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In this issue of the journal, Sorkine et al. [1] review current
developments in liver support systems, a most exciting topic
that has generated renewed interest and research efforts in
recent years.

Despite improved outcomes in patients with fulminant
hepatic failure following the introduction of liver transplanta-
tion in the early 1980s, mortality among these patients remained
high. Organ shortages, which make it difficult or impossible to
perform transplantation in a timely manner, may explain the
relative high mortality of 40±50% among these patients [2].
Complications and side effects associated with immunosuppres-
sion also play a role in the outcome of liver transplantation for
FHF. Ethical issues, such as the question of whether to offer
transplantation to patients after a suicide attempt, are another
factor that can sometimes make liver transplantation a less than
ideal therapeutic measure for patients with FHF. Finally,
current scoring systems for identifying the need for liver
transplantation in patients with FHF, such as the Kings College
criteria [3], cannot always precisely predict outcome. While
some patients require urgent transplant, others may recover
spontaneously.

A liver support system, on the other hand, may either
provide temporary support until an organ becomes available, or
ideally replace the failing liver until it can regenerate.
Experience with auxilliary liver transplantation, in which a
liver segment is implanted near the diseased liver, has shown
that in most patients with FHF, if given enough time, the native
liver regenerates [4]. The period required for regeneration,
however, may vary from a few days to several months.
Theoretically, the support device should be able to replace liver
function for the duration of that interval.

Unlike hemodialysis, which has long been used as a
replacement therapy for patients with renal failure, and despite
major advances in biotechnology and molecular biology, the
development of an artificial liver is only in the initial phase. A
major hurdle is the fact that the complex biochemical and
excretory functions of the liver cannot be replaced by a device
that supplies only the excretory function, as in the case of
hemodialysis for renal failure.

FHF = fulminant hepatic failure

Initial attempts to improve the outcomes of FHF patients
with use of plasma exchange or plasmapheresis, before the era
of liver transplantation, were unsuccessful [5,6]. Later, when
charcoal and anion exchange resins were added to the
hemoperfusion circuit to remove protein-bound toxins, im-
proved metabolic profiles as well as temporary recovery of
conciousness were described in several clinical reports [3], but
no survival benefit could be demonstrated.

Sorkin and colleagues describe a new generation of blood
purification systems that combine hemodialysis and adsorption
to charcoal, resins or albumin. Compared to charcoal hemo-
perfusion alone, these new systems provide enhanced removal
of tightly protein-bound compounds as well as reduction in
ammonia levels and maintenance of acid-base and electrolyte
balance [7]. The use of an albumin-impregnated hollow fiber
dialysis membrane in the molecular adsorbent recirculating
system is based on the principle that albumin molecules with
free binding sites compete for toxins bound to carrier proteins in
the perfused blood. The adsorbed toxins are moved in turn from
the membrane to the dialysate, which is based on the use of 5%
human albumin. Although initial reports on these new systems
in patients with FHF are promising [8], further experience in
randomized controlled studies is required before the treatment
can be employed on a routine basis. Furthermore, because they
offer only limited metabolic support, these systems may provide
only a bridge to a transplant, or in the best scenario, to
spontaneous recovery.

A more appealing approach, which would render liver
transplantation obsolete, is the development of a biological
liver support system. Such a system would provide not only
hemopurification but also other metabolic liver functions, such
as protein synthesis, detoxification, and enzymatic activities
(i.e., cytochrome p-450). During the last decade a vast amount
of research focused on the development of a biological liver
support system. Advances in hepatocyte isolation and culture
techniques, improved understanding of hepatocyte-matrix
interaction, and innovative biomaterial technology have re-
sulted in the development of a new generation of liver support
systems. The new generation of devices includes bioreactors that
incorporate viable liver cells in a culture [9]. In the devices tested
so far, the cellular component, cell mass and bioreactor
specifications differed widely.
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Three different cell types have been tested: porcine hepato-
cytes, primary human hepatocytes, and replicating human
hepatocyte cell lines. While the main advantage of porcine
hepatocytes is their ready availability and lower cost, questions
regarding their antigenicity and the risk of transmission of
infections might limit their long-term use. Primary human
hepatocytes are a limited option because of the lack of normal
liver tissue.

While transformed human hepatoma or hepatoblastoma cell
lines lose their differentiated liver function, human hepatocytes
transfected with a retrovirus vector carrying oncogene (SV 40
large-T) can proliferate and maintain differentiated function in
a culture for more than 6 months [10]. However, the
applicability of such cell lines for a clinical setting is unclear,
due to reports of development of hepatocellular carcinoma in
experimental animals expressing this oncogene. Another strat-
egy utilizes immortalized human hepatocyte lines without
oncogenes or carcinogenes [11]. These cells maintain protein
synthesis (albumin, prothrombin, fibrinogen and -1 antitrypsin)
for 3 weeks at levels similar to those of freshly isolated primary
hepatocytes. They do, however, lose some degree of liver-
specific enzyme activities (glucose-6-phosphatase and cyto-
chrome p-450 isoforms).

Culture conditions and cellular interactions are important
factors. Because hepatocytes survive only a few hours in a
simple suspension culture, new techniques to maintain hepato-
cyte viability and differentiated function have been developed.
These technologies are based on induction of cellular polarity,
as occurs in a normal liver in vivo by immobilization of cells in a
collagen gel, the addition of extracellular matrix, and promo-
tion of 3-dimensional cell-cell adhesion [12].

Bioreactors must provide adequate hepatocyte perfusion and
removal of the waste products of cellular metabolism.
Oxygenation is important to maintain cell function and
hepatocyte attachment. Therefore, in systems using plasma
rather than whole blood, an oxygenator is added. The two
systems that have been clinically tested so far are the
bioartificial liver, which contains cryopreserved, microcarrier-
attached porcine hepatocytes [13], and the extracorporeal liver
assist device, which contains a transformed human hepatoma
cell line (C3A) [14]. Each system consists of hollow fiber
membranes, with anticoagulated plasma or blood perfused
through the hollow fiber lumen and cultured hepatocytes in the
extra-fiber space. An improved design of the biomaterial and
membranes in the bioartificial liver system, which facilitates
perfusion and diffusion gradients within the device, has recently
been developed and tested in animal models [15]. The largest
experience using bioartificial support system is with this device.
Almost all patients treated with the bioartificial liver showed
significant improvements in neurological status, reduced in-
tracranial pressure, and reductions in ammonia and aromatic
amino acid levels [13]. All transplant candidates were success-
fully bridged to transplant. Clinical studies using this system are
ongoing, but the advanced design bioreactors have not yet been
tested in humans.

An alternative treatment approach in FHF that might be
valuable in the near future is the use of allogeneic hepatocyte
transplantation. These cells are injected via the portal system
and reside within the liver. The need for adequate cell mass and
the requirement for systemic immunosuppression are the main
drawbacks of this new technology. Preliminary clinical experi-
ence in patients with FHF demonstrated hepatocyte engraft-
ment and function 24±72 hours after injection [16]. No long-
term function could be demonstrated however, because all the
patients either died or underwent whole-organ transplantation
within a short time after hepatocyte transplant.

In summary, seminal progress has been made in the
development of liver support systems for treatment of patients
with acute liver failure. The new generation of artificial systems
provides improved purification of blood toxins but are limited
by their lack of full metabolic support and therefore are
expected to be useful only as a bridge to transplant. The
biological reactors, although providing metabolic support in
addition to blood purification, demonstrated only a temporary
improvement of metabolic and clinical parameters of patients
with acute liver failure. Further improvements, including
provision of sufficient cell mass, long-term maintenance of
hepatocyte function along with improved bioreactor design to
enhance mass transfer between the blood and the immobilized
hepatocytes, are needed for biological liver support systems to
become a definitive treatment for acute liver failure.

References

1. Sorkine P, Ben Abraham R, Brill S, Szold O. Liver support systems. IMAJ

2001;3:44±9.

2. Williams R. Classification, etiology, and considerations of outcome in acute

liver failure. Semin Liver Dis 1996;16:343±8.

3. O'Grady JG, Gimson AE, O'Brien CJ, Pucknell A, Hughes RD, Williams R.

Controlled trials of charcoal hemoperfusion and prognostic factors in

fulminant hepatic failure. Gastroenterology 1988;94:1186±92.

4. Chenard-Neu MP, Boudjema K, Bernuau J, Degott C, Belghiti J, Cherqui D,

Costes V, et al. Auxillary liver transplantation: regeneration of the native

liver and outcome in 30 patients with fulminant hepatic failure: a multicenter

European study. Hepatology 1996;23:1119±27.

5. Redeker AG, Yamahiro HS. Controlled trial of exchange transfusion therapy

in fulminant hepatitis. Lancet 1973;i:3±6.

6. Biahri D, Hughes RD, Gimson AE, Langley PG, Ede RJ, Eder G, Williams

R. Effects of resin haemoperfusion in fulminant hepatic failure. Int J Artif

Organs 1983;6:299±302.

7. Ash SR, Blake DE, Carr DJ, Carter C, Howard T, Makawka L. Clinical

effects of sorbent suspension dialysis system in treatment of hepatic coma (the

BioLogic DT). Int J Artif Organs 1992;15:151±61.

8. Stange J, Mitzner SR, Risler T, Erly CM, Lauchart W, Goehl H, Godil H,

Klammt S, Perzynski P, Freytag J, Hickstein H, Lohr M, Liebe S, Schareck

W, Hopt UT, Schmidt R. Molecular absorbent recycling system (MARS):

clinical results of a new membrane-based blood purification system for

bioartificial liver support. Artif Organs 1999;23:319±30.

9. Gerlach JC. Development of a hybrid liver support system: a review. J Artif

Organs 1996;19:645±54.

10. Smalley MJ, McCloskey P, Leiper K, O'Hara MJ, Hodgson H. Cell strains

derived from normal human hepatocytes by infection with a retrovirus

containing the SV40 large T-antigen. Hepatology 1996;24:337±43.

11. Selden C, Shariat A, McCloskey P, Ryder T, Roberts E, Hodgson H. Three-

dimensional in vitro cell culture leads to a marked upregulation of cell

Editorials

42 E. Mor IMAJ . Vol 3 . January 2001



function in human hepatocyte cell lines; an important tool for the

development of a bioartificial liver machine. Ann N Y Acad Sci 1999;

875:353±63.

12. Riordan SM, Williams R. Acute liver failure: targeted artificial and

hepatocyte-based support of liver regeneration and reversal of multiorgan

failure. J Hepatol 2000;32(Suppl 1):63±76.

13. Detry O, Arkadopoulos N, Ting P, Kahaku E, Watanabe FD, Rozga J,

Demetriou AA. Clinical use of a bioartificial liver in the treatment of

acetaminophen-induced fulminant hepatic failure. Am Surg 1999;65:934±8.

14. Ellis AJ, Hughes RD, Wendon JA, Dunn J, Langly PG, Kelly JH, Gislason

GT, Sussman NL, Williams R. Pilot-controlled trial of the extracorporeal

liver asist device in acute liver failure. Hepatology 1996;24:1446±51.

15. Dixit V, Gitnick G. The bioartificial liver: state-of-the-art. Eur J Surg

1998;582(Suppl):71±6.

16. Bilir BM, Guinette D, Karrer F, Kampe DA, Krysl J, Stephens J,

McGovaran L, Ostrowska A, Durham J. Hepatocyte transplantation in

acute liver failure. Liver Transplant 2000;6:32±40.

Correspondence: Dr. E. Mor, Dept. of Transplantation, Rabin Medical

Center (Beilinson Campus), Petah Tiqva 49100, Israel. Phone: (973-3)

937-6565, Fax: (972-3) 937-6473.

Capsule

Cholesterol trafficking

Sitosterolemia is a rare inherited disorder characterized by
excessive intestinal absorption of dietary sterols and
impaired clearance of these sterols from the liver into
the bile. Individuals with this disease have high plasma
levels of cholesterol and develop coronary atherosclerosis
at an early age. Berge et al. show that sitosterolemia is
caused by mutations in two adjacent and oppositely
oriented genes on chromosome 2p21, ABCG5 and
ABCG8, which each encode proteins with homology to
the ATP binding cassette (ABC) transporters. Other

members of this family of membrane proteins have been
implicated previously in cholesterol transport. These results
identify potential targets for therapeutic intervention and
raise the possibility that subtle sequence variations in these
genes may contribute to inter-individual variability in
responsiveness to high cholesterol diets. Normally the
concentration and distribution of cholesterol is carefully
controlled within the cell.

Science 2000;290:1771
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This bud's for me

In order to be released from their host cell, newly formed
envelope viruses must bud from the plasma membrane. In
examining the mechanism of budding of the retroviruses
Rous sarcoma virus (RSV) and HIV, three groups of
researchers have discovered a role for ubiquitin in the
budding process. Ubiquitin is a small cellular protein that
becomes covalently linked to other proteins and is commonly
thought to function as a tag that leads to protein degradation;
in some instances, ubiquitin can act as a signal for protein
internalization via endocytosis.

Now it appears that ubiquitin also participates in virus
budding. The Gag protein of retroviruses provides the
structural components required to build virus particles, but
the processes of budding and viral maturation are not
completely understood. Schubert et al. and Patnaik et al.

show that by reducing the levels of ubiquitin available in
HIV- or RSV-infected cells, viral budding is inhibited at a late
step in the process. Strack and co-workers show that
engineered HIV and RSV Gag proteins only caused budding
when they were able to recruit the enzyme ubiquitin ligase to
the budding site at the host cell surface. A fourth study by
Harty's group demonstrates the ubiquitination of VP40, a
protein involved in the late budding stages of Ebola virus.
Taken together, these reports suggest that ubiquitin helps
these viruses to complete the budding process, and it is
tempting to suppose that the endocytosis-promoting activity
of ubiquitination has been commandeered by these viral
interlopers.
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