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Extended Abstract

Hematopoietic stem/progenitor cell (HSPC) transplantation is used extensively in the treatment of several blood-related
malignant and inherited diseases [1]. Ex vivo expansion of HSPCs has been investigated to improve the clinical outcome of
HSPC transplantation, particularly in cases with limited grafting size. Ex vivo expansion of HSPCs is problematic, because
proliferating cells tend to differentiate easily, presumably due to the lack of appropriate cues normally provided by the in
vivo microenvironment. In nature, HSPCs are located mainly in the bone marrow interact with a specific microenvironment
referred to as stem cell niche, which regulates HSPC fate [2]. Here, we co-cultured HSPCs with mesenchymal stem cells
(MSCs) and divided the HSPCs into two fractions according to whether they came into adherent to MSCs or not.
Additionally, we used hydrostatic pressure (HP) to mimic the physical conditions in vivo.

The expanded total nucleated cell (TNC) count for non-adherent cells was significantly higher than that of adherent
cells. However, the adherent cells maintained the HSPC phenotype (CD34* and CD34*CD38) to a greater degree than the
non-adherent cells over the course of 4 days. The adherent cells also had superior clonogenic potential as assessed by colony-
forming cell (CFC) and long-term culture-initiating cell (LTC-IC) assays.

We also used a bioreactor to provide HP to reproduce the physical conditions of the HSPC niche. We found that
expanded cells from groups subjected to HP tended to have higher numbers of TNCs than did those from groups that were
not subjected to HP. Interestingly, when HP was applied, the HSPC phenotype frequency and clonogenic potential were
significantly higher than when HP was not applied. However, when HSPCs were cultured without MSCs, HP application
had little effect on the maintenance of the HSPC phenotype or the clonogenic potential of expanded cells. Therefore, HP and
MSC co-culture had synergistic effects.

To identify the cause of these synergistic effects, we harvested co-cultured MSCs under different culture conditions and
assessed gene expression for HSPC niche markers (ANGPT1, ANGPT2, JAG1, OPN and RUNX2) that are essential for
HSPC survival in vivo. As expected, we found that the expression levels of all markers were significantly higher in MSCs
co-cultured with HSPCs (H_M and H_M_HP) compared with those with MSC alone (MSC w/o HSPC).

Our study demonstrated that the direct contact between HPSCs and MSCs enhances the maintenance of an immature
HSPC phenotype and function. Additionally, we showed that HP application significantly influences the outcome of HSPC
expansion and the maintenance of stemness. It is the first study which applies HP to the expansion of HSPCs. These results
are expected to have an important impact on ex vivo expansion of HPSCs and eventually on the design of an efficient clinical-
scale expansion system. Furthermore, investigation of long-term maintenance of the HSPC phenotype, xeno-transplantation
and secreted factor analyses should be performed.
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