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interaction network containing the module and the different regulators is 

proposed (Figure 3) and may serve as a basis for selecting factors to be 

manipulated in order to rectify these abnormalities and produce hPSC-HEP 

with substantially improved functionality. One strategy would be to induce 

PPARGC1 while repressing both PITX2 and CTNNB1 (β-catenin), applying 

chemical or/and genetic manipulations to promote upregulation of NR1I3, AR, 

CYP2E1, CYP2C9, CYP2B6, CYP4A11, and CYP2A6. Studies have shown that 

ectopic expression of transcription factors in somatic cells leads to a successful 

demethylation of the corresponding genomic genes in both reprogramming and 

transdifferentiation procedures (52). These observations suggest that 

epigenetic modifications could be reversed by overexpression of transcription 

factors targeting the epigenetically inhibited genes. This property could be 

utilized to rectify abnormal DNA methylations. 

 

Figure 3. Protein interaction network proposed for the identified functional module 

of crucial drug-metabolizing enzymes CYP2E1, CYP2C9, CYP2B6, CYP2A6, 

CYP4A11, AOX1, and UGT2B4. 
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5.5 LIMITATIONS OF CURRENT STUDY 

The study was designed to avoid confounds that may interfere with the 

obtained results. For example, all the biological replicates were of XY 

genotype to eliminate gender confounds, and hPSC at relatively low passages 

were used to avoid the risk of accumulation of abnormal methylation. 

Moreover, one standardized differentiation protocol was applied to all hPSC, 

and the cell sampling for the different developmental stages occurred at 

identical time points during the differentiation for all the biological replicates.  

Nevertheless, several limitations should be noted, which may also influence 

the interpretation of the results. The control for in vivo hepatocytes was AL, 

and although the majority of the cells in AL are hepatocytes which also occupy 

about 80% of the liver volume, other cell types exist in the liver and this was 

not considered in this work. To achieve accurate results, hPSC-HEP should 

have been compared to an in vivo counterpart without any signs of 

dedifferentiation or loss of functionality, but such cells are hard to find. The 

most suitable cell to be used as a control would be freshly isolated primary 

hepatocytes. However, the isolation procedure would also affect their 

performance.  

Analyzing hPSC-HEP produced by only one differentiation protocol is also a 

limitation, since conclusions from this study can only be applied to cells 

differentiated with this specific protocol. Including several protocols in the 

study would have provided more general conclusions.  

The conclusion that hPSC-HEP were highly correlated to AL rather than to FL 

was based on the comparison with FL form gestation weeks 8-21, which 

includes hematopoietic cells that may interfere with the results. Therefore, 

comparison with FL from later gestational weeks and neonatal liver tissue may 

provide more accurate results. However, access to such samples is limited due 

to ethical reasons and were not available for this study. 

Further, samples from additional developmental stages would have 

strengthened the study, and data from proteomics, metabolomics and miRNA 

analysis would provide additional insights and a comprehensive understanding 

of the hepatic differentiation and deviations.   
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6 CONCLUSION 

In this thesis, a comprehensive transcriptome and methylome analysis was 

conducted on different developmental stages during in vitro hepatic 

differentiation to follow the differentiation in vitro, identify deviations from in 

vivo counterparts, and search for solutions to rectify these deviations.  

The differentiation process reflected in vivo hepatogenesis and could be used 

to study hepatocyte development and gain new insights into the mechanisms 

regulating this process in humans. However, methylation and transcriptional 

analysis identified profound deviations from AL that needs to be rectified for 

improved functionality of the hPSC-HEP.  Interestingly, hPSC-HEP exhibited 

higher correlation to AL than to FL, which is a step forward compared to 

previous investigations performed by several research groups. 

Finally, the targets identified in this study could be used to improve the 

differentiation process in order to achieve functional in vitro derived 

hepatocytes that are suitable for advanced applications in regenerative 

medicine, cell therapy, and for drug discovery and development.   
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7 FUTURE PERSPECTIVES 

Hepatocyte-like cells generated from different cell types and protocols have 

already proven to acquire enhanced functionality upon transplantation in mice. 

Reports indicate that hPSC-HEP is a promising approach that will be useful in 

versatile advanced application in different fields, including regenerative 

medicine, cell therapy, toxicology, drug discovery, and development. 

This and other studies have demonstrated that the differentiation of hPSC-HEP 

has improved significantly the last few years and hepatocytes with enhanced 

functionality can now be produced in vitro. However, to enable advanced 

applications of hPSC-HEP, several issues need to be rectified. Moreover, 

safety and efficiency assessments must be approved to ensure that no hazard 

could be introduced by the application of hPSC-HEP.  

Another challenge that needs to be addressed is the large amount of cells that 

is required for performing cell therapies. About 200 grams of hepatocytes is 

required for each treatment with BAL for bridging ESLD patients to 

transplantation. Although hPSC-HEP can provide unlimited cell supply, new 

methods are needed to scale up the production of hPSC-HEP to meet the 

immense need. This may require 3D suspension culturing of hPSC-HEP to 

produce large amounts of cells. 

Finally, continuous investigation of the methylome of the hepatic 

differentiation is ongoing, and these results should be compared to the 

transcriptome results and utilized for further development of novel strategies 

to improve current hepatic differentiation protocols. Considering the enormous 

advancements in stem cell technology over recent years, the aforementioned 

suggestions are likely achievable.  
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