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ABSTRACT OF THE THESIS 

 

Progress Towards the Development of a Hepatitis B-dependent Hepatocellular 

Carcinoma Model System using a Chimeric Human/Mouse Liver Assay  

 

 

by 

 

 

 

Nathalia Cruz 

 

 

Master of Science in Biology 

 

 

University of California, San Diego 2014 

 

 

Professor Yang Xu, Chair 

 

 
 Hepatocellular carcinoma (HCC) claims thousands of lives around the world 

each year and ranks as one of the most lethal types of cancer. The majority of these cases 

are caused by Hepatitis B Virus (HBV) infection, with few effective treatments since the 

underlying mechanisms of how it contributes to cancer remains unclear. Studies on HBV-

tumorgenesis link Hepatitis B virus protein X (HBX) to liver oncogenesis initiation. To 

develop a better understanding of the underlying mechanism, we aim to develop a 

―humanized‖ liver mouse model that monitors the progression of HBX-dependent HCC. 



 
 

viii 

 

Previous work in our lab had establish knock-in human embryonic stem (huES) 8 cell 

lines transfected with a gene construct embedded with the HBX coding sequence through  

bacterial artificial chromosome (BAC) – based recombination system. The gene construct 

expresses HBX once huES 8 cells are differentiated into human hepatocytes. Our 

modified differentiation protocol successfully generated hepatocytes that expressed 

specific human hepatic gene markers, such as albumin and AFP, at similar levels to that 

of HepG2 cells. However, HBX failed to strongly express as a protein. We then tested 

whether our Anti-Fas-liver damaged mouse model could reconstitute huES 8-derived 

hepatocytes within murine livers. Results show that hepatocytes failed to repopulate after 

Day 15 and Day 28 of intrasplenic-transplantation, but HepG2 control cells were 

identified in the Day 28 spleen. In conclusion, our differentiation protocol and HBX and 

transplantation results will benefit in establishing an in vivo HBX-dependent HCC model 

which can provide valuable knowledge on HBX-based HCC development.  
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Introduction 

 

HCC, HBV, and HBX  

  

 Hepatocellular carcinoma (HCC) is the third most common cause of cancer-

related death in the world. HCC is responsible for 250,000 new infections and 500,000 - 

600,000 deaths every year (reviewed in Arzumanyan et al, 2013). More than half of HCC 

cases, which are especially rampant in eastern Asian and sub-Saharan Africa, are due to 

chronic hepatitis B virus (HBV) infection (Forner et al, 2012). Despite the existence of 

the HBV vaccine, the virus currently infects around 2 billion people; 350 million patients 

succumb to chronic infections (review in Arzumanyan et al, 2013). 90% of patients who 

are infected at birth gradually worsen to chronic infections; for those infected at 

adulthood, 5-10% of adults become carriers; of the carriers, 30% develop chronic liver 

disease, resulting in hepatitis, fibrosis, cirrhosis, and HCC (reviewed in Arzumanyan et 

al, 2013). Currently, no cure for Hepatitis B has yet been found.  

 HBV stems from the Hepadnaviridae family of viruses, which are highly liver 

tissue specific; it infects only human tissue but can infect chimpanzees experimentally, 

hindering the use of convenient animal models to study their disease progression 

(reviewed in Dandri et al, 2014). HBV infection leads to hepatitis infection, which is 

accompanied by liver inflammation and oxidative stress; the indirect impacts of apoptosis 

and necrosis extensively damage the host rather than the virus itself (Fallot et al, 2012). 

The HBV genome is relaxed, circular, double-stranded, and 3.2 kb long (Rehermann et 

al, 2005). When its genomic DNA transfers to the nucleus, it becomes converted into a 

covalently closed circular DNA (cccDNA) minichromosome that is vital for viral
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replication. Once it moves to the cytoplasm, the cccDNA becomes a template for mRNA 

production of necessary HBV proteins (reviewed in Dandri et al, 2014, Rehermann et al, 

2005). Embedded in the genome are coding regions for four viral proteins: S, C, P, and X 

(Tiollais et al, 1985).  Gene S encodes transmembrane proteins including hepatitis B 

surface antigen protein used in its viral envelope; gene C contains information to form the 

virus‘s nucleocapsid by the production of the hepatitis B core antigen; gene P codes for 

the reverse transcriptase which is used for replication; gene X codes for the HBX antigen 

(review in Arzumanyan et al, 2013; in review Reherman et al, 2005).  Studies have 

shown that HBV-encoded protein HBX has a significant role in HCC development, 

although how it provokes liver carcinogenesis is poorly understood.  

 HBX is a soluble 17 kDA protein that is located in the nucleus and cytoplasm; its 

responsibilities include viral gene expression, virus replication, and protection against the 

host immune system (Wang et al, 2012, Arzumanyan et al, 2013). Association between 

HBX and HCC is evidenced by one report that found HBX antibodies in patients with 

HCC; however, patients with hepatitis B did not develop cancer (review in Ng 2011).  

Once HBV integrates within the host genome, HBX truncates at the C-terminal which 

then prompts signaling pathways and gene expression to be altered in host human 

hepatocytes associated with HCC.  However, how it progresses into HCC on a molecular 

level or how it interacts with signal pathways is still uncertain (Xu et al, 2014; 

Arzumanyan et al, 2013). Also, HBX exacerbates and sustains the development of 

hepatoma cells by upregulation of oncogenes such as Ras, YAP, and Lin28A/Lin 28 B 

(Benn et al, 1994; Zhang et al, 2012; You et al, 2014). Additional reports revealed that 
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when HBX is present in HBV-infected cells, HBX stimulates the markers of cell 

stemness, such as NANOG, KLF4, OCT4, MYC, and epithelial cell adhesion molecule 

(EpCAM), and β – catenin (Yamashita 2007; Arzumanyan et al, 2013). Other data 

describes the viral protein‘s involvement in pathways that contribute to HCC progression: 

apoptosis, tumorgenicity in hepatic progenitor cells, inhibition of DNA repair via 

inhibition of the tumor suppressor gene p53, induction of cell proliferation, and 

epigenetic modifications (Arzumanyan et al, 2013; Wang et al, 2012; Benn et al, 1995; 

Tian et al, 2013). HBX is involved in numerous, intertwining pathways that advance the 

development of HCC; however, how it progresses tumorgenesis on the molecular and 

cellular level is poorly understood and that insight is crucial for developing better 

preventative treatment and therapy. 

HBV-HCC Experimental Models  

Currently, the cure for HCC has not been found. Since there is still a need to 

understand the mechanics and progression of the disease, majority of patients are not 

diagnosed early enough and few treatments are available for these patients. However, 

when HCC is detected early, current methods of liver resectioning or liver transplantation 

may extend live spans of patients to five years or more (Fallot et al, 2012).  Fortunately, 

there have been recent advancements in the study of HBV-related HCC with the rise of a 

variety of experimental mouse models including transgenic mice. Studying the 

development of HBV infection within transgenic mice has demonstrated that disease 

arises from an aftereffect of the host‘s immune responses (reviewed in Dandri et al, 

2014).  Transgenic mouse models are limited in their practicality due to the following 
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reasons: the virus does not initially infect the hosts, the virus can only integrate into the 

human genome not the murine genome, and the viral template cannot be normally 

produced in the mouse liver (review in Dandri, et al 2014). Another disease model 

involves transfecting the viral genome into murine hepatocytes via viral vectors or 

hydrodynamic injection (Yang et al, 2002). With vector transduction, information on 

HBV replication and host immune system reactions were revealed; however, limitations 

of this model include the short life of replication, which make it difficult to study the 

virus properly, and the potential of cytotoxic effects (Yang et al, 2002). HBV replication 

can also be studied in a hydrodynamic injection model. Through this method, evidence 

shows that HBV transfection relies on the host immune system response (Dandri et al, 

2014).  The model also provides a way to perform short-term antiviral studies, test viral 

mutations, observe antiviral responses, and use viruses‘ from individual patients in vivo 

to personalize cancer management (Dandri et al, 2014). Still, the injection itself can cause 

distress and liver damage, which may alter cells‘ function and signaling pathways 

(Dandri et al, 2014). The limitations with these models that are based on HBV replication 

are that the viral life cycle and underlying virus-cell interactions cannot fully be studied 

and the species difference makes it hard to explore how the virus affects HCC (review in 

Dandri et al, 2014).   

Transgenic mice, HBV genome-vector transduction in mice, hydrodynamic 

injection of HBV—these are models that have advanced the field of in-vivo HBV 

models; however, the recent technique that gives more insight about HBV-associated 

liver cancer involves viral infections of chimeric mice (review in Dandri et al, 2014). A 
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mouse-human chimeric liver allows the virus to multiply at the location it normally 

infects: human hepatocytes (review in Dandri et al, 2014). To create a humanized liver, 

firstly, murine hepatocytes must be destroyed in order to create space for transplanted 

human hepatocytes to occupy freely; secondly, using mice that are immunodeficient 

allows transplanted cells to be accepted in the host, repopulate, and expand the entire life 

of the mouse (Dandri et al, 2014).  

To induce endogenous liver cell damage, transgenic and knockout mice were 

created (Peltz 2013). For example, albumin promoted urokinase-type plasminogen 

activator (uPA) transgenic immunocompromised mice activates a plasminogen enzyme 

that resulted in liver failure, but they were saved from liver failure by being transplanted 

with healthy liver cells (Peltz 2013, Dandri et al, 2014). However, because uPA mice are 

continuously exposed to liver toxicity, these models are not suitable for longer term 

studies for numerous reasons which include alters in gene expression or cell growth due 

to constant liver injury, mice breeding difficulties, and limited time for liver 

transplantation (Peltz 2013). One knock-out chimeric model was the fumaryl acetoacetate 

hydrolase-deficient (FAH) mice that also caused endogenous liver injuries. Yet 

carcinoma growth and liver toxicity are likely problems with FAH mice (Dandri et al, 

2014).  

Another transgenic was the herpes simplex type-1 thymidine kinase (TK) in a 

NOG immunodeficient mouse. After administering the drug ganciclovir, only liver cells 

are damaged in the TK mice (Peltz 2013). Since mice need continuous drug exposure, 

there is a long-term issue of selective pressure which results in the loss of cells 
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expressing the TK transgene (Peltz 2013). Anti-Fas antibody Jo-2 bypasses possible 

dilemmas encountered with transgenic and knockout mice. The Fas antigen is part of the 

tumor necrosis factor/nerve growth factor receptor family, and the anti-mouse Fas 

monoclonal antibody is lethal for murine liver cells (Watanabe-Fukunaga et al, 1992, Itoh 

et al, 1991, Ogasawara et al, 1993). Since the Anti-Fas Jo-2 antibody is known to 

severely injury livers of mice, it has been beneficial in the creation of chimeric livers 

(Wilson et al, 2006). For the transplantation procedure, studies show that intrasplenic 

injection of human hepatocytes results in efficient repopulation to create a chimeric liver 

(Bissig et al, 2007, Woo et al, 2012, Zhu et al, 2014).  The drawbacks of the chimeric 

models include the technical difficulty of transplantation and human hepatocytes‘ limited 

viability (Dandri et al, 2014). Still, these humanized mice can be applied to study human-

specific hepatic processes and provide more accurate portrayal of liver disease (Grompe 

et al, 2013).  

Knock in HBX Cell Line-Based Chimeric Mouse Model  

 The concept of our humanized liver mouse model focuses on HBV-dependent 

HCC, specifically focusing on the role HBX. Previously our lab established two knock-in 

cell lines using human embryonic stem (huES)-8 cells, which is a human embryonic stem 

cell line that has a better tendency to differentiate and express endodermal genes  

including those of the liver (Osafune et al, 2008).  huES cells are a good source of 

hepatocytes due to their potential of unlimited self-renewal and possess pluripotent 

capabilities which permit them to differentiate into any human cell type; they are a 

convenient alternative to using primary hepatocytes (Song et al, 2010; Si-Tayeb et al, 

2010). Knock-in cell lines are popular for creating models for human diseases. Because 
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bacterial artificial chromosomes (BAC) are beneficial for gene targeting with large 

genomic fragments, a BAC construct was embedded with the coding sequence of the 

viral protein HBX downstream of a human serum albumin ATG promoter (Copeland et 

al, 2001; Roebroek et al, 2011; Ng 2012). The BAC-based recombineering strategy 

improves the targeting efficiency of homologous recombination in transfected hESCs, 

and thus this technique aided in generating the knock-in cell lines of hUES 8 Alb-iPA 

(control cell line) and hUES 8 HBX-iPA (Song et al, 2010). Once huESCs have 

differentiated into hepatocytes, the albumin promoter is activated and HBX protein 

should, thus, be transcribed along with it. Secondly, although these cells do not have full 

functionality of adult hepatocytes, they are still highly comparable when using a protocol 

that is aimed to be more advantageous for patient liver transplantation (Si-Tayeb et al, 

2010). Therefore, they appropriately replace primary hepatic cells for modeling human 

liver disease. By reconstituting the mouse liver with these huES8-derived hepatocytes 

that expresses the HBX protein, an in vivo model of human liver cancer is possible.  

 For this project, the knock-in cell lines were previously verified via Southern 

Blot. The huESC-derived hepatocytes were confirmed to have a similar gene expression 

profile to human liver; however, the HBX protein expression appeared to be either too 

low or was not being expressed properly despite the strong presence of albumin in the 

cells. To test our scheme for transplantation to generate a humanized mouse liver, liver 

damage was induced by Anti-Fas Jo-2 antibody, which has been used in studies to 

specifically target murine hepatocytes, then cells were transplanted into the liver via 

intrasplenic injection (Yasuzaki et al, 2013; Donthamsetty et al, 2011; Li et al, 2011; 
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Chen et al, 2012; Zhu et al, 2014). To develop a human liver mouse model, Jo-2 induced 

liver damaged in NOD/SCID (nonobese diabetic/severe combined immunodeficiency) 

mice to allow the intrasplenic transplantation and reconstitution of huES 8 –derived 

hepatocytes which simultaneously produce HBX. Our concept of a humanized mouse is a 

potential new method to monitor how the oncogenic activator viral protein HBX causes 

liver cancer pathogenesis.  
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Materials and Methods  

 

Albumin – HBX – IPA Construct  

By using a BAC targeting vector, human embryonic stem cell 8 (huES8) lines 

containing the HBX gene inserted immediately downstream of the ATG start side of the 

human serum albumin locus was previously established. The IRES-puro-PolyA (iPA) 

sequence was added for later use of selecting for positive-transfected clones. It was 

previously proven that Southern Blot data validated the transfection of positive clones. 

Two cell lines were created: one was the huES8 Alb iPA cell line which would serve as a 

control for liver transplantation, and the other was the huES8 HBX iPA. Once the huES8 

cells are differentiated into human hepatocytes, the result would be both activation of the 

albumin promoter followed by the expression of HBX protein. The DNA construction 

was done by Ephie Ng, M.S. and former lab manager Kelly Stewart. 

The huES8 Alb-Puro iPA and huES8 Alb-HBX-Puro iPA-cre -12 (human 

embryonic stem cell 8) cell lines containing the human albumin ATG promoter followed 

by HBX gene were established via BAC targeting vector after the cloning of the HBX 

gene, electroporation, and Southern Blot validation.  These cell lines were generated by 

former postdoctoral fellow Xuefeng Lu (Ng 2012).  

Hepatocyte Differentiation Method  

Postdoctoral scholar Blue Lake led the differentiation portion project and created 

the protocol used for hepatocyte differentiation which was based on the protocol 

published by the Duncan group (Si-Tayeb et al., 2009). Addition of compounds LiCl 

during stage one and FH1 during stage 3 and 4 has been proven to promote better hepatic 
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differentiation in other studies (Woo et al, 2012; Shan et al, 2013). To purify the 

hepatocyte cells, puromycin was added to the final media. 

RNA Extraction, Reverse Transcription PCR (RT-PCR), and Quantitative real-time 

PCR 

 RNA was extracted and isolated from huES and eHeps (embryonic-derived 

hepatocytes) with the Qiagen RNeasy Mini Kit and RNase-free DNase. RNA 

concentration was determined using a Beckman Coulter DU 730 Life Science UV/Vis 

Spectrophotometer. The High-Capacity cDNA Reverse Transcription Kit (Applied 

Biosystems) was used to transcribe RNA into cDNA under the thermal cycling conditions 

provided in the company‘s protocol. With the appropriate primers, qPCR was performed 

with FastStart Universal SYBR Green Master (Rox) Roche to determine RNA expression 

levels of human hepatic genes following the manufacturer‘s protocol. The human qPCR 

primers are as listed: HBX forward 5‘- TCTGCACGTAGCATGGAGAC- 3‘ and reverse 

5‘-GGA AAA AGT TGC ATG GTG CT-3‘; Albumin forward 5‘-TGC TTG AAT GTG 

CTG ATG ACA GGG-3‘ and reverse 5‘ AAG GCA AGT CAG CAG GCA TCT CAT C- 

3‘;  AFP forward 5‘- TGC AGC CAA AGT GAA GAG GGA AGA-3‘ and reverse 5‘-

CAT AGC GAG CAG CCC AAA GAA GAA-3‘; APOH forward 5‘-GCC CAT CAA 

CAC TCT GAA ATG-3‘ and reverse 5‘-CGC CAT TCA GAT AAA ACC CAG-3‘; 

ASGR1 forward 5‘-TGA ACT CGC TAG AGT CCC AG 3‘ and reverse 5‘-TCC TTT 

CTG AGC CAT TGC C- 3‘; APOA1 forward 5‘-TGT GTC CCA GTT TGA AGG C-3‘ 

and reverse 5-CTC CTT TTC CAG GTT ATC CCA G-3‘; APOB forward 5‘-AAG TAT 

GGG ATG GTA GCA CAA G-3‘ and reverse 5‘-TGG AGG TGA TGT GGA TTT GG-

3‘; FGA forward 5‘-CAG CCC CAC CCT TAG AAA AG-3‘ and reverse 5-CTC CTT 
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CAG CTA GAA AGT CAC C-3‘; TF forward 5‘-TGA GCC ACG TAA ACC TCT TG-

3‘ and reverse 5-AGT ATT GGT TAA GGG TGG AGC-3‘; GAPDH forward 5‘-GAT 

GAC ATC AAG AAG GTG GTG A-3‘ and reverse 5‘-GTC TAC ATG GCA ACT GTG 

AGG A-3‘. The levels of gene expression were shown relative to human ES cells. cDNA 

products were amplified with Q5 High-Fidelity DNA Polymerase (New England 

BioLabs) loaded on a 1.5% agarose gel and the picture was visualized with an Alpha 

Innotech Alphaimager 2200. Data and analysis and processing, including delta delta CT 

calculation and grafting, was performed in Microsoft Excel.  

Immunofluorescence Staining  

Differentiated hepatocyte cells were fixed in 4% PFA at room temperature for 10 

minutes. Cells were washed in PBS three times for 5 minutes each then blocked in 

permeablization buffer (5% Normal Donkey Serum (NDS) and 0.25% Triton-X100 in 

PBS) for 30 minutes at room temperature.  Cells were incubated with primary antibody in 

staining buffer (5% NDS in PBS) at appropriate dilutions overnight in 4° C. Primary 

antibodies used:  human serum albumin (AbCam) 1:200; human AFP (Sigma) 1:500; 

human nuclear (Millipore) 1:250. Next they were washed three-four times in PBS for five 

minutes each. Cells were incubated with the Alexa Fluor secondary antibodies (1:1000) 

in stain buffer for one hour.  After staining, the cells were washed four times in PBS. 

Finally, samples were stained with Hoescht 3342, washed then kept in PBS. Images were 

taken with a Zeiss Axiovert 40 CFL microscope. Image processing for generation of 

figures was performed using Axio Vision Rel. 4.8 and Adobe Photoshop CS6.  

Western Blot Analysis  
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Human ES cell culture samples were collected, sonicated, and then lysed in RIPA 

buffer containing protease inhibitor (Roche.)  Protein concentration was measured with 

standard Lowry assay. HBX plasmid positive control was obtained by a Xu lab colleague. 

(For the positive control, 293t cells were cultured then transiently transfected with 1.5 ug 

of HBX plasmid using Lipofectamine 2000 (Life Technologies.) Cells were collected for 

western preparation or RNA isolation then reverse transcribed for cDNA.) Cell culture 

samples were loaded in 4x SDS sample buffer. 15- 25 µg of protein samples were 

separated with 15% SDS PAGE gels. Electroblotting transferred the proteins onto 

nitrocellulose membranes for Western Blot analysis. Blots were incubated in 5% 

blocking buffer in PBST (1xPBS in 0.05% Tween 20.) Membranes were then incubated 

with primary antibodies in 3% BSA in PBST overnight at 4º. HBX anti-mouse antibody 

(Millipore) was used at a dilution of 1:2000 and alpha tubulin (AB Nova) was used at 

1:5000. To visualize antibodies, Anti-Mouse, IgG HRP secondary antibodies (Cell 

Signaling) were used followed by SuperSignal West Dura and Pico Chemiluminescent 

Substrate (Thermo Scientific Pierce Protein Biology.)  

Induction of Liver Damage in NOD/SCID Mice using Anti-Fas Antibody  

Non-obese diabetic/severe combined immunodeficiency (NOD/SCID) mice were 

used to create a liver damage dose response curve and eventually for liver transplantation.  

To determine the amount of anti-Fas/CD95, anti-mouse Clone Jo2 (BD Biosciences) 

antibody the mice would receive a sub-lethal dose prior to transplantation, a dose curve 

test was performed. Jo2 antibody was injected intraperitoneally with PBS with a range of 

doses which included 100 ug/kg, 150 ug/kg, 200 ug/kg, and 250 ug/kg. After 24 hours, 
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the mice were sacrificed, and their livers collected. Half of the lobes were frozen in OCT 

on dry ice and placed in -80ºC overnight. Before sectioning, the frozen livers were kept in 

the cryostat for one hour at -20ºC. Frozen sections were cut at 7 μm and adhered to glass 

microscope slides. Slides were dried at room temperature for one hour before staining for 

immunofluorescence. The remaining half of the liver lobes were preserved in 10% 

formalin for 24H then sent to the UCSD Histology and Immunohistochemistry Core for 

embedding and H&E staining.  

Liver Section Immunostaining 

Sections were fixed in 4% paraformaldehyde (Affymetrix) at RT for 15 minutes 

then washed three times in PBS. Liver tissue was permeabilized in a solution of 0.3% 

Triton-X-100 in TBS for ten minutes at room temperature. Next they were blocked in 1% 

BSA in TBST for 20 minutes at room temperature then incubated in primary antibody in 

blocking buffer at the appropriate dilutions overnight in humidified boxes overnight at 4° 

C. Primary antibodies used:  human serum albumin (AbCam) 1:200; human AFP (Sigma) 

1:500;  human nuclear (Millipore)1:250; β – catenin (Sana Cruz Biotechnology) 1:200. 

Sections were washed three times for five minutes with TBST at room temperature on a 

rocking platform. The tissues were incubated with the appropriate secondary antibodies at 

a 1:1000 dilution (Alexa 568 anti-Goat, Alexa 568 anti-Mouse, and Alexa 488 anti-

Rabbit) (Life Technologies) in blocking buffer at room temperature while shaking. After 

being washed with distilled water and dried, slides were mounted with Vectashield DAPI 

and coverslips sealed with clear nail polish.     

Surgeries and Liver Transplantation  
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Lab manager Jingjin He assisted with mice-care maintenance and liver transplant 

surgeries. 200 ug/kg Jo2 was injected 24 hours before transplantation. For the test 

transplantation, 1x 10^6 cells were injected intrasplenically. HepG2 cells were injected as 

a transplant control and PBS was injected into the Sham mouse. Following the transplant, 

Jo2 at 250 ug/kg (now 200 ug/kg) were injected weekly in the mice for better human 

hepatocyte repopulation until liver collection. After 15 days, 2 mice were sacrificed in 

order to evaluate liver damage and hepatocyte repopulation. Livers were preserved for 

H&E staining and analyzed with immunostaining against human nuclear antibody with 

the same procedure as described. One month after transplantation, the rest of the mice 

were sacrificed for liver analysis H&E staining and immunostaining.  
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Results  

 

Human-like Hepatocyte Cells Differentiated from Human Embryonic Stem Cells 

  
Two knock-in huES 8 cell lines were established by transfection of a gene 

construct containing an albumin start codon followed by the HBX coding sequence 

through homologous recombination BAC-recombineering (Song et al, 2010) by previous 

members of the Xu Lab. The design of the construct allows viral HBX protein expression 

to be directed by the albumin promoter, enabling its expression once the huES 8 cells 

were differentiated into hepatic cells. The differentiation protocol was based on the paper 

published by the Duncan group (Si-Tayeb et al, 2010); later, the protocol was improved 

upon with the addition of LiCl and FH1, which both have been shown to improve and 

promote early hepatic differentiation (Woo et al, 2012; Shan et al, 2013). The additional 

sequence of IRES-puro-poly A (iPA) within the albumin promoter gene construct allows 

puromycin resistance to be available for future use. This provides a way to enrich the 

culture with hepatocytes containing the albumin promoter after the final stage of 

differentiation (Ng 2012). After successful homologous recombination, two knock-in cell 

lines were established. The control cell line without the HBX sequence was named huES 

8 Alb-iPA, and the HBX-containing cell line was named huES 8 Alb-HBX-iPA (HBX-

iPA).  

 To confirm human liver characteristics after applying this differentiation protocol, 

quantitative PCR with reverse transcription measured the level of expression of specific 

genes from cells differentiated from the Alb-iPA cell line. Human fetal liver served as the 

positive control for all the human hepatocyte markers in this assay. HepG2, a known 
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human liver carcinoma cell line, was also used as a control for mRNA expression. The 

results showed that the human embryonic stem cell-derived hepatocytes (eHeps) 

expressed various human hepatic gene markers: Albumin, AFP, APOB, APOH, APOA1, 

ASGR1, FGA, and TF (AFP alpha-fetoprotein, APOB apolipoprotein B, APOH 

apolipoprotein H, APOA1 apolipoprotein A-I, ASGR1 asialoglycoprotein receptor 1, 

FGA fibrinogen A,alpha polypeptide, TF transferrin) (Figure 1A). Fold gene expression 

was determined relative to untreated, non-differentiated huES 8 cells. Albumin and AFP 

expression in HepG2 and Alb-iPA showed a similar pattern to human liver. Although it 

was expected for human liver to express the genes more strongly, HepG2 and Alb-iPA 

matched more closely in the amount of mRNA expression. For other recognized human 

liver markers such as ASGR1, APOH, FGA, TF, APOA1, and APOB, expectedly, human 

liver RNA, again, had a greater gene expression in comparison. However, eHeps were 

seen to be positive for these markers as well. While the fold change in mRNA expression 

appeared closer to HepG2, the eHeps more closely resembled the expression profile 

pattern of the human liver but with lower expression levels. Possible explanation for 

expression levels of the eHeps to be lower than the human liver is that eHeps are 

immature and need a longer time to differentiation. An additional probability is that 

mRNA measurements were not purely eHeps because the hepatic differentiation 

efficiency was not 100% resulting in a portion of non-hepatic cells. After examination of 

the results, it was clear that by following this modified differentiation protocol, we were 

able to successfully differentiate hUES8 cells into human hepatocyte-like cells.  
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 To further confirm the hepatic traits of the eHeps, immunostainings of the cells in 

culture revealed distinct human hepatocyte-like morphology. With and without the 

addition of puromycin, the final stage eHeps stained positive for human albumin (green,) 

human AFP (red,) and human DNA (Hoescht, blue) (Figure 1B).  The differentiation did 

not yield 100% hepatocytes in culture. Still, Alb-iPA cells appeared to grow in tight 

clusters with large, obvious nuclei and large areas of cytoplasm. The presence of 

binucleated cells also shows another distinct resemblance of human liver cells. Thus, this 

data supported the success of the modified hepatic protocol. 

 Next it was assessed whether the knock-in HBX gene construct affected the 

ability of the cells to differentiate. mRNA levels of hepatic markers were measured after 

the final stages of the hepatocyte protocol. The HBX-iPA cell line showed similar 

differentiation efficiency as the control Alb-iPA cell line in terms of hepatic gene 

expression (Figure 2A). AFP mRNA levels were higher than albumin in HBX, which was 

similar to the Alb-iPA line (Figure 2A). The lower expressing hepatic markers were not 

as close in levels as albumin and AFP, but FGA, ASGR1, and TF genes were expressed 

similarly. Immunostaining revealed that HBX-iPA cell morphology showed albumin and 

AFP much like Alb-iPA (Figure 2B). The final differentiation stage HBX-iPA eHeps 

survived puromycin selection, and so it suggested that their expression of albumin would 

ensure the production of HBX protein. These data indicate that the gene constructs of 

both knock-in cell lines did not interfere with the cells‘ ability to be differentiated into 

liver cells.  

Validating Endogenous HBX Protein Expression in huES-derived Hepatocytes 



18 
 

 

 

To determine whether the knock-in huESC-derived hepatocytes expressed HBX 

on the protein level, final stage differentiated hepatocytes from Alb-iPA and HBX-iPA 

were immunostained for HBX. However, HBX was not detected in the eHeps (Data not 

shown). In order to verify this result, PCR analysis of the HBX gene was used to measure 

HBX cDNA obtained from eHeps in both knock-in cell lines. Sample Alb-iPA D26 

cDNA did not show HBX protein expression, but HBX-iPA D26 cDNA identified HBX. 

However, HBX-iPA D26 cDNA expressed a minute amount in comparison to the 

positive control, 293t cells transiently infected with plasmid containing HBX (Figure 

3A). To confirm the low expression of HBX, Western Blot data showed HBX protein 

expression was not detected in three eHep HBX-iPA-clones (HBX 58 Cre 8 D15, HBX 8 

Cre 5 D17, and HBx 58 Cre 12 D20) (Figure 3B). Only the positive control showed HBX 

expression, although it appeared weak. These analyses suggest that the HBX-iPA cell line 

has low HBX expression detected only at the RNA level. However, the protein assays 

used may not be sufficiently sensitive enough to detect the HBX protein. Nevertheless, 

these findings established that the modified hepatocyte differentiation protocol can 

efficiently generate human hepatocytes from both established knock-in huES 8 cell lines. 

Although the level of HBX protein production was unanticipated, based on these results, 

it was concluded that these cells are highly comparable to human hepatocytes. Thus, the 

derived-hepatic cells were deemed appropriate for evaluating liver transplantation 

procedures and monitoring repopulation in liver transplants. 

Testing an Anti-Fas Hepatocellular Necrosis Mouse Model   

The basic premise of the model is presented in Figure 4A. For the first step of this 

model, liver damage must be inflicted on the livers of the mice before cell transplantation 



19 
 

 

 

in order for human cells to be reconstituted.  Anti-Fas antibodies, like Jo-2, are known to 

mediate cell death in the liver. The Fas antigen is a protein associated with the tumor 

necrosis factor family and highly expressed in mice livers (Ogasawara 1993). To 

determine the proper dosage of Jo-2 antibody that would inflict liver injury without being 

lethal, a range of Jo-2 antibody dosages was injected into 8-week old NOD/SCID mice. 

Concentrations of Jo-2 were 100 ug/kg, 150 ug/kg, 200 ug/kg, and 250 ug/kg. After 24 

hours, mice were sacrificed to assess the degree of liver damage. Hematoxylin and eosin 

(H&E) staining grossly shows the damaged achieved (Figure 4B). H&E staining 

illustrates the beginning of hemorrhaging and condensation of nuclei at 150 ug/kg; the 

effects intensifies with the increased dosage at 200 ug/kg. 250 ug/kg shows the most 

extensive amount of necrosis with nuclei shrinkage and hemorrhaging; however, the 

mouse at 250 ug/kg appeared to have signs of bad health and instability which made it 

worrisome for survival after transplantation. Immunostaining against beta-catenin, an 

important protein for cell-cell adhesion, displayed the gradual destruction and 

disappearance of the protein at increasing concentrations which begins at 200 ug/kg and 

is most widespread at 250 ug/kg (Figure 4B). Although the histological analysis shows 

that 250 ug/kg inflicted the most damage to the general liver architecture, 200 ug/kg was 

chosen for transplantation because mice injected with 250 ug/kg physically appeared to 

be too lethal for mice. Due to the success of the liver injury, the anti-Fas Jo-2 antibody 

was chosen as the method to induce liver damage for the mouse model. 

Examining Transplantation of huES derived Hepatocytes  

To assess the Jo-2 liver damaged mouse model for transplantation, cells from the 

huES 8 Alb-iPA cell line were differentiated from two independent experiments with 
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collections at Day 23 (Hues 8 Alb-iPA D23) and Day 36 (Hues 8 Alb-iPA D36.) HepG2 

cells represented as an intrasplenic injection control.  Phosphate buffered saline (PBS) 

acted as the Sham. A total of 13 NOD/SCID mice underwent transplantation; 

transplantation injections were performed in triplicates. A single NOD/SCID mouse acted 

as negative control without both Jo-2 treatment and transplantation. However, all three of 

the Alb-iPA D36 eHeps injected mice died before two weeks. One HepG2 transplanted 

mouse and one Alb-iPA D23 eHeps transplanted mouse also died before the end of two 

weeks. However, the Sham mice still survived which suggests that early deaths may have 

been due to the complications from surgery, injection method, or the collection method of 

cells for transplant. 

To determine whether the injected HepG2 and Day 23 eHep Alb IPA cells 

repopulated livers, mice were sacrificed at Day 15 (D15) and Day 28 (D28) after 

hepatocyte transplantation. Liver and spleens had a normal physiology when organs were 

harvested. Immunostaining of livers at D15 did not show positive expression of either 

HepG2 or eHeps present (Data not shown.) However, when livers and spleens were 

extracted at D28, the spleen injected with HepG2 formed a small tumor while the rest of 

the organs showed normal gross anatomy (Figure 4D). Immunostaining detected the 

expression of human nuclei in the mouse spleen, which indicates that HepG2 cells could 

proliferate but were not able to migrate to the liver. eHep repopulation was undetected in 

both the spleens and livers. The unsuccessful transplants confirm that cells may have 

trouble traveling from the spleen into the liver. This may be due to the method of 

injection or the cells being rejected from the spleen before they can move to the liver. 
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When cells are collected, it was noted that cells began to clump which may have caused a 

blockage that hindered the mice‘s survival or may have interfered with the ability of cells 

to travel to either the spleen or the liver. Overall data indicates that improvements in 

procedure must be examined further in the reconstitution of human hepatic cells in the 

mouse model.  
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Figure 1. Characterization of eHeps with modified human embryonic stem cells to 

human hepatocyte differentiation protocol.  

A) qRT-PCR of human hepatocyte gene markers of differentiated Hues 8 Alb-iPA cells 

relative to huES 8 cells. AFP, α-fetoprotein; ASGR1, asialoglycoprotein receptor 1; 

APOH, apolipoprotein H; FGA, fibrinogen A alpha polypeptide; TF, transferrin; APOA1, 

apolipoprotein A-I; APOB, apolipoprotein B. mRNA expression is calculated on the 

logarithmic scale of 100. Data represent the mean +/- SD from 5 independent events. 

Triplicates. (Human Liver n=2, HepG2 n=2, Alb-iPA n=5) 

B) Immunostainings of differentiated huES 8 Alb-iPA cells show expression of human 

hepatic markers of Albumin and AFP with and without puromycin selection. 10x1. 
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Figure 1. Continued 
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Figure 2. Comparison of characterization of eHeps derived from knock-in cell lines 

Alb-iPA and HBX-iPA.  

A) qRT-PCR results compare the human hepatic gene expression between the Alb-iPA 

and HBX-iPA cell lines. mRNA expression is calculated on the logarithmic scale of 10. 

Technical triplicates. Data represent the mean +/- SD from independent events. (Alb-iPA 

n=5, HBX-iPA n=2) 

B) Analysis of immunostainings reveal that both Alb-iPA and HBX-Alb-iPA knock-in 

cell lines have the ability to express specific human-liver markers of Albumin and AFP. 

20x. 
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Figure 2. Continued 
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B)  

 

 

Figure 3. Examination of eHeps for HBX protein expression. 

A) Detection of eHep cDNA samples against HBX qPCR primers show that 

the genomic and cDNA positive controls both have strong expression. 

HBX Alb-iPA eHep D26 cDNA shows faint expression. Alb-iPA D26 

cDNA and other eHep reverse transcriptase negative control samples are 

negative in expression. 

B) Western Blot data illustrates that HBX-iPA huES 8 and HBX-iPA huES8 

derived into hepatocytes originating from various clones do not express 

HBX protein.
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Figure 4. Anti-Fas Liver Damage Chimeric Human-Mouse Liver Model  

A) Schematic of Transplantation Method. NOD/SCID mice are injected with 200 ug/kg 

of Jo-2 antibody which specifically damages mouse livers.  24 hours later once eHeps 

derived from the huES8 Alb-iPA knock-in cell line are intrasplenically injected. A week 

later, mice are again injected with Jo-2 at a higher dosage in order to give a survival 

advantage for eHeps in order for those cells to proliferate. Mice were sacrificed at Day 15 

and Day 28 to examine if eHeps repopulated in the liver or remained stagnate in the 

spleen. 

B) H&E staining of livers of 8-week old NOD/SCID mice damaged by the anti-fas 

antibody Jo-2 after 24 hours. Liver necrosis begins at 200 ug/kg of Jo-2 with 

hemorrhaging and becomes more extensive at 250 ug/kg. 24 hours after Jo-2 injection, 

immunostaining of liver sections shows the destruction and loss of β- catenin expression 

start at 200 ug/kg. 250 ug/kg has nearly the complete loss of β- catenin structure. 

C) qRT-PCR of human hepatocyte gene markers characterizes the cells before the 

transplantation into the NOD/SCID mice. Fold change relative to untreated Hues8 cells. 

Albumin and AFP gene expression is at similar levels for HepG2 and the eHeps 

(embryonic-derived hepatocytes.) mRNA expression is calculated on the logarithmic 

scale of 10. Technical triplicates.  

D) A tumor growth in the murine spleen injected with HepG2 cells, which is highlighted 

with a white circle, compared to the Sham spleen. 

E) After transplantation livers harvested at Day 28 shows the absence of human-specific 

cells. However, in the spleen, the HepG2 transplanted cells are detected by human 

nuclear expression which co-localizes with the DAPI staining. 20x. 
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Figure 4. Continued  
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Figure 4. Continued 

1

10

100

1000

10000

100000

1000000

HepG2 Hues 8 Alb IPA
D23

Hues 8 Alb IPA
D36

Fo
ld

 C
h

an
ge

 (
lo

g)
 

eHep Differentiation of Transplanted Cells 

Albumin

AFP

1

10

100

1000

10000

100000

HepG2 Hues 8 Alb IPA D23Hues 8 Alb IPA D36

Fo
ld

 C
h

an
ge

 (
lo

g)
 

eHep Differentiation of Transplanted Cells 

APOA1

APOH

APOB

ASGR1

FGA

TF



33 
 

 

 

D)  
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Discussion  

 

 Hepatocellular carcinoma is the fifth most common cancer in the world; 

the majority of these patients are infected by Hepatitis B Virus (El-Serag 2012). 

Since the cellular and molecular mechanisms of liver tumorgenesis are not well-

established, there is an obvious lack of effective treatments and no cure to one of 

the most fatal types of cancer (Azumanyan 2013; in review Rehermann et al, 

2005). Adding to the difficulty of studying HBV pathogenesis, HBV cannot infect 

mouse hepatocytes, which hinders the development of convenient in vivo models 

(review in Dandri, et al 2014).  However, the recent progression in HCC mouse 

models introduces the concept of liver reconstitution with human hepatocytes 

(review in Dandri et al, 2014). Using experimental humanized liver mice models 

allows investigation of human hepatocyte innate immune response, anti-viral 

studies, and HBV replication life cycle in its natural environment (review in 

Dandri, et al 2014).   

 Here, we demonstrate an approach toward a novel chimeric liver mouse 

model to study the pathogenesis of HBX-dependent HCC. Two knock-in cell 

lines, huES 8 Alb-iPA and huES 8 iPA HBX, were created by genetic 

manipulation of BAC constructs comprising of a human serum albumin promoter 

followed by either an IRES-puro-polyA (iPA) sequence or an HBX coding 

sequence immediately followed by an iPA sequence after (Ng 2012). Cells were 

then differentiated under a protocol based on work by Si-Tayeb and Duncan for 

human hepatocyte generation; the gene construct was specifically designed to 
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guarantee the expression of HBX once cells transformed into hepatocytes (Si-

Tayeb et al, 2010).  

After the final stage of hepatic differentiation, eHeps were characterized 

against human fetal liver and hepatoma cell line HepG2. For human hepatic 

mRNA levels, the expression profile of the eHeps resembled most closely to 

HepG2 especially in strong albumin and AFP expression (Figure 1A). It was 

noted, however, that mRNA expression levels were strongest in human fetal liver. 

Because HepG2 is a well-characterized human liver cell line, it was concluded 

that eHeps sufficiently resembled hepatocytes since they have the capability to 

express important gene markers specific to human liver. Immunofluorescence 

staining of the morphology of the eHeps reveals the expression of albumin and 

AFP and the growth in hepatic monolayers (Figure 1B). Puromycin selection 

enriched the cultures with cells containing the iPA sequence. Overall, the data 

supports the fact that human hepatocytes can be generated with this adapted 

protocol. 

Our study demonstrates that HBX sequence insertion in the BAC-targeting 

constructs does not affect the differentiation capability of the huES 8 cells using 

this differentiation protocol. Albumin and AFP mRNA expression levels are 

nearly identical for Alb-iPA and HBX-iPA eHeps; overall, hepatic gene profiles 

are similar (Figure 2A). Immunofluorescence staining further confirms that eHeps 

derived from both knock-in cell lines expressed human hepatic factors albumin 

and AFP (Figure 2B). eHeps surviving after puromycin selection indicates that 
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these cells contain the Alb-iPA construct. Furthermore, our constructs do not 

interfere with the cells pluripotent abilities. Thus, it was expected that the albumin 

expression should ensure the expression of the viral protein HBX as well.  

Data shows that HBX protein expression was not completely ensured, 

however.  HBX knock-in huES 8-derived hepatocytes expressed HBX cDNA 

faintly (Figure 2A); however, all eHeps derived from different HBX-iPA clones 

had an absence of HBX protein in the Western Blot (Figure 2B). The positive 

control for the PCR data shows strong expression of HBX, but it appeared to have 

a low expression of HBX in the Western Blot.  However, for all samples the 

internal control alpha-tubulin is properly expressed. The low HBX expression in 

the positive control for the Western Blot compared to the PCR implies that the 

Western Blot assay has lower sensitivity to the presence of HBX and may 

underestimate expression levels. This may be the reason why HBX is not detected 

in the eHeps in the Western Blot. Overall data suggests that the HBX-iPA eHeps 

had a weak production of HBX. 

 Despite previously confirmed evidence of successful homologous 

recombination of HBX, data for detection of HBX protein indicates that there is 

absence of or low protein production by the HBX-iPA cell line (Ng 2012). HBX 

sequence insertion may have affected the cells‘ viability which then resulted in 

the cells rejected production of the viral protein. One possibility might be that 

during BAC-recombineering, a random target interfered with the gene resulting in 

inhibition of the gene‘s ability to make proteins. Another explanation is that there 
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was a design flaw within the construct. Also, the cell line can be successfully 

transfected with a working BAC-construct, but low HBX yields can be explained 

by the fact that the cell line is endogenous which results in heterozygous cells. In 

addition to that, the specific hepatocyte differentiation protocol used for the 

experiment does not lead to 100% hepatocytes which may skew HBX expression 

levels. Also, the BAC-construct may not have the albumin promoter integrated 

correctly before the HBX sequence which could yield an insufficient HBX 

expression. Recent advancements in genome editing to combat the common 

problem of low efficiency of homologous recombination in human pluripotent 

cells include two techniques employing the use of nucleases: transcription 

activator-like effector nucleases (TALENS) and clustered regularly interspaced 

short palindromic repeats (CRISPR)/ Cas system (in review Bertoni, 2014). 

However, the emerging approaches to homologous recombination have 

complications as well. Controlling expression levels of nucleases inefficiently, 

random integration with vector delivery of endonucleases, and off-target effects 

are possible problems that may arise (in review Bertoni, 2014). Despite the low 

efficiency, gene targeting of homologous recombination without the nucleases is 

still less likely to have off-target effects compared to (Li et al, 2014). The BAC-

construct execution must be reevaluated in order to obtain transfected-cells that 

successfully maintain sufficient HBX production when hepatically differentiated.  

 To assay our chimeric human liver strategy, firstly, liver damage was 

induced by Anti-Fas antibody Jo-2. H&E staining and beta-catenin 
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immunostaining results helped in determining that 200 ug/kg was sufficient for 

sub-lethal liver damage to NOD/SCID mice after 24 hours (Figure 4B). With 

specific damage only to murine hepatocytes with Jo-2, eHeps were injected 

intrasplenically in the hopes of repopulation to create a ―humanized‖ liver. Before 

surgery, eHeps were measured to resemble HepG2 human hepatic mRNA 

expression level, and were confirmed appropriate for the human hepatocyte 

reconstitution (Figure 4C). Repopulation of eHeps and Hep2 was not observed 

after Day 15 post-transplantation; however, at Day 28 a small tumor of discovered 

on the spleen (Figure 4D) that proved to be positive for human nuclei which 

confirmed HepG2 cells‘ presence (Figure 4E). Livers at Day 28 were negative in 

expression of eHeps and HepG2. Overall transplantation results show that the 

technique must be improved and reassessed. Since HepG2 cells stayed in the 

spleen, this suggests that the intrasplenic injection failed. It may mean that cells 

may have leaked out of the spleen before they could travel to the liver. Another 

explanation could be that more effort should be taken in ensuring that hepatic 

cells remain single-cell when being injected in order to not cause blockage to any 

vital regions. Transplantation is technically challenging, but the technique to 

create a humanized liver must be improved.  

Models based on HBX either use transgenic mice or infect already 

cancerous human liver cell lines which may alter outcomes compared to those 

seen in an actual liver cancer patient. Here we present a new approach by 

combining in vitro and in vivo human disease modeling to study liver cancer. 
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Human pluripotent cells serve as an endless supply of human-like hepatocytes. 

The objective now is to culture human pluripotent stem cells that keep and sustain 

the expression of HBX once hepatically differentiated. In addition, the hepatocyte 

transplantation procedure must be reevaluated in order to create a humanized liver 

in mice. In conclusion, our data shows that establishing this HBX-dependent 

chimeric mouse model is technically challenging; however, if and when 

successful, it will provide a more accurate way to provide insight on the critical 

role of HBX in hepatocellular carcinoma.  
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