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• Hepatology is the study of the liver and involves
means of administering its malfunctions and
damages. The liver, the largest internal organ, is
composed largely of various types of hepatic cells.
Hepatocytes, cells arising from the endoderm that
are responsible for metabolism control, protein
synthesis, maintenance of blood osmolarity and
excretion, comprise ~80% of the all hepatic cells.

• Figure 1.1 Primary Hepatocytes

• Disorders of the liver include hepatitis, an
inflammation of the liver caused by hepatocyte
specific viruses, and hepato-cellular carcinoma, liver
cancer (Chances of cancer are increased in patients
with hepatitis as the natural regenerative processes
can activate oncogenes, thereby triggering
tumorigenicity).

• Whole organ transplantation in cases of severe liver
failure serves as an option but the life-long usage of
immunosuppressants to mediate organ rejection
along with the shortage in availability of organ
donations express the need for restoring a patient’s
liver through more efficient methods such as
insertion of cells with capacities to repair damage
through regeneration.

• Such types of cells are called stem cells,
unspecialized cells present in our bodies with self-
renewing and proliferative capacities and the multi-
potential to differentiate, become more specialized,
into all tissue lineages.

Introduction to 
Hepatology

• Various stem cell types can potentially be employed
for studying and modeling conditions of stem cells to
differentiate into cells that most similarly express
the characteristics and functions of primary
hepatocytes. Primary hepatocytes (Figure 1.1) are
hard to expand and maintain in cell cultures.
Therefore iPSCs (induced Pluripotent Stem Cells),
bone marrow and umbilical cord blood (UCB)
derived stem cells and ESCs (Embryonic Stem
Cells) can be used. ESCs are the most cost effective
and hepatocytes derived from ESCs and
transplanted into mouse models have shown to
express the morphology of mature hepatocytes and
hepatocyte specific genes (Yamanaka, 2003).

• Focusing on the intermediate definitive endoderm
(DE) stage allows for greater differentiating efficiency
and a greater chance of the desired phenotypes.

Differentiation 
to Hepatocytes

• Only specific lines (e.g. Line 17, H9) of stem cells are
allowed and regulated by the FDA for use in research-
These lines are grown on artificial media that allow
intercellular connections/communications and the
differentiation process due to the presence of growth
factors. The extra-cellular matrix is essential for cell
attachment, H9 cells are grown on MEFs (Mouse
Embryonic Feeders). MEFs send proliferation signals to
hESCs. MEFs are plated onto gelatin after 24 hours to
prevent die-offs as cells usually attach to the MEFs only
on the sides and unsettled gelatin would permit cells to
attach to the plastic and prevent them from maintaining
pluripotency.

• Cells need to be split if they are too confluent in the
culture of colonies, this is essential for maintaining
equal contact for each cell with the media and the
required nutrients for survival and expression of proper
characteristics. Each split is termed a passage.

• Confluency and passaging ratios are determined by cell
counts using a trypan blue assay: tests for cell viability
and proliferating cells.

• Cell counting results:

• Average adjusted with dilution concentrations and
multiplied with 10,000 to determine number of cells in
flask. [98 x 8 x 10,000 = 7.84 million]

• Phase contrast of H9 cells grown on MEFs:

• DE induction through addition of Activin A growth
factor in media can be tested to verify through cell
surface marker analysis. Cell surface markers are small
molecules present on the surface of cell that act as
unique identifiers of the cell type (FOXA2, SOC17 and
CXCR4 are identifiers of Definitive Endoderm)

• Figure 3.1 (right) Flow cytometry immuno-fluorescence of
cell culture to determine percent induction of DE based on
cell surface expression, (left) controls with no DE cells

Culturing hESCs

• Albumin, essential for maintaining plasma osmolarity, is
the most prevalent protein hepatocytes synthesize and its
expression levels in hepatocytes derived from hESCs are
used for comparison and determination of the derived
cells’ efficacy compared to primary hepatocytes. Alpha
1 anti-trypcin is another protein that is used for analysis
of differentiation.

• Figure 4.1 α1-AT immuno-fluorescence to determine 
expression level of hepatic protein

hESC derived 
Hepatocytes

• Genetic and epigenetic modification of stem cells would
help in accelerating recovery through use of hESCs.
Understanding of the epigenetic modifications currently
involved in hepatocyte differentiation would allow us to
up-regulate or down-regulate characteristics in the
environment that expedite the process or those that
hinder in, respectively. Various epigenetic modifications
are involved, from methylation and actylation of DNA to
histone phosphorylation. Such factors are responsible for
modulating chromatin structure and influence the
presence of transcriptional factors.

• Note: histone proteins have an n-terminal amino-acid
tail that undergoes epigenetic modifications. The n-
terminal determines the state of the chromatin

• Figure 5.1 Histone Modification

• Therefore, since methylated histones can either activate or
repress activity based on specific patterns of regulation,
knowledge of these patterns in DE cells would allow
identification of conditions required to efficiently derive
hepatocytes from hESCs.

• 30 pre-identified histone specific demethylases will be
tested for relative activity

• Competition between methylases and demethylases to
either add or remove epigenetic markers results in the
variety of phenotypes.

• Demethylase activity during all three stages of
hepatocyte differentiation will be relatively compared

Epigenetics and 
Demethylases

• Immuno staining is the use of an anti-body based method to
detect a specific protein. Gene expression analysis using Oct4,
SSEA3 in hESCs:

• Figure 6.1 Markers for the 2 transcription factors are used to 
detect presence of proteins based on their cells surface markers 
by using a secondary anti-body stain

Immunochemistry

•RNA from cells is extracted to determine expression of genes as
cDNA generated from the RNA would visually show the relative
amounts of transcripts when run through a microarray
containing oligonucleotides to the demethylase genes.

•Figure 7.1 Integrity tests on extracted RNA to determine quality, 
Agilent 2100 Bioanalyser used to generate virtual gells of low 
quantity samples. Concentration of RNA: 846.9µg/µl, Integrity: 10

•Possible candidates detected from cDNA microarray are run
through Reverse-Transcription quantitative PCR to obtain
quantitative measurement of gene transcription
•Locations of target sites of demethylases is determined by
protein western-blot analysis.
•Eventual comparison between either target sites on the genome
or relative activity between hESC, DE and hepatocytes would
allow knowledgeable manipulation and efficient and repeatable
cell differentiation. Mouse and clinical trials would be pursued.

Transcriptional and 
Translational Tests
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