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The object of this study is to develop microdevices to recapitulate organ-level cell functions by
mimicking cellular microenvironment including mechanical cues using microengineering
technology.  Specifically, we develop two microdevices; one is to reconstitute hemogenic
endothelium to produce hematopoietic stem cells (HSCs) and the other is to reconstitute the
microenvironment of bone marrow to recapitulate hematopoietic function in vitro.

HSCs have been found to arise at arterial sites of the embryonic vasculature after the initiation
of heartbeat. We thus developed a microfluidic device (Hemogenic endothelium-on-a-chip)
where cells can be cultured while applying cyclic strain and fluidic shear stress in order to mimic
the arterial microenvironment. All devices are made from polydimethylsiloxane (PDMS). By
controlling stiffness of PDMS devices, the maximum of 25% stain can be applied to cells.
Furthermore, we made porous PDMS membranes using SU-8 molds so that two types of cells can
be cultured on the both sides of a porous PDMS membrane. Thus, this device enables co-culture
of two types of cells onto a thin membrane while applying mechanical stimuli. When umbilical
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vein endothelial cells (HUVECs) were cultured in the device with cyclic strain (10% ~ 15%, 1 Hz),
the cells underwent reorientation and alignment in response to cyclic strain. We evaluated
intracellular calcium concentration and observed sparks of intracellular calcium signaling in
cyclic strain-stimulated cells.  Therefore, this device provides in wvivolike mechanical
microenvironment which manipulates cellular alignment and intracellular signaling. We then
cultured iPS-derived cells in the devices. After optimizing the culture condition, we were able
to generate hemogenic endothelial cells (CD45 CD34*KDR*) from human iPS cells. When iPS-
derived hemogenic endothelial cells were cultured in the devices with the cyclic strain, they
underwent reorientation and alignment similar to HUVECs. Therefore, we have developed a
device to culture iPS-derived cells with cyclic strain to mimic 7n vivo-like mechanical environment.

We developed another microfluidic device (Bone marrow-on-a-chip) to form 3D perfusable
vascular networks in order to mimic the microenvironment of bone marrow. We have already
confirmed that HUVECs can form perfusable vascular networks in a fibrin gel when they are co-
cultured with lung fibroblasts (LFs). Thus, we tested if bone marrow-derived mesenchymal
stromal cells (MSCs), instead of LFs, can induce the formation of vascular networks in order to
recreate the microenvironment of bone marrow. We confirmed that MSCs were able to induce
the formation of vascular networks of HUVECs but the size of vascular lumen was too small to
perfuse cells. Thus, we used 3D cellular spheroids consisting of MSCs and LFs to produce larger
vascular networks and obtained the result that these spheroids were able to form vascular
networks with large vascular lumens where blood cells were able to be perfused. Next, we tried
to recirculate blood cells in a microfluidic device using a small peristaltic pump and observed that
blood cells can be recirculated while maintaining their viability and proliferation potency.
Therefore, we recirculated bone marrow-derived hematopoietic progenitor cells (CD34*) in the
vascular networks formed in the microfluidic device to reconstitute bone marrow. We confirmed
that these hematopoietic progenitor cells maintained their viability and kept proliferating in the
device. Therefore, we have developed a microfluidic device to form 3D perfusable vascular

networks in which hematopoietic cells can be maintained.
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