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Introduction 

The liver is one of the critical organs in the body and 

performs many important functions including 

homeostasis, synthesis and storage of glucose and 

proteins, detoxification and immune defence.1 

Hepatocytes comprise the majority of liver cells. 

Functional disorders of these cells are related to many 

devastating diseases such as hepatitis, cirrhosis and 

hepatocellular carcinoma. Liver related diseases have a 

heavy burden on socioeconomics and affect 1.7% of 

population. Cirrhosis is an irreversible hepatocyte failure 

caused by long-term infection with hepatitis viruses, 
alcohol abuse,2 autoimmune inflammation and exposure to 

metabolic metals like iron and copper.3 Although the liver 

is a naturally regenerative organ, at the end stage failure of 

liver disease such as fibrosis and cirrhosis, therapeutic 

intervention is necessary.4,5 Liver transplantation is 

considered the most efficient therapeutic strategy in liver 

failure.1,6 However, because of the lack of appropriate 

donors,1,2 around 15% of list waiting patients die.6 

Furthermore, risks associated with operation, immune 

suppression,1 immunological rejection and high-costs,5 and 

the need for high technology and an experienced team are 
obvious limitations of liver transplantation. According to 

these obstacles, cell therapy has been proposed as a novel 

alternative method for liver transplantation. 

Cell therapy is defined as cell transplantation to damaged 

organs for repair. The transplanted cells will replace or 

enhance the function of damaged tissues or organs. The 

major candidate cells for cell therapy are primary 

autologous mesenchymal cells, genetically identical or 

syngeneic cells, immortalized hepatocytes7 and stem 

cells.2,8 Currently, cellular transplantation is developing 

for liver damage therapy9 and in comparison to liver 

transplantation has many advantages including 

overcoming the shortage of liver donors1,6,10 and 

immunological rejection,1,10 and a minimally invasive 

approach.7 

Research in the area of cell replacement therapy in the 

liver, particularly with stem cells, is at the beginning 

stages. The development and evaluation of novel cell 
therapy for liver disease requires the use of an appropriate 

animal model. In this paper we focus on the principles and 

methods of liver stem cell therapy in rodents as models of 

human liver regeneration in hepatic failure. 

 

Induction of liver damage 
Experimental animal models of liver damage can be made 

using exogenous factor induction or surgical removal of 

the liver. 

 

Drug induced damage 
Acetaminophen (N-acetyl-p-aminophenol [APAP]) is the 

most common pharmaceutical poison that causes severe 

necrosis in hepatocytes.11-13 This necrosis in hepatocytes is 

followed by increasing mitochondrial permeability 

transition (MPT).12,13 The cytotoxic effects of APAP in the 

hepatocytes can be assessed by measuring the release of 

alanine aminotransferase (ALT), mitochondrial membrane 
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Abstract 
Cell therapy is a promising intervention for treating liver diseases and liver failure. 
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potential using JC-1 or propidium iodide labeling.12 

Koffman et al. have shown a dose dependent effect of 

APAP, administered intraperitoneally, on the destruction 

of liver in C57BL/6J.14 A single 300 mg/kg intraperitoneal 

injection of APAP is appropriate to cause severe acute 

parenchymatous liver injury in the rodents.15,16  

 
Chemical induced damage 

Carbon tetrachloride (CCl4) intoxication is a common 

method for induced liver injury in rodents that was 

originally described by Proctor and Chatamra.17 Injection 

of doses between 0.5-1 mL/kg CCl4 dissolved in olive18-20 

or corn oil5,21 twice a week for 4-8 weeks18,22 have been 

used for liver injury in small animal models.12,20 CCl4 can 

be injected to rodents intraperitoneally12,23,24 or 

subcutaneously.5,18,20,21 

Paracetamol,25 ally alcohol (AA)26 and 

dimethylnitroseamine (DMN) are other chemical agents 
for inducing liver damage in rodents.

27
 Mixture of D-

galactoseamine (D-gal) and lipopolysaccharide (LPS) 0.5 

mg/g and 1 ng/g, respectively, in 1 ml of saline via 

intraperitoneal have also been used for inducing fulminant 

hepatic failure (FHF) in mice.28 

 

Surgery 

Hepatectomy is another strategy to prepare rodent models 

with liver damage. In this method a one-third partial 

hepatectomy is performed under general anaesthesia, and 

is followed by a 2 mg/kg body weight 2-

acetylaminofluoren administration to inhibit liver 
regeneration (Figure 1).29 

 

 
Figure 1. Schematic representation of liver stem cell therapy in 

rodents model. Stem cells can 
be differentiated to hepatocytes in culture using specific condition 
and growth factors. 

Exogenous inducing factors or surgical removal of the liver are 
used to produce experimental 
animal model of acute liver failure. Finally, it is possible to 

transplant differentiated cells to liver 
disease models through intrasplenic or intraportal infusion or tail 
vein injection. 

 

Isolation and differentiation of stem cells 

Stem cells are undifferentiated cells that are able to self-

renew and differentiate into mature cell types of the 

specific tissue. Stem cells can be isolated from a variety of 

natural sources, such as blastocytes, somatic tissues, or 

whole blood. The first successful isolation of human 

embryonic stem cells was reported in 1998.30 Gradient 

separation, as with Percoll and isolation by enzymatic 

digests, as with trypsin and collagenase are the most basic 

techniques for stem cells. Isolation and differentiation 

procedures are still improved and expanding in their fields 

of application.  

Stem cell in vitro differentiation is a novel therapeutic 

strategy in regenerative medicine. This strategy is based 

on the condition known to promote terminal 

differentiation of stem cells. This section provides an 
overview of the isolation and differentiation of different 

types of stem cells such as embryonic stem cells, adult 

stem cells, and induced pluripotent stem cells. 

 

Embryonic stem cells 

Embryonic stem cells (ESC) are pluripotent cells derived 

from the inner cell mass (ICM) of blastocysts, and can 

differentiate into all three germ layers.31 ESC are 

proliferated in an undifferentiated state by culturing them 

on feeder layers of mouse embryonic fibroblast cells 

(MEF) or in a medium containing leukaemia inhibitory 
factor (LIF). In order to differentiate ESC to cell linages, 

MEF or LIF is removed from the culture medium. ESC 

spontaneously differentiate and aggregate to form an 

embryoid body (EB) in hanging drop culture.32 EB 

contains all three germ layers which are capable of 

differentiating to several kinds of cells.29,32 For example, 

supplementation of ESC medium with sodium butyrate, 

recombinant mouse hepatocyte growth factor (rMuHGF) 

and dexamethasone resulted in hepatic differentiation in 

19 days.33 Differentiated cells efficiently expressed liver 

biomarkers such as albumin (ALB), α- fetoprotein (AFP), 

α-1-antitrypsin (AAT) and transthyretin (TTR). Other 
researchers reported a more efficient differentiation 

protocol by adding the mid-stage factor oncostatin M 

(OSM).32 The synthesis of urea is also an important 

hepatocytes marker that is detectable from the ninth day of 

differentiation, reaching its maximum level on day 18.29 

 

Adult stem cells  

Mesenchymal stem cells (MSC) are the most available and 

important adult stem cells. MSC isolated from adult 

tissues such as bone marrow, adipose tissue, umbilical 

cord blood and placenta can be differentiated into 
functional hepatocytes.21 In recent studies the 

immunomodulatory effects of MSC have been 

documented.34 MSC that play a critical role in the bone 

marrow niche have the ability to self-renew or 

differentiate to other lineages.35 MSC are positive for 

CD90, CD105 and CD73 and negative for CD45, CD34, 

CD14, CD11b, CD79a and human leukocyte antigen 

(HLA)-DR.36 Fluorescence-activated cell sorting showed 

gene expression of CD90 and CD29 but not CD45 in MCS 

from rats.37 The natural environments of MSC are hypoxic 

and published data showed hypoxia preconditioning to 
have supporting effects on the cell survival and genetic 

instability of these cells, confirming a new insight towards 

overcoming poor engraftment after transplantation at the 

bed side.38 

MSC can differentiate into hepatocytes by culturing on a 

specific medium containing growth factors such as FGF, 

HGF, EGF, insulin and dexamethasone.37 The first 
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replacement of the medium is performed on the third day 

of differentiation protocol.18,22,39 Different concentrations 

of growth factors including human hepatocyte growth 

factor (rhHGF), human fibroblast growth factor-4 (rhFGF-

4) and EGF have been used to differentiate MSC into 

hepatocytes.21,40 For assessing the differentiation of MSC 

to liver cells, hepatocytes marker genes such as ALB and 
α-fetoproteins analysed during in vitro 

differentiation.5,37ESC and MSC are two more common 

types of stem cells that are used to differentiate to 

hepatocytes. 

 

Induced pluripotent stem cells 

Induced pluripotent stem cells (iPSC) are actually patient 

specific pluripotent cells. iPSC were originally created by 

introduction of four genes, Oct4, Sox2, Kfl4, and cMyc, 

into a differentiated mouse cell.41 These reprogrammed 

cells were pluripotent. Technologies for the generation of 
iPSC are continuously evolving. For example, it has 

recently been shown that the presence of a single 

transcription factor, Oct4, was enough to induce 

pluripotency in adult cells.42 iPSC are now being used for 

disease modelling, drug development and organ synthesis. 

iPSC have been efficiently used to generate liver tissue for 

transplantation. A co-culture of iPSC with endothelial and 

MSC resulted in functional liver buds.43 For example, in 

one study, baicalin led to erythroid differentiation of 

CD133+ hematopoietic stem cells (HSC). Thus, baicalin 

application can be effective in the treatment of a wide 

range of disease.44 Then, HSC niches and other factors 
around HSC can promote malignancies,45-47 so it may be 

stem cells has notable clinical applications, especially in 

transplantation.44 

 

The methods and ways of transplantation of functional 

mature cells 

Generated functional mature cells from stem cells could be 

successfully transplanted into laboratory rat models. 

Transplanted cells could adhere, survive and regenerate 

the liver organ. The methods of transplantation of 

functional mature cells are discussed as follows. 
 

Intrasplenic 

A cell count of1×106-6×106 cells/ml in 0.5-1ml PBS could 

be injected through the lower pole of the spleen in 

laboratory rats or mice. To prevent bleeding and cell 

leakage after cell injection the lower pole of the spleen is 

ligated.18,22,29,40 

 

Tail 

A cell count of 5×105 suspended in 100µl PBS could be 

injected into the tail vein of rodents.1,19,28 
 

Portal vein  

Zhao and colleagues showed that intravenous injection of 

MSC is effective in the treatment of liver fibrosis in 

comparison with intrahepatic or intraperitoneal injection. 

As in intravenous injection liver lobules were normal, 

but in intrahepatic and intraperitoneal injection severe 

collagen deposition was observed5. A cell count of 1×106 

suspended in 30µl of PBS or DMEM could be injected 

through the portal vein.20,21,26 

 

Homing and efficacy of cell therapy 

Histopathological methods such as Haematoxylin and 

Eosin (H&E),22,28 Masson Trichrome21,22 and Sirius 
Red22 staining were used for detection of tissue structure 

changes after cell therapy in liver failure. 

The homing and engraftment of the transplanted cells to 

the target organ is key to the success of the cell therapy. 

Tracing of individual transplanted cells in the body of the 

recipient is particularly important in studies of cell 

therapy. 

 

Tracing of transplanted cells 

Several labelling techniques are currently used to trace 

transplanted cells in cell therapy. Carboxy fluorescein 
diacetate succinimidyl ester (CFSE)

39
 and 4,6-diamidino-

2-phenylindole, dihydrochloride (DAPI),24 chloromethyl-

benzamidodialkylcarbocyanine (CM- Dil)40 fluorescent 

dyes are commonly used to examine cell localization.  

The red fluorochrome PKH26, which mainly binds to the 

cell membrane, is an efficient cell tracer to locate 

transplanted cells.20 The liver cell suspension could be 

easily labelled after around 4 minutes of incubation with 

PKH261. This fluorescent dye is not toxic, and labelled 

cells retain both biological and proliferative activity. The 

characteristics of PKH26 are compatible with rhodamine 

or phycoerythrin detection systems.1 
Super paramagnetic particles of iron oxide (SPIO), such 

as Fe3O4- Poly- L- Lysin (PLL), could be used for 

tracking in cell therapy. In this method, the labelling 

efficiency of cells could be assessed in vitro by Prussian 

blue staining and atomic absorption spectrometry. The 

magnetically labelled cells are tracked in vivo by MR 

imaging.18,19 

Alu sequence detection by polymerase chain reaction 

(PCR) and green fluorescent protein (GFP) fusions are 

other useful techniques for tracking and locating 

transplanted cells.9,19,21,28 
 

Functional assay of transplanted cells 

Characterization of cell viability and cell identity after 

administering the cells is very important in the long-term 

follow-up study of liver cell therapy. Mortality rate is a 

reliable indicator of transplant functionality and overall 

recipient health. Other cellular indicators include Y-

chromosome and hepatic markers. 

Detection of the Y-chromosome in the liver tissue of 

female recipients from male rodents is related to the 

efficacy of cell therapy. Both fluorescent in situ 
hybridization (FISH) and real time quantitative 

polymerase chain reaction (qPCR) may be used to 

identify and quantify Y chromosome material or a male-

specific SRY.29 Investigations of immunohistochemical 

expression of hepatic markers, including ALB, AFP, 

CK18 and CK19, are popular quantitative functional 

assays of transplanted cells.26,28 
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Conclusion 

Research is ongoing to identify an optimal strategy for 

long-term cell therapy treatment in liver failure. Rodents 

are suitable animal models of liver regeneration in 

hepatic failure. In fact, rodent models of hepatic failure 

have shown significant improvement in liver function 

after cell infusion. The major steps of liver stem cell 
therapy in rodents are induction of liver damage, stem 

cell in vitro differentiation, and transplantation of 

functional mature cells. In vivo identification and 

tracking of transplanted cells in animal models are 

important to determine their homing and fate. These 

parameters are actually related to and may even predict, 

the success or failure of liver stem cell therapy.  
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