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(57) ABSTRACT 

Human hepatoma cell lines are provided that comprises a set 
of cells clonally derived from a cancerous human liver cell, in 
Which each cell of the set expresses a receptor having an 
a?inity for binding a virus of the Flaviviridae genus and a 
virus of the Hepadnaviridae genus to enable infection by 
viruses of both genus in native forms, and in Which each cell 
of the set exhibits susceptibility to infection by a hepatotropic 
parasite of the Leishmania genus in a native form. Various 
compositions and methods relating to diagnostic, therapeutic, 
and prophylactic embodiments are also provided. 
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HUMAN HEPATOMA LINES, METHODS FOR 
OBTAINING SAME AND USES THEREOF 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a national phase of PCT/FR02/002391 
?led Jul. 8, 2002, which claims priority of the French Appli 
cation No. 01/09044, ?led on Jul. 6, 2001, which are hereby 
incorporated by reference in their entireties and are relied 
upon. 

The invention relates to novel human hepatoma lines. It 
also relates to methods for obtaining same and their uses in 
diagnostic, therapeutic and prophylactic applications. 

INCORPORATION-BY-REFERENCE & TEXTS 

The material on the accompanying compact disc is hereby 
incorporated by reference into this application. The accom 
panying compact disc contains one ?le, ALXl GENERAL 
#1308566-v1-03247515 TXTTXT created on Feb. 13, 2008, 
is 1.2 KB. The ?le can be accessed using Microsoft Word on 
a computer that uses Windows OS. 

Hepatitis B is an infectious disease which is widespread 
throughout the world. Its virus (abbreviated to HBV) is a 
small virus with DNA possessing a high host speci?city. In 
fact, only humans and the higher primates are infected by this 
virus, which strongly limits the in vivo study models of this 
infection. However, a “duck” model exists which allows the 
study of an entire replication cycle of a hepadnavirus (in vitro 
and in vivo). This hepadnavirus, although close to the HBV 
virus, however has a somewhat different biology. Moreover, 
the metabolic behaviour of the duck cannot be simply com 
pared to that of humans. 
HBV moreover shows a strong tropism for the liver and 

preferentially targets the parenchymatous cells. Also, unlike 
other viruses, only the differentiated hepatic cells can be 
infected. 
A cell line derived from hepatomas has allowed rapid 

progress in the understanding of the replication mechanisms. 
This line, which is widely used, is referenced under the name 
HepG2. A derived clone HepG2 2.2.15 has the advantage of 
possessing a considerable ability to proliferate and actively 
replicate the virus. However, this replication is possible only 
after the introduction of the viral DNA into the cells, by 
transfection. Natural infection of this line by the HBV has 
proved impossible. Moreover, due to the age of this line, the 
karyotype of its cells is broadly modi?ed, which makes it an 
imperfect model for mimicking human hepatocytes. Finally, 
the differentiation capacity of these cells remains fairly lim 
ited. 

Other more or less differentiated cell lines have been pro 
posed. In particular the line Hep3B, which is slightly different 
from the line HepG2, and which has the same limits as the 
latter can be mentioned. All the line infection tests have 
proved negative or disappointing in terms of effectiveness. 

In order to study the mechanisms of HBV infection, a 
model of human hepatocytes in primary culture has been 
developed. This model is very useful in involving human 
hepatocytes and allowing access to the whole viral cycle. 
However, it is dif?cult and tedious to manipulate, and obtain 
ing bioptic fragments is increasingly dif?cult and random. 

The inventors’ work in this ?eld has led them to record that 
human hepatoma lines, actively multiplying whilst being 
capable of being infected by parasites and/or viruses, in par 
ticular HBV, could be obtained by carrying out a cell selection 
under speci?c conditions. 
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2 
The invention therefore aims to provide new human 

hepatoma lines capable of being infected by parasites and/or 
viruses, and the cells or elements of these cells originating 
from these lines. 

It also relates to a process for selecting such lines. 
A subject of the invention is also the uses of these lines in 

diagnostic, therapeutic and prophylactic applications. 
According to the present invention, the human hepatoma 

cell lines are characteriZed in that they are capable of being 
infected naturally by parasites and/or viruses; said parasites 
may or may not be hepatotropic, such as Plasmodium or 
parasites of the genus leishmania; and express receptors of 
the family of the Flaviviridae and Hepadnaviridae viruses, 
preferably HBV and HCV. 

These new lines thus allow complete study of the cycle of 
the parasites and/ or viruses in particular the viral cycle of the 
HBV, from the natural infection stage to the replication and/ or 
propagation of the virus. It will be observed in this respect that 
no human hepatoma cell line is at present capable of being 
infected by Plasmodium falciparum, i.e. that no human 
hepatoma cell line is capable of supporting the development 
of mature forms of this hepatotropic parasite (schiZonts). 
Moreover, due to its ability to proliferate, these lines are very 
easy to manipulate. 

According to another aspect of the invention, these lines 
are capable of reaching an advanced level of differentiation. 

In particular, the cells resulting from the lines according to 
the invention make it possible to reach a stage of hepatic 
differentiation, i.e. a morphology close to cells constituting 
the liver, such as the hepatocytes and/ or the biliary cells with 
in particular: 

the formation of trabeculae of parenchymatous cells, 
the formation of functional biliary canaliculi, with at cell 

level, the reconstitution of a biliary pole. 
Throughout the Application, reference is made to typical 

notions of the structural organization of the liver cells. These 
notions, in particular the biliary pole, are explained in the 
preamble to the “Results” paragraph of Example 1 hereafter. 
It is surprising to note that the cells originating from the lines 
according to the invention are capable of practically identi 
cally mimicking the structural organization of the liver cells 
and of reproducing its functions: in fact, the biliary canaliculi 
formed by the cells of the lines according to the invention are 
functional, i.e. capable of playing their detoxi?cation role. 
This functional differentiation is moreover highly advanced: 
the cells of the human hepatoma cell lines according to the 
invention can express the functions characteristic of the hepa 
tocyte, namely: 

the production of plasmatic proteins, in particular albumin, 
and transferrin, 

the detoxi?cation function, in particular: 
the expression of various forms of P450 cytochromes, 

such as CYP2E1, CYP3A and/ or CYPlA, the expres 
sion of various forms of detoxi?cation phase II 
enZymes in particular GSTot, 

the conjugation of biliary salts, 
the elimination of urea. 

the energy regulation function: 
the storage of sugar in the form of glycogen and the 

production of glucose by glycolysis, in particular, the 
expression of aldolase B, and/or neoglucogenesis, 

metabolism of lipids. 
It will be noted with interest that no human hepatoma cell 

line was capable of producing cells which could reach a level 
of differentiation such that these cells could express practi 
cally all of the functions of the normal human hepatocyte, in 
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particular, the detoxi?cation functions of phases I and II 
(CYP2E1, CYP3A, CYPlA and GSTa). 

According to an unexpected aspect, the cells originating 
from the lines according to the invention possess properties of 
pluripotent cells, in particular properties of resident and/or 
oval stem cells, i.e. capable of differentiating toWards the 
hepatocyte, biliary, pancreatic and/ or intestinal route. 

The resident stem cells are liver cells, capable, during a 
massive destruction of the liver, of actively multiplying in 
order to regenerate the part destroyed. These cells can evolve 
toWards a hepatocyte or biliary lineage (FIG. 1). Moreover, 
these resident stem cells, sometimes also designated oval 
cells, have the ability to differentiate into different cell types 
such as pancreatic, intestinal and/or hepatic cells. 

Another advantage of the lines according to the invention 
lies in their ability to proliferate actively. Thus, in the prolif 
eration phase, the cell population doubles in approximately 
24 hours. 

The invention relates in particular to the cell line ?led on 5 
th Apr. 2001 at the Collection Nationale de Cultures de 
Microorganismes, Institut Pasteur, 25 rue du Docteur Roux, 
13-75724 Paris Cedex 15, under No. l-2652. 

This line, called HepaRG, is an example of a cell line 
having all the characteristics of the lines according to the 
invention at the same time: it can be infected naturally by 
parasites, viruses, it has the morphological characteristics set 
forth above, and possesses all the biological functions of a 
hepatic cell. It appears to be a virtually perfect model of the 
hepatic cells. 

Also included Within the scope of the invention are cells or 
elements of cells originating from the lines according to the 
invention and in particular, membranes, receptors and/ or anti 
gens originating from this membrane, cytoplasm, nucleus, 
genes and/or gene products, DNA, mRNA, cDNA, proteins, 
peptides. 

Moreover, the invention aims to provide methods for 
obtaining and selecting such lines. 

This involves in particular a process for selecting human 
hepatoma cell lines comprising: 

a phase of cell proliferation in a culture medium compris 
ing continuously at least one cortico-steroid at a non 
toxic concentration Which promotes the differentiation 
of normal human hepatocytes, and in particular their 
optimum differentiation. 

then, having reached con?uence, a phase of cell differen 
tiation in this same medium, by the addition of DMSO, 
in a quantity su?icient to induce differentiation, 

this process being repeated several times, preferentially 3 
times, if desired. 

This cell selection process is indispensable for maintaining 
the properties of the lines according to the invention. In fact, 
this selection process induces high cell mortality. Example 3 
beloW demonstrates the necessary cooperation betWeen the 
cortico-steroid and the DMSO. 

The phrase “non-toxic concentration Which promotes the 
differentiation of normal human hepatocytes”, is used to refer 
to the cortico-steroid concentration promoting, during its 
addition to a culture of normal human hepatocytes, the dif 
ferentiation of the cells toWards a morphology and a func 
tional state described in the preamble to the “Results” para 
graph of Example 1. This concentration is non-toxic, ie its 
addition does not lead to a cell mortality rate greater than 
approximately 10%. 

Moreover, the term “quantity su?icient to induce the dif 
ferentiation” is used to refer to the quantity of DMSO neces 
sary to induce the differentiation of a culture of normal human 
hepatocytes. 
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It Will be noted With interest that a preferential process 

comprises a cortico-steroid present at a high concentration, 
continuously in the medium, in contrast to the processes 
usually used in hepatoma culture. Surprisingly, the presence 
of this cortico-steroid in no Way prevents the lines from pro 
liferating. 

This selection process has made it possible to develop a 
process for obtaining the lines according to the invention 
comprising a stage of biopsy of a solid tumor of hepatocar 
cinoma type, a stage of isolation of the cell population using 
a proteolytic enZyme and a stage of selection of the lines using 
the selection process detailed above. 
The proteolytic enZyme preferentially used is trypsin and/ 

or collagenase. 
The invention also proposes a process for infecting hepatic 

cells With a hepatotropic parasite and/or a virus comprising: 
a selection phase using the abovementioned selection pro 

cess, 
a differentiation phase alloWing the cells to reach a mor 

phology close to the hepatocyte using culture medium 
comprising at least one cortico-steroid at a non-toxic 
concentration Which promotes optimum differentiation 
of normal human hepatocytes, With DMSO added to it, 
in a quantity suf?cient to induce differentiation, 

an infection phase With incubation of the hepatic cells in a 
culture medium comprising at least one cortico-steroid 
at a non-toxic concentration Which promotes optimum 
differentiation of normal human hepatocytes, to Which 
the infectious source is added. 

The hepatotropic parasite can be a Plasmodium and the 
virus, HBV or HCV. 
A possible infectious source is the supernatant of HepG2 

cells and/or a patient’s serum. 
The culture media used for the selection, obtaining and 

infection processes preferably contain insulin in a quantity 
suf?cient to promote the survival of normal human hepato 
cytes, preferentially from 2.5 ug/ml to 10 ug/ml, in particular 
of the order of 5 ug/ml. 
The insulin makes it possible to considerably improve the 

viability of the cells. 
Moreover, the cortico-steroids of these culture media are 

preferably hydrocortisone hemisuccinate and dexametha 
sone. Other inducers of differentiation can be used, in par 
ticular retinoic acid and/or its synthetic analogues, oestrogens 
and thyroid hormones. 
The term “synthetic analogues” is used to refer to the 

analogues of said cortico-steroids and retinoids of non-natu 
ral origin. 
The corticoid concentration is from 10-7 M to 10-4 M, 

preferentially approximately 5.10“5 M for the hydrocortisone 
hemisuccinate and approximately 10'5 M for the dexametha 
sone. Finally, the DMSO concentration, When the latter is 
added to the culture media, is from 1% to 4%, preferentially 
approximately 2%. 
The invention also relates to a process for transfection of 

the lines according to the invention using a vector comprising 
the complete sequence and/or part of genetic material from 
the HBV and/or HCV viruses. It also relates to a high-?ow 
rate screening process of differentially expressed genes using 
a chip-type tool produced from the lines and/or cells and/or 
parts of cells according to the invention, preferably, these 
genes being differentially expressed under the effect of cul 
ture conditions, exposure to a molecule and/or virus and/or a 
parasite. 
An example of a chip-type tool is given in Example 7 

hereafter. It is a cDNA chip the construction of Which alloWs 
high-?oW-rate screening of differentially expressed genes. 
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The invention ?nally covers the use of the different culture 
media allowing the obtaining, maintaining, proliferation, 
selection, differentiation, transfection, infection of the lines 
according to the invention. It involves in particular the use of 
a culture medium comprising continuously at least one cor 
tico-steroid, preferentially hydrocortisone hemisuccinate at a 
non-toxic concentration Which promotes optimum differen 
tiation of normal human hepatocytes, in order to maintain the 
stability of the cell population lines and/or of the cells accord 
ing to the invention; as Well as the use of a culture medium 
continuously comprising at least one cortico-steroid, prefer 
entially hydrocortisone hemisuccinate at a non-toxic concen 
tration Which promotes optimum differentiation of normal 
human hepatocytes, With DMSO added in a quantity su?i 
cient to induce differentiation of the cells originating from the 
lines according to the invention; and use of the culture 
medium continuously comprising at least one cortico-steroid 
at the above-mentioned concentration as Well as sodium 
butyrate at a concentration su?icient to induce a biliary-type 
differentiation, preferably a concentration of 2.5 to 5 mM, in 
particular approximately 3.75 nM. 
As already indicated, the lines according to the invention 

are capable of evolving toWards distinct differentiation 
routes. The differentiation route is strongly in?uenced by the 
choice of culture medium. Evolution toWards the hepatic, 
biliary and pancreatic routes are illustrated by Example 4. 
Human hepatoma lines according to the invention are the 

subject of a numerous applications, given their high differen 
tiation capacity, their considerable functionality and their 
ease of manipulation. 
A ?rst useful application corresponds to the use of the lines 

and/ or cells originating from the lines according to the inven 
tion, for metabolic and/or toxicity tests intended for the evalu 
ation of neW medicaments and/or nutritional constituents 
and/ or environmental pollutants. 

In fact, the lines according to the invention are at present 
the best model mimicking normal human hepatocytes, in 
particular in terms of detoxi?cation. 

In particular the lines according to the invention alloW the 
manufacture of an extracorporeal bioreactor for the transient 
treatment of acute hepatocellular insu?iciencies. The inven 
tion also covers the use of the lines according to the invention 
for the screening and/ or manufacture of neW vaccines and/ or 
antiviral molecules, in particular for the screening of mol 
ecules active vis-a-vis one of the viral cycle stages; for the 
manufacture of antibodies directed against a virus belonging 
to the F laviviridae and Hepadnaviridae family, in particular 
directed against the HBV and HCV and/or their cell mem 
brane receptors; for carrying out viral neutraliZation and/or 
vaccinal composition tests comprising at least viral particles 
and/ or polypeptides obtained after infection and/or transfec 
tion of the lines according to the invention, combined With a 
pharmaceutically acceptable vehicle and/or excipient and/or 
adjuvant. 

The lines according to the invention are advantageously 
used for the purposes of validating the virucidal capacity of 
disinfectant chemical products. 

The invention also proposes a neW method for evaluating 
the virucidal capacity of a disinfectant chemical product for 
cleaning equipment, premises and/or surfaces comprising: 

bringing the viruses into contact With said equipment, pre 
mises and/or surfaces, 

the disinfecting of said equipment, premises and/or sur 
faces With said disinfectant chemical product, 

then the contamination of cells according to the invention, 
by the viruses having survived the disinfecting. 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
Other characteristics and advantages of the invention are 

given in the examples Which folloW. They relate, for illustra 
tion purposes, to the line I-2652 deposited at the CNCM, 
called HepaRG. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1, a diagrammatic representation of the different cell 
types participating in the homeostasis of the liver, 

FIG. 2, a diagrammatic cross-section of the liver, clearly 
shoWing the structural organiZation of the different cells con 
stituting the liver, 

FIG. 3, the groWth curve of the HepaRG line, 
FIG. 4, phase contrast microphotographs of HepaRG cells 

at different stages of differentiation. 
FIG. 5, electron micrographs of HepaRG cells 
FIG. 6, the karyotype, With RHG-type staining, of a 

pseudodiploid metaphase representative of the HepaRG line, 
FIG. 7, a Northern blot analysis of the expression of the 

mRNAs in 2 liver biopsies, HepG2 cells and HepaRG cells, 
FIG. 8, the effects of activity inducers CYPlA (phenacetin 

deethylase) and CYP3A4 (nifedipine oxidase), 
FIG. 9, the in?uence of corticoids and DMSO on the level 

of hepatic mRNAs in the HepaRG cells, 
FIG. 10, the effects of different factors in?uencing the 

infectability of the cells, and 
FIG. 11, the results of infection of the HepaRG cells With 

HBV. 
FIGS. 12 and 13, biliary and pancreatic differentiations, 
FIGS. 14 and 15, the infectability of HepaRG cells With the 

serum of patients carrying HCV, in the presence or absence of 
interferon 0t, 

FIG. 16, the kinetics of replication or inhibition of HCV, by 
interferon 0t, 

FIG. 17, the kinetics of infection by parasites of the genus 
Leishmania, and, 

FIGS. 18 and 19, optimiZations of the protocol of infection 
by parasites of the genus Leishmania. 

EXAMPLE 1 

Isolation of Hepatoma Cell Line 

1. Materials and Methods 
Cells Were isolated from a liver tumor taken from a patient 

suffering from a hepatocarcinoma and viral hepatitis C. The 
Whole procedure Was carried out in accordance With French 
laW and regulations and approved by the Comite National 
d’Ethique, and con?dentially. 
The samples Were cut into ?ne sheets, then rinsed With a 

HEPES-based buffer solution [(pH 7.7; 140 mM NaCl, 2.68 
mM KCl, 0.2 mM Na3HPO4 and 10 mM HEPES], and 
digested With 0.025% of collagenase D (Boehringer Man 
nheim) diluted in the same buffer solution With 0.075% of 
CaCl2 added (addition under gentle stirring at 370 C.). After 
tWo Washings With the HEPES buffer solution, the cells are 
resuspended in a Williams’ medium E, supplemented With 
10% of foetal calf serum (FCS), 100 U/ml of penicillin, 100 
ug/ml of streptomycin, 5 ug/ml of insulin, 2 mM/ml of 
L-glutamine and 5.10-7 M of hydrocortisone hemisuccinate. 
The cell suspension is then distributed into different Wells on 
a plastic support. After several Weeks, the cell groWth is 
suf?cient to produce a culture. Its population is heterogenous, 
but the cells are highly differentiated and have a hepatocyte 
type morphology. The Wells having the most homogenous 
cell populations are separated With trypsin, then redistributed. 
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After 3 passages, the cells are aliquoted, then frozen in the 
culture medium With 10% of DMSO added, and preserved in 
liquid nitrogen. After thawing, the Well having the greatest 
proportion of cells having a hepatocyte-type morphology is 
selected. The cells are cultured in the culture media used for 
their isolation and/or in the differentiation medium used to 
complete the cell selection. 

In order to obtain a more frequent hepatocyte differentia 
tion in the line, the HepaRG cells originating from the ?rst 
selection are cultured in a Williams’ medium E, With 5 ug/ml 
of insulin, 100 U/ml of penicillin, 100 ug/ml of streptomycin, 
5.10-7 M of hydrocortisone hemisuccinate, 2 mM/ml of 
L-glutamine and 10% of FCS added. 

The cells are subjected to a passage every 10-15 days, at a 
1/s dilution. The differentiation phase takes place in tWo 
stages: 

the cells are maintained in their groWth medium for tWo 
Weeks, con?uence being reached at the end of one Week, 

they are then maintained in a differentiation medium (cor 
responding to the preceding culture medium, With 2% of 
DMSO added) for another tWo Weeks, the medium being 
replenished every 2 or 3 days. 

Cyto genetic Analysis 
The karyotype of the HepaRG cells Was analyzed after 8 

passages. The cells Were ?rst maintained for 24 to 48 hours in 
RPMI 1640 With 10% of FCS added, then blocked in 
metaphasis by exposure to Colcemide (10 ug/mL) for 45 
minutes. 

The cells Were then treated With a hypotonic solution (0.1 
M of MgC12), ?xed With Camoy’s acetic solution and the 
chromosomes revealed by RHG staining. 

2. Results 

Preamble 

FIG. 2 shoWs a diagrammatic cross-section of the liver 
clearly shoWing the structural organization of the liver cells. 
In particular, a normal human hepatocyte has the folloWing 
morphological characteristics: 

These are cells With a granular cytoplasm due to the fact 
that they are rich in organites such as mitochondria and 
rough endoplasmic reticulum vesicles, and a round and 
regular central nucleus With a very dense nucleolus. 

These cells become grouped and organized into typical 
trabecula, most often formed from cords of 2 to 4 cells, 
interlinked by joining structures of desmosome type, 
and communicating structures of “Gap”-type, and bor 
dered on either side by sinusoids in Which the blood 
circulates. This organization into trabeculae determines 
the double polarity Which characterizes the hepatocyte: 
a sinusoidal pole on the side of the sinusoids and a biliary 
pole at the interface of the hepatocytes. 

The biliary pole is associated With the detoxi?cation func 
tion and more particularly With the elimination of biliary 
salts. It is a dilated intercellular space, closed by characteris 
tic complex junctions (tight junctions plus desmosomes) 
Which delimit for each cell a specialized membrane zone on 
the one hand, at the functional level by the expression of 
speci?c proteins, and on the other hand, at the morphological 
level by the formation of numerous villi. 

Moreover, the term biliary cells refers to cells constituting 
the biliary canals and canaliculi. The latter make it possible to 
evacuate into the bile, the biliary salts originating from the 
hepatocytes and having circulated along the trabecula of par 
enchymatous cells via the biliary pole. 
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8 
Selection of Cells Having a Hepatocyte Morphology 
The cells originating from the Wells initially selected for 

their high proportion of hepatocyte-type cells are maintained 
in a culture medium containing 5.10“7 M of hydrocortisone 
hemisuccinate. It is noted that their morphology becomes 
more and more heterogenous and removed from that of a 
hepatocyte. 

In order to ?nd a hepatocyte-type cell population, in accor 
dance With the invention the folloWing selection method is 
then used: 

a differentiation medium is used, formed from a basic 
medium containing only 5 mg/L of insulin and 10% of 
FCS to Which 2% of DMSO and 510-5 M ofhydrocor 
tisone hemisuccinate are added. Once con?uence is Well 
established, the HepaRG cells are cultured in this 
medium. 

In the folloWing 2 to 4 days, the medium, Which is highly 
toxic, causes the death of more than 90% of the cells. In 
parallel, the morphology of certain surviving cells changes 
considerably. 

After tWo Weeks of this treatment, the mortality rate of the 
cells appears to be zero, and certain surviving cells have the 
same morphology as normal human hepatocytes, cultured 
under the same conditions. 

It is therefore established that the differentiated cells are 
more resistant to DMSO than the others. 

The cells, once replaced in the medium Without DMSO, 
return to an active proliferation phase. 
The selection process is continued. After 3 selection stages 

in this differentiation medium, most of the cells become resis 
tant to DMSO and capable of re-differentiating, once con?u 
ence is reached. 
The homogeneity of the population is further increased by 

means of tWo other selection protocols. 
We observed and took advantage of the fact that treatment 

With trypsin tends to separate the most differentiated cells in 
the form of multi-cell clusters Whilst the less differentiated 
cells are isolated. The puri?cation of the large aggregates 
makes it possible to enrich the population With cells capable 
of differentiating. 
The use of collagenase is based on a very different prin 

ciple: the treatment carried out With the collagenase involves 
selective separation of the mo st differentiated cells Which can 
be recovered and reseeded. 

Finally, the stability of the phenotype of the line is consid 
erably promoted by the continuous use of a high concentra 
tion of hydrocortisone hemisuccinate (5.10-5 M). 

Morphological Modi?cations: from Proliferation to Differ 
entiation 
An unexpected characteristic of the cells selected concerns 

their ability to proliferate in the presence of strong corticoid 
concentrations. After separation, most of the cells attach to 
the support in tWo hours and begin to proliferate. During the 
exponential proliferation phase, the population doubles in 24 
hours then, When the cells reach con?uence, groWth sloWs 
doWn. The latter reaches a plateau in the 10 days folloWing the 
passage, after Which the cells can no longer divide, but stay 
alive for several Weeks. 

In FIG. 3, the cells cultivated in the absenceiIi or in the 
presence of hydrocortisone (5 . 1 0-5 M)i§i for 10 passages 
Were seeded at a density of 40,000 cells per 4 cm2 Well and 
maintained in the same culture medium. The cells Were col 
lected by trypsinization and counted manually. 

During the proliferation phase, the HepaRG cells form a 
homogenous population of epithelial phenotype (absence of 
regular structural organization) and shapes different from that 
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of the hepatocytes (FIG. 4A, HepaRG cells under prolifera 
tion conditions). Once con?uence is reached, the cells 
undergo considerable morphological modi?cations. In four 
Weeks, a number of colonies of granular hepatocyte-type cells 
appear, Whilst at the periphery, epithelial cells can be dis 
tinctly seen (FIG. 4B, HepaRG cells maintained at con?uence 
for 20 days). The addition of DMSO tWo Weeks after the 
passage induces a very complete morphological differentia 
tion: organization of the cells into trabeculae comparable to 
those obtained in primary culture of normal hepatocytes, in 
Which canaliculus-type structures can be recognized (indi 
cated by a black arroW in FIG. F4). FIGS. 4C and 4D shoW 
HepaRG cells maintained at con?uence for 5 days, then 
treated With 2% of DMSO for 15 days (scale:100 pm). 
Some epithelial cells occupy the free spaces (?at, regular 

cells, Written in full in FIG. 4C and annotated by the letter E 
in FIG. 4D). The characteristic hepatocyte morphology is also 
translated at the level of the organization into trabeculae of the 
hepatocyte cords. It is obtained at the end of tWo Weeks of 
exposure to DMSO, the granular cells then very strongly 
resembling hepatocytes (FIG. 4C, cells annotated by the letter 
H in FIG. 4D). At the end of these tWo Weeks, no further 
signi?cant modi?cations are noted. 

The conditions making it possible to obtain complete hepa 
tocyte differentiation are therefore de?ned by: 

one Week of con?uence in the presence of corticoid (5.105 
M of hydrocor‘tisone), 

then tWo Weeks of differentiation in the presence of hydro 
cortisone and 2% of DMSO. 

Surprisingly, it Was observed that by selectively collecting 
the granular cell population from the trabeculae, the latter Was 
capable, even after a long period of quiescence, of returning 
to the active proliferation phase and once again giving rise to 
tWo hepatocyte and epithelial cell types, When con?uence is 
reached. 

An electron microscope study revealed the structural orga 
nization of the cells: tWo adjacent cells are strongly attached 
to each other by desmosomes (FIG. 5A, vieW With loW mag 
ni?cation), With structures strongly resembling biliary cani 
culi, and surrounded by complexes typical of junctions 
(“tight” junctions+desmosomes). FIGS. 5B and 5C shoW 
vieWs With a greater magni?cation, shoWing a typical accu 
mulation of collagen granules and a biliary canaliculus-type 
structure. (Scale:2 pm). 

In FIG. 5A, characteristic regular, round nuclei can be 
seen, comprising one or tWo nucleoli. The large number of 
mitochondria in the cytoplasm are slightly domed in shape, 
shoWing a feW peaks. It is also possible to observe a number 
of cytoplasmic granules, Which are in fact an accumulation of 
glycogen particles organized into a “rosette” as described in 
the normal liver in vivo (FIG. 5B). 

Finally, unexpectedly, the karyotype of the cells of the line 
is subdiploid. The folloWing karotype formula Was deduced: 
46 <2n>, XX, + del (7) (q11-q21)inv? (7) (q21 q36), -der (22) 
t (12; 22) (pl 1; q11). Determination of the deletion and trans 
location points Was carried out by hybridization in situ. Out of 
40 mitoses studied, 65% contain 46 chromosomes. 100% of 
the cells have the following anomalies (FIG. 6): 

a supemumerary and modi?ed chromosome 7 leading to a 
trisomy 7, and 

a translocation t (12.22) With a loss of the fragment 12p 
leading to a monosomy 12p (FIG. 6). 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
Other isolated anomalies Were detected and are reported in 

Table I beloW: 

TABLE 1 

Cytogenetic Characteristics of the HepaRG Line 
CHROMOSOMES WITH ANOMALIES 

FREQUENCY 
(% OF 

CHROMOSOME ANOMALIES MITOSES) 

7 ?inv(7)(q2l q36) Partial trisomy 100 
del(qll—q2l) 
supemumerary 

12 Unbalanced Monosomy 12p 100 
translocation 

22 t(12;22)(p11;q11) Monosomy 22p 100 
2 supemumerary Trisomy 15 
4 supemumerary Trisomy 7.5 
8 i(8)(q10) Monosomy 8p 5 

Monosomy 8q 

EXAMPLE 2 

Functional Ability of the Line 

1. Materials and Methods 

Extraction of the RNA and Analyses 
THE total cell RNA is extracted using the Total SV RNA® 

kit; (Promega, France), separated on 1.5% agarose gel and 
analyzed by Northern blot. A check on the quantity of RNA 
transferred to the ?lters is carried out after staining With 
methylene blue. 

The hybridization is carried out according to the protocol 
of Gripon et al. (1993, Virology, 192: 534-540). 

Enzyme Activities Associated With the Detoxi?cation Func 
tion 
The enzyme activities Were established by means of the 

protocols developed by Guillouzo et al. (1993, Hepatology 
18: 406-414). 
The folloWing Were studied: 
the deethylation of phenacetin to paracetamol, 
the oxidation of nifedipine to 3, 5-dimethoxy-carbonyl-2, 

6-dimethyl-4-(2 -nitro -phenyl) pyridine, 
the demethylation of dextromethorphan to dextrorphan tar 

trate, 
the hydroxylation of tolbutamide to hydroxytolbutamide, 
the hydroxylation of 4-mephenyloin to 4-hydroxymephe 

nyloin. 
For comparison, enzyme activities Were also determined 

on cultures of normal human hepatocytes incubated for 2 to 
16 hours in the presence of the folloWing substrates: 

2.10“4 mol/ L of phenacetin 
2.10“4 mol/ L of nifedipine 
2.10-4 mol/L of dextromethorphan and mephenyloin 
1 mmol/L of tolbutamide. 
The assays are carried out by high performance liquid 

chromatography (HPLC). The results are expressed in pico 
moles of metabolites forrnedper hour andper pg of DNA. The 
activity of the glutathion-S-transferase (GST) is estimated 
using 1-chloro-2, 4-dinitro-benzene (CDNB) (Merck) as sub 
strate, at pH 6.5 and at ambient temperature. 

2. Results 
The level of differentiation of the cells Was checked by 

analysis of the quantities of different mRNAs speci?c to the 
liver, in particular the mRNAs of the proteins of the functions 




















