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ABSTRACT METHODS

Chimeric Antigen Receptor T cells (CAR Ts) are Oligo capture parallels GUIDE-Seq in wet lab procedure with changes at a few key points. Instead of using a blunt-ended double stranded oligo for insertion, we use a double stranded oligo with randomized,
revolutionizing the treatment of hematologic protected, 4bp overhangs at the 3’ ends. A new data processing pipeline has been customized for meganucleases, including changes in target site identification based on the single chain structure.

malignancies.  Autologous  (patient-derived)

dsODN tag Sticky-End dsODN
therapies, though effective, are challenging to - = . — .
produce. Allogeneic (donor-derived) CAR T cells G U | DE-Seq “ g{ " C‘éﬁ%’;‘ﬁo'%e O||g0 Ca ptu = “ <§ " cglsl[g);r;lr?olrr;le
may be an attractive alternative if they can be _ - (major differences in blue) | S
modified to prevent graft-vs-host disease (GvHD). 1 dsODN tag integration in live cells 1 dsODN tag integration in live cells

We previously reported an efficient genome
editing strategy to produce allogeneic CAR T cells
by targeting the insertion of a CAR transgene

1 Genomic DNA isolation l Genomic DNA isolation
l Random shearing l Random shearing

l End-repair, adapter ligation 1 End-repair, adapter ligation

N u\~.\\-.— S “\"\\'—. “‘— ~ m‘.\\‘— :
. . . . A & — & AN I —————
directly into the native TRAC locus using an . n ... I . -
. ' : B :
engineered meganuclease and an AAV donor e e e
template (MaclLeod, et. al., 2017). The resulting g W N P e
cells are CAR+ and do not elicit GvHD by virtue of | dsODN-specific amplification | dsODN-specific amplification
having the native T cell receptor gene knocked- Index 2 Oligo tag Index 1 Oligo tag
v v . -
out by the CAR transgene. s NNNNNNN N N2 library s— e o
P5 Molecular index X P7 Molecular index L~ NGs library prep and sequencing
: High-throughput sequencing
To better understand the extent and impact of Tsai, et al. Nature Biotech 2015, 33(2), 187-197
nuclease activity on the CAR T cell product, we
. eie Raw data Raw data
developed a high-sensitivity assay for off-target (FASTQ) N\, , L‘Fﬁo_)\]\, Filter for _ ..
tt th tt k d t f th 3. h ~— Demultiplex _.Remoye PCR - Align to L cllzzctalge . Filter false L 2‘;22:;; Off-target table & Merge R1 _— rf::qspl";it;h L Tr;n;dagﬁgger - Align to _ Reprzone . ()If(:-et:tl'ig:ét L Fnlt;rotéimg Off-target table &
Ccu |ng d dKeS advan age (0) e over ang-s i reads duplicates genome sites positives sites alignment figures and R2 o:g,:;tzpsd sequences genome duplicates sites sample alignment figures
generated by meganucleases. Based on this sample manifest ||
analysis, we were able to engineer a second ~— Preprocessing Offtargetidentification Preprocessing Off-target identification
’ _
generation nuclease with greatly reduced off- https://github.com/aryeelab/guideseq
target activity. By comparing the performance of
the optimized nuclease to the parent, we found a 24 hr 48 hr 72 hr
surprisingly robust relationship between nuclease Integration ; |
e ercent Integration
specificity and CAR T cell performance. These T Mock 0%
results suggest that monitoring and control of off- 2 Nuclease only 0% dildss |
target nuclease activity is critical to optimizing " — 3 Nuclease + oligo with site specific overhangs 19% ‘.l -
the overall fitness and function of gene edited 4 Nuclease + oligo with random overhangs 14% - —— || —— _
CAR T cells. - . | 5 Nuclease + oligo with blunt ends 8% ).012u 0.12ug ’ ).012 ug Oligo
1 5 3 4 5 Adding a randomized 4bp 3’ overhang increases the integration Integration scales with amount of oligo electroporated into the cells and peaks around 48 hours.
of the oligo at the intended target site from 8% to 14%. No significant increase in integration occurs between 48 and 72 hours post-electroporation.

RESULTS

Oligo capture performed on the TRC 1-2x.87 EE nuclease identified two types of off- Three positions in the target sequences were chosen for optimization and a second generation Analysis of TRC 1-2L.1592 by Guide-seq produced only two off-target sites, both of which
targEt.S"te.S- The first type were high frequency hits: sites that were cut many times _ enzyme was produced (TRC 1-2L.1592). The second generation nuclease differs from the original were shown to be false positives by targeted indel analysis. Oligo capture identified a
resulting in a large number of reads. The second type were low frequency repeats: sites at only 3 amino acid positions (designated in bold). further 47 targets, 5 of which produced indels above the mock background.

that were cut a few times and had lower numbers of reads but with a target site
sequence that occurred multiple times in the genome.
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Reporter assays showed that the second generation nuclease did not cut either the top high frequency CAR T cells produced with either the first or second generation nuclease fail to survive in the absence of exogenous IL-2 indicating that no neoplastic
off-target site or the low frequency, repetitive off-target site. transformation has occurred.
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The optimized TRC 1-2L.1592 showed a better knock-in efficiency, CD4:CD8 ratio, and CART cells produced using TRC 1-2L.1592 expanded 5x better than those made with TRC 1-2x.87EE Significant increases were seen in the number of total viable cells produced in a standard
phenotype. Viability was unaffected. and killed target cells significantly better. production run.
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Conclusions

Guide-seq has become the gold standard for identification of off-target genome editing using CRISPR, but several changes are needed to allow discovery of possible off-targets generated by a meganuclease. Using our customized method, we were able to identify and eliminate multiple
off-target sites by creating an optimized generation of our TRC 1-2 nuclease. While the first version of the nuclease produced modified CAR T cells that performed to specifications and were phenotypically normal, the optimized nuclease allowed for a large increase in the amount of cells
produced during the manufacturing process and increased the effectiveness of the CAR T cells in killing the target cells. In this case, it appears that off-target genome breaks that occur during the production of cell therapy products may have a greater effect on the efficiency and cost of

manufacturing than the safety of the final product.
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