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Human hepatic stem cells (hHpSCs) have long been assumed to be hepatoblasts, cells
identifiable by their signature features of a-fetoprotein (AFP) expression and by their bipotency, giving
rise to both biliary and hepatocytic lineages. Cells expressing AFP are rare in normal adult livers
(<0.01%) except in response to severe liver injury or disease. This has given rise to the dogma that
adult livers do not have stem cells and that all regenerative responses are from mature parenchymal
cells. We show that there are hHpSCs in livers of all donor ages and remaining at a relatively constant
percentage, 0.5-2.5%, of the total parenchymal cell population. The higher percentages (above 1.5%)
occur in livers subjected to ischemia that selectively kills the mature liver cells but not the progenitors.
Viable hHpSCs can be isolated from cadaveric livers for a few hours after death in livers of most donors
and for up to 8 hours after death from neonatal livers, comprised largely of progenitors (and therefore
most of the cells being tolerant of ischemia). The hHpSCs in vivo are located in ductal plates in fetal
and neonatal livers and in Canals of Hering in pediatric and adult livers, are ~9 um in diameter, and can
be isolated by immunoselection for epithelial cell adhesion molecule (EpCAM) or neural cell adhesion
molecule (NCAM). They express cytokeratins 8, 18 and 19, CD133/1, CD44H, claudin 3, Indian and
Sonic hedgehog, and telomerase, weakly express albumin, and are negative for ICAM-1 and markers
for adult liver cells (e.g. P450s), hemopoietic cells (e.g. CD34, CD45, CD38, glycophorin A),
mesenchymal cells (VEGFr, desmin, a-smooth muscle actin, CD146, Von Willebrand factor) and,
surprisingly, for alpha-fetoprotein (AFP). Under specific conditions, the hHpSCs give rise to
hepatoblasts that overlap entirely with hHpSCs for their antigenic and biochemical profiles with several
notable exceptions: hepatoblasts do not express NCAM and claudin 3 and express strongly ICAM1,
P450A7 and AFP. The findings by immunochemistry and flow cytometry were confirmed by analyses
utilizing quantitative RT-PCR and Western blots for 21 genes; the studies indicate that there are distinct
phenotypes for hHpSCs, hepatoblasts, and adult hepatocytes. Wholly defined, serum-free conditions
for ex vivo maintenance of hHpSCs (and for hepatoblasts) have been defined and that permit self-
replication of hHpSCs through more than 150 population doublings at rates of a doubling every ~36
hours. Viability and expansion of the hHpSC colonies are dependent on paracrine signaling from
“‘companion” cells found in close association with the colonies and comprised of hepatic stellate cell
precursors and angioblasts. If transferred to STO feeders, hHpSCs slow in doubling times to greater
than 2 weeks and give rise to differentiated cell outgrowths from the edges of the colonies. The
outgrowths are hepatoblasts, recognizable by cord-like morphology interspersed by clear channels,
presumptive biliary caniliculi, and by acquisition of a gene expression profile typical of hepatoblasts.
Transplantation of freshly isolated EpCAM+ cells or of long-term colonies of hHpSCs into SCID/nod
mice resulted in mature liver tissue with expression of human-specific proteins. The hHpSCs are
candidates for liver cell therapies.
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