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Today’s topic

1. T cell composition in the starting materials

- The composition of T cells in the starting materials is critical for determining the 

manufacturing efficiency and quality of piggyBac transposon CAR-T cell products.

- Key Question 1: What strategies can be employed to optimize T cell composition in 

patient-derived samples, ensuring manufacturing success and the high quality of final 

CAR-T cell products?

2. CAR-T cell driven second malignancies

- Multiple factors, including vector insertion and pre-existing malignant clones, may be 

associated with CAR-T driven second malignancies.

- Key Question 2: What are the key considerations for establishing robust vector copy 

number (VCN) criteria for piggyBac transposons to ensure long-term safety?
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Breakthrough piggyBac CAR-T cells with superior efficacy and scalability

“ The piggyBac technology transforms CAR-T therapy with enhanced efficiency, durability, and reduced costs. “

Combating solid tumors with 

piggyBac transposon

CAR-T cells

✓ Optimized Tscm Cell Enrichment

✓ Maximized Therapeutic 

Effectiveness

✓ Improved Cellular Resilience

✓ Streamlined Manufacturing 

Workflow

✓ Cost-Effective Production

Two P1 trials are ongoing

✓ CARTiEr G111 (Japan)

GMR-redirected CAR-T cell 

therapy for AML

✓ CARTiEr E211 (Japan)

EPHB4/EPHA2 dual specific 

CAR-T cell therapy for

solid tumors

Acceralate global clinical 

development

✓ CARTiEr E312 (Australia)

Phase 1/2a trial of 

EPHB4/EPHA2 dual specific 

CAR-T cell therapy for 

colorectal cancer, hepatocellular 

carcinoma, and soft tissue 

sarcoma, on track for 2025
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Viral vs. non-viral engineered CAR-T cells

Genome

integration
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Non-dividing cells

Transgene expression

Immunogenicity

Transfection efficiency

Oncogenic Activation

Pre-activation of T cells

GMP manufacturing

Retro/Lentivirus Transposon mRNA

+ + -

Possible (Lentivirus) + +

Stable Stable Transient

Immunogenic Less immunogenic Less immunogenic

High Low to mid High

Posssible Posssible None

Necessary Not necessary Not necessary

High, hazardous to produce Affordable? Affordable?
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The differentiation status of CAR-T cells determines the function

Central memory

T cells

Naïve /

Stem cell memory-like

T cells

Effector memory

T cells

Terminally differentiated

effector T cells

Rapid, but transient cytotoxicity

Differentiation/Exhaustion

Apoptosis

High proliferation

Longevity

Excessive

T cell activation

Physiological

T cell stimulation and proliferation

Manufacturing process

“Stem cell memory like CAR-T cells strongly correlated with the longe-term anti-tumor effect. “
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Engineering of PB-based Tscm-rich CAR-T cells  – Our Strategy

1. Leukapheresis 2. PBMC isokation 3. Preparation of PBMC for

CAR-T and feeder cells

For CAR-T cells

For genetically-engineered

feeder cells

4. Electroporation

5. Inactivation by UV irradiation

CAR-T cells

Genetically engineered

feeder cells

6. Co-culture with feeder cells
7. expansion

8. Quality assessment, cryopreservation

PBMC isolation
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PB EPHB4 CAR-T cells exhibited enriched PD-1- Tscm fraction
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Unmatched Performance: piggyBac CAR-T Cells vs. Viral-Based CAR-T Cells
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“ Our piggyBac CAR-T cells show superior resilience, efficiency, and longevity compared to viral CAR-T therapies. “

PB CAR-T cells showed superior anti-tumor efficacy than retroviral CAR-T cells in multiple tumor re-challenges

CAR positivity

58.4%
CAR positivity

79.4%

(Co-culture at E:T ratio of 2:1 in each round)

Efficacy

Strong

Weak

Repeated antigen stimulation
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Our manufacturing system enriched stem cell memory-like CAR-T cells
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Before electroporation
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– Electroporation

– Expansion 

(Tomida A et al. Cancer Sci. 2021, Kubo H et al. Mol Ther Oncolytics. 2021,

Suematsu M et al. Front Immunol. 2022)
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CD45RA+ PBMC-derived CAR showed higher transduction capacity

CD45RA+/- PBMC sorting
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Tscm phenotype was enriched in RA+ CAR-T cells
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RA+ CAR-T cells were less exhausted after antigen exposure
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RA+ CAR-T cells were less exhausted by serial antigen stimulation
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RA+ CAR-T cells exhibited superior tumor control in xenogradt model

Reh-FFLuc (5x105)
i.v.

▼

• Control CAR-T (1x105)

• RA- CAR-T (1x105)

• RA+ CAR-T (1x105)
i.v.

▼

day -6 day 0

Monitoring

• IVIS imaging

• CAR expansion in bone marrow

Control CAR-T RA+ CAR-T RA- CAR-T 

day 7

day 15

day 21

day 28

“in vivo stress test”

(Suematsu M et al. Front Immunol. 2022)
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RA+ CAR-T cells expanded and persisted in vivo
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RA+ CAR-T cells outperformed RA- CAR-T cells in sarcoma model
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T cell composition in the starting materials determines the quality of PB CAR-T cells

✓ The composition of T cells in the starting 

materials is critical for determining the 

manufacturing efficiency and quality of 

piggyBac transposon CAR-T cell 

products.

✓ Key Question 1:

What methods can be used to effectively 

regulate T cell composition in patient-

derived samples?
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CD45RA⁺ PBMCs are favorable for manufacturing Tscm-like CAR-T cells

1. Leukapheresis 2. CD45RA PBMC isolation 3. CAR-T manufacturing

For CAR-T manufacturing

For feeder cell manufacturing

4. Electroporation

5. Inactivation

CAR-T cells

Feeder cells

6. Stimulation
7. Ex vivo expansion

8. Cryo-preservation

CD45RA-

CD45RA+ PBMC
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Long-term follow-up on second tumors after CAR-T therapy

T-cell Non-Hodgkin Lymphoma (T-NHL) case

• Patient: 59-year-old woman

• Timeline: T-NHL developed 54 days post-CAR-T infusion

• Suspected Cause: CAR-T-derived T-NHL

- T-NHL clone was detected at low levels in the patient’s 

blood before CAR-T therapy

- Pre-existing clonal hematopoiesis and its malignant 

transformation during CAR-T cell therapy.

Study Overview

✓ Participants: 724 patients treated with CAR-T cell 

therapy

✓ Focus: Identification of second cancers post-CAR-T 

therapy

✓ Findings: 25 cases of second cancers detected

(Solid tumor: 11 cases, Hematological malignancies: 14 

cases)

✓ 1 suspected CAR-T-derived T-NHL cases

(Hamilton MP et al. N Eng J Med. 2024)
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Secondary CAR-T driven T-NHL

Overview

✓ Indolent lymphoma diagnosed 5 months post-CAR-T 

infusion with persistent monoclonal CD4+ T-cell infiltrates.

Molecular Analysis

✓ Lentiviral vector integration into the SSU72 gene identified 

as a potential driver of lymphomagenesis.

✓ High levels of CAR T cell-specific RNA fusion transcripts 

detected in tumor cells.

✓ Numerous genetic alterations that may have contributed to 

malignant transformation

Conclusion

✓ The potential for secondary malignancies associated with 

lentiviral-based CAR-T products.

(Ozdemirli M et al. N Eng J Med. 2024)
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CAR-T cell-derived lymphoma in PB CD19-CAR clinical trial

(Micklethwaite KP, el al. Blood. 2021, Biship DC, et al. Blood. 2021)

CARTELL study
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Product-derived lymphoma in PB-CD19-CAR (CARTELL) trial

Transposase
⁃ Hyperactive form PB transposase (Super PB) mRNA 

achieved higher genome integration

Electroporation ⁃ Single, and high voltage pulse

Cell Type
⁃ Allogeneic PBMC

no chemo-induced or disease-specific factors

Post-activation ⁃ Donor-derived irradiated PBMC feeder

Expansion
⁃ AIM-V with human serum/IL-15 supplementation

⁃ 15-23 days of expansion

Parameters Strategies

Transgene
⁃ CD19-CAR with 4-1BB co-stumulation

⁃ EF1α promoter o High number of CAR transgene 

integration

o Structual variant and copy 

number alteration

o Transcriptional readthrough 

with 4 genes (FAM11D, 

COL8A1, HIVEP1, and FYN)

o CAR transgene integration in 

BACH2 locus

Product-derived lymphoma

Observed in lymphoma cells

(Micklethwaite KP, el al. Blood. 2021, Biship DC, et al. Blood. 2021)
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Similar Integration Mapping in PB- and Retro- CAR-T cells

(Micklethwaite KP, el al. Blood. 2021) (Hamada M, et al. eBioMedicine. 2018)
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CAR-T derived T cell malignancies: potential mechanisms

1. Vector integration

- The vector used to engineer CAR T-cells could potentially integrate into oncogenic regions of the T-

cell genome

2. Pre-existing malignant clones

- Pre-malignant cells or genetic predispositions in patients before CAR-T cell therapy, suggesting that 

the treatment may accelerate or unmask existing oncogenic potential

3. EBV association

- The involvement of Epstein-Barr virus in some cases points to a potential role of viral-driven 

lymphoproliferation

4. Genetic factors

- Mutations in genes such as DNMT3A and TET2, associated with clonal hematopoiesis, have been 

observed in some cases.
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CAR-T derived T cell malignancies: vecter insertion and malignant transformation

✓ Multiple factors, including vector 

insertion and pre-existing malignant 

clones, may be associated with CAR-T 

driven second malignancies.

✓ Key Question 2:

What are the key considerations for 

establishing robust vector copy number 

(VCN) criteria for piggyBac transposons 

to ensure long-term safety?
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Long-term safety assessment of CAR-T cell products

Faster, cheaper and

“SAFER” CAR

Unexpected

malignant

potential

Genotoxicity

⁃ High Copy Numbers

⁃ Harsh electroporation condition

⁃ Promoter-induced readthrough

✓ Reduce the transgene copies (use of non-hyperactive transposase ?)

✓ Optimization of electroporation condition

✓ Optimization of promoter/enhancer 

Insertional dysregulation

⁃ Disruption of proto-oncogene

✓ The transgene integration map (Tag-PCR based NGS)

✓ Development of site-specific transgene introduction

Monitoring of malignant transformation

⁃ TCR repertoire assessment

⁃ Screening

⁃ Animal model ??

✓ Check the possibility of monoclonal proliferation

✓ Lymphoma screening in early-phase clinical trial

✓ Development of reliable assessment tool for long-term safety

✓ Optimization of manufacture

✓ Safety assessment for the final product

✓ Design of trial to monitor the safety issue

Parameters Strategies

(Wilson MH et al, Blood 2021, Schambach A et al, Mol Ther 2021)
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Conclusion

✓ The piggyBac transposon system redefines CAR-T cell therapy with improved scalability, 

efficiency, and cost-effectiveness.

✓ Optimized T cell composition significantly contributes to stable and robust manufacturing 

efficiency, ensuring consistent product quality.

✓ Leveraging stem-cell memory-like T cells enhances long-term efficacy and durability, 

critical for addressing solid tumors.

✓ Long-term safety monitoring through robust VCN criteria and advanced strategies 

remains essential for clinical success.
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