Title: Adapting CRISPR Cas9 dropout screens to in vivo PDX models of acute leukemias
Romina Ludwig, MSc1,2, Diana Amend, MSc1, Ehsan Bahrami, PhD1, Irmela Jeremias, MD, PhD1-3
1 Research Unit Apoptosis in Hematopoietic Stem Cells, Helmholtz Zentrum München, German Research Center for Environmental Health (HMGU), Munich, Germany
2 German Cancer Consortium (DKTK), partner site Munich, Germany
3 Department of Pediatrics, University Hospital, Ludwig Maximilian University (LMU), Munich, Germany
Introduction: 
Acute leukemias require improved treatment and targeted therapies represent interesting therapeutic options. By precisely blocking essential molecules, leukemia cells die once the target is inhibited. Here, we aimed at identifying therapeutic targets on a patient-individual level by establishing CRISPR Cas9 dropout screens in PDX models of acute leukemia in vivo.(365)

Methods:
Primary patient acute lymphoblastic leukemia (ALL) and acute myeloid leukemia (AML) samples were transplanted into NSG mice and re-passaged to develop serially transplantable PDX models. To overcome limited transduction efficiency of PDX leukemia cells, lentiviruses were used. (277)

Results and Discussion:
We first elaborated on the maximum library size to be used in PDX models in vivo using screening sgRNAs as genetic barcodes in Cas9 negative samples. As only a limited number of PDX cells home into mice, library size is limited to ensure the coverage of the library. PDX ALL models tolerated a larger library compared to PDX AML models that might reflect lower intra-sample heterogeneity and higher leukemia stem cell frequency in ALL compared to AML.
To perform knockout screens, a split-construct for Cas9 was used to optimize lentiviral transduction efficiency into PDX cells; concomitantly split-GFP enabled to enrich cells expressing full-length Cas9 by flow cytometry.
A customized library consisting of 146 target genes combined was designed with 5 sgRNAs per gene using the CLUE platform and cloned into a lentiviral vector backbone. The sgRNA library vectors include either a puromycin-resistance cassette or an H-2Kk surface marker, each combined with a fluorescent marker to determine transduction efficiency by flow cytometry and to enrich the transduced PDX cells. Control samples were collected after library transduction and enrichment to >90% CRISPR Cas9 sgRNA library positive cells, while remaining cells were injected into NSG mice, grown in vivo and re-isolated at advanced disease stage. Next generation sequencing (NGS) enabled to bioinformatically compare the abundance of sgRNAs between the controls and the samples of interest and thereby detecting gene dropouts using MAGeCK. Besides individual dropouts of the different samples, especially sample overlapping dropouts might represent interesting starting points for therapeutic options. (1662)
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Conclusion:
In summary, we established a CRISPR Cas9 screening pipeline to investigate therapeutic targets on a patient-individual level in ALL and, for the first time, in AML PDX models in vivo. (183)

