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Introduction
The spectrum of liver disease after alcohol abuse is similar
to many other types of liver diseases in that damage to the
hepatocyte, or parenchymal cell, is the cardinal event in
the pathogenesis of injury. Damage to the liver, however,
involves not only the hepatocyte but also the nonparen-
chymal cells: the Kupffer, endothelial, and stellate cells
which release inflammatory and fibrogenic factors (such
as cytokines and chemokines) that lead to altered liver
pathology. We have studied extensively the effects of eth-
anol administration on protein trafficking in the liver,
focusing most of our work on the hepatocyte and the
process of endocytosis by these cells, using the endocytic
pathway of the asialoglycoprotein receptor (ASGP-R) as a
model [1-8]. Currently in our laboratory we are examin-
ing the effect of ethanol administration on the process of
apoptosis (programmed cell death) to determine a role
for altered endocytosis in this process. Apoptosis is recog-
nized not only as one of the initiating events in toxic liver
injury, but is also increasingly recognized as a key mecha-
nism in tissue inflammation and fibrosis [9,10]. Of inter-
est to us is work showing that healthy hepatocytes can
bind and internalize apoptotic bodies [11,12], and that
the hepatocellular ASGP-R is involved in this clearance.
We have utilized an in vitro system to characterize uptake
of apoptotic bodies in isolated hepatocytes and define a
role for the ASGP-R in this uptake. Our goal is to deter-
mine if there is an impaired ability to take up bodies in
hepatocytes from ethanol-fed animals compared with
control hepatocytes. An ethanol-induced impairment in
the ability to remove apoptotic cells in the liver paren-

chyma could lead to an accumulation of bodies thereby
disturbing the hepatic architecture and contributing to the
initiation of fibrosis, specifically by activation of the non-
parenchymal cell population. The work described in this
present study was performed to characterize the in vitro
system using flow cytometry to examine uptake of apop-
totic bodies by healthy hepatocytes. Our long-term goal is
to determine whether inadequate removal of apoptotic
cells, presumably via altered receptor-mediated endocyto-
sis (RME), plays a role in the course of pathogenesis of
alcoholic liver injury.

Methods
Hepatocyte Preparation
Hepatocytes were obtained from male Wistar rats using a
collagenase perfusion method that is routinely performed
in our laboratory [1-8]. Ethanol feeding was performed
using Lieber-DeCarli diet as described previously [1-8].

Preparation of apoptotic H4 cells
Rat hepatoma H4IIE cells were cultured in William's E
media. Apoptosis was induced in sub-confluent cells in
the presence of 10 mg cisplatin/ml for 20–24 hours at 37
degrees C.

Labeling and characterization of target apoptotic cells for 
phagocytosis assays
The generated apoptotic cells were labeled according to
the manufacturer's (Sigma) protocol with the fluorescent
probe, 5–6-carboxytetramethyl-rhodamine-succinimidyl-
ester (TAMRA). The extent and characteristics of apoptotic
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cells obtained by the cisplatin treatment was determined
by Hoechst 33342 microscopic evaluation, Annexin V-
FITC staining, viability staining (trypan blue) and ethid-
ium bromide and acridine orange (EB/AO; to distinguish
between viable, apoptotic, and necrotic cells) and lectin
binding: all were performed by standard procedures.

Phagocytosis assays
TAMRA-labeled apoptotic or non-apoptotic H4 cells (5–
10 million) were incubated with freshly isolated rat hepa-
tocytes (3–5 million) in the presence or absence of 200
mM N-acetylgalactosamine and galactose (GalNac/Gal),
200 mM glucose (Glu) or anti-ASGP-R antibody or non-
immune serum (1:50 dilution, which is approximately
0.8–1.1 mg/ml protein final in the assay). To quantify the
phagocytosis of apoptotic cells, we employed a flow cyto-
metric method. Briefly, after incubation of the fluores-
cently labeled apoptotic or non-apoptotic cells with
isolated rat hepatocytes cells at 37 degrees C, cell aliquots
were analyzed by flow cytometry using the FACSCalibur
(Becton Dickinson) with emission for the TAMRA-labeled
cells. Fluorescence-activated cell sorting of TAMRA-posi-
tive rat hepatocytes was performed using a FACStarPLUS
system (Becton Dickinson) with emission collected using
a 575/26-band pass filter. Identification of the phagocy-
tosed apoptotic cells was verified through confocal micro-
scopy of sorted cells. The cells (approximately 1.0 × 105)
were cytospun onto glass slides, stained with Wright-
Giemsa stain, and examined using a confocal laser-scan-
ning microscope (Carl Zeiss LSM 410 invert with an
argon-krypton laser with DIC capabilities) at the appro-
priate wavelengths.

Results and Discussion
We initially performed ligand internalization studies with
freshly isolated hepatocytes to establish that the endocy-
tosis results were representative of the previous experi-
ments we performed for protein trafficking studies in our
laboratory [1-8]. We then used these cells in combination
with apoptotic bodies obtained from H4 cells treated with
cisplatin, as described in the "Methods" section. Incuba-
tion of the hepatocytes with the labeled bodies followed
by flow cytometric analysis showed that the hepatocytes
were capable of uptake of apoptotic H4 cells over a 60
minute time course. In addition, the phagocytosis of the
apoptotic cells was shown to be significantly impaired
(40–80%) in the presence of the polyclonal antibody spe-
cific for ASGP-R as well as the introduction of competing
sugars (GalNac/Gal) in the media. The data from this in
vitro assay indicates that the ASGP-R is involved in the rec-
ognition and uptake of apoptotic cells and suggests an
association with alterations in clearance of cells by the
ASGP-R. Confirmation of apoptotic cell uptake by the rat
hepatocytes was performed by fluorescent microscopy
analysis of sorted hepatocytes after flow cytometric analy-

sis as well as by confocal microscopy. We feel that this
experimental design provides an excellent means to exam-
ine apoptotic cell uptake in isolated cell populations. We
will utilize this technique with hepatocytes from ethanol-
fed animals to determine if there is an impaired uptake
after ethanol administration, due to impaired RME by the
ASGP-R. In future studies, we will also examine the time
course for these impairments as well as a zonal distribu-
tion of the effects, since we have previously shown that
altered RME is seen first and foremost in the perivenular
region of the liver [4]. In addition, we plan to utilize this
technique to measure uptake by the non-parenchymal cell
populations, which are important in the phagocytic proc-
ess.

References
1. Casey CA, Kragskow SL, Sorrell MF, Tuma DJ: Chronic ethanol

administration impairs the binding and endocytosis of asialo-
orosomucoid in isolated rat hepatocytes. J Biol Chem 1987,
262:2704-2710.

2. Casey CA, Kragskow SL, Sorrell MF, Tuma DJ: Effects of chronic
ethanol administration on total asialoglycoprotein receptor
content and intracellular processing of asialoorosomucoid in
isolated rat hepatocytes. Biochim Biophys Acta 1990, 1052:1-8.

3. Casey CA, Kragskow SL, Sorrell MF, Tuma DJ: Ethanol-induced
impairments in receptor-mediated endocytosis of asialooro-
somucoid in isolated rat hepatocytes: Time course of impair-
ments and recovery after ethanol withdrawal. Alcohol Clin Exp
Res 1989, 13:258-263.

4. Casey CA, Kragskow SL, Sorrell MF, Tuma DJ: Zonal differences in
ethanol-induced impairments in receptor-mediated endocy-
tosis (RME) of asialoorosomucoid (ASOR) in isolated rat
hepatocytes. Hepatology 1991, 13:260-266.

5. Casey CA, Wiegert RL, Tuma DJ: Effect of hyperosmolarity on
both receptor-mediated and fluid-phase endocytosis in etha-
nol-fed animals. Biochem Pharm 1995, 49:1117-1123.

6. McVicker BL, Casey CA: Effects of ethanol on receptor-medi-
ated endocytosis in the liver. ALCOHOL 1999, 19:255-260.

7. McVicker BL, Tuma DJ, Casey CA: Ethanol administration
results in hyperphosphorylation of the asialoglycoprotein
receptor in isolated rat hepatocytes. Biochemical Pharmacology
2000, 60:343-351.

8. Tworek BL, Tuma DJ, Casey CA: Decreased binding of
asialoglycoproteins to hepatocytes from ethanol rats: conse-
quence of both impaired receptor synthesis and inactivation
of the asialoglycoprotein receptor. J Biol Chem 1996,
271:2531-2538.

9. Yacoub LK, Fogt F, Griniuviene B, Nanji AA: Apoptosis and bcl2
protein expression in experimental alcoholic liver disease in
the rat. Alcohol Clin Exp Res 1995, 19:854-859.

10. Kawahara H, Matsuda Y, Takase S: Is apoptosis involved in alco-
holic hepatitis? Alcohol Alcohol 1994, 29:113-119.

11. Dini L, Autuori F, Lentini A, Oliverio S, Piacentini M: The clearance
of apoptotic cells in the liver is mediated by the asialoglyco-
protein receptor. FEBS Lett 1992, 296:174-178.

12. Dini L, Lentini A, Diez GD, Rocha M, Falasca L, Serafino L, Vidal-Vana-
clocha F: Phagocytosis of apoptotic bodies by liver endothelial
cells. J Cell Sci 1995, 108:967-973.
Page 2 of 2
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3818618
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3818618
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3818618
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2322585
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2322585
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2322585
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/0167-4889(90)90049-J
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2658667
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2658667
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2658667
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1995436
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1995436
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1995436
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/0006-2952(95)98509-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/0006-2952(95)98509-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/0006-2952(95)98509-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7748193
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0741-8329(99)00043-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0741-8329(99)00043-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10580516
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0006-2952(00)00353-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0006-2952(00)00353-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0006-2952(00)00353-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10856429
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1074/jbc.271.5.2531
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1074/jbc.271.5.2531
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1074/jbc.271.5.2531
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8576217
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7485830
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7485830
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7485830
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9063809
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9063809
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/0014-5793(92)80373-O
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/0014-5793(92)80373-O
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/0014-5793(92)80373-O
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1370803
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7622623
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7622623

	Introduction
	Methods
	Hepatocyte Preparation
	Preparation of apoptotic H4 cells
	Labeling and characterization of target apoptotic cells for phagocytosis assays
	Phagocytosis assays

	Results and Discussion
	References

