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Past, present and future aims in treating autoimmune diseases
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Aspirin/Bayer 1897
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A drug has to ...

Improve symptoms (++) now required
Provide safety (+/-) now required
Interfere with disease process (-) now required
Cure the disease (-) now wished

Renoir (1841-1919)



Cytokine inhibition: Better control but no cure of autoimmune disease

Signature Cytokine-Based Concept
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Systemic Autoimmune Disease can be life-threatening and

are associated with increased mortality

Systemic Lupus Erythematosus
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Randomized —controlled studies with B cell depleting MAb
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Negative RCT with
rituximab in SLE

Rituximab did not improve
SLE disease activity (BILAG
score) and flare —free survival
in patients with SLE as
compared to placeboin a
randomized controlled study
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Percentage of Patients

Glycoengineered anti-CD20 Mab
obinutuzumab shows efficacy in LN

Complete Renal Response

Adjusted difference 13.4 percentage points
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Limitation of B cell depletion via anti- CD20 Mab
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Depth of B cell depletion in the tissue
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Long-term Drug-Free Remission of
autoimmunedisease may require deep B-cell
depletion in the lymph nodes, which is not achieved
by conventional B-cell depleting agents



Taking biological principles of host defence as drugs

)

) < ‘—-:-—-/\ 2 o
L
. N

N

_.
._I_

1 1
v &

IgG antibody IgG antibody Cytotoxic T cell CAR T-cell
aginst measles aginst CD20

High specificity, no chemical toxicity



How do CAR T-cells work?

“Good” Target “Bad” Target
Recognition Process Approach Avoid TARGET CELL
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CAR T-cells effectively kill target cells

Alex Ritter
@RitterLab
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A lentiviral vector brings the CAR to the T-cells
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The CAR is given from thr Transfection of dividing 8- bis 10.000 Bases
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Procedure of autologous CAR T cell therapy

Step |. Step Il.
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Before
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800—

600—

Complete B-cell depletion the blood and organs

Short but complete B-cell depletion in the peripheral blood; Eradication of B-
cells in the lymph nodes as a difficult-to-deplete compartment as well as full
depletion in inner organs, even in the gut bearing large amounts of B-cells
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Insights from CASTLE study: Homogeneous dynamics of

CAR T-cell expansion and B cell depletion
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Analysis of memory B cells and plasmablasts in early and

established reconstitution of B cells
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Re-establishment of a naive B-cell compartent in LN after CAR T-cells
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Disruption of germinal center in the lymph nodes
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I I Regulation of signaling by CBL
. Role of LAT2/NTAL/LAB on calcium mobilization

Signaling by CSF1 (M-CSF) in myeloid cells
CLEC7A (Dectin—1) induces NFAT activation
Adaptive Immune System

MHC class |l antigen presentation

Deep and widespread
downregulation of

immune pathways after CAR T-cell

Regulation of NF-kappa B signaling
Fcgamma receptor (FCGR) dependent phagocytosis

I . Initial triggering of complement
Creation of C4 and C2 activators

Classical antibody—mediated complement activation
Interleukin—4 and Interleukin—13 signaling
TRAF3-dependent IRF activation pathway

. Regulation of innate immune responses to cytosolic DNA

I Prolactin receptor signaling
Interleukin—15 signaling
. FCERI mediated MAPK activation
Interleukin-3, Interleukin-5 and GM-CSF signaling

Interleukin—2 family signaling
Interleukin receptor SHC signaling

DEx/H-box helicases activate type | IFN and inflammatory cytokines production
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High-level responses in Systemic Lupus Erythematosus

Consistent effects in all disease domains; induction of Remission
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Regression of fibroblast activation and clinical improvement
In patients with systemic sclerosis
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Baseline 6-months

FVC improvement from 2.8 L to 3.2 L (+14,1%) =400 mL
DLCO improvement from 4.2 to 5.4 mmol/(ml*kPa) (+29.5%)

Mueller F, Hagen M, Wirsching A, et al. Nature Medicine 2026- Jan 7; Rigau A, et al. Nat Communications 2026 in press



Responses in systemic sclerosis with CAR-T cells

Improvement in mRSS and partial restoration of the skin papillae
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Molecular remodeling of the skin after CAR-T cells

Sl diecb bt Change of the fibroblast landscape towards a
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Responses in |diopathic Inflammatory Myositis
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Improvement of function, life quality and fatigue

HAQ VAS global FACIT
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24 patients with autoimmune disease (10 SLE, 9 SSc and 5 IIM) receiving autologous CAR T-
cell therapy with a second-generation 4-1BB lentiviral vector and standard lymphodepletion



: : Long-Term Effects in a
e nutshell
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Sustained decrease in infection rates after CAR T-cell therapy
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Vaccination-related antibodies

Measles Mumps EBV-EBNA

OD450 nm

Miller F. et al. Nat Med 2026; Jan-7.
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Tetanus  SARS-CoV-2
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CD19/BCMA CAR T- cells in SLE

3 x10° CAR T-cells /kg body weight in 13 SLE patients
Clinical efficacy: 9 achieved DORIS remission and 12 LLDAS

SLEDAI decreased from 10.6 to 2.7
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BCMA CAR T- cells in SLE
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Tolerability (Cytokine Release Syndrome)

Mouse setting
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Safety of CAR T-cell therapy in AID is different from NHL
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B-cell counts and inflammation are associated with CRS
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Local Immune effector Cell-Associated
Toxicity Syndrome (LICATS)

LICATS is

- mild

- self-limited

- organ-specific

LICATS occurs at a median time of 10
days after the CAR T-cell infusion
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Onset (Day 21) After prednisolone treatment

Hagen M etal. Lancet Rheumatol 2025



Sustained decrease in infection rates after CAR T-cell therapy
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SLEDAZK CD19-CAR-T cell therapy

45+ : . ° . L
e ? =— - omouwi in pediatric SLE
a5 o @ OPBG003
. /' -4 ERLOO1
i | ¥ ERL002
Y = .
01e viy/ Baseline 6 -months
1544 ./m )
10, 2 : h.—t
5 F B A
o-*r—T-rrr7r7 7000
© 1O 0 D@ D W& 1O 1O WV KD D A
FEISESTE NI
&
anti-dsDNA
12000 : — 5000
A OPBG001
s0004{ /| 4000 @ OPBGO03
- ", ~3000 - SO0
£ gooo4 |/ \¥ S ¥ ERL002
F A | 2000
3000 gy "k E —
. “\-i' 02
0- C-o- 0G0
SRR, NEERN

Q’D

time (month)

Krickau T, et al.. Lancet. 2024; 403:1627-1630; De Benedetti F, Diomedi Camassei F, Locatelli F. N Engl J Med. 2024 May 2;390(17):1629.Becilli M, et al Nature Medicine 2026, in press



CAR T Cell therapy in a Patient With Juvenile Dermatomyositis
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Nicolai R, et al. Arthritis Rheumatol. 2024 Oct;76(10):1560-1565.



Can CAR T-cells affect AID in the CNS?

Transverse Myelitis (TM)
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CAR T-cells have “full access” to the
brain and can cross the blood-brain

CNS affection in SLE “brrier




Hagen M et al. , Lancet 2024; 404:2158-2160.

20-year old man with SLE and severe CNS
involvement with subtotal paraplegia:
Progressive course despite HCQ, GLC,
MTX, RTX and CYP treatment as well as
plasmapheresis

SLEDAI_2K 20
(points)

MMT8 (points) 34

VAS global (mm) 90
HAQ 2,63
FACIT 23




Improvement of neuro- lupus after CAR T-cells

SLEDAI_2K 20 0
(points)

MMTS (points) 34 91
VAS_global (mm) 90 10
HAQ 2,63 2,13
FACIT 23 48

Hagen M et al. , Lancet 2024; 404:2158-2160.



Summary

CAR T—cells are represent a inducible and reversible B-cell knockout that allows to understand:
- the reconstitution of B-cell memory

- the source of autoantibodies and vaccination-induced antibodies

- the interaction of B-cell with other cells

B-cell depletion and its consequences can be monitored very well (CAR T-cell expansion;
peripheral B-cell depletion, tissue depletion, autoantibody levels, vaccination-induced antibody

levels, immunoglobulin levels).

The methods of CAR T-cell mediated depletion of B-cells rapidly develop and may likely improve
scalability of this therapeutic approach.

New insights in the pathophysiology of disease and definition of disease subsets.
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