


CEMcOMMUNIQUE

The most recently suggested candidate source for hepatocytes
are ES cells. Based on in vivo models of liver organogenesis,
several investigative groups have attempted to coax ES cells to
differentiate into functional hepatoeytes in vitro (Figure 3).
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Figure 3: In vitro method to generate ES-derived hepatocytes,
Undifferentiated ES cells are formed into embryoid bodies (EBs) by a
hanging drop technigue. On Day 5, suspended EBs are seeded onto
collagen type |. Growth factors are added on different days (early-
day 8, mid-day 11, late-day14). Ref. Hamazaki et al. FEBS Letters
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Work at the CEM is partly focused on developing tools to con-
trol the differentiation of ES cells and to isolate specific sub-
populations within the heterogeneous cell mass.

Microengineering the Embryoid Body
Undifferentiated mouse ES (mES) cells are maintained by me-
dium supplementation with leukemia inhibitory factor (LIF) and
culture on gelatin coated surfaces. Once LIF is removed from
the medium, the cells aggregate in a stochastic manner and form
what is referred to as an embrvoid bodv (EB: Fi 4).
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Figure 4: A day 21 EB. Certain regions are hypothesized to be
populated by specific germ layers.

Certain techniques have been developed to control the formation
of EBs in vitro. However, these methods do not generate EBs
efficiently nor regulate relevant parameters that may be critical
to a specific experimental outcome. To this end. current CEM
research is directed toward approaches in which the spatial posi-
tion, dimensions, and cell density of EBs are controlled.

High-Throughput Hepatocyte
Differentiation

Investigators have repeatedly observed (independent of the dif-
ferentiation protocol) that hepatocyte-like cells are found on the
periphery of a developing EB (Figure 3).

Figure 5: Localization of hepatocyte-like cells in a developing EB.
Hepatocyte-like regions are indicated by green fluorescence. Scale
bar 200 ym. Ref. Jones et al. Exp. Cell Res. 272, 15,

This observation is consistent with either of two models of dif-
ferentiation. The lineage-dependent model asserts that extraem-
bryonic endoderm, the first lineage to *spontaneously” differenti-
ate, migrates to the periphery of an EB. The location-dependent
model asserts that intercellular signaling causes endodermal
differentiation on the periphery of an EB. Regardless of mech-
anism, this spatial information is currently being leveraged to
isolate populations of hepatocyte-like cells within an EB.

Future Work

The therapeutic applications of stem cells in human disease seem
endless, but the realities of implementation cast our hope deep
into the future. It is clear that much basic research is needed
before stem cells become a viable tool to treat disease. In order
for their clinical applications to be realized, it is crucial that ES
cell differentiation can be reliably controlled to yield specific
cell lineages. In the future, it is likely that the challenges in
advancing this effort will be met by the confluence of expertise
brought to bear by engineers, scientists and physicians, alike.
The CEM Stem Cell Bioengineering Group and the BioMEMS
Resource Center hope to play a major role in this scientific and
engineering struggle and in the eventual therapeutic victory.
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