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Abstract
Fetal liver epithelial cells (FLEC) are valuable for liver cell therapy and tissue engineering, but
methods for culture and characterization of these cells are not well developed. This work explores
the influence of multiple soluble factors on FLEC, with the long-term goal of developing an
optimal culture system to generate functional liver tissue. Our comparative analysis suggests
hepatocyte growth factor (HGF) is required throughout the culture period. In the presence of HGF,
addition of oncostatin M (OSM) at culture initiation results in concurrent growth and maturation,
while constant presence of protective agents like ascorbic acid enhances cell survival. Study
observations led to the development of a culture medium that provided optimal growth and hepatic
differentiation conditions. FLEC expansion was observed to be ~2 fold of that under standard
conditions, albumin secretion rate was 2 – 3 times greater than maximal values obtained with
other media, and the highest level of glycogen accumulation among all conditions was observed
with the developed medium. Our findings serve to advance culture methods for liver progenitors
in cell therapy and tissue engineering applications.

Keywords
hepatocytes; FLEC; stem cells; hepatocyte growth factor; tissue engineering

INTRODUCTION
A major obstacle to development of liver cell therapy and liver tissue engineering is the
difficulty in culturing adult hepatocytes. Despite decades of effort to optimize culture
conditions, adult hepatocytes either show limited proliferation or quickly lose their
differentiated phenotype in vitro [1]. This hinders the generation of an adequate mass of
functional liver tissue for clinical applications [2]. FLEC, which contain a high percentage
of liver progenitors, possess high growth potential and readily repopulate diseased livers [3,
4]. The early development stage, pre-immune character, and high telomerase activity of fetal
cells make them an attractive alternative source of hepatocytes [5]. To generate a large
number of functional hepatocytes from FLEC, however, it is necessary to establish a culture
system that supports their optimal proliferation and maturation. Methods established for
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FLEC would also provide a foundation for developing culture techniques for other liver
progenitors, such as oval cells and embryonic stem cells.

Many of the factors that influence adult hepatocytes also exert regulatory effects on FLEC.
For example, hepatocyte growth factor (HGF), whose combination with epidermal growth
factor (EGF) has optimal mitogenic effect on adult hepatocytes [6], was found to be critical
in proliferation of hepatic stem cells and hepatoblasts [7–9]. Dexamethasone, a synthetic
glucocorticoid, improves the viability of mature hepatocytes and preserves their function [6,
10]. In the fetal liver, dexamethasone suppresses the expression of α-fetoprotein (AFP) and
upregulates albumin synthesis [11]. In culture, it induces E12.5 FLEC to acquire
characteristics of perinatal hepatocytes, as demonstrated by the expression of glucose-6-
phosphatase (G6Pase) and tyrosine amino transferase (TAT) [12].

Other molecules have been found to affect fetal liver development. Most notably, oncostatin
M (OSM), a member of the interleukin-6 (IL-6) family, was shown to be a potent stimulator
of the maturation of FLEC along the hepatic lineage [13, 14]. Dexamethasone is absolutely
required for the actions of OSM, and augments its effects in a dose-dependent fashion, in the
range of 0 to 1 µM [13]. The maturation of FLEC induced by OSM is further enhanced by
the presence of DMSO and nicotinamide [15], two pivotal factors that extend the survival,
DNA synthesis, and functional preservation of adult hepatocytes in culture [6, 16–19].

In previous studies of FLEC in culture, medium formulations were designed to observations
surrounding fetal liver development. Basal media ranged from standard formulations such as
DMEM and DMEM/F12, to those specifically designed for long-term culture of adult
hepatocytes such as Williams’ E medium [20] and the chemically defined Block’s medium
[6]. These basal media were typically supplemented with components commonly required
for many cell types, including serum or bovine albumin, L-glutamine, non-essential amino
acids, and insulin, in addition to compounds that regulate FLEC, such as dexamethasone and
nicotinamide. Depending on the purpose of the experiment, factors that control the growth
or differentiation of FLEC were also applied. EGF and HGF were added to stimulate
growth, whereas OSM was used to induce hepatic maturation.

Mitogens and differentiation stimulators have also been combined to achieve both maximal
proliferation and maturation. Certain studies have applied a two-step approach [21, 22], in
which the FLEC were first exposed to a growth-stimulating medium and subsequently,
induced to differentiate under conditions that encouraged maturation but might reciprocally
repress growth. In other studies, a single medium combining mitogens and differentiation
factors were used for the entire culture period [23].

Although a wide variety of FLEC culture media have been described, there has been no
direct comparison of their effectiveness nor have the kinetics of cell growth and maturation
been delineated under most of these culture conditions. Consequently, it remains unclear
how regulatory factors should be utilized to achieve optimal expansion and hepatic
differentiation of FLEC. Such studies addressing these issues would provide insight on how
to control proliferation and differentiation of FLEC, and would facilitate rational design of
culture methods for hepatic progenitors.

In the study described, we directly compared four representative medium conditions. The
first medium (denoted as medium G), containing HGF and EGF as the key regulatory
factors, has been used previously to support the clonal expansion of liver stem cells isolated
from E13.5 mouse livers [7, 8]. The second formulation (denoted as medium D) was
designed to induce the morphological and functional maturation of E14.5 FLEC based on
use of OSM, DMSO, high concentration of dexamethasone, and basal medium Williams’ E
[15]. Media G and D formed the basis for development of a third medium, GD, which
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contains both growth- and differentiation-stimulating factors. To emulate methods that
combined mitogens and differentiation factors, we applied medium GD either throughout
the culture period or after one week of culture in medium G. We compared these two
conditions with the commonly used media formulations, G and D, to investigate whether the
growth and differentiation of FLEC could be enhanced by modulating regulatory factors in
the medium and by adjusting the timing of their supplementation.

MATERIALS AND METHODS
Materials

All experiments were approved by the Yale University Institute of Animal Care and Use
Committee. C57BL/6 mice were supplied by Jackson Laboratory (Bar Harbor, Maine).
Trypsin stock solution, calcium/magnesium-free Dulbecco’s PBS (DPBS), antibiotic-
antimycotic, L-glutamine, non-essential amino acids, all basal culture media, human EGF,
and Trypsin/EDTA were purchased from Invitrogen Gibco (Grand Island, NY). Fetal bovine
serum (FBS) and HEPES buffer solution were procured from Atlanta Biologicals
(Lawrenceville, GA), while dexamethasone, nicotinamide, ascorbic acid diphosphate,
DMSO, and insulin solutions were from Sigma (St. Louis, MO). Human HGF and mouse
OSM were purchased from R&D Systems (Minneapolis, MN) and Pharm Lyse solution was
from BD Pharmingen (San Jose, CA). Collagen stock solution was purchased from
Angiotech BioMaterials (Palo Alto, CA). Tissue-culture treated polystyrene plates, cell
strainers, and collagen-coated chamber slides were obtained from BD Discovery Labware
(San Jose, CA), while beta-mercaptoethanol, Tris-HCl, EDTA, and Triton-X100 stock
solutions were from American Bioanalytical (Natick, MA). Paraformaldehyde stock solution
was acquired from Electron Microscopy Sciences (Hatfield, PA).

Preparation of FLEC
Methods for isolation and processing of FLEC were modified from previously reported
protocols [7, 15]. Timed pregnancies were set up using C57BL/6 mice. Noon of the day a
vaginal plug was found was considered as embryonic day 0.5 (E0.5). On E14.5, fetal livers
were aseptically dissected from the fetuses. Livers were treated with 0.1% Trypsin for 10
minutes at 37°C and triturated to achieve a single cell suspension. The cells were treated
with Pharm Lyse solution to break apart erythrocytes, which were then filtered with a cell
strainer. Bulk fetal liver cells, depleted of erythrocytes and other non-adherent
hematopoietic cells, were used in our experiments based on the fact that this cell population
is widely used in mouse FLEC studies [3, 4]

Culture of FLEC
Composition of each culture medium tested in the study is described in Table 1. Incomplete
culture media refer to media that were not supplemented with insulin, EGF, HGF, OSM, or
DMSO. Complete culture media included these supplemental factors. FLEC were suspended
in the incomplete medium of interest and seeded at 5 × 104 cells/cm2 in 12-well plates pre-
coated with 0.03% Type-I collagen. After 20 – 24 hours of culture, culture supernatant was
removed and culture wells were rinsed with DPBS to remove non-adherent cells. Complete
culture medium was used for the remaining culture period and replenished every 2 – 3 days.

Assessment of cell growth
Cell growth was monitored using the MTS assay and total cellular DNA quantification. At
each time point, culture medium was removed and the wells were rinsed with DPBS. The
MTS assay was subsequently performed per kit (Promega, Madison, WI) instructions. For
DNA quantification, the cells were detached with Trypsin/EDTA, treated with a cell lysis
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solution (10 mM Tris-HCl + 1 mM EDTA + 0.2% Triton-X100, pH 7.5), and sonicated on
ice using a Vibracell sonicator (Sonics & Materials, Newton, CT). The sonicated samples
were quantified for DNA using a PicoGreen dsDNA Quantitation kit (Molecular Probes,
Eugene, OR).

Analysis of hepatocyte function
Albumin synthesis and glycogen accumulation were analyzed to evaluate the development
of hepatocyte function in the FLEC cultures. Mouse albumin secreted into the culture
supernatant was measured by ELISA assay according to kit (Bethyl Laboratories
Montgomery, TX) instructions. Periodic acid-Schiff (PAS) staining of the cultures was
performed to assess glycogen accumulation. Cultures for PAS staining were set up in
collagen-coated chamber slides on day 0 in parallel with those in 12-well plates. The number
of cells seeded into the chamber wells was scaled according to available culture surface to
maintain the plating density at 5 × 104 cells/cm2. At designated time points, spent culture
medium was aspirated. The chamber wells were quickly rinsed with DPBS, fixed with 4%
paraformaldehyde at room temperature for 10 minutes, and rinsed twice with DPBS. The
PAS staining was performed by the Research Histology Laboratory at Yale University. The
level of glycogen accumulation was scored in the following manner: “-“ when less than 1%
of the cells were stained, “+” for 1 – 25% positive staining, “++” for 25 – 50% staining, “++
+” for 50 – 75% staining, and “++++” for > 75% staining.

Statistics
All experiments were performed at a minimum of 3 times using cells from different animal
donors, with each growth condition being tested at 3 – 6 replicates. A Student’s t-test was
used to evaluate the statistical significance where indicated. Significance level was set at
p<0.05.

RESULTS
We compared the culture of E14.5 mouse FLEC under four representative conditions: a
growth-stimulating medium (G) based on HGF/EGF as the key mitogens; a differentiation-
promoting medium (D) with OSM/DMSO as the key regulating factors; a modified medium
(GD) supplemented with HGF, EGF, OSM, and DMSO; and a two-step approach in which
media G and GD were applied sequentially. Specifically, FLEC were cultured: 1) for 2
weeks in medium D; 2) for 2 weeks in medium G; 3) in medium G for 1 week followed by
another week in medium GD (medium G-GD); or 4) for 2 weeks in medium GD. Similar
trends were observed when the experiment was repeated with cells from different animals.

Morphological changes
After the removal of non-adherent cells (predominantly blood cells) at day 1, only about 5%
of the seeded cells remained in the culture wells. The attached cells consisted of a few
clusters of very small (5 – 10 µm) cells. Under all conditions, these small cells increased in
number over time. Consistent with previous reports that hematopoietic cells from fetal livers
have poor survival under culture conditions specifically designed for hepatic progenitors
[23], less than 1% of the cells in our cultures were macrophages at the 2 week timepoint
(based on immunochemical staining, data not shown).

In Group 1, where FLEC were grown in medium D, a cell morphology resembling that of
more differentiated hepatocytes was observed, as had been previously reported by other
researchers using such media composition [15]. At day 3 – 4, small cells in the culture
gradually enlarged in size, reaching 20 – 40µm at day 15, and exhibited the polyhedral shape
that is typical of differentiated hepatocytes. These cells also possessed spherical nuclei with
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one or more prominent nucleoli, which is another signature of hepatocytes. Over time, a
portion of the cells became binucleated, similar to what is observed in the adult liver (Figure
1, upper right). Analysis of Group 2, FLEC grown in medium G, indicated that the cells
initially proliferate at a much faster rate (as compared to Group 1 samples). However,
throughout the 2-week culture period, they remained as small, tightly packed, round cells
with a high nucleus-to-cytoplasm ratio. Only a few differentiated hepatocytes were observed
at the end of the 2 week period. In Group 3, where the culture medium was switched from G
to GD (G-GD) at the one-week timepoint, cells originally cultured in medium G displayed
hepatocyte morphology within 2 days: they increased in cell size, became polygonal, and the
number of binucleated cells increased over time. Cells belonging to Group 4, in which
medium GD was applied throughout the entire 2-week culture period, grew in clusters of
small hepatocytes (observed at day 4 – 5) and similar to Group 1 (D medium cultures), these
cells enlarged in size and acquired the morphology of mature hepatocytes over time.

Cell growth
Consistent with visual inspection, results from DNA assay and MTS assay indicated that
cells cultured in medium G (Group 2) initially underwent rapid expansion (Figure 2). At day
7, total cellular DNA increased by 219.3 folds compared with day 1. However, the growth
declined after this period, as reflected by a plateau in the total DNA and a decrease in the
MTS activity after 1 week (Figure 2A). On the other hand, the DNA content and MTS
activity of cells cultured in medium D (Group 1) increased slowly but steadily over time,
and eventually equaled values of cells grown in medium G. Switching the medium from G
to GD at day 7 (Group 3) prolonged the increase of DNA content, which reached a level
16% higher than that in medium G at the end of the culture period (Figure 2A). It appeared
that the medium switch also restored the MTS activity to a level higher than that of cultures
grown in G medium alone (Figure 2B). When medium GD was used throughout the
experiment (Group 4), cellular DNA content and MTS activity continued to increase for
almost the entire culture period, reaching levels appreciably higher than those under all other
conditions. At the end of a 2-week culture, the increase of DNA content in GD culture was
2.3 folds higher than that in medium G (Figure 2A).

Similar trends of cell growth were observed when the experiment was repeated with cells
from different animals. In three separate experiments, the GD and G-GD conditions
consistently led to higher cell expansion than G or D media alone. On average, cell
expansion in medium GD was the highest, at approximately 2 fold-higher than the data from
cultures grown under the other conditions (p values for GD versus G, D, and G-GD were
0.04, 0.08, and 0.02, respectively).

Albumin synthesis
The level of albumin synthesis in medium G was much higher than that in medium D for the
first 10 – 11 days (Figure 3). The albumin secretion rate in medium G climbed rapidly
during the first week, reaching 6.4 fold higher than that of medium D on day 8. However,
albumin synthesis decreased steadily thereafter, eventually to a level similar to that of
medium D at the end of a 2-week culture. Switching the G cultures to medium GD at day 7
(Group 3), when albumin secretion was at its peak, stabilized the secretion at this level.
Interestingly, although albumin secretion in the GD medium (Group 4) was initially low, it
increased with time in a nearly linear fashion and eventually surpassed the secretion level in
G-GD. At the end of a 2-week culture, the albumin secretion rate in medium GD was 59%
higher than that in G-GD.

As with cell growth and morphology, similar trends of albumin synthesis were observed
when this experiment was repeated with cells from different animals. On average, at the end
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of a 2-week culture, the albumin secretion rate in medium GD was 2 – 3 times higher than
the maximal values under the other conditions (p values for GD versus G, D, and G-GD
were 0.006, 0.00005, and 0.008, respectively).

Glycogen accumulation
The ability of the cultured cells to produce and store glycogen was also examined under the
four different growth conditions. Glycogen accumulation was evaluated at day 7 and day 15
for each of the groups. After one week of culture, many cells in medium D (Group 1)
showed an intense staining that indicated high levels of glycogen accumulation (Figure 4A)
and all of the stained cells had the appearance of more differentiated hepatocytes. The
staining pattern of the medium D cultures remained consistent until the end of the 2-week
culture (Figure 4D). In contrast, the cultures grown in medium G (Group 2) contained only a
small percentage of intensely stained hepatocytes at day 7 (Figure 4B) and the staining was
largely diminished at day 15 (Figure 4E). This was overcome by switching the medium to
GD at day 7 (Group 3): a large number of intensely stained cells were observed at day 15, all
of which exhibited the typical hepatocyte morphology (Figure 4G). The staining of GD
cultures (Group 4) was unremarkable at day 7 (Figure 4C). However by day 15, the staining
level in GD was the highest among all culture conditions (Figure 4F). Interestingly, the
staining in GD cultures was contributed by two groups of cells with distinct morphologies:
large hepatocytes with intense staining (Figure 4H), and intermediately stained clusters of
tightly packed, small cells that did not resemble mature hepatocytes (Figure 4I). The latter
was also observed in the G-GD cultures (Group 3), but the number of clusters was lower
than in GD (Group 4).

DISCUSSION
The purpose of our study was to investigate how specific changes in culture conditions
affect the proliferation and hepatic differentiation of mouse FLEC, and to establish culture
medium conditions that would promote both optimal growth and hepatic differentiation.
Table 2 summarizes observations from our comparative study.

Evaluation of cells grown in media G and D, representing published methods that promote
mouse FLEC expansion and hepatic maturation, respectively, yielded unexpected results.
Rapid cell proliferation and albumin synthesis were promoted in medium G but could not be
sustained beyond one week of culture (Figure 2 and Figure 3). Furthermore, albumin
secretion in medium D was much lower than in medium G for most of the culture period
(Figure 3), suggesting that the cells cultured in medium D either synthesized less albumin on
a per-cell basis or contained a lower percentage of albumin-secreting cells. This was
especially surprising because only a few cells in medium G possessed the mature hepatocyte
morphology and glycogen storage ability that was prevalent in cultures maintained in
medium D (Figure 1 and Figure 4). Therefore, the published methods of culture were not as
effective in our study as previously reported [7, 8, 15].

Based on formulations G and D, we designed a modified medium, GD, which contains both
growth- and differentiation-stimulating factors (Table 1). Similar to a 2-step approach used
by Tanimizu et al. [22], switching from medium G to GD induced the hepatic maturation of
FLEC, as evidenced by the extensive mature hepatocyte morphology and glycogen
accumulation that were absent in medium G alone (Figure 1 and 4). When used alone,
medium GD promoted continuous, vigorous cell growth and led to the highest cell
expansion among all conditions tested (Figure 2). Hepatic maturation, demonstrated by
morphological maturation (Figure 1) and glycogenesis (Figure 4), was also strongly induced.
Furthermore, albumin secretion in medium GD increased continuously over time and
became significantly higher than in all other cultures (Figure 3). These results are consistent
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with the report by Minguet et al. in that compared with HGF or OSM alone, the HGF/OSM
combination induced a higher level of proliferation, albumin gene expression, and glycogen
synthesis of putative hepatic progenitors [23]. Furthermore, by directly comparing the
kinetics of cell proliferation and differentiation under all four conditions, we showed that
while the G-GD approach ameliorated the decline of cell growth and albumin synthesis
observed in G cultures, culturing FLEC in GD alone promoted the DNA content and
albumin secretion rate to increase continuously and reach the highest levels among all
conditions. Our findings suggest that the growth and hepatic differentiation of FLEC are not
only affected by the type of soluble factors present in the medium, but also by the timing of
their supplementation.

Compared with the two-step approach G-GD, cell growth, albumin synthesis, and
glycogenesis were further enhanced when medium GD was used throughout the culture
period. The improvement may be due to the presence of ascorbic acid in medium GD, which
is known to protect both adult and fetal hepatocytes against apoptosis [24, 25]. After the
medium switch, total DNA content and albumin secretion increased at a much slower rate in
G-GD than in GD. This is further illustrated by the pattern of PAS staining, wherein more
extensive staining and more intermediately stained small cells were observed in GD than in
G-GD. Therefore, supplying protective reagents from the very beginning of the culture
period may augment the growth and hepatic differentiation of FLEC. In future studies, it
would be interesting to analyze the apoptosis and cell proliferation events in order to
understand the relative contribution of protective agents and mitogenic factors in enhancing
cell growth in medium GD. In addition, studies that characterize phenotypes within mouse
FLEC cultures—as was done by Suzuki et al. [26]—may be helpful in determining the
mechanisms underlying enhanced growth and differentiation of the cell population.

Acknowledgments
Michael L. Shuler is a world leader in biotechnology and biochemical engineering, and it is our honor to dedicate
this paper in recognition of his contributions to research and education in biotechnology. Here, we present an
original study of the effects of culture conditions on the growth and differentiation of fetal liver epithelial cells
(FLEC), which represent a relevant source of progenitor cells for liver cell culture and liver tissue engineering. This
work was inspired by our association of Mike Shuler: one of us (W.M.S.) was a faculty colleague in the School of
Chemical Engineering at Cornell during the period 1996–2002 and another of us (L.Q.) was a doctoral student, who
had Dr. Shuler on her thesis committee. Dr. Shuler has long experience with optimization of cell cultures, including
substantial work on liver cells, which began with his work on effects of shear on expression of hepatic
detoxification enzymes in microcarrier-attached liver cells [27] and his pioneering early work to use cultured cells
(including heptocytes) in complex bioreactors that mimicked human physiology [28]. This later work evolved into a
major effort for his laboratory, leading most recently to the demonstration that micro cell culture analogs can be
used for pharmacokinetic-based screening of drug compounds [29]. These devices incorporate multiple
technologies, including microfluidics [30] and mathematical models [31], but an essential element is identifying
ways to incorporate cultured liver cells in devices so that they mimic the physiological functions of whole liver in
drug metabolism [32]. This body of work by Mike Shuler and his students has informed the present work on the
optimization of culture conditions for new therapies based on hepatocytes.

The described experiments were supported by grants from the NIH (HL085416, DE14097, DK61846, and
HL073742) and the Human Frontier Science Program (RGP5/2006). We thank Stephanie Donaldson for her
assistance in mouse mating, Dr. Scott Swenson for helpful discussion, and Margaret Cartiera for editorial
assistance.

ABBREVIATIONS

FLEC Fetal liver epithelial cells

HGF hepatocyte growth factor

OSM oncostatin M

Qian et al. Page 7

Biotechnol J. Author manuscript; available in PMC 2013 March 01.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



EGF epidermal growth factor
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Figure 1.
Morphology of E14.5 mouse FLEC after 2 weeks of culture under medium conditions G, D,
G-GD, and GD. Magnification = 40×. Scale bar = 100 µm.
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Figure 2.
Proliferation of E14.5 mouse FLEC as measured by (A) fold of DNA increase (compared
with day 1 and (B) MTS assay, when cultured under conditions G, D, G-GD, and GD. Data
show mean ± SD from one experiment. All experiments were performed a minimum of 3
times using cells from different animal donors, with each growth condition being tested with
3–6 replicates.

Qian et al. Page 11

Biotechnol J. Author manuscript; available in PMC 2013 March 01.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



Figure 3.
Albumin secretion of E14.5 mouse FLEC when cultured in media G, D, G-GD, and GD.
Data show mean ± SD from one experiment. All experiments were performed a minimum of
3 times using cells from different animal donors, with each growth condition being tested
with 3 – 6 replicates.
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Figure 4.
Glycogenesis of E14.5 mouse FLEC under the four culture conditions. PAS staining was
performed on culture D at day 7 (A) and day 15 (D), culture G at day 7 (B) and day 15 (E),
culture G-GD at day 15 (G), and culture GD at day 7 (C) and day 15 (F). Arrows in (F, G,
I) indicate intermediately stained clusters of small cells. Scale bar = 500 µm (A-G) or 100
µm (H-I).
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Table 1

Formulation composition of culture media evaluated.

Components Medium G Medium D Medium GD

Basal medium DMEM/F-12 Williams’ E DMEM/F-12

FBS 10% 10% 10%

L-glutamine 1% 1% 1%

Non-essential amino acids 1% 1% 1%

Antibiotic-antimycotic 1% 1% 1%

HEPES 5 mM - 5 mM

Dexamethasone 0.1 µM 1 µM 1 µM

Nicotinamide 10 mM 10 mM 10 mM

Ascorbic acid diphosphate - 0.5 mM 0.5 mM

β-mercaptoethanol 50 µM - 50 µM

Insulin 1 µg/ml 1 µg/ml 1 µg/ml

EGF 20 ng/ml 10 ng/ml 20 ng/ml

HGF 50 ng/ml - 50 ng/ml

OSM - 10 ng/ml 10 ng/ml

DMSO - 1% 1%
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Table 2

Proliferation and hepatic differentiation of E14.5 mouse FLEC cultured under the medium conditions G, D, G-
GD, and GD.

Medium Cell Growth Morphological
Maturation

Albumin
Synthesis

Glycogen
Accumulation

G Week 1: high
Week 2: declined

No Week 1: high
Week 2: declined

-

D Slow Yes Low +++
(Large hepatocytes)

G-GD Improved
compared with G

Yes Stabilized at week
1 level

+++
(Large and small

hepatocytes)

GD Highest Yes Highest
Continued increase

+++
(Large and small

hepatocytes)
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