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single+cell+type); CD19 (https://www.proteinatlas.org/ENSG00000177455-CD19/single+cell+type); BCMA (https://www.proteinatlas.org/ENSG00000048462-
TNFRSF17/single+cell+type). All our data supporting the findings of this study are available within the article and its Supplementary Information as well as
Supplementary Data files. Source data are provided as a Source Date file. Source data are provided with this paper.

The blood or bone marrow samples were collected from myeloma patients or normal donors. The information about the age
and sex (or gender) was not collected.

Healthy donors and multiple myeloma patients. The information about the age and sex (or gender) was not collected.

The peripheral blood or bone marrow samples from healthy donors or multiple myeloma patients were provided by
Hematological BioBank. Informed consent was obtained from all healthy donors or patients for use of their samples for
laboratory research purposes. No self-selection bias that may impact the results was expected since the samples collected
were only used for the in vitro analysis or for the animal studies.

The study was approved by the Faculty Hospital Ethics Committee at the First Affiliated Hospital of Soochow University.
Because the specimens or data were not collected specifically for our study and no one of our study team has access to the
subject identifiers linked to the specimens or data, our study may be not considered as human subjects research.

No statistical methods were used to predetermine the sample size. Sample size were estimated based on our previous studies testing the anti-
tumor effect of Igbeta-specific CAR-T cells (Leukemia. 2020;34(3):821-830. ) as well as CS1-specific CAR-T cells (Clin Cancer Res. 2014 ;20
(15):3989-4000.), with an effort to achieve a minimum of n=5 mice per treatment group which proved to be sufficient to reproducibly observe
a statistically significant difference.

No data was excluded from analysis.

The in vitro and in vivo experiments were repeated in replicates and/or from different subjects in independent experiments. In vitro studies
were performed at least three times with similar results. In vivo studies were performed using CAR-T cells from 2 or 3 different donors and the
similar results were obtained. Because of the size and expense of the in vivo experiments, they were carried out once.

For in vivo tumor models, mice were randomized prior to CAR-T treatment to ensure equivalent average base line tumor burden among

groups. For in vitro studies, samples were randomly divided into different experimental groups.

For the in vitro experiments, blinding was not performed, however, the authors agree that samples were processed uniformly when acquiring
data regardless of whether they were controls or experimental samples. In addition, since the results of our in vitro studies are primarily
quantitative rather than subjective evaluation, blinding was not necessary. For in vivo tumor measurement, investigators were blinded during
the experiment.
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Materials & experimental systems
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Eukaryotic cell lines

Palaeontology and archaeology
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Methods

n/a Involved in the study
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Flow cytometry

MRI-based neuroimaging

Antibodies
Antibodies used

Validation

1. Antibodies for Western blotting:

CD3 (Santa Cruz, catalog number:sc-166435, clone:E3), GAPDH (Biolegend, catalog number:649203, clone:FF26A/F9), horseradish
peroxidase–conjugated goat anti-mouse IgG antibody (Santa Cruz, catalog number:sc-516102)

2. Antibodies for flow ctyometry:

CD138-PE (BD Bioscience, catalog number:552026, clone:MI15)

BCMA-APC (Biolegend, catalog number:357505, clone:19F2)

CD307e(FcRH5)-APC (Biolegend, catalog number:340306, clone:509f6)

CD3-APC (Biolegend, catalog number:300412, clone:UCHT1)

CD3-BV421 (BD Bioscience, catalog number:563798, clone:UCHT1)

Ki-67-APC (Biolegend, catalog number:350514, clone:Ki-67)

allophycocyanin (APC)-conjugated streptavidin (Jackson ImmunoResearch, catalog number:016-130-084)

CD69-BV421 (BD Bioscience, catalog number:562884, clone:FN50)

CD107a-APC (BD Bioscience, catalog number:560664, clone:H4A3)

APC Mouse IgG1  Isotype Control(BD Bioscience, catalog number:554681, clone:H4A3)

GranzymeB-Alexa Fluor647 (BD Bioscience, catalog number:560212, clone:GB11)

CD19-APC (Biolegend, catalog number:363006, clone:SJ25C1)

CD56-PE-Cy7 (BD Bioscience, catalog number:557747, clone:B159)

FITC anti-human CD14 Antibody (Biolegend, catalog number:301804, clone:M5E2)

CD34-APC (Miltenyi Biotec, catalog number:130-098-139, clone:AC136)

CD8-Pacific Blue (Biolegend, catalog number:344718, colne:RPA-T8)

Annexin V-APC (Biolegend, catalog number:640920)

7-AAD (BD Bioscience, catalog number:559925)

biotin-labeled goat anti-mouse IgG F(ab')2 polyclonal antibody (Jackson ImmunoResearch, catalog number :115-066-072)

normal polyclonal goat IgG antibody (Jackson ImmunoResearch, catalog number:005-060-003)

3. Antibodies for T cell activation:

ultra-LEAFTM purified anti-Human CD3 antibody (Biolegend, catalog number: 317326, clone:OKT3)

ultra-LEAFTM purified anti-Human CD28 antibody (Biolegend, catalog number 302934, clone:CD28.2)

All the antibodies were validated for use in flow cytometry. Data was available on the manufacturer's website. All the antibodies used
were commercially available.

1. Flow cytometry analysis

CD138-PE (BD Bioscience, catalog number:552026, clone:MI15):

https://www.bdbiosciences.com/zh-cn/products/reagents/flow-cytometry-reagents/research-reagents/single-color-antibodies-ruo/
pe-mouse-anti-human-cd138.552026

BCMA-APC (Biolegend, catalog number:357505, clone:19F2): https://www.biolegend.com/en-us/products/apc-anti-human-cd269-
bcma-antibody-9115

CD307e(FcRH5)-APC (Biolegend, catalog number:340306, clone:509f6):

https://www.biolegend.com/en-us/products/apc-anti-human-cd307e-fcrl5-antibody-10388

CD3-APC (Biolegend, catalog number:300412, clone:UCHT1):

https://www.biolegend.com/en-us/products/apc-anti-human-cd3-antibody-861

CD3-BV421 (BD Bioscience, catalog number:563798, clone:UCHT1):

https://www.bdbiosciences.com/en-us/products/reagents/flow-cytometry-reagents/research-reagents/single-color-antibodies-ruo/
bv421-mouse-anti-human-cd3.563798

Ki-67-APC (Biolegend, catalog number:350514, clone:Ki-67):

https://www.biolegend.com/en-us/products/apc-anti-human-ki-67-antibody-7531

allophycocyanin (APC)-conjugated streptavidin (Jackson ImmunoResearch, catalog number:016-130-084)

https://www.jacksonimmuno.com/catalog/products/016-130-084

CD69-BV421 (BD Bioscience, catalog number:562884, clone:FN50): https://www.bdbiosciences.com/en-us/products/reagents/flow-
cytometry-reagents/research-reagents/single-color-antibodies-ruo/bv421-mouse-anti-human-cd69.562884

CD107a-APC (BD Bioscience, catalog number:560664, clone:H4A3):

https://www.bdbiosciences.com/en-us/products/reagents/flow-cytometry-reagents/research-reagents/single-color-antibodies-ruo/
apc-mouse-anti-human-cd107a.560664

APC Mouse IgG1  Isotype Control (BD Bioscience, catalog number:554681, clone:H4A3): https://www.bdbiosciences.com/en-us/
products/reagents/flow-cytometry-reagents/research-reagents/flow-cytometry-controls-and-lysates/apc-mouse-igg1-isotype-
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control.554681

Granzyme B-Alexa Fluor647 (BD Bioscience, catalog number:560212, clone:GB11):

https://www.bdbiosciences.com/en-us/products/reagents/flow-cytometry-reagents/research-reagents/single-color-antibodies-ruo/
alexa-fluor-647-mouse-anti-human-granzyme-b.560212

CD19-APC (Biolegend, catalog number:363006, clone:SJ25C1):

https://www.biolegend.com/en-us/products/apc-anti-human-cd19-antibody-10264

CD56-PE-Cy7 (BD Bioscience, catalog number:557747, clone:B159):

https://www.bdbiosciences.com/en-us/products/reagents/flow-cytometry-reagents/research-reagents/single-color-antibodies-ruo/
pe-cy-7-mouse-anti-human-cd56-ncam-1.557747

CD34-APC (Miltenyi Biotec, catalog number:130-098-139, clone: AC136): https://www.miltenyibiotec.com/US-en/products/cd34-
antibody-anti-human-ac136.html#conjugate=apc:size=100-tests-in-200-ul

CD8-Pacific Blue (Biolegend, catalog number:344718, colne:RPA-T8):

https://www.biolegend.com/en-us/products/pacific-blue-anti-human-cd8-antibody-6509

Annexin V-APC (Biolegend, catalog number:640920): https://www.biolegend.com/en-us/products/apc-annexin-v-8144

7-AAD (BD Bioscience, catalog number:559925): https://www.biolegend.com/en-us/products/apc-annexin-v-8144

biotin-labeled goat anti-mouse IgG F(ab')2 polyclonal antibody (Jackson ImmunoResearch, catalog number :115-066-072)

https://www.jacksonimmuno.com/catalog/products/115-066-072

normal polyclonal goat IgG antibody (Jackson ImmunoResearch, catalog number:005-060-003)

https://www.jacksonimmuno.com/catalog/products/005-060-003

2. Western blot

CD3 (Santa Cruz, catalog number:sc-166435, clone:E-3):

https://www.scbt.com/zh/p/cd3-zeta-antibody-e-3

GAPDH (Biolegend, catalog number:649203, clone:FF26A/F9):

https://www.biolegend.com/en-us/products/direct-blot-hrp-anti-gapdh-antibody-12771

horseradish peroxidase–conjugated goat anti-mouse IgG antibody (Santa Cruz, catalog number:sc-516102):

https://www.scbt.com/p/m-igg-kappa-bp-hrp?requestFrom=search

3. T cell activation

ultra-LEAFTM purified anti-Human CD3 antibody (Biolegend, catalog number:317326, clone:OKT3)

https://www.biolegend.com/en-us/products/ultra-leaf-purified-anti-human-cd3-antibody-7745

ultra-LEAFTM purified anti-Human CD28 antibody (Biolegend, catalog number:302934, clone:CD28.2)

https://www.biolegend.com/en-us/products/ultra-leaf-purified-anti-human-cd28-antibody-7743

NCI-H929, MINO, MM.1s and HEK-293T cells were obtained from American Type culture Collection (ATCC).

Cell lines were routinely tested for expression of essential or typical cell surface markers, no other authentication was
performed.

All cell lines tested were negative for mycoplasma contamination.

No commonly misidentified cell lines were used in this study.

Male NOD.Cg-PrkdcscidIl2rgtm1Sug/JicCrl (NOG) mice aged 6-8 weeks were purchased from Vital River Laboratories (Beijing, China)
and maintained at the Animal Facility of Soochow University under constant environmental conditions with a 12h light/dark cycle and
a temperature range of 20-22℃ and the relative humidity of 40-70%.

No wild animals were used.

The sex of the mice was not considered in the study design and analysis, and only male mice were used in the tumor models to
ensure gender uniformity.

No filed-collected samples were used.

All mouse experiments were performed with ethical compliance and approved by the committee of Animal care and Use of Soochow
University.




