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(f% Nobelférsamlingen PRESS RELEASE
¥/&¥ The Nobel Assembly at Karolinska Institutet & October 2025

The Nobel Prize in Physiology or Medicine 2025

The Mobel Assembly at Karclinska Institutet has decided to award the Mobel Prize in Physiology or Medicine 2025 to:

Mary E. Brunkow Fred Ramsdell Shimon Sakaguchi
Institute for Systems Biology, Sonoma Biotherapeutics, Osaka University,
Seattle, USA San Francisco, USA Osaka, Japan

“for their discoveries concerning peripheral immune tolerance”

Nobelférsamlingen The Nobel Prize in Physiology or Medicine 2025
The Nobel Assembly at Karolinska Institutet Nobelpriset i Fysiologi eller Medicin 2025

Groundbreaking discoveries concerning

peripheral immune tolerance

that prevents the immune system from harming the body.

“A The body’s powerful immune system must be regulated,

Mary E. Fred Shimon

Brunkow Ramsdell Sakaguchi or it may attack our own organs.




Peripheral immune tolerance is essential for avoiding autoimmune diseases
PERIPHERAL IMMUNE TOLERANCE: MECHANISMS THAT SUPPRESS T CELLS

N
( ‘I ANERGY (FUNCTIONAL INACTIVATION)
Antigen recognition without co-stimulation
leads to T cell unresponsiveness.
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MHC
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3 DELETION (ACTIVATION-INDUCED CELL DEATH) ‘\

Persistent or strong stimulation by self-antigen
induces apoptosis of self-reactive T cells.

O Anomtwon

@ SUPPRESSION BY REGULATORY T CELLS (Tregs)

Tregs suppress activation, proliferation and function
of other T cells.

Regulatory
T cell
(Treg)

Effector
T cell IL-10, TGF-B,
IL-35, CTLA-4

consumption of IL-2

Suppressed
effector T cells

' (4]) MMUNE PRIVILEGE

Certain tissues limit immune responses and
protect self-antigens from attack.
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INHIBITORY RECEPTOR SIGNALING LACK OF ANTIGEN EXPOSURE (IGNORANCE)
Engagement of inhibitory receptors delivers Some self-antigens are sequestered or expressed at
, negative signals to T cells. very low levels, so T cells never encounter them.
O Ayvoia tou Ag cozs |
B7 (CD80/86) (stimulatory) \/ Saduestersd /\/
—r self-antigen 1\/»)_( < < -~ -)(— —=-
=4 e.g., in eye, testis, 4
B7cpe0/sol Reduced activation, ( gbrainyetc ) ( g . /
CTLA-4 or PD-1 cytokine production, T \_J
(inhibitory) -

proliferation, survival

TOGETHER: A MULTI-LAYERED SAFETY SYSTEM

These mechanisms act in concert to prevent self-reactive T cells from causing autoimmunity.
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Baoikéc apxéc avoooAoyiag

AvooLako cuotnpa: TTOAUTIAOKO BLOAOYLKO SIKTUO KUTTAPWY, LOTWV,
OpYAVWV KoL poplwv Ttou ouvepyalovtol LE OKOTIO TNV avayvwpLon,

e€OUBETEPWON KAl AMONAKPUVON MOOOYOVWV LKPOOPYAVICHWV,

EEVWV OUCLWV KOl SUGAELTOUPYLKWV KUTTAPWYV ATIO TOV OPYAVLIOUO,

6latn pwVTaq Tr]V Ouo looncao-n Innate immunity e Adaplive immunity
(rapid response) _TE e e » (slow response)

gudutn avooia (innate immunity):

apeon aAAd pn e€eldLlkevuEvn npootacia

EMLKTNTN | MPOCAPHOOTIKA avooia (adaptive
immunity): elOKOTNTA EVAVTL OVTLYOVWV KoLl

OlVOOOAOYLKN UVAUN.

Nature Reviews | Cancer



®YIIKH (ETTENHZ) ANOZIA
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CD4* T cells

Activated
Helper T cell

Epitope CD4

:> B cell clones itself

CD8*
% T cell receptor T cell
MHC II 3 A&
Antigen presenting immune cell 77T Cytokines CD8* cell becomes
cytotoxic
1. When a CD4+* helper T cell 2. In response to 3. The cloned T cells
binds MCH Il-antigen complex cytokines the produce different
on an antigen-presenting cell, T cells clones cytokines that activate
both the antigen-presenting cell itself. B cells and CD8* cells.

and the T cell release cytokines.

CD8* T cells
Granzymes

Perforins \ CD8

R

/Infectedy

T/cell o N3

| & .'y

¢ Yo

1. When a cytotoxic 2. The perforins form

T cellinteracts with the pores in the plasma
MHC I-epitope complex membrane. Granzymes
on an infected cell it enter the cell and break
produces granzymes down proteins, lysing

and perforins. the cell.




Regulation of T cell
activation

Cytokine production
(TNF, IL-6, IL-10)

Activation of APCs

Nature Reviews | Immunclogy

Antibody production
(Ab-dependent
mediated cytotoxicity)

Antigen presentation
Complement activation

IFNy
IL-12R ‘.
‘Late’ co-stimuli IL-2
(CD80-CD28) LTa
(B7H-ICOS)
IL-12 n
IENy IL-4R @ -4
. IL-5
IL-2
Antigen IL-4
Signal 0 presentation IL-21R
(TLR) — AN IL-6 . IL-21

‘Early’ co-stimuli
(CD40-CD154)

ter
cytokines




PuBuioTika T AeppokUttapa - Regulatory T cells, Tregs

Ta puBpotika T Aepdokuttapa (Tregs) eival Evoc e€eldikeupévog unonAnOucpog CDA* T Kuttdpwv, UE
KUpLaL Aettoupyia tn dtatipnon tng avoooAoyitkA¢ avoxn¢ KoL TNV oroTport UNEPBOALKWY 1] UTOAVOOWV
OVOOOAOYLKWYV OTIOKPLOEWV.

2 NUOAVTLKO pOAO OTNV AMOTPOTN ENIOECNC TOU AVOOLOKOU CUCTAMATOC £VAVTL SLKWV TOU aVTLYOVWY,

EVW TIAPAAANAQ ETUTPENMOUV ATTOTEAECHATIKA AUVA £VOVTL TOLOOYOVWV.

Identity and markers

Tregs: CD4* CD25* FOXP3* T kUttapa

BaoLlKA XOPOLKTNPLOTIKAL:

i. FOXP3 0 kUploG petaypadlkoc mapayovTac, amapaitntod yla TNV avamntuén Kot tn Aettoupyla Toug
ii. YPnAn ékppaon tov CD25 (untodoyxeac IL-2)

d€opevon tng IL-2 — TEPLOPLOUOC TOU TTIOAAATIAQCLOOUOU TWV EVEPYOTIOLNHEVWY T KUTTAPWV

iii. XapnAn ékdppaon tov CD127 (untodoyxéag IL-7)



PuBuioTika T AeppokUttapa - Regulatory T cells, Tregs

1995: neplypadn twv Tregs weg CD4+CD25+ Kol EKTLLNON TNC TPOCTATEVTLKN G TOUC SpaoTnPLOTNTAC in Vivo

2001: ntepypadn tou Foxp3, Kol CUCYETLON TNG YEVETLKNG EAAeLPNC Le SlaTapayn TNS auToavooiag

Nobel Prize in Physiology or Medicine 2025:

FoxP3* regulatory T cells play a pivotal role in the induction of peripheral immune tolerance.

Shimon Sakaguchi:
CD25" T cells can prevent experimental autoimmune diseases

Transfer of donor ~ No autoimmune

Thymectomy CD25* T cells disease
Q%
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/i (\/} - Identification of
GAE S CD25' T cells
Three <_:lay NP (v forimmune
old mice regulation

E

Thymectomy Autoimmune

Do) i
I diseases

2 _p;f?',\
GRS

Identification
of
FOXP3 gene

Mary E. Brunkow and Frederick J. Ramsdell:
Identification of FOXP3 gene

Scurfy mice
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in humans
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Rheumatoid Arthritis

Multiple Sclerosis

To FOXP3 eivat yoviéio mouv puOpuilet

Vv avantuén twv Tregs

MetaAAa&n oto FOXP3 £xeL wg
OMOTEAEG LA
1. Ze NMepopotolwa: avamntuén
OlVOCGOAOYLKWYV VOO UATWV
2. 2tov AvBpwmo: IPEX syndrome
(Immune dysregulation,
polyendocrinopathy, enteropathy)

X-linked, epdavion oe appeva epppua



. Regulatory T cell (Treg)

Ouuika Tregs (tTregs)
2xetilovtal pe tn datpnon tng

KEVTPLKNC 0LVOOOAOYLKAC OVOXNC

( 1. Identity and markers [ 2. Development
CD25
+ CD4* CD25* FOXP3* (IL-2Ra) n Thymic Tregs (tTregs)
* High CD25 (IL-2Ra) cDa CD127 | ,/ 1/« Develop in the thymus
« Low CD127 (IL-7Ra) Do (IL-7Ra) [ |\ + Recognize self-antigens with
iy ey J intermediate/high affinity
+ Express multiple inhibitory > R g M
receptors and ectonucleotidases
Peripheral Tregs (pTregs)
0X40 é\‘r; Tl'eg . (O CTLA-4 + Induced from naive CD4* T cells
Typical phenotype /\717 e A in perl?heral tissues
CD4* CD25Ms" CD127'°%- FOXP3+ ] * Induction by TGF-B, IL-2 and
FOXP3* CTLA-4* CD39* g« tolerogenic dendritic cells
CD73* GITR* OX40* CCR7* CcD73 X< GITR TGF-B
FOXP3 y O s | )
) T ) _ Naive pTreg
CD39 LAG-3 CD4* T cell
>
3. Mechanisms of suppression CCR7 ( 5. Functions in health and disease
A. Cytokine-mediated B. Metabolic disruption p S In health
‘ a + Maintain self-tolerance
o IL-10 ©  High CD25 consumes 4. Key cytokines + Prevent autoimmunity
% : TGF-B8 000 IL-2 + Control chronic inflammation —
© 0 IL-35 Ny + Maintain tissue homeostasis Im_m g Imnune
v @ IL-10 | Inflammation (gut, skin, lungs) S t°$ra"°e
Inhibit effector T cells, ATP CD39/CD73 convert * Support pregnancy tolerance (Tregs)
APCs, macrophages ATP — Adenosine and microbiota balance
W 1 Effector responses g
C. Cell-cell contact D. Cytolysis (in some contexts) @ Ter-p t Tissue repair In disease i
+ Autoimmunity: reduced number 91} Autoi
e : 2 A a oimmunity
CTLA-4 or, more often, impaired function T AP
J ' ‘ Granzyme/ (e.g., SLE, RA, T1D, MS) o ﬂ
/ g Perforin 3, I i i . : i LN
> K S |||® " s | e, | @ oo
Treg CD80/86 oy - : &
0o © + Infections: prevent S w
immunopathology but may limit fr_ v s
Reduces co-stimulation S Al : To ohls, Infection
and conditions tolerogenic APCs Can kill target immune cells protectie imminky ifiexcessive ® 8—:3'
. 7\ y,

Treg: Regulatory T cell  APC: Antigen-presenting cell  TGF-B: Transforming growth factor-B  IL: Interleukin

GITR: Glucocorticoid-induced TNFR-related protein 0X40: Oxidative stress—inducible protein 40 ligand

CTLA-4: Cytotoxic T-lymphocyte-associated protein4  CCR7: C-C chemokine receptor 7

CD39/CD73:

LAG-3: Lymphocyte activation gene-3
Ectonucleotidases

Nepwpepka Tregs (pTregs)
2 NUOVTLKA YLOL LOTLKH KoL

BAevvoyovikr avoxn




( 1. Identity and markers

. CD4* CD25* FOXP3*
+ High CD25 (IL-2Ra) w
« Low CD127 (IL-7Ra)

+ Express multiple inhibitory
receptors and ectonucleotidases

0X40
Typical phenotype
CD4* CD25""  CD127'°w-

FOXP3* CTLA-4* CD39*
CD73* GITR* 0OX40* CCR7*
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\ (master transcription
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3. Mechanisms of suppression

A. Cytokine-mediated B. Metabolic disruption

Reduces co-stimulation

and conditions tolerogenic APCs Can kill target immune cells

"
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CCR7

o IL-10 ©  High CD25 consumes 4. Key cytokines
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@@ I3 NOLY
\ @ IL-10 | Inflammation
Inhibit effector T cells, ATP CD39/CD73 convert
APCs, macrophages ATP — Adenosine
@ TGF-B | Effector responses
C. Cell-cell contact D. Cytolysis (in some contexts) t Tissue repair
CTLA-4 3 ‘4
O F Granzyme/
<>,‘.\ Perforin @ IL-35  Potentimmunosuppressiv
Treg CD80/86 by " @ effects

7 N

Treg: Regulatory T cell  APC: Antigen-presenting cell  TGF-B: Transforming growth factor-8

GITR: Glucocorticoid-induced TNFR-related protein
CTLA-4: Cytotoxic T-lymphocyte-associated protein 4

0X40: Oxidati
CCR7: C-C ch

IL: Interleukin
ve stress—inducible protein 40 ligand  LAG-3: Lyny

emokine receptor 7

CD39/CD73: Ectonucleq

Mnxowviopoil KatatoToANG TG AVOGLAKAC OIAVTINGNG

A.EKKPLON KUTTOPOKLVWV

IL-10, TGF-B, ko IL-35

Avaoté)\)\ouv TNV evepyoroinon T KUTTAPwWV, HaKpodAYywV Kol

SEVOPLTIKWV KUTTAPWV

B. MetaBoAkn mapepupaon

A€opevon tng IL-2 péow CD25

CD39/CD73 - petatporni ATP oe adevooivn
(avooOKATAOTAATLKO LOPLO)

C. Apeon Kuttopkn emadn

CTLA-4 - avaotoAn] ouvlLleEYEPTIKWY onuatwy armo to APCs

(CD80/86) - Emaywyn avoooKataoTAATLKOU ¢alvoTUTou ota

devdpltka KUTTOAPA

D. Kuttapotoéikotnta (o€ OPLOHEVEC TIEPLITTWOELG)

Xpnrion granzymes/perforin: e€dAeldn evepyomolnpUeEVWY KUTTAPWV




CD4 T helper cells, supporting inflammation and
autoantibody production in SLE

2NUAVTIKA OUNBOAR Twv CD4 KuTttdpwyv 010 ZEA KOl Tn ve@piTIdOa TOU AUKOU

MeTaBOAEC OTNV £KPpacn dIAaPOPWV POPiwV, KAl ONUATODOTIKWY MNXAVIOUWV
odnyouv aTtnv evepyotroinon TCR

Au¢non Tou TTooooToU TwyV effector/memory T cells
Au¢non Twv Thl7, Kal TwWV KUTTAPOKIVWYV IL-6, IL-17
Au¢non Twv Follicular T cells

Evepyotroinon Twv B Asp@OKUTAPpWYV

AIROnon 1ocTwyv, Asypovin

EAdTTWON TWV Tregs

Front in Immunol 2022



Lymphocytes Change Their Phenotype and Function in SLE and LN

IL-4 ‘
K IL-
dTregs and {cytotoxic T cells -6 “‘ ‘‘‘‘‘
U IL10 0... e e
REX I X )

Perlpheral cwculatlon

expansion of proinflammatory
® |NFV * Activation,
and Tfh cell subpopulations .. .« Proliferation,
® ;
U . * Class switch to 3
:_. Germinal Center
o . ! memory and i Follicular B cells
Tfh cells infiltrate tissues and IL-17 _ plasma cells /| Activation, survival, |
@e . proliferation, 1L21
stimulate peripheral B cells in "__9. Ab production differentiation | O ICOS

the auto-antibody production '

Moysidou et al. Int J Mol Sci 2024



Awotapoayxég twv CD4 T Agpdokuttdpwy oto ZEA

CD4 helper cells: PUBuion avoooloyikng avtidpaong pEo

Attieg avénong twvThl7
1. JIL-2

TGFf
TGFB+IL-6: T Thay

EAdtTwon mapaywyrig Tregs
2. TINF-a—> IL-6
Auénon mapaywyng Thl7

Metatporm) Twv Tregs o€ Th17

Normal TCR SLE TCR
CD3 / n CcD3 \
\ (

CD4 T cell ﬂ CD4 T cell ‘ ‘

Ll as) .
Thi7) ) Treg ) ) Treg ), Tras .

Thi7 ) L
x .

Tissue injury|

A

egs

W TIOPAYWYT|G KUTTUPOKLVWV

Surface markers:
CD4, CD25high,
CD127low, CTLA-4

Treg

Surface markers:
CD4, CCR6, IL6R,
IL-21R, IL-23R

Foxp3

2EA:

T CD4-CD8- (double negative T cells)

T y8T cells: mapaywyr IL21

2 CD4+CD25+FoxP3+ (Treg)

T Thay [Treg TIL-17: dAeypovwdn avridpaon



Increase in DN B Lymphocytes in Patients with SLE in Remission and A
Correlation with Early Differentiated T Lymphocyte Subpopulations

MetaoAéc otoug utontAnBuopolg
Twv B Aepdokuttdpwy oto ZEA
« 1CD19+ kuttdpwv

 MetaBoAég oto dpavotumo

LCD19+IgD+CD27+
T CD19+IgD-CD27-
. iBregs

Moysidou et al. Curr Issues Mol Biol 2023
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2 NUOVTLKA opvNTIKA oUoXETIon METAEL Twv Tregs Kal
Twv CD19+IgD+CD27+ (non-switched memory B cells)

Moysidou Eleni, PhD
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Moysidou Eleni, PhD



Targeting Regulatory T Cells for Therapy of Lupus Nephritis
The most clinically advanced @

currently is low-dose IL.-2 —

O --» W il

Treg-focused strategy

TNFR2 agonist,
CD134, CD137,
Baricitinib, PD-1,

Stem Cells,
Nucleosomal Histone Peptide

Cell-engineering approaches (e.g. MSS, CAR-Tregs) are promising



Strategy Mechanism / Treg Effect Examples / Agents gf:f; ‘C’fe Potential Advantages | Key Limitations / Concerns

®
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Regulatory T Cell (Treg)-Targeted Treatment Strategies in Lupus Nephritis

Central Mechanism of Treg-Directed Approaches

Low-dose IL-2 therapy N
— @

IL-2/anti-IL-2 complexes

e 0o
00,
e

Y@

Adoptive Treg cell therapy

CAR-Treg therapy
Rl o,
L)

IL-33 administration —
9 : :. " k:rI'ES/j
S 32

IL-233 hybrid cytokine N
o o0 > [\Treg‘ )

s o
Metabolic reprogramming
of Tregs

Mesenchymal stem cell e

(MSC) thera ¢
Py % —> (Treg)

Targeting IL-6 signaling

¥

mTOR inhibition

Tolerogenic dendritic cell ()

approaches %é% —> ‘,_\T

MicroRNA / epigenetic m
targeting

@< gy
Conventional therapies with éﬁw

b
J
J/

Treg-supportive effects

B-cell depletion
(indirectly improves Tregs)

@’L_* \Tr’es:,

Preferentially expands and
stabilizes FOXP3+ Tregs via
high-affinity IL-2 receptor
signaling.

Enhances selective Treg
expansion and survival.

Ex xivo expansion and
reinfusion of autologous
Tregs.

Antigen-specific suppressive
Tregs directed to renal or
autoimmune targets.

Expands Tregs and type 2
regulatory immune pathways.

Combines IL-2 and IL-33
activities to strongly
promote Tregs.

Reduces Th17/Treg imbalance
and indirectly promotes Treg
activity.

Improves Treg metabolism and
function while suppressing
effector T cells.

Enhances Treg stability/function
through metabolic pathway
modulation.

Indirectly expands and supports
Tregs through
immunomodulatory cytokines.

Promotes antigen-specific
Treg induction.

Restores FOXP3 expression
and Treg stability.

Some agents partially restore
Treg numbers/function.

Reduces autoreactive immune
activation and may normalize
Treg homeostasis.

Recombinant low-dose
IL-2; modified IL-2
biologics

Experimental
cytokine-antibody
complexes

Polyclonal Tregs;
engineered Tregs

Chimeric antigen
receptor Tregs

Recombinant IL-33

IL-233 fusion
cytokine

Tocilizumab and
related IL-6 inhibitors

Sirolimus
(rapamycin)

AMPK activators,
glycolysis modulation

Umbilical cord MSCs,
bone marrow MSCs

Engineered
tolerogenic DCs

miRNA modulators,
HDAC inhibitors

Mycophenolate mofetil,
glucocorticoids

Rituximab,
obinutuzumab

Early clinical
(studies in SLE);
translational

Restores immune tolerance,
reduces effector T-cell
activity, may decrease

LN studies renal inflammation
Preclinical More selective Treg
targeting than
free IL-2
Experimental / Direct restoration of
early immune regulation;
translational P ially durable
remission
Preclinical / Highly targeted
emerging immunoregulation with

Mainly animal
models

Preclinical

Limited clinical
evidence in LN

Clinical use in
SLE; limited
LN-specific data

Experimental

Early clinical
studies

Experimental

Preclinical

Standard clinical
therapy

Clinical

This figure summarizes current and emerging strategies that target or harness regulatory T cells to treat lupus nephritis.

less generalized
immunosuppression

Reduced proteinuria and
renal inflammation in
murine LN

Synergistic Treg expansion
and renal protection in
lupus-prone mice

Suppresses inflammatory
cytokine milieu favoring
Treg recovery

Restores immune balance
and may reduce steroid
dependence

May improve durable
Treg suppressive
capacity

Broad anti-inflammatory
effects and Treg
enhancement

Potential antigen-specific
immune tolerance

Precision immunomodulation

Short half-life, dosing
optimization needed,
risk of activating effector
cells at higher doses

Mostly animal data;
translational safety
unknown

Manufacturing complexity,
Treg instability/plasticity,
cost

Very early-stage; safety
and persistence
unknown

Cytokine pleiotropy;
may promote inflammation
in some settings

No established human
clinical data yet

Infection risk; inconsistent
LN efficacy

Metabolic adverse effects;
monitoring required

Mechanistically complex;
not clinically
standardized

Variable manufmcturing
quality; long-term efficacy
uncertain

Technical complexity and

IL-2

Inflammatory
Th17 / Effector
Tcells
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Restoring Immune Balance
Reduces Renal Inflammation and Damage

Regulatory
Tcells
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of FOXP3+ regulatory T cells.
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strategy to date.

greatest benefit.

Key Takeaways

Lupus nephritis is associated with defective number and/or function

Many emerging therapies aim to restore the balance between
inflammatory Th17 cells and suppressive Tregs.
Low-dose IL-2 therapy is the most clinically advanced Treg-focused

Cell-engineering approaches (adoptive Tregs, CAR-Tregs) are
promising but remain largely experimental.

Combination strategies with standard-of-care therapies may offer the

limited clinical | 1

Off-target effects and
delivery challenges

Already clinically Non-specific

available immunosuppression
and toxicity

May synergize with Effects on Tregs are

Treg-enhancing strategies

indirect and variable

Stage of Evidence (Legend)

@ Clinical / Standard
@ Early Clinical / Limited Clinical

@ Preclinical / Experimental

Abbreviations

I\

Treg: Regulatory T cell

LN: Lupus nephritis

SLE: Systemic lupus erythematosus.
FOXP3: Forkhead box P3

IL: Interleukin

Th17: T helper 17

DC: Dendritic cell

MSC: Mesenchymal stem cell

mTOR: Mammalian target of rapamycin




Low-Dose Interleukin-2 as an Alternative Therapy for Refractory Lupus Nephritis

Tregs depend heavily on IL-2 signalling

Low doses preferentially expand Tregs over effector T cells

IL-2—>STAT5>FOXP3 1 —>Treg survival

10 patients with Refractory SLE - at least two
conventional immunosuppressive agents
IL-2: 103 IU sc every other day for 2 weeks
followed by a 2-week break (3cycles)

» Preliminary evidence that low-dose IL-2 therapy is
effective and safe and that it is a potential novel
treatment for refractory LN, possibly in multi-target

combination therapy in clinical practice
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Chimeric antigen receptor (CAR) T cell therapy:

KOLLVOTOMOC 0LVOOOBEPATIEVTLKI) TIPOCEYYLON, TPOTIOTIOLEL YEVETLKA Ta T KUTTAPA WOTE

va ekdppalouv CARs, ETUTPETTOVTAC TN OTOXEVUUEVN KATAOTPOd KUTTAPWV

Development

CART Type Main Target Goal in SLE Stage
CD19 CAR T 8 cells Eeelrlr;ove Metatponn T Aepdokuttapwyv o€ Engineered Tregs
 Metavaoteuon oto vedpo
Eliminatq Torukn kataotoAn dAsypovwdouc aviidbpao
BCMA CAR T Plasma cells autoantil N N GAEYH S paong

Producinl s Mapaywyr IL-10, TGF-b

Dual CD19/BCMA B cells + plasma cells Broader { ¢ Alatr)pnon CUOTNUATIKA 0VOOLAC

Restore tolerance and
CAR-Treg Immune regulation [suppress Preclinical/early
inflammation

Front Immunol 2025, Annals Rheum Dis 2025
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T-lymphocyte in ANCA-associated vasculitis: what do we know?
A pathophysiological and therapeutic approach

Neutrophil priming

phenotype

Towards Th2-lik fa
IgG 3 class Th2 p:::;t:pe . ANCA blndlng
Towards
Thi-like \L

Th17 recruitment

Neutrophil activation/degranulation
\!

Endothelial damage

mpaired
\Inhlbltion \L
|

{

{
> R
Q

Priming

-~

Neutrophil recruitment

damage

Cytotoxicity ¢
Endothelial

\\ Th1 response — cytotoxicity

A anca —— IgG3 class switch in B-cells
o ‘BRa/iG damage

Th2 response is less prominent
00 NKG2D

o Cross-talk between Th17 and neutrophils

NK-cell

Treg inhibition of the immune response is impaired during
the acute phase of AAV and tends to recover during remission,
thus allowing an uncontrolled auto-inflammatory response Clinical Kidney Journal 2019



Regulatory T Cell-Derived IL-10 Ameliorates Crescentic GN

>

Survival [%]

IL-17

In vivo
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The Regulatory T-cell Transcription Factor Foxp3 Protects against

In vivo

Crescentic Glomerulonephritis

Y€ MELPAMATIKA povTEAa anti-GBM pe éAAeuwpn FoxP3

Anti-GBM GN
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?
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Tregs infiltration
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Normal

222

Anti-GBM GN

Retio(IL-18/GAPDH)

H éAAewpn FoxP3 eixe oav anotéAeoua

EAdTTwonN twv Tregs otnv neplupeEpeLa

TNF-a, IL-18, MCP1, INF-y, 1I-17
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Scientific Reports 2017
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Anti-glomerular basement membrane (anti-GBM) glomerulonephritis

Regulation by CD25+ lymphocytes of autoantigen-specific T-cell

responses anti-GBM disease

Goodpasture’s disease:

the rarity of disease relapse,

the spontaneous disappearance of autoantibodies,

the decline in the frequency of autoreactive T cells following therapy

— following acute disease, functional tolerance is reestablished to the
Goodpasture antigen, a3(IV)NC1.

Potential mechanisms

= deletion of the autoreactive cells,
" anergy,

= active regulation

The role of regulatory CD25 cells in suppressing T-cell responses to the

Goodpasture autoantigen in nine patients with Goodpasture’s disease.

» These data demonstrate that, in Goodpasture’s disease, regulatory
CD25 T cells play a role in inhibiting the autoimmune response.

E:R ratio

CS-GBM E:R ratio

o3(IV)NC1 E:R ratio

A
1.5 1

1.0 A

0.5 1

0.0

 —

Acute Convalescence Control

Kidney Int 2003;1685-1694



Anti-glomerular basement membrane (anti-GBM) glomerulonephritis

HLA association with Goodpasture’s disease: Npootateutikog poAoc tou HLA-DR1
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O TpooTATEUTIKOC poAoc Tou HLA-
DR1 oxervileTtal pe Tnv eppavion
Twv a335.145-specific Tregs.
>tnv antiGBM n petafoAn otn
oUVOEDH TOU AVOOOETILKPATOUC
autoavTlOpaoTIKOU TEMTIO0U UE TO
HLA-DR1 oe ouykplon pe to HLA-DR15
obnyel oe BepeAlwdelc dStadopec
LLETAEL TOU pETEPTOPLOU KAl TOU

doawotumnou twv CD4 AepdokutTapwy

Nature 2018



Membranous nephropathy

Membranous — | + [Automaticzoom v
Lupus Nephritis
\ Nephropathy I Membranous Nephropathy ] ited EXT .
' Y secreted secreted
EXT1 N-CAM SEMA3B NELL-1 THSD7A  PLA2R
Cytoplasm
N

tigen or N
Siorrg\arker? N N 157
T cC
N Ll e
'f] [£Gr | o
'IG“] % e N 3ostosins
© -
S
6% M
Secreted
truncated
protein
] VooV 7
Predomi:m PLAZR- THSD7A- EXT1/EXT2- NELL1- Sema3B- PCDH7- Antigen
associated || associated || associated || associated || associated || associated || undetermined
Clasical p
Disease association,
Activ] list specific disease '|'/- 'I'/- ‘*‘/' +/' +/’ +/’ +/’
if present

Proposed classification of MN. MN is classified on the basis of the antigen detected. In cases where none of the

known antigens are detected, the terminology “undetermined” should be used. The disease association should
be given if present, not present, or if not known



TToloc cival o poAoc Twv T AcsppokutTapwv otn MN?

PMN: Th2-oxetil{OpEVN VOOOC
TTh2 (IL-4+CD4+, IL-10+CD4+ ), {Th1/Th2

T Th 17, J Tregs avoolakwyv amnavinoewv: evepyotnta tng MN, anti-PLA2R, 24-h urine protein
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Depletion of myeloid-derived suppressor cells alleviates

kidney damage in murine MN
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. o ice of Treg and Th17 in adult patients with

- CD44IL-17-2.006

%, i ry membranous nephropathy
E“si Clinical Nephrology 2021
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Rituximab may affect T lymphocyte subsets balance in MN

MeAetnBnkav ot petaforeg Twv T Aepudokuttapwyv otn MN,

n enidpaon tou Rituximab otouc utomAnBuopolc Twv T KUTTAPWV
KOlL N CUCXETLON E TNV amavtnon otn Bepareia

PMN Group (n=58)

Healthy Group (n=25) z P
CD3T, cells/pl 1025.29(784.13, 1293.04) 1234.04(1019.45, 1635.95) -1.975 0.048
CD37CD4™T, cells/pl 659.25(558.13, 867.24) 836.30(679.06, 1049.29) -2.392 0.017
CD4"central memoryT, cells/pl 141.39(107.10, 188.80) 261.62(176.00, 351.60) -4.298 <0.001
CD4*effect memory T, cells/pl 231.51(201.07, 268.57) 290.32(187.13, 388.35) -4.729 <0.001
CD4"CD257T, cells/pl 2.44(1.12,3.39) 21.91(7.73,34.79) -5499 <0.001
CD4*CD25*CD127'T (Treg), cells/pl 37.74(22.10, 61.15) 18.67(10.68, 34.35) 3861 <0001
CD37CD8™T, cells/pl 517.92(320.26,612.81) 285.55(195.48,423.27) -3.325 0.001
CD8*central memory T, cells/pl 27.87(8.57,38.69) 11.14(6.66, 19.19) -2.293 0.022
CD8"effect memory T, cells/pl 191.30(121.39, 268.35) 100.73(71.39, 184.87) -2.710 0.007
CD8"CD257T, cells/pl 1.49(0.28, 7.16) 1.43(0.28, 7.88) -0.1/8 0.858
CD4*/CDs8* 1.46(1.06, 2.39) 2.73(1.84,4.61) -4.065 <0.001
CD3"CD4CDS8T, cells/pl 104.70(57.63, 144.02) 103.17(53.39, 168.13) -0.238 0.812
CD16*CD56"NK, cells/pl 201.87(160.84, 289.20) 238.21(195.31,438.86) -1.122 0.262

BMC Nephrology 2024



Rituximab may affect T lymphocyte subsets balance in MN
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2 UUTTEPAOHATIKA....

MpwtomnaBbn kot Asutepomnadn ZMELPAUATLKA VOO LOTO £XOUV AUEDN e€aptnon amo SUCAELToupyla

NG EMKTNTNG avoaoiag

NaBoyevetikoi odot IN:
Evepyormnoinon tn¢ YUULKAC avoaolog
Evepyormoinon tTn¢ KUTTAPLKAC 0VOO LG

Awatapayxn Tng avooopplOuLlong — eAattwon twv Tregulatoy cells

H av&énon kat evepyormoinon twv Tregulatory cells pmopel va amoteAécel BepaTELTIKO OTOXO UE OKOTIO

TNV avtolaon tou vedpou



