6.7)
10.0% (6.7 - 13.2)

8.3% (5.2 - 11.3)
225% (16.6-27.1)

13.0% (8.8 - 16.9)
30.6% (24.8 - 35.9)

Sinif I: 1y1l %4,5 — 3. yil 8,3 — 5. yil %13
Sinif 1l:1 yil %10 - 3. yil %22,5 - 5. yil %30,6

De novo DSA insidansi

Cumulative incidence

/\ KOC UNIVERSITY TRANSPLANT IMMUNOLOGY
RESEARCH CENTER OF EXCELLENCE

CERTAIN verisi

2006 -2021
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337 hasta

%30,3 canli donor

Dustik immunolojik risk

(pre op %3,9 HLA-DSA varligr)
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Time after transplantation [years]

Number at risk (number censored)

337 (0) 319 (0) 277 (49) 243 (72) 207 (96) 165 (130)
1-year incidence 3-year incidence 5-year incidence
(95% Cl) (95% Cl) (95% Cl)
Acute ABMR 53% (29-7.7) 7.8% (4.8-10.7) 10.0% (6.5 - 13.4)
Chronic active ABMR 0% (0.0 -1.0) 1.8% (0.0 - 3.3) 5.9% (2.8 - 8.9)

Risk faktorleri
» HLA-DR uyumsuzlugu
» de novo HLA-DSA (6zellikle sinif I + Il ¢ift pozitif)
> >17Tx

Fichtner A, Pediatr Nephrol. 2025



ilk Nakilden Sonra Duyarlilik Tehlikesi #”4 TIREX
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2021 yili OPTN verileri

RESEARCH CENTER OF EXCELLENCE

> ilk nakilden sonra duyarhlik riski pediatrik ve
genc yetiskin popiilasyonda daha yiiksek

» Re-transplantasyon bekleyen pediatrik hastalarin
%39’unda cPRA 2%98

» Ensik de novo HLA-DQ lokusuna spesifik antikor
goruluyor

Kog Universitesi Hastanesi verisi
%62,5 HLA-DQ
%58,3 HLA-DR
%38,8 HLA-A

Tambur AR, Kidney Int. 2021



$“’a"ﬁ Farkindalik ve Sorumluluk
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Cocuklar eriskinlerden farkhdir
» Daha uzun yasam beklentisi — birden fazla nakil ihtiyaci (retransplantasyon) kac¢inilmaz
» Enfeksiyon ve asilama sirecleri kritik

Riskler

» Immiinosipresif ilaclara diisiik uyum (6zellikle ergenlerde)

» Tekrarlayan enfeksiyonlar — ila¢ dozunun azaltiimasi

» Yetersiz immiunostipresyon — artan de novo DSA, rejeksiyon
» Uzun vadeli ila¢ kullanima bagli ilac toksisiteleri (CNI, steroid)
» Eslik eden hastaliklar — enfeksiyon, malignite

Biz ne yapabiliriz?
» Nakil 6ncesi immiinolojik degerlendirmevyi titizlikle yapmaliyiz
» Nakil sonrasi diizenli anti-HLA takibi



Kog Universitesi Hastanesi 27 TIREX
Bobrek Nakli Protokolii A\ TIREX
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T 4% TIREX
Tesekkdirler /\

Cocuklar gelecegimiz
onlara en iyi hizmeti sunmak, hepimizin sorumlulugu!



