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Introduction Sickle cell disease (SCD) and B-thalassemia are caused by defect or deficiency in
adult B-globin. Currently, FDA-approved lentiviral vector (LVV) therapies are available to
insert a functional B-globin gene into autologous hematopoietic stem cells (HSC). These LVV
contain sophisticated expression cassettes consisting of B-globin enhancers and elements of
the locus control region (LCR) in reverse orientation. While clinical outcomes are generally
positive, therapeutic efficacy is costly and limited by low viral titers, suboptimal HSC
transduction efficiency and B-globin gene expression due to the complexity of large B-globin
expression systems. To improve vector performance, modification in the B-globin gene
orientation or size reductions of the vector by removing LCR elements has addressed some
but not all of these limitations. In this study, our research group engineered SRT8-T87Q (also
called MiNiRoLu), which is based on a wild-type B-globin LVV (TNS9.3.55) previously
validated in a Phase 1 clinical trial for transfusion-dependent B-thalassemia, and evaluated
performance in human K562 erythroleukemia cells and human CD34+ HSC from healthy
donors and a SCD patient.

Methods The SRT8-T87Q vector was optimized by repositioning the central polypurine tract
(cppt), truncating the hypersensitive sites (HS3 and HS4) within the LCR, and using a minimal
B-globin promoter resulting in a streamlined genome size of <6.9 kb. The anti-sickling T87Q
variant was inserted into exon 2 of B-globin. Performance was benchmarked against
TNS9.3.55 and a BB305-biosimilar LVV by evaluating gene transfer efficiency (vector copy
number; VCN) and expression of the vector-encoded B-globin in K562 cells and CD34+ HSC
that were differentiated into erythroid cells. Erythroid lineage specificity was validated using
a variant of MiNiRoLu (SRT9) that included a GFP reporter. Integration site analysis (ISA) was
performed to evaluate the genomic pattern of MiNiRoLu insertions and location relative to
known cancer-causing genes.

Results Manufacturing Efficiency: Unconcentrated conditioned media of MiNiRoLu achieved
a functional titer of 9.72 x 107 TU/mL (N=3), which represented a 30% and 25% increase over
TNS9.3.55 and the BB305-biosimilar. A GMP-scale preparation of MiNiRoLu measured 1.24 x
10° TU/mL (with over 300 mL in stock).

Transduction Efficiency and Lineage Specificity: At a single vector copy, MiNiRoLu gave the
greatest percentage of B-globin positive K562 cells that was 50% and 25% higher than
TNS9.3.55 and the BB305-biosimiliar, respectively. Transduced CD34+ cells were cultured for
5 days in non-differentiation conditions or grown in methylcellulose for 12-14 days to



promote differentiation into non-erythroid and erythroid lineages. CD34+ cells transduced
with SRT9 had a vector copy number of ~1.0 under these growth conditions. At this copy
number, 70% of differentiated erythroid colonies expressed GFP compared with only 4% of
undifferentiated CD34+ cells. GFP-positive cells were not observed for erythroid colonies
generated from control (untransduced), MiNiRoLu or TNS9.3.55 transduced cells.

Lineage-specific T87Q B8-globin Transcript Detection: In CD34+ HSCs transduced at equal
MOI, MiNiRoLu yielded a significantly higher VCN (3.24 + 0.49 copies/cell; N=5) compared to
TNS9.3.55 (2.40 £ 0.78 copies/cell; N=5). B-globin primers demonstrated that transcript
levels were 40% higher using MiNiRoLu compared to TNS9.3.55 in differentiated erythroid
cells. Increased expression of total globin transcripts in MiNiRoLu transduced cells was
proven to be solely attributed to T87Q transcripts using a newly developed variant-specific
quantitative RT-PCR assay (details are provided in abstract #1021). Analogous experiments
performed using CD34+ cells from a SCD patient confirmed MiNiRoLu function in cells with
this pathology.

Integration Site Analysis (ISA): The majority of integrations for MiNiRoLu and TNS9.3.55
(~89%) occurred within intragenic regions showing a high preference for chromosomally
active sites. Gene-level mapping of insertions revealed that only 7.55% of MiNiRoLu
integration occurred in cancer-causing genes, which was similar to TNS9.3.55 (7.8%).

Conclusion Our newly designed MiNiRoLu LVV demonstrated higher manufacturing titers,
and superior transduction efficiency into CD34+ HSC with potent erythroid-specific
expression of the T87Q B-globin compared to the predecessor and a biosimilar vector. At
present, the GMP preparation of MiNiRoLu is being process developed towards testing in a
Phase I/l clinical trial for patients with severe B-globin disorders.
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