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Hepatoblastoma-derived cells (HepG2) used to restore polarized
hepatocyte morphology by culturing them in 3D collagen gels
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Objective: We attempted to generate hepatic tissue sandwiched between collagen gels containing
fibroblasts in our bioreactor.
Methods: Human skin fibroblasts were suspended in 50 ml of Dulbecco's Modified Eagle Medium
(DMEM) supplemented with 0.5 mg/ml type I collagen.  The mixture was circulated in a bioreactor
that we designed.  Hepatoblastoma-derived cells (HepG2) cells were injected into the bioreactor, after
which 50 ml of DMEM supplemented with 0.5 mg/ml type I collagen were circulated.  A white glossy
aggregate, of approximately 2 mm in thickness and 17 mm in diameter, accumulated on a polylactic
acid sheet.  Each aggregate was transferred into another device in which the culture medium was
circulated around the tissue-engineered hepatic tissue and was kept circulating for 3 days.  Human
albumin in the spent media was measured using the enzyme-linked immunosorbent assay technique.
Results: The aggregates were composed of 3 layers, including 2 collagen gels, with or without
fibroblasts possessing prominent cell processes, and a layer of HepG2 cells contained in a stack of
rough-surfaced endoplasmic reticula.  In the cluster of HepG2 cells, numerous channels resembling
bile canaliculi could be observed between neighboring cells.
Conclusion: Bioreactor-generated tissue-engineered HepG2 constructs survived 3 days and expressed
the polarized morphology.
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Introduction

ost tissues, if not all, are made up of various cells
and extracellular matrices (ECMs) with different

stiffnesses and viscosities.  They usually form distinct
layers together with tissue-specific cells, i.e.,
keratinocytes for skin, and ubiquitously distributed cells
such as fibroblasts and extracellular matrices.1

The liver lobules, the basic anatomical units of the
liver, are surrounded with a connective tissue mainly
composed of types I and III collagens, whereas fine
collagen fibrils, less than 50 nm in diameter, are
distributed in the perisinusoidal spaces between hepatic
cells and endothelical cells.2-6  The fibrils make up a
framework of intralobular ECMs, containing mainly type
III and V collagens.  Hepatocytes and non-parenchymal

cells, i.e., endothelial cells, stellete cells, and Kupffer
cells, in the liver adhere to the extracellular matrices of
different stiffnesses, i.e., perisinusoidal ECMs or collagen
fibrils, and express their functions controlled by the
microenvironment and the signal network.7  The
hepatocytes have bile canaliculi connecting to the
duodenum through the bile ducts.  Hepatocytes have an
apical side and a basal side, which faces the perisinusoidal
ECMs.  Therefore, the liver is made up of hepatocytes,
which are polarized, two or more different kinds of cells,
and ECMs.

When hepatocytes were cultured on a rigid surface of
the PLA sheet coated with monomeric collagen
molecules, they attach, spread, proliferate, and remain in
a dedifferentiated status.  When they were cultured on
Matrigel (Becton and Dickinson, Franklin Lakes, NJ,
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USA) or sandwiched between collagen gels, hepatocytes
expressed liver-specific functions, such as albumin
secretion, cytochrome P450 expression.8-10  Various cells
in the liver may express their specific functions under
suitable microenvironments.  When hepatocytes were
cultured between two layers of collagen fibrils in a
sandwich configuration, they restored their cell polarity
and liver-specific synthetic activity.11,12  Those researchers
reconstituted gelled collagen from a solution containing
1.11 mg/ml type I collagen.11,12  The density of the collagen
might be of a comparable level to that of the solution
originally prepared and lower than connective tissues in
vivo such as dermis.  The concentration of gelled collagen
would still be inferior to that of human dermis,
approximately 200 mg/ml.13

Taking these findings into account, we attempted to
generate a hepatic tissue sandwiched between collagen
gels containing fibroblasts, using the bioassembly system
(Patent No. WO 2006/088029 and 2009-017475 Japan)
that we designed to regenerate artificial tissues in vitro.14

Using this bioassembly, we generated condensed
collagenous tissue that is similar to in vivo connective
tissues.  We chose hepatoblastoma-derived (HepG2) cells

as hepatocyte substitutes because the cells can be obtained
commercially and grow rapidly in culture bottles.
Although HepG2 cells have no ammonia removal
activity,15 they are considered to be hepatocyte-equivalent
cells because of their ability to secrete albumin into their
culture media.  In the present study, we used HepG2
cells instead of primary hepatocytes to generate artificial
tissue.  We evaluated their morphology and liver-specific
function by monitoring the albumin concentration of spent
media.

Materials and Methods

Cell culture
Human foreskin fibroblasts (HFO), kindly gifted by
Shiseido Skin Research Center, were cultured in
Dulbecco's Modified Eagle's Medium (DMEM)
supplemented with 10% fetal bovine serum (FBS; ICN
Biochemicals,  Aurora, OH, USA), 100μg/ml
streptomycin and 100 U/ml penicillin (Invitrogen
Corporation, Grand Island, NY, USA) at 37℃ under
humidified air with 5% CO2.  HepG2 cells were purchased
from Human Science Research Resources Bank (Tokyo).

Figure 1.  A photograph and illustrations showing the bioassembly system used in this study

A. The whole system is operated in the incubator, maintained at 37℃ under humidified air with 5% CO2.  The system is composed of a
diaphragm pump, a dissolved oxygen sensor, a reservoir bottle, a magnetic stirrer, and a bioreactor chamber (inscribed area).
B. A schema showing the components in the bioreactor.  The internal cylinder in the bioreactor consists of a stainless steel spacer, a
silicone rubber ring, a PLA sheet, a 25-mesh stainless grid, and another silicone rubber ring all stacked on a rib, 2 mm in width, to
accumulate collagen fibrils and cells on the PLA sheet.
C. A schema showing the internal cylinder with 8 orifices (4 above the rib and 4 below).  The cylinder consists of the PLA sheet together
with reconstituted liver tissues, and the 25-mesh stainless grid all stacked on the 2-mm rib and maintained in the circulated medium
without hydrostatic pressure that could damage the reconstituted tissues on the PLA sheet.
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The cells were also cultured in DMEM supplemented
with 10% FBS, 100μg/ml streptomycin and 100 U/ml
penicillin at 37℃ under humidified air with 5% CO2.
After reaching the confluent, cells were rinsed with Ca2+-
Mg2+-free Hank's balanced salt solution and removed
from the plastic culture flasks (225 cm2) using a solution
of 0.05% trypsin-ethylenediaminetetraacetic acid (EDTA;
GIBCO by Life Technologies, Canada).  The number of
cells was measured with a handheld automated cell
counter, Scepter (Millipore, Billerica, MA, USA).

Description of the bioreactor, a three-dimensional (3D)
bioassembly system
The three-dimensional (3D) bioassembly system is
composed of a reactor chamber, a 100-ml glass bottle as
a medium reservoir (stirred constantly), a dissolved
oxygen sensor to measure the concentration of dissolved
oxygen in the circulating solution, and a micro roller
pump that propels the DMEM containing atelocollagen
and/or harvested cells to the reactor chamber at a
predetermined flow rate (1−5 ml/min).  The reactor
chamber is cylindrical, approximately 20 mm in diameter
and 20 mm in height (Figure 1A).  The chamber is
composed of an external stainless steel cylinder, an
internal stainless steel cylinder, 19 mm in diameter, with
4 orifices for liquid outlet and a 2-mm-wide circular rib.
Several parts are stacked up on the internal rib in the
order of: a silicone rubber ring 0.5 mm in thickness, a
stainless mesh with 250-mm quadrate holes for
mechanical support, a sheet of polylactic acid (PLA)
sheet, another silicone rubber ring, and a cylindrical
stainless steel spacer that fits inside the internal stainless
steel cylinder (Figure 1B).

The bioassembly system was maintained at 37℃ under
humidified air with 5% CO2.  Polymerized collagen fibrils
and one or more types of cells are accumulated at a high
density on the surface of the PLA sheet.14  Reconstructed
liver tissues on the PLA sheet were placed on the rib of a
cylinder which has 8 orifices, 4 above the rib and 4 below,
stacked up with a stainless steel mesh (Figure 1C) to
avoid the pressure from the circulating medium.  The
reconstructed liver tissues were circulated with 50 ml of
DMEM for 3 days at the longest at 37℃ under humidified
air with 5% CO2.

Reconstruction of liver mimetic tissue using the 3D
bioassembly system
A solution of 0.5 mg/ml type I atelocollagen was prepared
by diluting commercially distributed type I atelocollagen
from calf skin (Koken, Tokyo) in DMEM supplemented
with 10% FBS, 100μg/ml streptomycin and 100 U/ml

penicillin.  To form connective tissue corresponding to
that of a interlobular connective tissue, 50 ml of DMEM,
containing type I atelocollagen chilled at 4℃, was
circulated at the flow rate of 5 ml/minute for 1 hour in the
humidified chamber maintained at 37℃.  The temperature
of the circulating medium is gradually raised from 4℃ to
37℃ within 3 hours.  Collagen molecules form fibrils in
the circulating medium rapidly, when the medium is
warmed from 30℃ to 37℃.

HFOs, grown to a confluent monolayer, were
harvested using a solution of 0.05% trypsin-EDTA and
spun down into a pellet.  The pellet was suspended in
DMEM, and the number of cells was estimated with the
Scepter handheld automated cell counter.  HFOs (1.0 ×
107), suspended in 2 ml DMEM were injected into the
upstream of the reactor chamber using a plastic syringe
for 5 minutes.  The medium was circulated at the flow
rate of 1 ml/minute for an additional 5 hours.

DMEM (50 ml) supplemented with 10% FBS, 100μg/
ml streptomycin and 100 U/ml penicillin was substituted
for the first medium.  Subsequently, the suspension of
HepG2 (3.0 × 107) was transfused into the 3D culture
system from the upstream of the reactor chamber for 5
minutes.  We estimated the number of HFOs incorporated
into the artificial tissue by calculating the number of
remaining cells in the first medium.  After transfusion,
the replaced DMEM was circulated for 3 hours in an
incubator at 37℃ under humidified air with 5% CO2.
The number of HepG2 cells remaining in the second
medium to estimate the number of cells incorporated
into the layer of reconstituted collagen fibrils.  Lastly,
the third medium of DMEM (50 ml) containing 0.5 mg/
ml collagen I was circulated again for 3 hours to form an
additional layer of collagen gel overlaid on the HepG2
cell layer.

Reconstructed liver tissues were transferred into the
stainless steel cylinder with the 8 orifices in which the
medium flowed around the constructs and were cultured
for 3 days (Figure 1C).  Aliquots of the circulating medium
were harvested on day 3.  For control, HepG2 cells were
grown in DMEM in culture flasks (225 cm2).  When they
reached confluency, 35 ml of newly prepared DMEM
were changed, and 3 ml of media were harvested on both
days 0 and 3.  All the specimens were processed for
further analysis morphologically and biochemically.

Morphological analysis
The reconstituted liver tissues populated with fibroblasts
and HepG2 cells were fixed with modified Zamboni's
fixative (0.2% picric acid and 4% paraformaldehyde in
0.1 M phosphate buffer pH 7.4) for light and transmission
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electron microscopy.  The specimens for light microscopic
examination were dehydrated, embedded in paraffin.
Sections were then cut and stained with hematoxylin and
eosin (H&E) stain to examine the architecture of
reconstructed liver tissues.

For electron microcopy, the specimens were postfixed
with 2% OsO4 in 0.1 M phosphate buffer (pH 7.4) and
dehydrated with a graded series of ethanol and immersed
in t-butanol.  Pieces of specimens were frozen in a
refrigerator, freeze-dried with an Eiko ID-2 freeze-dryer
(Eiko Engineering, Tokyo), coated with platinum, and
finally examined with a JSM 6360 scanning electron
microscope (JEOL, Tokyo).

For transmission electron microscopy, postfixed
specimens were embedded in epoxy resin after
dehydration and then cut into thin sections and examined
under a JEOL JEM 1230 electron microscope (JEOL,
Tokyo).  For comparison, HepG2 cells grown in DMEM
in Petri dishes (35 mm in diameter) were fixed with
modified Zamboni's fixative for 6 hours.  They were
then processed as described above and also examined

under a scanning or a transmission electron microscope.

Albumin assay
Culture supernatants were harvested at 3 days circulation
or culture and stored at -65℃ until analysis for human
albumin concentrations by a solid phase sandwich
enzyme-linked immunosorbent assay (ELISA) kit
according to the manufacturer's instructions (Abnova,
Taipei, Taiwan).  The albumin concentrations were
calibrated against estimated cell numbers.  The secretion
of albumin was recorded as ng per the number of HepG2
cells (106).

Results

Morphology of cultured HepG2 cells in Petri dishes
HepG2 cells were seeded in plastic Petri dishes and
maintained at 37℃ under humidified air with 5% CO2.
They were fixed in the log phase, where the cells
proliferate exponentially, and examined by scanning and
transmission electron microscopy. HepG2 cells exhibited

Figure 2.  Scanning and transmission electron micrographs showing HepG2 cells cultured in a Petri dish

A. A scanning electron micrograph showing subconfluent HepG2 cells.  Cells are approximately 30-μm long
and 20-μm wide, spread on the bottom, possess extended processes (arrows) with filopodia at their terminals,
numerous microvilli, and cell clusters.  Bar corresponds to 10μm.
B. A transmission electron micrograph showing HepG2 cells.  Multiple microvilli are observable on the apical
side of the cultured cells.  A limited number of endoplasmic reticula and mitochondria are seen in the
cytoplasm.  N, Nucleus. Bar corresponds to 1μm.
C. Higher magnification of inscribed area in B.  No differentiated cell junctions, such as adherent junctions,
can be observed between the HepG2 cells.  Cells are separated leaving space between them (arrowheads).
*Microvilli. Bar corresponds to 100 nm.
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extended processes and numerous microvilli on their
surfaces (Figure 2A).  By transmission microscopy, we
detected ellipsoidal nuclei, mitochondria, a few cisternae
of endoplasmic reticula, and Golgi apparatuses in their
cytoplasm (Figure 2B).  No specific intercellular
junctions, such as adherent and tight junctions, were
observed under a transmission electron microscope;
contrarily, well-defined cell processes were seen between
HepG2 cells (Figure 2C).

Generation of artificial liver tissue sandwiched between
high-density collagen gels
Artificial liver tissues were generated by the reactor
system that we developed as previously described.14,16

Reconstructed liver tissues were formed on the PLA sheet
by changing circulation media with or without collagen
and cells three times.  In the present experiment, 82%−
85% of infused cells were incorporated into the artificial
liver tissues.  The constructs were harvested from the 8-
orifice cylinder after 3 days of circulation (Figure 1B).
Finally, we obtained white glossy gels (approximately 2
mm in thickness and 17 mm in diameter), on the PLA
sheet (Figure 3).  The liver constructs weighed
approximately 200−300 mg after 3 days of circulation.
The concentration of collagen in the gels was estimated
to be approximately 200−300 mg/g wet weight judging

from our previous experiments.14

Morphological examination of artificial liver cells
When paraffin sections of liver constructs were stained
with H&E and examined under a light microscope, we
could discern the collagen gel layer at their bottom, the
HepG2 cell layer sandwiched between additional collagen
layers (Figure 4A).  Under a scanning electron
microscope, clusters of cells were detected sandwiched
between two layers of collagen gels, where collagen fibers
ran horizontally (Figure 4B).  Close inspection revealed
that HepG2 cells were mononuclear round cells forming
clusters.  The sizes of the HepG2 cells incorporated into
the constructs was 20−30μm, comparable to those of
hepatocytes in the liver (Figure 5A).  By scanning
microscopy, the sandwiched HepG2 cells were round,
with no cell processes, and occasionally attached by
collagen fibrils (Figure 5B).

Under a transmission electron microscope, we
observed clusters of HepG2 cells attached to the collagen
fibrils.  In the cytoplasm of the HepG2 cells, we could
identify multiple mitochondria with cristae, 0.2−0.6μm
in diameter, and a small Golgi apparatus composed of 5
−7 flattened cisternae.  We also observed flattened
endoplasmic reticula set in parallel array in the peripheral
region of the HepG2 cells but hardly observed smooth

Figure 3.  Artificial liver tissue generated in the
bioreactor

After 11 hours of circulation, a white, glossy, artificial
liver tissue, of approximately 2 mm in thickness and 17
mm in diameter, is regenerated on the PLA sheet.  Bar
corresponds to 1 mm.

Figure 4.  (A) Light and (B) scanning electron micrographs showing the
cross sectional profile of artificial liver tissue composed of three layers:
collagen gel with HFOs, HepG2 cells, and collagen gel without fibroblasts
cultured in the reactor for 12 hours

A. The construct is composed of a huge number of HepG2 cells (arrow)
sandwiched between collagen gel (Cf) populated with HFOs and collagen
gel without fibroblasts (C).  Hematoxylin and eosin (H&E) staining. Bar
corresponds to 1 mm.
B. HepG2 cells (arrow) are granular in shape, well distributed on the
collagen sheet (Cf), and covered with an additional gel (C).  Bar corresponds
to 1 mm.

Artificial tissue to restore liver
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surfaced endoplasmic reticulum.  In the cluster of HepG2
cells, numerous channels resembling bile canaliculi could
be observed between neighboring cells.  The size of these
channels varied in size, 0.2−0.5μm wide, and short
microvilli, 0.1−0.2μm long, often projected into the
lumina.  Adherent junctions were frequently encountered
in the vicinity of bile canaliculi, but tight junctions were
rarely seen (Figure 6).

Albumin secretion of HepG2 cells cultured in the
constructs or in Petri dishes
HepG2 strains as hepatocyte-equivalent cells were
evaluated by measuring the albumin concentration as a
function of the number of cells incorporated.  Culture

media were collected after a 3-day incubation from the
perfusion fluid that flowed through the liver constructs.
The albumin concentration in the media was normalized
against the estimated numbers of HepG2 cells
incorporated into the constructs or attached to the culture
dishes.  The albumin secreted by the HepG2 cells cultured
in a culture flask (225 cm2) was approximately 380 ng/
106 HepG2 cells, but that of those derived from the
artificial liver tissue generated by the bioreactor system
used in this study was extremely low, approximately 1.4
ng/106 HepG2 cells (Table 1).  We could not detect a
trace of albumin in the spent media of the HepG2 cells at
day 0 of incubation.

Figure 5.  (A) Light and (B) scanning electron micrographs showing the
details of artificial liver tissue cultured in the reactor for 12 hours.

A. The constructs of the cell layers consist of oval or polyhedral HepG2 cells
with round nucleus, 20−30μm in width (arrow).  Numerous cells tend to
adhere to the surface of the collagen gel (asterisks).  H&E staining.  Bar
corresponds to 10μm.
B. Spherical cells, 15−20 mm in diameter (arrows), can be observed in the
layer of HepG2 cells.  The cells are covered with collagen fibrils (arrowheads).
Bar corresponds to 10μm.

Figure 6.  Transmission electron micrographs of
HepG2 cells incorporated in artificial liver tissue
cultured for 12 hours

A .  Aggregated  HepG2 cel ls  show some
characteristics of normal hepatocytes, i.e., multiple
mitochondria (M), bile canaliculi, well-developed
rough-surfaced endoplasmic reticulum (rER), and
Golgi apparatus with 5−7 flattened cisternae.  These
organellae cannot be seen in the same cells cultured
in plastic Petri dishes.  N, nucleus.  Bar corresponds
to 1μm.
B. Higher magnification of the inscribed area in A,
showing the detail of a bile canaliculus (asterisk).
Adherent junctions (arrowhead) are also observed
in the vicinity of the bile canaliculus, but tight
junctions are not observed.  Mitochondria (M) with
cristae and Golgi apparatuses (G) are clearly
observable.  Bar corresponds to 100 nm.
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Table 1.  Albumin secreted into culture media for 3
days

Albumin (ng/106/3 days)

HepG2 in 3D gels 1.6 (n = 3)
HepG2 on dish (day 3) 378.6
HepG2 on dish (day 0)     0.0

Total albumin secreted into the medium were normalized
against the number of HepG2 cell (106).  The level of
albumin secreted by the artificial liver tissue was
extremely low.
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Discussion

In this experiment, we demonstrated that a considerable
number of HepG2 cells (2.6 × 107) and HFOs (8.2 ×
106) can be incorporated into the liver constructs to make
a massive cell mass sandwiched between dense collagen
gels populated with fibroblasts within 11 hours.  The 3D
architectures presented in this study were not prismatic,
but fulfill the basic structure of liver lobules, which are
enwrapped with delicate connective tissues containing
fibroblasts.

Decellularized extracellular matrices have been
introduced in tissue engineering since 2010.9,17-19  They
could regenerate artificial organs, such as lungs, hearts,
and livers by infusing cells into acellular extracellular
matrices and transplanting them into experimental
animals.  The authors suggest that native structural and
basement membrane matrices, type IV collagen, laminins,
and among other structures, might have remained in the
acellular extracellular matrices.  A small amount of DNA,
however, also remained in the acellular matrices.20

Therefore, the possibility that undesirable pathogens or
immunogens may be introduced to recipients after
transplantation cannot be ruled out.20  In the present
system, undesirable DNA or proteins should not be
introduced into regenerated tissues because collagenous
scaffolds can be regenerated from collagen molecules.

Although HepG2 cells, derived from human
hepatoblastoma, lack ammonia removal activity,15 they
can express liver-specific functions in plastic Petri dishes
with respect to albumin synthesis.  Albumin, a single
polypeptide with 585 amino acids, leaves the capillaries,
and is catabolized in cells of the intersitium.21  The half-
life of serum albumin in normal mice was found to be
about 0.7 day.22  It has been reported that fibroblasts
catabolize considerable amount of albumin passing
through the capillary endothelium.23,24  Currently, we
interpret that HFOs may degrade the newly synthesized
albumin by HepG2 cells in the artificial liver tissue.

HepG2 cells as well as primary human hepatocytes
can form spheroids on a surface fabricated with various
ligands.25  Moreover, HepG2 cells up-regulated liver-
specific functions and tended to form bile canaliculi
bordered with short microvilli between neighboring cells
when they formed spheroid aggregation.26,27  We found
that incorporated HepG2 cells in the present artificial
liver construct were round, had stacked rough surfaced
endoplasmic reticula, mitochondria, and Golgi
apparatuses facing bile canaliculi that could not be seen
among the HepG2 cells grown in plastic Petri dishes.
Therefore, we believe that the polarized phenotypes of

hepatocytes were restored.
Extracellular matrices are one of the pivotal mediators

of cell behavior, i.e., expressing contractile characteristics
of smooth muscle cells cultured on collagen IV gels.28

Thin sheets made of oral mucosal epithelial cells can be
used to reconstruct corneal epithelia to restore vision,29

probably because collagen fibrils in the stroma can
provide physiological stiffness for adhering cell sheets.
Normal hepatocytes or HepG2 cells would express liver
specific functions on cell adhesive scaffolds such as
collagens and synthetic polymers.30-33  Modifications of
culture conditions have greatly improved the maintenance
of liver-specific functions and the survival of hepatocytes.
Many studies have revealed that hepatocytes, cultured
on or in collagen gels, could express mRNA coding
albumin,34 α1-antitrypsin,34 CYP3A4,10 and increase
albumin secretion.35-37  When hepatocytes were
maintained between two layers of collagen gels generated
from a solution containing type I collagen at the
concentration of 1−3 mg/ml, they formed chord-like
structures in shapes concomitant with the redistribution
of cytoskeletal elements.10  Moreover, hepatocytes
sandwiched between gelled collagen layers could induce
endoderm-like cells from embryonic stem cells cultured
on the overlaid gels.38  The collagen concentration of
gels used in these experiments should be around 1−3
mg/cm3 because these authors prepared a mixed solution
containing 1−3 mg/ml type I collagen.  The low-density
collagen gels shrunk for a few days after detachment
from the culture dishes, and finally formed densely packed
gels, 10−20 mg/cm3, with embedded fibroblasts.39,40

Contrarily, we could obtain dense collagen gels using
the bioreactor system that we developed, because collagen
fibrils generated in the circulating medium should be
accumulated on the PLA sheet and continue to grow by
polymerizing collagen molecules on the surfaces and
tips of the fibrils.  The concentration of collagen was 200
−300 mg/g wet weight14 and was similar to that of human
dermis.13  We have previously confirmed, by electron
microscopy, that the collagen gels used in the present
experiments were made of collagen fibrils, 100−200
nm in diameter, with a D-periodic banding pattern along
their axes.14  Therefore, a dense collagen gel would
maintain numerous HepG2 cells in networks interwoven
from native types of collagen fibrils, because the
accumulated collagen gels in the chamber seem to be
more rigid than those generated from a mixture containing
1−3 mg/ml type I collagen in culture dishes.

The advantage of the method presented in this study
is that artificial tissues resembling liver lobules can be
reconstructed in a bioreactor within 11 hours.  The densely

Artificial tissue to restore liver
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packed culture configuration, presented in this study,
can help to generate hepatic tissue from various types of
cells such as primary hepatocytes and oval cells
considered as hepatic stem cells16 and provide stable
tissues ex vivo for hepatocyte-ECM or hepatocyte-
nonparenchymal cell interaction studies and for hepatic
tissue transplantations.
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