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Summary

Fas-mediated apoptosis underlies a plethora of liver pathologies and toxicities. As a consequence, 

this process is a major research topic in the field of experimental and clinical hepatology. The 

present chapter describes the set-up of an in vitro model of hepatocellular apoptotic cell death. In 

essence, this system consists of freshly isolated hepatocytes cultured in a monolayer configuration, 

which are exposed to a combination of Fas ligand and cycloheximide. This in vitro model has 

been characterized by using a set of well-acknowledged cell death markers. This experimental 

system allows the study of the entire course of Fas-mediated hepatocellular cell death, going from 

early apoptosis to secondary necrosis, and hence can serve a broad range of in vitro pharmaco-

toxicological purposes.
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1. Introduction

Historically, the liver has gained particular attention of toxicologists, as it represents a key 

target organ of chemical-induced cell injury. Indeed, hepatocytes drive the majority of the 

xenobiotic biotransformation machinery in the organism and are therefore frequently 

involved in toxicity (1-3). For many years, it was thought that cell death elicited by toxicants 

primarily occurred through necrosis. It has now become clear that an alternative cell death 

mode, namely apoptosis, predominates in toxicant-induced cytolethality (3-6). Apoptosis is 

a well-orchestrated process, relying on the proteolytic activity of an evolutionarily 

conserved family of cysteine proteases, called caspases. In fact, 2 major apoptotic pathways 

have been described, the extrinsic signalling cascade and the intrinsic pathway (3, 4, 6, 7). 

The former is initiated by the binding of a specific subset of ligands, including the Fas 

ligand, to their corresponding receptors at the cell membrane surface (6, 7). Hepatocytes 

highly express the Fas receptor (8) and its ligand binding results in the proteolytic cleavage 

and auto-activation of procaspase 8. Activated caspase 8 induces caspase 3, which 

subsequently cleaves a broad spectrum of cellular proteins. In the intrinsic apoptotic 

pathway, cytochrome C is released from mitochondria, a process that is mediated by 
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members of the B-cell lymphoma-2 protein family. Activation of this pathway occurs upon 

DNA damage. Cytochrome C triggers caspase 9 activation, which in turn also induces 

caspase 3 (6, 7).

A number of protocols have been described for studying hepatocellular apoptosis in vivo, 

including the direct administration of cell death-evoking toxicants to animals (9), the 

application of genetically-modified subjects (10) and the use of partially hepatectomized 

rodents (11). The intraperitoneal injection of anti-Fas antibodies in mice, known to activate 

the Fas receptor, causes fulminant hepatic failure and severe hepatocyte injury, which 

eventually burgeons into animal death (12). Such experiments not only raise serious ethical 

questions, but are also of limited scientific value. Indeed, apoptotic cells are barely 

detectable in vivo, as they are rapidly engulfed by neigbouring phagocytes. During in vitro 

experimentation, where phagocytosis does not take place, the full course of apoptosis can be 

monitored, whereby the late apoptotic phase is typically followed by secondary necrosis 

(4-7). Cell lines are frequently used experimental tools in in vitro apoptosis research. 

However, these cells, such as HepG2 cells, Huh7 cells and Hep3B cells, are often derived 

from tumours and have typically acquired high resistance against apoptosis (13-15). Primary 

cells may offer a better alternative, as they display in vivo-like sensitivity to apoptosis, at 

least during short-term culture (14). Among the numerous experimental strategies that have 

been followed to provoke apoptotic cell death in primary hepatocyte cultures, the use of Fas 

receptor stimuli is a most reasonable approach, as it directly affects the physiological 

pathway (16). In vitro models of Fas-mediated hepatocellular cell death have yet been 

exploited for a wide range of biomedical applications (17-20). In the majority of such 

studies, apoptosis is induced without any further investigation of the cell death response as 

such. However, insight into the underlying mechanisms of cytolethality is of crucial 

importance, since they may have a direct impact on the outcome of the study. Therefore, the 

establishment of an in vitro model of Fas-mediated hepatocyte cell death along with its 

characterization are described in the current chapter.

2. Materials

2.1. Establishment of the in vitro model of Fas-mediated hepatocellular cell death

1. Hepatocyte seeding medium. William’s medium E containing 7 ng/mL glucagon, 

292 mg/mL L-glutamine, 7.33 IE/mL sodium benzyl penicillin, 50 μg/mL 

kanamycin monosulfate, 10 μg/mL sodium ampicillin, 50 μg/mL streptomycin 

sulfate and 10% fetal bovine serum (see Note 1). Prepare in a laminar air flow 

cabinet and store for maximum 7 days at 4°C. Prior to use, the hepatocyte seeding 

medium should be placed for 30 min in a thermostated bath at 37°C (see Note 2).

1The composition of the cell culture medium is a major determinant of the response of primary hepatocytes to experimentally induced 
cell death. Several commonly used cell culture additives can counteract the occurrence of apoptosis in primary hepatocyte cultures, 
including glucocorticosteroids (22, 23), insulin (24), glucagon (18) and serum (25). The composition of the cell culture medium used 
in the current protocol has been optimized in such a way that a cell death response, going from early apoptosis to secondary necrosis, 
is generated and completed in a total time span of 6 h in cultures of primary rat hepatocytes. The composition of the cell culture 
medium might be subject to optimization when using hepatocytes from other species.
2The sterility of the cell culture media can be checked by adding 1 mL of the medium to 25 mL sterile thioglycollate medium (Oxoid, 
Belgium) and placing for 2 days in an incubator.
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2. Hepatocyte culture medium. Serum-free hepatocyte seeding medium supplemented 

with 25 μg/mL hydrocortisone sodium hemisuccinate and 0.5 μg/mL insulin (see 

Note 1). Prepare in a laminar air flow cabinet and store for maximum 7 days at 

4°C. Prior to use, the hepatocyte culture medium should be placed for 30 min in a 

thermostated bath at 37°C (see Note 2).

3. Hepatocyte cell death medium. Hepatocyte culture medium supplemented with 200 

ng/ml Fas ligand (Alexis, Switzerland) (see Note 3) and 2 μg/mL cycloheximide 

(Sigma-Aldrich, Belgium) (see Note 4). Prepare ex tempore in a laminar air flow 

cabinet. Prior to use, the hepatocyte cell death medium should be placed for 30 min 

in a thermostated bath at 37°C.

4. Incubator (37°C ± 1°C, 90% ± 5% humidity, 5% ± 1% CO2).

5. Laminar air flow cabinet.

6. 3.5 cm diameter plastic cell culture dishes.

7. Thermostated bath (37°C).

2.2. Characterization of the in vitro model of Fas-mediated hepatocellular cell death

1. Phosphate-buffered saline (PBS). 137 mM NaCl, 2.7 mM KCl, 10 mM 

Na2HPO4.2H2O, 1.8 mM KH2PO4 in deionized water. Adjust to pH 7.4 and store 

for maximum 6 months at 4°C. Prior to use, PBS should be placed for 30 min at 

room temperature.

2. PBS supplemented with divalent cations (PBSD+). PBS containing 1.2 mM CaCl2 

and 340 μM MgCl2.6H2O in deionized water. Adjust to pH 7.4 and store for 

maximum 6 months at 4°C. Prior to use, the PBSD+ solution should be placed for 

30 min at room temperature.

3. Staining solution. 140 mM NaCl, 5 mM CaCl2, 10 mM N-[2-

hydroxyethyl]piperazine-N’[2-ethaansulfonzuur], 2% annexin-V-fluos (Roche 

Diagnostics, Germany), 3 μg/mL Hoechst 33342 (Invitrogen, Belgium) and 1 

μg/mL propidium iodide (Invitrogen, Belgium) in deionized water (see Note 5). 

Adjust to pH 7.4 and store for maximum 6 months at 4°C. Prior to use, the staining 

solution should be placed for 30 min at room temperature.

4. Fluorescence microscope, camera, computer and software.

3It is strongly recommended to use the soluble Fas ligand and not anti-Fas antibodies to induce cell death in primary hepatocyte 
cultures. Although both trigger the same pathway, anti-Fas antibodies mediate different effects with different sensitivity in comparison 
with Fas ligand (26-28).
4It is strongly recommended to boost the apoptotic effect of Fas ligand by combining with an inhibitor of protein translation, such as 
cycloheximide. The concentrations of both Fas ligand and cycloheximide have been optimized in such a way that a cell death 
response, going from early apoptosis to secondary necrosis, is generated and completed in a total time span of 6 h in cultures of 
primary rat hepatocytes. These concentrations might be subject to optimization when seeding the cells at cell density other than used 
in the current protocol or when using hepatocytes from other species.
5The concentrations of annexin-V-fluos, Hoechst 33342 and propidium iodide as well as incubation time with these dyes have been 
optimized for primary rat hepatocyte cultures cultivated at the indicated cell density. These parameters might be subject to 
optimization when seeding the cells at another cell density or when using hepatocytes from other species.
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3. Methods

3.1. Establishment of a monolayer culture of primary hepatocytes and induction of cell 
death

1. Use freshly isolated primary rat hepatocytes (21) (see Note 6).

2. Evenly plate the hepatocytes on 3.5 cm diameter plastic culture dishes at a density 

of 0.56 × 105 cells/cm2 in hepatocyte seeding medium (see Notes 7 and 9). Place 

the cell cultures in an incubator at 37°C and 5% CO2 for 4 h.

3. Remove the hepatocyte seeding medium and replace by identical volumes of 

hepatocyte culture medium. Place the cell cultures in an incubator at 37°C and 5% 

CO2 for 24 h.

4. Replace the hepatocyte culture medium. Place the cell cultures in an incubator at 

37°C and 5% CO2 for 20 h.

5. Remove the hepatocyte culture medium and replace by identical volumes of 

hepatocyte cell death medium. Place the cell cultures in an incubator at 37°C and 

5% CO2 (see Note 10).

6. Sample at the start of cell death induction and 2, 4 and 6 h thereafter (see Note 11).

3.2. In situ staining of cell death markers

1. Remove the hepatocyte cell death medium from the 3.5 cm diameter cell culture 

dishes and wash the cells twice with 2 mL of the PBSD+ solution.

2. Add 2 mL of the staining solution to each culture dish and leave on for 15 min at 

room temperature in the dark.

3. Remove the staining solution from the culture dishes and wash the cells 4 times 

with 2 mL of the PBSD+ solution.

4. Analyze the culture dishes by means of fluorescence microscopy at 100× 

magnification.

6It is of utmost importance to assess cell viability following hepatocyte isolation, as this procedure typically causes considerable harm 
to cells. This is routinely done by means of trypan blue exclusion. Cell viability before plating should be at least 85%.
7It is strongly recommended to avoid the use of collagen-coated cell culture dishes, as the presence of an extracellular matrix scaffold 
counteracts the occurrence of cell death (29).
8Cell density is a major determinant of the response of cultured hepatocytes to experimentally induced cell death. Hepatocytes 
cultured at low density (i.e. 0.35 × 105 cells/cm2) display less apoptotic activity in comparison with counterparts seeded at high 
density (i.e. 1.4 × 105 cells/cm2) (30). The cell density in the current protocol (i.e. 0.56 × 105 cells/cm2) has been optimized in such a 
way that a cell death response, going from early apoptosis to secondary necrosis, is generated and completed in a total time span of 6 h 
in cultures of primary rat hepatocytes. The cell density might be subject to optimization when using hepatocytes from other species.
9The size of the culture dishes depends on the type of analysis that is intended. For in situ staining of cell death markers, 3.5 cm 
diameter cell culture dishes are sufficient.
10The time of cell death induction is a major determinant of the response of cultured hepatocytes to experimentally induced cell death. 
Considerable spontaneous cell death is observed in the first 24 h following cell plating as a result of insults underwent during the 
hepatocyte isolation procedure (31). This might interfere with the experimentally induced cell death process. On the other hand, 
hepatocytes become resistant to cell death induction as a function of cultivation time, which reflects the progressive dedifferentiation 
process known to take place in primary hepatocyte cultures (2). Based on own experience, the best time to induce cell death is 
between 40 and 48 h postplating.
11The total duration of sampling in the current protocol (i.e. 6 h) has been optimized in such a way that the entire cell death response, 
going from early apoptosis to secondary necrosis, can be studied in primary cultures of rat hepatocytes. This timing might be subject 
to optimization when using hepatocytes from other species.
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5. Take at least 5 images per culture dish by using appropriate filters (Fig. 1) (see 

Note 12).

6. Count the number of cells positive for the marker concerned in each image and 

express relative to the total number of nuclei present (Fig. 1) (see Notes 13, 14, 15 

and 16).
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Figure 1. In situ staining of cell death markers
Freshly isolated rat hepatocytes were cultivated in a monolayer configuration and were 

exposed to 200 ng/mL Fas ligand and 2 μg/mL cycloheximide, starting at 44 h postplating. 

a) Samples were taken at the start of the exposure (0 h), and after 2, 4 and 6 h, and were 

stained with annexin-V-fluos, Hoechst 33342 and propidium iodide. b) The number of cells, 

positive for the concerned marker, was counted in each image and expressed relative to the 

total number of nuclei present. Data are expressed as the mean ± standard deviation of 3 

independent experiments. Results were evaluated by 1-way analysis of variance followed by 

post hoc Bonferroni tests. ● = control; Δ = Fas ligand/cycloheximide; **p < 0.01; ***p < 

0.001. Reproduced in modified form with permission from (32).
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