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INTRODUCTION 
 

    epatocellular carcinoma (HCC) is 
an aggressive tumor with mean 
survival 6-20 months. Liver 
transplantation is a reasonable 
treatment. Unfortunately, the organ 
donors for liver transplantation are 
not readily available and so therapeutic 
treatments become the most practical 
alternative strategies.(

1,2)
    

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

The term ―Stem Cell‖ is a generic 

term used to indicate any dividing 

cell with the capacity for different-

iation and proliferation to renew 

itself. Liver stem cells, bi-potential 

stem cells residing in human and 

animal livers, are able to differentiate 

towards the hepatocytic and the 

cholangiocytic lineages. 
(3)

 

In normal liver, liver-specific stem 

cells are small cells reside in the 

canals of Hering (CoH) with an oval 

nucleus and small cytoplasm. They 

can express surface proteins in 

common with mature hepatocytes 

(albumin, CK-8), immature foetal 

hepatoblasts (α-fetoprotein), and 

haematopoietic stem cells (CD133, c-

Kit). (4) 

 

The liver is one of the few organs 

that are known to be capable of rapid 

regeneration. This process usually 

takes place in response to liver injury 

resulting from surgical resection or 

exposure to destructive agents. 
(5)

 

Liver injury can also facilitate the 

transformation process including 

long-lasting inflammation and 

regeneration, chronic viral infection, 

alcoholic, or non-alcoholic fatty liver 

disease. 
(6)

  

 

Studies suggest that, during these 

conditions, stem cells expansion, 

accumulation of genetic and epigenetic 

changes, and alteration of the 

microenvironment occur continuously. 

This might result in the 

transformation of liver-specific stem 

cells to cancer stem cells (CSCs) 

followed by the initiation and 

promotion of liver cancer. 
(7) 
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ABSTRACT: 
Background: Hepatocellular carcinoma (HCC) is the most common 
primary tumor of the liver. Traditional therapies might not be sufficient to 
eradicate total tumor because they target mainly the differentiated cells. 
Liver transplantation is a treatment method but donors are not easily 
available. Liver stem cell-targeted therapy is considered to increase the 
efficiency and safety of the treatment. Studies suggest that liver-specific 
stem cells might be involved in liver regeneration and liver 
carcinogenesis, but more researches are needed to confirm these facts. We 
designed this work to characterize and compare between in vitro cultured 
liver stem cells isolated from malignant and non-malignant tumor tissue 
over a period of a month. % CD133 expression was determined by flow 
cytometry. Our results showed a significant increase in CD133 expression 
in stem cells isolated from malignant liver tissues compared with those 
isolated from non-malignant liver tissues (p=0.0004). Interestingly, 
prolonged cultured stem cells isolated from malignant liver tissue were 
found to proliferate while those isolated from non-malignant liver were 
found to be differentiated. However, further studies are needed to 
elucidate the role of liver-specific stem cells in liver cancer development 
and recurrence 
 

Keywords: Hepatocellular carcinoma, liver specific stem cells, cancer stem 
cell (CSC), in vitro culture.      
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Other studies suggest a possibility that liver-specific stem 
cells have an important role in modulating the 
regeneration process following liver injury; however, no 
sufficient evidence supports these hypotheses 8. 
 
 
AIM OF THE WORK: 
 
The objective of this work is to study the biological 
behavior of stem cells isolated from liver tissue in vitro 
and to perform a comparative analysis of cultured stem 
cells isolated from malignant liver tissue and those 
isolated from non-malignant liver tissue.  
 
MATERIALS AND METHODS: 
  
Liver tissue specimens:  
Under the approval of Institutional Review Board (IRB), 
liver tissues were collected from patients with 
hepatocellular carcinoma (N = 20) after partial 
hepatectomy. 
 
Histopathology:  
To differentiate malignant and non-malignant liver tissue 
histopathological examination was done for freshly 
excised liver tissue. 
  
 Fixation of excised liver tissue was done in 10% 
phosphate - buffered neutral р- formaldehyde (Sigma 
Chemical Co.) for 6-8 hours, and then transferred to 70% 
ethanol. Fixed tissues were embedded in paraffin sections 
(~5 μm) and stained with H & E for examination. 
  
Cell disaggregation and fractionation: 
Disaggregation and fractionation of liver cells were 
performed according to Grozdanov et al.8 and Laurson et 
al. 9 with minor modifications. Briefly, each malignant 
and non-malignant liver tissue was washed with 
hypotonic saline and equal volume of DMEM with 5% 
antibiotic - antimycotic solution.  
 
Then, each tissue was minced and digested with 
collagenase - III to obtain a cell suspension of each 
malignant and non-malignant liver tissue separately. Each 
supernatant was passed through 100 μm mesh and 
centrifuged at 1,000xg for 10 min. 
 
Liver cell suspensions were centrifuged at 50xg for 1min 
3 times, and then final supernatant was layered on Ficoll - 
Paque (Biowest, France) and centrifuged for 20 min at 
800xg to separate liver stem cells in the middle layer. 
   
Cell culture: 
Liver stem cells were cultured in T-25 tissue culture 
flasks containing DMEM medium with glutamine and 
non-essential amino acids, supplemented with 20 ng/ml 
basic fibroblast growth factor (b-FGF), epidermal growth 
factor (EGF) (Biowest Inc.-France). 
 
Cultures were maintained at 37˚C in a humidified 
incubator in a mixture of 95% air and 5% CO2. 

Determination of liver stem cell marker (%CD133) by 
flow cytometry:  
Human CD133 monoclonal antibodies conjugated to 
fluorescein isothiocyanate (FITC) (Miltenyi Biotec Inc., 
Germany) were used for characterization of liver stem 
cells by flow cytometry (BD FACSCaliburTM laser flow 
cytometer, BD Biosciences).   
 
 
RESULTS 
 
Twenty excised liver tissue specimens were taken after 
partial hepatectomy from patients with hepatocellular 
carcinoma under the approval of Institutional Review 
Board (IRB) (Fig. 1A). Age of patients ranged from 50–
65 years (57.5 ± 2.5 years old). Number of total patients 
was 20 – of which 13 were male and 7 were female. 
  
Malignant and non-malignant portion in each excised 
liver tissue was separated from each other and processed 
separately (Fig. 1B & 1C). 
 
To ensure malignant and non-malignant pieces before cell 
disaggregation, histopathological examination was 
performed for each piece (Fig. 2A & 2B). 
 
Each liver malignant and non-malignant liver piece was 
undergone cell disaggregation and cell culture. Cell 
suspension containing all liver cell types for each pair was 
cultured and examined under microscope (OLYMPUS 
inverted microscope, Life Science Company).  
 
Hepatocytes were the most prominent cells in all liver cell 
types (70-80 %), with polygonal shape and large size 
(Fig. 3B).  
 
Liver stem cells were separated from liver cell suspension 
and cultured. They show spheroidal shape and smaller 
size (Fig. 3A).  
 
Flowcytometric characterization using %CD133 was 
performed for stem cells isolated from malignant and non-
malignant liver cells. The percentage of CD133 
expression was significantly higher in liver cells isolated 
from malignant tissues in comparison with those isolated 
from non-malignant tissues, p-value = 0.0004 (Table 1) 
(Fig. 4 & 5).  
 
Liver stem cells isolated from malignant and non-
malignant liver tissues were cultured and microscopically 
examined over time (OLYMPUS inverted microscope, 
Life Science Company). 
 
Stem cells isolated from non-malignant liver tissues 
showed signs of differentiation which involved  changes 
in morphologies from rounded spherical shape at day 19 
(Fig. 6A) into spindle shape at day 23 (Fig. 6B) and 
epithelial-like shape at day 31 (Fig. 6C). 
On the other hand, stem cells isolated from malignant 
liver tissues increased in number from day 9 (Fig. 7A), 
day 15 (Fig. 7B) and day 29 (Fig. 7C). 
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Fig (1): Excised liver tissue after partial therapeutic hepatectomy (A) contains: non-malignant piece (B) and malignant piece (C). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                              (A)                                                                                                      (B) 

 

Fig (2): Histopathological examination (H & E stain) for non-malignant liver tissue (A) and malignant liver tissue (B). 

52 



 Al-Shafiea et al. 

 

05 

JMRI, 2016, Vol.37 No.2: (50-7) 
,  

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                              (A)                                                                                                      (B) 

Fig (3): (A) Liver tissue stem cells isolated from malignant and non-malignant liver pieces and cultured at day 1, magnification 10x 

showing spheroidal in shape. (B) Hepatocytes (liver parenchymal cells) isolated from malignant and non-malignant liver 

pieces and cultured at day 1, magnification 20x showing polygonal shape  

 
Table (1):Mean percentage of CD133 expression in stem cells isolated from malignant and non-malignant liver tissues.  

Marker % 
Stem cells isolated from malignant 

liver tissue 

(n=20) 

Stem cells isolated from non-

malignant liver tissue 

(n=20) 

t-test p-value 

CD133 10.1% ± 2.42 4.8% ± 1.83 5.406 0.0004 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

Fig (4): Comparison between % CD133 expression in stem cells isolated from malignant liver tissue (10.1 % ± 2.42), Column (A) 

and non-malignant liver tissue (4.8% ± 1.83), Column (B). T-test = 5.40 and p<0.001  
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(B) 

 

Fig (5): Representative flow cytometric characterization of stem cells isolated from liver tissue using %CD133 showing dotblott and 

histogram. (A) %CD133 in liver stem cells isolated from malignant liver tissue is 10.2%. (B) % CD133 in liver stem cells 

isolated from malignant liver tissue is 4.15%. 

54 



 Al-Shafiea et al. 

 

00 

JMRI, 2016, Vol.37 No.2: (50-7) 
,  

 

  

 

        

 

 

 

 

 

 

 

 

 

 

  

 

 
 

Fig (6): Differentiation of stem cells isolated from non-malignant liver tissue in culture. (A) day 19, (B) day 23 and (C) day 31, 

magnification 10x. Stem cells show change in morphology from spherical shape into spindle and epithelial shape. 
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(C) 
 
Fig (7): Proliferation of stem cells isolated from malignant liver tissue in culture. (A) day 9, (B) day 15 and (C) day 29, 

magnification 10x. Stem cells show increase in number but no differentiation was monitored over this time period. 
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DISCUSSION 
 
The development of regenerative medicine and liver cell-
based therapy has drawn attention to the liver-specific 
stem cells as a vehicle to restore normal structure and 
function after tissue injury. Hence, it becomes important 
to study the biology of liver-specific stem cells in vitro to 
determine their role in liver carcinogenesis. 

(10) 

 
In this work, we compared in vitro cultured stem cells 
isolated from malignant liver tissue with those isolated 
from non-malignant liver tissue.  
 
Liver-specific stem cells are a group of parenchymal cells 
that are capable of in vivo differentiation into hepatocytes 
for the maintenance of liver cell population 

 

 

Liver parenchyma comprises a heterogeneous population 
of cells, namely, hepatocytes, bile duct epithelia and non-
parenchymal cells (NPCs) including Kupffer, endothelial, 
mesothelial and inflammatory cell

.(12)
 

 
Our microscopic images for liver stem cells showed 
spherical shape and small diameter in comparison with 
the main liver cells; hepatocytes, which are polygonal and 
larger. This descriptive morphology of liver stem cells 
and hepatocytes is consistent with many other 
investigators. 

(13, 14, 15)
    

 
The analysis of liver stem cells reveals the presences of 
characteristic cell surface proteins associated either 
hematopoietic (e.g. CD34 and CD45), endothelial (e.g. 
CD31) or mesenchymal (e.g. CD44 and CD90). 

(16) 

 
CD133 is a characteristic marker of hematopoietic stem 
cells, neuronal stem cells, and liver stem cells. It plays a 
role in the maintenance of CSC properties by regulating 
interleukin (IL)-8, CXCL1, and MAPK signaling. 

(17)
  

 
CD133 expression increases in liver cancer stem cells. It 
has a clinical significance; the patients with high CD133 
expression have poor overall survival and higher 
recurrence rates compared with patients with low CD133 
expression

 (18, 19)
 

 
We determined and compared the percent of CD133 
expression. Our data showed CD133 expression in both 
malignant and non-malignant liver tissues with a 
significant increase in CD133 in malignant compared to 
non-malignant liver tissues (p<0.001) which confirm the 
importance of CD133 as a prognostic marker in both liver 
cirrhosis and hepatocellular carcinoma. 
 
Normal stem cells comprise a small proportion have an 
important role in organ maintenance by proliferation and 
differentiation particularly after injury. Cancer stem cells 
are believed to lose regulation controlling self-renewal 

20
 

and profiling the glycosylation status of cancer cells can 
be used to successfully reduce the risk of developing 
cancers. 

(21)
  

 
In our work, during prolonged culture, stem cells isolated 
from malignant liver tissue were observed to proliferate 
while those isolated from non-malignant liver tissue were 
destined to differentiation.  

Indeed, proliferation of liver-specific stem cells during 
carcinogenesis contributes to increased organ size and 
tumor formation with impaired liver function. On the 
other hand, differentiation of liver-specific stem cells in 
non-malignant conditions contributes to restore liver 
structure and function. Further studies are needed to 
address whether obligation of liver stem cell to 
differentiate in precancerous states can prevent the 
development of liver cancer. 

 
 
CONCLUSION 
 
Liver-specific stem cells isolated from malignant liver 
tissue tend to proliferate while liver tissue-specific stem 
cells isolated from non-malignant liver tissue tend to 
differentiate. This finding suggests that liver-specific stem 
cells have a major role in liver cancer development and 
tumor recurrence.  
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