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SYNOPSIS 
 
 
 
 
Diseases affecting the liver are one of the major health concerns in the world today and this can 

be attributed to the changed life style of today’s generation in which alcohol consumption is 

higher than ever and adding to this is the unhealthy eating habits which can lead to development 

of non-alcoholic fatty liver disease. It is the fourteenth leading cause of mortality in the world 

and the tenth most common cause of death in India. 
 
In most of the cases, the disorders of the liver can be treated only by a liver transplantation even 

when it is an organ capable of huge regeneration potential in itself. Though recovery can be 

guaranteed via a transplantation, the biggest stumbling block is the non availability of donors. 

The number of patients in need of the organ far outnumbers the available donors. The mortality 

arising in our country due to non-availability of suitable donors is alarming. Hence it is the need 

of the hour to device out alternative therapeutic strategies to combat the situation. 
 
The field of stem cells and regenerative medicine holds great potential in this regard. It is 

expected, by harnessing the limitless possibilities of cell therapy, a solution can be figured out. 
 
There are various kinds of stem cells including embryonic stem cells, induced pluripotent stem 

cells and adult stem cells. When each category is considered in detail, ethical issues are always a 

barrier in  making use  of  embryonic stem cells and  enough clinical validation has  not yet 

happened with the induced pluripotent stem cells. In such a scenario, adult stem cells are the 

most promising candidates. Among the various categories of adult stem cells, mesenchymal stem 

cells (MSCs) stand out for exceptional qualities, the most important of them being the 

immunosuppressive nature. The cells being non-immunogenic is an attractive feature when it 

comes to regenerative medicines and transplantations. 
 
It has been shown that mesenchymal stem cells are capable of differentiating into cell types 

other than its usual differentiation tendencies. Hence, the focus of this study is to get the 

MSCs differentiate into hepatocytes, which are the parenchymal cells of the liver, by providing 

specific differentiation media supplemented with appropriate growth factors and with the 

support of a novel niche. 
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This dissertation is divided into 4 chapters. Chapter I provide background knowledge of the 

topic,  review  of  research  works  done  so  far  related  to  the  topic,  the  gap  area  identified, 

hypothesis formulated and the objectives of the study. Chapter II compiles all the materials, 

reagents and equipments used in this study including the methodologies followed during each of 

the experiments. The results obtained are compiled in chapter III. The observations are discussed 

in  the  light  of  knowledge  from  related  literature.  Chapter  IV  summarizes  the  work  and 

conclusive remarks are made. 
 
In this study, a cell type of mesodermal origin is to be converted to a cell type belonging to the 

endodermal lineage and on attempting such a differentiation, we need to have the knowledge 

about how the cells of our choice or that tissue actually do develop in humans in the embryonic 

stages. The cues of differentiation may be elucidated in part from this knowledge. The literature 

on embryonic development of the liver tissue provides a great insight in to this aspect and the 

extracellular matrix can be mimicked with an appropriate niche. The hypothesis was that 

mesenchymal stem cells could be induced to undergo hepatic differentiation with the support of 

hepatic lineage-specific cues. 
 
The objectives of the study were to isolate and characterize the mesenchymal stem cells, 

differentiation of the MSCs into hepatic cells, evaluation of the effect of niche provided by the 

coating and the functional characterization of the MSC-derived hepatocytes. 
 
The mesenchymal stem cells were isolated from adipose tissue samples and characterized 

according to the guidelines set by Mesenchymal and Tissue Stem Cell Committee of the 

International Society for Cellular Therapy. The expression of MSC specific cell surface markers 

was analyzed by FACS and tri-lineage differentiation potential was evaluated. The cells were 

then subjected to hepatic differentiation with the support of a fibrin based coating. The 

hepatocyte-like cells formed were characterized via Indocyanine green uptake assay, Glycogen 

storage assay, CytochromeP450 activity assay, Urea assay and albumin assay. 
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The isolated mesenchymal stem cells were strongly positive for CD105 and CD90 and 

negative for CD 73. The cells were negative for CD45 and CD14, the negative markers for 

MSCs. The cells also did differentiate in to adipocytes, chondrocytes and osteocytes confirming 

MSC identity. 
 
The cells cultured in hepatic induction media acquired distinctive morphological differences by 

fourteenth day. The cells in ADMSCs differentiated medium grown in layers and aggregates of 

cells were observed in culture. Morphological images from this group does not show clear 

hepatocytes morphology, may be because of multilayer and fast growing of cells in this group. 

The cells were found to be up taking Indocyanine green and glycogen storage was observed 

within the cytoplasm. Urea production was observed in test group with the maximum in ADMSC 

conditioned medium group. Albumin production in-vitro was also assessed which yielded 

negative results pointing out to the need for further maturation of the cells.  
 
Thus to conclude, given an appropriate niche and specific growth factor supplements, the MSCs 

could be differentiated into functional hepatocyte-like cells. 
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Chapter I 
 

Introduction 
 
 
 
 
1.1 Background 

 
 
 

According to a United States statistical analysis, liver diseases are found to be the second major 

cause of mortality when all digestive diseases are considered[Everhart & Ruhl, 2009]. The 

National statistics of the United Kingdom points out to the fact that liver diseases are the fifth 

most common cause of death among its population[Statistics - release calendar - GOV.UK]. A 

study conducted at University of Trieste in Italy, on autopsy results, found that there is around 5 

to 10% global prevalence of cirrhosis among the general population. Based on this study, it was 

predicted that more than fifty million people in the world would be affected with chronic liver 

disease in the near future[Melato&Sasso, 1993]. In the early 2000s, liver cirrhosis caused the 

death of nearly eight lakh people worldwide. It was 14th leading cause of mortality in the world 

and the 10th leading cause in developed countries[Mathers et al, 2006]. The mortality due to liver 

diseases such as the liver cirrhosis is expected to increase and would probably become the 12th 

major cause of mortality by the year 2020[Murray & Lopez, 1997]. 
 
 
 
 
In the Indian scenario, deaths due to liver diseases were estimated to be 216,865 as per the data 

published by WHO in May 2014. The WHO report also points out to the facts that around 10 

lakh new cases of liver cirrhosis are getting reported each year and that it is the tenth most 

common cause of death in the nation. Liver diseases may affect one in every five Indians. The 

most common causes for liver diseases have so far been Hepatitis B and C, but today the major 

reasons  are  alcohol  consumption  and  other  obesity  related  disorders.  Once  the  patient  is 

diagnosed  with  a  liver  disease,  chances  of  reversal  of  the  disease  are  very  less.  Disease 

conditions like Cirrhosis are also associated with other complications such as ascites formation, 

hepatic encephalopathy and variceal bleeding. The treatment regimen for such disorders often 

comes at huge prices and is way beyond what majority of the patients can afford in their 
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financial circumstances. Often the only treatment option is a liver transplantation and once the 

clinical complications begin, the maximum time period a patient can survive without a liver 

transplant is estimated to be two to three years. 
 
Around 97 percent of liver transplants are Living Donor Liver transplants in the country, and 

only the remaining 3 percent are cadaver (after brain death) transplants, which makes it difficult 

to find a tissue donor. India is currently struggling with an acute shortage of organs for 

transplantation. It is estimated that more than a million people suffer with end stage organ 

failure, but  the  number of  transplants performed annually are  only  around 3500.  The  gap 

between number of available donors and the number of patients in need is very huge. It is 

estimated that at least 15 patients die every day in the country, waiting for organs and a new 

name is added to this waiting list every 10 minutes. 
 
The scarcity of organ donors leads to the need for figuring out potential alternative therapeutic 

strategies and here comes the significance of regenerative medicine and stem cell therapy. The 

aim is to generate cell type of our choice in adequate amounts in functional form such that the 

need for organ donor can be surpassed. Making use of stem cells is one of the most promising 

methodologies. There are various types of stem cells considered for therapeutic purposes like 

embryonic stem cells (ESCs), induced pluripotent stem cells (iPSCs), and adult stem cells. But 

usage of embryonic stem cells face ethical issues and the iPSCs have not yet cleared enough 

clinical evaluations. Therefore adult stem cells can be considered as the best option in designing 

cell based therapeutic strategies. 
 
Among the different categories of adult stem cells, mesenchymal stem cells or MSCs stand out 

for peculiar properties. The pool of MSCs is considered as the most prevalent source of dormant 

cells for maintenance as well as regeneration of tissues. The most significant attribute of MSCs 

in therapeutic applications is its immunosuppressive nature. Even when we transplant these cells 

from a donor to a recipient, elicitation of adverse immunological reactions is expected not to 

happen. 
 
The mesenchymal stem cells can be isolated from removed adipose tissue samples generated 

during a coronary artery bypass surgery. Given the knowledge on the plasticity of MSCs, it is 

expected that hepatocytes, the parenchymal cells of liver tissue, can be generated successfully 
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from MSCs on supplementation of specific growth factors and supplements. This study focuses on 

differentiation of cell of mesodermal origin into a cell of the endodermal lineage. It is expected 

that a fibrin based niche will act in favor of this differentiation pathway and that the hepatocytes 

thus generated may stay functionally viable for a clinically relevant period of time. 
 
1.2 Review of literature 

 
Liver is one of the vital organs of the human body having critical roles to play including storage 

and release of glucose, conversion of ammonia to urea, removal of drugs and toxins from blood 

etc. The complex functionality of the hepatocytes makes it effortful to understand their biology. 

Liver failure has increased in recent years and liver transplantation is becoming the only solution 

available. However, due to the shortage of organ donors the morbidity has increase significantly. 

Cell based therapy could be an alternative approach to this problem. Various types of stem cells 

have been used for differentiation towards hepatic cells including embryonic stem cells, adult 

stem cells, however ethical concerns for embryonic stem cells makes it difficult to use for 

therapeutic application. Mesenchymal stem cells provide a good platform for stem cell therapy. 
 
1.2.1 Developmental biology of Liver 

 
 
The liver develops from the primitive gut tube which is formed by definitive endoderm. It is 

during the gastrulation of the embryogenesis that endoderm is formed. It is one of the three germ 

layers which do form from the epiblast of the inner cell mass of the blastocyst. The events during 

gastrulation leading to generation of hepatocytes involve an initial recruitment of cells from 

specific regions of the epiblast to form the primitive streak. At the primitive streak, these cells 

get transformed and form both definitive endoderm and mesoderm. The next phase is the 

formation of hepatoblasts. Hepatoblasts are those cells which are found in the liver bud. Liver 

bud is formed from the definitive endoderm present at the anterior ventral segment of the gut 

tube which do have interactions with cardiogenic mesoderm. There is a cascade of maturation 

events which the hepatoblasts undergo in the total process of liver development which include 

autonomous proliferation, cellular enlargement as well as functional maturation.  Specific genes 

are expressed by the cells during this time in accordance with the cellular development. The 
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early  developmental stages  are  associated  with  definitive markers  and  they  eventually  get 

replaced by hepatic markers at the later developmental stages. 
 

 
 
 
Figure  1:  The  developmental  stages  of  liver  tissue  in  mouse  HE  (Hepatic  endoderm), ST 
(Septum Transversum) 

 
Once the liver bud evolves out of the developing gut tube, it is considered that the extent of 

hepatic maturation can be defined by the expression of liver- as well as stage-specific 

genes[Panduro et al., 1987]. The expression pattern of the protein α-fetoprotein or AFP can be 

considered an example. It is an early hepatic marker and hepatoblasts in the liver bud show 

enhanced expression of this protein. Later on at the time of birth, the expression is diminished to 

very low amounts. The expression pattern of albumin which is the protein expressed most 

abundantly by hepatocytes, is the opposite to the case of AFP. In early fetal hepatocytes, there is 

diminished expression of this protein which is followed by a steady increase in expression in 

accordance with the maturation of the hepatocytes and the expression levels peak in adult 

hepatocytes.  The expression pattern of cytochrome P450s is also remarkable. There are various 

isoforms  of  CYPs  and  the  expression  levels  of  these  proteins  vary  according  to  the 

developmental stages of the liver. In adult hepatocytes CYP3A4 is mainly expressed while in 

fetal liver the isoforms predominantly expressed is CYP3A7[Hay et al., 2008] 
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Types of liver cells 
 
 
The cells present in the liver can be divided into two classes- parenchymal and non-parenchymal 

cells. Hepatocytes are the parenchymal cells. Non-parenchymal cells include Kupffer cells, 

Hepatic Stellate Cells, Liver Sinusoidal Endothelial Cells and Biliary Epithelial Cells[Schon & 

Weiskirchen, 2014]. As much as 80% of the total liver volume is occupied by the hepatocytes 

and they perform the major fraction of various functions of the liver. The non-parenchymal liver 

cells together constitute only 6.5% of the liver volume, but 40% to the total number of liver cells. 

They are located in the sinusoidal compartment of the liver tissue. Sinusoidal endothelial cells 

(SEC), Kupffer cells (KC), and hepatic stellate cells (HSC) line the walls of the hepatic sinusoid. 

The sinusoidal lumen is populated by intrahepatic lymphocytes (IHL), including pit cells (which 

are liver-specific natural killer cells). Though hepatocytes are the main functional units of liver, 

quite many of these hepatocyte functions are well regulated by substances released from the 

neighboring non-parenchymal cells[Kmieć, 2001]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: The types of liver cells and their organization within the liver tissue 
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1.2.2 The burden of liver diseases 
 
 
Liver failure can be considered as a situation in which large parts of the liver become damaged 

beyond any possibilities of a repair and the liver is no longer able to perform its functions. It is a 

life-threatening condition and requires urgent medical care. In most of the cases, a liver failure 

occurs gradually over a period of many years. Acute liver failure can also happen which is a 

comparatively rarer condition that occurs rapidly, even within a time span of 48h and is often 

difficult to diagnose on time. 
 
There can be several different factors which can cause chronic liver failure which include Long- 

term alcohol consumption, Hepatitis B, Hepatitis C, Cirrhosis, Hemochromatosis and even 

malnutrition can play a role. The causes of acute liver failure in which the liver fails rapidly are 

often different from those mentioned above. Some examples are an overdose of drugs like 

Acetaminophen, reactions to certain herbal medications and ingestion of poisonous wild 

mushrooms.  
 
Often a failure in liver function can be treated only by a liver transplantation. However the ratio 

of donor to recipients is huge and demand cannot be met. There is a critical shortage of donors 

and at the same time the medical procedure is quite expensive. Furthermore there can be 

additional problems arising due to surgical complications and chances of chronic rejections are 

also high. Hence alternative approaches are needed to withstand the scenario. 
 
Today, researchers worldwide are trying to develop cell-based therapeutic strategies. This 

includes various approaches like cell transplantation and bioartificial liver devices                                                                                                                                                                                                                                                                                

[Nussler et al., 2006]. It is even more challenging to maintain the phenotype of primary 

hepatocytes while in a culture. Thus, what emerges is a critical scarcity of human hepatocytes 

which continues to remain as a stumbling block to advancement of cell-based therapies.  
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1.2.3 The stem cell approach 
 
 
Making use of stem cells is one of the most promising approaches. There are various types of 

stem cells considered for this purpose like embryonic stem cells (ESCs), induced pluripotent 

stem cells (iPSCs), and adult stem cells. 
 
The human embryonic stem cells are generally obtained from excess embryos collected from 

in vitro fertilization clinics. We can thus maintain an immortal propagation of pluripotent cells 

which can theoretically give rise to any cell type of the human body. The most attractive feature 

of human ESCs is their capability to reproducibly generate well-characterized cell populations of 

choice for transplantation. It is now possible to generate a wide variety of cell types including 

oligodendrocytes,  cardiomyocytes,  hematopoietic  cells,  immature  pancreatic  β  cells  and 

dopamine neurons. The transplantation of mouse ESC-derived cardiomyocytes had proved to be 

capable  of  improving  the  contractile  function  of  the  infarcted  mouse  heart.  Dopaminergic 

neurons can be generated for treating Parkinson’s disease. In spinal-cord injury, Stem can prove 

to be of beneficial effects by getting directly incorporated into tissue or by promoting the repair 

by endogenous cells. The possibility to generate functional pancreatic β cells from ESCs can be 

considered as a new source of insulin-producing cells which can be used for transplantation to 

treat type I diabetic condition[Murry & Keller, 2008]. 
 
One of the major breakthroughs in the field of stem cell research was the discovery induced 

pluripotent stem cells. Somatic cells were turned in to pluripotent stem cells by the introduction 

of genes encoding merely four reprogramming factors[Szablowska-Gadomska et al., 2013]. 

Researchers have succeeded in generating iPS cells from patients with a variety of genetic 

diseases including Parkinson disease, Down syndrome, Huntington disease, juvenile-onset type 1 

diabetes mellitus etc. The disease-specific stem cells thus obtained provide us with the 

opportunity to study the normal as well as pathologic human tissue formation. This can generate 

a valuable database for investigations on disease development and also on drug designing[Park et 

al., 2008]. 
 
 
However there are various limitations associated with ESCs and iPS cells. One of the major 

concerns is their potential to form tumors. These cells, as and when transplanted into an 

organism, tend to form teratomas which are tumors derived from all of the three germ layers. It is 
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apparent that injured as well as normal adult tissues lack the appropriate differentiation cues 

required to induce ESCs to form the desired cell types. ESCs also do face ethical issues. In case 

of iPS cells, the efficiency with which they can be generated is still very low, and moreover there 

is a need to validate and ensure that the techniques employed in reprogramming the somatic cells 

and in the gene therapy procedures are safe. 
 
 
In this scenario, it may be concluded that adult stem cells can be the most promising candidate 

cell type in designing cell based therapeutic strategies. 
 
1.2.4 The potential of mesenchymal stem cells 

 
 
Among the different categories of adult stem cells, mesenchymal stem cells or MSCs stand out 

for peculiar properties. Mesenchymal stem cells are multipotent stem cells having the potential to 

differentiate in to a variety of cell types, mainly chondrocytes, osteoblasts, adipocytes and 

myocytes. MSCs were first discovered in the bone marrow. Later on their presence was found in 

many tissue types such as the cartilages, muscles and the adipose tissue. The pool of MSCs is 

considered as the most prevalent source of dormant cells for maintenance as well as regeneration 

of tissues. 
 
There are many factors which contribute to the potential of MSCs in cell therapy. Most 

importantly the MSCs are easily accessible. The protocol for isolation of MSCs from tissue 

samples is quite simple. Only a short period of time is required to grow and expand the cells to 

clinically relevant scales. It is possible to biopreserve the cells with minimal risk of cells losing 

their potency. The MSCs do not form teratomas and ethical issues associated are very less. 
 
The knowledge that MSCs do possess immunomodulatory properties first emerged when it was 

observed that these cells are capable of evading immunosurveillance after a cell transplantation 

procedure[Liechty et al., 2000]. In experiments conducted in humans, when comparisons were 

made between transplantation of allogeneic and autologous MSCs, elicitation of adverse 

immunological reactions didn’t occur when cells from a donor was transplanted in a different 

patient[Le Blanc & Ringdén, 2005]. Hence it opens up the possibility for single time collection 

of  MSCs  from  donors  which  can  be  used  for  a  treating  a  number  of  patients.  MSC 

transplantation had been made use of in clinical trials of immunological[Ringdén et al., 2006], 
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cardiovascular and neurological disorders. MSCs are capable of inhibiting proliferation of T- 

cells in vitro[Bartholomew et al., 2002]. 
 
The maturation, secretion of cytokines, and the capacity of T-cell priming of the dendritic cells, a 

major cellular player in the immune system, are all inhibited by the MSCs[Zhang et al., 2009]. 

They can also bring about the inhibition of proliferation as well as the antibody production of the 

B cells[Barry et al., 2005]. 
 
In studies involving animal models of liver injury, MSCs have been shown to possess no just a 

hepatic differentiation potential but also an ability to reduce apoptosis of the hepatocytes. The 

study conducted by Poll et al., demonstrated that MSC conditioned medium have a direct anti- 

apoptotic effect on hepatocytes in addition to the property of modulation of the inflammatory 

cascade[van Poll et al., 2008]. 
 
There are  various sources  from which mesenchymal stem cells can  be  obtained like  bone 

marrow, umbilical cord blood, adipose tissue etc.[Wu & Tao, 2012] Among the various sources, 

adipose tissue stands out for the features including less invasive mode of collection and 

comparatively larger quantities of cells collected[Kern et al., 2006]. 
 
Various research groups have reported different protocols for isolation, expansion and 

characterization of MSCs. As a result, it became hard to compare and contrast the research 

outputs. In order to address this confusing scenario, the Mesenchymal and Tissue Stem Cell 

Committee of the International Society for Cellular Therapy did propose a criteria to define 

human mesenchymal stem cell. According to it, the MSCs should show the property of plastic- 

adherence when they are under standard culture conditions, they should express CD105, CD73 

and CD90, and should not express CD45, CD34, CD14 surface molecules, they must show tri- 

lineage (osteogenic, adipogenic and chondrogenic) differentiation potential in vitro[Dominici et 

al., 2006]. If the cells we isolate do meet these criteria, we can conclude that they are MSCs. 
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1.2.5 Hepatocyte-like cells from MSCs 
 
 
The plasticity of mesenchymal stem cells is a hot topic. Given the ease of availability of MSCs, 

getting them differentiated into lineages, often different from its natural fates, opens up vistas to 

solutions  for  a  wide  variety  of  problems.  For  e.g.  MSCs  from  adipose  tissue  have  got 

successfully differentiated in to neuroectodermal lineage[Vossmerbaeumer et al., 2006]. There 

are different reports that MSCs can undergo transdifferentiation into ectodermal cells like the 

neural cells [Sanchez-Ramos et al., 2000; Woodbury et al 2000]. 
 
It was in 1999 that one of the earliest reports on formation of liver cells from a cell population 

that is originating from or is associated with bone marrow came out [Petersen et al., 1999]. It was 

suggested by this study that bone marrow associated cells, when exposed to some physio- 

pathological conditions can act as the precursor for different types of liver cells. This piece of 

information was considered evidence to the significant degree of plasticity of cells in an adult 

organism. 
 
Other than hepatocytes and endogenous liver stem cells, bone marrow stem cells (which include 

hematopoietic stem cells and mesenchymal stem cells)are also assumed to be a recruitment 

source at the time of liver regeneration [ Zhang et al., 2003]. 
 
There are various studies conducted on the differentiation of human embryonic stem cells 

(hESCs) to form hepatocyte-like cells[Lavon et al., 2004; Schwartz et al., 2005]. But almost all 

of these researches focused only on evaluating whether the final hepatocyte-like cells derived 

from hESCs do possess the characteristic marker features of hepatocytes. The developmental 

steps followed by the hESCs in that differentiation event weren’t studied so as to compare it with 

the in vivo differentiation steps actually followed the hESCs. 
 
Researchers have compared the differentiation potential of bone-marrow derived mesenchymal 

stem cells to hematopoietic stem cells, and observed that both could differentiate in to hepatic 

lineages but their differentiation potentials were not of same magnitude. It has been concluded 

that MSCs do not express early hepatic specific genes but at the same time can differentiate to 

mature hepatocyte-like cells [Shu et al., 2004]. 
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As mentioned earlier adipose tissue is a readily available source. In a study, stromal cells were 

obtained from leftover adipose tissue which was removed during elective abdominoplasty. When 

treated with specific cytokine mixtures, these human adipose derived stromal cells (hADSCs) 

differentiated in to hepatocyte-like cells. Hepatocyte Growth Factor (HGF) and OncostatinM 

(OSM) were the main ingredients provided to the cells. It was observed that addition of Dimethyl 

Sulfoxide (DMSO) enhanced the differentiation. Albumin and Alpha-fetoprotein expression was 

shown during the differentiation time while urea production and LDL (Low-density lipoprotein) 

uptake were shown by the completely differentiated cells. The study was extended to in vivo 

situation with the help of CCl4 injured SCID mouse in which the differentiation of hADSCs to 

hepatocytes as well as an expression of albumin was observed thus underlining the fact that 

hADSCs  can play a role in hepatocyte regeneration or liver cell transplantation in future[Seo et 

al., 2005]. 
 
It has also been show  that there can be a subset of cells with hepatocyte-like properties existing 

within the adipose tissue which do possess the ability to acquire hepatocytic functions easily. 

The studies in this regard began from the knowledge that the MSCs present within adipose tissue 

do have transdifferentiation capabilities. The focus was on sorting out the precommitted cells. 

Undifferentiated naïve hADMSCs were examined to see if they have hepatic potential by 

analyzing expression pattern of specific genes. The observation was that the undifferentiated 

naïve hADMSCs express the surface markers characteristic of mesenchymal stem cells and they 

also did express early liver expressing genes like HNF4, CK18, CK19 and Alpha feto protein 

(AFP). Surprisingly, the genes found to be expressed mainly in adult liver cells were also found 

to be expressed by the cells which included Albumin, Glucose 6-phosphate and Alpha-1 

antitrypsin[Zemel et al., 2009]. 
 
 
Various researches point out that the key players in bringing about hepatic differentiation of 

MSCs are Insulin-transferrin-selenium (ITS), human epidermal growth factor (hEGF), human 

hepatocyte growth factor (hHGF) and hOSM (human OncostatinM). The growth factors are to be 

supplied in such a way that we can achieve an effective differentiation of a cell type of 

mesodermal origin to a cell type of endodermal origin. 
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Though most of the attempts on generation of hepatocytes from mesenchymal stem cells were 

successful and functional cells were obtained, the major challenge remained and still remaining 

is to keep the cells functionally viable for a clinically relevant period of time. Unless and until 

this goal is met, the results will simply continue to be a basic research work and cannot be 

translated to an application level knowledge or device. This study focuses on achieving this 

ultimate  aim.  Playing  with  various  concentration  levels  of  growth  factors  may  assist  in 

elucidating the most potential track to hepatic differentiation but the need to maintain the cells 

functional for long period demands designing of an appropriate niche. 

 
1.2.6 The niche 

 
 
An important aspect of culturing cells is providing the appropriate niche suitable for the cell type 

of choice. Cells do not grow independent of each other in a living system. Identifying the most 

appropriate cell culture-plate coating composition capable of supporting proper cellular 

attachment, proliferation and lineage-specific differentiation of the adult MSCs is critical for our 

proposed applications like cellular therapy. In tissue engineering approaches, a wide variety of 

scaffolding  materials,  which  include  both  synthetic  and  natural  biomaterials,  have  been 

employed in directing the desired kind of differentiation [Bacakova et al.,] 
 
It is important to note that the hepatocytic differentiation of stem cells is influenced a lot by the 

microenvironment. For guiding the growth of stem cells as well as for the differentiation and the 

functional assembly, we have to formulate the microenvironment such that it will be as close to 

the real biological scenario within the body. There are various kinds of strategies adopted in this 

regard [Burdick et al.,] 
 
The renewal and differentiation processes of cells in a living organism are coordinated in 

accordance with the changes in the environment. The spatial and temporal gradients of a variety 

of  factors  play  a  role  as  well  as  the  interactions with  neighboring cells.  Such  extents  of 

dynamicity are indeed difficult to be mimicked under 2D culture conditions[Burdick & Vunjak- 

Novakovic, 2009] and hence it becomes important to consider the possibilities of 3D culture 

systems which will be capable of simulating the microenvironment of the native tissue, which in 

our case is the liver. 
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Some researchers have tried a dynamic 3D environment which is constituted of biomaterial 

scaffolds and bioreactors. While the bioreactors contribute to a control over the environment, the 

scaffolds can provide structural templates for proper cell attachment and proliferation[Hwang et 

al., 2008]. 
 
The extracellular matrix or the ECM can be considered as the most important factor in the 

cellular environment. The ECM contains many chemical as well as biophysical cues for 

differentiation of stem cells. These cues do vary depending on the location and function of a 

tissue  type.  It  can  be  expected  that  coating  materials  fabricated  out  of  ECM  components 

naturally present in the biological systems can be of huge potential in stem cell differentiation in 

a controlled manner [Ringden et al., 2006]. 
 
 
In this study, it is expected that a specific novel combination of Thrombin, Fibrinogen and 

Gelatin will be capable of supporting the hepatic differentiation of the MSCs and their survival. 

The use of biomimetic and biospecific molecules for coating will aid to regulate the properties 

and function of cells. It is possible to attach these bioactive molecules in specific concentrations 

and spatial distributions whereby we can regulate the adhesion as well as growth, viability and 

differentiation of the cells[Prasad Chennazhy & Krishnan, 2005]. Fibrin is a fibrous protein and 

is involved in the clotting of blood. It is formed from the polymerization of fibrinogen upon the 

action of the protease Thrombin. It plays a critical role during wound healing and skin 

regeneration. It has huge applications in clinical field for the treatment of skin injuries or as a 

component of skin substitutes[Bacakova et al., 2016].  Fibrin can promote the accumulation of 

extracellular matrix components. Its role is predominant during the initial phase of the culturing. 

When a new extracellular matrix is formed eventually, it will replace the fibrin[Mol et al., 2005]. 

Hence it can be considered as a temporary matrix molecule. 
 
 
Most of the previous studies on generation of hepatocytes from mesenchymal stem cells made 

use of rat tail collagen for the coating purpose. But this cannot be an appropriate measure when 

we  have  clinical applications as  the  ultimate objective. It  is  critical to  avoid or  minimize 

zoogenic components in the cell culturing procedures. Hence the main advantage in adopting 

fibrin based coating is that fibrinogen, a precursor of fibrin, can be isolated in considerable 

amounts from the patient’s blood. Thus we can have autologous content which will play a big 
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role in preventing unwanted immune reactions[Rajangam & An, 2013]. 
 
 
 
 
1.2.7 Characterization of hepatocytes 

 
 
The most important aspect of a transdifferentiation protocol is the final confirmation that the 

cells which did form are indeed the cells of our choice. Morphological, phenotypical and 

functional characterization is done for the same. The primary observation is that the cells will 

lose their fibroblast-like morphology and acquire a polyglonal shape which is usually possessed 

by epithelial cells[Wu & Tao, 2012]. 
 
 
Peters et al., have showed that Fluorescence Activated Cell Sorting or FACS can be successfully 

employed in purifying out a subpopulation of functional hepatocyte-like cells derived from 

human pluripotent stem cells using the hepatocyte specific surface marker Asialoglycoprotein 

receptor 1 or ASGR1[Peters et al., 2016]. ASGR1 has long been considered as hepatic surface 

marker[Ashwell & Morell, 1974]. Cells sorted out as ASGR1 positive were enriched for gene 

expression profile as well as functional characteristics of hepatocytes. 
 
 
Mallanna et al., did a mapping of the cell-surface N-Glycoproteome of human hepatocytes and 

identified specific markers for selecting a homogenous population of iPSC-derived hepatocytes. 

They underlined the concept of employing FACS for obtaining a homogeneous cell population 

of our choice. 300 glycoproteins of hepatocytes were identified by the method of cell-surface 

capture proteomics. After thoroughly analyzing the expression profiles, they concluded that 

SLC10A1 (solute carrier family 10 member 1),CLRN3 (clarin 3) and AADAC (arylacetamide 

deacetylase) are highly enriched towards the final stages of hepatocyte differentiation process 

and that FACS based sorting out of cells positive for these markers will provide us enrichment of 

cell population with hepatocyte characteristics[Mallanna et al. ,2016]. 
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1.2.8 The mechanism of the differentiation 
 
 
The exact mechanism by which mesenchymal stem cells differentiate into hepatocyte-like cells is 

yet to be figured out. Certain studies have indicated that the process involved in adipose tissue 

derived mesenchymal stem cells differentiating in to hepatocytes is similar to a MET 

(Mesenchymal-to-epithelial transition)[Yamamoto et al., 2008]. MET is the reverse process of 

EMT or the epithelial-to-mesenchymal transition. EMT is a pivotal step during embryonic 

developmental processes and also in cancer metastasis and progression. It has been observed that 

the transcription factors Twist and Snail, which are two important regulators of EMT, are both 

down-regulated during the hepatic differentiation of MSC[Ochiya et al., 2010]. In addition, 

prominent epithelial markers like E-cadherin and α-catenin are up-regulated and the expression 

of markers of mesenchymal identity like N-cadherin and vimentin are down-regulated. The 

suggestion that MSC to hepatocyte differentiation is similar to a MET was arrived at from these 

microarray analysis results. 

 

1.2.9 Summary of review 
 
The clinical cases of liver failure can often only be treated by a liver transplantation which is 

difficult to accomplish due to scarcity of donors. Harnessing the potential of the mesenchymal 

stem cells opens up vistas to obtaining autologous functionally viable hepatocytes which can be 

made use of in various treatment strategies and in vitro studies. The MSCs are to be exposed to 

media containing specific factors in a regulated manner in order to bring about the specific 

differentiation from mesodermal lineage to the endodermal lineage. An appropriate niche will 

further assist this transformation. The hepatocytes thus obtained can be characterized and made 

use of in clinical applications. 
 
 
 
 
1.3 Gap Area 

 
 
Though hepatocyte-like cells are observed to be differentiating out from ADMSCs in previous 

studies, there is a need to optimize the conditions such that it becomes feasible to keep the cells 

functionally viable. 
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1.4 Hypothesis 
 
 
The hypothesis of this study is that given an appropriate niche and specific induction medium, 

ADMSCs can be grown and differentiated into functional hepatocyte-like cells. 
 
 
 
 
1.5 Objectives 

 
The main objectives of the study are:- 

 
 Isolation and characterization of MSCs from adipose tissue 

 
 Hepatic differentiation of the ADMSCs on a supporting fibrin-based niche 

 
 Characterization of the differentiated hepatic cells 

 
 Evaluation of functionality of the differentiated hepatic cells 
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Chapter II 
 

Materials and Methods 
 
2.1 Materials 

 
Hank's balanced salt  solution  (HBSS)  buffer,  Collagenase  NB  4  standard  grade  (SERVA 

Electrophoresis), Fetal Bovine Serum (FBS), Dulbecco's Modified Eagle Medium (DMEM) 

(Gibco), Trypsin, Oil Red O stain, Alizarin Red S stain, Toluidine blue, Formaldehyde (Merck), 

Phosphate-buffered saline (PBS),  Thrombin,  Fibrinogen,  Gelatin,  Epidermal  Growth  Factor 

(EGF) (Cell Signaling Technology), basic Fibroblast Growth Factor (bFGF), Hepatocyte Growth 

Factor   (HGF)   (Sigma-Aldrich),   Nicotinamide   (Sigma-Aldrich),   Dexamethasone   (Sigma- 

Aldrich), Insulin-transferrin-sodium selenite (ITS) (Sigma-Aldrich), Cardiogreen (Sigma- 

Aldrich), Resorufin ethyl ether (Sigma Aldrich), Hoechst stain, Periodic Acid (S D Fine-Chem), 

Schiff’s reagent (Sigma-Aldrich), Triton X-100 (Sigma-Aldrich), Haematoxylin, Urea Assay Kit 

(BioChain), Human Albumin ELISA Quantitation Set (Bethyl Laboratories), H₂SO₄ (Qualigens 

Fine  Chemicals),  Trizma  base  (Sigma-Aldrich),  BSA  (Sigma-Aldrich), NaCl  (BDH 

Biochemical), Tween 20 (Bio Basic Inc), TMB substrate (American Diagnostica) 
 
2.2 MSC isolation 

 
2.2.1 Sample collection 

 
The adipose tissue samples were collected in HBSS collection buffer containing 1X antibiotic- 

antimicotic solution from the hospital wing of SCTIMST with the approval from Institutional 

Committee for Stem Cell Research & Therapy (IC-SCRT No: SCT/IC-SCRT/02/Feb2013) and 

Institutional Ethics Committee (IEC No: SCT/IEC/453/February2013). 
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The samples collected are as listed below. 
 
 

Donor No. Age Sex 

1 73 Male 

2 53 Male 

3 69 Female 

4 26 Male 

5 32 Female 

6 39 Female 

7 18 Male 

8 29 Female 

9 24 Male 

Table 1: List of tissue samples collected for MSC isolation 
 

2.2.2 Isolation of MSCs from adipose tissue 
 

The adipose tissue samples were given multiple washes with HBSS. Scissors and forceps were 

used to remove burned regions and blood vessels. The remaining tissue section was minced 

adequately with a pair of mincing scissors, washed again in HBSS and kept for digestion with 

Collagenase enzyme for 45 minutes at 37⁰C, in a shaking incubator. After the incubation period, 

undigested tissue sections were discarded and the remaining solution was sieved using a 70μm 

nylon mesh. Serum containing medium was added to stop further activity by the collagenase 

enzyme. The total content was centrifuged at 400g for 6 minutes and the cells were obtained as a 

pellet. Resuspended the pellet in 10% FBS containing DMEM and was seeded on T25 cell 

culturing flasks.  Cultures were maintained till it reaches 80% confluent with medium change at 

every 48hours. 
 

2.2.3Trypsinization and sub-culturing of the cells 
 

Once cells reached 80% confluency, cells were trypsinized and subcultured. In brief, cells were 

gently washed with HBSS containing antibiotics and antimicotic. 1ml of trypsin EDTA enzyme 

(0.05%) was added and cells were incubated at 37⁰C for optimum time period (2-3 min). Cells 

were observed under microscope and proper detachment was ensured by giving gentle tapping. 

Trypsin action was stopped by adding 1ml of FBS containing DMEM in to it. Cells were then 
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centrifuged at 400g for 6 minutes.  The pellet was then resuspended in 1ml of FBS containing 
 

DMEM medium and cells were split in1:2 and were subcultured. 
 
 
2.3 MSC characterization 

 
MSCs were characterized as per the International standard protocol for three positive and two 

negative markers using flowcytometry. Trilineage differentiation of MSCs were also carried out 

for osteogenic, chondrogenic and adipogenic differentiation. 
 
2.3.1 Surface Marker Analysis 

 

Cultured  MSCs  from  passage  two  were  characterized using  flowcytometry. In  Brief,  cells 

(1X106) from second passage were fixed with 3.7% paraformaldehyde for 20 min at room 

temperature. After fixation cells were thoroughly washed with PBS at 400g for 6 minutes three 

times. Cells were blocked using 3% BSA in PBS for 10 min. Washed cells were then stained 

with specific positive markers CD90, CD105, CD73 and negative markers CD14 and CD45. 

After 1hour incubation in dark, cells were washed at 400g for 6 minutes, twice in PBS. Cell 

pellet was resuspended in sheath fluid and flowytometric analysis was carried out using BD 

FACS ARIA II.  Unstained cells were used to gate the cell population. Data was analyzed using 

FlowJo software. 
 
 
2.3.2 Tri-lineage differentiation 

 
2.3.2.1 Adipogenesis 

 
The cells were seeded at a density of 10,000 cells/cm². A four-well plate was used in which area 

of each well was approximately 2cm². Hence, 2x10,000=20,000 cells were added to each well 

and ~250μl of 10%FBS containing DMEM media was provided on first day. The next day, this 

medium was removed from the three test wells and Adipogenesis induction medium (Stem Pro 

Adipogenesis medium, Invitrogen) was added. One well was kept as a control with 10%FBS 

containing DMEM media retained in it. Adipogenesis was allowed to occur for 21 days. Media 

changes were given in three-day intervals in both the control well and the test wells. 
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2.3.2.2 Osteogenesis 
 
The cells were seeded at a density of 5000 cells/cm². A four-well plate was used in which area of 

each well was approximately 2cm². Hence, 2x5000=10,000 cells were added to each well and 

~250μl of 10%FBS containing DMEM media was provided on first day. The next day, this 

medium was removed from the three test wells and Osteogenesis induction medium (StemPro 

Osteogenesis medium, Invitrogen) was added. One well was kept as a control with 10%FBS 

containing DMEM media retained in it. Osteogenesis was allowed to occur for 21 days. Media 

changes were given in three-day intervals in both the control well and the test wells. 
 
2.3.2.3 Chondrogenesis 

 
The cells were seeded at a density of 5000 cells/cm². A four-well plate was in which the area of 

each well was approximately 2cm². Hence, 2x5000=10,000 cells were added to each well and a 

micro-droplet culture method was followed.  ~250μl of 10%FBS containing DMEM media was 

provided on first day. The next day, this medium was removed from the three test wells and 

Chondrogenic induction medium (StemPro Chondrogenesis medium, Invitrogen) was added. 

One well was kept as a control with 10%FBS containing DMEM media retained in it. 

Chondrogenesis was allowed to occur for 14 days. Media changes were given in three-day 

intervals in both the control well and the test wells. 
 
2.3.2.4 Staining 

 
 

The cells were fixed with 3.7% formaldehyde when the prescribed induction period was 

completed for each of the three lineages. The cells were stained with ~250μl of the respective 

stains given in table below, for a time span of around 3 minutes and proper washes were given. 
 

 
 

Lineage Stain 

Adipogenesis Oil Red O 

Osteogenesis Alizarin Red S 

Chondrogenesis Alcian blue 

Table 2: The stains used for confirming the differentiation of MSCs in to three lineages 
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The staining pattern was observed using light microscope (Leica, Germany) and images were 

acquired using LAS software (Leica, Germany). 
 

2.4 MSC differentiation to hepatocytes 
 
2.4.1 Coating (Niche) 

 
 

Combination of Thrombin, Fibrinogen and Gelatin in the ratio of 1:2:0.05 was used as a culture 

matrix. 
 

In-house prepared fibrinogen and thrombin were used for the coating the culture dishes. In brief, 

lyophilized thrombin was dissolved in 1ml of sterile water and was filter sterilized. Culture 

flasks were incubated with thrombin at 37⁰C for 30 minutes. Lyophilized fibrinogen was 

dissolved in sterile water and was filter sterilized. Gelatin was added to this. After 30 minute 

incubation, thrombin treated plates and flasks were streaked with fibrinogen-gelatin solution 

such that no space was left uncovered. Multi layering was avoided during the streaking. At the 

end, a gentle swirl was given and the plates and flasks were incubated at 30⁰C for 30 minutes for 

clot formation to take place. Culture plates/flasks were frozen at -80⁰C for overnight and were 

lyophilized. Coated plates and flasks were stored at 4⁰C till the time of use. 
 

2.4.2 Hepatic differentiation of MSCs 
 

2.4.2.1 Experimental design 
 

Mesenchymal stem cells in passage 2 were selected for the hepatic induction. The cells were 

trysinized and seeded at a density of 10,000 cells/cm². There were five experimental conditions 

based on media constituents and the coating, as described below. 
 
 

Experiment No. Media used Growth factors Coating 
1 Serum-free DMEM, test (Induced)   

2 Serum-free DMEM, test (Induced)   
3 ADMSC conditioned medium, test (Induced)   

4 10% FBS DMEM, Control (Uninduced)   

5 10% FBS DMEM, Control (Uninduced)   

Table 3: The experimental conditions 
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2.4.2.2 Differentiation protocol 
 
The cells were continued to be kept on 10% FBS DMEM for the first 24h . 

 
The concentrations of the growth factors and other media supplements to which the cells were 

exposed during the subsequent days are given in the appendix. 
 
The cells were initially serum-deprived for 48h by providing serum-free DMEM in which 

epidermal growth factor and basic fibroblast growth factor (bFGF) were added. The control cells 

were  continued  to  be  supplemented  with  10%  FBS  containing  DMEM  throughout  the 

experiment. 
 
After the completion of 48h , the induction was initiated. The MSCs were provided with 

differentiation medium (serum-free DMEM) consisting of Hepatocyte growth factor (Sigma 

Aldrich), basic fibroblast growth factor and Nicotinamide (Sigma Aldrich) for seven days. 

Following this, the cells were exposed to serum-free media supplemented with Dexamethasone 

(Sigma Aldrich) and Insulin-transferrin-sodium selenite (Sigma Aldrich) for a period of two 

weeks. 

2.5 Functional characterization of differentiated hepatocyte-like cells 
 
 
The   cells   after   two   weeks   of   induction   of   differentiation   were   used   for   functional 

characterization of hepatocytes viz metabolic activity, cytochrome P450 expression, Urea and 

Albumin production. 
 
2.5.1 Indocyanine green uptake assay 

 
The Indocyanine green (cardiogreen) dye (Sigma Aldrich) was dissolved in sterile water to make 

a 1mg/ml solution. The cells were submerged in this solution for 15 minutes at 37⁰C. After the 

incubation, the cells were washed thrice with PBS. The cellular uptake of the dye was observed 

under a light microscope (Leica, Germany) and the images were acquired at different 

magnifications using LAS software (Leica, Germany). 
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2.5.2 Glycogen storage assay 
 
 
The glycogen storage by the cells was assayed using Periodic acid-Schiff staining (PAS). Cells 

were permeabilized with 0.1% Triton X-100 for 10 minutes followed by fixation in 4% 

formaldehyde. Cells were stained with 1% periodic acid for 5 minutes at room temperature. Cells 

were rinsed thrice with distilled water and then incubated with Schiff’s solution for 15 minutes at 

room temperature. Cells were counter stain with haematoxylin for 1 to 2 minutes and then were 

washed thoroughly with dH₂O. Cells were observed using a light microscope (Leica, Germany) 

and the images were captured at different magnifications using LAS software (Leica, Germany). 
 
2.5.3 EROD assay 

 
 
Cells were incubated in DMEM  media containing Ethoxyresorufin at 37⁰C for  four  hours. 

Washes were given with PBS and the cells were observed under a fluorescence microscope 

(Leica, Germany) to check for the presence of Resorufin. Excitation was given with a blue laser. 
 
To stain the nucleus, the blue fluorescent Hoechst stain was used, for which the excitation was 

given with ultraviolet radiation. 
 
Images were captured at 10x magnification using LAS software (Leica, Germany). 

 
 
2.5.4 Urea Assay 

 
 
The presence of urea in the cell cultured-media (from day6 and day 10) was assayed using 

BioChain urea assay kit. Briefly, the media samples were mixed with 200μl of provided working 

reagent, incubated at room temperature for 20 minutes and the absorbance was measured at 470- 

550nm using Bio-Rad iMark microplate absorbance reader. Data analysis was carried out using 
 

MPM6 software. 
 

2.5.5 Human Albumin ELISA 

 

The presence of secreted albumin in the media (from day6 and day 10) was assayed using 

Human albumin ELISA quantitation set from Bethyl Laboratories. Briefly, 100μl of coating 

antibody (1:100 dilution, diluted in coating buffer) was added to each well and incubated at room 

temperature for one hour. After proper washes with the wash buffer, the wells were incubated 
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with blocking buffer for 30 minutes. The standard stock of Albumin (22mg/ml) was diluted using 

sample diluent. The media samples and the standards were added to the wells (100μl each) in 

duplicates and incubated at room temperature for one hour. Proper washing was given after 

the incubation and the wells were added with 100μl of HRP detection antibody (1:100,000 

dilution) and kept at room temperature for one hour. Following another wash step, TMB 

substrate solution was added and the plate was developed in the dark for 15 minutes at room 

temperature. 100μl of stop solution/well was used to stop the reaction and the absorbance was 

measured at 450nm in Bio-Rad iMark microplate absorbance reader. 

 

2.5.6 SDS- PAGE 

 

12% SDS polyacrylamide gel was used to separate the proteins. The stacking gel and resolving 

gel were prepared using the standard protocol and the samples with equal protein concentrations 

(20μg; estimated with the help of standard plotted from Lowry assay) were loaded on the gel. The 

samples were run on 100V until it crossed the stacking and the voltage was increased to 120V 

upon reaching the resolving gel. Once the dye front has run out the electrophoresis was stopped 

and the gel was carefully removed from the glass plates and the stacking gel was cut out. The gel 

was washed with distilled water and incubated in freshly prepared coomassie stain for 3 hours. 

The gel was destained with destaining solution.  
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Chapter III 
 

Results and Discussion 
 
3.1 MSCs isolation 

 
The mesenchymal stem cells were isolated from adipose tissue samples. Samples were collected 

from cardiac subjects of both sexes who underwent coronary artery surgeries at SCTIMST (Fig 

3).  After four to five hours, the cells got adhered to the culture plate surface. These plastic 

adherent cells were allowed to grow for 72h, morphological observation confirmed typical 

elongated MSCs morphology with a bulged central region (Fig 4). 
 

 
 
 
Figure 3: MSC isolation stages A. The sample collected in collection buffer B. The layer of 
undigested tissue C. The cell pellet after centrifugation.  

 

 
 
Figure 4: Morphology of plastic adhered MSCs after 72 hours in culture A. 10X 
magnification image B. 20X magnification image 
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3.2 MSC Characterization 
 
The  cells  were  evaluated  for  the  properties  of  plastic  adherence  under  standard  culture 

conditions, expression of the positive cell surface markers CD105, CD90 and CD73 and 

diminished expression or non-expression of the negative cell surface markers CD45 and CD14 

and the ability to differentiate in to adipogenic, osteogenic and chondrogenic lineages 
 
3.2.1 Surface marker analysis 

 
 
Flow cytometry data showed that majority of the cells were positive for CD105, CD90 and 

only very few were positive for CD73. The cells were negative for CD14 and CD45. 

Representative dot plots are shown in (Fig 5). (Unstained cells were used for gating the cell 

population on FSC and SSC scale. FSC represents relative cell size and SSC represents 

cellular granularity.) Data revealed the homologous population of cells. Where X axis denotes 

fluorochrome intensity and Y axis denotes the percentage of positive cells (fig 5). FlowJo 

was used to represent the comparative analysis of markers with unstained cells where red line 

denotes the expression of marker in unstained cells and blue line denotes the expression in 

stained cells (Fig 6). As per literature CD73 is a positive marker for MSCs, However in our 

study we could not find MSCs positive for CD73. CD73 is an ecto-5'-nucleotidase that converts 

extracellular adenosine monophosphate to adenosine. It is expressed in a wide variety of cell 

types including lymphocytes, endothelial cells, smooth muscle cells, epithelial cells, and 

fibroblasts.  MSCs express a CD73 molecule that is different from other cell types (i.e., having 

the unique SH3 and SH4 epitopes). Studies have reveled that specific monoclonal antibodies 

SH3 and SH4 (commonly known as CD73) had specificity for MSCs (unreactive with 

hematopoietic cells and osteoblasts), but not all CD73 antibodies can bind to MSCs. 
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Figure 5: FACS dot plot of unstained cells and cells incubated with surface marker 
antibodies A. Unstained cells B. Cells incubated with CD105 antibody C. Cells incubated with CD90 
antibody D. Cells incubated with CD73 antibody E. Cells incubated with CD45 antibody F. Cells 
incubated with CD14 antibody 
 
 

 
Figure 6: FlowJo analysis and comparative representation of cell surface marker protein 
expression on MSCs A. Cells incubated with CD105 antibody B. Cells incubated with CD90 
antibody C. Cells incubated with CD73 antibody D. Cells incubated with CD45 antibody E. Cells 
incubated with CD14 antibody 
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The surface –protein expression levels as observed in the FACS analysis are summarized below. 
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Figure 7: The surface marker protein expression levels of the MSCs 

 
3.2.2 Tri-lineage differentiation potential analysis 

 
 
3.2.2.1 Adipogenesis 

 
The mesenchymal stem cells differentiated in to adipocytes when adipogenic differentiation 

medium was provided for a time period of 21 days. Even before the staining, the presence of fat 

globules which is characteristic of adipocytes was quite evident in phase contrast microscopic 

images (Fig 8). 
 
 

 
 
 
Figure 8: MSC derived adipocytes Phase contrast microscopy images of the cells. A. The control 
cells which are mesenchymal stem cells not provided with differentiation media (10X magnification) B. 
The adipocytes formed from MSCs. Fat globules can be in the cytoplasm (10X magnification). 

 
The  staining  with  Oil  Red  O  staining  confirmed  that  the  MSCs  had  differentiated  into 

adipocytes (Fig 9). 
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Figure 9: MSC derived adipocytes stained with Oil Red O stain A. Adipocytes generated 
from MSCs as seen under a light microscope at 10X magnification B. at 20X magnification C. at 40X 
magnification. Presence of fat globules is evident inside the cells D. The control cells which were 
supplemented with serum containing DMEM alone. 

 
3.2.2.2 Osteogenesis 

 
The mesenchymal stem cells differentiated in to Osteoblasts when osteogenic induction 

medium was provided for a time period of 21 days (Fig 10). 
 

 
 
Figure 10: MSC derived osteocytes Morphology of the cells as observed under phase contrast 
microscopy at 10X magnification A. Control cells which were MSCs with no induction medium B. Cells 
supplemented with osteogenic differentiation media. 

 
The staining with Alizarin Red S stain revealed that the MSCs have undergone osteogenic 

differentiation. The calcium deposits attributable to the osteocytes did uptake the stain (Fig 11). 
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Figure 11:.MSC derived osteocytes stained with Alizarin Red S stain The light microscopy 
images of the cells A. at 10X magnification B. at 20X magnification C. at 40X magnification D. The 
control cells retained their MSC morphology 

 
3.2.2.3 Chondrogenesis 

 
The mesenchymal stem cells differentiated into chondrocytes when chondrogenic induction 

medium was provided for a time period of 14 days (Fig 12). 
 

 
 
 
Figure 12: MSC derived chondrocytes Phase contrast microscopy images of the cells at 10X 
magnification A. The control cells in which no chondrogenic induction was given B. The MSCs 
supplemented with chondrogenic differentiation media 

 
Chondrogenic differentiation of MSCs resulted in the formation of chondrocytes along with 

its typical extracellular matrix.  The Alcian blue stain was picked up by proteoglycans which are 

the major molecules within the cartilage matrix, and showed a dark blue color under light 

microscope (Fig 13). 
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Figure 13: MSC derived chondrocytes stained with Alcian blue stain The light microscopy 
images of the cells A. at 10X magnification B. at 20X magnification C. at 40X magnification C. control 
cells untreated with the differentiation media retained the MSC morphology 

 
3.3 Hepatic differentiation of MSCs 

 
The mesenchymal stem cells were provided with the hepatic induction medium in a stage by 

stage manner as depicted in the flow diagram (Fig 14). The mesenchymal stem cells were 

subjected to five different experimental conditions (including control conditions).   The 

morphological differences acquired by the cells subjected to differentiation media were carefully 

traced throughout the induction time period and were compared with that of the control MSCs. 

The endoderm induction was done for a period of 48h . The observed morphology of the cells 

at the end of endoderm induction is shown in Fig 15. 
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Figure 14: The hepatic differentiation strategy 
 

 
 

Figure 15: The morphology of the cells after 48 hrs in endoderm induction media A. 
Uncoated uninduced culture B. Coated uninduced culture C. Uncoated induced culture D. Coated induced 
culture E. Coated ADMSC conditioned culture 
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At the end of the 48h, the control MSCs retained their initial morphology while the induced cells  

started  changing  its  morphology.  More  proliferating  cells  were  observed  in  induced 

uncoated culture dishes. The cells were provided with hepatic initiation media in the next 

stage. The morphology of the cells at the end of seven days in hepatic initiation media is shown 

in fig 16. 
 

 

 

Figure 16: The morphology of cells after one week in hepatic initiation media A. Uncoated 
uninduced culture B. Coated uninduced culture C. Uncoated induced culture D. Coated induced culture E. 
Coated ADMSC conditioned culture 

 

At the end of hepatic initiation, control MSCs continued to show the initial morphology. 

However cells in induced uncoated dishes showed significant morphological changes. Some 

degree of changes was observed in coated induced and ADMSCs conditioned medium group as 

well. 
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Followed by the hepatic initiation media treatment, cells were next supplemented with hepatic 

maturation media for a time span of two weeks. Cells in uncoated induced and coated induced 

culture conditions began to acquire a round morphology. Elongated morphologies were still 

present to an extend with ADMSC conditioned media supplemented cells. The morphology of 

the cells were observed in different time frames (5 days, 10days, 14 days and 28 days). 

Representative images from each time frame are given as fig 17-20. It was observed that 

ADMSCs in all the induced test groups started acquiring hepatocyte like morphology by 5th  day 

and continued till the termination of culture, however it was not very clear in ADMSCs 

conditioned medium group, as cells were growing in layers  and  aggregates  of  cells  were  

observed.  These cells  didn’t  show  typical  cuboidal hepatocytes morphology. 

 

 
Figure 17: The morphology of cells after 5 days in hepatic maturation media A. Uncoated 
uninduced culture B. Coated uninduced culture C. Uncoated induced culture D. Coated induced culture E. 
Coated ADMSC conditioned culture 
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Figure 18: The morphology of cells after 10 days in hepatic maturation media A. 
Uncoated uninduced culture B. Coated uninduced culture C. Uncoated induced culture D. 
Coated induced culture E. Coated ADMSC conditioned culture 
 

 
Figure 19: The morphology of cells after two weeks in hepatic maturation media A. 
Uncoated uninduced culture B. Coated uninduced culture C. Uncoated induced culture D. 
Coated induced culture E. Coated ADMSC conditioned culture 
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Figure 20: The morphology of cells after four weeks in hepatic maturation media 
A.Uncoated uninduced culture B. Coated uninduced culture C. Uncoated induced culture D. 
Coated induced culture E. Coated ADMSC conditioned culture 
 

 
Unexpectedly, by the end of the fourth week, the cells appeared mostly unhealthy and 

were dying off. This was prevalent in the experimental conditions in which serum-free 

media was used. Insulin-transferrin-sodium selenite was used as a supplement to 

compensate for the absence of serum and its growth supporting constituents. Cells 

survival for longer duration was poor, thus niche and supplemented medium does not 

support the cells in culture for a longer duration. Further studies on the medium 

composition and niche is needed to optimize longer culture conditions. 

 

The observed morphological differences can be considered as the first indication that 

cells of a particular type is getting converted in to cells belonging to a different type 

or lineage. In this case,  though  the  cells  have  shifted  from  their  basic  

morphology  of  MSCs,  they  haven’t completely acquired the cuboidal morphology 

characteristic of hepatocytes. Hence the next stage is proper characterization of the 

cells obtained in the culture to evaluate whether the cells had indeed become 

hepatocytes like cells. 
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3.4 Characterization of the MSCs subjected to hepatic differentiation conditions 
 
The cells were characterized with the common methodologies employed for identifying 

hepatocytes. 
 
3.4.1 Indocyanine green uptake assay 

 
Studying the clearance of dyes which are removed from the circulation mainly by the liver is one 

of the best methods for evaluating hepatic function. Indocyanine green is a cyanine dye generally 

used for clinical diagnostic applications. It is used as an indicator substance to assess liver 

functionality. 
 
The cells are expected to show the metabolic potential by three weeks in culture [Zemel et al., 

 

2012]. The uptake of Indocyanine green/cardiogreen by the cells exposed to different culture 

conditions was observed at two different time points (after two weeks and after four weeks of 

culturing in hepatic maturation media),  under a light microscope (Fig. 20,21). 
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Figure 21: The uptake of cardiogreen by the cells as observed under a light microscope (two 
week culture) The MSCs grown in A. DMEM containing 10% FBS, uncoated B. DMEM containing 
10% FBS, coated C. Serum-free DMEM with growth factors, uncoated, D. Serum-free DMEM with 
growth factors, coated  E. ADMSC conditioned medium with growth factors, coated 

 

 
 
 

The ICG uptake pattern shown by cells grown in induction culture conditions was notably high 

compared to the control groups. The induced cells grown in fibrin coated plate did uptake more 

dye than those cultured in uncoated plates which is indicative of a hepatic induction- promoting 

role played by the fibrin niche. ADMSCs conditioned medium showed the maximum uptake of 

the dye. It has been shown that the uptake of ICG by hepatocyte-like cells derived from MSCs 

upon addition of growth factors was notably higher than those cultured in the absence of growth 

factors [Ji et el., 2012]. The control MSCs also did uptake ICG to a slight extend. A similar 

observation is mentioned in another study which showed that undifferentiated naïve ADMSCs do 

show a tendency to uptake the organic anion ICG [Zemel et al., 2009]. 
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Figure 22: The uptake of cardiogreen by the cells after 28 days in culture as observed under 
a light microscope The MSCs grown in A. DMEM containing 10% FBS, uncoated B. DMEM 
containing 10% FBS, coated C. Serum-free DMEM with growth factors, uncoated, D. Serum-free DMEM 
with growth factors, coated  E. ADMSC conditioned medium with growth factors, coated 

 
 

By 28th day in culture, the cells appeared to be losing its structural integrity. Cell survival was 

maximum in cells supplemented with ADMSC conditioned media which could be attributed in 

part to the presence of leftover FBS and also to the presence anti-apoptotic components known to 

be secreted by mesenchymal stem cells [van Poll et al., 2008]. 

                                                                                                     

Some studies have evaluated ICG elimination by the cells after a time period of six hours [Cai et 

al.,  2007].  Hence  future  experiments can  be  conducted  so  as  to  examine  if  the  cells  are 

eliminating the dye after 6h and the differences in the elimination pattern by cells grown in 

different experimental conditions can be compared to arrive at better conclusions. 
 
3.4.2 PAS staining 

 
The liver is one of the major sites of glycogen storage in the human body. The synthesis and 

degradation of glycogen are regulated by the hepatocytes to maintain blood-glucose levels of the 

organism. PAS staining was done for MSCs subjected to hepatocytic differentiation conditions 

and glycogen storage within the cells was evaluated with the help of a light microscope (Fig.22). 
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Figure 23: The PAS staining images showing glycogen storage The MSCs grown in A. DMEM 
containing 10% FBS, uncoated B. DMEM containing 10% FBS, coated C. Serum-free DMEM with 
growth factors, uncoated, D. Serum-free DMEM with growth factors, coated E. ADMSC conditioned 
medium with growth factors, coated 

 
The comparative analysis of control MSCs and differentiated cells showed that glycogen storage 

was comparatively higher in the induced cells. The cells cultured in fibrin coating had more 

glycogen storage in comparison with those cultured in uncoated plates. Coated induced cultures 

and ADMSCs conditioned culture showed high level of glycogen storage when compared to 

uncoated induced. Coated uninduced culture also showed PAS positivity which could be 

assumed either as ADMSCs or as presence of hepatocyte like cells in these cultures. This 

observation may be analyzed in the light of the observations from previous researches which 

have shown that MSCs do show certain amount of glycogen storage [Zhu et al., 2014]. 
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Figure 24: The PAS staining images showing glycogen storage by the cells on 28th day in 
culture The MSCs grown in A. DMEM containing 10% FBS, uncoated B. DMEM containing 10% FBS, 
coated C. Serum-free DMEM with growth factors, uncoated, D. Serum-free DMEM with growth 
factors, coated E. ADMSC conditioned medium with growth factors, coated 

 
 

By the end of the fourth week in hepatic maturation media, PAS staining was repeated to evaluate 

the staining pattern (Fig. 23). Making a comparative analysis was difficult due to the massive 

death of cells. Glycogen storage could be seen profoundly in the test condition cells that were left 

alive compared to the control cells.  

 
3.4.3 EROD assay 

 
The ethoxyresorufin-O-deethylase (EROD) assay was done to study the induction of the 

xenobiotic-metabolizing enzyme cytochrome P-450 [Humphrey et al., 2007]. It is based on the 

microsomal conversion of ethoxyresorufin into resorufin by liver enzymes. 
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Figure 25: CytochromeP450 activity as observed under fluorescence microscope The MSCs 
grown in A. DMEM containing 10% FBS, uncoated B. DMEM containing 10% FBS, coated C. Serum- 
free DMEM with growth factors, uncoated, D. Serum-free DMEM with growth factors, coated   E. 
ADMSC conditioned medium with growth factors, coated 

 
 
 
 
The fluorescence microscopy images showed that all the cells have picked up the nuclear stain 

Hoechst. The cells subjected to hepatic induction were found to be positive for resorufin (a 

product of CYP450 enzyme) which was absent in the control cells (Fig.24).  The CYP450 

activity indicated by the green fluorescence was similar in induced cells cultured in fibrin 

coated and uncoated plates and also in those cultured in ADMSC conditioned media. 
 
Studies have shown that addition of the substrate for CYP450 didn’t yield any fluorescence in 

cell cultures which were two weeks post induction, while there was slight fluorescence after four 

weeks and a significant increase in fluorescence by six week [Lee et al., 2004]. However in our 

studies, we have observed CYP 450 activity in two weeks culture. This could be attributed by 

niche provided, thus more functional cells could be obtained in the short duration.
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Figure 26: CytochromeP450 activity in cells cultured for 28 days in differentiation media, 
as observed under fluorescence microscope The MSCs grown in A. DMEM containing 10% FBS, 
uncoated B. DMEM containing 10% FBS, coated C. Serum- free DMEM with growth factors, uncoated, 
D. Serum-free DMEM with growth factors, coated   E. ADMSC conditioned medium with growth factors, 
coated 

 
 
 
The assay was repeated on 28th day in culture. The unhealthy state of the cells was evident from the 

staining pattern of the nuclear stain Hoechst (Fig.25). The nuclear content was leaking out to the 

cytoplasm and the cellular integrity was lost. The fluorescence corresponding to EROD activity 

could still be observed to an extent and this was quantified with the help of ImageJ software and is 

shown in Fig.26. 
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Figure 27: Quantification of fluorescence intensity corresponding to CytochromeP450 
activity in cells cultured for 28 days in differentiation media 
 
 
3.4.4 Urea Assay 

 
The hepatocyte-like cells obtained from MSCs are expected to secrete urea since liver is the 

major organ involved in maintenance of amino acid levels and its conversion to the final 

metabolite urea. The media in which the cells the cells were cultured was collected at different 

time points (6 Days, 10 Days and 28 days) for each of the five experimental conditions. The 

media from HepG2 cell line culture was considered as a positive control. A Standard graph was 

plotted by reading the absorbance values corresponding to urea concentrations ranging from 

1-10μg/ml by diluting the standard stock (50mg/dL). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



46 

 

O
D 

at
 5

20
nm

 
 

 
 
 

3 
 
 

2.5 

y = 0.2713x 
R² = 0.9952 

 
 

2 
 
 

1.5 
 
 

1 
 
 

0.5 
 
 

0 
0 2 4 6 8 10 

Urea concentration (μg/ml) 
 
Figure 28: The standard plot depicting absorbance corresponding to various 
concentrations of urea 

 
 

The absorbance values shown by the collected media samples were analyzed with the help of the 
 

standard to estimate the amount of urea present. 
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Figure 29: The bar diagram showing urea concentrations in the media samples under 
different experimental conditions 6d: on sixth day, 10d: on tenth day, 28d: on 28th day 

The data obtained from the assay indicated the presence of urea to be maximum in the media of 

cells cultured in ADMSC conditioned media followed by uncoated induced and coated induced 

cultures. The urea production by cells grown on fibrin coating was similar to those grown on 

uncoated plates. The media collected on 28th day was containing distinguishably higher amount 

of urea compared to the media collected on 6th day. Reports have indicated that urea production 

by the differentiated cells became detectable by six weeks post induction [Lee et al., 2004]. In 

our study we observed if there is any urea production at 6,10 and 28 days, and a hike could be 

observed with time.  The  culture  conditions  and  niche  provided  for  cell  differentiation  

might be supporting ADMSCs to become hepatocytes like cells at a early time point 

compared to the reported literature. 
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3.4.5 Detection of Albumin 

 
Albumin is one of the most abundant proteins in the blood and is produced by the hepatocytes.  

ELISA was conducted to examine the presence of albumin in the cell-cultured media. The media 

collected at two different time points (on 6th day and on 10th day) was analyzed. Albumin in any 

of the culture conditions was not detectable which is in par with the literature [Ji et al.,2012]. 

 

Media from cells cultured in the hepatic maturation medium for four weeks was used for an SDS-

PAGE analysis. The aim was to see if any traces of a 66kDa (size of albumin) protein could be 

seen in wells loaded with media from experimental conditions in which serum free media was 

used. The media from HepG2 culture and pure BSA were used as positive controls. Bands were 

observed in cultures grown in medium supplemented with FBS, which could be the presence of 

albumin in FBS. Cells in the induction medium didn’t secrete albumin in traceable amount. 

 
Figure 30: SDS-PAGE gel image of protein content in the cell-cultured media 
 

No amount of protein could be detected in the expected size range (Fig.30). This suggests that the 

culture needs to be maintained healthy for at least six week period of time and the media is to be 

analyzed again via sensitive methods like ELISA itself which can detect even the slight traces of 

protein.  
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Chapter IV 
 

Summary and Conclusion 
 
 
 
 
4.1 Summary 

 
The mesenchymal stem cells were isolated from adipose tissue samples and were characterized 

according to the standard set by Mesenchymal and Tissue Stem Cell Committee of the 

International Society for Cellular Therapy. The cells were found to be plastic adherent and 

strongly expressive of the positive markers CD105, CD90 and negative for CD73 and non-

expressive of markers CD45 and CD14. They also differentiated into adipocytes, osteoblasts and 

chondrocytes which was confirmed via staining with Oil Red O, Alizarin Red S and Alcian blue 

stains respectively.  Thus the cells isolated from the adipose tissue were confirmed to be of MSC 

identity. 
 
The ADMSCs were subjected to endodermal induction, hepatic initiation and maturation media 

sequentially. The observations made during a total time period of 37 days (2+7+28) revealed 

significant morphological differences in cells supplemented with the induction media. 

Though morphologies were similar in coated and uncoated plates, proliferation was observed to 

be more in coated culture plates. ADMSC conditioned media imparted cluster formation 

tendency to the cells which is a hepatocyte-related trend. Uninduced control ADMSCs retained the 

typical MSC morphology. 

The functional characterization of the hepatocyte-like cells showed that the differentiated cells 

have acquired functional features. Indocyanine green uptake assay revealed that most of the cells 

in induced medium and ADMSC conditioned medium have taken up the cardiogreen compared 

to un- induced cells.   Fibrin niche coated cultures with induction medium showed more uptake 

than uncoated induced, which indicates that fibrin niche supports the differentiation of cells 

towards hepatocyte like cells. Glycogen storage assay also showed a similar pattern. EROD assay 

showed the MSC-derived hepatocyte-like cells to be showing CYP450 activity. Urea assay 

revealed that the production of urea to be maximum by the cells cultured in ADMSC conditioned 

media and there was a hike in the urea level on 28th  day compared to the 6th  day in case of 
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each of the test conditions. ELISA done for detection of albumin in the cell cultured media 

didn’t provide adequate data to make a conclusive remark and is to be repeated with a culture 

which has grown at least six weeks in hepatic maturation media. 
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4.2 Conclusion 

 
• Mesenchymal stem cells were isolated from adipose tissue and characterized via cell 

surface marker analysis and tri-lineage differentiation potential 

• The isolated cells were differentiated into hepatocyte-like cells when provided with 

appropriate conditions for endoderm induction, hepatic initiation and hepatic maturation 

in a stage- by-stage manner 

• The hepatocyte-like cells showed functional properties such as ICG uptake, glycogen 

storage, CYP450 activity and urea synthesis s i g n i f i c a n t l y  by the end of fourth 

week in induction media. 

• A uniform trend couldn’t be observed across the various assays so as to conclude  

      which combination (of coating, media & GFs) is optimal for efficient differentiation. 

     Hence, further evaluation is required 

 
 
4.3 Future prospects 

 
The study is preliminary study to show the hepatic differentiation of ADMSCs by providing 

appropriate niche and induction medium.  Further studies needs to be conducted for optimizing 

the niche composition and media composition. Also three dimension cultures would be more 

appropriate to test the functionality of differentiated hepatic like cells in order to mimic in in- 

vivo conditions.  Cell viability and functionality for a longer period needs to be established in 

order to use these cells for clinical applications/drug toxicity testing/screening. 
 
4.4 Limitations of the study 

 
The antibody used for CD73 marker analysis couldn’t show enough positivity among the cells 

which might have risen from the fact that the epitopes  corresponding to CD73 antibody present 

on MSCs are different from those usually identified by the CD73 antibody on other cells. Hence 

the usage of antibody appropriate for mesenchymal stem cell epitope identification is required. 
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The mesenchymal stem cells were isolated from adipose tissue discarded during coronary artery 

bypass surgery. Such samples often contain burned tissue regions and other debris. A different 

source may fetch better results. 
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APPENDIX 
 
 
 
 
Composition of HBSS (1000 ml) pH 7.4 

 
NaCl   8gm 

Na₂HPO₄  0.048gm 

KCl   0.4gm 

KH₂PO₄  0.06gm 

The solution was filtered, autoclaved and stored at 4⁰C 
 
 
 
 
PBS (1000ml) pH 7.4 

 
NaCl   8gm 

KCl  0.2gm 

Na₂HPO₄  1.44gm 

KH₂PO₄  0.24gm 

The solution was filtered and stored at room temperature 
 
 
 
 
ELISA Coating buffer pH 9.6 

 
0.05 M Carbonate-Bicarbonate 

 
 
 
 
ELISA Wash solution pH 8.0 

 
50 mM Tris 

 

0.14 M NaCl 
 

0.05% Tween 20 
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ELISA Blocking solution pH 8.0 
 

50 mM Tris 
 

0.14 M NaCl 
 

1% BSA 
 
 
 

Sample/Conjugate Diluent 
 

50 mM Tris 
 

0.14 M NaCl 
 

1% BSA 
 

0.05% Tween 20 
 
 
 

ELISA Stop solution 
 

0.18M H₂SO₄ 
 
 
 
 

Coating 
 

Coating component Concentration 

Thrombin 5IU/ml 

Fibrinogen 10mg/ml 

Gelatin 0.2% 

 
 

The concentrations of growth factors and supplements used for hepatic differentiation 
 
 

Media supplement Concentration 
Epidermal growth factor (EGF) 20ng/ml 
Basic fibroblast growth factor (bFGF) 10ng/ml 
Hepatocyte growth factor (HGF) 20ng/ml 
Nicotinamide 0.61g/l 
Dexamethasone 1μmol/l 
Insulin-transferrin-selenium (ITS) 1X 
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30% Acrylamide (100ml) 
 
Acrylamide         29.2g 
Bisacrylamide     800mg 
Solution is filtered and stored in amber bottle at 4⁰C 

 
Upper Tris (50ml) pH 6.8 
 
Tris base     3.03g 
10% SDS    2ml 
Filter the solution and store at 4⁰C 
 
 
Lower Tris (50ml) pH 8.8 
 
Tris base    9.085g 
10% SDS   2ml 
Filter the solution and store at 4⁰C 
 
SDS gel loading buffer (2X) 
 
100mM Tris pH 6.8 
SDS         4% 
BPB         0.2% 
Gycerol    20% 
85μl of buffer is mixed with 15μl of β-mercaptoethanol to make 100μl of working 2X 
buffer fresh before use. 
 
Tris-Glycine SDS buffer (8X-500ml) 
 
Tris base       12g 
Glycine         57.6g 
pH of the solution is adjusted to 8.3 and stored at room temperature after filtration 
 
Tris-Glycine SDS buffer (1X-400ml) 
 
8X TGS buffer     50ml 
10% SDS             4ml 
 
Coomassie staining solution 
 
Glacial acetic acid      10% 
Methanol                    40% 
Distilled water            50% 
CBB-R 250                 0.1g 
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Destaining solution 
 
Glacial acetic acid      10% 
Methanol                    40% 
Distilled water            50% 
 
Reagents for Lowry’s protein estimation 
 
Reagent A: 2% Na₂CO₃ in 0.1N NaOH 
Reagent B: 0.5% CuSO₄.5H₂ in 1% sodium potassium tartarate 
Reagent C: 50ml reagent A: 1ml reagent B 
Reagent D: 1ml Folin’s reagent :1ml deionized water 
 
 


