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Supplementary Figure Legends
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Figure S1. Structures of expression vectors for various types of antibodies. 
L1: GGSSRSSSSGGGGSGGGG; 
L2: GGGGSGGGGSGGGGS; 
L3: GGGGS; 
H: HHHHHHHH.
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Figure S2. Flow cytometric assay was performed to determine the percentage of human CD45+ immune cells in the peripheral blood of NCG mice with a reconstructed humanized immune system. (NCG1 represents unreconstructed mice; NCG2 is a model with unsuccessful immune system reconstruction, while NCG3 and NCG4 are models with successful immune system reconstruction.)
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Figure S3. (a) Counting of T cells following co-incubation of PBS/N2/N13 with human T cells; (b) Flow cytometric assay of fluorescence changes in T cells subsequent to co-incubation of N13 with CFSE-labeled human T cells.
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Figure S4. (a) Monitoring of body weight following injection of the target antibodies in Phase 2 in vivo experiments; (b) Monitoring of body weight subsequent to injection of the target antibodies in Phase 3 in vivo experiments.
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Figure S5. Vital organs were subjected to HE staining to assess the biotoxicity of the target antibodies.
Supplementary Tables
Supplementary Table 1
Antibody sequences
	Human PSMA single-chain antibody fragment (P-PSMA)
	QSVLTQPPSVSGAPGQSVIISCTGSSSNIGAGSHVHWYQQVPGTAPKLLIYGNTNRPSGVPDRFSGSKSGTSGSLAITGLQPEDEADYYCATWDDSLNGVIFGGGTKVTVLGGSSRSSSSGGGGSGGGGEVQLVESGGALAKPGGSLRLSCAASGSTLSGYAMHWVRQAPGKGLEWVAVISYDGSNKYYADSVKGRFTISRDNSKNTLFLQMNSLRPEDTAVYYCAKGLTWGLGDNDALDIWGPGTTVTVSS

	Human CD3 single-chain antibody fragment (P-CD3)
	QVQLVQSGGGVVQPGRSLRLSCKASGYTFTRYTMHWVRQAPGKGLEWIGYINPSRGYTNYNQKVKDRFTISTDKSKSTAFLQMDSLRPEDTGVYFCARYYDDHYCLDYWGQGTTLTVSSGGGGSGGGGSGGGGSDIQMTQSPSSLSASVGDRVTITCSASSSVSYMNWYQQTPGKAPKRWIYDTSKLASGVPSRFSGSGSGTDYTFTISSLQPEDIATYYCQQWSSNPFTFGQGTKLQITR

	FC segment of human IgG1 antibody (P-FC)
	DKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYASTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGKHHHHHHHH

	The extracellular segment of CD80 (P-CD80)
	VIHVTKEVKEVATLSCGHNVSVEELAQTRIYWQKEKKMVLTMMSGDMNIWPEYKNRTIFDITNNLSIVILALRPSDEGTYECVVLKYEKDAFKREHLAEVTLSVKADFPTPSISDFEIPTSNIRRIICSTSGGFPEPHLSWLENGEELNAINTTVSQDPETELYAVSSKLDFNMTTNHSFMCLIKYGHLRVNQTFNWNTTKQEHFP

	TriTE-N13
	QSVLTQPPSVSGAPGQSVIISCTGSSSNIGAGSHVHWYQQVPGTAPKLLIYGNTNRPSGVPDRFSGSKSGTSGSLAITGLQPEDEADYYCATWDDSLNGVIFGGGTKVTVLGGSSRSSSSGGGGSGGGGEVQLVESGGALAKPGGSLRLSCAASGSTLSGYAMHWVRQAPGKGLEWVAVISYDGSNKYYADSVKGRFTISRDNSKNTLFLQMNSLRPEDTAVYYCAKGLTWGLGDNDALDIWGPGTTVTVSSGGGGSGGGGSGGGGSQVQLVQSGGGVVQPGRSLRLSCKASGYTFTRYTMHWVRQAPGKGLEWIGYINPSRGYTNYNQKVKDRFTISTDKSKSTAFLQMDSLRPEDTGVYFCARYYDDHYCLDYWGQGTTLTVSSGGGGSGGGGSGGGGSDIQMTQSPSSLSASVGDRVTITCSASSSVSYMNWYQQTPGKAPKRWIYDTSKLASGVPSRFSGSGSGTDYTFTISSLQPEDIATYYCQQWSSNPFTFGQGTKLQITRLEGGGGSDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYASTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGKHHHHHHHHGGGGSVIHVTKEVKEVATLSCGHNVSVEELAQTRIYWQKEKKMVLTMMSGDMNIWPEYKNRTIFDITNNLSIVILALRPSDEGTYECVVLKYEKDAFKREHLAEVTLSVKADFPTPSISDFEIPTSNIRRIICSTSGGFPEPHLSWLENGEELNAINTTVSQDPETELYAVSSKLDFNMTTNHSFMCLIKYGHLRVNQTFNWNTTKQEHFP*


Supplementary Table 2
Commercial antibodies
	Target
	Label
	Supplier
	Clone
	Cat. No.
	Used for

	anti-His Tag
	/
	Proteintech
	1B7G5
	66005-1-Ig
	WB

	anti-Human IgG Fc
	HRP
	Invitrogen
	/
	A-10648
	WB

	anti-Mouse IgG(H+L)
	HRP
	Invitrogen
	/
	31430
	WB

	anti-Human IgG Fc
	FITC
	Abcam
	/
	ab97224
	Flow

	anti-Human CD3
	FITC
	Invitrogen
	OKT3
	11-0037-42
	Flow

	anti-Human CD25
	APC
	Invitrogen
	CD25-4E3
	17-0257-42
	Flow

	anti-Human CD69
	PE-Cyanine7
	Invitrogen
	FN50
	25-0699-42
	Flow

	anti-Human CD45
	FITC
	Invitrogen
	HI30
	14-0459-82
	Flow

	anti-Human CD8
	APC
	Invitrogen
	RPA-T8
	17-0088-42
	Flow

	anti-Human CD107a
	FITC
	Invitrogen
	eBioH4A3
	11-1079-42
	Flow

	anti-Human TIM3
	APC
	Invitrogen
	F38-2E2
	17-3109-42
	Flow

	anti-Human CTLA4
	FITC
	Invitrogen
	14D3
	11-1529-42
	Flow

	anti-Human PD-1
	PE
	Invitrogen
	MIH4
	12-9969-42
	Flow

	IgG2a Isotype Control
	FITC
	Invitrogen
	eBM2a
	11-4724-42
	Flow

	
	APC
	Invitrogen
	eBM2a
	17-4724-81
	Flow

	
	PE
	Invitrogen
	eBM2a
	12-4724-42
	Flow












Supplementary Table 3
Mass spectrometry analysis
	Sample
	Accession
	Mw(kDa)
	Peptides
	Coverage
	iBAQ[%]

	
	P-CD3
	25.304
	15
	43.4%
	32.4440%

	
	P-PSMA: VL
	13.558
	13
	76.5%
	18.1173%

	
	P-PSMA: VH
	13.113
	7
	58.5%
	17.3864%

	
	P-CD80
	23.636
	9
	42.7%
	15.2430%

	TriTE -N13
	Orticumab
	24.636
	2
	9.1%
	8.6910%

	
	P-FC
	49.329
	24
	49.4%
	6.4002%

	
	Placulumab
	12.088
	1
	8.2%
	0.2205%

	
	P14543
	136.377
	17
	16.8%
	0.1562%

	
	Briakinumab
	24.727
	2
	11%
	0.1018%

	
	P53396
	120.839
	19
	23.8%
	0.0941%


The TriTE-N13 sample underwent mass spectrometry analysis, resulting in the identification of 93 proteins. A selection of these identified proteins is presented in the accompanying table. The mass spectrometry data was interrogated using MaxQuant software (version V2.1.2.0), which employed the Andromeda database search algorithm. The searches were conducted against two databases: a Custom Proteome Reference Database comprising 891 protein sequences, notably including the target fragment sequences, and the comprehensive Proteome Reference Database for Human sourced from UniProt, thereby ensuring both comprehensiveness and accuracy of the analysis.







Supplementary Methods
1. Establishment of PC-3(PSMA+)/22RV1-L cell line
PC-3 cells were infected with firefly luciferase expressing lentivirus and PSMA expressing lentivirus or control lentivirus and selected by puromycin. The stable PSMA and luciferase expressing PC-3 cells and luciferase expressing control cells were named PC-3(PSMA+) and PC-3(PSMA-) cells respectively. The 22RV1-L cell line, which carries a luciferase reporter gene, was established using the same method. All the cell lines were cultured in RPMI-1640 medium (Se
rvicebio, China) supplemented with 10% fetal bovine serum (FBS) (Gibco, USA) at 37°C with 5% CO2 in a humidified incubator.

2. Extraction of human peripheral blood mononuclear cells
EasySep™ Buffer (STEMCELL #20144, Canada) was mixed and diluted with healthy donor peripheral blood in a specified ratio, and Lymphocyte Separation Solution (Beyotime C0025, China) was added for centrifugation separation. Through precise manipulation, PBMCs were collected from the separation layer and thoroughly washed to remove impurities. Finally, the purified PBMCs were cultured in RPMI-1640 medium supplemented with 15% fetal bovine serum (FBS) (Gibco, USA) under routine conditions to ensure their growth and proliferation.

3. Preparation of 3D Cell sphere culture plates
Dissolve 0.15 g of agarose (Solarbio, China) in 10 mL of DMEM (Servicebio, China), autoclave at 120°C for 30 minutes, then transfer to a water bath maintained at >60°C. Under aseptic conditions, inject approximately 70 μL of the liquid gel into each well of a 96-well plate (Thermo Fisher Scientific, USA) to form a concave surface. Allow the plate to cool at room temperature for 20 minutes, then seal and store it.

[bookmark: _Hlk170773176]4. Determining Human T cell proliferation by antibodies
To establish the absolute T cell proliferation count, freshly isolated human T cells were co-incubated with a solution containing PBS/N2/N13 (10 nmol/L). T cell proliferation was assessed by counting beads every 2 days using RPMI-1640 medium supplemented with 15% FBS and IL-2 (Thermo Fisher Scientific CTP0021, USA), which was incubated at 37°C in 5% CO2.
Human T cells were stained according to the instructions provided with the CFSE dye kit (Thermo Fisher Scientific, USA). The stained cells were then seeded into 48-well plates at a density of 2×105 cells per well, with 500 microliters of medium containing PBS/N2/N13 (10 nmol/L) added to each well. The cells were cultured for 8 days under the same conditions as previously described. T cell proliferation was evaluated by flow cytometry, which detected changes in the fluorescence intensity of the T cells.
To detect antibody-mediated T-cell activation in PBMCs in the presence of tumor cells, the same co-culture experimental system was used, where cells were stained with anti-CD25/CD69/CD3 (Thermo Fisher Scientific, USA) fluorescent antibodies at the treatment time points. The level of T-cell activation in PBMCs was then detected using flow cytometry, as previously described.

5. Cell counting kit-8 (CCK-8) detection of antibody-mediated cytotoxic effects
Human prostate cancer cell lines (5×103 per well) were inoculated into 96-well plates (Thermo Fisher Scientific). After attachment (~12 h), human T cells at an effector-to-target ratio (E:T) of 2:1, mixed with varying concentrations (0.028, 0.28, 1.4, 2.8, 7, and 14 nmol/L) of N13 and a control antibody, were added and cultured in an incubator with RPMI-1640 medium supplemented with 15% FBS at 37°C and 5% CO2. Cell viability was subsequently measured over 3 days using a CCK-8 cell proliferation kit (Solarbio CA1210, China). Absorbance was then measured at 450 nm using a microplate absorbance reader (Bio-Rad iMark™, USA). GraphPad Prism V8.4.3 software was utilized to analyze the data and calculate the antibody-mediated cellular toxicity. 
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