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Abstract

Various liver diseases result in liver failure, and liver transplantation and artificial liver support systems are
emerging as alternative therapies for these disease. However, both treatments are depending on cell resources, so
isolating sufficient number of functional primary hepatocytes is a most important early issue. Isolated hepatocytes
are also a suitable system for the physiological, pharmacological and toxicological study of hepatic uptake,
metabolism, excretion and toxicity. In this paper, the methods for hepatocyte isolation are reviewed; the culture and
assessment methods are also examined. Hepatocyte transplantation and hepatocyte-based bioartificial liver support
systems have attracted the attention of researchers. From a future perspective, developing of gene engineering is
emerging as a promising way to modify cells, and this is renewing interest in the development of methods for
isolation and culture of hepatocytes.
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Introduction
The liver is the largest internal organ in the body, and performs a

complex and indispensable array of more than 500 functions including
immunologic complements and coagulation factors synthesis, and the
metabolism of nutrition, drugs and detoxification toxin substance [1].
Viral hepatitis, fatty liver disease, drug-induced liver injury, liver
cirrhosis, hepatic carcinoma, and other liver diseases can cause liver
failure [2]. Orthotopic liver transplantation is the only proven therapy
for liver failure, but its overall usage is limited by the need for major
surgery, life-long immunosuppression, and the shortage of donor
organs [3].

Freshly isolated primary hepatocytes retain their liver-specific
functions [4]; therefore, they continue to be a valuable cell resource to
develop alternative treatments such as hepatocyte transplantation and
bioartificial liver support systems for the treatment of acute liver
failure, chronic liver diseases and several inherited metabolic disorders
of the liver. In addition, primary hepatocytes have been used for many
aspects of biochemical and pharmaceutical research to understand the
biological processes occurring in the liver.

Primary hepatocytes were first isolated from rats [5]. They were
later isolated from many other species, including mice [6], bovines [7],
pigs [4,8] and human [9]. Large-scale of hepatocytes without the loss
of essential specific differentiated functions are required to advance
above-mentioned tissue engineering, gene therapy and extracorporeal
liver support systems [10,11]. Thus, every step toward a gentler
method of isolating primary hepatocytes to increase their number,
vitality, and quality is critical to develop and worthy of thorough
review. The purpose of this mini review covers the current status of
hepatocyte isolations and cultures, and describes some techniques
used to assess of hepatocyte function, in view of a potential laboratorial
and clinical use.

Hepatocyte Isolation
Hepatocytes are by far the most prominent morphological

component of the liver, accounting for about 78% of liver volume and
more than 65% of cell number [12]. Non-parenchymal cells such as
endothelial cells and Kupffer cells, stellate cells are also resident in the
liver [13]. The liver parenchyma is permeated by a collagenous fibrillar
network, which is embedded in an extracellular matrix, mainly
composed of a mixture of elastin, heparin sulfate proteoglycan and
surface adhesion molecules, such as laminin and fibronectin [14]. The
extracellular matrix, adhesion glycoproteins, Ca2+ ions and cell surface
receptors play an important role in maintaining cell anchorage, shape,
polarity and function [15]. Variations of extracellular matrix content
between different species result in the degree of difficulty. For example,
the porcine liver contains more collagen and fibrous tissue, thus it is
more difficult to dissociate than the rat liver.

Mechanical dissociation of the hepatocytes has been replaced by the
enzymatic digestion, because the former is more aggressive to the liver
parenchymal. Perfusion of the liver with collagenase showed higher
cell yield than immersion of the chopped liver in collagenase solution.
Whole liver organs or resected liver tissues are both available to isolate
hepatocytes, as long as they fulfill the criteria regarding the absence of
infectious agents or high level of hepatic lesions. Various routes can be
exploited to administer hepatocytes in whole liver organs: intrasplenic,
directly into the hepatic parenchyma, or in the peritoneal cavity, but
more often intraportal [16]. Left lateral sector segments are usually
suitable to obtain normal resected tissues, with proportionate volumes,
after which the lobular blood vessels can be easily exposed for
catheterization. It is important that the liver lobe should be incised
with a single cut, and then the lobular blood vessels can be exposed for
catheterization.

Enzymatic perfusion method is based on the permeation of the liver
with Ca2+ chelator solutions to disrupt Ca2+-dependent (cadherin-
based) cell junctions, and enzymatic digestion of the liver parenchyma
to disrupt cellular-EMC interactions [17]. The enzyme perfusion time
required for digestion is not pre-determined; rather, perfusion
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continues until adequate tissue digestion is achieved. The enzyme is
temperature sensitive; the activity of the collagenase can be greatly
influenced, leading to the decrease of the viability in isolated
hepatocytes. The optimum temperature of enzyme solution is 37-38°C;
this temperature is measured from the perfusion site (liver lobes)
rather than solution container. The temperature of the solution ought
to be controlled all the time based on this temperature to obtain the
optimal efficiency. Besides, the solutions usually perfused hollow-fiber
bioreactor to enrich O2, to reduce the damages of the isolated
hepatocytes.

Collagenase type IV was a classical and broad spectrum enzyme
used in primary hepatocytes isolation in all species. With upgrade of
commercial collagenase products such as Roche Liberase research
grades and Serva collagenase NB grades, the isolations are more
specific to the species, while the purity, viability, and yield of isolated
primary hepatocytes are highly improved [4,18]. Except for the
primary component, highly purified collagenaseand Ⅱmixture, we
found that the amount of neutral protease thermolysin also determines
the viability and cell yield, and especially the further success of
spheroid formation. If the thermolysin is too much, the spheroids
usually are not round in shape; cells in them attach with each other,
rather than aggregating, and are mostly covered by the blebs. N-
acetylcysteine (NAC) is an antioxidant that acts through the
replenishment of glutathione in the liver. It also has direct antioxidant
properties and appears to have hepatoprotective effects against liver
ischemia/reperfusion injury to improve the viability [9]. It has been
proved to improve the viability and conserves the metabolic function
of hepatocytes [4,18].

Iced medium containing Williams’-E can terminate enzyme
digesting, help to maintain the cell activity, and remove the damage
cells. Mechanical dissociation and filtering is necessary to remove
connective tissue, and subsequent centrifugation is required to
separate hepatocytes from both dead hepatocytes and non-
parenchymal cells [4]. Subsequent centrifugation can enrich
hepatocytes, and remove part of contamination of other cell types, but
when the yield is low, or when selective removal of all non-
parenchymal cells, purification is required. Percoll or Ficoll solutions
have been developed for purifying suspensions of hepaotcytes [19].
The discrepancy of buoyant densities between hepatocytes and non-
parenchymal cells facilitates the process of cell separation. Washing
and centrifuging are important, because if dead hepatocytes are not
removed immediately, they will release large amounts of DNA, lactate
dehydrogenase, and intracellular antigens, thus further reducing cell
viability.

Three quick tests were studied to evaluate the success of single
hepatocyte isolation, by assessing cell yield, viability and morphology.
The cell yield is usually calculated by the dry weight of hepatocyte
mass. The most commonly used method to assess hepatocyte viability
is the trypan blue exclusion test. To ensure persistent good viability
during culture, at least 90% of the cells should exclude trypan blue on
first examination. Light microscopy examination of the hepatocytes
provides information on the quality of cells. Blebbing of the plasma
membrane is a sign of fluid uptake by damaged or over digested
hepatocytes, which is often followed by cell death [20]. The
transmission electron microscopy (TEM) examination is not usually
necessary in each isolation. On TEM, injury of plasma membrane,
swelling of mitochondria, degranulation of endoplasmic reticulum and
vesiculation of the Golgi apparatus, as well as vacuolization of the

cytoplasm are frequently seen in damaged or over digested hepatocytes
cells [21].

Hepatocyte Culture
Primary hepatocytes do not proliferate in vitro and therefore need

to be freshly isolated for each experiment [22]. Once plated in a
monolayer, primary hepatocytes typically undergo progressive
dedifferentiation within 72 h in vitro, which is reflected at the level of
the drug transporters and the dramatic loss in the phenotypic
characteristics of the cells.

Conventional approaches to counteract this dedifferentiation aim at
reestablishing the natural hepatocyte microenvironment by
introducing extracellular matrix [23]. One common technique is to
sandwich the cells between layers of collagen gel [24] or matrigel [25].
Unfortunately, sandwich cultures do not provide the complex multi-
cellular environment found in vivo, and co-cultures do not mimic the
layered liver architecture. The liver-specific functions in this method
decline within the first week, suggesting that significant survival
factors are missing [26]. Other current techniques that maintain
hepatocellular function in vitro with different biomaterials and
geometries exhibit a relatively low cell density and functional capacity
per unit volume, and still demonstrate the limitation to reproduce
hepatocytes in vitro [25].

Isolated hepatocytes can also be cultured in the medium in the form
of suspended spheroids. Addition of differentiation promoting soluble
compounds to the culture medium can boost the establishment of
homotypic hepatocyte interactions. For example, EGF and HGF were
demonstrated to induce DNA synthesis in primary hepatocytes [27].
These kinds of essential factors were determined and supplement in the
medium for keeping liver cells vigorous. Moreover, co-culture with
other cell types may be responsible for re-establishing cell junctions
such as E-cadherin which is required for hepatocyte spheroid
formation [28], and protecting hepatocytes from cell death, thus is
emerging as a prospective way to cultivate and maintain hepatocytes.
Seeding the primary hepatocytes with mesenchymal stem cells [29],
liver sinusoidal endothelial cells or umbilical vein endothelial cells [30]
has been reported to result in enhanced heterotypic cell-cell
interactions to form spheroids in a shorter time, which led to
improvements in hepatocyte function and prolongation of the survival
time. Cells in these aggregates maintain their morphology and liver
specific functions for over one month.

Hepatocyte spheroids can be maintained in serum-free and serum-
containing culture medium. Serum-containing formulations are often
based on Williams’-E Medium and are ideal for short-term cultures, up
to 10 days. Serum-free formulations were developed for long-term
cultures (several weeks) and require an adaptation period [29].

A batch of tests can be used to evaluate the ability of hepatocytes to
survive, metabolize and excrete. First of all, hepatocytes contain
numerous mitochondria in their cytoplasm, and show active cellular
respiration. A steady decline in oxygen consumption indicates
progressive cell damage. Second, albumin synthesis is one of classical
assays for the study of liver-specific function. Monolayer-cultured
primary hepatocytes rapidly lose albumin secretion in vitro, while self-
assembled hepatocyte spheroids can keep alive and maintain high level
of albumin secretion for over 50 days in continuous cultivation.
However, we found that quantification of albumin is not consistent
with the hepatocyte functions.
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The function of isolated hepatocytes is more critical to be measured
by assessing of ammonia degradation and ureagenesis. The study is
performed after addition of 1 mM final concentration of ammonium
such as NH4Cl into the medium. In some continuous culture
circumstance, even with high level of albumin production, the other
functions like ureagenesis or cytochrome P450 would drop obviously.
However, while hepatocytes demonstrate a higher ammonia clearance
rate, the diazepam metabolism is more active, showed in our
unpublished preliminary studies.

When come to clinical use in the future, commercial primary
hepatocytes products will be available. Minimal criteria for defining
release specifications should be established and standardized. Such
criteria should not be confused with identifying criteria for research
purposes. Clinical doctors should reach an agreement on the criteria to
decide the usability of the hepatocytes.

Perspectives
New clinical perspectives of allogenic and xenogenic isolated

hepatocyte utilization have recently been proposed, primarily for
hepatocyte transplantation and as the basis of liver support systems to
replace compromised liver function.

For hepatocyte transplantation, isolated liver cells have been used in
a variety of configurations: suspended, matrix-attached and
encapsulated, singularly or in small aggregates. Transplantation of
isolated xenogenic hepatocytes into the peritoneal cavity, into the
spleen or directly injected into the liver via the portal vein has been
performed for the treatment of experimental acute liver failure [31].
Transplanted hepatocytes were shown to survive and function
throughout the life-span of recipient small experimental animals.
Several inherited metabolic disorders of the liver such as Nagasean
albuminemic in naturally mutant animals have also been treated
successfully by hepatocyte transplantation [32].

Isolated primary hepatocytes can be used to construct bioartificial
liver support systems to treat patients with severe acute failure [10].
The rationale of such systems is to bridge the severely ill patient to the
liver transplantation or recovery by supplement them with the essential
liver functions. It has been assumed that 10-15 × 109 cells need to be
replaced to support an acutely failing liver in adults [33]. Such large
scale of hepatocytes is difficult to acquire, and the liver-specific
function is another critical problem. The metabolic profiles of porcine
hepatocytes are basically similar to those of humans, and freshly
isolated primary hepatocytes retain most of their liver-specific
functions; therefore, porcine hepatocytes are a reasonable alternative to
human hepatocytes. Once a standardized method of isolating primary
hepatocytes has been established, isolated liver cells will be easily
accessible and more frequently available. One of the most important
early issues has been solved in the initial approach to the construction
of bioartificial liver devices.

Genetically altered hepatocyte use could represent the first choice
for treatment of specific genetic defects of liver function. Defects of
some genes, which are preferentially expressed in liver cells, can cause
metabolic disorders and inherit to next generations. For example,
hereditary tyrosinemia type 1 (HT1) is an autosomal recessive inborn
error of metabolism, caused by deficiency in fumarylacetoacetate
hydrolase (FAH), an enzyme that catalyzes the last step of tyrosine
metabolism [34]. Absence of FAH causes accumulation of
fumarylacetoacetate, resulting in mutagenic, cytostatic, and acutely
apoptotic events within the cell [35]. Hypothesis that normal copies of

FAH genes can be introduced into isolated hepatocytes from partial
liver resection is proposed. Indeed, animals showed corrected cells
proliferated and functioned after they received autologous transplants
of hepatocyte underwent gene therapy [36].

Bioengineered FAH-deficient pigs can also serve another use as in
vivo incubators for the large-scale production of primary human
hepatocytes. It is based on the notion that the administration of 2-(2-
nitro-4-trifluoromethylbenzyol)-1,3cyclohexanedione (NTBC), a
potent inhibitor of 4-hydroxyphenylpyruvate dioxygenase, can control
the progress of HT1 [37]. When the animals are injected of allogeneic
normal cells, or ideally, xenogeneic cells from human, and gradually
withdrawn NTBC, FAH-deficient cells selectively undergo severe
dysfunction, most frequently leading to death [38]. Even though some
of the preliminary researches have proved that there is no
immunoreactivity when patients were treated with xenogenic cells, if
appropriate hollow-fiber was employed, human hepatocytes are still
the preferred source of cells.

Conclusions
Hepatocyte isolation started by Berry and Friend in the mid-1960s

[5]. After the first isolation, many innovative techniques were
introduced to refine the method. The modified methods, compared to
the traditional methods, can improve results, allowing isolation of a
large number of hepatocytes with high quality. Hepatocyte isolation is
a time-consuming and costly procedure. Every factor including the
tissue weight, liver lesion such as steatosis or cirrhosis, and blood
supply status of surgical specimens can affect the cell yield and viability
of isolated hepatocytes. Hepatocyte-like cells derived from induced
pluripotent cells and cell lines like C3A or HepG2 demonstrate some
safety concerns and insufficient metabolism capability. Hepatocyte
transplantation and hepatocyte-based bioartificial liver support
systems have attracted the attention of researchers in the field, and
developing of gene engineering is emerging as a promising way to
modify hepatocytes. This is renewing interest in the development of
methods for isolation and culture of hepatocytes.
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