Supplementary Methods
1. Trial information (Patient 1 and 2)
Trial title: Autologous and Donor-derived CD7 CAR-T Therapy in Refractory or Relapsed T-cell Malignancies (ClinicalTrials.gov ID: NCT06316427).
Inclusion criteria:
Patients were eligible if they met all of the following conditions: (1) Diagnosis of relapsed or refractory CD7-positive T-ALL/LBL that had progressed after, or was intolerant to, all available standard therapies, with no remaining curative options (e.g., SCT or chemotherapy); or patients with confirmed CD7 antigen expression who achieved complete remission within 3 months but remained MRD-positive. (2) Tumor cells in the bone marrow or cerebrospinal fluid were required to be CD7-positive by flow cytometry, or tumor tissue was required to be CD7-positive by immunohistochemistry. CD7 positivity was defined as follows: for flow cytometry, tumor cells with >80% CD7 expression and mean fluorescence intensity (MFI) comparable to normal T cells were considered fully positive, whereas tumor cells with >80% CD7 expression but with MFI at least 1 log lower than normal T cells were considered dim, and tumor cells expressing CD7 in 20-80% of the population were considered partially positive; for immunohistochemistry, tumor cells with >30% CD7 expression were considered positive. (3) Male or female patients aged 1-70 years. (4) No history of severe allergic constitution. (5) Eastern Cooperative Oncology Group (ECOG) performance status score of 0-2. (6) Estimated life expectancy of at least 60 days, as determined by the investigator. (7) Written informed consent was obtained from all participants prior to any screening procedures. Participants were required to have the capacity to understand and sign the informed consent form and to comply with the study schedule and procedures. For candidates aged 19-70 years, sufficient awareness and understanding to provide informed consent were required. Children aged 1-7 years were enrolled with written consent from their legal guardians or patient advocates. Children aged 8-18 years were required to provide assent, with written consent also obtained from their legal guardians or patient advocates.
Exclusion criteria:
Patients who meet any of following exclusion criteria would be excluded: (1) Intracranial hypertension or disorder of consciousness. (2) Symptomatic heart failure or severe arrhythmia. (3) Symptoms of severe respiratory failure. (4) Complicated with other types of malignant tumors. (5) Diffuse intravascular coagulation. (6) Serum creatinine and / or blood urea nitrogen ≥1.5 times of the normal value. (7) Suffering from sepsis or other uncontrollable infections. (8) Patients with uncontrollable diabetes. (9) Severe mental disorders. (10) Obvious and active intracranial lesions were detected by cranial magnetic resonance imaging (MRI). (11) Allergic constitution. (12) Have received organ transplantation (excluding bone marrow transplant). (13) Reproductive-aged female patients with positive blood human chorionic gonadotropin (HCG) test. (14) Screened to be positive of infection of hepatitis (including hepatitis B and C), acquired immunodeficiency syndrome (AIDS) or syphilis.

2. Trial information (Patient 3)
Trial title: A Multicenter, Open-Label, Non-Randomized, Single-Arm Clinical Study of Nanobody CD5-CAR T Cell Therapy for Refractory/​Relapsed T Lymphocyte Malignancies (ClinicalTrials.gov ID: NCT07070323).
Inclusion criteria:
Patients were eligible if they met all the following conditions: (1) Diagnosis of relapsed or refractory CD5+ T-cell malignancies that had progressed after, or was intolerant to, all available standard therapies, with no remaining curative options (e.g., SCT or chemotherapy). (2) For subjects who received autologous CD5 CAR T cells, the tumor burden in peripheral blood is less than 20% and suspending anti-neoplastic treatment for more than 2 weeks. Tumor cells in the bone marrow or cerebrospinal fluid were required to be CD5-positive by flow cytometry, or tumor tissue was required to be CD5-positive by immunohistochemistry. CD5 positivity was defined as follows: positive rate >80% by flow cytometry with less than 1 log difference in mean fluorescence intensity from normal T cells, or positive rate >30% positive by immunohistochemistry. (3) Male or female patients aged 1-70 years. (4) No history of severe allergic constitution. (5) Eastern Cooperative Oncology Group (ECOG) performance status score of 0-2. (6) Estimated life expectancy of at least 60 days, as determined by the investigator. (7) Written informed consent was obtained from all participants prior to any screening procedures. Participants were required to have the capacity to understand and sign the informed consent form and to comply with the study schedule and procedures. For candidates aged 19-70 years, sufficient awareness and understanding to provide informed consent were required. Children aged 1-7 years were enrolled with written consent from their legal guardians or patient advocates. Children aged 8-18 years were required to provide assent, with written consent also obtained from their legal guardians or patient advocates. (8) Have available allogeneic hematopoietic stem cell transplantation donor for the subject who received newly matched donor-derived CD5 CAR T cells and is willing to perform SCT when CR is achieved.
Exclusion criteria: 
Patients who meet any of following exclusion criteria would be excluded: (1) Intracranial hypertension or disorder of consciousness. (2) Symptomatic heart failure or severe arrhythmia. (3) Symptoms of severe respiratory failure. (4) Complicated with other types of malignant tumors. (5) Diffuse intravascular coagulation. (6) Serum creatinine and / or blood urea nitrogen ≥1.5 times of the normal value. (7) Suffering from sepsis or other uncontrollable infections. (8) Patients with uncontrollable diabetes. (9) Severe mental disorders. (10) Obvious and active intracranial lesions were detected by cranial magnetic resonance imaging (MRI). (11) Have received organ transplantation (excluding bone marrow transplant). (12) Reproductive-aged female patients with positive blood human chorionic gonadotropin (HCG) test. (13) Screened to be positive of infection of hepatitis (including hepatitis B and C), acquired immunodeficiency syndrome (AIDS) or syphilis. (14) Post-CAR SCT is not feasible in patients who plan to receive newly matched donor-derived CD5 CAR T cells. (15) Inability to collect peripheral blood mononuclear cells (PBMC) or no frozen PBMC available for CAR T cell manufacturing.

3. Definition of mixed chimerism with cytopenia (MCC)
MCC was defined as ≥2-lineage cytopenia persisting for ≥14 days beyond day +28 after allogeneic hematopoietic stem cell transplantation (allo-HSCT), with 5–95% HSCT-donor chimerism in the myeloid and/or lymphoid compartments, and in the absence of relapse, active infection, drug toxicity, or acute graft-versus-host disease (GVHD) [1-3]. The diagnosis required all of the following criteria:
(1) Cytopenia in ≥2 lineages, defined as at least two of the following: absolute neutrophil count (ANC) <0.5 × 10⁹/L, platelet count <20 × 10⁹/L, or hemoglobin <80 g/L, sustained for ≥14 consecutive days.
(2) Transfusion or growth-factor dependence (red-cell or platelet transfusion within the preceding 7 days, or ongoing granulocyte colony-stimulating factor [G-CSF] support).
(3) HSCT-donor chimerism of 5–95% on bulk bone marrow aspirate, reflecting overall engraftment.
(4) HSCT-donor chimerism of 5–95% in peripheral-blood CD3+ T cells by three-party short tandem repeat (STR) analysis.
(5) Exclusion of hematologic relapse, acute GVHD, active infection, and myelosuppressive drug exposure within the preceding 14 days.

4. Quantitative PCR for CAR Transgene Copies
Genomic DNA was extracted from peripheral blood mononuclear cells (PBMCs) using the TIANamp Blood DNA Kit (TIANGEN, Beijing, China). CAR transgene copies were quantified by TaqMan-based quantitative PCR (qPCR) using primers and a hydrolysis probe specific for the CAR construct, with simultaneous detection of a single-copy reference gene. The primer pair consisted of the forward primer 5′ -GGAGCTAGAACGATTCGCAGTTA-3′ and the reverse primer 5′ -GGTTGTAGCTGTCCCAGTATTTGTC-3′. The hydrolysis probe was 5′-labelled with 6- carboxyfluorescein (FAM) and 3′-quenched with Black Hole Quencher 1 (BHQ1), with the sequence 5′ -FAM ACAGCCTTCTGATGTTTCTAACAGGCCAGG 3′(BHQ1). A standard curve was generated from serial 10-fold dilutions of a linearized plasmid containing the full CAR cassette, spanning 10¹ to 10⁷ copies per reaction, run in triplicate in every assay; the standard curve was accepted when slope was -3.1 to -3.6 and R² ≥0.99. Each sample was assayed in triplicate on an ABI 7500 PCR System using Taqman fast advanced master mix. A single-copy reference gene was co-amplified for input normalization. The limit of detection (LOD) was 10 copies per reaction. Results are reported as the percentage of CAR transgene copies relative to the single-copy reference gene. The amount of input genomic DNA was calculated from the single-copy reference gene copy number (B) as B/304 ng, where 304 represents the number of haploid genome equivalents per ng human genomic DNA, based on a genome size of 3 × 10⁹ bp and an average molecular weight of 660 g/mol per bp. CAR transgene copies per ng genomic DNA were calculated as 304 × (A/B), where A is the CAR transgene copy number. Accordingly, CAR transgene copies per µg genomic DNA were calculated as: CAR transgene copies/µg genomic DNA = 3.04 × 10⁵ × (A/B), where A is the CAR transgene copy number and B is the single-copy reference gene copy number [4-5]. 

5. Flow Cytometry
Whole blood was stained with anti-CD45 PerCP-Cy5.5 (cat. 9982312, clone HI30, BioLegend, USA), anti-CD3 FITC (cat. Z6410047, clone UCHT1, Quantobio, Beijing, China), anti-CD4 PE-Cy7 (cat. Z6410024, clone SK3, Quantobio, Beijing, China), anti-CD8 APC-Cy7 (cat. Z6410025, clone HIT8a, Quantobio, Beijing, China), anti-CD5 BV605 (cat. 364020, clone L17F12, BioLegend, USA), and anti-CD7 APC (cat. A6005R12, clone 124-1D1, Quantobio, Beijing, China). CD7 (or CD5) CAR-T cells were detected with anti-EGFR PE (cat. 352904, clone AY13, BioLegend, USA). Dead cells were excluded using Fixable Viability Dye-Zombie NIR (BioLegend). Samples were acquired on a full spectrum cytometer (Cytek NL-CLC) and analyzed in Kaluza v2.3 (Beckman Coulter). The gating hierarchy was: lymphocytes (FSC-A/SSC-A) → singlets (FSC-A/FSC-H) → live cells → CD3⁺ → CAR⁺, with subsequent gating on CD4/CD8. For immune reconstitution, the gating hierarchy was: lymphocytes (FSC-A/SSC-A) → singlets (FSC-A/FSC-H) → live cells → CD45⁺ → lymphocytes (CD45st⁺ SSCdim⁺) → T cells (CD3⁺), B cells (CD19⁺), and NK cells (CD3⁻CD56/16⁺), with subsequent gating on CD4, CD8, DNT, DPT, and NKT within T cells, and further assessment of CD7 (or CD5) expression in CD4⁺ and CD8⁺ T cells. A minimum of 50,000 CD3⁺ events were acquired per sample. The limit of detection (LOD) for CAR⁺ cells, calculated as mean + 3 SD of 20 CAR-T-negative donor controls, was 0.035% of CD3⁺ T cells; the lower limit of quantification (LLOQ), defined as the lowest concentration with a coefficient of variation <30% on triplicate dilutions, was 0.15% of CD3⁺ T cells (1.44 cells/µL), consistent with published validation data for flow-cytometric CAR-T quantification.

6. Chimerism Analysis
CD3⁺ T cells were isolated from peripheral blood mononuclear cells (PBMCs) by magnetic positive selection using human CD3 MicroBeads (Miltenyi Biotec), with >95% purity confirmed by flow cytometry. Bone marrow mononuclear cells (BMMNCs) were isolated from bone marrow aspirates by density-gradient centrifugation using Ficoll-Paque PLUS (GE Healthcare) according to the manufacturer’s instructions. Genomic DNA was extracted from sorted CD3⁺ cells, BMMNCs, pre-transplant donor and recipient reference samples. Donor chimerism was assessed by short tandem repeat (STR) PCR using the AmpFISTR Identifiler Plus PCR Amplification Kit on an Applied Biosystems 3500 Genetic Analyzer, with peak heights and areas analyzed in GeneMapper v5. The STR panel included 15 STR loci and the amelogenin sex-determining marker for each donor and recipient. The analytical sensitivity for minor populations was 1–5%, and the validated limit of detection was 1%. When alleles were shared between donors, overlapping peaks were excluded, and only non-overlapping peaks were used to discriminate the donors. For patients in whom the CAR-T cell donor and the HSCT donor were distinct, three-party chimerism analysis (recipient, CAR-T donor, and HSCT donor) was performed using informative STR loci that uniquely discriminated each contributor. Complete donor chimerism was defined as ≥95% HSCT donor-derived alleles, and mixed chimerism was defined as 5–95% HSCT donor-derived alleles.

7. Generation of CD7- or CD5-Knockout Donor Lymphocytes
Cryopreserved PBMCs from the original HSCT donor were thawed and activated with Dynabeads Human T-Activator CD3/CD28 (Gibco) at a bead-to-cell ratio of 1:1 in serum-free medium (TexMACS GMP Medium, Miltenyi Biotec) supplemented with IL-2 (200 IU/mL). After 48-72 h of activation, Cas9 ribonucleoprotein (RNP) complexes were assembled by incubating recombinant Sp Cas9 protein (KACTUS CAS-EE109  Cas9 Nuclease)  with chemically modified sgRNA targeting CD7 (target sequence: 5′-CACCTGCCAGGCCATCACGG-3′) or CD5 (target sequence: 5′-AGACTTTTGACGCTTGACTG-3′) at a 1:2 molar ratio for 15 min at room temperature. RNPs were delivered into activated T cells by electroporation on a X-Porator H1 Electroporation System device using the Opti-MEM culture medium. After electroporation, cells were expanded for an additional 6-8 days in the same serum-free cytokine medium, with medium replacement every 1-2 days. Knockout efficiency was quantified by flow cytometry as the percentage of CD7⁻ or CD5⁻ cells within the CD3⁺ population and ranged from 80% to 95% across batches. Release criteria for clinical infusion were: viability ≥70% (7-AAD), CD7 (or CD5) knockout ≥50%, negative sterility (BacT/ALERT), negative mycoplasma (MycoAlert, Lonza), and endotoxin <5 EU/kg recipient body weight (LAL assay).

8. Infusion of Knockout Donor Lymphocytes
Patient 2 was diagnosed with mixed chimerism with cytopenia (MCC) on 9th October, 2025 (day +30 post-HSCT). Additional maternal peripheral blood stem cell (PBSC) infusions were administered on 7th, 9th and 20th October, 2025. Flu/Cy (fludarabine 30 mg/m² for 3 days and cyclophosphamide 250 mg/m² for 3 days) was initiated on 12th October (day +33). CD7-knockout donor lymphocytes (MNC 49.4 × 10⁶ cells/kg; CD3⁺ T cells 19.6 × 10⁶ cells/kg) were infused on 17th October (day +38). 
In Patient 3, mixed chimerism without cytopenia occurred on 22th October, 2025 (day +21 post-HSCT). Two infusions of CD5-knockout donor lymphocytes (MNC 11.8 × 10⁶ and 8.9 × 10⁶ cells/kg; CD3⁺ T cells 8.02 × 10⁶ and 6.07 × 10⁶ cells/kg) were administered on 27th October and 19th November, 2025 (days +26 and +49 post-HSCT), without Flu/Cy lymphodepletion. Premedication included diphenhydramine and acetaminophen. After KO-DLI, none of the patients developed cytokine release syndrome, immune effector cell-associated neurotoxicity syndrome, acute graft-versus-host disease, or infection.
9. Statistical Analysis
Given the case‑series design, descriptive statistics were used. Continuous variables are presented as median (range); categorical variables as counts (percentages). No formal hypothesis testing was performed.
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