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Development of the non-viral
Sleeping Beauty transposon/transposase system
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T-cell receptor (TCR) and chimeric antigen receptor (CAR)

June CH, et al. Science. 2018 Mar 23;359(6382):1361-1365. doi: 10.1126/science.aar6711.
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Integration of tumor-specific receptors into T cells via 
Sleeping Beauty transposition

Singh H, et al. Immunol Rev 2014 Jan;257(1):181-90.
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Integration profile of Sleeping Beauty transposition 
in human T cells was widely distributed

Kebriaei P et al. J Clin Invest. 2016 Sep 1;126(9):3363-76.
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TCR-T cell therapy has exceptionally larger targeting capacity 
relative to CAR-T cell therapy

Rosenberg SA and Restifo NP. Science. 2015 Apr 3;348(6230):62-8.
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Presentation of antigens on human leukocyte antigen (HLA) to
T-cell receptor on the T-cell surface

https://www.immunopaedia.org.za/immunology/basics/4-mhc-antigen-presentation/

HLA Class-I HLA Class-II

https://www.immunopaedia.org.za/immunology/basics/4-mhc-antigen-presentation/
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VDJ recombination as genetic LEGOs in thymic development
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Diversity of the TCR repertoire is complex on purpose



Somatic mutations are the blueprint for pan-cancer therapy

• Genomic instability is a hallmark of cancer. Somatic (non-inherited) mutations arising from this 
instability are largely unique to the patient, but a subset of mutations are shared in “hotspots” 
of critical cancer genes, e.g., KRAS and TP53.

• Some somatic genetic mutations will be transcribed, translated, processed and presented on 
the cancer cell surface generating a “neoantigen” which is not in the normal cells.

• T cells, through their TCR, recognize neoantigens in the context of HLA and can kill the cancer 
cell with mutation.

• Transfer of neoantigen-specific TCRs into naïve T cells with Sleeping Beauty transposition 
would generate TCR-T cells with unique and highly tumor-specific reactivity. 
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Presentation of neoantigens to T cells leads to 
exquisite tumor-specificity of TCR-T cells

** *

*

TCR

HLA

neoantigen

Normal cell

(no mutation) Cancer cell

(mutated)

T cell

HLA

TCR

T cell

no match
killing



12

Virtually all cancers have somatic mutations which can become 
neoantigens if processed and presented on the tumor surface

Bailey MH, et al. Cell. 2018 Apr 5;173(2):371-385.e18.
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Most epithelial cancer patients have TILs which recognize at 
least one autologous neoantigen

Deniger DC et al. Clin Cancer Res. 2018 Nov 15;24(22):5562-5573.
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Bobisse S et al. Nat Commun. 2018 Mar 15;9(1):1092.

Robbins PF et al. Nat Med. 2013 Jun;19(6):747-52.

van den Berg JH et al. J Immunother Cancer 2020 Aug;8(2):e000848.

Tran E et al. Science. 2015 Dec 11;350(6266):1387-90.

Johanns TM et al. Oncoimmunology. 2019 Jan 25;8(4):e1561106.

Stevanović S et al. Science 2017 Apr 14;356(6334):200-205.
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Shared “hotspot” mutations in KRAS and TP53 genes are 
immunogenic and can be used for off-the-shelf TCR-T cells

Yossef R et al. J Clin Invest. 2019 Mar 1;129(3):1109-1114.

Cafri G et al. Nat Commun. 2019 Jan 25;10(1):449.

Cafri G et al. J Clin Invest. 2020 Nov 2;130(11):5976-5988.
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Unbiased identification of neoantigen-reactive T cells

Tran E, Robbins PF and Rosenberg SA. Nat Immunol. 2017 Feb 15;18(3):255-262. doi: 10.1038/ni.3682.
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Neoantigen-reactive T cells (non-gene modified) resulted in 
objective regressions of metastatic epithelial cancers

Zacharakis N et al. Nat Med. 2018 Jun;24(6):724-730. 

Multiple unique 

neoantigen 

specificities

Tran E et al. N Engl J Med. 2016 Dec 8;375(23):2255-2262 Driver gene

Tran E et al. Science. 2014 May 9;344(6184):641-5.
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Application of neoantigen-specific TCR-T cell therapy

• Prior TCR-T cell therapy established that metastatic cancers can be effectively treated in some 
patients when targeting non-neoantigen targets, but the application was limited by target 
expression and cancer type.

• Non-gene modified adoptive cell therapy (TIL) resulted in objective clinical regressions in 
some patients but was ineffective for most people likely due to infrequent and/or terminal 
differentiation of neoantigen-specific T cells.

• The ability to translate a library or personalized neoantigen-specific TCR-T cell approach is 
complex and will likely require a rapid, mobile and cost-effective solution. 

Sleeping Beauty transposition is an ideal candidate for this because it uses plasmid DNA, 
which is inexpensive to manufacture and allows for rapid personalization.
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Sleeping Beauty transposition has been established for 
TCR-T cell and translated for CAR-T cell to the clinic

Kebriaei P et al. J Clin Invest. 2016 Sep 1;126(9):3363-76.
Srour SA et al. Blood. 2020 Mar 12;135(11):862-865.

Deniger DC et al. Mol Ther. 2016 Jun;24(6):1078-1089. 
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Two cutting-edge Ziopharm programs for TCR-T cell therapy in 
the treatment of epithelial cancers

Ziopharm is the first and currently only commercial group evaluating library TCR-T cells 

targeting shared “hotspot” neoantigens in the non-viral setting.
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Ziopharm’s Sleeping Beauty library TCR-T cells were 
neoantigen-specific and led to tumor cell lysis
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Conclusions

• Neoantigens are the blueprint and “Achilles heel” for effective targeting of all cancers.

• TCR-T cell therapy is the answer to targeting neoantigens, which will require a rapid, flexible, 
cost-effective gene transfer platform, of which Sleeping Beauty transposition is the most 
advanced and commercially appealing.

• Ziopharm is the world leader of Sleeping Beauty-transposed TCR-T cell therapy and is 
positioned for clinical and commercial success treating solid tumors.
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