Abstract 305947: Single vector multiplexed shRNA provides a non-gene edited strategy to concurrently

knockdown the expression of multiple genes in CAR T cells
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Background: Results:

Engineered T cells expressing chimeric antigen receptors (CAR) are now | Efficient expression of two shRNAs from a single vector confers multiple gene knockdown in primary |A 500bp DNA fragment incorporating a CD3(-specific shRNA was cloned into a retroviral vector

delivering cIinicaIIy relevant results in patients with advanced human CART cells (containing a selection marker), effectively knocked down expression of CD3 to levels observed with
Figure 3: Duplex shRNA in retrovirally transduced primary T cells CRISPR (Figure 1A). Off-targets screening by transcriptional profiling of isolated T cells revealed one single

hematological malignancies. One critical area for future developmentis | A 27055 B e e RNA COStB2M differentially regulated gene (Gamma-Glutamyl Hydrolase, GGH) besides the expected CD37 (CD247) and

reporter (CD19) genes (Figure 1B). The shCD3{ was incorporated into a retroviral vector containing a
BCMA CAR. The reduction in TCR expression resulted in minimal cytokine production upon TCR
stimulation in vitro providing a potential allogeneic CAR T cell approach (Figure 2A). These CAR T cells

to modulate gene expression thereby endowing the engineered T cell D15 CAR .gj
with specific desired features, including inhibiting alloreactivity, | <2 . ZdIDe s o D>

0';,\ 8 i i
increased persistence, enhanced antitumor activity or improved safety_ < 3| showed no evidence of Graft versus Host Disease (GvHD) induction when infused in NSG mice yet
B B maintained BCMA-specific CAR activity in established myeloma xenograft models (Figure 2B,C
I\/Iethods @1.5 'ES;Z Lo CAR T : Nalm-6 coculture respectively).
s, . - — Subsequent studies confirmed that two shRNA could be expressed from a single retroviral vector to
Short-hairpin RNA (shRNA) were cloned individually or multiplexed within micro-RNA scaffolds that 3:05 I ' 7 E“iz _ modulate the expression of multiple genes (Figure 3A). shRNA specific for CD3Z and B-microglobulin
enabled the co-expression of the individual shRNA with a CAR and a selectable marker all driven by a % 'O - _ . ;0:5 _ (B2M) were engineered downstream of a CD19-CAR and efficiently knocked down mRNA and protein
Polll promoter within a single vector. Human T cells transduced with the CAR-shRNA vectors were cp19cAR | cpocar | corocar | coiscar = oo expression of CD3Z and B2M, while maintaining CD19-CAR activity (Figure 3B, C and D respectively). Head
selected, expanded in vitro, and examined for target gene expression and functional activity. noShRNA | ShRNACD37 | ShRNAB2M |  shRNA CD19 CAR CD19 CAR CD19 CAR CD19 CAR Mock to head comparison highlighted the advantage of shRNA multiplexing over CRISPR/Cas-9 genome editing
o noshRNA | shRNACD3C | shRNA B2M shRNA no CAR technology by merging distinct engineering steps into one, thereby facilitating simple manufacturing of
Figure 4: shRNA multiplexing from a single vector enables generation of a homogenous CAR T cell population complex CAR T cell designs through single step enrichment (Figure 4).
noiﬁ‘sNA Mug)p;:)iegSEZRNA M“ét[i)glze’i‘z‘:)iz'\m Further engineering of the microRNA framework reduced the size of shRNA to 394bp while enabling the
Expression of a single shRNA targeting CD3{ confers prolonged TCR knockdown in a % : - incorporation of up to 4 shRNA. shRNA specific for CD3Z, B2M, CD52 and diacylglycerol kinase alpha
primary T cells | (DGK) were engineered into the framework downstream of a CD19-CAR. Transduced Jurkat cells showed
Before depletion concurrent knockdown of the respective gene products at the mRNA and protein levels (Figure 5).
Figure 1: CD3zeta shRNA knock-down is equivalent to CRISPR with no transcriptome disturbance of TCR" cells
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