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APC captures antigen APC presents antigen
to naive T cells via MHC

Activated T cell can act
throughout body on
specific antigen

Costimulatory signals occur at
the APC-T cell interface

Tamargo CL. J Clin Med 2023; 12: 4130



Naive B cell
encounters antigen

B cells interact with
helper T cells

Plasma cell
(short-lived)

Germinal
center B cell

@

Memory B cell

B cells differentiate into short-lived
plasma cells, germinal center B cells,
or germinal center-independent

memory B cells

e

Germinal center B cells undergo
somatic hypermutation; some die
and some enter the light zone

OQQ @)
B cell undergoing
apoptosis

Plasma cell
(long-lived)

Memory B cell

B cell returning to

dark zone

Germinal center B cells differentiate into long-
lasting plasma cells or memory B cells, or
return to the dark zone for further mutation

and selection

Tamargo CL. J Clin Med 2023; 12: 4130
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Miszczenie naczyn
krwwionosnych

TCMR
T-Cell
Mediated
Rejection

ABMR
AntiBody-
Mediated

Rejection

S CY TOKINY

Przeszczep

Zmodyfikowano z:
Lasek W, Zagozdzon R, Jakobisiak M. Cancer Immunol Immunother. 2014 May;63(5):419-35



Evolution and courses of rejection phenotypes*

*The most common phenotype constellations are given in the table.

The table is not complete and neither reflecting all possible and observed phenotypes under real world clinical conditions.

Time post transplantation — Rejection continuum

Early acute

subclinical or dinical

Chronic

Clinical phenotype
Immunological risk
Missing self

Histologic phenotype
Banff lesion scores
Biomarkers, C4d

Molecular phenotype
Rejection probabilities
Injury burden

Serologic phenotype
DSA (titer and attributes)

<1 month post Tx
Presensitization

High immunological risk: eplet
mismatch or missing self

Banff i and t =0; C4d0

Banff ptc and g >0; C4d +(mostly)
Banffv=0or>0

AKI; all Banff scores = 0 / below Banff
thresholds for rejection

High inflammatory burden (TCMR
probability) and high injury burden
with or without endothelial injury
(AMR probability)

High titers, donor-specific
Cross match positive
Complement fixing/activating

Usually clinically apparent, but
can be subclinical

Indicator of inappropriate
immunosuppression

Banff i and t =0; C4d0
Banff ptc and g >0; C4d +
(mostly)

Banffv=00or >0

Banff ciand ct=0

Variable inflammatory burden
(TCMR probability) and injury
burden with or without
endothelial injury (AMR
probability)

High titers, donor-specific
Cross match negative, but
memory rebound
Complement fixing/activating

Acute Chronic-active
subclinical or clinical subcdlinical or clinical

Slope of functional deterioration with
acute/active episodes

Indicator of inappropriate
immunosuppression: non-compliance,
medically indicated, or enhanced immune-
response (cellular and/or humaoral)

Banff i and t =0; C4d0

Banff ptcand g >0; C4d - (mostly)
Banffv=0o0or >0

Banff ci, ct, cg, and/or cv >0
Banff i-IFTA, t-IFTA =1

Variable inflammatory burden (TCMR
probability) with persisting injury burden
with or without endothelial injury (AMR
probability)

Mid to low titers, donor-specific
Cross match negative

No complement fixing

Non-HLA antibodies

subclinical or dinical

Stable but impaired function
Often proteinuria

Increased risk for recurrent / de
novo renal disease

Banff i and t <2; C4d0

Banff ptc+ g <2; C4d0
Banffv=0

Banff ci, ct, cg, and/or cv >0
Banff i-IFTA <2

Low inflammatory burden (TCMR
probability) and injury burden with
or without low endothelial injury
(AMR probability)

Often D5A negative

Microcirculation inflammation below
Banff threshold for AMR, or active
AME, borderline, or TCMR

Chronic-active AMR or TCMR Transplant glomerulopathy,

Active AMR or rarely TCMR vasculopathy and i-IFTA

Biopsy Diagnosis

or Mixed rejection

Mengel M. Curr Opin Organ Transplant 2024; 29:97
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PD1

Costimulatory signals occur at
the APC-T cell interface

Activated T cell can act
throughout body on
specific antigen

Edner NM. Nat Rev Drug Discov 2020; 19: 860 Tamargo CL. J Clin Med 2023; 12: 4130



Ostre odrzucanie nerki i Smiertelnosc¢
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zakazenia

nowotwory

5-10 x czesSciej niz populacja ogolna

po 20 latach ryzyko >50%

cukrzyca

9-20% w ciagu pierwszego roku

choroby krazenia
przyczyna 30-40% zgonow z czynnym przeszczepem
po 15 latach czesto§¢:  ch. wiencowej — 23%0

ch. naczyn mézgowych — 15%

ch. naczyn obwodowych — 15%




Odrzucanie, GVHD I himeryzm
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Badanie kliniczne fazy I/l11a

Dawca zywy Biorca, Tregs w 3 dobie po KTx
Brak zgodnosci HLA 3 tyg Tocilizumab (a-IL6R), ATG, belatacept, SIR, steroidy

CKBMT & autologous Treg for mixed chimerism

Donor

hematopoietic
stem cells

Recipient
Tregs

@MEDICALUMVERSITY Oberbauer et al. Frontiers 2021
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Non-compliance po transplantacji nerki

0041-1337/04/7705-769/0
TRANSPLANTATION Vol. 77, 769-789, No. 5, March 15, 2004
Copyright © 2004 by Lippincott Williams & Wilkins, Inc. Printed in U.S.A.

FREQUENCY AND IMPACT OF NONADHERENCE TO
IMMUNOSUPPRESSANTS AFTER RENAL TRANSPLANTATION: A
SYSTEMATIC REVIEW

JANET A. BUTLER,"* PAUL RODERICK,?> MARK MULLEE,? JUAN C. MASON,? AND ROBERT C. PEVELER!

325 Badan — 22.3% pacjentow
odstawia leki



Objawy ogdlne — odrzucanie nerki

 \WWzrost temperatury bez cech infekcji

* Pogorszenie kontroli cisnienia t¢tniczego

« Zmniejszenie diurezy

* Dolegliwosci bolowe w okolicy przeszczepu
* Tkliwos¢ uciskowa okolicy przeszczepu

* Powiekszenie nerki przeszczepione]

Najczesciej:

BRAK OBJAWOW !!!
rozpoznanie na podstawie
biopsji wykonanej z
powodu wzrostu stezenia

Kreatyniny
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USG - obrzek i powiekszenie nerki




USG: obnizenie echogenicznosci warstwy korowej + obrzek piramid
(zatarcie granicy kora-rdzen)




USG met. Dopplera

Zmniejszony przeplyw w fazie
rozkurczu, jego brak lub
odwrocenie

+
Wzrost wskaznikow:
* oporow przeptywu (RI) > 0,8
* pulsacyjnosci (PI) > 1,5




Biopsja cienkoiglowa — standard w diagnostyce odrzucania

. AR
T

~ _\kt'. .Q',‘\.

AN




Deep learning-based histopathological

TRAINING

« 40 transplant biopsies
« 10 tissue classes
» 9488 annotations

TEST

20 transplant biopsies
from two centers
* 15 nephrectomy samples
- 82 transplant biopsies for
correlation with visual
(Banff) scoring of multiple
pathologists

LEGEND

Border
Glomeruli
Undefined tubuli
Proximal tubuli
Distal tubuli
Atrophic tubuli
Arteries

No fill = interstitium

MAYO
CLINIC

Xy

assessment of renal tissue

Convolutional Neural Network
for segmentatlon renal tissue

CONCLUSION

RES ULTS
Highest performance
for glomeruli, tubuli
and interstitium
segmentation

< Average DC' 0.88
< Equal performance on

images external center

« For analysis of

nephrectomy and
biopsy samples

< For healthy and

pathological tissue

« CNN-based

quantifications
correlate significantly
with components Banff
scoring system

This study presents the first CNN for multi-class segmentation of periodic acid-Schiff-
stained nephrectomy samples and transplant biopsies. Our CNN can be of aid for
quantitative studies concerning renal histopathology across centers and provides opportunities

for deep learning applications in routine diagnostics.

1DC= Dice coefficient

JASN

JOURNAL OF THE AMERICAN SOCIETY OF NEPHROLOGY

Hermsen M et al. JASN. 2019;30(10):1968-1979




Interstitium

Glomeruli

Sclerotic glomeruli

Empty Bowman’'s capsule
Proximal tubuli

Distal tubuli

Atrophic tubuli

Undefined tubuli

Capsule

Arteries

iICHENRRnnnga

Hermsen M et al. JASN. 2019;30(10):1968-1979




Al — automate morphometric analysis for chronic
changes

. Tissue Tissue Cortex/Medulla/Interlobar Arteries Cortex excluding arteries and atrophic
-. Cortex tubules/ Tubular Atrophy Cluster/

Arteries and Arterioles )
Glomerular area/ Tubulointerstitium

I Tubular Atrophy Cluster
] Cortex Excluding Arteries and Atrophic Tubules
Tubulointerstitium

Tubules

Distal Tubule
| Proximal Tubule

Glomerular area
Globally Sclerosed Glomeruli (GSG)
Empty Capsule

~ Non-Globally Sclerosed Glomeruli (NSG)

Arteries and Arterioles

Arteriolar Hyalinosis r
(For Cortex Arteries)

Intimal Thickening D WA e
| Arterial Lumen L3 P

I Medulla

Interlobar Arteries
Intimal Thickening
.| Arterial Lumen

Dr Andrew Rule. PI-R0O1 DK090358




Workflow of Imaging Mass Cytometry
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metal-conjugated using standard Hyperion
antibodies immunohistochemistry Imaging system
protocols
Plumes of
Inductively coupled isotopes
plasma torch UV laser
— High-pass ion optic ionizes plumes
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Masses seperated by
time-of-flight (integration
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Laser ablation coupled
to mass cytometry
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High dimensional images Image exploration

Data analysis‘

Redrawn from Front. Immunol.; 30 March 2022
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Current Clinical
Scenario

i

"Gold-Standard"
Allograft Biopsy

%
/
)

(%) Invasive

(%) Prone toerror

(%) Detects alterations
after graft histologic

damage

Prognosis toll-
(%) variable

Ideal Biomarker

Characteristics of the

ideal biomarker:

Obtained by rapid and
cost-effective analysis

. Obtained by

minimally invasive
method

. Possible to be

acquired in routine
analysis

. High sensitivity and

specificity to predict
allograft rejection
processes

. High sensitivity and

specificity to predict
the mechanisms of
rejection processes

. Predict future
rejection process and

graft dysfunction or
loss

Urine
Obtained by non-
invasive methods

Q Stable at -80°C

Low molecular
complexity

@ Changes during the
day and with diet

Prone to bacterial
contamination

J

Blood

Obtained by minimally-

Invasive methods

° Less prone to renal
peptide selectivity

@ Also reflects non-kidney

events,

@ Higher molecular
complexity

Biomarkery — material i metody

biofluid?

Extracellular
Medium

£

‘]

Ramalhete LM et al. Proteomes 2022, 10:

Biomarker discovery

DNA
genomics

RNA
transcriptomics

proteins
proteomics

metabolites
metabolomics

multi omics

24



Analiza mRNA w przewlekltym odrzucaniu humoralnym

Redukcja genow
swoistych dla
komorek srodblonka
klebuszkow
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*cg = chronic/transplant glomerulopathy
(Banff 2019 classification)

Glomerular Endothelium score
1

|

T T T T T T
Control Donor NER CAMR CAMR CAMR

i i KIDNEY
Rosales, I, Colvin, R. et al. JASN 2022 — W E E K EH



Panel MRNA egzosomo6w moczu w odrzucaniu i roznicowaniu ABMR i TCMR

Background
Standard Exosomal RNA OpenArray real time PCR Analysis
Urine sample extraction RNA profiling
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i Multivariate
Analysis GeneSignatures | Role in immune activation
For any-cause rejection

IL32, CXCL14, B2M pro-inflammatory cytokines
BMP7, TGFB superfamily
3, CxcL11 Upregulated in acute allograft rejection
T : —~ | CD74,
r g — PYCARD, inflammasome, different auto-immune
- G . STAT1, TBP, NAMPT, IFNGR1, IRAK2, process
= D ) IL18BP, SERPINAL
_yaitomd cD74 regulating protein trafficking, dendritic
2 ! cell migration and T lymphocytes
J = 3, CXCL11, homing
$ 1 — i arirs i s ) i acumpware | CDA4,
= = -, = e e w e IFNAR2

' ety

*Sen 84.7% NPV 93.1% for any cause rejection
*Sen 87.5% and NPV 90.6% descriminating ABMR

from TCMR KIDNEY

El Fekih R, Hurley J, Azzi J. J Am Soc Nephrol. 2021 Mar 3;32(4):994-1004 WEEKH



Cell free DNA w diagnostyce
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Cell free DNA w diagnostyce odrzucania

Solid Organ Donor-derived-cfDNA
Transplant in Blood
ACTIVE
REJECTION
ey R ONSET OF POST-
' REJECTION | TREATMENT
— —>
: . ’ 3 NO ACTIVE NO ACTIVE
ﬂ Active Rejection 3|  REJECTION g REJECTION

No Active Rejection



Wczesna diagnostyka ABMR

DSA-MFI

molecular
AMR transcripts
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dd-cfDNA

creatinine
proteinuria
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Akifova A et al. Transpl Int 2024; 37: 13239




Odrzucanie po przeszczepieniu phuc

Cytokine Storm
long pentraxin-3
Lysed cell anglopoietin-2

ognt
‘ L-18
- ity
. e ao®
e

Hyperacute
Rejection

Chronic

AMR Rejection . zageszczenia migzszowe ()
* * pogrubienie przegrod miedzyptatowych (biate
strzatki)

* obustronny wysigk (z6tte strzaltki)

Di Piazza A. Radiol Med. 2019: 124:1000



Biopsja transbronchialna -

huc

ia po przeszczepieniu p

standard diagnostyczny odrzucan
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Levine DJ et al. J Heart Lung Transplant 2016; 35: 397



Haematoxylin and eosin stained tissue ~ Model attention

Examples of
catheter sites

Catheter

_Tool taking
tissue sample

© 2017 Healthwise

Mahmood F. Lancet 2022; 400: 17



Rejection
Phenotypes

Noninvasive
Diagnostics

Allograft .‘
dysfunction {!

miR

| High Medium Low

=

Level of Evidence

Goldberg JF et al. Circulation 2023; 148: 679



Biopsja cienko- lub gruboiglowa — standard w diagnostyce odrzucania
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Nieinwazyjna diagnostyka odrzucania
po przeszczepieniu watroby

Representative biomarkers in predicting acute rejection after

NK cells

liver transplantation T @ cxcs
Type Biomarker PPV NPV  Reference Breg cells ®
Donor-specific dd-cIDNA 667%  87.8% 39 ® Toels ¥
biomarkers DSAs NA NA 49 ueS AT S o i
Multi-omics data 36 gene panel 47% 687% 53 phenotyping Chemokines s
59 gene panel 54% 89% 54 9 AST i
3 MRNA panel 7006 O03% 62 b Liver Ny -
470 proteoform panel  NA NA 67 BioPsy - ioators @ Cyokines
C4, C1g 74% 94Y% 69 ' .
ATP NA NA 74 .
Cyto:ineskand IL-6 NA NA 78 v Rienelll JEES
chemokines R of ARInLT .
CCL2 NA NA 82 | A e
Immunophenotyping KIR* NK cells NA NA 90 — signatures  Proteomics e ATP
CD4*CD25"" Tregs ~ 58% 95% 92 —
cells b 0 95
GZMB*CD19* Bcells  NA NA 101 ey | TET e
(hsa_circ_0001334) = /FGA/HO-1
! INcRNA

Pan Q et al. Int J Surg 2025; 111: 3908 ' (EMX20S/EPHAG6)



Immunogennos¢ tkanek warunkuje ryzyko odrzucania i sil¢ immunosupresji

Venting of feeding
v gastrostomy

Leczenie Immunosupresyjne



