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Genome-edited HSCs engraftment capability is an important point for successful HSCs transplantation.
This work shows the ex vivo treatment of beta-glucan before the genome-editing process has
protective effects for genome-edited HSCs to survive in the recipient body after transplantation.

To improve in vitro HDR editing efficiency of expanded/edited long-term

HSCs, we tested first, GSK and mTOR inhibitors which are known to support the maintenance and
self-renewal of HSCs. Treatment with two inhibitors, HDR-mediated editing improved from ~5% to 10-30
% in vitro; from ~1% to ~10% in vivo 2) Modified single-strand DNA template to conjugate the
template to Cas9, and it showed 5-20% in vitro; ~5% in vivo after serial transplantation. Second, we
established and optimized the method to improve the edited cell engraftment by using beta-glucan.
Our result showed that beta-glucan protects HSCs and improves their engraftment ability. These
results showed that ex vivo expanded and HDR-edited cells
are capable to repopulate HDR-edited multilineage cells after transplantation, demonstrating that
precise genome editing of expanded long-term HSCs is feasible.
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Hematopoietic stem cells (HSCs) have self-renewal and multipotency ability and can
giverise to entire blood cells in a body. Life-long blood regeneration is critically dependent on
self-renewing multipotent HSCs. Due to their ability, long-term HSCs (LT-HSCs) become an
attractive target for genome-editing therapy to treat inherited blood disorders. CRISPR/Cas9
genome editing is a powerful tool to study genotype-phenotype relationships of genome-editing
therapy of HSCs and promising therapeutical option for genetic disease. Ex vivo editing and
expansion of mouse HSC is a useful method to study the engraftment capacity of genome-edited
HSCs. The main goal of genome-edited HSCs transplantation is to inject HSCs with high self-
renewal potential that can reestablish the entire blood system.

Ex vivo genome-editing of HSCs has three main settings to optimize, and expansion of
HSCs for the enrichment of target cell population, efficient editing of long-term HSCs, and
preparing engraftment-capable cellsfor transplantation. Recently PVA contained medium showed
efficient ex vivo expansion of HSCs, which gives possibilities to test the engraftment ability of
expanded/edited HSCs in the recipient body. Proliferative culture conditions have been widely
used before and after genome-editing. HSCs gradually lose their repopulation capacity upon
prolonged exposure to proliferative conditions which highlights the necessity of proliferative
culture conditions that maintain HSC function. Thus, to develop a new effective targeted genome
repair for HSCs, we focused to improve ex vivo HDR editing and maintain the engraftment-
capabl e genome-editing HSCs ex vivo.

To elucidate the hypothesis, | propose two specific aim:

Aim 1: To develop HDR-editing in long-term HSCs by CRISPR/Cas9.

Aim 2: Improvement strategy of in vitro or in vivo HDR editing efficiency of expanded/edited
long-term HSCs. In the proposed study, we devel oped HDR-edited |ong-term HSC for autol ogous
transpl antation.
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Figure 1. A. A schematic diagram showing the targeted site of gRNAs at the Ptprc exon 10 and the sSODN donor template for HDR to
cause single amino acid polymorphismin CD45.1 and CD45.2 B. A schemato quantify the edited or non-edited cellsin vitro and in vivo.
Characterizethe LT-HSCs or progenitor cellsamong the edited populationin vitro pre-transplantation and characterize lineage composition
of edited cdls in vivo post-transplantation. C. Comparison of the delivery method of 80-160bp of single-stranded DNA repair
template with Cas9 ribonucleoprotein (RNP) to LT-HSCs, to make conversion of CD45.2 to CD45.1 in vitro. D. CD45.2to CD45.2
editing with standard ssODN, modified sSODN (ssODN-AItR), or GSK or mTOR treated (CR) groups (n=3 in each).




Aim 1: Develop ex vivo expansion of long-term HSCs for genome editing

First, we enriched mouse LT-HSCs by sorting Lineage negative (Lin-), c-Kit+, Scal+,
CD150+, and CD34- cells, and total of 50-500 cells from bone marrow were expanded using
PVA-containing media (Dr. Yamazaki) under the fibronectin-coated plate with TPO and SCF
cytokines. Long-term HSCswere expanded to 10-50 timesin 7 days. Second, we optimized HDR-
based genome-editing in expanded LT-HSCs.

Aim 2: Improvement strategy of in vitro or in vivo HDR editing efficiency of
expanded/edited long-term HSCs

To improve HDR-mediated editing in LT-HSCs, we tested 1) GSK and mTOR inhibitors
which are known to support the maintenance and self-renewal of HSCs.

To achieve efficient HDR-editing in HSCs, we optimized the genomed-editing condition
invitroandinvivo. Wetargeted the Ptprc (CD45) and quantified single amino acid polymorphism
between CD45.1 and CD45.2 (Figure 1A) by flow cytometry and compared the edited (NHEJ-
CD45.1-/-; CD45.2-/- or HDR-CD45.1+/+; CD45.2+/-) or non-edited (wild-type- CD45.2+/+)
populations(Figure1B). To optimizethe editing condition, tested and compared el ectroporation
and nucleofection with 80-160bp of single-strand DNA template. 140bp of single-strand DNA
template with nucleofection showed the highest HDR-editing (Figure 1C). Further, improve
HDR-mediated editing in LT-HSCs

GSK and mTOR inhibitors which are known to support the maintenance and self-
renewal of HSCs. Treatment with those two inhibitorsimproved HDR-mediated editing from ~5%
to 10-30% in vitro (Figure 1D); from ~1% to ~10% in vivo (Figure 2C).
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Figure 2. A. Engraftment of genome-edited/expanded HSCs &fter transplantation. B. Non-edited or wild type cell engraftment ratio in
recipient C. HDR-edited cells engraftment ratio D. NHEJ-edited cells engraftment ratio after transplantation compared in non-treated,
mTOR and GSK inhibitor (CR) treated and beta-glucan (8-glu) treated group.
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Used the phosphonothioate-modified single-strand DNA template to conjugate the
template to Cas9, and it showed 5-20% in vitro (Figure 1D); ~5% in vivo (Figure 2C) after serial
transplantation, however, GSK and mTOR inhibitor treatment did not show the improved result
of long-term repopulation in the recipient. Thus, we tested different strategy to improve genome-
edited cell engraftment after transplantation by treating the cells with beta-glucan. Beta-glucan
has previously been used to enhance the engraftment of hCD34+ transplantation. To test whether
the beta-glucan improves the engraftment of genome-edited long-term HSCs, we treated the long-
term HSCs with beta-glucan before the genome-editing procedure and transplanted them to the
recipient. Our result showed more than 2 times engraftment ratio than non-treated cells after
transplantation when we treat the cells with beta-glucan (Figure 2A-D). Further, beta-glucan
treatment also improves myelopoiesis from HDR-edited cells, which compared with non-treated
group (Figure 3A-B).
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Figure 3. A. Lineage composition in HDR edited cells in periphera blood B. Lineage composition in NHEJ edited cells in peripheral
blood.

These results showed that ex vivo expanded, and HDR-edited cells are capable to
repopulate HDR-edited multilineage cells after transplantation with beta-glucan treatment,
demonstrated that precise genome editing of expanded long-term HSCs is feasible. The current
study demonstrated that precise genome editing of expanded LT-HSCs is feasible, however,
further, improvement is necessary for the readization of this method to cure genetic blood
disorders.
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