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Theliver is the major organ responsible for metabolizing xenobiotics,
including many therapeutic drugs. A hepatocyte is the main cell type in
the liver where metabolism occurs. As intact cells, the cell membrane
of a hepatocyte contains various transporters to regulate the drug
uptake and efflux and, therefore, the intracellular drug concentration
and the rate of metabolism and potential of hepatoxicity. A drug could
diffuse through the membrane passively or be up taken actively by
transporters such as organic anion transporting peptide (OATP)
and sodium taurocholate co-transporting polypeptide (NTCP) into
the hepatocytes [1]. Once the drug enters the hepatocytes, the
efflux pumps, such as the multidrug resistance protein transporters
(MRPs or MDR1), may pump the drug out of the hepatocytes to
reduce the intracellular concentration. Hepatocytes also carry all
the drug metabolizing enzymes and cofactors at their physiological
concentrations and provide a drug metabolism environment that
closely mimics that of in vivo. Freshly isolated primary human
hepatocytes are the gold standard for drug metabolism and transporter
studies because they maintain most of the activities of hepatocytes
packed in the liver. Due to the existence of species difference in drug
transport and metabolism [2], human hepatocytes are usually the
optimal choice in drug development for human therapeutic drugs.

However, there are some limitations to the application of freshly
isolated hepatocytes in drug discovery experiments. For example, 1)
they are not readily available; the tissues hepatocytes are harvested
from are usually refused ones from liver transplants due to the
need for freshness (time after procurement prior to isolation of
hepatocytes) and the pathological conditions of the liver, such as
high fat content, cirrhosis, etc., 2) Each preparation can be used
only once because, by their nature, hepatocytes lose their viability in
several hours when cultured in suspension, or in several days when
cultured in a plated format on support plastic and matrix surface.
Thus, it is difficult to repeat a study in the same laboratory or compare
studies between laboratories using freshly isolated hepatocytes from
the same donor. 3) The quality of the hepatocytes, such as the levels
of enzyme activity, cannot be characterized before they are used in
studies, as some preparation (isolation) could result in poor quality
(low activity) hepatocytes, or some livers may have already lost
most of the activity prior the hepatocyte isolation. 4) Some donors
may be poor metabolizers of certain polymorphic enzymes, thus the
hepatocytes can not represent the general population, and researchers
may generate results they cannot explain without knowing the genetic
background of the donor. Therefore, being able to cryopreserve
human hepatocytes will allow for the repeat use of the same pre-
characterized hepatocyte lots in different studies, either to screen
many compounds over a long period of time to select the drug
candidate or to conduct a complex and multistep experiments over
a period of time. Cryopreserved hepatocytes also allow researchers
from different labs to repeat and confirm each other’s study results.
For this reason, the FDA made a special recommendation in their
2012 drug-drug interaction guidance for pharmaceutical companies
to use cryopreserved human hepatocytes in their CYP induction
studies so the agency can better judge the study results as the same
lots of cryopreserved hepatocytes may have been used in multiple

Publication History:
Received: December 04, 2016
Accepted: December 15, 2016
Published: December 17, 2016

Keywords:

Human hepatocytes, Cryopreservation, 3D culture, Drug
metabolism, Cytochrome P450, Transporters

submissions, and the FDA may have tested results of positive control
compounds themselves [3].

The isolation of rodent hepatocytes for drug metabolism study
was reported as early as the 1970s [4,5]. Most human hepatocytes
isolations and studies were in small scale and dependent on surgical
biopsy tissue from local hospitals [6-8]. Due to the limited availability
of quality tissue, usually due to the freshness and the condition of the
tissue (discussed above), whole liver perfusion with digestive enzyme
for hepatocyte isolation was not common before the1990’s. Another
technical challenge of whole liver perfusion is controlling the digestion
time at 37°C, where the digestion enzyme works but one must also
simultaneously make sure the hepatocytes in the liver are not under
hypoxia condition, as the hepatocytes consume more oxygen at 37°C.
After hepatocytes are isolated, cryopreservation of hepatocytes and
then maintenance of their characteristic properties is often a challenge.
For example, many lots of cryopreserved hepatocytes cannot be plated
on plastic supported matrix surfaces, therefore cannot be cultured and
used for some studies such as CYP induction or bile duct excretion.
In the late 90%, a group of scientists reported success in isolation
and cryopreservation of human hepatocytes from whole liver
perfusion[9,10]. The development and then commercialization of
cryopreserved human hepatocytes was a big advancement for its use
asan in vitro system. The pre-characterized cryopreserved hepatocytes
can now serve as a ‘reagent” and allow researchers to conduct
experiments at their desired schedule and test drug candidates using
the same lot(s) of hepatocytes over a period of time. This also allows
for the same study to be compared between different laboratories,
or for collaboration between different laboratories using the same
experimental conditions. In addition, the researchers can choose
specific pre-characterized lots (donors) to meet their research needs,
such as studies in special populations including smokers, alcohol
users, or poor metabolizers (e.g. CYP2D6 or CYP2C19). Because
cryopreserved human hepatocytes are shown to preserve enzymatic
and transporter activities, the FDA accepted it as a valid experimental
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model for metabolism and drug-drug interaction studies to support
IND and NDA submission as early as 2006 [11]. Sequentially, in the
2012 DDI guidance [3], the FDA suggests the use of cryopreserved
human hepatocytes, not freshly isolated, in the CYP induction studies
to have a better control in the quality of hepatocytes used in those
studies.

A recent advancement in the application of cryopreserved human
hepatocytes in drug discovery is the adoption of a new incubation
method, hepatocytes-suspension-in-human-plasma (HSIHP). Like
many in vitro test systems, hepatocyte incubations are usually
performed in a protein-free medium to avoid the complication of
drug protein binding. Then, protein bindings in both in vitro and in
vivo (plasma) are incorporated into the in vitro-in vivo extrapolation
(IVIVE) [12]. Because of the uncertainty in determining the protein
binding precisely in both in vitro incubations and in human plasma,
and possible errors of incorporate multiple free fractions (f ) into the
IVIVE, it is often challenging to have a reliable IVIVE, especially for
high protein binding compounds with f < 0.01. Due to this concern,
the FDA suggests the use of an f of 0.01 for any compounds which
have protein binding greater than 99.9%, just to be conservative in
free drug exposure assessment [3]. Some researchers have used
cryopreserved hepatocytes (or liver microsomes) suspended in
plasma as an incubation method and found it improved the in vitro-
in vivo correlations (IVIVC) in drug clearance and inhibition-based
drug-drug interaction (DDI) prediction [12-21]. In this approach,
incubations that mimic the in vivo condition were applied to generate
the drug intrinsic clearance or inhibition information without the
need to generate the protein binding data from both hepatocyte
incubation in vitro and plasma sample in vivo. This assay condition
also reported better identifies kinetic parameters (k and K, ) for
some time-dependent inhibitors that resulted in more accurately
predicts clinical results from both single and repeat dose clinical trials
[21].

Liu and colleagues [22,23] have modified the sandwich culture
condition by adding a thick layer of Matrigel™ on top of the
hepatocytes to study biliary excretion of compounds. This application
provides a major advantage in that one can identify species
similarities to find a preclinical species that might predict human in
vivo biliary clearance. A few examples are reported in literature that
demonstrate a good prediction of human biliary excretion using a
cryopreserved human hepatocyte culture [24,25]. In the case where
human hepatocytes are not readily available, rat hepatocytes under
a similar culture condition were used to demonstrate the utility of
studying Triptolide induced hepatotoxicity and CYP-P-gp interplay
with several specific or dual CYP and P-gp inhibitors and inducers
which modulated the intracellular concentration of triptolide and
thence hepatotoxicity [26].

The traditional 2-dimetinal hepatocyte culture serves well for large
scale and relatively fast screens of metabolic stability, metabolite
profiling, DDI potential, hepatotoxicity, and transporter studies in
the pharmaceutical industry. However, it tends to dedifferentiate after
about 7-10 days in culture and results in loss of hepatic phenotypes and
characteristics, including the morphology and metabolic/transporter
activities. Recent development of cryopreserved hepatocyte appli-
cations has been focused on 3-dimensional culturing systems that
theoretically are in a configuration closer to that of in vivo. It has been
reported that primary hepatocytes and induced pluripotent stem
(iPS) cells derived hepatocytes were cultured on tissue chips as 3D
organoids, both in a static or perfusable platform. The perfuse rate
could be adjusted on the tissue chip setting for the potential to culture

different type of cells, such as hepatocytes as well as heart or lung
cells. The culture hepatocyte hepatocytes 3D spheroids showed a life-
time of at least 28 days under perfusion with culture medium [27].
Nguyen et al., [28] applied bioprint technology and constructed a 3D
liver tissue culture in a 24-well Transwell® plate using primary human
hepatocytes, human hepatic stellate cells, and human umbilical vein
endothelial cells. They have showed that this 3D culture has high
liver characteristic activities compared to a 2D culture. Using this
3D culturing system, they further demonstrated the hepatotoxicity
upon trovafloxacin treatment, a withdrawn drug which is believed
to have an inflammatory component involved in its hepatotoxicity
in clinic. Human hepatocyte spheroids culture represents another
direction of 3D culture. It has shown that the culture maintains in
vivo hepatocyte morphology, viability, and hepatocyte-specific
functions in a duration greater than 5 weeks [29]. The spheroids
culture provided a relatively simple way to culture human hepatocytes
which doesn’t require any mechanic devices and special setups besides
preparation of the spheroids. It provides potential for a longer period
study for drug induced hepatotoxicity under chronic exposure of test
drugs. Isolation and culture of Upcyte human hepatocytes (UHH, the
premature of primary hepatocytes) is another approach for long term
human hepatocyte culturing. Uncytes can have a proliferative capacity
and can be cultured for approximately 35 passages (or, more precisely,
doublings). For each passage, it can be culture for up to 18 days and
it has comparable CYP, UGT, and sulfotransferases activities, except
some reports show generally low CYP1A2 and high CYP2B6 activity
levels in Upcyte cultures compared to primary hepatocyte cultures
[30].

However, 3D cultures remain the emerging technology and the
current focus of long term primary human hepatocytes culturing
techniques to create an in vitro system more mimic to in vivo. A
successful 3D culture could provide a test system for longer term
chronic study for metabolism, transporter activity, or hepatotoxicity.
The current systems are all still at the “beta testing’ stage and most are
in academic settings. The limitations of the current system for large
scale applications in industry for drug screen including 1) the labor
intensive set up for the fine turning of the culturing system, often
needing specially designed mechanical devices; 2) the small scale
at which it is applicable for an isolated mechanistic study, limiting
its application as a general tool for testing or screening of drug
candidates; and 3) that some devices carry a very high price tag that
inhibits adoption by the industry.
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