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[bookmark: _Toc129967007]I. Supplementary Methods
[bookmark: _Toc129967008]Constructing Of Cell Products
MT026 is IL-13Rα2 specific CAR T cells manufactured using enriched T cells from healthy allogeneic donors. The CAR molecule (vector construct) contained in MT026 is composed of CD8A signal, the extracellular IL-13Rα2 nanobody sequence, CD8A hinge, CD8A transmembrane domain, 4-1BB costimulatory signaling domain, and CD3ζ signaling domain. Its expression is initiated by the promoter EF1α. The CAR can recognize and eradicate the IL-13Rα2 expressing malignant cells. T cell receptors (TCRs) and class A human leukocyte antigen (HLA-A) are knocked out from the T cells of healthy donors with CRISPR/Cas9 technology to prevent graft-versus-host-disease (GvHD) and host-versus-graft-reaction (HvGR), the two anticipated adverse reactions from the interaction between exogenous T cells and host immune system of patients.

[bookmark: _Toc129967009]Inclusion and Exclusion Criteria
In addition to the criteria mentioned in the manuscript, patients included in the study had to
have adequate renal, liver and bone marrow function, and a life expectancy of ≥3 months. Key exclusion criteria were previous treatment with any gene therapies, long-term recipient of immunosuppressants, recipient of systemic steroid therapies, any severe and uncontrollable systemic autoimmune diseases, severe dysfunction of vital organs, surgical history of or planned elective surgery of organ transplantation, and other concomitant tumors. 

2

[bookmark: _Toc129967010]II. Supplementary Tables
[bookmark: _Toc129967011]Table S1. Baseline demographic and clinical characteristics
	Patient ID
	Sex/age
	KPS score
	IL-13Rα2 antigen expression level in tumor tissue
	Prior temozolomide before recurrence
	No. of injection before BOR

	MT026-001
	M/50
	60
	Medium
	Yes
	1

	MT026-002
	F/63
	40
	High
	Yes
	5

	MT026-003
	F/52
	60
	Medium
	Yes
	3

	MT026-004
	F/57
	90
	Medium
	Yes
	5

	MT026-005
	F/45
	50
	Medium
	Yes
	3



[bookmark: _Toc129967012]Table S2. Genetic and immunopathological testing results of individual patients
	Patient ID
	Genetic testing
	Immunopathological testing

	MT026-001
	MGMT promoter methylation (-), 1p/19q co-deletion (-), IDH1/2 mutation (-), TERT mutation (-), BRAF mutations (-)
	GFAP (+), Ki-67 (~10% +), P53 (partial +), EGFR (+), S100 (+), Vimentin (weak +), Olig-2 (-), IDH-1 (-), NeuN (-), ATRX (+), H3K27M (-), CD34 (-)

	MT026-002
	MGMT promoter methylation (-), 1p/19q co-deletion (-), IDH1/2 mutation (-), TERT C228T mutation (-), TERT C250T mutation (+), BRAF mutation (-)
	GFAP (+), S100 (+), Vimentin (+), Olig-2 (+), MAP2 (+), ATRX (focal +), EGFR (focal +), Ki-67 (+10%), P53 (scattered +), IDH-1 (-), MGMT (-), NeuN (-), H3K27M (-), Syn (-), CD34 (-)

	MT026-003
	IDH 1/2 mutation (-), 1p/19q co-deletion (-), MGMT promoter methylation (-), TERT C250T (16.43%), H3-K27M mutation (-), ATRX mutation (-), RELA fusion (-), BRAF fusion (-), EGFR amplification (+)
	GFAP (+), P53 (+), EGFR (+), S100 (+), Vimentin (+), Olig-2 (+), IDH-1 (partial+), NeuN (small amount +), ATRX (+), H3K27M (-), Syn (+), CD34 (weak +), EMA (small amount +), LCA (small amount +), Ki-67 (about 2%+)

	MT026-004
	[bookmark: _Hlk124413598]IDH1/2 mutation (-), 1p/19q co-deletion (+), MGMT promoter methylation (-), TERT mutation (-), BRAF mutation (-), EGFR amplification (+), EGFRvIII mutation (-), TP53 mutation (+), PTEN mutation (+), PIK3CA mutation (-), ATRX mutation (-), H3F3A mutation (-), HIST1H3B mutation (-), HIST1H3C mutation (-), CDKN2A mutation (-), CDKN2B mutation (-)
	GFAP (+), H3K27M (-), IDH1 (-), Ki67 (about 25% +), LCA/CD45 (lymphocyte +), olig-2 (partial +), P53 (30% +), S100 (+), EGFR (scattered +)

	MT026-005
	IDH1/2 mutation (-), 1p/19q co-deletion (-), MGMT promoter methylation (+), TERT mutation (-), BRAF mutation (+), EGFR amplification (+), EGFRvIII mutation (-), TP53 mutation (+), PTEN mutation (-), PIK3CA mutation (-), ATRX mutation (+), H3F3A/HIST1H3B/HIST1H3C mutation (-), CDKN2A/2B mutation (-).
	ATRX (-), CD34 (vascular +), GFAP (+), H3K27M (-), IDH1 (-), Ki67 (hotspot 40% +), NeuN (-), olig-2 (partial +), P53 (about 40% +), S100 (scattered +)


- = negative
+ = positive

[bookmark: _Toc129967013]Table S3. Important evaluation time points and results of individual patients
	Patient ID
	Date of recurrence
	Date of 1st dosing
	Date of BOR
	BOR
	Date of progression
	Date of death
	Cause of death

	MT026-001
	24-July-2020
	18-Aug-2020
	24-Sep-2020
	SD
	26-Nov-2020
	30-Mar-2021
	Disease progression

	MT026-002
	21-Apr-2020
	3-Sep-2020
	23-Nov-2020
	CR
	29-Apr-2021
	10-Feb-2022
	Disease progression

	MT026-003
	3-Nov-2020
	30-Nov-2020
	2-Feb-2021
	PR
	25-Mar-2021
	9-Aug-2021
	Disease progression

	MT026-004
	20-Apr-2021
	28-May-2021
	27-Aug-2021
	PR
	2-Jan-2022
	12-Jun-2022
	Disease progression

	MT026-005
	10-Jun-2022
	14-Jan-2022
	10-Mar-2022
	PR
	6-Jul-2022
	6-Jul-2022
	Disease progression






[bookmark: _Toc129967014]III. Supplementary Figures
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[bookmark: _Toc129967015]Figure S1. Schematic diagram of anti-IL13RA2 CAR structure. Anti-IL13RA2 CAR is composed of CD8A signal peptide, IL13Rα2-specific scFv, CD8A hinge region, CD8A transmembrane region, 4-1BB costimulatory signal region and CD3zeta signal transduction region; EF1a promoter is used to promote CAR expression (A); anti-IL13RA2 UCAR-T knockout TCR and HLA-A of T cells by gene editing technology, and T cells express anti-IL13Rα2 CAR molecule by lentiviral transfection (B). 
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[bookmark: _Toc129967016]Figure S2. Characteristics of IL13RA2 UCAR-T. IL13Rα2 UCAR-T was manufactured by lentiviral transduction of the CAR transgene, followed by electroporation of TRAC- and HLA-X- targeting Cas9 RNP. A) TRAC and HLA-X knockout efficiency (>90%), B) CAR expression (approximately 50%), C) TCM phenotype (>45%).
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[bookmark: _Toc129967017]Figure S3. IL13RA2 UCAR-T safety verification. All three TRAC knockout groups had very low cytokine secretion levels when stimulated by allogeneic PBMC, indicating that TRAC knockout largely reduced the GVHD responses (A); three groups of HLA-A knockout showed very low cytokine secretion levels when stimulated by allogeneic PBMCs, indicating that HLA-A knockout greatly reduced allogeneic reaction (B); After co-injection of 5 x 106 IL13Rα2 UCAR-T cells and 5 x 106 allogeneic T cells into NSG mice (different knockout strategies), the copy number of IL13Rα2 UCAR-T(TRAC-HLA-A-) group was still at a high level on day 24, indicating that the rejection reaction of the experimental group was significantly attenuated, which prolonged the survival time of cells in mice in the experimental group. 
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[bookmark: _Toc129967018][bookmark: _Hlk124438297]Figure S4. In vivo half-life of IL13Rα2 UCAR-T cells. 1 x 107 IL13Rα2 UCAR-T cells (TRAC-HLA-A-) in the experimental group and IL13Rα2 UCAR-T cells (TRAC-B2M-) and CAR-T cells in the control group were injected, respectively. Blood samples were taken at different time points. Genomes were extracted from blood samples at different time points, and copy/ng genome DNA was calculated by QPCR absolute quantification. In the experimental group, IL13Rα2 UCAR-T cells survived for about 70 days in mice, and secondary amplification was performed on week 4-week 7. 
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[bookmark: _Toc129967019]Figure S5. Anti-tumor effect of IL13RA2 UCAR T. Anti-IL13RA2 UCAR-T cells, CAR-T cells and T cells were incubated with target cell U251, respectively, to achieve more than 90% killing efficiency at the effector-to-target ratio of 2:1 (A); a glioma mouse model was established. Mice inoculated with U251-LG were intratumorally injected with IL13Rα2 UCAR-T cells, IL13Rα2 CAR-T cells and knockout free T cells, respectively, and tumor regression was monitored by luciferase (B). 
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[bookmark: _Toc129967020]Figure S6. Study Schema.
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[bookmark: _Toc129967021]Figure S7. Overview of brief medical records of individual patients.
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[bookmark: _Toc129967022]Figure S8. IL-6 concentrations in cerebrospinal fluid and blood of individual patients before and after each administration. Patients 001-003 were not detected for IL-6 concentration. 
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	Patient MT026-003
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	Patient MT026-004

	Before Treatment
	After Treatment

	[image: ]
	[image: ]

	[image: ]
	[image: ]

	[image: ]
	[image: ]

	Patient MT026-005

	Before Treatment
	After Treatment
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[bookmark: _Toc129967023]Figure S9. Radiological evaluation results of individual patients.


[bookmark: _Hlk116396922][image: ]
[bookmark: _Toc129967024]Figure S10. Pharmacokinetic Characteristics of MT026. Shown are CAR DNA copies of MT026 in CSF before and 1 day after each administration. Baseline value is defaulted to zero. The administration interval is approximately 1 month. 
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[bookmark: _Toc129967025]Figure S11. CAR DNA copies in cerebrospinal fluid of individual patients before and after each administration. Sampling was only performed at patients’ convenience so that we did not collect cerebrospinal fluid at a series of accurate time points. However, a marked increase immediately after administration and then a slow decrease was also observed and CAR DNA copies could be still detected before the next administration. 



A
[image: ]

B
[image: ]

C
[image: ]
[bookmark: _Toc129967026]Figure S12. Change of pharmacodynamic parameters after administration of MT026. Panel A shows change of multiple cytokines in CSF before and after the 4th MT026 administration in Patient 005. Panel B shows change of blood lymphocyte count with treatment of MT026 in the 5 patients. Panel C shows change of neutrophils to lymphocytes ratio in blood with treatment of MT026 in the 5 patients.





image3.png




image4.png
SSC-H

SSC-H

8

6L

NEG CD3- .

g g 8 NEG § HLA-X
8 B gl = 5

& 8] 98.06% =g g

9l

§ ‘ § i %s g

& w | # ﬁ G §£ g o
N T O N . D A i e I T O i

CD3 HLA-X

t NEG CAR w

£ ? E

H of §

. : i

& § £,

TR m‘um/’ W e Tl =

IL13Ra2 R R

1. NEG . TCM w.

iy 50

® Z w0

S
fa
" o
Z0 e e NI
> S




image5.tiff
I

B

.
.
.

. . .
. . .
. . .

.

.
.
.

e

.

N

N
-




image6.tiff
.

.

.

.

e

e

.

4},0

I

.





image7.tiff
.

.

I
.

.
.

.
. %
N .

.

.

.

.

. . . i
.
. . .
,Q\y (’,0 /\Qy Qs\y.
s

.

I

.
e




image8.tiff
.
.

.
.

.

.

e

.

I

. -
I

.




image9.tiff
.

D

I

D

D

D

-
-

.




image10.tiff
N

I

I

I

.

.

.

.
.
.

.
.

.

i
.





image11.tiff
.

I

I

.

.

I

o
R
-




image12.tiff
. (mm3)

. .
. .
e .
. B

.

.

. . . .
N

R
-
-




image13.png
MT026 (IL-13Ra2 UCAR-T cells)
2.5x107 cells, intra-lumbar injection, monthly

Recurrent glioblastoma

v Adverse events

v' Radiologic evaluation

v PK (CAR- cells in CSF)

v PD (IL-6 in CSF and blood)

‘Withdrawal or
end of treatment

—

Follow-up
for progression and
survival status





image14.jpeg
MT026-001

st nd &
1 Resection 2 Resection Ka
21/10/2019 20/03/2020 s
tion of Completion of
Radiation Therapy Radiation Therapy
16/12/2019 31/01/2020
Initiation of
Temozolormide Death
28/11/2019 30/03/2021
Diagnosis of
Recurrence,
MRI (baseline) MRI 1 (SD) MRI_2 (PD)
24/07/2020 24/09/2020 26/11/2020)
Events
Days D-302 D-264 D-246 D-200 D-151 D-25 Do D38 D46 D103 D224

Days after the 1% injection




image15.jpeg
MT026-002_1

ORI & & & PO
5 5 5 < < < S,
< & & A NS N AN
& G S & S RECC
1 Resection 2" Resection O 4{_&@\“ ey PECN 5;@’ N Ag&n‘?@ 4,%&/@\“
211272019 15/05/2019 & & & & S N =
Initiation of
Radiation Initiation of
Therapy Temozolomide
21/01/2019 10/01/2020
Completion of Diagnosis of
Radiation Therapy Recurrence
08/03/2019 21/04/2020
i
(baseline) MRI_1 (CR) MRI_2 (CR)| MRI_3 (CR)
02/09/202( 23/11/2020 25/01/2021|  29/01/2021
Events.
D-622 D-545 D-477 D-237 D-135 DO D4 D36 D74 D81 D109 D145 D186
Days
st . .
Days after the 1*" injection




image16.jpeg
MT026-002_2

& o N
RN S &
& A S
Sl N A
ke 2 S o
N FoP & P
& o 25 Hoe
5 K
& 3 Resection S \\0\5 &\o@
08/07/2021 & <
E
o o\«%
& &
&
& &
Death
MRI_4(PD) MRI_5(PD) MRI_6(PD) MRI_7{PD} MRI_8 (PR) MRI_9 (PD)
29/04/2021 06/07/2021 13/09/2021 13/10/2021 30/11/2021 05/01/2022
Events
} :
D239 D308 D376 D407 D415 D454 D490 D501 D525
Days
ste e .
Days after the 1** injection




image17.jpeg
MT026-003

1% Resection

20/08/2020 N
Completion of
Initiation of - Radiation Therapy|
Radiation  Diagnosis of
Therapy Recurrence MRI_S (PD) MRL? (PD) Death
23/09/2020 031172020 21/08/2021 18/06/2021 09/08/2021
MRI MRI1 (D) MRI2(PR) | MRI3(PR) | MRI4(PD) MRI6 (D)
(baseline) [ 06/01/2021 02/02/2021 | 24/02/2021 | 25/03/2021 26/05/2021
Events
} ! ‘ ' ‘ }
Days D-102 D-68 D-27D-19 DO D36 Da1 D113 D144 D157D172 D203 D252

—ISt

Days after the 1** injection




image18.jpeg
1% Resection 2 Resection

MT026-004

01/02/2021 13/05/2021
Dianosis of
20/0472021
Initiation of Completion of
Radiation Radiation Death
Therapy Therapy
08/03/2021 19/04/2021 {efecocs
-
(baseline) MRI_1 (SD) MRI_2 (PR} MRI_3 (PR} MRI_4 (PD)
[15/05/2021 17/06/2021 27/08/2021 08/10/2021 02/01/2022
Events
L | ‘ ]
D-116 D-81 D-38 D-15 DO D14 D40 D60 D82 D91 D119 D140 D219 D380
Days
St s it
Days after the 17" injection




image19.jpeg
MTO026-005

e & o
INUING o v
RS & &
L Q) @
& & &
4 8 S S
<
PPN <&
5
S N
1% Resection 2™ Resection RO o
08/05/2020  11/06/2021 QY S
SRS N
Completion of Completion of End
Radiation Therapy Targeted therapy
11/08/2021 28/06/2022
Initiation of
Radiation Initiation of
Therapy Targeted therapy | Death
01/07/2021 23/06/2022 06/07/2022
IMRI (baseline)
Diagnosis of
Recurrence MRI 1 (PR) MRI_2 (PD)
10/01/2022 10/03/2022 13/05/2022
Events
LA ‘ |
D-616D-217  D-156  DOD3 D53 D90 D122 D160 D173
Days
Days after the 1% injecti
ays atter the injection




image20.jpeg
IL-6 (pg/ml)

MT026-004

{5%m 24-Sep-2021
18-Aug-2021 @ CSF
27-Jul-2021
‘ & PB
1%103
1%102+]
1x101
1x10°: T T T
21-Jul2021 25-Aug-2021 20-Sep-2021

Time




image21.jpeg
IL-6 (pg/ml)

1x105

110~

1x103

1x102

1x101

17-Jan-2022

f14-Jan-2022 ‘

T

1x10°:

MT026-005

t

8-Mar-2022

14-Apr-2022

+

16-May-2022

\

T
14-Jan-2022

T
18-Feb-2022

T
25-Mar-2022

Time

T
20-Apr-2022

1
3-Jun-2022

@ CSF
& PB




image22.png




image23.png




image24.png




image25.png




image26.png




image27.png




image28.png




image29.png




image30.png




image31.png




image32.png




image33.png




image34.png




image35.png




image36.png




image37.png




image38.png




image39.png




image40.png




image41.png




image42.png




image43.png




image44.png




image45.png




image46.png




image47.png
OO





image48.png




image49.png




image50.jpeg
2x105

1.5%105
1x105
5x104

(vN@ bl /saidoo) saidod yv9d

Times of Injection




image51.jpeg
Copies/ng DNA

MT026-001

18-Aug-2020 25-Sep-2020 3-00t-2020 29-Nov-2020

2500+

2000+

1500+

1000+

500+

-

T T T T T T T T
18-Aug-2020 1-Sep-2020 15-Sep-2020 20-Sep-2020 13-0ct-2020 27-0ct-2020 10-Nov-2020 24-Nov-2020 8-Dec-2020

Date




image52.jpeg
250

200

150

100

Copiesing DNA

50!

0

MT026-002

T T 1 T T
7:5ep-2020 16-Nov-2020 25-Jan-2021 S-APF-2021 14-Jun-2021

Date

T T
23-Aug2021 1-Nov-2021

T 1
10-Jan-2022 21-Mar-2022




image53.jpeg
MT026-003

150y

100

Copies/ng DNA

@
3
1

1 T T T 1 T T T
30-Nov-2020 28-Dec-2020 25-Jan-2021 22Feb-2021 22-Mar-2021 19-Apr-2021 17-May-2021 14-Jun-2021

Date




image54.jpeg
Copiesing DNA

1000~y

2
3
1

B
1

MT026-004

27-Jul-2021 18-Aug-2021 24.80p-2021

15-0ct-2021

T T T T T
30-0ul2021  13-Aug-2021 27-Aug-2021  10-Sep-2021  24-Sep-2021

Date

T
8-0ct-2021

T
22-0ct-2021




image55.jpeg
Copiesing DNA

1000+

3
3
1

H
1

MT026-005

14-Jan-2022

T
18-Fab-2022

T
25.Mar-2022

Date

T
20-Apr-2022

1
3-Jun2022




image56.jpeg
pg/ml

100000

TNF-alpha
IL6

L8
CXCL-10
IL-10

ccL2
IFN-gamma
L2

10000

1000

99000000

100

Days after the 4th injection




image57.jpeg
MT026-001
& MT026-002
@ MT026-003

MT026-004
@ MT026-005

L

2.54

T T A _
= o = &
& .

501 N0 a3kooydwiA

0.0

ion

1

injec

Times of




image58.jpeg
MT026-001
& MT026-002
@ MT026-003
& MT026-004
@ MT026-005

(Y7IN) onea syhooydwA 0y pydosyneN

Times of injection




image1.png
= T
s i B




image2.png




