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The CAR T cell concept
Transformative potential for the treatment of B cell-derived malignancies
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ALL, acute lymphatic laukemia; DLBCL, diffuse large B cell ymphoma; OS, overall survival
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The Therapeutic Principle
(in Cancer)
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Lessons learnt from the treatment of cancer patients
Anti-CD19 CAR T cells lead to deep B cell depletion (on target, off tumor)
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B cells play a central role in many autoimmune
diseases

Is it possible to derive a therapeutic principle
from a side effect?
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Our/the first patient with systemic lupus erythematosus (SLE)

20-year old patient

systemic lupus
erythematosus (SLE)
therapy at presentation:
hydroxychloroquin, MMF,
steroids, belimumab
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Clinical studies in SLE (and rheumatoid arthritis/RA)
Incomplete antibody-mediated depletion of B cells in tissue

» discrepancy between circulating and tissue-resident B cells
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Course of laboratory chemical parameters after infusion of CAR T cells
Sustained therapeutic success without severe toxicity
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anti-CD19 CAR T-cells in 8 SLE patients 100% remission without any signs of
severe toxicity

o Ref: Mougiakakos D et al., NEJM 2021,
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The therapeutic principle of anti-CD19 CAR T cells in autoimmune diseases
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Can This Principle Work For
Neuroimmunological
Diseases?
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Our (first) patient

a ocular
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34 years old

Refractory severe myasthenia gravis (MG) with recurrent myasthenic crises

» active (refractory) disease

» current medication:
bortezomib, steroids, and AchE-I

Patient with severe, therapy refractory myasthenia gravis
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Myasthenia gravis
Prototypical B cell-mediated autoimmune disorder
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Clinical efficacy

before infusion two weeks after infusion

» clinical remission despite presence of AchR-antibodies
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...and long lasting
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o ) Ref: Haghikia A et al., Lancet Neurology 2023,
UNIVERSITATSMEDIZIN - Annals Rheumatic Diseases 2024, Motte J et al., Neuron 2024,
MAGDEBURG MADI s Hegelmaier T et al., under review



What Have We Learnt
So Far?



CAR T cell-mediated deep B cell depletion as a biology-driven therapeutic
strategy...

rheumatology neurology benign hematology gastroenterology
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[ The counterattack
. An immune cell treatment that fights
cancer is now taking aim at autoimmune
disease
f| rst pa‘“ent f""st pauent f| rst pa‘“ent — N — — 14 NOV 2024 - 2:00 PM ET - BY JENNIFER COUZIN-FRANKEL
with non-malignant disease | with myasthenia benign hematology
patient with hepato-
>300 first patient with biliary involvement
patients autoantibody- of IgG4 related disease
mediated encephalitis Keitel et al.,
Hegelmaier et al., Med Journal of Hepatology
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... with evident therapeutic potential

B cell-mediated
>3010]0] autoimmune disorders

patients Case Reports
\ Case Series

W) Ciinical Trials
CASTLE trial: drug free remission

—

Search Details: Viewing 1-10 out of 180 studies for: Autoimmune Diseases | CAR T cells
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New patient populations and randomized trials

hit early, hit hard? important benchmarking against alternative B cell-
depleting strategies

- Comparison of B-cell Depletion by Rituximab and Anti-CD 19 CAR-T Therapy in Patients With
nature medicine Rheumatoid Arthritis (COMPARE)
) ClinicalTrials.gov ID @ NCT06475495
iia e & hth:/./dOi.orgﬂ0'1038/841591_025_04191_8 Sponsor @ charite University, Berlin, Germany
Antl-CDlg CAR T Ce“S for pedlatrlc Information provided by @ David Simon, Charite University, Berlin, Germany (Responsible Party)
patients with treatment-refractory Last Update Posted @ 2024.06.26
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Resistance and relapse(s) occur
One size might not fit all & inflammation # degeneration

Concomitant myasthenia gravis (MG)

and rheumatoid arthritis (RA)
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Favorable safety profile as compared to their use in malignancies

Infection
Second
CRS malignancy
ICANS Infection
Cardiac IEC-HS Other
Bleed/
¥ stroke
‘ ~d+100
< | yya
NS 7 /7

T
Early NRM (days to weeks)

|
Late NRM events (months to years)

Survivorship following CAR T cell therapy

CAR T cell-associated toxicities

Treatment-related mortality ca. 5% (in malignant diseases)
Infections are the most common cause for non-relapse mortality
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Context of Research Main Findings
* In contrast to B-cell lymphoma, questions remain B-NHL SLE
about the safety and toxicity of CD19-directed CAR
T-cell therapy in patients with refractory SLE CRS l ‘ \ ‘
Patients and Methods
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In B cell-derived malignancies high tumor (=antigenic) burden prior
CAR T cell infusion is associated with higher risk for (severe) toxicity
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Favorable safety profile but...
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CD19-targeting CAR T cell therapy in five patients
with systemic sclerosis unsuitable for autologous stem
cell transplantation
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Evidence of an immune reset?

relative cell number

PBMC
Macrophage-like cells in CSF 1.00 -
. 00 1 4.NaiveLik
T co4. 1P aNe(:lljrte.Memory
3 CD8T [r— CD4.Treg
’ . CART [ J 0.75 4 CD4 Tjﬂ .\ \ Cell Naive
‘ cDAT,, ~ A N
cell type CDAT - - \ -
= 5 naive | NMOSD aibaseine 3 NWOSD sl 3monts os0 { o1 NS
M Transitional B cells Akt daiiainiongedspul AN e n ot 3 monthe » ’ ggg Iem CDB Mg i
B Transitional/Immature B cells cos T i S .
M B mem 1 Innate immune response — —_ 0.25 4 " - LD
Naivellke L ’
B B mem 2 Adaplive immune response a0 -
Plasmablasts o | BL
W mixed cluster Nk cell activation - 01 CDS.TEMRA -
= Monocytes ImmatureT cell proliferation— ., “* :
Platelets/Megakaryocytes ez - Before Recover coc ¢ 7 Mono CD16
T cell activation - —Ct Sample o P
B cell activation —_
BCR signaling pathway - o CoaTPANaiveLice
- - : Memory
Response to chemokine - - : chaTreg ® @
= Alierations in the e Pocaiie 0
Lymphocyle chemotaxis 1 ®
— T | | cos.Ciy
Monocyte chemotaxis - — Ce B-sell Memory
Response to TNF - —aey
CD8.EMD
Response 1o IFN-y ] il compartment of o
Complement activation 4 T H ;
i SLE patients (and —
1 ] I 1
[
-0.15 0.0 0.15 03 T
. CD8.TEMRA L
ExpanS|On Of ssGSEA of macrophage-like cells Other d ISease ° b

immature
and transitional B

cells in SLE
(and other entities)

e v Mono CD16
groups)

Macrophage
repolarization in the
CSF of NMOSD

Changes in the

cell-to-cell

patients communication in systemic IgG4-related disease

UNIVERSITATSMEDIZIN
MAGDEBURG

Ref: Wilhelm A et al., JCI 2024,
Qin C et al., Science Immunology 2024,
Feng J et al., Nature Medicine 2025, Keitel V et al., J Hepatology 2026



The depth of B-cell depletion and tissue accessibility matter

CAR T cells’ unique biological properties
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What Can/Should
We Improve?
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Key areas for optimization
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Trading the hammer for a scalpel: selective targeting in autoimmune disease
with CAAR-T Therapy

anti-MuSK
BCR
5-8% of the —
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MG patients 2 B calls
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" healthy
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$)1) ‘ r( ( O m . specificity

' ' no Open-label Study to Evaluate the Safety of Various Dosing Regimens of MuSK-CAART for MuSK
clustering Myasthenia Gravis

l ClinicalTrials.gov ID O NCT05451212
Sponsor @ Cabaletta Bio
|mpaired Information provided by @ Cabaletta Bio (Responsible Party)

muscle contraction  Last update Posted @ 2024-10-29
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Allogeneic solutions gaining momentum

d48-14 Letter to the Editor Open access Published: 08 May 2025
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The next big ,in vivo" step

In vivo CAR-T Therapy Patients with SLE treated with in vivo anti-CD19 CAR T cells
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Redirecting polyclonal T cells against specific antigens without genetic
engineering

T cell-mediated cytotoxicity Myasthenia gravis
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Conclusion and Outlook

— Science
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The counterattack

An immune cell treatment that fights
cancer is now taking aim at autoimmune
disease

14 NOV 2024 « 2:00 PMET -« BY JENNIFER COUZIN-FRANKEL

» CART cell therapy is well established in hemato-oncology

» data regarding its use in autoimmune diseases shows:

feasibility and good tolerability v
B cell reconstitution without relapse 4
temporary but deep depletion of B cells could induce an ,
immunological restart J/

» results of first registration-enabling trials expected in 2026-2027

» most extensive experience to date among T cell-based
therapies for autoimmunity

» dual-track strategy: use of established CAR T cell concepts

and development of innovative next-gen platforms in parallel
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SAVE THE DATE!
Immune RESET 2026

Tl 17-18 September 2026

000

University Hospital Magdeburg, Germany
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