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Mesenchymal stem cells (MSC) control hematopoietic stem 
cell (HSC) differentiation and proliferation by production of 
growth factors/cytokines, extracellular matrix (ECM) as well 
as cell-cell-interactions. It was shown that the co-culture of 
bone marrow-derived MSC (BM-MSC) with umbilical cord 
HSC (UC-HSC) can be utilized for cord blood expansion 
purposes as they preserve the necessary hematopoietic 
microenvironment. For clinical transplantation, it may be 
preferred to obtain HSC and MSC from the same donor, 
thereby eliminating complications resulting from a HSC and 
MSC genetic mismatch. In a previous study, we 
established a three-dimensional bone microenvironment 
using MSC and a collagen matrix (Schneider et al., 
Biomaterials 2010). In the current study we analyzed the 
potential of UC-MSC to act as a stromal support for UC-
HSC compared to BM-MSC in our established three-
dimensional bone marrow niche. 
As previously described, we generated 3D-collagen gels 
with and without embedded UC- and BM-MSC. Enrichment 
for CD34+ cells from umbilical cord bloodwas performed by 
using immunomagnetic beads. We analyzed cell divisions 
of HSC by using cell division tracking with CFSE. Further, 
we analyzed HSC migration and immunophenotypic 
differentiation as well as remodelling of the extracellular 
matrix by MSC. We demonstrated a positive influence of 
the cell-free, three-dimensional collagen gel on HSC 
proliferation in comparison to monolayer culture.  

The proliferation rate was even enhanced when HSC were 
co-cultured on collagen gels containing UC-MSC or BM-
MSC.Nevertheless, the co-culture of HSC and UC-MSC also 
accelerated the differentiation of HSC. CD34 expression 
decreased after a cultivation period of up to 14 days, whereas 
CD38 expression was up-regulated as well as the expression 
of the differentiation markers CD13, CD45 and CD56. In 
contrast, in co-culture with BM-MSC the more primitive 
CD34(+) CD38(-) fraction of HSC was maintained in 
longterm-culture. Histological analysis demonstrated that UC-
MSC as well as BM-MSC might have a chemotactic influence 
on HSC as migration into the collagen gel was accelerated by 
MSC. Migrated HSC showed the typical cobblestone-like 
pattern of proliferating hematopoietic progenitor cells in the 
collagenous matrix. Besides, HSC maintained their 
differentiation potential in the collagenous matrix and showed 
signs of maturation. Interestingly, in particular UC-MSC 
caused intensive ECM remodelling (immunohistochemistry) 
and produced a dense matrix of fibronectin, osteopontin and 
collagen I, typical for the bone marrow niche. 
Concluding, in our three-dimensional culture system BM-MSC 
support in particular the maintenance of the primitive CD34+ 
HSC subpopulation in long-term culture while UC-MSC 
accelerate proliferation, differentiation and matrix remodelling. 
Our culture system is an optimal system for studying HSC 
differentiation, proliferation and matrix remodelling in 
physiological and pathophysiological processes. 
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