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INTRODUCTION I

» Characterizing long-term engrafting hematopoietic stem cells (LT-HSC) within human
CD34+ cells is challenging due to their inherent heterogeneity, particularly when
subjected to in vitro culturing conditions during cell therapy manufacturing.

» This poses a significant obstacle to adequately monitor the quality of CD34-enriched
cell therapies.

» Large scale manufacturing process itself introduces stress, which has the potential to
alter the behavior of hematopoietic stem and progenitor cells (HSPCs), consequently
impacting the final product.

OBJECTIVE I

» To gain comprehensive insights into the dynamic changes that can occur during the
manufacturing process, we carried out a systematic longitudinal analysis using
single-cell transcriptomics to characterize cultured human mobilized peripheral blood-
derived HSCs followed by functional assessment through in vivo repopulating
studies.

METHODS I

» Mobilized peripheral blood derived CD34* HSPCs were cultured for 4 days in
maintenance media. Due to known down-regulation of CD38, a cell surface antigen
commonly included in the HSPC characterization in the CD34* HSPCs, we
investigated a new strategy identified in cord blood derived cells that does not rely on
CD38 expression to identify LT-HSCs'. We therefore conducted a comparative
analysis of the commonly used strategy CD34*CD38-CD90*CD45Ra-CD49f* (here
named as CD49f* HSCs?) to an alternative one which bypassed the reliance of CD38:
CD34*CD90*CD45Ra"EPCR*CD133*ITGA3* (here named as ITGA3* HSCs").
Furthermore, we investigated whether the ITGA3* HSC panel can allow for better
identification and enrichment for LT-HSCs after in vitro culture.

Fig. 1. Experimental Design

Healthy Donors
mPB CD34"* cells FACS
,i »(pre-cultureﬂ Q
o 3 Single-cell In vivo
T *(Pre-f-‘"'t"re) ® Sequencing Function
. 30 s
® ~ wogn & 5
[ ] j: :‘3.':3%53:.. .' .
1 »Cpre-culture@ ITGA3* HSCs g, ® — ®
L, Mai&t:giznce L, : ;: x x x
® 0 o o AN AN
# | (pre-cutture®) CD34* (bulkcells) . ol ot o

» Mobilized peripheral blood (mPB) human CD34* HSPCs from 4 healthy donors were used for the analysis. Prior to
scRNAseq experiments, cells were FACS sorted based on CD34*CD90*CD45Ra-EPCR*CD133*ITGA3* (ITGA3* HSC)
or CD34*CD38-CD90*CD45Ra-CD49f* (CD49f* HSC) before culturing (“pre-culture” right after thawing) or after 4 days in

maintenance media. For in vivo limiting dilution assays, the cells were FACS sorted after 4 days in maintenance media.
* indicates samples used for scRNAseq experiments, ** indicates samples used for in vivo experiments.

RESULTS

Fig. 2. scRNAseq of CD34* bulk and populations isolated based on ITGA3*
and CD49f* panels reveal cell states seen throughout hematopoiesis. Cell
culturing reveal molecular differences between ITGA3* and CD49f* HSCs

A Pre-culture =

population / HSCs/MPPs
CMPs/CLPs
GMPs
MEPs
Ba/Eo/Ma
Meg

Den

® Pre-B/NKs

Meg

CD49f* HSCs

C Pre-culture (436 genes)

Differentially expressed genes

Day 4 (813 genes)

ITGA3+ HSCs Scaled gene expression

=g

CD49f+ HSCs Low

» A. Cells (including bulk CD34* and enriched HSCs) from all donors and days were aggregated and displayed using force directed
layout generated by ForceAtlas*. Broad cell states were determined by defining clusters in Seurat and annotating them based on
expression of key lineage markers. Cells from pre-cultured samples showed distinct separation from cultured cells,
demonstrating the effect of culturing conditions on gene expression. B. Cells isolated based on ITGA3" and CD49f" panels are
highlighted in purple and yellow, respectively. In pre-cultured conditions, both methods yielded a higher fraction of HSCs
compared to that found in CD34* bulk population. Once cultured, ITGA3" cells yielded a higher fraction of HSCs compared to
CDA49f* cells, with increased expression of AVP and HLF, both of which are canonical genes observed to be highly expressed in
HSC-enriched populations. C. Heatmap of genes differentially expressed (Wilcoxon test, absolute FC>1.25, p<1e-5) between
ITGA3* and CD49f" HSCs from a single donor across pre-cultured and cultured conditions. The transcriptomes of ITGA3* and

CD49f* HSCs diverge as cells are being cultured. MPP: multi-potent progenitor, CMP: common myeloid progenitor, CLP: common lymphoid progenitor,
GMP: granulocytic/monocytic progenitor, MEP: megakaryocytic erythroid progenitor, Ba: basophils, EO: eosinophils, Ma: mast cells, Meg: megakaryocytic, Den: dendritic
cells, Pre-B: pre-lymphoid B cells, NK: natural killer cells.

Fig. 3. CD34* HSPCs cultured in maintenance media are enriched for
myeloid markers by scRNAseq, with corresponding loss of CD38
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» A. Normalized expression intensity of key myeloid markers and the percent of cells expressing them in pre-culture
and day 4 samples. CD33, MPO, SPI1, CEBPA, and IRF2BP2 show increase in expression during exposure to
culturing conditions. B. Cells from all donors and days were aggregated and displayed using force directed layout
generated by ForceAtlas*. CD33 expression is increased in cells after culturing. C. Flow cytometric analysis of
CD38 on the surface of CD34* cells over time in culture. Black histogram represents the fluorescence minus one
(FMO) control, red represents CD34* cells before cell culture, and green represent cells at days 4.

Fig. 4. ITGA3* and CD49f* HSCs diverge in cell state composition when
cultured
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» A. Distribution of cell state frequencies in CD34* bulk cells and cells FACS sorted ITGA3* and CD49f* HSCs. Cell
states were determined by annotating cell clusters using markers derived from literature>8. Consistent with sc
transcript analysis (Fig. 3) ITGA3* HSCs yielded a higher fraction of HSCs/MPPs compared to CD49f+ HSCs after
culture. This suggests that culturing alters the cell state composition of the bulk sample and renders traditional
enrichment strategies such as CD49f* HSCs less effective.

Fig. 6. A subset of cell states found only in ITGA3* HSCs shows
increased expression of histones, stem cell markers and genes
involved in cell cycle regulation
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» A. UMAP plot of 4-day cultured cells isolated based on ITGA3* or CD49* panels. Differential abundance analysis
(DAseq)® was performed on the top 50 expression principal components, revealing 2 cell clusters specific to
ITGA3* HSCs and one cluster specific to CD49f* HSCs. B. Differential expression analysis was performed between
the clusters identified from DAseq analysis by comparing clusters 2 and 3 (ITGA3* HSCs) vs. cluster 1 (CD49f*
HSCs) using Wilcoxon rank sum test. Vertical lines on volcano plot delineate genes with >25% gene expression
change. C. Expression of HLF and AVP was higher and expressed at higher frequency in clusters specific to
ITGA3* HSCs. D. Dot plot showing expression of most differentially expressed genes across method-specific
clusters.

Fig. 5. Increased expression of canonical stem markers in ITGA3*
HSCs relative to CD49f* HSCs over time in culture from a single donor
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»A. Scaled expression intensity of stemness markers and the frequency within each cell population across
different days. B. Expression log, fold change between ITGA3* HSCs and CD49f* HSCs were computed for 12
stemness markers at pre-culture and 4 days in culture timepoints for one donor. AVP and HLF expression was
significantly higher in ITGA3* HSCs relative to CD49f* HSCs at days 4 of culture but not in pre-cultured cells.

Fig. 7. ITGA3* HSCs yields 10x more long-term repopulating cells than
CD49f* HSCs
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» A. Xenotransplantation study was conducted to quantify functional HSCs by transplanting limiting dilutions of
ITGA3* HSCs or CD49f* HSCs into immunocompromised mice. Analysis of multilineage chimerism in transplanted
mice after 16 weeks revealed a substantial difference in the long-term repopulating HSC content between the two
enrichment strategies. Positive engraftment was considered as >0.02% of hCD45* together with myeloid (CD33%)
and lymphoid (CD19*) positive cells; n=180 mice. B. The stem cell frequency (or SCID-repopulating cells, SRC)
was calculated using the ELDA software?. ITGA3* HSCs exhibited a 10-fold higher number of HSCs compared to
CD49f* HSCs.
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CONCLUSION

» \We observe a global myeloid-biased shift with upregulation of CD33 and loss of CD38
surface antigens across all cell states during culture in maintenance media.
» Molecular profiles of ITGA3* HSCs and CD49f* HSCs diverge as they are cultured.
» ITGA3* HSCs shows higher RNA expression of canonical stem markers compared to CD49f*
HSCs in culture.
ITGA3+ HSCs are enriched in HSC-like cell states compared to CD49f* HSCs in culture.
Cell states specific to ITGA3* HSCs in culture show enrichment of cell cycle pathways.

ITGA3+ panel is more precise to enrich for HSCs (confirmed transcriptionally and
functionally) than CD49f+ panel, partially due to the lack of using CD38 as one of the
markers.

» ITGA3+ panel has the potential to more accurately identify HSCs after cellular and genomic
manipulation.
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