Supplemental Material for
Treatment of multiple sclerosis with CD19-targeting CAR-T-cells 
Antje Giede-Jeppe, MD1,2,*, Malte Roerden, MD3,*, Anna MP Stanger, PhD3, Luca Hensen, PhD3, Christoph Faul, MD3, Benjamin Bender, MD4, Lucca M Kimmich3, Julia Hummel, MD1, Markus C Kowarik, MD1,2, Ulf Ziemann, MD1,2, Wolfgang Bethge, MD3,*, Claudia Lengerke, MD3,5,*,#


















Methods
Three patients with MS refractory to available therapies received UKT-CART19.1 based on the recommendation by the interdisciplinary cell-therapy board at the University Hospital Tübingen. Treatment was performed after extensive patient counseling and informed consent on the basis of a hospital exemption and physician-specific production approval for advanced therapy medicinal products treatment. UKT-CART19.1 were manufactured in the academic GMP-facility at the University Hospital Tübingen as previously described1. Briefly, autologous T-lymphocytes were collected by leukapheresis, transduced with a CD19-targeting second-generation CAR lentiviral vector containing a costimulatory 4-1BB and a CD3-zeta signaling domain(provided by Miltenyi Biotec), expanded 12 days in a CliniMacs Prodigy system and infused without prior cryopreservation on day 0(1x106 cells/kg bodyweight), after standard lymphodepleting therapy with fludarabine(25 mg/m2, d-5 to d-3) and cyclophosphamide(1000mg/m2, d-3). Expanded-Disability-Status-Scale(EDSS)-scores2, patient-reported-outcome-measures(PROMs)3, 4, quantification of lymphocyte subsets and immunoglobulins in peripheral blood and/or CNS were performed at baseline and during follow-up after CAR-T-cell therapy. MRI neuroimaging including estimation of percent brain volume change(PBVC) was performed during follow-up using FSL/SIENA5, with HD-BET6 applied for robust brain extraction. UKT-CART19.1 subset composition prior to infusion(FigureS1), and methods regarding flow cytomety-based analysis of CAR-T-cells and B-cells are available in the supplemental material section.



Lymphodepletion regimen and supportive care
[bookmark: _Hlk221197371]Prior to CAR-T-cell infusion, all patients receved lymphodepleting chemotherapy with fludarabine (25mg/m2; day -5 to -3) and cyclophosphamide (1000 mg/m2, day -3). Granisetrone was used as antiemetic therapy. Prophylactic 2-Mercaptoethanol sulfonate Natrium (MESNA) was administered before and after cyclophsohamide. Following lymphodepleting therapy, all patients received anti-viral prophylaxis with aciclovir (400 mg, twice daily) and trimethoprim/sulfamethoxazole (800/160 mg, three times per week) for at least three months and until stable recovery of CD4+ T cells in the peripheral blood >200/µl.
Flow cytometric analysis of B cells
[image: ]Peripheral blood mononuclear cells (PBMCs) were isolated from whole blood using Ficoll density gradient centrifugation and cryopreserved for later analysis. For flow cytometric analysis, cells were thawed and stained with flourophore-conjugated antibodies (Aqua viability dye; CD19-AF700; CD38-APC; CD138-FITC; CD27-BV421; IgD-PE-Cy7). Samples were acquired on a Cytek Aurora spectral cytometer. The gating strategy is shown below.






Flow cytometric analysis of CAR-T-cells
Clinical routine flow cytometry of CAR-T-cells was performed using peripheral blood (EDTA). For flow cytometric analysis, whole blood was stained with flourophore-conjugated antibodies (CD45-FITC; CD3-APC; CD19-BV711; CAR reagent-PE; CD8-BV786; CD4-BV605; CD27-BV510; CD45RA-PE-Cy7; CD38-PerCP-Cy5.5; HLA-DR-APC-H7; CD127-APC-R700; CD25-BV421). Samples were acquired on a FACS Lyrics spectral cytometer.
CSF antibody analysis
	
	Patient #1
	 Patient #2
	Patient #3

	
	Baseline 
	after CAR-T 
	Baseline 
	after CAR-T 
	Baseline 
	after CAR-T 

	Liquor
	 
	 
	
	
	
	

	Erythrocytes (Tsd/µl)
	<1
	<1
	<1
	<1
	<1
	<1

	Leukocytes (/µl)
	1
	1
	5
	5
	>1
	2

	Polynuclear cells (%)
	0
	0
	0
	0
	0
	0

	Mononuclear cells (%)
	100
	100
	100
	100
	100
	100

	Lactate (mmol/l)
	1,5
	1,6
	2,1
	2,4
	1.8
	1.7

	Glucose (mg/dL) 
	58
	66
	67
	68
	55
	55

	Protein (g/L)
	0.68
	0.67
	1.32
	1.37
	0.30
	0.27

	Albumin (g/L) 
	0.465
	0.401
	0.958
	1.030
	0.146
	0.122

	Albumin i.S. (g/L)
	48.2
	42.7
	48.4
	49.7
	44.9
	44.8

	Albumin L/S-Q (x 10E-3)
	9.6
	9.4
	19.8
	20.7
	3.3
	2.7

	IgG (g/L)
	0.0462
	0.0318
	0.0149
	0.0963
	0.0101
	0.0152

	IgG i.S. (g/L) 
	10,9
	7,6
	11.9
	8.9
	4.2
	8.9

	IgG L/S-Q (x10E-3)
	4,2
	4,2
	12.5
	10.8
	3.5
	1.7

	Ologoclonal bands (pattern)
	4
	4
	4
	4
	3
	Neg.





[image: ]Figure S1. CAR-T-cell subsets in manufactured UKT-CART19.1






Table S1. Flow cytometric analysis of CAR-T-cell subsets in the finally formulated UKT-CART19.1 cell therapy product.
Table S1. Expanded disability status scale (EDSS) (sub-)scores
	
	Patient #1
	 Patient #2
	Patient #3

	
	Baseline 
	after CAR-T 
	Baseline 
	after CAR-T 
	Baseline 
	after CAR-T 

	Expanded Disability Status Scale (EDSS)
	8.0
	8.0
	5.0
	4.0
	2.5
	2.0

	EDSS subscores

	pyramidal
	4
	4
	3
	3
	2
	2

	cerebellar
	3
	3
	3
	3
	0
	0

	brainstem
	1
	1
	3
	3
	2
	1

	sensory
	2
	2
	2
	1
	1
	1

	bowel and bladder function
	2
	2
	1
	1
	1
	1

	visual function
	0
	0
	1
	1
	0
	0

	cerebral functions
	0
	0
	3
	3
	1
	1

	Walking
	Chairbound
	Chairbound
	200-300m
	>500m
	>500m
	>500m




Table S2. T25W test, nine-hole-peg test, symbol-digit-modalities test
	Patient #1
	 Patient #2
	Patient #3

	Baseline 
	after CAR-T 
	Baseline 
	after CAR-T 
	Baseline 
	after CAR-T 

	Timed 25ft-walk test (T25FW)

	Chairbound
	Chairbound
	7.5+9.4sec.
assistive device: walking stick
	6.9+8.8sec. assistive device: walking stick 
	 5.0+5.0sec.
	4.5+4.4 sec.

	Nine-hole peg test (9HPT)

	R (dominant): 440 sec.
L: -
	R (dominant): 432 sec.
L: -
	R (dominant): 26.8+27.5sec.
L: 50.4+68.6sec.
	R (dominant): 26.8+26.0 sec.
L:46.6+58.7sec.
	R (dominant): 
19.0 +16.0sec. 
L: 19.0+18.0 sec.
 

	R (dominant): 
14.3 + 15.1sec
L: 17.9+ 19.5sec.

	Symbol digit modalities test (SDMT)

	46/110 points
	45/110 points
	40/110 points
	38/110 points
	65/110 points
	71/110 points


R= Right; L=Left.
	Score
	Significant change as reported in the literature

	T25FW
	≥ 20% worsening7-9

	9HPT
	≥20% worsening7, 9, 10

	SDMT
	≥4-point change in SDMT score11







Table S3. Quantification of cranial MRI lesion volume
	Patient
	Percent brain volume change (PBVC)*  
	Lesion volume**
	Side ventricle**

	#1
	-0.39%   
	-0.3ml     
	+0.8ml

	#2
	+0.37%    
	+0.1ml     
	+0.2ml

	#3
	-0.86%   
	-0.2ml
	-1.3ml


*= calculated by SIENA, ** = calculated by AIRAscore v3.0.0.
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