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ABSTRACT 

 

 

EFFECT OF BORON AND F68 PLURONIC BLOCK COPOLYMER 

COMBINATION ON ADIPOGENIC DIFFERENTIATION OF HUMAN 

ADIPOSE STEM CELLS 

 

Obesity has become a crucial health problem in public worldwide, thereby making weight 

loss inevitable to recover for obese as well as overweight people. However, weight loss and 

weight control drugs provided by the current food industry have failed in the long-term 

maintenance of weight control. Therefore, it is a challenge in the field to find new types of 

drugs that could be valuable for the prevention and treatment of obesity. Since obesity is a 

consequence of the formation of new mature adipocytes from undifferentiated precursors, 

drugs that might control adipogenesis could be beneficial for the treatment of obesity. 

Therefore, developing new, safe, and effective complex for adipocyte inhibition has been a 

desirable field of research. In the current study, sodium pentaborate pentahydrate (NaB), 

pluronics F68 and their combination were investigated on adipogenic differentiation by using 

human adipose stem cells (HASC) in vitro. The data showed the suppressed expression of 

adipogenesis-promoting genes that are peroxisome proliferator-activated receptor-γ (PPARγ), 

fatty acid binding protein (FABP4) and adiponectin. In this report, we demonstrated that NaB 

and F68 combination prevented adipocyte differentiation by inhibiting the adipogenic 

transcriptional program leading to a decrease in lipid accumulation into the cell. Thus, our 

study using HASCs will be a useful guide for prevention of adipose tissue-associated diseases 

including obesity and diabetes. 
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ÖZET 

 

BOR VE F68 BLOK KOPOLİMER KOMBİNASYONUN İNSAN ADİPOZ 

KÖK HÜCRELERİNİN YAĞ HÜCRELERİNE FARKLILAŞMASI 

ÜZERİNDEKİ ETKİSİ 

 

Obezite dünya çapında çok önemli bir halk sağlığı sorunu oluşturmaktadır; bu yüzden hem 

obez hem de fazla kilolu insanları iyileştirmek için kilo vermelerini sağlamak kaçınılmaz hale 

gelmiş durumda. Ancak günümüzde gıda endüstrisi tarafından üretilen zayıflama ve kilo 

kontrol ilaçları kilo kontrolünün uzun süreli muhafazası konusunda başarısız olmuşlardır. Bu 

sebeple obezitenin önlenmesi ve tedavisinde kayda değer yeni ilaçlar bulabilmek zor ve bu 

yüzden obezite hastalığı oldukça uğraş verilmesi gereken bir alan. Obezite öncül yağ 

hücrelerinin farklılaşmasından meydana gelen olgun yağ hücrelerinin oluşumunun bir sonucu 

olduğundan adipogenezi kontrol edebilecek ilaçlar obezite tedavisinde de faydalı olabilir. Bu 

nedenle adipogenezi engellemek için yeni, güvenli ve etkili bir ilaç kompleksi geliştirmek 

araştırmacılar için çalışılması cazip bir araştırma alanı haline gelmiştir. Bu çalışmada sodyum 

pentaborat pentahidrat (NaB), Pluronik F68 ve bunların kombinasyonunun yağ farklılaşma 

üzerindeki etkisi insan yağ kök hücresi (HASC)  kullanılarak laboratuvar ortamında 

incelenmiştir. Bulgular peroksizom proliferatör-aktive reseptörü-γ  (PPARγ), yağ asidi 

bağlayıcı proteini (FABP4) ve adiponektin gibi adipogenez-destekleyici genlerin 

ekspresyonunun baskılandığını göstermiştir. Bu raporda NaB ve F68 kombinasyonunun hücre 

içerisinde yağ birikimine sebep olan adipojenik transkripsiyonel programını inhibe ederek 

engellediği gösterilmiştir. Bu yüzden, insan yağ kök hücrelerini kullanarak yaptığımız 

çalışmamız, obezite ve diyabet dahil tüm yağ dokusu kaynaklı hastalıklardan korunma 

yolunda faydalı bir rehber olabilir.     
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1. INTRODUCTION 

 

1.1. GENERAL OVERVIEW OF STEM CELLS 

Stem cells have a great potential to form into many different cell types in the body. They are 

undifferentiated cells that have the capacity of proliferation, differentiation, self-renewing and 

tissue regeneration. When a stem cell divides, each daughter cell has a capacity to remain as a 

stem cell or develop into another type of cell with a more specific function [1]. 

There are basically three types of stem cells which are embryonic stem cells (ES), adult (non-

embryonic) stem cells and induced pluripotent stem cells (iPSC) (Figure1.1). Embryonic stem 

cells (ESCs) are pluripotent stem cells meaning that they can make all the different types of 

cells throughout the body. ESCs are derived from inner cell mass of a 5 or 6 day old human 

blastocyst [2]. They are capable of differentiating into primordial germ layers (ectoderm, 

endoderm and mesoderm). However, there are some limitations and disadvantages of using 

ECSs on research. It has been observed that pluripotent embryonic stem cells often form 

teratomas (a tumor-like, cancerous mass, resembling a self-fertilized cell). Teratoma 

formation have been observed when embryonic stem cells are injected into animals [3, 4]. 

Furthermore, despite their great differentiation potential, usage of ESCs raises ethical, 

religious and political debates since the isolation of ESCs involves the destruction of the 

embryo [5, 6].  

In 2006, researchers discovered another improvement by describing conditions that could 

allow some specialized adult cells to be "reprogrammed" genetically to expect a stem cell-like 

capacity [7]. This reprogramming is achieved by being forced to express genes and 

transcription factors important for maintaining the defining properties of embryonic stem cells 

(Oct4, Sox2, Klf4, and c-Myc). These iPS cell lines show similar morphology and growth 

features as ES cells. However, there were two problems; low efficiency of iPS cell lines and 

observation of some alterations in gene expression profiling between iPS cells and ES cells.  

Moreover, the use of viral vector for iPS establishment is also an issue needed to be addressed 

[8, 9]. 
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Figure 0.1.1. Origins and promises of stem cells [10] 

 

Adult stem cells are considered as undifferentiated cells found among differentiated cells in a 

tissue or organ.  The adult stem cell can renew itself and can differentiate into some or all of 

the major specialized cell types of the body. The major roles of adult stem cells in an 

organism are to maintain its survival and regenerate the damaged tissue in which they are 

found. Therefore, it is limited in its ability to differentiate. Unlike embryonic stem cells, the 

use of adult stem cells in research and therapy is not controversial because the production of 

adult stem cells does not require the destruction of an embryo. Adult stem cells also do not 

have the same immunological challenges as embryonic stem cells because they are taken from 

the patient [11,12].   

Different types of adult stem cells have been identified in many organs and tissues. For 

instance, mesenchymal stem cells are nonhematopoietic adult stem cells that could generate 

fat cells, cartilage, bone, tendon, ligaments, muscle cells, skin cells and even nerve cells.  
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On the contrary, hematopoietic stem cells derived from bone marrow are able to give rise to 

only blood cells types (red cells, white cells and platelets), whereas neural stem cells generate 

the main phenotype of the nervous system [13, 14]. Bone marrow stem cells also have the 

ability to differentiate into a number of cell lineages and express tissue-specific proteins in a 

number of organs such as liver, brain, skeletal muscle, skin, heart, bone, cartilage and fat [15-

17]. The existence of stem cells are also shown in adipose tissue, which are referred to as 

adipose stem cells. Adipose stem cells are similar, but not identical to bone marrow 

mesenchymal stem cells. They have been demonstrated to differentiate into a broad range of 

cell types including bone, liver, cartilage, neural and endothelium cells [18, 19].  

 

1.2. BIOLOGY OF MESENCHYMAL STEM CELLS 

First discovered and characterized by Friedenstein [24], mesenchymal stem cells are 

multipotent stromal and self-renewing progenitor cells with a high potential of differentiation. 

They are first defined as adherent colony-forming unit fibroblasts (CFU-U) [25]. It was only 

20 years later that Caplan defined the terminology, MSCs [29]. MSCs are able to differentiate 

into a variety of cell types including osteoblasts, chondrocytes and adipocytes [26]. MSCs are 

initially isolated and characterized from bone marrow, but can be also obtained from other 

sources, such as the amniotic membrane, skin, hair follicles, dental pulp, adipose tissue, cord 

blood, the endometrium, amniotic fluid, fetal liver and the placenta [30]. MSCs have a distinct 

interest among other stem cells since they are easily isolated, cultured and manipulated.  

There are no mesenchymal stem cell (MSC)-specific cellular markers, therefore their 

identification is achieved through their ability to adhere to plastic in vitro, through their multi-

lineage differentiation potential in vitro and through a combination of positive expression or 

distinct lack of defined cell surface markers. These markers include CD105+, CD73+ and 

CD90+, whereas MSCs should lack CD45, CD34, CD14, CD19 and several other 

hematopoietic stem cell markers [27]. The correct balance between cell proliferation and 

differentiation is critical, especially for adult MSCs. The differentiation of MSCs in vitro 

largely depends on the culture conditions. Growth factors, such as the transforming growth 

factor-β family, result in chondrogenic differentiation [28].  
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Osteogenic differentiation of MSCs in vitro is induced by the presence of dexamethasone, 

ascorbic acid and β-glycerol phosphate [9], while MSCs cultured with dexamethasone, 

insulin, isobutyl methyl xanthine, and indomethacin will differentiate down an adipogenic 

lineage [29]. Current studies have mainly focused on the adipogenic potential of MSCs in 

vitro and in vivo [30]. 

 

 

Figure 0.2. Process of mesenchymal stem cell differentiation [39] 

However, to obtain more knowledge of differentiating and manipulating MSCs into different 

type of tissues is a crucial key for tissue repair and tissue engineering. Therefore, in order to 

determine the potential of MSCs in future clinical applications, it is necessary to build up 

more information into their differentiation capability and study the tissues formed by these 

cells at the morphological and gene expression levels. 
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1.3. ADIPOSE TISSUE 

Adipose tissue is one of the largest tissues in the human body and total amount stored could 

have a destructive impact on regular body functions. Adipose tissue or body fat is loose 

connective tissue composed mostly of adipocytes within a structural network of fibers. It is 

found mainly under the skin; however, also in deposits among the muscles in the intestines 

and around the heart and many other places. In addition to adipocytes, adipose tissue contains 

the stromal vascular fraction (SVF) of cells including preadipocytes, fibroblasts, vascular 

endothelial cells and a variety of immune cells [38, 39, 40]. Adipose tissue is derived from 

preadipocytes. Its main role is to store energy in the form of lipids while it also insulates the 

body. Adipose tissue is a major endocrine organ and plays a key role in energy homeostasis 

[41, 42]. The fat stored in this tissue comes from dietary fats or is produces in the body. 

                  

Figure 0.3. Microanatomy of adipose tissue 
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1.4. HUMAN ADIPOSE STEM CELLS 

The potential of adipose tissue in regenerative medicine has been underestimated for a long 

time, being reduced to the simple function of energy storage. Since early studies, numerous 

studies have confirmed the efficacy of the isolation and application of adult adipose-derived 

stem cells (ASCs) in reconstructive medicine [43, 44, 45]. Detailed protein expression 

analyses proved a significant level of growth factors highlighting their exceptional 

regenerative capacity [46]. In recent years, studies using ASCs for various applications in 

tissue engineering and regenerative medicine have become widespread [47]. 

Adipose tissue is a source of multipotent adult stem cells and the advantages of using adipose 

tissue as a stem cell source are that it can be obtained in abundance, it has been found to have 

multi-lineage differentiation potential and it can be harvested easily with a minimally invasive 

method compared to bone marrow. Adipose-derived stem cells (ASC) can differentiate into 

adipogenic cells, chondrogenic cells, osteogenic cells [48] and neurogenic cells [49]. One of 

the ideal characteristics of stem cells is that they are be able to maintain their multi-lineage 

differentiation ability while they are in long-term culture or experience extensive subculture. 

Guilak et al. reported that adipose-derived human mesenchymal stem cells can undergo clonal 

expansion while maintaining their differentiation ability [50]. Additional factors, such as age 

and sex, have showed effects on the proliferation and differentiation capacities of ASCs. For 

example, ASCs from elderly donors (>60 years of age) display lower proliferation rates and 

impaired osteogenic and chondrogenic differentiation, whereas adipogenic differentiation is 

not dependent on donor age [51]. The differentiation potential and mechanical properties of 

ASCs also decline with extended cell passaging [52]. Therefore, many protocols and tissue 

engineering strategies utilize cells between passage numbers of 2 and 5.  
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Figure 0.4. Differentiation capacity of adipose-derived stem cells [48] 

1.5. ADIPOGENESIS 

Adipogenesis is a process that stem cells differentiate into adipocytes. The function of 

adipocytes is to store triglycerides during energy excess and mobilize them during 

deprivation, which is controlled by the lipogenic and lipolytic processes through hormonal 

signals from the bloodstream [53]. The process of adipogenesis initiates with pluripotent 

mesoderm stem cells. During adipogenic differentiation, committed preadipocytes will 

withdraw from the cell cycle before undergoing adipose conversion as growth arrest is 

required for this differentiation [54]. Following this step, appropriate combination of 

mitogenic and adipogenic signals is required to proceed to the next step of the differentiation, 

which lead to the changes in morphological and biochemical characteristics of the mature 

adipocyte [55].  
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Adipocyte differentiation is a complex process involving coordinated expression of specific 

genes and proteins associated with each stage of adipogenesis [56, 57]. Peroxisome 

proliferator-activated receptor 𝛾 (PPAR𝛾) and CCAAT-enhancer-binding protein 𝛼 (C/EBP𝛼) 

have been known to play a key role in the regulation of adipogenesis and in the modulation of 

fat cell function in adipose tissue. PPAR𝛾 was identified as a component of a differentiation 

dependent regulatory factor and a far-cell-specific enhancer of the adipocyte fatty acid-

binding protein (FABP4) gene [58-61].  

1.5.1. Peroxisome proliferator-activated receptor-γ (PPAR) 

Peroxisome proliferator-activated receptor-γ (PPAR) is generally considered as the major 

regulator of adipogenesis and it maintains adipocyte specific functions such as lipid storage. 

PPARγ is an adipogenic transcription factor involved in the induction of adipocyte 

differentiation [64, 65, 66]. It is a ligand activated transcription factor highly expressed in the 

adipose tissues [67]. PPAR𝛾 is not expressed in preadipocytes but is activated during 

adipocyte differentiation. It is expressed prior to the expression of most adipocyte genes and 

regulate the expression of genes involved in generating and maintaining adipocytes including 

FABP4 [62, 63]. 

By binding to PPAR𝛾-responsive regulatory elements as heterodimers with retinoid X 

receptor (RXR), PPAR𝛾 regulates the expression of networks of genes involved in 

adipogenesis, lipid metabolism, inflammation, and maintenance of metabolic homeostasis 

[68].  

Initially named as PPAR𝛼 [69], subsequent structural analogs PPAR𝛿 and PPAR𝛾 were since 

discovered. All three PPARs are found in mammals and are activated by polyunsaturated fatty 

acids, interacting with binding sites on targeted genes by forming heterodimers. While both 

PPAR𝛼 and PPAR𝛿 are expressed during adipogenesis, PPAR𝛾 is adipocyte restricted and 

more rapidly increases in expression during early adipogenesis [70, 71]. 
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1.5.2. Fatty acid binding protein (FABP4/aP2) 

Fatty acid binding protein (aP2) also known as FABP4 plays an important role in the 

development of metabolic syndrome and the coordination of cholesterol trafficking as well as 

inflammatory activity [72, 73]. FABPs act as cytoplasmic lipid chaperones and play a role in 

the cellular trafficking of fatty acids and other lipid signals through their interaction with 

functional targets. [74] This protein may be an important regulator of insulin sensitivity and 

lipid and glucose metabolism [75]. FABP4 deficient mice prevented the development of 

hyperinsulinemia, hyperglycemia and insulin resistance in the terms of both dietary and 

genetic obesity [76, 77]. 

1.5.3. Adiponectin 

Adiponectin (ADPN) is a 30 kDa adipokine hormone secreted from adipose tissue [78, 79]. It 

plays a fundamental role in lipid and carbohydrate metabolism. ADPN stimulates fatty acid 

oxidation, decreases plasma triglycerides, improves glucose metabolism and increases insulin 

sensitivity [80]. Studies also indicated that circulating adiponectin level was reduced in 

patients with insulin resistance, type2 diabetes, obesity, or cardiovascular disease [81-85].  

All in all, PPAR𝛾, FABP4 and adiponectin genes can be used as markers to study the 

progression of stem cells in adipogenic differentiation, especially in long-term culture.  

1.6. OBESITY 

Obesity has emerged as an important public health problem worldwide. It is well recognized 

that obesity is the major risk factor for certain diseases. Obesity is induced by the hypertrophy 

of adipocytes and the generation of new adipocytes from preadipocytes [31, 33]. Obesity in 

animals, including humans, is not dependent on the amount of body weight, but on the 

amount of body fat - specifically adipose tissue. Increased adipocyte production leading to 

obesity is considered to be a hallmark of metabolic syndrome (MetS) that includes 

arteriosclerosis, diabetes, hypertension and hyperlipidemia, and is a major public health 

problem in many countries [34, 35]. 300 million individuals worldwide are affected by 

obesity and this number is expected to increase in the following years, making obesity a 

priority in health problems [36, 37].  
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As a solution, weight loss is progressively admitted to have extreme health benefits for obese 

as well as for overweight people. However, weight loss and weight control drugs provided by 

the current food industry have failed in the long-term maintenance of weight control. 

Therefore, it is a challenge in the field to find new types of drugs that could be valuable for 

the prevention and treatment of obesity. Since obesity is a consequence of an increase in 

adipocyte size and the formation of new mature adipocytes from undifferentiated precursors, 

drugs that might control adipogenesis could be also beneficial for the treatment of obesity 

[86-89]. 

1.7. PLURONIC TRIBLOCK COPOLYMERS 

Polymer based technology is one of the most attractive approach for pharmaceutical research 

and applications. Pluronics, also known as “poloxamers” which consist of hydrophilic poly 

(ethylene oxide) and hydrophobic poly (propylene oxide) chains are one of the most attractive 

polymers used as vehicles for therapeutic agents, drugs or genes. Polyethylene oxide (PEO) 

and polypropylene oxide (PPO) blocks are formed in A-B-A tri-block structure: PEO-PPO-

PEO [90].  

 

 

 

  

                                            

 

 

                                                                       

        

  

Figure 0.5. Pluronic molecule and its chemical structure [91] 
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Different types of pluronics can be found as commercial products and these pluronics differ 

depending on their numbers of PPO and PEO blocks (Figure 1.5.) [91, 92].  These copolymers 

are named with the letter "P" (for poloxamer) generally followed by two or three digits. For 

three digits; the first two digits x 100 give the roughly molecular mass of the 

polyoxypropylene chain, and the last digit x 10 gives the percentage of polyoxyethylene units.  

For two digits; the first digit x 300 gives the approximate molecular mass of the 

polyoxypropylene chain, and the last digit x 10 gives the percentage of polyoxyethylene units 

[92, 93]. 

Different numbers of ethylene oxide and propylene oxide units can alter the hydrophilic-

lipophilic balance (HLB) of block copolymers. Thanks to their amphiphilic character which is 

the result of tri-block structure, these polymers exhibit surfactant properties such as 

interaction with biological membranes. Pluronic block copolymers are synthesized by the 

consecutive polymerization of polyethyleneoxide and polypropyleneoxide units with an 

alkaline catalyst [94].  

Concentrations higher than critical micelle concentration (CMC) in aqueous solutions cause 

self-assembly of copolymers forming micelles. The diameter of pluronic micelles changes 

between 10 nm and 100 nm [95]. Hydrophobic PPO blocks generate the core of the micelles 

having the capacity absorbing different therapeutic reagents or drugs (Figure 1.6.).  

 

 

Figure 0.6. Pluronic micelle with a solubilized drug [91] 
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Unimers are single block copolymer molecules formed at concentrations below the critical 

micellization concentration. Unimers have the ability of incorporation and translocation 

through the cellular membranes. The hydrophobic PPO chains of Pluronic triblock 

copolymers interact with hydrophobic areas of the membrane which causes change of the 

membrane structure, and reduces membrane microviscosity (“membrane fluidization”).  

However, at high concentrations pluronic block copolymers produce micelle forms in which 

PPO chains are hidden in the micellar core preventing pluronics from interacting with the 

cellular membranes [96]. 

Pluronic triblock copolymers can be used for different applications and have different effects 

on cell metabolism. When they are used as drug delivery agents they are inert and prevent 

drug from degradation and enhance the uptake of drug by tissues [97].  Interaction of 

pluronics with the plasma membrane causes inhibition of Pgp (P-glycoprotein) or MRP 

(Multidrug Resistant Protein) ATPase activity.  

There is a complex mechanisms about pluronic effects on MDR (Multidrug Resistant) cells. It 

was shown that pluronic block copolymers; interact with membranes by altering 

microviscosity [91]; inhibit Pgp [98-100], multidrug resistance proteins (MRPs) [101] and 

breast cancer resistance protein (BCRP) [102, 103]; increase secretion of cytochrome C and 

reactive oxygen species (ROS) levels in the cytoplasm [91], trigger proapoptotic pathway and 

prevent anti-apoptotic mechanism in MDR cells [104]; inhibit the glutathione/glutathione S-

transferase detoxification system [95]; inhibit drug sequestration within cytoplasmic vesicles 

[105]; and control shear stress in bioreactors increasing cell survival under stress conditions 

[106]. 

Pluronic block copolymers can also be useful for gene therapy applications by increasing the 

transfection efficiency. It was previously demonstrated that Pluronic block copolymers induce 

plasmid DNA transfection and expression in the mice antigen presenting cells and efficiently 

enhanced the plasmid DNA expression in the skeletal muscle, spleen, and lymph nodes [107, 

108]. In addition, pluronic block copolymers can be suitable agents for nonviral gene therapy 

by increasing the gene transfer and inducing the transcription of the genes.  

Another important field for pluronic research is tissue engineering. Pluronics can be used in 

tissue engineering directly or in combination with other biomaterials and appropriate growth 

factors. Studies revealed some pluronics acting as cell encapsulation agents and exerting 

positive effects on the tissue repair [109].  
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1.7.1. Pluronic F68 

 

Pluronic F68, also named as Pluronic PE 6800, is a non-ionic and low foaming surfactant 

composed of a central polypropylene oxide and two polyethylene oxide groups [110]. 

 

 

 
 

Figure 0.7. Structure of F68 [110] 

Pluronic F68 is a white powder with 8350 Daltons molecular mass. It is soluble in water and 

has a neutral pH of 7. The percentage of polypropylene oxide (% hydrophobicity) is about 20. 

It disperses calcium and magnesium salts [145]. The critical micelle concentration (CMC) is 

1.1 mM [111]. Pluronic F68 does not create micelles but produces two to three layers of the 

block polymers attaching to the membrane surface and prevent aggregation [110]. Up to this 

time, the general use of Pluronic F68 is to prevent cells from the effects of shear forces in 

culture situations (shaker and spinner cultures). This is achieved with the help of cell bubble 

interactions [112].  

1.8. BORON 

Boron is an essential element for plants, although the role and mechanism of boron is not yet 

well understood for human beings and mammalian systems. It was reported that boron is 

essential for optimal health in rats and that it also plays an important role in embryogenesis, 

bone growth and immune functions [113]. Furthermore, it was previously indicated that boron 

deprivation in the diet significantly affects both bone and teeth growth [114].  
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Nielsen and Stoecker have demonstrated that boron (as boric acid) deficiency in the diet 

exhibits significant decrease in bone volume fraction compared to 3-mg/kg boron diet in rats 

[115]. Moreover, it has been claimed that lack of boron supply would result in abnormal bone 

growth and impaired development [116]. Apart from these, boric acid has been proven to be 

involved in reducing periodontal inflammation and alveolar bone loss [117]. Therefore, 

sodium pentaborate pentahydrate is a good alternative as boron source in bone and tooth 

regeneration studies.  

Apart from the studies related to bone regeneration, boron has also been investigated on lipid 

metabolism [118]. Sodium borate is known as a toxic material in veterinary and human 

medicine. The effect of sodium borate on lipid profiles was investigated in dogs fed a fatty 

diet in a previous study [119, 120] where it was suggested that sodium borate could be worth 

investigating as a drug to lower plasma lipid in humans and animals. Still, there is a lot to 

discover on boron’s working principle and its effect on adipose differentiation. 

1.9. AIM OF THE STUDY 

 

In the present study, the object was to elucidate the effect of sodium pentaborate pentahydrate 

(NaB) and poloxamer F68 alone and in combination on adipogenic differentiation of human 

adipose stem cells (HASCs) in vitro. This is the first study that demonstrated the inhibitory 

effect of NaB together with F68 on adipogenic differentiation and fat accumulation.  
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MATERIALS AND METHODS 

 

2.1. ISOLATION OF HASCs 

Primary human ASCs used in this study were isolated from subcutaneous adipose tissue 

samples harvested from the abdomen and upper inner thighs of two healthy adult female 

donors undergoing liposuction procedure at Bezmialem University (age range: 26 to 59). 

Initially, the adipose tissue and collagenase solution were mixed at a ratio 1:1 and digested for 

1h with continuous shaking at 170 rpm), at 37◦C. The digested tissue was transferred into a 50 

ml falcon tube and the rest of the tube was filled with the erythrocyte lysis buffer and then 

centrifuged at 2500 rpm for 7 minutes at room temperature. The supernatant was discarded 

and the pellet was resuspended with 2 ml of erythrocyte lysis buffer. The cell suspension was 

transferred into a new falcon tube and the volume was completed to 50 ml with erythrocyte 

lysis buffer. After 10 minutes of incubation at 37◦C with continuous shaking at 170 rpm, the 

cell suspension was centrifuged at 1400 rpm for 7 min at room temperature. The cells in the 

pellet were washed with PBS (1X, without Ca/Mg) and subsequently centrifuged at 1400 rpm 

for 7 min at room temperature. Cell pellet was resuspended in 6-10 mL expansion Dulbecco’s 

Modified Eagle’s Medium (DMEM) supplemented with 10% (v/v) fetal bovine serum (FBS) 

and 1% (v/v) PSA (10.000 units/mL potassium penicillin, 10.000 µg/mL streptomycin sulfate, 

25 µg/mL amphotericin B) (Invitrogen, Gibco, UK). Finally, the cells were filtered through 

100 𝜇m cell strainer and seeded on T150 flasks. The cells were maintained at 37oC and 5% 

CO2 in a humidified incubator. Cells from passages 1-5 were used in all experiments. 
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2.2. CHARACTERIZATION OF HASCs 

The procedure previously published by our group was done for characterization of HASCs 

[121]. Cells were trypsinized and incubated with the primary antibodies which were prepared 

in PBS. For characterization, primary antibodies against CD29 (cat #BD556049), CD34 (cat 

#SC-51540), CD45 (cat #SC-70686), CD90 (cat #SC-53456), CD105 (cat #SC-71043), CD14 

(cat # SC-9150), (SantaCruz Biotechnology Inc., Santa Cruz, CA, USA) and CD73 (cat # 

BD550256) (Zymed, San Francisco, CA, USA) were used. The cells were washed with PBS 

to remove the excess primary antibodies.  

Thereafter, the cells were incubated with fluorescein-iso-thio-cynate (FITC)-conjugated 

secondary antibody (cat #SC-2989) at 4oC for one hour except CD29 phyco-erythrin (PE)-red 

light-harvesting protein containing chromophore-conjugated monoclonal antibody was used. 

The flow cytometry analysis of the cells was done using Becton Dickinson FACS Calibur 

flow cytometry system (Becton Dickinson, San Jose, CA, USA). 20000 cells were counted for 

each sample. 

2.3. PREPARATION OF PLURONIC F68 AND BORON 

Pluronic block co-polymer F68 was purchased from BASF Corporation (Badische Anilin und 

Soda-Fabrik, Ludwigshafen-am-Rhein, Germany).  F68 (BASF, USA, cat # 52389638) was 

prepared according to the protocols described by Exner et al. in 2005 [122]. Since pluronics 

dissolve at low temperature the preparation was performed on ice. 10% (w/v) concentration of 

F68 was prepared in PBS and filtered through a 0.2-μm filter (Sartorius AG, Göttingen, 

Germany). The solution was kept at 4ºC until use. 

NaB was kindly obtained from National Boron Research Institute-BOREN (Ankara, Turkey) 

and prepared in Dulbecco's modified Eagle's medium using 10% fetal bovine serum 

(Invitrogen), and 1 % of penicillin, streptomycin, and amphotericin (Biological Industries, 

Beit Haemek, Israel). A total of 10 mg/ml concentration of boron were dissolved in DMEM. 

The stock solution was filtered through a 0.2-μm filter and subsequently diluted to 1 mg/ml in 

DMEM.    
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2.3. CYTOTOXICITY ASSAY OF BORON AND F68 PLURONIC 

Effects of pluronics F68 and NaB were tested on the cell viability. F68 solutions with seven 

different concentrations (1%, 0.7%, 0.5%, 0.3%, 0.1%, 0.05%, 0.01% w/v) were prepared by 

dilution in DMEM.  Moreover, seven separate concentrations between 5 and 300 μg/ml (5, 10, 

20, 50, 100, 200 and 300) of NaB solution and negative control (NC) were prepared from the 

stock solution.  

HASCs of passage number 3 were cultured onto 96-well plates (Corning Plasticware, 

Corning, NY, cat. no. CLS3360) at a concentration of 5.000 cells/well. The following day 

cells were treated with prepared F68 and NaB solutions of different concentrations. Cell 

viability was measured by the MTS assay (CellTiter96 AqueousOne Solution; Promega, 

Southampton, UK) according to the manufacturer's instructions. MTS (3-(4, 5-dimethyl-

thiazol-2-yl)-5-(3-carboxy-methoxy-phenyl)-2-(4-sulfo-phenyl)-2H-tetrazolium) is a yellow 

tetrazolium salt which is catabolized to formazan by dehydrogenase enzyme in mitochondria 

of the living cells. Formazan is a purple compound and the detection in this assay is based on 

the measurement of formazan compounds by an ELISA plate reader [123, 124]. After 

incubating the cells for 24, 48 and 72 hours, 10 µl MTS reagent and 100 µl DMEM was given 

to the cells followed by 2 hours of incubation at 37◦C. Thereafter, the absorbance at 490 nm 

was measured by an ELISA plate reader (BioTek Instruments, Inc., VT, USA). 

2.4. DIFFERENTIATION PROCESS 

HASCs were induced to differentiate into adipogenic cells. The cells were seeded on a six 

well plate for RNA isolation and 48 well plate (BIOFIL, TCP, Switzerland) for 

immunocytochemistry at a density of 100.000 cells/well and 8.000 cells/well respectively for 

each differentiation. For adipogenic differentiation, the cells were induced to differentiate into 

adipocytes using a previously published method [125]. The cells were seeded on a six well 

plate and given adipogenic differentiation medium, which is composed of DMEM, 10% (v/v) 

FBS, 1 µM dexamethasone, 100 µM indomethacin (Sigma, USA), 500 µM IBMX 

(Calbiochem, Merck Millipore, Germany) and 0.01 mg/mL insulin (Gibco, UK).  
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5 different groups were prepared including F68 only, NaB only, F68 and NaB combination, 

PC and NC. Adipogenic differentiation lasted 10 days in the adipogenic differentiation 

medium changing every 2 days. Positive control group was treated with adipogenic 

differentiation medium while negative control group was cultured only in DMEM 

supplemented with 10% (v/v) FBS and 1% (v/v) PSA. 

2.5. IMMUNOCYTOCHEMISTRY ANALYSIS 

At the end of the differentiation procedures of HASCs, the cells were incubated with 2% 

(w/v) paraformaldehyde for 30 minutes at 4oC for fixation. The cells were washed with PBS 

three times for 5 minutes by shaking the plates on a plate shaker. Later on, the cells were 

permeabilized by incubating with 0.1% (v/v) Triton X-100 (in PBS) for 5 min at room 

temperature followed by washing three times for 5 min. with PBS. The cells were incubated 

with 2% (v/v) goat serum (Sigma, USA) for 20 minutes at 4oC for preventing non-specific 

binding of primary antibodies. The cells were again washed three times with PBS. The cells 

were incubated overnight at 4oC with primary antibodies of PPAR-γ (ab8934, Abcam, UK), 

fatty acid binding protein (FABP4) (sc-30088, Santa Cruz Biotechnology, TX, USA) and 

adiponectin (ab22554, Abcam, UK). The cells were washed three times with PBS to remove 

the excess antibody after incubating with primary antibodies. Thereafter, the cells were 

treated with secondary antibodies (Goat anti rabbit IgG Alea Fluor 488, Goat anti mouse IgG 

Alea Fluor 488) and incubated for 2 hours at 4oC followed by rinsing three times with PBS. 

DAPI (AppliChem, Germany) was used to stain the nuclei of the cells by incubating for 5 

minutes at room temperature. The cells were then rinsed three times with PBS and observed 

under fluorescence microscope (Nicon Eclipse TE200). 
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2.6. TOTAL RNA ISOLATION AND QUANTITATIVE RT-PCR 

Primer FABP4 was designed using nBLAST online software of The National Center for 

Biotechnology (NCBI). The other primers sequenced were used as previously described in the 

literature (Table 2.1). 

Table 0.1. Primers used for Real Time PCR 

Primer Sense (5’-3’) Antisense (5’-3’) Ref. 

Adiponectin TATCCCCAACATGCCCATTCG TGGTAGGCAAAGTAGTACAGCC [126] 

PPARγ CCTATTGACCCAGAAAGCGATT CATTACGGAGAGATCCACGGA [126] 

FABP4 AACCTTAGATGGGGGTGTCCT TCGTGGAAGTGACGCCTTTC [126] 

 

Total RNA isolation after differentiation was performed using High Pure RNA Isolation Kit 

(Roche, Germany) according to the manufacturer’s instructions. cDNA synthesis from 

isolated RNA samples were done using High Fidelity cDNA Synthesis Kit (Roche, Germany). 

Real time PCR was performed using Maxima SYBR Green/ROX (Fermentas, USA) for the 

determination of expression levels of marker genes after differentiations. cDNAs of the 

differentiated cells incubated 5 groups were used as template and were mixed with primers 

and Maxima SYBR Green/ROX qPCR Master Mix (2X) (Table 2.2 and Table 2.3). Real time 

PCR experiments were performed using iCycler RT-PCR detection system (Bio-Rad, 

Hercules, CA, USA). 
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Table 0.2. Reagents used for RT-PCR 

Reagents Volume 

SYBRGreen 5 µl 

Primer Forward (10 µM) 0.3 µl 

Primer Reverse (10 µM) 0.3 µl 

Distilled water 2.9 µl 

Template (1000 ng/µl) 1.5 µl 

Table 0.3. RT-PCR Protocol 

Cycle 1  Step 1 50ºC 2 min 

   Step 2  95ºC  15 min 

Cycle 2 x40  Step 1  95ºC  15 sec 

   Step 2  60ºC  1 min  

 Step 3  72ºC  30 sec - ¤ 

Cycle 3  Step 1  95ºC  1 min 

Cycle 4 Step 1 55 ºC 1 min 

Cycle 5- Melt Curve  Step 1  55ºC -95ºC  10 sec/0.5ºC up 
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2.7. OIL RED OIL STAINING 

Oil red oil solution was prepared by dissolving 0.5 gram oil red oil (Sigma, USA) in 100 mL 

isopropanol. The cells were then fixed with 2% (w/v) paraformaldehyde for 30 minutes 

followed by wash three times with PBS. The cells were then incubated with oil red oil 

solution diluted 6:4 in PBS for 1 hour for staining. Cells were washed with PBS and observed 

under the light microscope [127]. 

2.8. STATISTICAL ANALYSIS 

All data are shown as the means ± standard errors. Graphics were drawn using GraphPad 

Prism 5 software. The results of real time PCR data were normalized to the mRNA level of 

GAPDH. The statistical analysis of the results were performed with unpaired t test using 

GraphPad Prism 5 software. Statistical significance was determined at P < 0.05. In addition, 

the results obtained from immunocytochemistry and oil red oil staining were also 

demonstrated in graphical representation by using Adobe Creative Suite 6 Programme. 
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RESULTS 

 

3.1. CHARACTERIZATION OF HUMAN ADIPOSE STEM CELLS 

Human adipose stem cells were analyzed to be characterized for the surface antigens CD14, 

CD29, CD34, CD44, CD45, CD73, CD90 and CD105 by flow cytometry. Cells were positive 

for CD29, CD44, CD73, CD90 and CD105 whereas they were negative for CD14, CD34 and 

CD45 (Figure 3.1). These data showed that HASCs were positive for MSC markers and 

negative for HSC markers. 

 

 

Figure 0.1. Flow cytometry analysis of HASCs 
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3.2. CYTOTOXICITY ASSAY FOR F68 AND BORON  

Toxicity of F68 and NaB was measured by MTS assay at seven different concentrations for 

three days separately. The results showed that none of the concentrations were toxic to the 

cells (Figure 3.2). Moreover, 0.05% concentration of pluronic F68 is increased the cell 

viability of hASCs for 72 hours. 0.05% F68 raised the survival by 101%, 103% and 105% at 

day 1, 2 and 3 respectively whereas these numbers for NaB concentration 20 µg/ml are 101%, 

106% and 109%. 

 

 

 

Figure 0.2. Toxicity results of different concentrations of F68. NC: Negative control. 
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Figure 0.3. Toxicity results of different concentrations of NaB. NC: Negative control. 

3.3. ADIPOGENIC DIFFERENTIATION 

3.3.1. Effect of F68 and Boron Combination Treatment in Adipogenic Marker Genes 

Adipocyte differentiation of expression levels of markers PPAR-γ, FABP4 and adiponectin 

were detected by real time PCR. Cells treated with F68 and NaB combination during 

adipogenic differentiation showed the lowest mRNA expressions of the all marker genes 

compared to positive control groups (Figure 3.4).  

F68 and NaB combination decreased the expression of PPAR-γ, FABP4 and adiponectin 

whereas NaB alone increased this level in comparison with the positive control.  



25 

 

 

 

Figure 0.4. PPAR-γ, FABP4 and Adiponectin gene expressions in Boron, F68, their 

combination and control groups. NaB: sodium pentaborate pentahydrate, PC: Positive control, 

NC: Negative control. *P < 0.05 versus the positive control 
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3.3.2. Immunocytochemical Analysis of PPAR-γ, FABP4 and Adiponectin 

For adipogenic differentiation, the expression of PPAR-γ, FABP4 and Adiponectin was 

checked by immunocytochemistry. Combination group was found to down-regulate the 

expression of these three markers while the positive control groups exhibit higher expressions 

of Adiponectin, FABP4 and PPAR-γ (Figure 3.5 and Figure 3.6). 

 

 

 

 

Figure 0.5. Immunocytochemistry analysis of Adiponectin, FABP4 and PPAR-γ by using 

Adobe Creative Suite 6 Programme. PC: Positive control,     NC: Negative control.  

    *P < 0.05 versus the positive control  
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Figure 0.6. Immunocytochemistry results of Adiponectin, FABP4 and PPAR-γ. PC: Positive 

control, NC: Negative control.  
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3.3.3. Oil Red Oil Staining for Adipogenic Differentiation 

Oil red oil is a lysochromediazo dye used to stain lipids and neutral triglycerides. Oil red oil 

staining was performed to visualize the intracellular lipid vesicles after adipogenic 

differentiation. Lipid vesicles were observed in the highest amount in NaB treated group 

while the amount showed the lowest effect on the combination group compared to positive 

control (Figure 3.7 and Figure 3.8). 

 

              

       

Figure 0.7. Oil red oil staining analysis by using Adobe Creative Suite 6 Programme. PC: 

Positive control, NC: Negative control. *P < 0.05 versus the positive control  
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Figure 0.8. Oil red oil staining of a. F68, b. NaB, c. F68 + NaB, d. positive control and e. 

negative control. 
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DISCUSSION 

Stem cells are a good candidate for the regenerative medicine because of their great 

proliferation and differentiation capacity [128]. The source of stem cell is of great importance; 

hence, one of the major issues to be addressed since adequate number of stem cell is required 

for therapeutic usage. The number of stem cells in the human body is limited, but numerous 

studies revealed their availability in some tissues such as bone marrow and adipose [129]. 

However, isolation from other sources like nervous system is considered as unfeasible. The 

ideal scheme should be to find a source of stem cell at sufficient number and with high 

proliferation and differentiation ability. Easiness of isolation from the body without any risk 

to the patient is also an important factor that should be taken into account. All of these 

requirements led scientists to search for stem cell sources with high proliferation, self-renewal 

and differentiation capability. Use of embryonic stem cells are limited due to the ethical 

concerns in spite of their huge pluripotency and differentiation ability.  

Adult stem cells have gained interest for stem cell based therapies. They are a good choice 

since there are several sources in human body. Researchers have characterized various tissues 

possessing stem cells with the mesenchymal stem cell properties ever since bone marrow was 

identified as the first mesenchymal stem cell source [34, 130-135]. Bone marrow 

mesenchymal stem cells can be isolated and cultured in vitro. Thanks to their capacity of self-

renewing and differentiation with mesenchymal properties rendered them a good candidate 

for various studies [136]. However, surgical procedures are required for the isolation of bone 

marrow stem cells, causing a huge risk for contamination. Furthermore, the isolation 

procedure is traumatic and the number of cells obtained is limited [137]. These issues 

associated with bone marrow mesenchymal stem cells led researchers to seek new adult stem 

cell sources and isolation methods.  

All in all, adipose tissue seems to be a good candidate as an alternative stem cell source. 

MSCs derived from human adipose tissue are referred to as human adipose stem cells 

(HASCs) in this study, which exhibit an easily obtainable and available source for stem cell 

therapy and tissue engineering. They have been carried out in numerous animal and clinical 

trials [138, 139]. HASCs have been also used for identifying key molecular markers, 

transcription factors and various interactions that are required for adipogenesis [140-142].  
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Adipogenesis is the alteration of preadipocyte fate to mature adipocyte with organized 

changes in cell morphology and gene expression [143]. Thus, it is a very useful tool for an 

immediate screen and can help assess the adipogenic potential of various agents. Adipogenic 

cells can be easily distinguished by the change in cell shape where the fibroblastic cells 

changes to spherical shape cells after induction. Since obesity is a consequence of an increase 

in adipocyte size and the formation of new mature adipocytes from undifferentiated 

precursors, drugs that might control adipogenesis could be also beneficial for the treatment of 

obesity. It is a challenge in the field to find new types of drugs that could be valuable for the 

prevention and treatment of obesity.  

This study investigates the effects of sodium pentaborate pentahydrate (NaB) combined with 

poloxamer F68 on adipogenesis of HASCs in vitro. In this report, we demonstrated that NaB 

and F68 combination prevented adipocyte differentiation by inhibiting the adipogenic 

transcriptional program leading to the reduction of lipid accumulation into the cell.  

Before starting differentiation procedure, toxicity assay was performed to determine the 

optimum concentration of F68 and boron. F68 is a pluronic block copolymer which is widely 

used as a surfactant to protect cells from shear stress in bioreactors.  In summary, it can be 

said that pluronic F68 is generally used to protect cells against toxic conditions and for drug 

delivery purposes. As a result of testing seven different values to measure its effect on 

survival for 3 days, none of the F68 concentrations exhibited toxicity for HASCs. Results are 

consistent with the literature that F68 is not toxic for cells at 0.05% (w/v) concentration which 

is mostly preferred concentration for pluronics.  

In conclusion, there is no study describing the effect of F68 on differentiation of HASCs. 

Although there are some studies investigating the interaction between F127 (another block 

copolymer) [157] and mesenchymal stem cell differentiation, there is still a lot to discover on 

how F127 and F68 changes the expression of differentiation markers. In this study, the effect 

of F68 was investigated as a block coplymer for the first time on adipogenic differentiation of 

HASCs.  
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Boron is primarily a natural product and generally occurs in the environment as borates [144]. 

Borates are boron–oxygen compounds that result from the binding of boron with oxygen. 

When administered to animals, inorganic borates are biotransformed into boric acids and are 

absorbed from mucosal surfaces. More than 90% of the borate administered to mammalians 

including humans is excreted as boric acid. Recent studies on the biological significance of 

boron revealed that it is essential for humans and animals. In another study, it was suggested 

that sodium borate could be worth investigating as a drug to lower plasma lipid in humans and 

animals [145-148]. In addition, unpublished data obtained by our group revealed that high 

doses of NaB may inhibit adipocyte formation on pre-adipocyte cells. However, this is the 

first study showing the effect of boron solely and together with F68 on adipogenic 

differentiation of HASCs.  

As a result of toxicity assay, among seven different concentration values between 5 and 300 

μg/ml of NaB, 20 μg/ml was chosen to be used. The data demonstrated that as the 

concentration increases (starting with 100 μg/ml), the toxic effect of boron to the cells also 

increased. This is why, a higher dose of boron could not be selected since its combination 

with F68 would end up with a much more toxic impact on cell survival due to delivery 

potential of F68 through cell membrane. 

Adipogenesis is regulated by several transcriptional factors [149, 150]. In this study, 

adipogenic differentiation of HASCs was confirmed by the detection of mRNA levels of 

adiponectin, FABP4 and PPAR-γ. According to the real time PCR results, positive control 

shows high expression levels for all of the selected marker genes indicating that adipogenic 

conversion was successfully performed. NaB treated group exhibited a higher mRNA levels 

of the marker genes compared to the positive control. Moreover, NaB and F68 combination 

significantly inhibited the expression level of marker genes. 

PPARγ (peroxisome proliferator-activated receptor-γ) and CCAAT/enhancer-binding protein 

(C/EBP) are the master regulators of adipogenesis. They play a role in the initiation of 

adipocyte differentiation and induce the synthesis of various adipogenic genes [151]. In this 

project, cells in the presence of NaB showed the highest expression of adipogenic-related 

genes. 
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On the contrary, when we examined the effects of the NaB together with F68 on the gene 

expression of key adipogenesis activator during differentiation, there was a significant 

decrease in mRNA levels for PPARγ as compared with those of the untreated cells. As a 

result of PPARγ inhibition, adiponectin and FABP4 (aP2) expression was also decreased. The 

reason of this subsequent decline is that the increased level of PPARγ stimulates the mRNA 

expression of downstream target genes which are FABP4 (aP2) and adiponectin leading to the 

synthesis of several proteins required for intracellular lipid synthesis and storage [152-157]. 

Thus, adiponectin and FABP4 are called adipogenic markers. They are immensely produced 

in response to the insulin signaling pathway to promote cellular absorption of glucose which 

is eventually converted into lipid storage. Adiponectin is a prime marker for differentiated 

adipocytes [158]. It mediates glucose uptake, thereby promoting lipid synthesis in adipocytes. 

FABP4 (fatty acid binding protein-4) is a carrier of fatty acids that plays a supporting role in 

differentiation of the adipocytes [159, 160]. The down-regulated expression of this gene by 

the NaB and F68 combination indicated a decline in the ability of the cells to maintain and 

metabolize fatty acids. As a result, the intracellular lipid synthesis was decreased.  

Apart from quantitative RT-PCR, immunocytochemistry of adiponectin, FABP4 and PPARγ 

and oil red oil staining was also performed as other indicators of adipogenesis. Oil red oil 

stain is used to dye and observe lipids and neutral triglycerides produced by the cells. In 

addition, the images taken for the immunocytochemistry and oil red oil staining were 

analyzed by using Adobe Creative Suite Program. 6 different images were used to calculate 

the average pixel values. As a consequence, lipid formation was observed to decrease in 

NaB/F68 combination group whereas it was increased in NaB treated group compared to the 

positive control. All these results including immunocytochemistry prove that the cells treated 

with NaB together with F68 had less intracellular lipid accumulation and fat droplet formation 

than the untreated controls.   

In this study, only the effect of F68 was investigated as a block coplymer for the first time on 

adipogenic differentiation of HASCs. In the future studies, the impact of F127 on 

differentiation will also be tested.  Our results indicated that NaB and F68 combination might 

suppress HASC adipocyte differentiation via inhibiting the expression of adipogenesis-related 

genes at transcriptional level. This can be a target for the discovery of drugs with potential 

efficacy for type 2 diabetes and obesity. 
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Consequently, this is the first study that demonstrated NaB together with F68 possessed an 

anti-obesity property. It acted directly on cells by inhibiting their differentiation through 

down-regulation of the key adipogenic transcription factor-PPARγ. Further study is necessary 

to evaluate the anti-obesity effect of NaB and F68 combination in experimental animals. We 

could next attempt to investigate a NaB containing hydrogel co-formulated with pluronics in 

vivo. In this way, NaB/F68 combination could be a new prescription to be used in 

pharmacology and be a future solution for obesity, but first, further studies should be 

conducted to explore its exact working principle and the effects of this formulation. 

In conclusion, the current study proves that an appropriate concentration of NaB with F68 

block copolymer contributes to inhibit the adipogenic lineage fate of HASCs. The outcomes 

are promising; on the other hand, much work remains to be undertaken for the analysis of the 

concept of obesity. 

 



35 

 

REFERENCES 

 

1. Blau, H. M., T. R. Brazelton, and J. M. Weimann, “The evolving concept of a stem cell: 

entity or function?”, Cell, Vol. 105, no. 7, pp. 829–41, 2001. 

2. Bongso, A. and E. Lee, "Stem Cells: Their Definition, Classification and Sources." in 

Bongso, A. and E. Lee (eds.), Stem Cells: From Bench to Bedside, pp. 1–13, World 

Scientific Publishing, Singapore, 2005. 

3. Andrews P, Matin M, Bahrami A, Damjanov I, Gokhale P, Draper J (2005). 

"Embryonic stem (ES) cells and embryonal carcinoma (EC) cells: opposite sides of the 

same coin". Biochem Soc Trans 33 (Pt 6): 1526–30. doi:10.1042/BST20051526. PMID 

16246161Krtolica, A., “Stem cell: balancing aging and cancer.”, The International 

Journal of Biochemistry & Cell Biology, Vol. 37, no. 5, pp. 935–41, 2005.  

4. Werbowetski-Ogilvie, T. E., M. Bossé, M. Stewart, A. Schnerch, V. Ramos-Mejia, A. 

Rouleau, T. Wynder, M. J. Smith, S. Dingwall, T. Carter, C. Williams, C. Harris, J. 

Dolling, C. Wynder, D. Boreham, and M. Bhatia, “Characterization of human 

embryonic stem cells with features of neoplastic progression.”, Nature Biotechnology, 

Vol. 27, no. 1, pp. 91–7, 2009. 

5. Shamblott, M. J., J. Axelman, S. Wang, E. M. Bugg, J. W. Littlefield, P. J. Donovan, P. 

D. Blumenthal, G. R. Huggins, and J. D. Gearhart, “Derivation of pluripotent stem cells 

from cultured human primordial germ cells.”, Proceedings of the National Academy of 

Sciences of the United States of America, Vol. 95, no. 23, pp. 13726–31, 1998. 

6. Thomson et. al; Itskovitz-Eldor, J; Shapiro, SS; Waknitz, MA; Swiergiel, JJ; Marshall, 

VS; Jones, JM "Blastocysts Embryonic Stem Cell Lines Derived from Human". Science 

282 (5391): 1145–1147, 1998. 

7. Takahashi, K; Yamanaka, S. "Induction of pluripotent stem cells from mouse 

embryonic and adult fibroblast cultures by defined factors". Cell 126 (4): 663–76. 

doi:10.1016/j.cell, 2006.  



36 

 

8. Colman, A. & Dreesen, O. Pluripotent stem cells and disease modeling. Cell Stem Cell 

5, 244–247, 2009.  

9. Saha, K. & Jaenisch, R. Technical challenges in using human induced pluripotent stem 

cells to model disease. Cell Stem Cell 5, 584–595, 2009. 

10. Eglitis, M. A. and E. Mezey, “Hematopoietic cells differentiate into both microglia and 

macroglia in the brains of adult mice.”, Proceedings of the National Academy of 

Sciences of the United States of America, Vol. 94, no. 8, pp. 4080–5, 1997. 

11. Raff, M "Adult stem cell plasticity: Fact or Artifact?". Annual Review of Cell and 

Developmental Biology 19: 1–22. doi:10.1146/annurev.cellbio. 19.111301.143037, 

2003.  

12. Ferrari, G., Cusella-De Angelis G., Coletta M., Paolucci E., Stornaiuolo A., G. Cossu, 

and Mavilio F., “Muscle regeneration by bone marrow-derived myogenic progenitors.”, 

Science, Vol. 279, no. 5356, pp. 1528–30, 1998.  

13. Alvarez-Buylla A, Seri B, Doetsch F. "Identification of neural stem cells in the adult 

vertebrate brain". Brain Research Bulletin 57 (6): 751–8. doi:10.1016/S0361-

9230(01)00770-5, 2002. 

14. Chaudhary PM, Roninson IB. "Expression and activity of P-glycoprotein, a multidrug 

efflux pump, in human hematopoietic stem cells". Cell 66 (1): 85–94. 

doi:10.1016/0092-8674(91)90141-K, 1991. 

15. Orlic, D., Kajstura J., Chimenti S., F. Limana, I. Jakoniuk, F. Quaini, B. Nadal-Ginard, 

D. M. Bodine, A. Leri, and P. Anversa, “Mobilized bone marrow cells repair the 

infarcted heart, improving function and survival.”, Proceedings of the National 

Academy of Sciences of the United States of America, Vol. 98, no. 18, pp. 10344–9, 

2001.  

16. Zuk, P. A., M. Zhu, H. Mizuno, J. Huang, J. W. Futrell, A. J. Katz, P. Benhaim, H. P. 

Lorenz, and M. H. Hedrick, “Multilineage cells from human adipose tissue: 

implications for cell-based therapies.”, Tissue Engineering, Vol. 7, no. 2, pp. 211–28, 

2001. 



37 

 

17. Guilak, F., K. E. Lott, H. A. Awad, Q. Cao, K. C. Hicok, B. Fermor, and J. M. Gimble, 

“Clonal analysis of the differentiation potential of human adipose-derived adult stem 

cells.”, Journal of Cellular Physiology, Vol. 206, no. 1, pp. 229–37, 2006. 

18. Rafii, S., “Circulating endothelial precursors: mystery, reality, and promise.”, The 

Journal of Clinical Investigation, Vol. 105, no. 1, pp. 17–9, 2000. 

19. Gage, F. H., “Mammalian neural stem cells.”, Science, Vol. 287, no. 5457, pp. 1433–8, 

2000. 

20. Umar, S., “Intestinal stem cells.”, Current Gastroenterology Reports, Vol. 12, no. 5, pp. 

340–8, 2010. 

21. Da Silva Meirelles, L., P. C. Chagastelles, and N. B. Nardi, “Mesenchymal stem cells 

reside in virtually all post-natal organs and tissues.”, Journal of Cell Science, Vol. 119, 

no. Pt 11, pp. 2204–13, 2006. 

22. Friedenstein, A. J., R. K. Chailakhjan, and K. S. Lalykina, “The development of 

fibroblast colonies in monolayer cultures of guinea-pig bone marrow and spleen cells.”, 

Cell and Tissue Kinetics, Vol. 3, no. 4, pp. 393–403, 1970. 

23. Dominici, M., K. Le Blanc, I. Mueller, I. Slaper-Cortenbach, F. Marini, D. Krause, R. 

Deans, A. Keating, D. Prockop, and E. Horwitz, “Minimal criteria for defining 

multipotent mesenchymal stromal cells. The International Society for Cellular Therapy 

position statement.”, Cytotherapy, Vol. 8, no. 4, pp. 315–7, 2006. 

24. Bruder, S. P., N. Jaiswal, and S. E. Haynesworth, “Growth kinetics, self-renewal, and 

the osteogenic potential of purified human mesenchymal stem cells during extensive 

subcultivation and following cryopreservation.”, Journal of Cellular Biochemistry, Vol. 

64, no. 2, pp. 278–94, 1997. 

25. Stockl S, Bauer RJ, Bosserhoff AK, Gottl C, Grifka J, Grassel S. Sox9 modulates cell 

survival and adipogenic differentiation of multipotent adult rat mesenchymal stem cells. 

J Cell Sci;126:2890-902, 2003. 



38 

 

26. Mackay AM, Beck SC, Murphy JM, Barry FP, Chichester CO, Pittenger MF. 

Chondrogenic differentiation of cultured human mesenchymal stem cells from marrow. 

Tissue Eng ; 4:415-28, 1998. 

27. Friedenstein AJ, Petrakova KV, Kurolesova AI, Frolova GP. Heterotopic of bone 

marrow. Analysis of precursor cells for osteogenic and hematopoietic tissues. 

Transplantation ;6: 230-47, 1968. 

28. Jaiswal N, Haynesworth SE, Caplan AI, Bruder SP. Osteogenic differentiation of 

purified, culture-expanded human mesenchymal stem cells in vitro. J Cell Biochem 

;64:295-312, 1997. 

29. Caplan AI: Mesenchymal stem cells. J Orthop Res 9: 641-650, 1991. 

30. Beltrami AP, Cesselli D, Bergamin N, et al: Multipotent cells can be generated in vitro 

from several adult human organs (heart, liver, and bone marrow). Blood 110: 3438-

3446, 2007. 

31. Dennis, J. E., A. Merriam, A. Awadallah, J. U. Yoo, B. Johnstone, and A. I. Caplan, “A 

quadripotential mesenchymal progenitor cell isolated from the marrow of an adult 

mouse.”, Journal of Bone and Mineral Research, Vol. 14, no. 5, pp. 700–9, 1999. 

32. Prockop, D. J., “Marrow Stromal Cells as Stem Cells for Nonhematopoietic Tissues”, 

Science, Vol. 276, no. 5309, pp. 71–74, 1997. 

33. Takahashi, K., K. Tanabe, M. Ohnuki, M. Narita, T. Ichisaka, K. Tomoda, and S. 

Yamanaka, “Induction of pluripotent stem cells from adult human fibroblasts by defined 

factors.”, Cell, Vol. 131, no. 5, pp. 861–72, 2007. 

34. Giorgetti, A., M. C. N. Marchetto, M. Li, D. Yu, R. Fazzina, Y. Mu, A. Adamo, I. 

Paramonov, J. C. Cardoso, M. B. Monasterio, C. Bardy, R. Cassiani-Ingoni, G.-H. Liu, 

F. H. Gage, and J. C. Izpisua Belmonte, “Cord blood-derived neuronal cells by ectopic 

expression of Sox2 and c-Myc.”, Proceedings of the National Academy of Sciences of 

the United States of America, Vol. 109, no. 31, pp. 12556–61, 2012. 



39 

 

35. Richards, M., B. A. Huibregtse, A. I. Caplan, J. A. Goulet, and S. A. Goldstein, 

“Marrow-derived progenitor cell injections enhance new bone formation during 

distraction.”, Journal of Orthopaedic Research, Vol. 17, no. 6, pp. 900–8, 1999. 

36. Johnstone, B. and J. U. Yoo, “Autologous mesenchymal progenitor cells in articular 

cartilage repair.”, Clinical Orthopaedics and Related Research, no. 367 Suppl, pp. 

S156–62, 1999. 

37. Bonfield, T.L. and A.I Caplan, Adult mesenchymal stem cells: an innovative therapeutic 

for lung diseases. Discov Med. 9(47): p. 337-345, 2010.  

38. Doi, M., A. Nagano, and Y. Nakamura, “Molecular cloning and characterization of a 

novel gene, EMILIN-5, and its possible involvement in skeletal development”, 

Biochemical and Biophysical Research Communications, Vol. 313, no. 4, pp. 888–893, 

2004. 

39. Grabowski G, Robertson RN. Bone allograft with mesenchymal stem cells: A critical 

review of the literature. Hard Tissue Mar 22;2(2):20, 2013.  

40. Mezey, E., K. J. Chandross, G. Harta, R. A. Maki, and S. R. McKercher, “Turning 

blood into brain: cells bearing neuronal antigens generated in vivo from bone marrow.”, 

Science, Vol. 290, no. 5497, pp. 1779–82, 2000. 

41. P. A. Zuk, M. Zhu, H. Mizuno et al., “Multilineage cells from human adipose tissue: 

implications for cell-based therapies,”Tissue Engineering,vol.7,no.2,pp.211–228, 2001. 

42. S. R. Coleman, “Facial recountouring with lipostructure,”Clinics in Plastic 

Surgery,vol.24,no.2,pp.347–367, 1997. 

43. J. M. Gimble and M. E. Nuttall, “Adipose-derived stromal/stem cells (ASC) in 

regenerative medicine: pharmaceutical applications,”Current Pharmaceutical 

Design,vol.17,no.4,pp.332–339, 2011. 

 

 



40 

 

44. N.Pallua, A.K.Pulsfort, C.Suschek, and T.P.Wolter,“Content of the growth factors 

bFGF, IGF-1, VEGF, and PDGF-BB in freshly harvested lipoaspirate after 

centrifugation and incubation,”Plastic and Reconstructive Surgery,vol.123,no.3, 

pp.826–833, 2009. 

45. Y. Wei, X. Sun, W. Wang, and Y. Hu, “Adipose-derived stem cells and 

chondrogenesis,”Cytotherapy,vol.9,no.8,pp.712–716, 2007. 

46. Zuk PA, Zhu M, Ashjian P, et al. Human adipose tissue is a source of multipotent stem. 

Mol Biol Cell; 13: 4279-95, 2002. 

47. Liao D, Gong P, Li A, Tan Z, Yuan Q. Co-culture with Schwann cells is an effective 

way for adipose-derived stem cells neural transdifferentiation. Arch Med Sci; 6: 145-51, 

2010.   

48. Guilak F, Lott KE, Awad HA, et al. Clonal analysis of the differentiation potential of 

human adipose-derived adult stem cells. J Cell Physiol; 206: 229-37, 2006. 

49. M. S. Choudhery, M. Badowski, A. Muise, J. Pierce, and D. T. Harris, “Donor age 

negatively impacts adipose tissue-derived mesenchymal stem cell expansion and 

differentiation, ”Journal of Translational Medicine, vol.12, article8, 2001. 

50. R. D. Gonzalez-Cruz and E. M. Darling, “Adipose-derived stem cell fate is predicted by 

cellular mechanical properties, ”Adipocyte, vol.2, no.2, pp.87–91, 2013. 

51. Ntambi JM, Kim YC. Adipocyte differentiation and gene expression. J Nutr; 130: 

3122S-6S, 2000.  

52. Gregoire FM, Smas CM, Sul HS. Understanding adipocyte differentiation. Physiol Rev; 

78: 783-809, 1998. 

53. Gregoire FM. Adipocyte differentiation: from fibroblast to endocrine cell. Exp Biol 

Med; 226: 997-1002, 2001.  

54. Michalik L, Auwerx J, Berger JP, et al. International union of pharmacology. LXI. 

Peroxisome proliferator-activated receptors. Pharmacol Rev; 58: 726-41, 2006.  



41 

 

55. Mead JR, Irvine SA, Ramji DP. Lipoprotein lipase: structure, function, regulation and 

role in disease. J Mol Med; 80: 753-69, 2002.   

56. J. M. Ntambi and K. Young-Cheul, “Adipocyte differentiation and gene 

expression,”Journal of Nutrition,vol.130,no.12,pp. 3122–3126, 2000. 

57. Y.Zhou,D.Wang,Q.Zhuetal.,“Inhibitoryeffectsofa-769662, a novel activator of AMP-

activated protein kinase, on 3T3-L1 adipogenesis,”Biological and Pharmaceutical 

Bulletin,vol.32, no. 6, pp. 993–998, 2009. 

58. B.B.Lowell,“PPARgamma:anessentialregulatorofadipogenesis and modulator of fat cell 

function,”Cell,vol.99,no.3,pp. 239–242, 1999. 

59. P. Tontonoz, E. Hu, R. A. Graves, A. I. Budavari, and B. M. Spiegelman, “mPPAR 

gamma 2: tissue-specific regulator of an adipocyte enhancer,”Genes and 

Development,vol.8,no.10,pp. 1224–1234, 1994. 

60. R. P. Brun, J. B. Kim, E. Hu, S. Altiok, and B. M. Spiegelman, “Adipocyte 

differentiation: a transcriptional regulatory cascade,”Current Opinion in Cell 

Biology,vol.8,no.6,pp.826–832, 1996. 

61. R. F. Morrison and S. R. Farmer, “Hormonal signaling and transcriptional control of 

adipocyte differentiation,”Journal of Nutrition,vol.130,no.12, 2000. 

62. E. D. Rosen, C. J. Walkey, P. Puigserver, and B. M. Spiegelman, “Transcriptional 

regulation of adipogenesis,”Genes and Development,vol.14,no.11,pp.1293–1307, 2000. 

63. T.Jeon,S.G.Hwang,S.Hiraietal.,“Redyeastriceextracts suppress adipogenesis by down-

regulating adipogenic transcriptionfactorsandgeneexpressionin3T3-L1cells,” Life 

Sciences,vol.75,no.26,pp.3195–3203, 2004. 

64. Michaud SE, Renier G. Direct regulatory effect of fatty acids on macrophage 

lipoprotein lipase: potential role of PPARs. Diabetes; 50: 660-6, 2001. 

65. M. Ahmadian, J. M. Suh, N. Hah et al., “PPAR𝛾 signaling and metabolism: the good, 

the bad and the future,”Nature Medicine, vol. 19, no. 5, pp. 557–566, 2013. 



42 

 

66. M. Lehrke and M. A. Lazar, “The many faces of PPARgamma,” Cell, vol.123, no.6, 

pp.993–999, 2005. 

67. I. Issemann and S. Green, “Activation of a member of the steroid hormone receptor 

superfamily by peroxisome proliferators,” Nature,vol.347,no.6294,pp.645–650,1990. 

68. Hamm JK, Park BH, Farmer SR. A role for C/EBPbeta in regulating peroxisome 

proliferator-activated receptor gamma activity during adipogenesis in 3T3-L1 

preadipocytes. J Biol Chem;276:18464-71, 2001. 

69. Jeon MJ, Kim JA, Kwon SH, Kim SW, Park KS, Park SW, et al. Activation of 

peroxisome proliferator activated receptor-gamma inhibits the Runx2-mediated 

transcription of osteocalcin in osteoblasts. J Biol Chem; 278: 23270-2327, 2003. 

70. M. Ahmadian, J. M. Suh, N. Hah et al., “PPAR𝛾signaling and metabolism: the good, 

the bad and the future,”Nature Medicine, vol. 19, no. 5, pp. 557–566, 2013. 

71. M. Lehrke and M. A. Lazar, “The many faces of PPARgamma,” Cell, vol.123, no.6, 

pp.993–999, 2005. 

72. Makowski L, Hotamisligil GS. Fatty acid binding proteins-the evolutionary crossroads 

of inflammatory and metabolic responses. J Nutr; 134: 2464S-8S, 2004.  

73. Makowksi L, Brittingham KC, Reynolds JM, Suttles J, Hotamisligil GS. The fatty acid-

binding protein aP2, coordinates macrophage cholesterol trafficking and inflammatory 

activity. J Biol Chem; 280: 12888-95, 2005.  

74. Scherer PE, Williams S, Fogliano M, Baldini G, Lodish HF. A novel serum-protein 

similar to C1Q, produced exclusively in adipocytes. J Biol Chem 270: 26746–26749, 

1997. 

75. Maeda K, Okubo K, Shimomura I, Funahashi T, Matsuzawa Y, et al. CDNA cloning 

and expression of a novel adipose specific collagen-like factor, apM1 (Adipose most 

abundant gene transcript 1). Biochem Biophys Res Commun 221: 286–289, 1996. 



43 

 

76. Pelton, P. D., Zhou, L., Demarest, K. T. & Burris, T. P. PPARcactivation induces the 

expression of the adipocyte fatty acid binding protein gene in human 

monocytes.Biochem. Biophys. Res. Commun.261,456–458, 1999. 

77. Makowski, L., Brittingham, K. C., Reynolds, J. M., Suttles, J. & Hotamisligil, G. S. The 

fatty acid-binding protein, aP2, coordinates macrophage cholesterol trafficking and 

inflammatory activity. Macrophage expression of aP2 impacts peroxisome proliferator-

activated receptorcand IkB kinase activities.J. Biol. Chem.280,12888–12895, 2005. 

78. Yamauchi T, Kamon J, Minokoshi Y, Ito Y, Waki H, et al. Adiponectin stimulates 

glucose utilization and fatty-acid oxidation by activating AMPactivated protein kinase. 

Nat Med 8: 1288–1295, 2002. 

79. Arita Y, Kihara S, Ouchi N, Takahashi M, Maeda K, et al. Paradoxical Decrease of an 

Adipose-Specific Protein, Adiponectin, in Obesity. Biochem Biophys Res Commun 

257: 79–83, 1999. 

80. Lindsay RS, Funahashi T, Hanson RL, Matsuzawa Y, Tanaka S, et al. Adiponectin and 

development of type 2 diabetes in the Pima Indian population. The Lancet 360: 57–58, 

2002. 

81. Lindsay RS, Funahashi T, Krakoff J, Matsuzawa Y, Tanaka S, et al. Genome-wide 

linkage analysis of serum adiponectin in the Pima Indian population. Diabetes 52: 

2419–2425, 2003. 

82. M. Gottlicher, E. Widmark, Q. Li, and J.-A. Gustafsson, “Fatty acids activate a chimera 

of the clofibric acid-activated receptor and the glucocorticoid receptor,”Proceedings of 

the National Academy of Sciences of the United States of America,vol.89,no.10, pp. 

4653–4657, 1992. 

83. C. K. Glass, D. W. Rose, and M. G. Rosenfeld, “Nuclear receptor coactivators,”Current 

Opinion in Cell Biology,vol.9,no.2,pp. 222–232, 1997. 

 



44 

 

84. A. Chawla and M. A. Lazar, “Peroxisome proliferator and retinoid signaling pathways 

co-regulate preadipocyte phenotype and survival,” Proceedings of the National 

Academy of Sciences of the United States of America,vol.91,no.5,pp.1786–1790, 1994. 

85. M. Adams, C. T. Montague, J. B. Prins et al., “Activators of peroxisome proliferator-

activated receptor𝛾have depotspecific effects on human preadipocyte 

differentiation,”Journal of Clinical Investigation,vol.100,no.12,pp.3149–3153, 1997. 

86. Bao W, Srinivasan SR, Berenson GS:Persistent elevation of plasma insulin levels is 

associated with increased cardiovascular risk in children and young adults. The 

Bogalusa Heart Study.Circulation ; 93:54–59, 1996. 

87. Brown KA, Simpson ER:Obesity and breast cancer: progress to understanding the 

relationship.Cancer Res; 70:4–7, 2010.  

88. Csabi G, Tenyi T, Molnar D:Depressive symptoms among obese children 4.Eat Weight 

Disord, 5:43–45, 2000. 

89. Csabi G, Torok K, Jeges S, Molnar D:Presence of metabolic cardiovascular syndrome 

in obese children 5.Eur J Pediatr,159:91–94, 2000. 

90. Batrakova, E.V. and A.V. Kabanov, "Pluronic Block Copolymers: Evolution of Drug 

Delivery Concept from Inert Nanocarriers to Biological Response Modifiers", J Control 

Release, Vol.10, No: 130(2), pp. 98–106, September, 2008. 

91. Kabanov, A.V., P. Lemieuxb, S. Vinogradova and V. Alakhov, "Pluronic block 

copolymers: novel functional molecules for gene therapy", Advanced Drug Delivery 

Reviews, Vol. 54, pp. 223–233, 2002. 

92. "BASF-Product information the chemicals catalog-Pluronics", BASF 

CorporationWebsite,http://worldaccount.basf.com/wa/NAFTA~en_US/Catalog/Chemic

alsNAFTA/pi/BASF/Brand/pluronic. 

93. Schmolka, I.R., "A review of block polymer surfactants", J. Am. Oil Chem. Soc., Vol. 

54 pp. 110–116, 1977. 

 



45 

 

94. Batrakova, E., S. Li, S. Vinogradov, V. Alakhov, D. Miller and A. Kabanov, 

"Mechanism of pluronic effect on P-glycoprotein efflux system in blood-brain barrier: 

contributions of energy depletion and membrane fluidization", J Pharmacol Exp Ther, 

Vol. 299, pp. 483–493, 2001.  

95. Kabanov, A.V., E.V. Batrakova, S. Sriadibhatla, Z. Yang, D.L. Kelly and V.Y. Alakov, 

"Polymer genomics: shifting the gene and drug delivery paradigms", J Control Release, 

Vol. 101, pp. 259–271, 2005.  

96. Kabanov, A., E. Batrakova and V. Alakhov, "Pluronic block copolymers for 

overcoming drug resistance in cancer", Adv Drug Deliv Rev, Vol. 54, pp. 759–779, 

2002.  

97. Batrakova, E., D. Miller, S. Li, V. Alakhov, A. Kabanov and W. Elmquist, "Pluronic 

P85 enhances the delivery of digoxin to the brain: in vitro and in vivo studies", J 

Pharmacol Exp Ther, Vol. 296, pp. 551– 557, 2001.  

98. Regev, R., H. Katzir, D. Yeheskely-Hayon and G.D. Eytan, "Modulation of P-

glycoprotein-mediated multidrug resistance by acceleration of passive drug permeation 

across the plasma membrane", Febs J, Vol. 274, pp.  6204–6214, 2007.  

99. Batrakova, E.V., S. Li, V.Y. Alakhov, W.F. Elmquist, D.W. Miller and A.V. Kabanov, 

"Sensitization of cells overexpressing multidrug-resistant proteins by pluronic P85", 

Pharm Res, Vol. 20, pp. 1581–1590, 2003.  

100. Yamagata, T., H. Kusuhara, M. Morishita, K. Takayama, H. Benameur and Y. 

Sugiyama, "Effect of excipients on breast cancer resistance protein substrate uptake 

activity", J Control Release, Vol. 124, pp. 1–5, 2007.  

101. Yamagata, T., H. Kusuhara, M. Morishita, K. Takayama, H. Benameur and Y. 

Sugiyama, "Improvement of the oral drug absorption of topotecan through the inhibition 

of intestinal xenobiotic efflux transporter, breast cancer resistance protein, by 

excipients", Drug Metab. Dispos, Vol. 35, pp. 1142–1148, 2007.  



46 

 

102. Minko, T., E.V. Batrakova, S. Li, Y. Li, R.I. Pakunlu, V.Y. Alakhov and A.V. 

Kabanov, "Pluronic block copolymers alter apoptotic signal transduction of doxorubicin 

in drug-resistant cancer cells", J Control Release, Vol. 105, pp. 269–278, 2005.  

103. Venne, A., S. Li, R. Mandeville, A. Kabanov and V. Alakhov, "Hypersensitizing effect 

of Pluronic L61 on cytotoxic activity, transport, and subcellular distribution of 

doxorubicin in multiple drug-resistant cells", Cancer Res, Vol. 56, pp. 3626–3629, 

1996.  

104. Ramirez, O.T. and R. Mutharasan, "The role of the plasma membrane fluidity on the 

shear sensitivity of hybridomas grown under hydrodynamic stress", Biotechnol. Bioeng, 

Vol. 36, pp. 911–920, 1990Lemieux, P., N. Guerin, G. Paradis, R. Proulx, L. 

Chistyakova, A. Kabanov and V. Alakhov, "A combination of poloxamers increases 

gene expression of plasmid DNA in skeletal muscle", Gene Ther, Vol. 7, pp. 986–991, 

2000.  

105. Lemieux, P., N. Guerin, G. Paradis, R. Proulx, L. Chistyakova, A. Kabanov and V. 

Alakhov, "A combination of poloxamers increases gene expression of plasmid DNA in 

skeletal muscle", Gene Ther, Vol. 7, pp. 986–991, 2000.  

106. Sriadibhatla, S., Z. Yang, C. Gebhart, V.Y. Alakhov and A. Alakhov, "Transcriptional 

activation of gene expression by pluronic block copolymers in stably and transiently 

transfected cells", Mol Ther ;13:804–813, 2006.  

107. Cao, Y.L., A. Rodriguez, M. Vacanti, C. Ibarra, C. Arevalo and C.A. Vacanti, 

"Comparative study of the use of poly(glycolic acid), calcium alginate and Pluronics in 

the engineering of autologous porcine cartilage", J. Biomater. Sci. Polym. Ed., Vol. 9, 

pp. 475, 1998. 

108. Batrakova, E.V., H.Y. Han, D.W. Miller and A.V. Kabanov, "Effects of pluronic P85 

unimers and micelles on drug permeability in polarized BBMEC and Caco-2 cells",  

Pharm Res., Vol. 15, pp. 1525–1532, 1998. 

109. BASF Technical Information: Pluronic PE types, BASF, Ludwigshafen, Germany, 

1989. 



47 

 

110.  Batrakova, E.V., H.Y. Han, V.Y. Alakhov, D.W. Miller and A.V. Kabanov, "Effects of 

Pluronic block copolymers on drug absorption in caco-2 cell monolayers", Pharm. Res., 

Vol. 15, pp. 850–855, 1998. 

111.  Handa-Corrigan, A., A.N. Emery and R.E. Spier, "Effect of gas-liquid interfaces on the 

growth of suspended mammalian-cells—Mechanisms of cell-damage by bubbles", 

Enzyme Microb Technol, Vol. 11, No. 4, pp. 230–235, 1989. 

112. Hecht, E. and H. Hoffmann, "Interaction of ABA copolymers with ionic surfactants in 

aqueous solution",  Langmuir, Vol. 10, pp. 86-91, 1994. 

113.  Pan HB, Zhao XL, Zhang X, Zhang KB, Li LC, Li ZY, Lam WM, Lu WW, Wang DP, 

Huang WH, Lin KL, Chang J Strontium borate glass: potential biomaterial for bone 

regeneration. J R Soc Interface 7:1025–1031. doi:10.1098/rsif.2009.0504, 2010. 

114. Hakki SS, Dundar N, Kayis SA, Hakki EE, Hamurcu M, Kerimoglu U, Baspinar N, 

Basoglu A, Nielsen FH. Boron enhances strength and alters mineral composition of 

bone in rabbits fed a high energy diet. J Trace Elem Med Biol 27:148–153, 2013. 

115. Nielsen FH. Dietary fat composition modifies the effect of boron on bone characteristics 

and plasma lipids in rats. Biofactors 3:161–171, 2008. 

116. Devirian TA, Volpe SL. The physiological effects of dietary boron. Crit Rev Food Sci 

Nutr 43:219–231, 2003. 

117. Demirer S, Kara MI, Erciyas K, Ozdemir H, Ozer H, Ay S. Effects of boric acid on 

experimental periodontitis and alveolar bone loss in rats. Arch Oral Biol 57:60–65. 

doi:10.1016/j.archoralbio.2011.07.012, 2002. 

118. Sevinc M, Basoglu A, Birdane FM, et al. Liver function in dairy cows with fatty liver. 

Rev Med Vet ;152:297–300, 2001. 

119. Basoglu A, Sevinc M,  Birdane FM and M. Boydak. Efficacy of sodium borate in the 

prevention of fatty liver in dairy cows. J. Vet. Internal Med, 16-732-735, 2002. 

120. Basoglu A, Sevinc M,  H. Guzelbektas and T. Civelek. Effect of borax on serum lipid 

profile in dogs. Online J. Vet. Res. 4: 153-156, 2000. 



48 

 

121. Yalvac, M. E., M. Ramazanoglu, O. Z. Gumru, F. Sahin, A. Palotás, and A. A. 

Rizvanov, “Comparison and optimisation of transfection of human dental follicle cells, 

a novel source of stem cells, with different chemical methods and electro-poration.”, 

Neurochemical Research, Vol. 34, no. 7, pp. 1272–7, 2009.  

122. Exner, AA., Krupka, K. Scherrer and J.M. Teets, "Enhancement of carboplatin toxicity 

by Pluronic block copolymers", Journal of Controlled Release, Vol. 106, pp. 188– 197, 

2005.  

123. Berridge MV, Herst PM , and Tan AS. Tetrazolium dyes as tools in cell biology: new 

insights into their cellular reduction. Biotechnology Annual Review, 11: 127-152, 2005. 

124. Mosmann, Tim. "Rapid colorimetric assay for cellular growth and survival: application 

to proliferation and cytotoxicity assays". Journal of Immunological Methods 65 (1–2): 

55–63. doi:10.1016/0022-1759(83)90303-4. ISSN 0022-1759, 1983.  

125. Lu, H., L. Guo, M. J. Wozniak, N. Kawazoe, T. Tateishi, X. Zhang, and G. Chen, 

“Effect of cell density on adipogenic differentiation of mesenchymal stem cells.”, 

Biochemical and Biophysical Research Communications, Vol. 381, no. 3, pp. 322–7, 

2009.  

126. Zhang, L., P. Su, C. Xu, C. Chen, A. Liang, K. Du, Y. Peng, and D. Huang, “Melatonin 

inhibits adipogenesis and enhances osteogenesis of human mesenchymal stem cells by 

suppressing PPARγ expression and enhancing Runx2 expression.”, Journal of Pineal 

Research, Vol. 49, no. 4, pp. 364–72, 2010.  

127. Lu, H., L. Guo, M. J. Wozniak, N. Kawazoe, T. Tateishi, X. Zhang, and G. Chen, 

“Effect of cell density on adipogenic differentiation of mesenchymal stem cells.”, 

Biochemical and Biophysical Research Communications, Vol. 381, no. 3, pp. 322–7, 

2009. 

128. Ferrari, G., G. Cusella-De Angelis, M. Coletta, E. Paolucci, A. Stornaiuolo, G. Cossu, 

and F. Mavilio, “Muscle regeneration by bone marrow-derived myogenic progenitors.”, 

Science, Vol. 279, no. 5356, pp. 1528–30, 1998. 



49 

 

129. 16. Hess, D. C., W. D. Hill, A. Martin-Studdard, J. Carroll, J. Brailer, and J. 

Carothers, “Bone marrow as a source of endothelial cells and NeuN-expressing cells 

After stroke.”, Stroke, Vol. 33, no. 5, pp. 1362–8, 2002. 

130. Thomson, B.M., Preliminary characterization of porcine bone marrow stromal cells: 

skeletogenic potential, colony-forming activity, and response to dexamethasone, 

transforming growth factor beta, and basic fibroblast growth factor. J Bone Miner 

Res,8(10): p. 1173-83, 1993. 

131. Pittenger, M.F., Multilineage potential of adult human mesenchymal stem cells. 

Science; 284(5411): p. 143-7, 1999. 

132. Huss, R., Perspectives on the morphology and biology of CD34-negative stem cells. J 

Hematother Stem Cell Res;. 9(6): p. 783-93, 2000. 

133. Hristov, M., W. Erl, and P.C. Weber, Endothelial progenitor cells: isolation and 

characterization. Trends Cardiovasc Med; 13(5): p. 201-6, 2003. 

134. Seshi, B., S. Kumar, and D. Sellers, Human bone marrow stromal cell: coexpression of 

markers specific for multiple mesenchymal cell lineages. Blood Cells Mol Dis; 26(3): p. 

234-46, 2000. 

135. Kinnaird, T., Marrow-derived stromal cells express genes encoding a broad spectrum of 

arteriogenic cytokines and promote in vitro and in vivo arteriogenesis through paracrine 

mechanisms. Circ Res; 94(5): p. 678-85, 2004. 

136. Le Blanc, K., Treatment of severe acute graft-versus-host disease with third party 

haploidentical mesenchymal stem cells. Lancet; 363(9419): p. 1439-41, 2004. 

137. Zappia, E., Mesenchymal stem cells ameliorate experimental autoimmune 

encephalomyelitis inducing T-cell anergy. Blood. 106(5): p. 1755-61, 2005. 

138. Zuk PA, Zhu M, Mizuno H, Huang J, Futrell JW, Katz AJ, Benhaim P, Lorenz HP and 

Hedrick MH: Multilineage cells from human adipose tissue: implications for cell-based 

therapies. Tissue Eng 7: 211-228, 2001. 

 



50 

 

139. 9. Schäffler A and Büchler C: Concise review: adipose tissue‑derived stromal cells-

basic and clinical implications for novel cell-based therapies. Stem Cells 25: 818-827, 

2007. 

140. Wen Z, Liao Q, Hu Y, Liu S, You L and Zhao Y: Human adipose-derived stromal/stem 

cells: a novel approach to inhibiting acute pancreatitis. Med Hypotheses 80: 598-600, 

2013. 

141. Kim JM, Lee ST, Chu K, Jung KH, Song EC, Kim SJ, Sinn DI, Kim JH, Park DK, 

Kang KM, et al: Systemic transplantation of human adipose stem cells attenuated 

cerebral inflammation and degeneration in a hemorrhagic stroke model. Brain Res 1183: 

43-50, 2007. 

142. Ra JC, Shin IS, Kim SH, Kang SK, Kang BC, Lee HY, Kim YJ, Jo JY, Yoon EJ, Choi 

HJ and Kwon E: Safety of intravenous infusion of human adipose tissue-derived 

mesenchymal stem cells in animals and humans. Stem Cells Dev 20: 1297-1308, 2011. 

143. Rosen ED, MacDougald OA. Adipocyte differentiation from the inside out. Nature 

Reviews Molecular Cell Biology 7: 885–896, 2006. 

144. Gerloff BJ. Dry cow management for the prevention of ketosis and fatty liver. Vet Clin 

N Am Food Anim Pract;16:283–291, 2000. 

145. Basoglu A, Sevinc M, Guzelbektas H, et al. Effect of borax on lipid profile in dogs. 

Online J Vet Res ;4:153–156, 2000. 

146. Tietz NW. Clinical guide to laboratory tests. 3rd ed. Philadelphia, PA: WB Saunders; 

407, 1995. 

147. Hubbard SA. Comparative toxicology of borates. Biol Trace Elem Res; 66:343–357, 

1998.  

148. Hunt CD. Dietary boron and vitamin D affect hepatic glycolytic metabolite 

concentrations in the chick. In: Fischer PWF, L’Abbe´MR, Cockell KA, Gibson RS, 

eds. Trace Elements in Man and Animals. Ottawa, Canada: NCR Research Press; 599–

601, 1997. 



51 

 

149. Zuk PA, Zhu M, Ashjian P, De Ugarte DA, Huang JI, et al. Human adipose tissue is a 

source of multipotent stem cells. Molecular Biology of the Cell 13: 4279–4295, 2000. 

150. Mizuno H, Tobita M, Uysal AC Concise Review: Adipose-Derived Stem Cells as a 

Novel Tool for Future Regenerative Medicine. Stem Cells 30: 804–810, 2012. 

151. Li X, Cui Q, Kao C, Wang GJ, Balian G. Lovastatin inhibits adipogenic  and  stimulates  

osteogenic  differentiation  by suppressing  PPARgamma2  and  increasing  

Cbfa1/Runx2 expression in bone marrow mesenchymal cell cultures. Bone; 33: 652-

659, 2003. 

152. D. Jones, “Potential remains for PPAR-targeted drugs,”Nature Reviews Drug 

Discovery,vol.9,no.9,pp.668–669, 2010. 

153. J. H. Choi, A. S. Banks, J. L. Estall et al., “Anti-diabetic drugs inhibit obesity-linked 

phosphorylation of PPAR𝛾by Cdk5,” Nature,vol.466,no.7305,pp.451–456, 2010. 

154. A. A. Amato, S. Rajagopalan, J. Z. Lin et al., “GQ-16, a novel peroxisome proliferator-

activated receptor𝛾(PPAR𝛾)ligand, promotes insulin sensitization without weight 

gain,”The Journal of Biological Chemistry, vol.287, no.33, pp.28169–28179, 2012. 

155. N. Maeda, M. Takahashi, T. Funahashi et al., “PPARgamma ligands increase expression 

and plasma concentrations of adiponectin, an adipose-derived 

protein,”Diabetes,vol.50,no.9, pp. 2094–2099, 2001. 

156. J. M. Tishinsky, D. J. Dyck, and L. E. Robinson, “Lifestyle factors increasing 

adiponectin synthesis and secretion,” Vitamins and Hormones,vol.90,pp.1–30, 2012. 

157. M. Iwaki, M. Matsuda, N. Maeda et al., “Induction of adiponectin, a fat-derived 

antidiabetic and antiatherogenic factor, by nuclear receptors, ”Diabetes, vol.52, no.7, 

pp.1655–1663, 2003. 

158. M. Liu, L. Zhou, A. Xu et al., “A disulfide-bond A oxidoreductase-like protein (DsbA-

L) regulates adiponectin multimerization,” Proceedings of the National Academy of 

Sciences of the United States of America,vol.105,no.47,pp.18302–18307, 2008. 



52 

 

159. L. Qiang, H. Wang, and S. R. Farmer, “Adiponectin secretion is regulated by SIRT1 

and the endoplasmic reticulum oxidoreductase ero1-1 alpha,”Molecular and Cellular 

Biology, vol.27, no.13, pp. 4698–4707, 2007. 

160. Makowski, L.et al.Lack of macrophage fatty-acid-binding protein aP2 protects mice 

deficient in apolipoprotein E against atherosclerosis. Nature Med.7, 699–705, 2001. 


