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Innovations in regulatory T-cell therapy Sicard et al.
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FIGURE 1. Novel approaches that may represent the future of anfigen-specific Treg therapy. (a) Chimeric antigens receptor
(CAR) technology: CARs are composed of an extracellular antigen—binding domain, often comprising a single-chain Ab
(scFv), which is fused to intracellular signaling domains. CAR-expressing Tregs can bind and be activated by native antigens.
(b) The universal CAR (UniCAR) approach: the CAR does not directly bind target cells, but instead utilizes a soluble
‘connecting module’ to engage the antigen(s) of interest. (c) Using genome editing to place the CAR gene within the TCR locus
may allow more natural regulation of receptor expression and hence Treg function. (D) Control of custom transcripfional
programs following target-antigen engagement: example of chimeric receptors engineered with the synthetic NOTCH
approach [19].
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Figure 1. Cellular targets for induction agents used in liver transplantation.
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FIGURE 1. Overview of major effects of current maintenance immunosuppressants on different immune cells. APC, antigen-presenting
cell; BCR, B cell receptor; CNI, calcineurin inhibitor; DC, dendritic cell; GC, glucocorticoid; IL, interleukin; MHC, major histocompatibility
complex; MPA, mycophenolic acid; mTOR, mechanistic target of rapamycin; NK, natural killer; TCR, T cell receptor.
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Proteasome inhibitors
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Figure 4 Drugs acting at different levels to control the antibody formation. BLyS: B Lymphocyte stimulating factor; mAb: Monoclonal antibody; C1-INH:
C1 inhibitors; NK: Natural killer; Cp: Complement; FcyR: FcyReceptor; MAC: Membrane attacking complex; MHC: Major histocompatibility complex; IL: Interleukin.
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FIGURE 1. Distinct epitopes on the same protein are recognized by B and T cells. A, Two conformational epitopes, a “green triangle,” and
a “yellow square” represent B-cell epitopes in the protein and a linear “black peptide” represents the T-cell epitope in this protein. B, The
BCR specific for a “yellow square” epitope on a B cell binds specifically to and endocytoses the protein antigen. C, In the late endosomal/
lysosomal compartment, the endocytosed antigen is processed to peptides and the “black peptide” binds the MHC class Il groove and
is transported to the cell surface of the B cell. D, An activated CD4* T cell specific for the black peptide (previously activated by DCs
presenting the same black peptide on an identical MHC class Il molecule) now recognizes the B cell that has processed and presented the
black peptide on its MHC class [l molecules. BCR, B-cell receptor; DC, dendritic cell; MHC, major histocompatibility complex.
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Therapies targeting T-B collaboration
Categories Target Reagent Target Clinical trial and indications Target disease NCT number
Costimulatory  CD28 FR104/VEL-101  Pegylated anti-  Phase I/ll; phase | Solid organ NCT05238493:
blockade CD28 Fab’ ransplant NCT04837092
fragment
Lulizumab Pegylated anti- Phase lla Solid organ trans- ~ NCT04903054;
CD28 specific plant, SLE NCT04066114;
domain antibody NCT-2265744
CD80/86 Abatacept CTLA4-Ig FDA approved for rheumatoid Rheumatoid arthritis,
arthritis and prophylaxis of  acute GVHD
acute GVHD
Belatacept CTLA4-Ig FDA approved for kidney Solid organ
transplant patients transplant
CD40L Ruplizumab Anti-CD40L mAb  Discontinued because of Solid organ
(husC8)® thromboembolic events transplant
Toralizumab Anti-CD40L mAb  Discontinued because of Solid organ
(IDEC-131)2 thromboembolic events transplant
Toralizumab Anti-CD40L mAb  Discontinued because of Solid organ
(IDEC-131)? thromboembolic events transplant
Dapirolizumab Anti-CD40L mAb  Phase | SLE NCT01764594
CD40 Iscalimab Anti-CD40 mAb Halted because of nonsuperi- Solid organ NCT03663335
ority compared with CNI transplant
Bleselumab Anti-CD40 mAb Phase | Solid organ NCT01780844;
transplant NCT01279538
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TABLE 2. (Continued)

Categories Target Reagent Target Clinical trial and indications Target disease NCT number
Cytokine IL-2 Aldesleukin IL-2 (low dose) Phase I/Il HCV vasculitis, NCT00574652;
GVHD, Type 1 dia-  NCT00529035;
betes, SLE, Solid NCT00525889;
organ transplant NCT04077684;
NCT02417870
Efavaleukin alfa ~ Mutant IL-2 Fc Phase I/l GVHD, SLE, NCT03422627;
Rheumatoid NCT03451422;
arthritis NCT03410056
IL-21 NNC0114-0006  Anti-IL-21 mAb Phase I Type 1 diabetes, NCT02443155;
Rheumatoid NCT01208506
arthritis, Crohn’s
disease
BOS161721 Anti-IL-21 mAb Phase I/l SLE NCT03371251
ATR-107 Anti-IL.-21R mAb  Phase | PK/PD study in NCT01162889
healthy subjects
IL-6 Clazakizumab Anti-IL-6 mAD Phase Il Solid organ NCT03744910
(humanized transplant
lgG1)
Tocilizumab Anti-IL.-6RamAb  Phase lll Solid organ NCT04561986
transplant
IL-7 RN168 Anti-IL.-7/RamAb  Phase | Type 1 diabetes NCT02038764
OSE-127 Anti-IL-7RamAb  Phase I Ulcerative colitis NCT04882007

Discontinued because of side-effect profile.

CLL, chronic lymphocytic leukemia; CNI, calcineurin inhibitor; CTLA4, cy’[otoch Iymphocyte—assoclated protein 4; FDA, Food and Drug Administration; GVHD, graft-versus-host disease; HCV, hepatitis
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Imlifidase Desensitization in HLA-incompatible
Kidney Transplantation: Finding the Sweet Spot
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FIGURE 1. Mechanism of action of imlifidase. Imlifidase cleaves intact IgG just below the hinge region in sclgG in a rapid first reaction in
minutes. In a subsequent step, fully F(ab’), fragments and a fully separated Fc are generated within hours. Cleaved IgG is no longer able
to exert its complement-dependent cytotoxicity and its antibody-dependent cellular toxicity functions. F(ab’),, antigen-binding fragment;
Fc, fragment crystallizable; IgG, immunoglobulin G; sclgG, single-cleaved immunoglobulin G.
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Hi storyczny rys stosowania | ek-w 1.1

I T
1954 Pierwsze udane przeszczepienie u bli¥*n
1958/9 NaSwietl ania promieniami X
Appr. 1960 doustne GS
1962 6-mercaptopurine, azathioprine (AZA), Imuranet
196378 Antithymocyte globulin (ATG, adjuvant to AZA+steroids (KTx)

1978 Cyclosporine (Sandimmur¥) (Tolypocladium inflatum Jean Francois Borel- 1969;
White, Calne- 1978)
1983 Cyclosporine + prednisone
1985 Cyclosporine + steroids + AZA (triple therapy)
19859 Tr-jl ekowa I'S + Antithymocyte globulin ALG
1990 on Zmi enne optymalne schematyAT@ S : zazwyczaj t
1994 Tacrolimus (Prograft) + GS + inne schematy 1S
1995/6 Mycophenolate mofetil (Cellcepf) zast npuj e AZA
Cyclosporine (Neoraf)z ast npuj e CY¥A Sandi mmune
1998 Basiliximab (Simulect)
1998/9
1999/2000 Sirolimus, rapamycin (Rapamune)
2002/3 Mycophenolate natrium(Myfortic)
Everolimus (Certicant)
2007 Advagraf
2009 Belatacept
2014 TakrolimelsCP (Envarsus)
2021 Imlifidaza

AOff labelo alemtuzumab, rytuksymab, bortezomib, antylL -6, anty-CD40, anty-CD28, antyC5 a, €.
NGeneryczne leki immunosupresyjne (EMA od 2010r: 90% - 111%)
2005 (FDA) Equoral (Cyklosporyna A)
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cyklosporyna A, takrolimus, takrolimus MR-4, tacrolimus LCP,
woklosporyna

wczesne:sirolimus, everolimus,

p - T naeatiopryna, mykofenolan mofetilu, mykofenolan sodu,
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FIGURE 1. Mode of action of 4 different strategies of complement interference evaluated in clinical transplantation. The C1 complex (C1grasz),
a key component of the CP, is activated upon antibody binding. Humanized monoclonal antibocy BIVWO009 targets its enzymatic subcompo-
nent C1s and thereby blocks C4 and G2 cleavage and the formation of C4bC2b (C3 convertase). Treatment of patient plasma with membrane
filtration (MF) plus IA allows for the depletion of antibodies (IgG, IgM) and C1q from the circulation. C1 inhibitor disassembles the C1 complex
and blocks the activity of C1rand C1s. In the LP mannose-binding lectin (MBL)/collectins and ficoling recognize and bind carbohydrate pattems
and subsequently activate MASPs which, in analogy to C1r/C1s, trigger the formation of C3 convertase. The AP is activated by amino groups
of membrane proteins and carbohydrate patterns. Aged C3 molecules with hydrolyzed intemal thicester—C3(H.O}—form together with
fB—supported by fD and P—the fluid-phase C3 convertase. If this convertase cleaves native C3 in the vicinity of activating surfaces a mem-
brane-associated C3 convertase is established (C3bBb). C1 INH may interfere also with lectin and the AP via interaction with MASPs and
C3b, respectively. Humanized monoclonal antibody eculizumab binds with high affinity to C5 and prevents C5 convertase-mediated cleav-
age to Cha, a strong anaphylatoxin, and C5b, the initial trigger of MAC (C5b-9) assembly. IA, immunoadsorption; MAC, membrane attack
complex; fB, factor B; fD, factor D; P, properdin; MASP, MBL-associated serine proteases.
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Fig. 2 Overview of drugable complement targets. A Target: Cls,
Drug(s): Sutimlimab, Mode of action: Inhibition of Cls protease.
B Target: Cls/r, MASPs, Drug(s): C1-INH, CYNRIZE, berinert,
ruconest, Mode of action: CP/LP inhibition, other serine proteases.
C Target: Collectin-11, Drug(s): 1-Fucose, Mode of action: Satura-
tion of Collectin-11 binding. D Target: MASP-2, Drug(s): OMS721,
Mode of action: Inhibition of MASP-2. E Target: FB, Drug(s):
LNP023, Mode of action: Inhibition of AP C3 convertase. F Target:
FD, Drug(s): ACH-4471, lampalizumab, Mode of action: Inhibition
of AP C3 convertase. G Target: C3/C5 convertases, Drug(s): Miro-
cocept, Mode of action: Inhibition of all C3/C5 convertases. H Tar-
get: C3, Drug(s): AMY-101, APL-2, Mode of action: Inhibition of C3

activation. I Target: Properdin, Drug(s): CLG561, Mode of action:
Inhibition of AP amplification. J Target: C5. Drug(s): Eculizumab,
ravulizumab, SKY59/R0O7112689, tesidolumab; pozelimab, ABP959,
SB12, Mode of action: Blockage of C5 activation; Drug(s): Cover-
sin, Mode of action: Inhibition of C3 activation, Drug(s): Zilucoplan,
Mode of action: Allosteric inhib. of C5 activation. K Target: C5a,
Drug(s): IFX-1, Mode of action: Blocks binding of C5a to C5aR1.
L Target: C5aR1, Drug(s): Avacopan, Mode of action: Antago-
nist of C5aR1 receptor; Drug(s): IPHS, Blockade of C5aR1 signal-
ing. CI-INH C1 esterase inhibitor, MAC membrane-attack-complex,
MASP mannose-binding lectin-associated serine protease
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TABLE 1 Proteasome inhibitors approved for use or in clinical development

Generic name

Bortezomib
Ixazomib

Carfilzomib
Oprozomib

Marizomib

Primary catalytic

Trade name Manufacturer Chemical class Administration route inhibition
Velcade Takeda Boronated IV,SQ p5
Ninlaro Takeda Boronated Oral B5
Kyprolis Amgen Epoxyketone v B5 + p5i
n/a Amgen Epoxyketone Oral B5 + B5i

n/a Nereus Salinosporine v p1
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TDM
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Table 2. Models for tacrolimus CL/F for model informed precision dosing (MIPD) in adult kidney transplant recipients.

Author Patients Methods Covariates tested Final algorithm Main findings
Campagne e 67 patients, Sampling: 1 full PK profile Age, ABCB1, albumin, BM|, ACLF=19.7 x 1.45™ x Extensive metabolizers
et al. (2018) Caucasian per patient (pre-dose, 1,2,  comedication, creat, 2.25EM ¢ £0.1283 (CYP3A5*1/*1) and
[68] population 3,4,6,8, 10 and 12 hours CYP3AS5, diabetes mellitus, V/F=234 x [TBW/85.9] x intermediate metabolizers
e >6months post-dose) eGFR, ethnicity, glucose, p0-4627 (CYP3A5*1/*3, *1/%6, *1/
post- PK analysis: NONMEM®, Hb, HCT, HDL, LDL, *7) require a two-fold and
transplantation  two-compartment model leukocytes, platelets, POD, 1.5-fold higher dose,
¢ C(linical trial with first-order elimination sex, TBW, total cholesterol, respectively, compared to
e Oral twice- and absorption with lag triglycerides poor metabolizers
daily time (CYP3A5*3/%3, *6/%6, *7/
formulation Validation: internal (boot- *7 *3/%6, *3/*7, *6/*7)
strap, VPC, simulation),
simulation trial
Rong et al. e 49 de novo Sampling: 40 sparse Age, BW, creat, eGFR, height, CL/F=17.9 x [eGFR/56] %>  The estimated glomerular

(2019) [69]

patients, 50%
Caucasian and
50% Chinese
population
Retrospective
cohort

Oral twice-
daily
formulation
Corticosteroid-
free regimen

samples from 21 patients
(pre-dose and 2 hours

post-dose), 280 intensive
samples from 28 patients

(pre-dose, 0.5, 1-4, 6, 8, 10

and 12 hours post-dose)
PK analysis: Monolix®,
two-compartment model
with first-order absorption
with a lag time, linear
elimination

Validation: internal (boot-
strap, VPC)

MMF dose, MMF dose-
normalized AUC, POD, sex

% 60'346

V/F =150 x [eGFR/56] %" x

0.808
e

filtration rate is inversely
correlated with tacrolimus
clearance

EXPERT OPINION ON DRUG METABOLISM & TOXICOLOGY
2023, VOL 19, NO. 7, 429-445
https://doi.org/10.1080/17425255.2023.2250251
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Figure 1: A summary of the important preanalytical factors for
analysis of immunosuppressants with capillary DBS sampling.
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TABLE 3

Biomakers
| FMN-5

IL-2
Serum soluble CD30

T cells CD26 and CD28
surface antigens

Regulatory T celk
Target enzyme activity: IMPDH

Target enzyme activity: mTOR
MFAT-regulated gene expression

CHCs

dd-cfDNA

CYP3AS5

Selected biomarkers and their clinical utility in kidney transplantation

Potential clinical use

Predicts rejection risk

For risk stratification and selection of immunosuppression
Predicts rejection risk

For risk stratification and selection of immunosuppression

Predicts long-term allograft outcome
Associated with acute rejection and/or malignancy after transplantation

Predicts acute rejection risk

May predict acute rejection risk or MPA-assodated side effects
Better guide MP&A therapy

Better guide mTOR inhibitor therapy

May identify those at higher risk of acute rejection, opportunistic infections, cancers and cardiovascular risk
Complements CHI pharmacolinetics to better guide CHI therapy

Urinary CXCL-9 and CXCL-10 proteins as markers for kidney graft infammation and alloimmune response
Urinary CCL-2 as marker for inflammation and imterstitial fibrosis in renal allografts

Earty detection of graft injury due to rejection, spedific infections, or ischemia
Serial dd-cfDMNA determinations help to guide changes in immunosuppression, and to monitor minimization

May help to determine the optimal starting tacrolimus dose

Abbreviations: ChI, calcineurin inhibitor; CXC, chemoattractant oytokines or chemokines; Cf P, cytochrome P450; Donor-derived cell-free DA,
dd-cfDMA; IFM, interferon; IL, interleukin; IMPDH, inosine-monophosphate-dehydrogenase; MPA, mycophenolic acid; NFAT, Muclear Factor of Activated

T-Cell; mTOR, mammalian target of rapamycin.
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Tabela 1. Wskazania do indukcji przeciwciatami polikonalnymi i monoklonalnymi (anty CD25
IL2R) w zaleznosci od poziomu ryzyka immunologicznego

Lo [ oe ] oeeowcspomenane | eycozsan

decyzja 0
ngﬂéﬁzt’;‘:‘aﬁ = Standardowe ryzyko odrzucania nie wskazane pod;nilﬁn;;:ezy
czynnikow
do rozwazenia w przypadku
wczesniejszych
. i transplantacji, wskazane
ALIIE e PRl na{_mst_regn (}t_irzucanla transplantacji straconychw  podanie jesli nie
(HR -Hyperacute Rejection) zwigzane z i i )
DSA <2 000 — . . - wyniku AMR i w przypadku ma czynnikow
niskim stezeniem DSA, ale wyzsze niZz w i o
standardowym ryzyku odrzucania S D [_ﬂ W p-::_nprzednlch wymlenlpnych W
typowaniach (widoczne w kolumnie obok
KLO zaktadce "lista
typowan)
Niskie ryzyko HR, ale zwiekszone ryzyko
DSA 2000- wczesnego odrzucania typu
5000 humoralnego (AMR) z uszkodzeniem W EEENE
graftu
Przeciwwskazanie do transplantacji
v DSA >5000 pacjent czeka na innego dawce
(z innymi HLA)

*Iinne positgpowanie dotyczy chorych bardzo duzego ryzyka immunologicznego opisanych w podrozdziale
"Chorzy do retransplantacji 1 z PRA CDC >80%"




Leczenie Immunosupresyjne

Indukcja
Thymoglobulina, anty-IL2, rytuksymab, alemtuzumab

| mmunosupresja podtrzymuj Nc a
Tac/CsA + MMF/MPS and/or mTOR inhibitor or Aza or
MTOR + GS

TAC/TAC MR/LCPT > CsA > SIR = EVERL = MMF/MPS > AZA
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Figure KI 45: Induction agent use in adult kidney transplant recipients. Immunosuppression at trans-

plant reported to the OPTN. OPTN RegiStry 2024
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Figure Kl 46: Type of induction agent use in adult kidney transplant recipients. Immunosuppression
at transplant reported to the OPTN. IL2Ab, interleukin-2 receptor antibody; TCD, T-cell depleting.
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Figure KI 47: Immunosuppression regimen use in adult kidney transplant recipients. Immunosuppres-
sion regimen at transplant reported to the OPTN. MMF, all mycophenolate agents; Tac, tacrolimus.



Standardowy schemat immunosupresji po transplantacji nerki to:

Inhibitor kalcyneuryny (TAC/TAC MR/LCPT/CsA) + MPA (MMF/MPS) + GS

» Takrolimus jest obecnie najczesciej stosowanym CNI a MMF najczesciej
stosowanym MPA

Skutecznos¢ wszystkich postaci takrolimusu TAC, TAC MR i LCPT jest porownywalna
> Skutecznosé MMF i MPS jest porownywalna

%

Schemat ten zapewnia roczne przezycie przeszczepu w 90-95% i czestosc epizodow

Inne schematy:

Inhibitory kalcyneuryny (TAC/TAC MR/LCPT/CsA) + mTORI (SIR/EVERL) +GS
mTORI(SIR/EVERL) +MPA (MMF/MPS)+GS



Leczenie odrzucania-T kom-r kowe

 Wlewy metylprednizolonu: 3-5 wl ew- wi 300m@ 50
przez 31 do 5 dni

T OdrzucanieT-k om- r kowe, steroidoopor
- Tymoglobulina, Grafalon



Leczenie odrzucania humoralnego

B cells Plasma cells Antibodies Complement
*Plasma cell precursor *Antibody formation *Complement activation  +Target tissue destruction
*Antigen presentation *Immune complexes *Chemotaxis

anty-IL- »

6

B cell
(CD20+) |:>

Plasma cell
(CD20-)

Yo g
T

t t

B cell depletion Plasma cell de,g!etm Antibody removal Complement inhibition
*Rituximab (anti-CD20) *Bortezomib *Immunoadsorption *Anti-C3 (eculizumab)
Carfilzomib, Iflixomi »Plasmapheresis Anti-C1

Pleiotropic effects Intravenous immunoglobulins

Bolusy metylprednizolonu, CNI, mTORI, MPA, ATG?, belatacept?,

Transplant Int, 2012, 6 March,



Post-transplant surveillance and management of chronic active mediated
rejection in renal transplant patients in Europe

BACKGROUND

Antibody mediated rejection (ABMR) is the leading cause of immune-
related allograft failure following kidney transplantation. Chronic
active ABMR (CABMR) typically occurs after one-year post-transplant
and is the most common cause of late allograft failure

STUDY AIM METHODS AND COHORT
To assess common practices in

RESULTS

POST TRANSPLANT SURVEILLANCE
Observing clinical measures of graft function forms the
cornerstone of post-transplant surveillance. This may be

o= suboptimal, leading to late diagnoses and untreatable disease.

Less than half of patients who develop CABMR receive
treatment beyond optimization of immune suppression

Europe for post-transplant Tran:plantnephrologlsts CABMR TREATMENT .
surveillance one year after % ramﬂ:nthsr%rlgeos"; Intravenous Steroid pulse 7 1%
kidney transplant, and P 3‘_ 56 Immunoglobulin VIC m—7 1%
diagnosis and management of = (IVIG), steroid pulse ) .
: [ E—
CABMR. CRITERIA | @andapheresisare Apheresis 62%
V= Practicing 3-30 years | mostprescribed to Rituximab m——— 50%
Onlinesurvey | 7—| 5patients/year with CABMR | treat CABMR. While o
:" : : Tocil — 31
—_— 15 minutes Perform DSAtesting |  biologics can feature apdizuman 1%
as partof treatment, ~ Bortezomib ™ 6%
£ 58 questions February — | thereis nosingle Eculizumab ® 4%
@multiple-cholcelopen @ November 2022 preferred agent ’
E ESOT e Rostaing, et al. Transpl. Int. 2023 E T;?gfﬁé?%tn al
e doi: 10.3389/ti.2023.11381

GRAPHICAL ABSTRACT |

Lionel P. E. Rostaing '*, Georg A. Béhmig®, Ben Gibbons ® and Muhammed Mahdi Tagi®*

Transpl Int 36:11381.

doi: 10.3389/1i.2023.11381
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Figure 1. Drug levels during the course of a dosing interval. The

drug concentration is lowest (C,
then rises to a peak level (C
(T o) The concentration then falls back to C,,,;,, before the next
dose. The area under the concentration-time curve (AUC) de-
scribes total drug exposure during the entire dosing interval.

) just before the dose is taken,
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Cyclosporin (pg/mL)

Hours Post Dose

P Omi

max) At @ certain time after the dose

WNskim indeksie te
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ndz e ks OzijN na | ek
CyklosporynaA andimmun, Neoral)
Cagkowity klir-&mnsgh) 29 L/ h (20
Bi odost npnse%(ipoflirta Sandimmun 1-89%)
Tmax 2-3h, T1/2 8h - po zmianie dawki kontrola po 4-5x T1/2
Farmakokinetyka zmienia sin w czasi ¢
Takrolimus
Cagkowity KVOL/Mhens: 15
Lipofilny, biodo9¥jipnoSi 25% (5
Tmax do 3h, T1/2 12-18h, po zmianie kontrola po 2.5 dobie
Wchgani anie niezaleUne od F-gci
Farmakokinetyka zmienia sin w czasi ¢
Advagraf
AUC15-20% ni Uszy przy konwersji 1:1

EnvarsusAUC wy Usz3y0oDz 20
Voclosporyna
Generyczne: Cyklosporyna A, takrolimus

Motoryka przewodu pokarmowego

(biegunka-e k spozycjn na takroli mus)

Choroby wsp-JistniejNce (ukgadu kr NI
wNtroby, nerek, jelit, cukrzyca))
Hct, albuminy, hepatitis B, C - takrolimus

Wiek, pgeil, rasa, masa ciaga,
Pokarm®wc hgani ani e | eku

Interakcje lekowe
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Cyklosporyna, woklosporyna

EXPERT REVIEW OF CLINICAL PHARMACOLOGY @' 519

Podocyte

| — >

Decreased
transcription
of IL-2, TNF-a,
others

Increased transcription
of IL-2, TNF-a, others and
increased T-cell-mediated

responses

Synaptopodin destruction,
destabilization of podocyte

cytoskeletal structure and
increased proteinuria

Stabilization of
podocyte cytoskeletal
structure and

decreased proteinuria
Decreased

T-cell-mediated
responses

Figure 1. In T-cells, voclosporin (VCS) binds cyclophilin A (CyP), and the resulting complex (VC5-CyP) binds and competitively inhibits calcineurin (Cal) from
dephosphorylating phosphorylated nuclear factor of activated T-cells (NFAT-P) to nuclear factor of activated T-cells (NFAT) [46]. When dephosphorylated, NFAT
activates translation and transcription of various cytokines (IL-2, TNF-q, others), which promotes T-cell proliferation [40]. In podocytes, calcineurin activity is involved
In destabilization of the podocyte actin cytoskeleton. Phosphorylated synaptopodin (SYN-P) binds with 14-3-3 protein, which stabilizes the actin cytoskeleton of the
podocyte. When activated, calcineurin dephosphorylates synaptopodin, which marks it for destruction by cathepsin L, subsequently leading to podocyte
cytoskeleton destabilization and increased proteinuria. By inhibiting this dephosphorylation pathway, VCS maintains SYN-P, which protects synaptopodin from
destruction and thus promotes actin cytoskeleton stabilization [50,53].



Cyklosporyna A (CsA)

1 cykliczny 11-aminokwasowy polipeptyd

1 Sandimmun: dobrze rozpuszczalna w tguszczach, ¥Fle wc
wchganianie zmienne, zaleUne od diety, wytwarzani

T Neoral: mi kroemul syjna postal CsA -(bpodNcz airnpa 051 s U r7fo:
9 postacie generyczne : SangCsA, Cyclosporine USP, Gengraf, Eqoral

1 t,,: 7-11 godzin, C_, 1-4 godz.

160-70% CsA zwi Nzana wenNtrzkom-rkowo z erytrocytan
4% osocze, 21% | i poproteiny, 8% z bi agkami 0SOCZ

fpostal dou®t mg/ &g m.c/ dobn (rozt w- r-1/3Havki sw, §lkew 2h,do d
Oygy obwodowej (nadwraUliwoSlI na rozpuszczalnik)



Takrolimus IR, MR-4, LCP

Antybiotyk makrolidowy izolowany z Streptomyces tsukubaensis

Stosowany w |l eczeniu i mmunosupresyjnym podtrzymuj
100x silniejszy od CsA-wi nksze powi nowact wKBKLDdokdloenkewsymy F K

Wchgani anie niezal eUnpeosoidj elk- gzcmn,i e jzsnziae nbnieod o st fipn
erytrocyty/osocze 20:1; w osoczu 98%z albuminami i al AGP
Cmin-dobry wska¥fnik ekspozycftyg(Hca lagbumivnyyc enile 4

gl i kokortyklosteroid-w

metabolizm-cyt ochrom P450 CYP3A4, CY P hgdtoksylgclap wni e w  wl
demetylacja( w znacznie mniejszym stopniugmldad)eUny od CY
metabolit M II- 31-0-demetylowany -1 00 % akt ywnoSci Il MmmMunNnoOsSuUpresyj ne

wydal anie: U-gl >90 %metabdiitow & 2%z moczpn)st a c i



Takrolimus bid versus takrolimus MR-4 o.d. (Advagraf)
(chorzy po kTx konwersja 1:1, n=384)

© 2010 Lippincott Williams ¢ Wilkins de Jonge et al.

40+ 100% -
90%
80%
70%
60% -
50% -
40%
30%
20%
10%

1 ®C,: -12.7 - 24.4%; p< 0.0001

1 u 38% chorych ®C, > 20%

Proportion of patients (%)

1 ~dawki u 52.2% chorych po konwersji -

;s\ee’pie a’b\{\-\q?\- ‘?\p %ep ;v 0% - ) ) . )
A p" }Q £ o '\7’ ‘P B <-60% ~60(o-40/ovdﬂtarzz“:“:,ﬂtoﬂ% 0to 25% >25%
T -~dawki o0 14.7 - 28.8% (p<0.0001)
1 u 28 % chorych ~dawki >20%
%
C

De Jonge i wsp, Transplantation, 2010, 90, 523



—@—LCP-Tacro Tacroimus Twice-daily
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Figure 3: Tacrolimus trough level (hg/mL) achieved per total
daily dose (mg) (modified intent-to-treat set).



CNIl-nefrotoksycznosS

Ostra /czyhnoSci owa

Kgnbuszek cewka proksymalna
olbrzymie mitochondria,

AAjmiklfoc'vlr\gioloatia zakrzepowa zwyrodnienie wodniczkowe
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CNI - nowotworzenie

Lymphocytes Pro-apoptotic

\ signals
oo X

Apoptotic

cell

M

. Cancer

Normal Mutated cell
cell cell

DNA repair
F

TGFB

Aggressive
cancer cell

Fig. 1. Immunosuppression-driven oncogenesis. Adapted from Gutierrez-Dalmau and Campistol 2007 [42]. CNI=calcineurin inhibitors; TGF(=transforming-
growth factor (3.



T CNI

CNI - PTDM

t o0 K sy c z nbavysdpkekarzuktkowychr e k

Langerhansa- ®vytwarzanie insuliny

MTtoksycznoSl odwracalna, za



CNI - ,
neurotoksycznoSI

Dr Ueni a, dr gawk,]

B-l e ggowy

BezsennoSI

zaburzenia widzenia skurcz naczy'

Sl epota korowgj edob-r mag!
Spi Nczka
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ataksja m-UdUkowa
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A\

NefrotoksycznoSI

APr-by |l eczeni a
AAntagoni Sci kanagu wapniowego (nie przy
wazodylatacyjne PG, NO
Ai ACE, antagoni S4,ispirormaldomt or a AT
A Monitorowanie C0, C2, AUC ,

A Modyfikacja leczenia immunosupresyjnego: MMF, MPS, mTORi,
A anty-CD25, belatacept ( zmniejszenie dawki lub odstawienie CNI)

A inhibitory HMGCoA

A Suplementacja magnezu



CNI - interakcje

T Nasilenie nefrotoksycznoSci przy r-wnoczesnym sto
3 aminoglikozyd: - w
3 amfoterycyny B
3 wankomycyny
3 NLPZ

T Nasilenie ryzyka hiperkaliemi:@ (diuretyki oszcznd

f Nasilenie uszkodzenia minSni ggadkich przy stosow



Nadci Snienie thAtnicze

NefrotoksycznoSi ++ . +
Zmmniejszenie eGFR + T +
Arytmia/ryzyko sercowe + + -
Anemia + s +
NeurotoksycznoSi/drgawk.i + ++ +
Zaburzenia z p. pokarmowego + dbes +
Przerost dzi Nseg ++ - +
Dyslipidemia ++ + -
Gynekomastia + - -
Alopecia - ++ +
Cukrzyca potransplantacyjna + ++ -
ZUM + +
Hyperkalemia ++ + +
Powi kgani a kosmetyczne ++ + -
Hyperurykemia ++ + -
Hirsutism / hypertrichosis ++ - -

- Cells, 2023, 12, 2440



Sirolimus

Makrolid wyizolowany z grzyba Streptomyces hygroscopius, z Wyspy Wielkanocnej (Rapa Nui)

Stosowany w profilaktyce i w leczeniu ostrego ad C ¢
zbli Uona do MPA?

Strukturalne podobie@Etwo z takrolimusem (wewnNtrzkor
FK-BP12), mechanizm dziagania immunosupresyjnego odmie
Rozpuszczalny w tguszczach, z§da doustna-2tbi odostnipnoSi
Ulega w wysokim odsetku sekwestracji w erytrocytach (
Met aboli zowana w wNtrobie, jelicie (cytochrom P450 CY
Wydal anie z kagem, klirens nerkowy minimalny (modyf ik

Jednoczesne przyjmowanie CsA i rapamycyny zwinksza AL



MTOR Inhibitory -mec hani zm dz

Receptor IL- Innte
2 \ / receptory:
IL-15
® ®
P T
[ o

Sirolimu, — v m

ewerolimus/ —_— TOR PP2A «—— Fosfataza |biagkowa
FKBP
/ \ Aktywne miejsce dla
TOR
4E-BP1 kinaza p70S6

Kontrola translacji wybranych \

mRNAs dla podziBaG@yko rybosomal ne S6
kom-rkowego

™~

Translacja mMRNA —_

progresja cyklu kom-rkowego z f y G1 do S




Plejotropowe efekty hamowania mTOR

Effect of mTOR inhibition

: Potential antiviral effect
« Used by CMV for replication « Reduce CAN

Immunosuppression

» Endothelial cell proliferation Reduce CAN and CAV
orrrr— (N

« T-cell proliferation

Reduce CAN and CAV

» Malignancy Antimalignancy effects



EVEROLIMUS

Nowa pochodna rapamycyny everolimus
(Certican, SDZ RAD) - inhibitor mTOR

Lepsza biodostfAapnoSi, -1Rm - tszy czas p-gtrwan
Dziaga synergistycznie z CsA, nasila nefrot
przy zachowanej skutecznoSci, redukcja przy

Dawkowanie 2 x 0.75 2x1.5 mg

Dzi agani e antlypmowardieeg aczgmebi egani e pr zewl
angiogenezie w nowotworach?

Temsirolimus, ridaforolimus- leki przeciwnowotworowe



Inhibitory mTOR - objawy uboczne

Hi perl i pidemia (hipertgr-jglicerydemi a, hi perchol

HepatotoksycznoSi (zwinkszona aktywnoSI aminotran
Trombocytopeni a, ni edokr wi stoSI, rzadzi ej | euko
Zapal enie pguc, w tym niezwiNzane z czynnikiem in
Chgonkot oki

B-1le brzucha, bi egunka

NefrotoksycznoSi znacznie rzadziej, niU po CNI
UpoSledza gojenie ran

ZakaUenia grzybicze, wirusowe, bakteryjne

Mi kroangi opatia zakr zepo-mazncewsyp- g hemol ityczno

Diabetogenne

Obrznki obwodowe Odstawienie z powoduAE: 0-6 0% ( Sr 20 %)
Bi agkomocz

Zaburzenia spermatogenezy

Owrzodzenia jamy ustnej



Nephrol Dial Transplant (2008) 23: 3353-3355

doi: 10.1093/ndt/gfn401
Advance Access publication 25 July 2008

Excep Ii()i’l&,’l CaSe Nephrology Dialysis Transplantal

Severe everolimus-associated pneumonitis in a renal transplant
recipient

Simona Alexandru', Alberto Ortiz', Sonia Baldovi', Jose Maria Milicua?, Elena Ruiz-Escribano?,
Jestis Egido! and Juan José Plaza'

"Nephrology Unit and *Intensive Care Unit, Fundacién Jiménez Diaz-Capio, Universidad Auténoma, Madrid, Spain

1 Z/lub bez czynnika infekcyjnego
1 Patomechanizm: nieznany

TBezpoSredni toksyczny efekt?

A~

M Reakcja nadwraUOUliwoSci typu p-

~

TEfekt zaleUny od dawki ?

T MoiwoSI zwi Nzania z PCHN (GFR

Fig. 1. The chest radiography (a) and pulmonary CT scan (b) at admission, showing bilateral pulmonar.
lobes.



Interakcje CNI, mTORI

1 Inhibitory CYP3A4

w

Wwwwwwwwwwwwow

Klarytromycyna
klotrimazol
danazol
GS(duUe
diltiazem
erytromycyna
flukonazol
itrakonazol
ketokonazol
mikonazol
ranitydyna

sok grejfrutowy
verapamil
metoklopramid

dawk i)

1 Induktory CYP3A4

3

W wwwww

karbamazepina
fenobarbital
fenytoina
rifampicyna
troglitazone
tiklopidyna
barbiturany



Mechanizm dziagania mykofenol a
(kwasu mykofenolowego - MPA)

Rybozo-5P
RNA syntetaza PRPP
Kwas v
mykofenolo
_Synteza_ - GTP y wy PRPP
glikoprotein - \
IMPDH M
1 GMP <«—| Ksantozyno- |«<—J}—| Inozyno-monoP
mopoP de novo
v l v
dGDP ksantozyna inozyna
l l PNP
A 4
dGTP ksantyna hipoksantyna

DNA




MPA

A Nie wykazuje niekorzystnych interakcji z innymi lekami immunosupresyjnymi- mo Ue byl z4 ni mi
kojarzony.

AStandargowe dawkowanie 2x1.0 g MMF, 2x720 mg MPS ap
wi nkszoSci pacjent - w.

A Monitorowanie | eku ( MP3¥% mg*/4, A0G3E0-60/mg*h/L (pozy 1 zrédukowanej
dawce CNI 75 mg*h/L?, CAESAR)

A w pierwszym tygodniu po kTx; follow-up: po 1 tygodniu, X wyUxzmi @dsaiwikd a ¢
2,160 g?)

A przy planowaniu zmian w leczeniu immunosupresyjnym

A w odrzucaniu przeszczepu,

A hipoalbuminemii (wolny),

A niewydolnoSci nerek, niwelmwydol noSci wNtroby (
A wyst Npieniu powaUnych obwanw?2)w ni epoUNdanych (
A podejrzeniu non-compliance
A Monitorowanie acyl-MPAG: objawy uboczne?



MPA - objawy uboczne

AZaburzenia -JefgNtdbhwwo (zal eUnoSI od dawki MMF
nudnoSci (19%), ~-wMPhAodlyeddyYy %y duUych stnUeni
j.cienkiego, enterocyty w S86686va MHAedirdfiaod sy nt
kosmk-w jelitowych?

AMi el otoksycznoSIl: niedokrwistoSI ( 25%), | eu
neutropenia <500/dL u 2% biorc-w nerki | 2. 8

AZwi ikszone ryzyko rozwoju i-@BMékCcijzi apamitenphk
Pneumocystis carini)

ADzi aganie teratogenne



MYKOFENOLAN SOD
ERLOS0

A Myfortic-doj el i towa postal myktofvemal anmus tsdrmaj N
zmni ej szeni e pewmerkapwaZitycgastr o

A Dawkowanie 2x720 mg

APor -wnywalny do MMF w skutecznoSci u biorc
zmian dawkowania

A
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