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For decades, the role of stem or progenitor cells in liver regeneration has been controversial. Observations of mitotic division by hepatocytes and cholangiocytes in human and other vertebrate livers confirmed that these cell compartments had regenerative potential. It was assumed by many, though not all, investigators that this regenerative capacity of mature cells was sufficient to explain the extensive regenerative capacity of this organ. 


The current concept of liver regeneration can be modeled as at least a three-tier system of cell replacement. First, mature hepatocytes and cholangiocytes contribute to normal cell turn over and responses to certain types of injury and most mild injuries. Mitotic figures, nuclear vacuolization and hyperchromasia, cytoplasmic basophilia, etc. confirm their ability to repopulate in response to injury.


Second, there is an intra-organ stem cell compartment, located mostly, if not entirely, in the smallest, most proximal branches of the biliary tree, i.e. the canals of Hering and the intralobular bile ducts. Reconstructive studies of human livers in massive hepatic necrosis demonstrated that the proliferating cells of the ductular reaction represented complex arborizing networks of cells budding from the canals of Hering and differentiating into hepatocytes. The same is true in case of cirrhosis where activation of an intrabiliary stem cell compartment give rise to newly formed hepatocytes. 


A third tier of liver cell replacement has recently been identified, consisting of cells entering from the circulation. This cell compartment, probably of bone marrow origin [though other contributing sources have not been ruled out], enters the liver in a seemingly random distribution, as isolated mature cells, or in a portal and periportal distribution when there is marked injury. In this latter mode, responding to severe injury, they enter first as an intermediate cell population [“oval cells” in rodents, “ductular reactions” in humans], which then mature into hepatocytes and cholangiocytes. The point of entry in this more robust response is probably through the canals of Hering and the smallest bile ducts.

A source of controversy surrounds the issue of whether plasticity events are in fact occasions of circulating cells fusing with end-organ cells, such as hepatocytes, leading to the appearance of plasticity where exists


The mechanisms of engraftment from the circulation remain uncertain. Work in other organs suggests that factors that can mobilize stem cells from the bone marrow, such as g-csf, may be important. The finding that canals of Hering and progenitor cells which can be isolated from human livers are c-kit positive, suggests that the c-kit/stem cell factor receptor-ligand system may also play a role. Other factors responsible for homing of circulating cells to the liver as well as for their coordinated integration and differentiation into functioning liver parenchyma remain uncertain. This area is one where exciting developments can be expected to appear in the near future.

Other sources of hepatocytes

Other, non-physiologic sources of cells for therapeutic needs are not limited to those that participate in physiological repair processes. Alternates may include stem cells from other adult populations such as bone marrow stromal cells, from fetal liver tissue, or from ex​vivo differentiation of embryonic stem cells. Isolated, cultured, and expanded ex vivo, may be able to produce greater numbers of cells for rapid therapeutic use. Of these populations, fetal hepatoblasts and fetal hepatocytes were the first to be studied. It was presumed that these cells were already “committed” to an hepatic lineage, bidirectional in the case of hepatoblasts (i.e. toward both cholangiocytes and hepatocytes) and hepatocyte-committed in the case of fetal hepatocytes. Differentiation of mouse embryonic stem (ES) cells into mature hepatocytes has now been readily demonstrated by a number of groups. 

Cell based therapies

Whatever the source of these cells, how they can be manipulated for therapeutic interventions in a variety of diseases is of course of great interest. The most commonly touted practical implications of hepatic stem cell discoveries are that they might serve as a source of cells for cell transplantation, for the necessary biological components of artificial livers, and as targets for gene therapies.

The diseases which are potentially most likely to show real benefit from such a procedure include primary liver diseases or diseases where extra-hepatic manifestations arise from abnormal gene expression or defective protein production by the liver (Wilson’s disease, alpha- 1 -antitrypsin deficiency, tyrosenemia type I, hyperlipidoses, and porphyria, metabolic deficiencies eg. Crigler-Najjar syndrome, familial hypercholesterolemia and amyloidosis, oxalosis and coagulation defects like hemophilia A, Factor IX deficiency. 
Acquired liver diseases, particularly acute failure secondary to toxic or viral injury, have been treated in limited clinical trials with fetal and adult hepatocytes. The efficacy of these treatments in helping patients to survive until a donor organ became available, with improvement of clinical measures such as hepatic encephalopathy and cerebral perfusion pressures, is promising, but not yet clear. 


Bioartificial liver devices (BLDs) require an enormous number of cells for full metabolic support and functioning of patient’s liver with acute fulminant failure to survive or transplant. A stable and expandable stem cell in culture may provide the means to creating such numbers of cells. 


Intriguing possibilities even include seeding the artificial devices with stem cells directly and allow the serum of the patient, with all its circulating chemokines, cytokines, increased bile salts, etc, assist in the differentiation of the cells into functional hepatocytes phenotypes.

Needless to say, our understandings of liver biology and pathobiology are rapidly evolving. With these changes, new therapeutic modalities are being imagined and, in some cases, brought to fruition. Under the combined pressures of increasing incidence of liver disease (hepatitis C!) and recent, sudden leaps in understanding of how our bodies function and regenerate, we can expect these exciting changes to escalate.

