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ABSTRACT 

 

Cancer cells acquiring resistance to chemotherapeutic drugs remain the 

most serious obstacle to the development of an efficient anti-cancer therapy. 

Overexpression of ABC transporter genes is associated with active expulsion of 

chemotherapeutic drugs from cancer cells. Many tumor cells overexpress 

Macrophage Colony Stimulating Factor (MCSF), which acts as the chemo-

attractant, infiltrating the tumor with circulating monocytes and promoting 

metastasis of tumor. Moreover, tumors with augmented expression of MCSF show 

poor prognosis with treatment.  

This thesis aims to explore the properties of Macrophage Colony 

Stimulating Factor when combined with the conventional anti-cancer drug 5-

fluorouracil (5-FU) on a human glioblastoma cell line, U87MG. Introductory 

section of this thesis describes the current strategies employed in anti-cancer 

therapies and the genes responsible for drug resistance. An extensive review on 

molecular signaling mechanisms of MCSF is described in Review of literature. 

This section also provides deeper insight into the role played by MCSF in 

supporting tumor growth. In Materials and Methods, information about the 

chemicals and reagents used along with the methodologies employed in the work 

are discussed in detail. The fourth section of the thesis, Results and Discussion 

started with cloning of MCSF from mammalian cells followed by generation of a 

stable cell line of U87MG constitutively expressing MCSF, named as U87-MCSF 

cells. Upon 5-FU treatment, the proliferation of U87-MCSF was significantly 

affected as determined by cell cycle analysis and cyclin expression studies. The 

retardation in the cell proliferation did not lead to apoptosis; rather resulted in a 

change in morphology. Spindle shaped mesenchymal type cell populations and an 
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  Abstract 

xvi 

 

upregulation in markers of epithelial-mesenchymal transition (EMT) were noted 

in U87-MCSF cells upon 5-FU treatment. EMT in U87-MCSF cells culminated in 

the appearance of cancer stem cells with an increase in expression of ABC 

transporter genes, which accounted for the drug resistive properties of U87-MCSF 

cells. Finally, Conclusion and Future Prospects section summarizes the essential 

findings and the significance of the work. The current experimental evidence 

demonstrates the role of MCSF in increasing the drug resistance of U87MG cells 

through formation of cancer stem cells. Future anti-cancer therapeutic strategies 

aimed at targeting MCSF and cancer stem cells are briefly discussed. 

TH-1247_08610608



xvii 

 

ABBREVIATIONS 

 
5-FU -5-fluorouracil 

ABC -ATP-binding cassette 

ANOVA -Analysis of variance 

AO -Acridine orange 

BAD -Bcl-2-associated death promoter  

BK channels -Big potassium channels  

CFDA-SE -Carboxyfluoresceindiacetate, succinimidyl ester 

CSC -Cancer stem cells 

CSF -Colony stimulating factor 

CSF-1R -Colony stimulating factor-1 receptor 

DAG -Diacylglycerol  

DAPI   -4',  6-diamidino-2-phenylindole 

DMEM -Dulbecco’s modified eagle’s medium 

EMT -Epithelial-mesenchymal transition 

EtBr -Ethidium bromide 

FGF -Fibroblast growth factor  

FITC -Fluorescein isothiocyanate 

G-CSF -Granulocyte colony  stimulating  factor 

GFP -Green fluorescent protein 

GM-CSF -Granulocyte-macrophage  colony  stimulating  

factor 

HIFs -Hypoxia-inducible factor 

IFN -Interferon  

IL -Interleukin 

IP3 -Inositol 1, 3, 4 P3  

JC-1 -5,5′,6,6′-tetrachloro-1,1′,3,3′-tetraethylbenzimidazolocarbo-

cyanine iodide 

 

TH-1247_08610608



xviii 

 

LPS -Lipopolysaccharide 

MCSF -Macrophage colony stimulating factor 

MDR -Multidrug resistance 

MMP -Mitochondrial membrane potential 

PAGE -Polyacrylamide gel electrophoresis 

PBS -Phosphate buffered saline 

PCR -Polymerase chain reaction 

PE -Phycoerythrin 

PI -Propidium iodide  

PI3K -Phosphatidylinositide  3-kinase 

PIP2 -Phosphatidylinositol  4,  5-bisphosphate   

PIP3 -Phosphatidylinositol  (3,  4,  5)-triphosphate   

PKC -Protein kinase C 

PMA -Phorbol myristate acetate  

PMSF -Phenylmethanesulfonyl fluoride 

ROS -Reactive oxygen species 

SDS -Sodium dodecyl sulfate 

TAM -Tumor associated macrophage 

TDF -Tumor derived factor 

TGF -Transforming growth factor 

TNF -Tumor necrosis factor  

uPA -Urokinase plasminogen activator  

VEGF -Endothelial growth factor 

XTT -2, 3-bis [2-Methoxy-4-nitro-5-sulfophenyl]-2H-tetrazolium-5-

carboxyanilide inner salt 

EDTA -Ethylenediaminetetraacetic acid 

TE -Tris-EDTA  

TAE -Tris-acetate-EDTA 

TSS -Transformation and storage solution 

 

TH-1247_08610608



xix 

 

LIST OF TABLES 

 

 

TABLE PAGE 

 

Table 2.1. Commonly identified CSC markers in various types of 

tumors. Table Courtesy: (Ailles and Weissman, 2007). Copyright @ 2007 

Elsevier.  

28 

Table 3.1. List of antibiotics used for culturing bacterial cells 35 

Table 3.2. List of antibiotics used for mammalian cell culture 35 

Table 3.3. Solutions and buffers used in SDS-PAGE 37 

Table 3.4. Solutions and buffers used in Western blotting 38 

Table 3.5. List of primers used 38 

 

TH-1247_08610608



xx 

 

 

TH-1247_08610608



xxi 

 

LIST OF FIGURES 

 

 

FIGURE PAGE 

 

Figure 2.1. Splicing variants of Macrophage Colony Stimulating Factor 

and location of specific proteolytic cleavage sites. Purple color denotes 

the leader sequence, green-MCSF core region, red-the spacer region, 

pink-transmembrane region, orange-intracellular region. Reproduced 

with permission from reference (Douglass et al., 2008). Copyright @ 

2008 Elsevier. 

16 

Figure 2.2. MCSF signaling pathways in murine CSF-1R. Binding of 

MCSF to CSF-1R results in dimerization of the receptor and 

phosphorylation of tyrosine residues at various positions in the 

cytoplasmic kinase domain of CSF-1R. While phosphorylation of Y697 

activates MAPK signaling pathway, phosphorylation of tyrosine 

residue at position 721 can initiate PI3K or PLCγ signaling pathways. 

Picture adapted based on references (Hamilton, 1997; Bourette and 

Rohrschneider, 2000). 

18 

Figure 2.3. Scheme for the role of MCSF in cancer. (a) The anti-tumor 

properties are elicited when TAMs comes into contact with tumor cells 

expressing mMCSF. (b) Pro-tumor role of MCSF where TAMs increases 

angiogenesis and growth of tumor. 

26 

Figure 4.1. Strategy for cloning and generation of U87-MCSF cells. The 

membrane bound isoform of MCSF, amplified using cDNA of ACHN 

cells was first cloned into pGEMT-easy vector and subsequently into 

the mammalian expression vector pEGFP-N1. The pEGFP-N1-MCSF 

was transfected into U87MG cells by lipofectamine and U87-MCSF cells 

were selected in cell culture media having G418. 

59 

Figure 4.2. Confirmation of pGEMT-MCSF clone by restriction 

digestion analysis. Lane 1: 1 kb DNA ladder; Lane 2: pGEMT-MCSF 

digested with EcoRI (3 and 0.781 kb); Lane 3: pGEMT-MCSF digested 

with BamHI (3.786 kb); Lane 4: pGEMT-MCSF digested with XmnI 

(2.232 and 1.554 kb); Lane 5: uncut plasmid. 

60 

Figure 4.3. Annotation of the sequence of pGEMT-MCSF. The sequence 

of the clone pGEMT-MCSF was verified by DNA sequencing. The blue 

61 

TH-1247_08610608



xxii 

 

region indicates the nucleotide sequence of the cloned MCSF gene. 

Figure 4.4. Confirmation of clones of pEGFP N1-MCSF by restriction 

digestion analysis. Lane 1: 1 kb DNA ladder; Lane 2: pEGFP N1-MCSF 

digested with EcoRI and ApaI (4.676 and 0.783 kb); Lane 3: pEGFP N1-

MCSF digested with XmnI and NheI (4.930 and 0.541 kb); Lane 4: 

pEGFP N1-MCSF digested with XmnI (5.471 kb). 

62 

Figure 4.5. Semi-quantitative RT-PCR analysis to study the 

overexpression of MCSF gene in U87-MCSF cells. β-actin was used as 

the internal control. 

63 

Figure 4.6. Western blotting analysis to confirm the overexpression of 

MCSF in U87-MCSF cells. A 28 kD band confirmed the overexpression 

of MCSF in U87-MCSF cells. β-actin was used as the loading control. 

63 

Figure 4.7. Generation of U87-GFP cells. U87MG cells were transfected 

with pEGFP N1 vector and the transfected cells were selected with 400 

µg/ml G418. Bright green fluorescence was seen in the transfected cells 

when visualised under a fluorescence microscope. Scale bar: 100µm. 

64 

Figure 4.8. Effect of 5-FU on U87MG and U87-MCSF after 48 h of 

treatment. 

66 

Figure 4.9. Effect of 5-FU on U87MG and U87-MCSF after 72 h of 

treatment. Treated U87-MCSF cells recorded less absorbance values 

than treated U87MG and treated U87-GFP cells. Statistical significance 

is denoted by * (p<0.05), ** (p<0.01) and *** (p<0.001). 

66 

Figure 4.10. Studies on U87MG, U87-MCSF and U87-GFP cells after 48 

h treatment with cisplatin. No difference in cytotoxicity was observed 

between treated samples of U87MG, U87-MCSF and U87-GFP cells. 

67 

Figure 4.11. Acridine orange-ethidium bromide dual staining of 

U87MG cells. U87MG cells were treated with 5-FU for 72 h and stained 

with AO/EB dual staining solution. Cells were visualised under a 

fluorescence microscope. The pictures did not show any indication of 

apoptotic nuclei in treated cells. 

68 

Figure 4.12. Acridine orange-ethidium bromide dual staining of U87-

MCSF cells. U87-MCSF cells were treated with 5-FU for 72 h and 

stained with AO/EB dual staining solution. Cells were visualised under 

a fluorescence microscope. No apoptotic nuclei were seen in treated 

69 

TH-1247_08610608



xxiii 

 

cells. 

Figure 4.13. JC-1 analysis of treated U87MG and U87-MCSF cells. (A-C) 

U87MG. (D-F) U87-MCSF. The results revealed that MCSF expression 

failed to induce apoptosis after treatment with 25 µM 5-FU (B, E) and 

50µM 5-FU (C, F) for five days. As U87MG cells were resistant to 5-FU 

and cisplatin, Hela cells were used as appropriate controls-(G) 

untreated HeLa cells and (H) HeLa cells treated with cisplatin. 

70 

Figure 4.14. Trypan blue assay for U87MG and U87-MCSF cells. Cells 

were treated with 5-FU for 120 h and the viability of treated cells was 

investigated by trypan blue dye exclusion assay. Treated samples of 

both U87MG and U87-MCSF cells were healthy and viable. 

71 

Figure 4.15. Semi-quantitative RT-PCR analysis of pro and anti-

apoptotic genes.  U87MG and U87-MCSF cells were treated with 5-FU 

for 72 h and the expression of Caspase-3, Bax and Bcl-xL was 

investigated. Upregulation in the expression of pro-apoptotic gene, Bax 

is counter-balanced by the upregulation in the expression of anti-

apoptotic Bcl-xL in both treated U87MG and treated U87-MCSF cells. 

Expression of β-actin was used as the control. 

72 

Figure 4.16. CFSE cell proliferation assay. The results showed that the 

rate of proliferation of untreated U87MG and U87-MCSF cells 

remained unaltered. 

74 

Figure 4.17. Comparison of cell cycle between U87MG and U87-MCSF 

cells. No difference in pattern of cell cycle between U87MG and U87-

MCSF cells was observed. 

75 

Figure 4.18. Histogram plots for cell cycle analysis of treated U87MG, 

U87-MCSF and U87-GFP cells. Cells were treated with 25µM 5-FU for 

24 h and cell cycle was analysed by flow cytometer. Data was acquired 

by CellQuest Pro software and analysed by ModFit LT software. (1-3) 

U87MG cells; (4-6) U87-MCSF cells; (7-9) U87-GFP cells. (1,4,7) G0/G1 

synchronised cells; (2,5,8) 24 h post synchronisation, untreated; (3,6,9) 

24 h post synchronisation, 5-FU treated. 

77 

Figure 4.19. Cell cycle analysis of U87MG and U87-MCSF cells after 

treatment with 5-FU for 24 h. Majority of cells were accumulated in 

G0/G1 phase in treated population of U87-MCSF cells. Statistical 

significance is denoted by * (p<0.05), ** (p<0.01) and *** (p<0.001). 

78 

TH-1247_08610608



xxiv 

 

Figure 4.20. Cell cycle analysis of treated U87MG and U87-GFP cells. 

No difference in proportion of cells accumulated in G0/G1 phase was 

noted between treated U87MG and treated U87-GFP cells. 

78 

Figure 4.21. Real time PCR analysis to study the expression levels of 

various cyclins and p21. A significant decrease in the expression of 

cyclin E and a slight decrease in the expression of cyclin A2 was 

observed in treated U87-MCSF cells. The expression of p21, the cyclin 

dependent kinase inhibitor was increased in treated samples of both 

U87MG and U87-MCSF cells. Statistical significance is denoted by * 

(p<0.05), ** (p<0.01) and *** (p<0.001). 

80 

Figure 4.22. RT-PCR analysis of expression of cyclin E after 24 h of 5-FU 

treatment. The results showed decrease in expression of cyclin E in 

treated samples of both U87MG and U87-MCSF cells. β-actin 

expression was used as the control. 

81 

Figure 4.23. Methylene blue staining after 5-FU treatment for 72 h. 

Elongated and spindle shaped cells was seen in U87-MCSF cells treated 

with 25 µM 5-FU but not in treated U87MG cells. However, 50 µM 5-

FU treatment conferred elongated morphology in treated samples of 

both U87MG and U87-MCSF cells. Scale bar: 50µm. 

83 

Figure 4.24. Actin cytoskeleton staining of cells using anti β-actin 

antibody. The morphological pictures showed the presence of 

elongated and mesenchymal cells in U87-MCSF cells treated with 25 

µM 5-FU but not in U87MG cells treated with 25 µM 5-FU. Upon 50 µM 

5-FU treatment, elongated cells were seen in both treated U87MG and 

treated U87-MCSF cells. Scale bar: 50 µm. 

84 

Figure 4.25. Microscopic examination of treated cells by 

DAPI/CalceinAM staining. Cells treated with 5-FU for 120 h was 

stained with DAPI/CalceinAM and observed under a fluorescence 

microscope. The results revealed the presence of elongated cells with 

intact nuclei in treated samples of both U87MG and U87-MCSF cells. 

Scale bar: 50µm. 

86 

Figure 4.26. Semi quantitative RT-PCR analysis of expression of hTERT 

and GFAP genes. No change in expression of GFAP was observed 

between untreated and treated samples of U87MG and U87-MCSF 

cells. There was a down-regulation in the expression of hTERT in 

treated samples of both U87MG and U87-MCSF as compared to their 

corresponding untreated samples. Expression of β-actin was same 

87 

TH-1247_08610608



xxv 

 

across all the samples analysed. 

Figure 4.27. Morphology of untreated U87MG and U87-MCSF cells. 

U87-MCSF cells showed spindle shaped, mesenchymal like cells 

(indicated by arrows). Scale bar: 50 µm. 

90 

Figure 4.28. Semi quantitative RT-PCR analysis for expression of EMT 

markers. Upregulation in the expression of mesenchymal markers, N-

cadherin and Vimentin was observed in untreated and treated U87-

MCSF cells. The expression of Notch-1 was also increased in U87-MCSF 

cells. Beta actin was used as the control. 

91 

Figure 4.29. Real time PCR analysis of Notch-1 expression. U87-MCSF 

cells showed elevated expression of Notch-1 gene as compared to 

U87MG cells. 

91 

Figure 4.30. RT-PCR analysis of CSF-1R. CSF-1R expression was down-

regulated in untreated U87-MCSF cells. Beta actin expression was taken 

as the internal control. 

93 

Figure 4.31. Examination of localization of MCSF in U87-MCSF cells. 

Microscopic studies using anti-MCSF antibody revealed the 

cytoplasmic location of MCSF. Triton X-100 was used as membrane 

perforating agent in fixing solution. DAPI stained nuclei of the cells 

were also shown. Scale bar: 50 µm.  

93 

Figure 4.32. Flow cytometry analysis for the expression of CD24 and 

CD44. Cells were treated with 25 µM 5-FU for 120 h and stained with 

FITC tagged mouse Anti-Human CD24 and PE tagged mouse Anti-

Human CD44. Samples are acquired and analysed with CellQuest Pro 

software.   

96 

Figure 4.33. Real time PCR analysis of expression of CD44 and CD24 

genes. The data was plotted as the ratio of gene expression in treated 

sample to untreated sample for the respective cells. 

97 

Figure 4.34. Real time PCR analysis of expression of ABCB1, mdm2, 

ABCG1 and ABCG2 genes. The data was plotted as the ratio of gene 

expression in treated sample to untreated sample for the respective 

cells. Statistical significance is denoted by * (p<0.05), ** (p<0.01) and *** 

(p<0.001). 

99 

Figure 4.35. Semi-quantitative RT-PCR analysis of expression of 

RALBP1. A slight increase in expression of RALBP1 was observed in 

100 

TH-1247_08610608



xxvi 

 

untreated U87-MCSF cells. However, no increase in RALBP1 

expression was found after 5-FU treatment. 

Figure 4.36. Schematic representation for the mechanism of 5-FU 

resistance in U87MG and U87-MCSF cells. The scheme depicts the 

upregulation and downregulation of various genes involved in 5-FU 

resistance and CSC formation. (Orange coloured arrows indicated 

untreated U87-MCSF cells; Blue coloured arrows indicated 5-FU treated 

U87MG cells; Red coloured arrows indicated 5-FU treated U87-MCSF 

cells; * indicated that RALBP1 expression remained unchanged in 

treated samples with respect to their corresponding untreated 

samples). 

103 

Figure 5.1. Summary of events in U87MG and U87-MCSF cells upon 5-

FU treatment. 
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Section 1 

INTRODUCTION 

 

 

Over the last six decades, we have witnessed significant strides over 

advancements in the field of medical research. Severe and the most crippling 

diseases of the past like plague and smallpox, are no more a threat to humanity 

now. Such a vast array of vaccines, drugs and bio-medical technologies have been 

developed that it is perhaps now possible to live with an artificial heart for as long 

as two years. However, be it the lifestyle changes or nature’s way of response, a 

spectrum of new diseases is adding to the teething troubles of already existing 

ones. Mutated, resistant and highly evolved strains of bacteria, viruses and other 

pathogens are wreaking global havoc within a short time. Sadly, the dazzling pace 

of development in medical science is not able to cope efficiently with the 

challenges these little bugs offer. Our use, rather, abuse of antibiotics is hardly a 

deterrent for these microbes.  

Nevertheless, it is not always the microbes challenging our big human 

brain. Complications arising out of malfunctions in cells, organs and systems of 

human body are not uncommon. One such condition is cancer, which continues to 

be a global burden affecting both developed and developing countries. Although 

treatment strategies in the last decade have scaled new heights of 

accomplishments in combating this deadly disease, cancer still remains a mystery 

in many ways. The most common methods of anti-cancer treatments that are in 

use today are 
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 Chemotherapy 

 Radiotherapy 

 Surgery 

 

More often than not, a combination of all these three therapies is 

administered for treating cancer patients. However, complete removal of cancer 

by modern anti-cancer treatments are rare with the treatment benefits often 

limited only to a gain in survival time of the patient by few additional years. The 

major hindrance in success of these therapeutic approaches is the relapse of the 

disease with time. A small number of tumor cells within cancer develop resistance 

and evade drug toxicity by a mechanism still largely unknown. This minority of 

cells left behind by current treatment methods including chemotherapy are 

responsible for the recurrence of cancer and further, metastasis. Hence, the 

challenge of future anti-cancer therapies lies in developing strategies to overcome 

the drug resistivity of tumor cells.   

 

1.1. Concerns associated with present anti-cancer therapies 

Cancer cells can develop resistance to drugs through different mechanisms such as 

active efflux of the drug and reducing the effective concentration of it in the cell, 

by modifying the target of the drug by mutation, through overexpression of the 

target protein or by simply inactivating the drug itself. Expulsion of the drug 

through molecular pumps located at the cell surface is the primary mechanism of 

acquiring multidrug resistance (MDR) in many types of cancer. Transporter 

proteins belonging to two distinct classes help in acquiring MDR: one, the 

members of ATP-Binding Cassette (ABC) transporter superfamily and the other, 

solute carrier transporter superfamily (Liu, 2009). While the overexpression of 

former group of proteins actively expels the drugs from the cell, the 
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downregulation of the latter can reduce the uptake of anti-cancer drugs by the 

cells. 

 There are 48 proteins belonging to ABC transporter superfamily found in 

humans. Among them, only three have been shown to be frequently associated 

with MDR both in vitro and in vivo. They are P-glycoprotein (ABCB1 or MDR1), 

MDR associated protein (ABCC1 or MRP1) and breast cancer resistance protein 

(ABCG2 or BCRP) (Stavrovskaya and Stromskaya, 2008). All these three 

membrane transporter proteins have broad substrate specificity and can expel a 

variety of chemotherapeutic drugs used in cancer treatment.  

 An exciting outcome of stem cell research is the finding that many of the 

normal stem cells have high expression of ABC transporter proteins. The principal 

necessity for increased expression of ABC proteins in stem cells is the need to 

protect them from environmental toxins and drugs (Schinkel et al., 1994). This 

raises an intriguing possibility of normal stem cells in tissues being transformed 

into cancerous cells and retaining their stemness properties with constitutive 

expression of MDR1 and other associated ABC transporter proteins. Such a pool of 

quiescent cancer stem cells within cancer will be a tumor reservoir for the relapse 

of the disease at a later stage. 

Currently existing methods of anti-cancer treatments focus largely on the 

rapidly proliferating bulk populations of cells within cancer. This majority of 

tumor cells is sensitive to drugs, thereby making the tumor shrink in size with 

treatment. However, as and when the treatment ceases, there appears to be a 

minor population of cells left un-killed with an indefinite proliferating potential 

and an ability to self-renew, giving rise to any type of cell within the overall tumor 

population. This small subset of tumor cells within bulk populations of cancer is 

known as tumor initiating cells or cancer stem cells (CSCs). These tumor cells are 
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highly resistant to chemotherapeutic drugs and have high expression of MDR 

associated proteins. 

CSCs resemble normal stem cells in many ways including the expression of 

various anti-apoptotic genes (Opferman et al., 2005; Madjd et al., 2009) and ABC 

transporter genes (Zhou et al., 2001; Liu, G. et al., 2006; Dean, 2009). They are 

quiescent, with a slow rate of proliferation (Moore and Lyle, 2011) and can exhibit 

symmetric as well as asymmetric cell division (Clarke et al., 2006). These 

overlapping properties between normal stem cells and cancer stem cells make it a 

daunting task to develop a targeted therapeutic regimen for cancer stem cells. Any 

treatment method developed to target cancer stem cells also carries with it the risk 

of destroying normal stem cells. Our current understanding of cancer stem cell 

biology is limited and hence, further insights into the differences in the 

physiological and immunological aspects of cancer stem cells are required to 

identify drug targets that are unique to cancer stem cells. 

 

1.2. Immune system and Cancer 

The immune system is a complex and sophisticated machinery designed to 

distinguish between ‘self’, ‘non-self’ materials, and safe guard the body against 

invasion by foreign pathogens, in addition to the routine clearance of aged and 

damaged cells. It is therefore surprising to see the magnitude of cancer 

development under the vigil of immune system. While cells of the innate immune 

system promote tumor progression by angiogenesis, tissue remodeling, release of 

growth factors and pro-tumoral cytokines, cells of adaptive immune system help 

in inhibition of tumor growth through efficient antigen presentation and cytotoxic 

T-cell activity (de Visser et al., 2006). In the tumor, the primary antigen presenting 

dendritic cells are differentiated poorly along with accumulation of immature 

myeloid cells, making the adaptive immune system relatively poor in defending 

TH-1247_08610608



Macrophage Colony Stimulating Factor   Section 1 

 

7 
 

against tumor development. Further, microenvironment of the tumor is reported 

to have heavy infiltration of cells of innate immune system, especially 

macrophages, and these tumor-associated macrophages (TAM) are known to 

enhance tumor growth and metastasis (Condeelis and Pollard, 2006; Sica et al., 

2008).  

 

1.3. Macrophage Colony Stimulating Factor 

A number of cytokines and growth factors including MCSF, IL-4, IL-10, IL-13 etc., 

play an important part in recruiting monocytes and macrophages into the tumor. 

Among them, the role of Macrophage Colony Stimulating Factor (MCSF) is well 

pronounced. MCSF is a growth factor responsible for survival, proliferation and 

differentiation of cells of haematopoietic lineages. Tumor cells have increased 

expression of MCSF, which acts as a chemo-attractant for monocytes and 

macrophages. Moreover, tumors that express MCSF have been reported to show 

poor prognosis with treatment. While the mechanism of MCSF promoting tumor 

development through macrophages is well deciphered, the reason behind their 

association with dismal response to treatment is not known. The main question 

that the current research work intends to address is whether MCSF plays any role 

in increasing the drug resistance of tumor cells. 

This thesis aims to explore the properties of Macrophage Colony Stimulating 

Factor (MCSF) when combined with the conventional anti-cancer drug 5-

fluorouracil (5-FU) on a human glioblastoma cell line, U87MG. We attempt to look 

into the details and decipher the molecular events associated with poor prognosis 

in this tumor, which overexpresses MCSF.  

 

TH-1247_08610608



 

8 
 

 

 

TH-1247_08610608



Objectives   Section 1 

 

9 
 

 

1.4. Objectives 

 To clone Macrophage Colony Stimulating Factor (MCSF) into a mammalian 

expression vector. 

 To generate a stable cell line of U87MG, glioblastoma cells expressing 

MCSF. 

 To explore the effect of anticancer drug, 5-fluorouracil (5-FU) on MCSF 

expressing U87MG cells. 

 To investigate the molecular events unfolding in U87-MCSF cells upon 5-

FU treatment. 

 

1.5. Salient features of the present work 

MCSF, as one of the primary cytokines attracting monocytes into the tumor, plays 

a vital role in supporting tumor growth. Further, MCSF acts in synergy with 

macrophages in increasing the concentrations of angiogenic growth factors like 

VEGF. Although there are some contradictory reports on the role played by MCSF 

in tumors, many of the pro-tumoral pathways of MCSF have already been 

deciphered. However, there is an intriguing puzzle that needs be solved. The 

reason behind the poor prognosis in many tumors which overexpress MCSF has to 

be found. Solving this mystery needs further research and understanding of the 

molecular events taking place upon treatment with drugs. This thesis attempts to 

gain deeper insights into the molecular events which take place in MCSF 

expressing U87MG, human glioblastoma cell line upon treatment with 5-FU. The 

work started with establishing U87-MCSF, a stable cell line having constitutive 

expression of MCSF. Then, detailed studies were carried out in U87MG and U87-

MCSF cells after treatment with 5-FU. Our results demonstrated that MCSF 

expression resulted in retardation of cell proliferation. Further, U87-MCSF cells 
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underwent epithelial-mesenchymal transition, which ultimately culminated in the 

augmentation of the cancer stem cell population and increase in the resistance of 

U87-MCSF cells to 5-FU treatment.  
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Section 2 

REVIEW OF LITERATURE 

 

 

2.1. Growth factors 

Growth factors occupy a central stage in controlling cellular growth, proliferation 

and differentiation. Growth factors exert their functional properties in the target 

cells by binding to their specific receptors, which then trigger key downstream 

signaling pathways. Advancements in the field of genetic engineering and 

recombinant DNA technology have facilitated the cloning and purification of 

individual recombinant growth factors to study their functions in vitro and in vivo. 

Depending on their type, growth factors can mediate autocrine, paracrine or 

endocrine signaling pathways. Growth factors can be subdivided into different 

families each having a group of related proteins with specific functions. One such 

group of growth factors controlling the growth, proliferation and differentiation of 

hematopoietic cells is known as hematopoietic growth factors. They are also called 

colony stimulating factors, as they stimulate the proliferation of hematopoietic 

cells in the form of colonies in semisolid culture media. 

 

2.2. Colony Stimulating Factors 

In early 1960s and 1970s, an unknown cell product was found to be responsible for 

the stimulation of colony formation in specific populations of granulocyte and 

macrophage cultures (Metcalf, 2008). It was soon named as colony-stimulating 

factor (CSF) owing to its function. CSFs are secreted glycoproteins, responsible for 
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the growth, proliferation and differentiation of cells of hematopoietic lineages. The 

initial expectation of a single CSF mediating the proliferation of all hematopoietic 

cells was thwarted with the discovery and purification of macrophage colony 

stimulating factor (MCSF or CSF-1) that stimulated only macrophages (Stanley et 

al., 1975; Stanley and Heard, 1977), granulocyte-macrophage colony stimulating 

factor (GM-CSF or CSF-2) that stimulated granulocytes, macrophages and mixed 

colonies depending on the concentration used (Burgess et al., 1977), granulocyte 

colony stimulating factor (G-CSF or CSF-3) that stimulated only granulocytes 

(Nicola et al., 1983) and a multi-CSF (commonly termed as interleukin 3 or IL3)  

that stimulated a wide variety of hematopoietic cell types (Ihle et al., 1982b; Ihle et 

al., 1982a). CSFs are primarily glycoproteins with their molecular weight ranging 

from 18 to 70 kDa with a half-life of 1-6 hrs. The amount of production and 

secretion of CSFs is very low under normal conditions but is increased drastically 

in response to infection by microorganisms, endotoxin or any other foreign cells 

(Metcalf, 2010). Although each CSF is capable of acting independently through 

their unique membrane receptors located in the target cells, their proliferative 

potential is enhanced in the presence of other CSFs (Metcalf, 1990). 

 

2.3. Macrophage Colony Stimulating Factor (MCSF or CSF-1) 

Macrophage colony stimulating factor is the primary growth factor regulating the 

growth, proliferation and differentiation of cells of hematopoietic lineages 

including monoblasts, promonocytes, monocytes, macrophages and osteoclasts 

(Stanley et al., 1978; Stanley et al., 1997; Yeung and Stanley, 2003). MCSF is 

encoded by a unique gene; however, through alternative mRNA splicing and 

differential post-translational modification, three different forms of MCSF, such as 

a secreted glycoprotein, a secreted proteoglycan and a short membrane bound 

isoform are found (Stanley et al., 1997). MCSF is secreted by various types of cells 
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like monocytes, fibroblasts, osteoblasts, stromal cells, endothelial cells and tumor 

cells. All the biological effects of MCSF are mediated through a type III receptor 

tyrosine kinase (Hamilton, 1997). MCSF requires the synergistic action of IL-1 and 

IL-3 during differentiation of early myeloid bone marrow cells (Bartelmez et al., 

1989). However, at a later stage, MCSF can be a self-regulator in controlling the 

proliferation and differentiation of cells of the mononuclear phagocytic system.  

In humans, the MCSF gene is located at 1p21 – p13 and in mice, it is located 

at chromosome 3, (51 cM) (Douglass et al., 2008). This single gene produces a 

primary mRNA, from which five mRNA species of varying length arises through 

alternative splicing (Cerretti et al., 1988; Shadle et al., 1989) (Figure 2.1). The 

mRNA transcripts of length 1.6 kb and 3.1 kb give rise to a shorter, membrane 

bound MCSF, while the transcripts of length 2.6, 3.7 and 4 kb are processed to 

form secreted MCSF. Various proteases including a signal peptidase, MCSF β-

convertase, and MCSF α-convertase are involved in the processing of nascent 

protein into different forms of mature MCSF protein. The MCSF protein, in 

general consists of five sections: an N-terminal signal peptide composed of 32 

amino acids, a receptor binding domain of 149 amino acids, a spacer region with 

varying length, a transmembrane domain with 24 amino acids and a cytoplasmic 

tail composed of 35 amino acids (Douglass et al., 2008).  

MCSF is processed to form a disulfide-linked homodimer (Wang et al., 

1993) which can either stay attached to the membrane or proteolytically processed 

to form the secreted forms of MCSF. The secreted MCSF can either be a 

proteoglycan or a glycoprotein. All isoforms of MCSF are biologically active and 

can stimulate cell proliferation on target cells (Stein et al., 1990; Wang et al., 1993). 
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Figure 2.1. Splicing variants of Macrophage Colony Stimulating Factor and 

location of specific proteolytic cleavage sites. Purple color denotes the leader 

sequence, green-MCSF core region, red-the spacer region, pink-transmembrane 

region, orange-intracellular region. Reproduced with permission from reference 

(Douglass et al., 2008). Copyright @ 2008 Elsevier. 

 

TH-1247_08610608



MCSF receptor and signaling cascades   Section 2 

17 
 

 

2.4. MCSF receptor and signaling cascades 

 All the biological effects of MCSF are mediated through CSF-1R, a receptor 

belonging to type III receptor tyrosine kinase family. It is encoded by the proto-

oncogene c-fms (Hamilton, 1997). CSF-1R belongs to a family of growth factor 

receptors which also includes stem cell factor receptor (SCF), α and β receptors for 

platelet derived growth factor (PDGF-R) and Flt3/flk2 proteins (Roussel, 1994; 

Bourette and Rohrschneider, 2000). This family of receptors share similar 

structural features and possess an extracellular N-terminal ligand binding domain, 

a hydrophobic transmembrane domain and the cytoplasmic tyrosine kinase 

domain (Bourette and Rohrschneider, 2000). Binding of MCSF to CSF-1R initiates 

the signaling cascades, the first step of which is the dimerization of the receptor. It 

is followed by trans-phosphorylation of various tyrosine residues and binding of 

signaling proteins having SH2 domains to the phosphorylated sites of the 

receptor. 

 Although there are twenty tyrosine residues found in the cytoplasmic 

kinase domain of CSF-1R, phosphorylation of four are shown to mediate the major 

downstream signaling cascades (Hamilton, 1997; Bourette and Rohrschneider, 

2000). In murine CSF-1R, these tyrosine phosphorylation sites are Y697, Y706, 

Y721 and Y807, while in human CSF-1R, the sites are Y699, Y708, Y723 and Y809. 

All of these auto-phosphorylation sites are located in the kinase domain of CSF-1R 

(Hamilton, 1997). The major signaling pathways activated by binding of MCSF to 

CSF-1R are shown in figure 2.2.  
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Figure 2.2. MCSF signaling pathways in murine CSF-1R. Binding of MCSF to CSF-

1R results in dimerization of the receptor and phosphorylation of tyrosine 

residues at various positions in the cytoplasmic kinase domain of CSF-1R. While 

phosphorylation of Y697 activates MAPK signaling pathway, phosphorylation of 

tyrosine residue at position 721 can initiate PI3K or PLCγ signaling pathways. 

Picture adapted based on references (Hamilton, 1997; Bourette and Rohrschneider, 

2000). 
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Phosphorylation of the tyrosine residue at position 697 (Y697) in CSF-1R 

binds Grb2 (van der Geer and Hunter, 1993) and activates the MAP kinase 

pathway through SOS, Ras and Raf (Bourette and Rohrschneider, 2000), which can 

eventually lead to cell proliferation or cell differentiation. Phosphorylated Y721 is 

shown to bind with PI3K (Reedijk et al., 1992) and further activate the PKB/Akt 

mediated signaling pathways. Phosphatidylinositide 3-kinases (PI3K) 

phosphorylates phosphatidylinositol 4, 5-bisphosphate (PIP2) to 

phosphatidylinositol (3, 4, 5)-triphosphate (PIP3). PIP3 then activates Akt, which 

further initiates the signaling pathways involved in cell proliferation. Activated 

Akt also plays an important role in the suppression of apoptosis through 

phosphorylation of Bcl-2-associated death promoter (BAD).  

Besides PI3K mediated signaling, phosphorylated Y721 also recruits PLCγ2 

(Bourette et al., 1997) which cleaves phosphatidylinositol 4, 5-bisphosphate (PIP2), 

into two products namely, diacylglycerol (DAG) and inositol 1, 3, 4 P3 (IP3). IP3 

increases the concentration of Ca2+ in the cytoplasm by binding with IP3 receptors 

on the smooth endoplasmic reticulum and releasing Ca2+ through calcium 

channels. Increasing concentrations of Ca2+ and DAG trigger the signaling 

pathways mediated through protein kinase C (PKC). Activation of PI3K or PLCγ2 

signaling cascades thus requires binding to the same phosphorylated Y721. 

Moreover, both PI3K and PLCγ2 share a common substrate, PIP2. This represents 

that a fine balance in the activation of these two distinct signaling pathways plays 

a decisive role in determining the outcome of cell differentiation. Although a 

protein binding to the phosphorylated Y706 is yet to be determined (Bourette and 

Rohrschneider, 2000), STAT1 activation in CSF-1 stimulated cells is shown to 

require phosphorylation of Y706 (Novak et al., 1996). Phosphorylation of the 

tyrosine residue, Y807 situated in the main kinase domain of CSF-1R does not 

involve directly in any of the signaling pathways, but is instrumental in bringing 
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about a conformational change that can relay all the proliferation and 

differentiation signals.    

 

2.5. Physiological functions of MCSF 

Hematopoietic stem cells located in adult bone marrow, spleen and fetal liver 

continuously give rise to lymphoid and myeloid progenitor cells. These progenitor 

cells further proliferate and differentiate to give rise to a variety of cells belonging 

to their respective lineages. One of the lineages of myeloid progenitor cells yield 

monoblasts, promonocytes, monocytes and macrophages. Another class of 

specialized cells, the osteoclasts, also develops from monocyte/macrophages cell 

lineage. MCSF is the primary regulator of cells of mononuclear phagocytic system. 

All these cells express CSF-1R, the receptor for MCSF. All actions of MCSF in these 

target cells are by signaling through CSF-1R.  

Under normal conditions, there is an abundance of MCSF in vivo, with the 

three different isoforms of MCSF playing distinct yet overlapping roles. Most of 

the tissues and organs in the human body have resident macrophages. Monocytes 

and macrophage development in most of the tissues require MCSF as a crucial 

factor. Although langerhans cells, bone marrow monocytes and macrophages 

present in lymph nodes and thymus can develop independent of MCSF, tissue 

specific macrophages present in other tissues like muscles, tendons, synovial 

membranes etc., require MCSF for their development and maturation (Cecchini et 

al., 1994). Further, MCSF stimulates macrophage activation in response to 

infection with various pathogenic organisms. In addition to macrophage 

development, MCSF stimulates the production of several other cytokines 

including IL-1α, IL-1β, IL-6 and GM-CSF in murine peritoneal cells (Evans et al., 

1995). The regulation of monokine production by MCSF is dose-dependent and 

also time-dependent. Human monocytes when incubated with MCSF secrete 
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interferon (IFN), tumor necrosis factor (TNF) and also exhibit increased myeloid 

colony stimulating activity upon stimulation with other inducing agents such as 

LPS and PMA (Warren and Ralph, 1986). However, the response of MCSF 

activated monocytes is not uniform and it depends on the type of secondary 

priming signals. Generally MCSF activated monocytes produce pro-inflammatory 

cytokines when challenged with LPS. But when the activating stimulus is bacterial 

CpG-containing DNA, the response is anti-inflammatory and when the stimulus is 

lipopeptide, no response is observed (Sweet and Hume, 2003). 

MCSF plays a crucial role in the regulation of bone physiology. Bone is a 

dynamic structure which undergoes continuous remodeling involving formation 

and resorption. Osteoblasts, which are cells of mesenchymal/stromal origin, 

regulate the formation of bones while osteoclasts, the cells differentiated from 

mononuclear phagocytic precursors, control bone resorption. For normal and 

healthy bone structure, a fine balance between osteoblasts and osteoclasts is 

maintained. MCSF is required for the formation of osteoclasts. Mouse having 

defective MCSF production were reported to be small, toothless, suffering from 

low body weight, severe abnormalities in skeletal structure and deficiency in 

macrophages (Ryan et al., 2001). In 1990, Wiktor-Jedrzejczak et al., reported that a 

null mutation in MCSF gene in op/op mouse led to a severe deficiency of 

osteoclasts and subsequent development of osteopetrosis. This defect was partially 

rectified when CSF-1 producing L929 cells were implanted in op/op mouse 

(Wiktor-Jedrzejczak et al., 1990). However, external administration of MCSF was 

not enough to overcome all the defects seen in op/op mouse.  

Outside the hematopoietic system, MCSF has an important role in the 

development and regulation of placenta, mammary gland and brain. Almost all 

functions of MCSF are deciphered by using a mouse model where a homozygous 

null mutation in the coding region of MCSF gene was generated by a single 
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basepair insertion (op/op mouse). This op/op mice completely lacking MCSF 

production, have severe malfunctioning of central nervous system including 

visual and auditory defects and this abnormal shortcomings in functioning of 

brain can be rescued by daily postnatal administration of MCSF (Michaelson et al., 

1996). Op/op mice also develop an aberrant mammary gland because of the failure 

to form lactating ducts during pregnancy (Pollard and Hennighausen, 1994). 

Further, MCSF was also reported to be a crucial factor necessary for normal 

fertility (Pollard et al., 1991). 

 

2.6. MCSF and cancer 

In order to sustain incessant proliferation, many tumors of non-hematologic origin 

secrete different types of endocrine and other growth factors. MCSF is produced 

by different types of cells including tumor cells. MCSF is overexpressed especially 

in breast cancers (Ramakrishnan et al., 1989; Kacinski et al., 1991) and tumors of 

female reproductive tract like ovarian (Ramakrishnan et al., 1989; Kacinski et al., 

1990) and endometrial cancers (Kacinski, 1995). High MCSF levels are also seen in 

patients with colorectal cancer (Mroczko et al., 2007), pancreatic cancer 

(Groblewska et al., 2007), prostate cancer as well as head and neck cancer 

(McDermott et al., 2002). The circulating level of MCSF is often used as a method 

of estimating prognosis of patients. Overexpression of MCSF and its receptor, 

CSF-1R in tumors have been associated with poor prognosis (Chambers et al., 

1997). 

MCSF is known to infiltrate sites of injury and inflammation with 

mononuclear phagocytes. Excess amount of MCSF secreted by tumors acts as a 

chemo-attractant, infiltrating tumors with cells of mononuclear phagocytic system. 

In addition to MCSF, tumor cells also produce other chemokines and growth 

factors, like CCL3, CCL4, CCL5, CXCL12, transforming growth factor-α (TGF-α), 
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transforming growth factor-β (TGF-β), fibroblast growth factor (FGF) and vascular 

endothelial growth factor (VEGF) (Sica et al., 2006; Richards et al., 2013). These 

tumor derived factors (TDFs) are responsible for the bulk mobilization of cells of 

immune system into tumor. The immune infiltrate in tumor is comprised of 

polymorphonuclear granulocytes, monocytes, immature dendritic cells and 

various types of T lymphocytes. The presence of NK cells in tumor is very rare. 

The accumulation of immune cells in tumor has given rise to conflicting reports 

with some reporting better prognosis and others, providing evidences for tumor 

growth and metastasis.  

MCSF has been specifically implicated in the process of metastasis in breast 

cancer though the incidence and the initial growth of tumor is not affected in the 

absence of MCSF. Homozygous null mutation of MCSF gene in mice shows a 

depleted macrophage population in breast cancer, resulting in reduced 

malignancy and metastasis (Lin et al., 2001; Lewis and Pollard, 2006). Restoring 

the local concentrations of MCSF in this mouse model of mammary tumor by 

transgenic expression of MCSF gene resulted in the promotion of tumor 

development. The pro-tumoral actions of MCSF are exerted mainly through 

macrophages. In general, monocytes can get differentiated locally to form either 

M1 (classical) or M2 (alternate) polarized macrophages, depending on the 

stimulus and the type of cytokines present in the tumor (Mantovani et al., 2002; 

Sica et al., 2006; Qian and Pollard, 2010). The monocytes that infiltrate into tumors, 

differentiate predominantly into M2 polarized macrophages. They are also known 

as tumor associated macrophages (TAM). The M2 polarized macrophages are 

characterised by elevated production of interleukin-10 (IL-10), IL-1 receptor 

antagonist (IL-1ra) and low interleukin-12 (IL-12).  IL-10 and other 

immunosuppressive cytokines secreted by TAMs inhibit the development of 

tumor specific T-cell immunity. Further, heavy infiltration of monocytes and 
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macrophages into tumor also facilitate angiogenesis that caters to the continuous 

supply of nutrients necessary for tumor growth and progression. Tumor cells and 

the surrounding stromal cells secrete large quantities of angiogenic factors which 

enhance the vascularisation of tumor. The excess vascularisation also provides an 

entry point for tumor dissemination into blood vessels moving to distant organs, 

thereby promoting metastasis.  

The presence of monocytes and macrophages in tumor promotes 

angiogenesis by increasing the level of secretion of various growth factors and 

chemokines including vascular endothelial growth factor (VEGF), fibroblast 

growth factor (FGF), transforming growth factor (TGF), thymidine phosphorylase 

(TP) and urokinase plasminogen activator (uPA). Tumor associated macrophages 

(TAMs) often accumulate in the low oxygen and avascular regions within the 

tumor (Murdoch et al., 2004; Coffelt et al., 2009). This hypoxia condition of TAMs 

upregulates the expression of Hypoxia-Inducible Factors (HIFs), which in turn 

drives the transcription of various mitogenic growth factors including VEGF 

(Lewis and Murdoch, 2005). VEGF is a well-known angiogenic growth factor 

which increases the proliferation of endothelial cells and stimulates the formation 

of blood vessels. Large quantities of VEGF are secreted by the tumor cells as well 

as by TAMs (Harmey et al., 1998; Schoppmann et al., 2002; Mantovani et al., 2006). 

Tumor growth and invasion resulting from the elevated production of VEGF and 

its receptors have been documented in many tumors including breast cancer 

(Bachelder et al., 2002), prostate cancer (Soker et al., 2001), glioblastoma (Plate et 

al., 1994), ovarian cancer (Boocock et al., 1995), colon cancer (Takahashi et al., 

1995) and liver cancer (Yoshiji et al., 1999). MCSF, apart from attracting monocytes 

into the tumor also acts as a transcriptional regulator of VEGF production in 

monocytes (Eubank et al., 2003; Curry et al., 2008). Further, the importance of 

MCSF in the degradation of extracellular matrix through production of urokinase, 
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and augmentation of invasive properties is noted in ovarian cancer cells 

(Chambers et al., 1995). 

Nevertheless, MCSF has a potential role in eliciting anti-tumor response as 

well. Addition of purified MCSF to the human ovarian cancer cells has been 

documented to induce concentration dependent growth inhibition in vitro 

(Kawakami et al., 2000). Rat T9 glioma cells transfected with the gene 

corresponding to membrane isoform of MCSF (mMCSF) is killed by macrophages 

in a concentration dependent fashion (Jadus et al., 1996). This direct killing of 

mMCSF expressing tumor cells by macrophage in vitro occurs through 

phagocytosis (Jadus et al., 1998; Jadus et al., 2003). When injected into an 

immunodeficient mice, the site of mMCSF transduced human glioblastoma cells is 

reported to be heavily infiltrated by macrophages within 4 hours and these 

infiltrating macrophages are seen killing the tumor cells by paraptosis (Jadus et al., 

2003). When monocytes or macrophages come into contact with tumor cells 

expressing mMCSF, they release reactive oxygen species (ROS). ROS then 

activates big potassium channels (BK channels) which in turn initiate paraptosis, a 

process where excessive swelling and vacuolization leads to cell death (Hoa et al., 

2007).  Glioblastoma cells transduced with mMCSF gene also conferred protective 

immunity in rat when challenged with glioblastoma cells, suggesting the potential 

application of these mMCSF expressing tumor cells as tumor vaccines (Jadus et al., 

2003). The overall role played by MCSF within the tumor microenvironment is 

depicted in Figure 2.3. 
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Figure 2.3. Scheme for the role of MCSF in cancer. (a) The anti-tumor properties 

are elicited when TAMs comes into contact with tumor cells expressing mMCSF. 

(b) Pro-tumor role of MCSF where TAMs increases angiogenesis and growth of 

tumor. 

 

 

TH-1247_08610608



Cancer stem cells   Section 2 

27 
 

2.7. Cancer stem cells 

 One of the characteristic features of tumor is the presence of heterogeneous 

population of cells within it.  The heterogeneity can be envisaged in both 

phenotypic as well as genotypic variations in the cells comprising tumor. A small 

percentage of cells within tumor has been seen to have remarkably high 

pleiotropic properties. They are biologically distinct and resistant to commonly 

used anti-cancer therapies. This minor population of cells also has the capacity to 

initiate tumor when injected into a mice. Owing to this property, these cells are 

named as cancer initiating cells. As the functional properties of cancer initiating 

cells are exhibited by undergoing self-renewal and differentiation just like normal 

stem cells, they are also called as cancer stem cells (CSC). 

 The biology of cancer stem cells is a union between stem cell biology and 

oncology. CSCs share many of the properties of normal stem cells including self-

renewal, the ability to proliferate indefinitely and the pleiotropic property of 

giving rise to cells of multiple lineages (Reya et al., 2001; Jordan et al., 2006; Ailles 

and Weissman, 2007). This leads to a puzzling question that whether organ stem 

cells acquire the tumorogenic phenotypes and become CSCs or is it the tumor 

which develops the stem cell like properties through genetic and epigenetic 

changes. Although it is more likely that the normal stem cells get mutated to 

become CSCs, more evidences are accumulating to show the possibility of 

committed progenitor cells acquiring the mutations required for the self-renewal 

capacity and becoming CSCs (Huntly et al., 2004; Krivtsov et al., 2006). It is also 

possible that tumor cells undergo de-differentiation process by cellular fusion 

with stem cells (Bjerkvig et al., 2005). Incidence of organ stem cells from 

transplanted kidney migrating and fusing with skin epithelium to undergo 

neoplastic transformation is also reported (Aractingi et al., 2005). 
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 The CSCs in tumor populations are isolated based on the expression of 

certain cell surface markers (Bjerkvig et al., 2005; Jordan et al., 2006). CSCs have 

been identified in many types of cancer including blood, brain, colon, breast and 

pancreas. The commonly expressed stem cell markers for identification of CSCs in 

various types of tumor are given in table 2.1 

 

Table 2.1. Commonly identified CSC markers in various types of tumors. Table 

Courtesy: (Ailles and Weissman, 2007). Copyright @ 2007 Elsevier. 

 

Tumor type CSC phenotype 

Breast CD44+ CD24−/low 

CNS CD133+ 

Multiple myeloma CD138− 

Melanoma CD20+ 

Prostate CD44+ α2β1+ CD133+ 

HNSCC CD44+ 

Colon CD133+ 

Colon CD44+ EpCam+ CD166+ 

Pancreatic CD44+ EpCam+ CD24+ 

 

 

CSCs form a small minority of cells within the bulk tumor. Although the 

remaining major population of cells in tumor possess the ability to proliferate 

extensively, their life-span is limited and they are destined to die. Current anti-

cancer therapies actively target this bulk component of tumor. However, the silent 
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persistence of resistant and self-renewing CSCs leads to relapse of the disease with 

the cessation of therapy. 

 

2.8. Implications of CSCs in drug resistance 

 The functional properties of normal stem cells play an important role in the 

maintenance of adult tissues over the lifetime of an individual. The decision of a 

stem cell to self-renew and differentiate is commanded by tightly controlled 

regulatory mechanisms. Any breakdown in the regulatory machinery of self-

renewal and proliferation can result in a mayhem and that happens precisely in 

CSCs (Reya et al., 2001). Apart from having a deregulated self-renewal and 

proliferation, CSCs are quiescent, possess highly efficient DNA repair mechanism 

and they rarely undergo apoptosis. However, the most important gain of tumor 

from the presence of CSCs is the development of drug resistance. Normal stem 

cells express high levels of drug effluxing proteins like ABCB1 and ABCG2 

(Bunting, 2002). The ABC transporter family of proteins exerts a protective effect 

against environmental toxins in normal stem cells which helps the host to avoid 

accidental damage and retain the pool of stem cells necessary for tissue 

replenishment. But in tumor, this property of CSCs results in undesirable 

outcomes. Overexpression of ABC transporter proteins confers resistance to 

common anti-cancer drugs like cisplatin (Shafee et al., 2008), doxorubicin (Tada et 

al., 2002), 5-fluorouracil (Oguri et al., 2007), mitoxanthrone and topotecan (Scheffer 

et al., 2000). CSC mediated drug resistance has been observed in breast cancer 

(Shafee et al., 2008), pancreatic cancer (Hermann et al., 2007), glioblastoma (Bao et 

al., 2006) and colorectal cancer (Dylla et al., 2008).  

The current knowledge about the biology of CSCs is limited. Further, the 

presence of CSCs is yet to be proved beyond doubt in many types of tumor. 

Although many efficient therapies have been developed against the bulk tumor, 
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drugs targeting CSCs is yet to gain any significant success. Drugs developed 

against CSCs should spare normal stem cells from being killed. In order to achieve 

that, existence of any hierarchy in the pathways concerning the development of 

differentiated tumor cells from CSCs should be investigated. This could also 

delineate normal stem cell pathways from CSC pathways. Another challenge lies 

in overcoming the intrinsic drug resistance of these CSCs. Navel drugs and small 

molecule inhibitors against the drug efflux proteins should be developed. For 

achieving all these stated objectives, a combinatorial approach targeting the bulk 

tumor, CSCs and ABC transporter proteins has to be established. Such a 

therapeutic strategy may have the potential to stop cancer from recurring, thereby 

leading to a complete cure. 
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Section 3 

MATERIALS AND METHODS 

 

 

3.1. Materials 

3.1.1. Chemicals and Reagents 

Common chemicals including Sodium dodecyl sulphate (SDS), Sodium hydroxide, 

Acetic acid, Potassium acetate, Ammonium acetate, Ethylenediaminetetraacetic 

acid (EDTA), Ampicillin, Kanamycin, Isopropyl alcohol, Hydrochloric acid, Ethyl 

alcohol, Methyl alcohol were procured from SRL, India or Merck, India. 

Molecular biology and cell culture grade chemicals, such as Dimethyl 

sulfoxide, Glycerol, Phenol, Chloroform, Glucose, G418, Agarose, Dulbecco's 

Modified Eagle Medium (DMEM), Sodium bicarbonate, Penicillin-Streptomycin 

antibiotic solution, Trypsin-EDTA solution, Triton X-100, 5-fluorouracil were 

purchased from Sigma Aldrich, USA.  

Fetal Bovine Serum (FBS) was purchased from PAA Laboratories. PCR 

components including Taq polymerase and dNTP, DNA markers, such as 1kb 

DNA ladder and 100bp DNA ladder were obtained from Bioline, Spinchrom Life 

Sciences, India. GenElute Plasmid DNA isolation (Miniprep) kit, GenElute Total 

RNA extraction (Miniprep) kit and GenElute Gel extraction kit were purchased 

from Sigma Aldrich, USA. 

Luria Bertoni Broth and Agar powder were procured from Himedia, India. 

cDNA synthesis kit was from Thermo Scientific, Restriction enzymes and T4 DNA 
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ligase were acquired from New England Biolabs. pGEMT-easy vector was 

purchased from Promega, USA. 

 

3.1.2. Plastic and glass wares 

All the glass wares used were obtained from Borosil International, India. PCR 

tubes was from Greiner, micro tips, centrifuge tubes, bacterial culture petridishes 

and other common plastic wares were procured from Tarsons Products Pvt. Ltd., 

India. Plastic wares used for mammalian cell culture works were purchased from 

Greiner bio-one, Corning and BD Falcon, BD Biosciences, India. 

 

3.1.3. List of Bacterial strains 

  

Strain Genotype 

1. Escherichia coli DH5α 

 

F– Φ80dlacZΔM15 Δ(lacZYA-argF)  

U169 recA1 endA1 hsdR17 (rK
–, mK

+)  

deoR thi-1 phoA supE44 λ–gyrA96 relA1 

 

3.1.4. Mammalian cell lines  

U87MG (Human Glioblastoma), HeLa (Human Cervix adenocarcinoma) and 

ACHN (Human Renal carcinoma) cells were procured from National Centre for 

Cell Science (NCCS), Pune, India.  

 

3.1.5. Media, solutions and buffers 

3.1.5.1. Luria Bertani broth media for culture of bacterial cells 

25 g of Luria Bertani broth powder was dissolved in 1 litre of double distilled 

water. The media was aliquoted into small volumes in test tubes or conical flasks 

and sterilised by autoclaving at 121 °C, 15 psi for 20 minutes. 
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3.1.5.2. LB Agar media for culture of bacterial cells 

LB agar media were prepared by using 1.5 % Agar in Luria Bertani broth and 

sterilised by autoclaving at 121 °C, 15 psi for 20 minutes. LB agar plates were 

made by pouring 20 ml of LB agar media along with desired antibiotics into 

petridishes. 

 

3.1.5.3. Dulbecco’s Modified Eagles Media (DMEM) for mammalian cell culture 

DMEM media was prepared by adding 13.47 g of DMEM powder having high 

glucose content, 3.75 g of Sodium bicarbonate, and Penicillin (50U/ml)-

Streptomycin (50mg/ml) solution in 1 litre of double distilled water. For routine 

culture of mammalian cells, DMEM media was supplemented with 10 % of Fetal 

Bovine Serum (FBS).  

 

3.1.5.4. Antibiotics 

 

Table 3.1. List of antibiotics used for culturing bacterial cells  

 Final concentration (μg/ml) Manufacturer 

1. Ampicillin 100 Himedia, India. 

2. Kanamycin 50 Himedia, India. 

 

Table 3.2. List of antibiotics used for mammalian cell culture 

 Final concentration (μg/ml) Manufacturer 

1. G418 
600 (Initial selection) 

400 (Regular maintenance) 
Sigma Aldrich, USA 
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3.1.5.5. 0.5 M EDTA solution 

Disodium EDTA (Ethylenediaminetetraacetic acid) salt (186.12 g) was dissolved in 

0.8 litre of double distilled water. To facilitate the dissolving of EDTA salt, NaOH 

pellets were added (approximately 20 g of NaOH pellets for 1 litre of EDTA 

solution). The pH was adjusted to 8.0 and the solution volume was made up to 1 

litre. The solution was sterilised by autoclaving. 

 

3.1.5.6. Solutions used in plasmid isolation 

Solution I: 50 mM glucose, 25 mM Tris-cl (pH-8.0) and 10 mM EDTA (pH-8.0). The 

solution was autoclaved at 121 °C, 15 psi for 15 minutes and stored at 4 °C. 

Solution II (prepared freshly): 0.2 N NaOH, 1 % SDS (w/v). 

Solution III: 5 M potassium acetate-60 ml, glacial acetic acid-11.5 ml and water 28.5 

ml. The solution was stored at 4 °C. 

 

3.1.5.7. Tris-EDTA (TE) buffer 

This buffer contained 10 mM Tris-Cl (pH 7.4) and 1 mM EDTA (pH 8.0). It was 

sterilized by autoclaving at 121 °C, 15 psi for 20 minutes and stored at 4 °C. 

 

3.1.5.8. Tris-acetate-EDTA (TAE) buffer 

Working solution of TAE buffer contained 40 mM Tris-acetate and 1 mM EDTA 

(pH 8.0). It was prepared as 50 X concentrated stock solution (242 g of Tris base, 

57.1 ml glacial acetic acid and 100 ml of 0.5 M EDTA (pH-8.0)) and used at 1X 

concentration. 

 

3.1.5.9. Transformation and storage solution (TSS) buffer 

TSS buffer contained 85 % (v/v) LB media, 10 % (w/v) polyethylene glycol (PEG, 

MW 8000), 5 % (v/v) DMSO and 50 mM MgCl2. 
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3.1.5.10. 6X DNA Loading dye 

The DNA loading dye is prepared by adding 0.25 % bromophenol blue, 0.25 % 

xylene cyanol and 30 % glycerol in water. 

 

3.1.5.11. Phosphate buffer saline (PBS) 

Phosphate buffer saline contained 140 mM sodium chloride, 2.7 mM potassium 

chloride, 10 mM di-sodium hydrogen phosphate, 1.8 mM potassium dihydrogen 

phosphate. The pH of the buffer was adjusted to 7.4. 

 

3.1.5.12. Propidium iodide staining solution 

The propidium iodide staining solution contained 50 μg/ml PI, 0.1 mg/ml RNase A 

and 0.05 % triton X-100 in PBS. 

 

3.1.5.13. SDS-Polyacrylamide gel electrophoresis 

Table 3.3. Solutions and buffers used in SDS-PAGE 

 

30 % acrylamide-bisacrylamide solution 

 

29.2 g Acrylamide and 0.8 g of bis-

acrylamide was dissolved in 100 ml 

of water. 

 

1.5 M Tris.Hcl, pH 8.8 

 

18.18 g of Tris base was dissolved in 

80 ml of water. The pH was adjusted 

to 8.8 with 2 N HCl and the volume 

was made up to 100 ml. 

 

1 M Tris.Hcl, pH 6.8 

 

12.1 g of Tris base was dissolved in 

80 ml of water. The pH was adjusted 

to 6.8 with 2 N HCl and the volume 

was made up to 100 ml. 
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1x Tris-glycine electrophoresis buffer  

 

25 mM Tris, 250 mM glycine, 0.1 % 

(w/v) SDS. 

 

1x SDS-gel loading buffer 

 

50 mM Tris-HCl (pH 6.8), 2 % (w/v) 

SDS, 1 % β-mercaptoethanol, 0.1 % 

bromophenol blue, 10 % (v/v) 

glycerol 

 

3.1.5.14. Western blotting 

Table 3.4. Solutions and buffers used in western blotting 

 

PBST solution PBS containing 0.1 % Tween-20. 

 

Transfer buffer (Towbin buffer) 

 

25 mM Tris, 192 mM glycine and 20 

% methanol. 

 

Blocking solution 

 

5 % BSA in PBST 

Ponceau solution 

 

0.1 % ponceau solution in 5 % acetic 

acid 

 

3.1.5.15. Primers 

Table 3.5. List of primers used 

 

Gene Primer sequence 

β-actin Forward: 5`-CTGTCTGGCGGCACCACCAT-3` 

Reverse: 5`-GCAACTAAGTCATAGTCCGC-3` 

MCSF Forward: 5`-GGAATTCCCATGACCGCGCCGGGCGCC-3` 

Reverse: 5`-AAGGGCCCCACTGGCAGTTCCAC-3` 

CSF-1R Forward: 5`- CTGGAGCTCCGGGACCTGCT-3` 
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Reverse: 5`- CCACTTCACAGGCAGGCGGG-3` 

GFAP Forward: 5`- CGGCTCGATCAACTCA-3` 

Reverse: 5′-CTCCTCCAGCGACTCAAT-3′ 

hTERT Forward: 5′-GTACATGCGACAGTTC-3′ 

Reverse: 5′-TTCTACAGGGAAGTTCAC-3′ 

CyclinD1 Forward: 5`-CGCCCCACCCCTCCAG-3` 

Reverse: 5`-CGCCCAGACCCTCAGACT-3` 

CyclinE Forward: 5`-CCACACCTGACAAAGAAGATGATGAC-3` 

Reverse: 5`-GAGCCTCTGGATGGTGCAATAAT-3` 

CyclinA2 Forward: 5`-ACGGCGCTCCAAGAGGACCA-3` 

Reverse: 5`-AGCCAGGGCATCTTCACGCT-3` 

CyclinB1 Forward: 5`-TCTGGATAATGGTGAATGGACA-3` 

Reverse: 5`-CGATGTGGCATACTTGTTCTTG-3` 

CyclinB2 Forward: 5`-AAAGTTGGCTCCAAAGGGTCCTT-3` 

Reverse: 5`-GAAACTGGCTGAACCTGTAAAAAT-3 

mdm2 Forward: 5′-CAGCAGGAATCATCGGACTCA-3′ 

Reverse: 5′-CCTTATTACACACAGAGCCAGGC-3′ 

ABCB1 Forward: 5`-CCCATCATTGCAATAGCAGG-3` 

Reverse: 5` -TGTTCAAACTTCTGCTCCTGA-3` 

ABCG1 Forward: 5′- CAGGAAGATTAGACACTGTGG -3′ 

Reverse: 5′- GAAAGGGGAATGGAGAGAAGA-3′ 

ABCG2 Forward: 5′- CCGCGACAGTTTCCAATGACCT -3′ 

Reverse: 5′- GCCGAAGAGCTGCTGAGAACTGTA -3′ 
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CD44 Forward: 5’-AGAAGGTGTGGGCAGAAGAA-3’ 

Reverse: 5’-AAATGCACCATTTCCTGAGA-3’ 

CD24 Forward: 5` CCCACGCAGATTTATTCCAG 3` 

Reverse: 5` GACTTCCAGACGCCATTTG 3` 

Notch-1 Forward: 5′- TCCACCAGTTTGAATGGTCA -3′ 

Reverse: 5′- AGCTCATCATCTGGGACAGG -3′ 

E-cadherin Forward: 5` TGCCCAGAAAATGAAAAAGG 3` 

Reverse: 5` GTGTATGTGGCAATGCGTTC 3` 

N-cadherin Forward: 5` ACAGTGGCCACCTACAAAGG 3` 

Reverse: 5` CCGAGATGGGGTTGATAATG 3` 

Fibronectin Forward: 5` CAGTGGGAGACCTCGAGAAG 3` 

Reverse: 5` TCCCTCGGAACATCAGAAAC 3` 

Vimentin Forward: 5` GAGAACTTTGCCGTTGAAGC 3` 

Reverse: 5` GCTTCCTGTAGGTGGCAATC 3` 

Caspase-3 Forward: 5`-TTTGTTTGTGTGCTTCTGAGCC-3` 

Reverse: 5`-ATTCTGTTGCCACCTTTCGG-3` 

Bax Forward: 5`-AAGCTGAGCGAGTGTCTCAAGCGC-3` 

Reverse: 5`-TCCCGCCACAAAGATGGTCACG-3` 

Bcl-xL Forward: 5`-ATGGCAGCAGTAAAGCAAGCGC-3` 

Reverse: 5`-TTCTCCTGGTGGCAATGGCG-3` 

RalBP1 Forward: 5`-ACTGTGCAGATCAGCAATCG-3` 

Reverse: 5`-CCTGATCTCCTCCTTGATGC-3` 
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3.2. Methods 

3.2.1. Culture of bacterial strains 

Bacterial cultures were grown in Luria Bertani Broth at 37 °C under shaking 

conditions (180 rpm). Stocks of bacterial strains were prepared in 20 % glycerol 

solution and stored at -80 °C. 

 

3.2.2. Isolation of plasmid DNA from bacterial cells 

The rapid alkaline lysis method of plasmid isolation (Birnboim and Doly, 1979) 

was followed with minor modifications. Bacterial pellet from 3ml of overnight 

grown bacterial cultures was resuspended in 100 μl of ice-cold solution I by 

vortexing. After 5 min incubation at room temperature, 200 μl of freshly prepared 

solution II was added and the contents were mixed, by gently inverting the tube 

several times. This was followed by the addition of 150 μl ice-cold solution III and 

gentle mixing. The tube was incubated on ice for 5 min and centrifuged at 12000 

rpm for 15 min at 4˚C. The clear supernatant was transferred into a fresh tube and 

the sample was treated for 30 min with DNase free RNase at a final concentration 

of 20 μg/ml at 55°C. The sample was extracted with an equal volume of phenol: 

chloroform mixture. The aqueous phase was carefully transferred into another 

tube and the plasmid DNA was precipitated with two volumes of cold ethanol in 

ice for 30 min. The plasmid DNA was pelleted by centrifugation at maximum 

speed for 15 min. A clear translucent pellet obtained was washed with 70 % 

ethanol solution, vacuum dried and dissolved in appropriate volume of nuclease 

free water. 

 

3.2.3. Quantification of DNA and RNA 

DNA and RNA samples diluted in water were quantified using a 

spectrophotometer. Absorbance was measured at 260 nm and 280 nm. The optical 
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density (O.D.) of 1 at 260 nm was considered to denote the presence of 50 μg/ml of 

DNA and 40 μg/ml of RNA. The actual concentration of DNA and RNA present in 

the samples were calculated using their respective dilution factors. 

 

3.2.4. Agarose gel electrophoresis 

The nucleic acid samples were mixed with the appropriate volumes of 6X DNA 

loading dye and subjected to electrophoresis through 0.6 %-1 % agarose gel in 1X 

TAE buffer. The gel was stained in ethidium bromide staining solution containing 

0.5 μg/ml of ethidium bromide for 30 min at room temperature. The stained gel 

was washed briefly in distilled water and the bands were visualized by 

fluorescence under UV-light. When required, the results were documented using a 

gel documentation system (Molecular imager ChemiDoc XRS+ image system, Bio-

Rad). 

 

3.2.5. Restriction enzyme digestion of DNA 

Plasmid DNA (0.5-1 μg) was used for restriction enzyme digestion analysis. 2-4 

units of the restriction enzyme along with their appropriate 10X buffers supplied 

by the manufacturers were used in a total reaction volume of 20 μl. 1 % 

concentration of BSA was added whenever specified by the manufacturer. The 

digestion was allowed to proceed for 6 h at the temperature recommended by the 

manufacturer. The DNA fragments after restriction digestion were visualized by 

ethidium bromide staining following electrophoresis on 0.6-1 % agarose gels. 

Commercially available DNA ladders and the corresponding undigested plasmid 

DNA were run along with the digestion samples to compare with and to estimate 

the sizes of the restriction fragments. The digested samples were stored at -20 °C 

for future use. 
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3.2.6. Elution of DNA from agarose gel 

Digested DNA products and PCR amplified DNA fragments were eluted from 

agarose gel by using GenElute Gel Extraction Kit (Sigma Aldrich, USA). The band 

of interest from agarose gel was sliced out and solubilized with 3 gel volumes of 

gel solubilization solution at 50-60 °C for 10 minutes with periodic vortexing. 1 gel 

volume of 100 % isopropanol was added to the solubilized gel solution and mixed 

until it became homogenous. The binding column supplied with the kit was 

prepared according to the manufacturer’s instructions. The gel-isopropanol 

mixture was loaded into the binding column and centrifuged at maximum speed 

for 1 min. The binding column was washed with the wash solution and finally 

eluted with elution buffer or nuclease free water. The eluted DNA was preserved 

at -20 °C for further use. 

 

3.2.7. Ligation of DNA 

Typically, 100-200 ng of DNA was used in each ligation reaction. The molar ratio 

of vector to insert was maintained between 1:3 and 1:6. The ligation reaction was 

usually set to 15 μl total reaction volume with appropriate 10 x ligation buffer 

(provided by the manufacturer) and 2 units of T4 DNA ligase, at 16 °C for 12-16 h. 

 

3.2.8. Preparation of DH5α competent cells 

A single colony from a plate of DH5α culture was picked and grown overnight in 

a test tube having 3 ml LB media. The overnight culture was subcultured in 50 ml 

of fresh LB broth at a ratio of 1:500 and grown at 37 °C till mid logarithmic phase. 

Cells were chilled on ice for 15 minutes and pelleted at 5000 rpm at 4 °C for 10 

minutes. The supernatant was discarded and the cells were suspended in 1/10th 

volume of Transformation and Storage Solution (TSS) (Chung et al., 1989). The 

cells were kept on ice for 20 minutes. The prepared competent cells were aliquoted 
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into small volumes (100-200 μl) in pre-chilled micro centrifuge tubes and stored at 

-80 °C. 

 

3.2.9. Transformation of DNA into DH5α competent cells 

100 μl of DH5α competent cells were mixed with 0.1-0.5 μg of DNA and incubated 

for 30 minutes on ice. Cells were given a heat shock for 90 seconds at 42˚C. The 

cultures were rapidly chilled on ice for 1-2 minutes, mixed with 0.9 ml of LB and 

incubated at 37˚C for 45-60 minutes. Transformed cultures were plated on 

selective media at various dilutions. 

 

3.2.10. Polymerase chain reaction 

Polymerase chain reaction was carried out in flat capped PCR tubes (Greiner bio-

one). The reaction was carried out for each sample with 25-50 ng DNA in 20 μl 

reaction volume. 1-5 units of Taq DNA polymerase was used along with the 

supplied reaction buffer. Each reaction mixture contained 1.5 mM MgCl2, 500 μM 

dNTP mix and 20 picomoles each of forward and reverse primers. The 

polymerisation was performed in a thermal cycler (Palm-Cycler, Genetix Biotech 

Asia Pvt. Ltd). 

 

3.2.11. Maintenance of mammalian cells 

Mammalian cell lines were routinely maintained in DMEM having 10 % serum 

and penicillin (50 U/ml)-streptomycin (50 mg/ml) antibiotic solution at 5 % CO2 in 

a humidified incubator at 37 °C. The media was changed at regular intervals of 

three days. Confluent cells were subcultured by washing with sterile PBS and 

adding 0.2 to 1 ml of trypsin-EDTA.  After cells were detached at 37 °C, the 

trypsin-EDTA solution was removed and the cells were suspended in complete 

DMEM media. A fraction of the uniform cell suspension was transferred to a fresh 
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culture flask having complete media and the cells were kept at 37 °C with 5 % 

CO2. 

   

3.2.12. Isolation of RNA from mammalian cells 

Total RNA from mammalian cells was isolated by using GenElute Mammalian 

Total RNA Miniprep Kit (Sigma Aldrich, USA). Cells grown as monolayers in 

culture flasks were lysed directly by using lysis solution containing 2-

mercaptoethanol. The cellular debris and sheared DNA were removed by passing 

the lysate through a GenElute Filtration Column and centrifuging at 12,000 x g for 

2 min. Equal volume of 70 % ethanol solution was added to the filtered lysate and 

mixed thoroughly. The lysate/ethanol mixture was then loaded into a GenElute 

Binding Column and centrifuged at 12,000 x g for 15 seconds. The column was 

washed first with wash solution 1 and then subsequently washed twice with 

ethanol diluted wash solution 2. The binding column was centrifuged for an 

additional 1 min to remove any residual wash solution 2. The binding column was 

finally transferred to a fresh centrifuge tube and the RNA was eluted in elution 

buffer or nuclease-free water. 

 

3.2.13. Synthesis of cDNA by reverse transcription 

The synthesis of cDNA from total RNA was performed by using RevertAid H 

Minus First Strand cDNA Synthesis Kit (Thermo Scientific). Around 1 μg of total 

RNA was used for each sample. For a 20 μl reaction mixture, the following 

protocol was followed. 

 

The sample mixture was prepared as follows:  

Template RNA -1 μg 
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Random hexamer -1 μl 

Nuclease-free water  -to 12μl 

 

The components are mixed gently, centrifuges briefly and incubated at 65 

°C for 5 min. The tubes were immediately chilled on ice. To the denatured RNA 

sample, the following components were added. 

  

5x reaction buffer -4 μl 

RiboLock RNase inhibitor (20 U/μl) -1 μl 

10 mM dNTP mix -2 μl 

RevertAid H Minus M-MuLV Reverse 

Transcriptase (200 U/μl) 

-1 μl 

 

The components were mixed gently and centrifuged briefly. The samples 

were incubated for 5 min at 25 °C followed by 60 min at 42 °C. The reaction was 

terminated by heating the samples at 70 °C for 5 min. The cDNA synthesised was 

stored at -20 °C until used for further downstream PCR amplifications. 

 

3.2.14. Transfection of mammalian cells 

Mammalian cell lines were transfected by using lipofectamine 2000 (Invitrogen) 

according to the manufacturer’s instructions. DNA and lipofectamine were 

diluted in serum free media at appropriate ratios recommended by the 

manufacturer. After 5 minutes of incubation, the diluted DNA and lipofactamine 

were mixed and kept for 20 min at room temperature. The lipofectamine-DNA 

complex formed was added to mammalian cells and the cells were kept at 37 °C 

for tranfection. After 6 hours incubation, the media containing lipofectamine-DNA 

complex was removed and fresh, complete DMEM was added. Stable clones of the 
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transfected cells were selected by adding G418 antibiotic after 72 hours of 

transfection. After initial selection of the stable cells in media containing 600 μg/ml 

G418, the cells were maintained in complete DMEM in presence of 400 μg/ml 

G418.  

 

3.2.15. Protein estimation 

Cells grown to 70-80 % confluency were lysed by RIPA buffer (Sigma Aldrich, 

USA) containing 1mM PMSF (Sigma Aldrich, USA). Total protein content in the 

cell lysates were quantified by Lowry’s method of protein estimation using BSA as 

standards. Briefly, 100 μl of protein sample was mixed with 250 μl of freshly 

prepared complex forming reagent (2 % Na2CO3 in 0.1 N NaOH, 2 % CuSO4.5H2O, 

2 % potassium sodium tartrate in the ratio of 100:1:1). The mixture was incubated 

at 37 °C for 10 min and then 25 μl of freshly diluted Folin reagent (Folin reagent 

diluted with distilled water in 1:1 ratio) was added. The mixture was vortexed and 

kept at room temperature for 30 min in dark. 200 μl reaction mixture of each 

sample was then transferred to a 96 well plate and the absorbance was measured 

at 660 nm.  

 

3.2.16. SDS-PAGE analysis and Western blotting 

SDS-PAGE was done loading equal amount of proteins in each well. The samples 

were blotted onto PVDF membrane and detected using antibodies for β-actin (BD 

Transduction Laboratories) and MCSF (Sigma Aldrich, USA). The antibody 

against β-actin was used at a concentration of 0.05 μg/ml and antibody for MCSF 

was used at a concentration of 0.1 μg/ml. Blots were developed using 

chemiluminescent peroxidase substrate-1 kit (Sigma Aldrich, USA) and imaged 

using gel documentation system (Molecular imager ChemiDoc XRS+ image 

system, Bio-Rad). 
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3.2.17. Cell viability assay  

Cell viability was measured by adopting the method reported by Roehm et al., 

(Roehm et al., 1991), using In Vitro Toxicology assay kit, XTT based (Sigma 

Aldrich, USA). Cells were seeded in 96 well microplates at a density of 1.5x103 

cells per well and allowed to grow overnight. 5-FU at various concentrations were 

added to the cells and kept at CO2 incubator. XTT (2, 3-bis [2-Methoxy-4-nitro-5-

sulfophenyl]-2H-tetrazolium-5-carboxyanilide inner salt) assay was performed at 

different time intervals using manufacturer’s protocol. The soluble orange 

formazan product was measured by a multiplate reader (Tecan, Infinite M200) at 

450 nm and the background was measured at 690 nm. Cell viability (%) of treated 

cells was calculated relative to untreated cells, taken as 100 % viable. 

% cell viability= [(A 450 – A 690) in treated sample/ (A 450 – A 690) in control     

sample] × 100. 

 

3.2.18. Acridine orange-Ethidium bromide dual staining 

Dual staining of cells with acridine orange-ethidium bromide dyes to detect 

apoptosis was done according to the previously reported method (Sharma et al., 

2013). Cells were grown to 70-80 % confluency in 6-well plates and treated with 

desired concentrations of 5-FU. The culture media was removed after treatment 

and the cells were washed twice with PBS. Fresh complete media containing 2 

μg/ml acridine orange and 6 μg/ml ethidium bromide was added to each well and 

cells were stained for 5 minutes in the dark. The cells were then washed twice 

with PBS and visualized under a fluorescence microscope (Nikon ECLIPSE, Ti-U, 

Japan) with an excitation filter of 480/15 nm(for acridine orange) and 540/25 nm 

(for ethidium bromide). 
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3.2.19. CalceinAM-DAPI dual staining 

Simultaneous staining of cells with calceinAM and DAPI (4', 6-diamidino-2-

phenylindole) was done to detect the presence of viable and apoptotic cells 

respectively (Onishi et al., 2006). Following treatment for 120 h, cells were washed 

thoroughly with PBS and then 2.5 μM calceinAM in PBS was added. After 15 

minutes of staining at room temperature in dark, the cell plate was washed twice 

with media containing serum and finally 300nM DAPI was added in complete 

media. The DAPI staining solution was removed after 3 min of incubation in dark 

and the cells were washed thrice with PBS. Samples were viewed under a 

fluorescence microscope (Nikon ECLIPSE Ti-U, Japan) with an excitation filter of 

480/15 nm(for calceinAM) and 360/20 nm (for DAPI). 

 

3.2.20. Methylene blue staining 

Methylene blue staining to study morphological features was performed 

following the method reported by Das et al., (Das et al., 2008) with minor 

modifications. Cells seeded in six well plates were treated with various 

concentrations of 5-FU for the desired time intervals. After treatment, the plate 

was washed twice with ice-cold PBS and cells were briefly fixed with 50% ice-cold 

ethanol. 0.2% (W/V) methylene blue staining solution was added to the plate and 

staining was carried out for 30 seconds. The solution was aspirated and the cells 

were washed thrice with ice-cold water. Samples were air dried and visualised 

under a light microscope to observe for any morphological changes associated 

with possible cell differentiation. 

 

3.2.21. Actin cytoskeleton staining 

Cells seeded in six well plates were treated with 5-FU. At the end of treatment 

period, cells were washed with PBS and fixed with 3.7 % paraformaldehyde 
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solution containing 0.1 % Triton X-100 at 37°C for 30 min. After washing with PBS 

for three times, cells were blocked with 1 % BSA blocking solution for 30 min. 

Then, cells were incubated with anti β-actin primary antibody (BD Transduction 

Laboratories) and subsequently with FITC tagged secondary antibody (BD 

Transduction Laboratories). After staining with FITC tagged secondary antibody, 

cells were washed thrice and incubated with media containing 300nM DAPI for 3 

min. Cells were washed thoroughly, finally resuspended in PBS and visualised 

under fluorescence microscope (Nikon ECLIPSE Ti-U, Japan) with an excitation 

filter of 480/15 nm(for FITC) and 360/20 nm (for DAPI). 

 

3.2.22. Trypan blue dye exclusion assay 

Cell viability calculations by using the dye trypan blue was done according to the 

method described by Das et al., (Das et al., 2008) with slight modifications. Cells in 

six well plate were treated with 5-FU for 120 h. After treatment, cells were 

harvested, mixed with equal volume of 0.4 % trypan blue (Invitrogen) and loaded 

over a counting chamber. The healthy and viable cells had intact membrane and 

hence, they excluded the dye. The compromised cells took up the dye and were 

counted as dead. The percentage (%) of cell viability was calculated by using 

Countess-automated cell counter (Invitrogen). 

 

3.2.23. CFSE cell proliferation assay 

Cells were adjusted to a density of 1x106 cells/ml in PBS containing 0.1% BSA. 

About 10μl of 0.5mM CFDA-SE (carboxyfluoresceindiacetate, succinimidyl ester) 

(Sigma Aldrich, USA) was added to make final working concentration of 5μM. 

Staining was carried out at 37°C for 10 min and then 5 volumes of ice-cold media 

was added to the cells to quench any free dye. Cells were pelleted by 

centrifugation and washed twice with fresh media. Stained cells were analysed 
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immediately by a flow cytometer (FacsCalibur, BD Biosciences, NJ) for 0 h 

readings, and a batch of same cells were seeded in six well plates for subsequent 

desired time periods. The data acquired were analysed in Cell Quest Pro software. 

The doubling time was calculated according to the formula Td=T/log2 (F0/FT), 

where F0 is the geometric mean fluorescence intensity at 0 h and FT is the 

geometric mean fluorescence intensity at T h (Das et al., 2012). In our study, T was 

chosen as 72 h. 

 

3.2.24. Cell cycle analysis 

The method reported by Sanpui et al., (Sanpui et al., 2011) was followed for cell 

cycle analysis. Briefly, cells were seeded in six well plates at density of 5x104 cells 

per well. After overnight attachment, various concentrations of 5-FU was added. 

At the end of the treatment period, cells were trypsinised, washed with PBS and 

fixed with 70% alcohol solution for 15 min in ice. The fixed cells were collected by 

centrifugation and stained with propidium iodide (PI) staining solution at 37°C for 

30 min in dark. At least 10000 events per sample were acquired by a flow 

cytometer (FacsCalibur, BD Biosciences, NJ) and the percentage of cells distributed 

in various phases of the cell cycle was calculated using ModFit LT software. 

 

3.2.25. Determination of Mitochondrial Membrane Potential (MMP) 

Changes in mitochondrial membrane potential (MMP) was investigated by using 

the method developed by Cossarizza et al.,(Cossarizza et al., 1993) with minor 

modifications. Briefly, 5x104 cells per well were plated in six well plate. Desired 

concentrations of 5-FU were added to cells and after treatment, cells were 

trypsinized, centrifuged and resuspended in complete medium containing 10 

μg/ml JC-1 (Sigma Aldrich, USA). The cell suspension was kept in dark for 10 min 

at room temperature. After incubation, the cells were washed twice with PBS, 
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resuspended in 500 μl PBS and analysed with a flow cytometer (FacsCalibur, BD 

Biosciences, NJ). A minimum of 10000 events were acquired for each sample and 

the data was analyzed with the CellQuest Pro software.  

 

3.2.26. MCSF Localization study 

Briefly, cells were washed with PBS and fixed with 3.7 % paraformaldehyde 

solution (with or without 0.1 % Triton X-100) at 37°C for 30 min. After washing 

with PBS for three times, cells were blocked with 1 % BSA blocking solution for 30 

min. Then, cells were incubated with anti-MCSF (Sigma) primary antibody and 

subsequently with FITC tagged secondary antibody (BD Transduction 

Laboratories). After staining with FITC tagged secondary antibody, cells were 

incubated with media containing 300nM DAPI for 3 min, finally washed and 

visualised under fluorescence microscope (Nikon ECLIPSE Ti-U, Japan) with an 

excitation filter of 480/15 nm(for FITC) and 360/20 nm (for DAPI). 

 

3.2.27. Real time PCR analysis 

Quantitative real time PCR was performed using SYBR Green as reporter dye 

(Power SYBR Green PCR master mix, Applied Biosystem) and 7500 Real time PCR 

system (Applied Biosystem). Raw data was analysed and efficiency of each 

reaction was calculated by LinRegPCR software. β-actin was used as the 

endogenous control and the fold change in expression of genes were calculated by 

ΔΔCt method. 

 

3.2.28. CD24/CD44 analysis by flow cytometry 

Flow cytometry identification of surface markers was done following the method 

used by Al-Hajj et al., (Al-Hajj et al., 2003) with minor modifications. Cells after 

treatment were dissociated into single suspension cells by trypsinization and 
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washed twice with PBS. All cells were incubated with 10% human serum for 20 

minutes on ice to block Fc receptors. Then the antibodies, FITC Mouse Anti-

Human CD24 and PE Mouse Anti-Human CD44 (both from BD Pharmingen) were 

added and incubated for 20 minutes on ice in the dark. The cells were washed 

twice with PBS, finally suspended in PBS and analysed by a flow cytometer 

(FacsCalibur, BD Biosciences, NJ). 

 

3.2.29. Statistical analysis 

The values for all experiments were expressed as mean ± s.e.m of three or more 

individual experiments. The data were analysed by Student’s t test or by ANOVA 

whichever applicable using GraphPad Prism 5.01. Statistically significant values 

are denoted by * (p <0.05), ** (p < 0.005) and *** (p < 0.001) 
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Section 4 

RESULTS AND DISCUSSION 

 

 

4.1. Cloning of MCSF gene and generation of stable cell lines 

Human renal cell carcinomas were previously reported to have significant 

expression of macrophage colony stimulating factor (Gerharz et al., 2001; 

Komohara et al., 2011). In 1987, Sakai et al., purified MCSF from urine and 

sequenced its N-terminal region up to position 44 (Sakai et al., 1987). In our 

studies, renal cell adenocarcinoma cell line ACHN was chosen as the source of 

MCSF. MCSF was initially cloned into pGEMT-easy vector and then subsequently 

into pEGFP-N1 mammalian expression vector. A stable cell line of U87MG, 

human glioblastoma cells expressing MCSF (U87-MCSF) was successively 

generated. The cloning strategy employed is depicted in Figure 4.1.  

Initially, total RNA was isolated from the ACHN cells and cDNA was 

synthesised by using cDNA synthesis kit (Fermentas). The gene corresponding to 

the membrane bound isoform of MCSF was amplified by polymerase chain 

reaction and the 0.771 kb PCR product was first cloned into the pGEMT-easy 

vector (Promega). The clone pGEMT-MCSF was confirmed by restriction digestion 

analysis with EcoRI, BamHI and XmnI which gave bands of 3 and 0.781 kb, 3.786 

kb, 2.232 and 1.554 kb, respectively (Figure 4.2). The clone was also confirmed by 

DNA sequencing (Figure 4.3). The 0.771 kb MCSF gene cloned into pGEMT-easy 

vector was then PCR amplified by primers having EcoRI and ApaI as flanking 

restriction sites and the product was cloned into pre-digested EcoRI and ApaI sites 
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of the mammalian expression vector pEGFP-N1. The clones were confirmed by 

restriction digestion analysis with multiple combinations of restriction enzymes: 

digestion with EcoRI and ApaI generated bands of 4.676 and 0.783 kb, digestion 

with XmnI and NheI revealed bands of 4.930 and 0.541 kb and digestion with 

XmnI which yielded a single band of 5.471 kb (Figure 4.4). The recombinant 

plasmid, pEGFP-N1-MCSF was then transfected into the glioblastoma cell line, 

U87MG using lipofectamine 2000 (Invitrogen).  After 72 h of transfection, U87MG 

cells stably expressing MCSF gene (U87-MCSF) were selected in culture media by 

adding the antibiotic, G418 at the concentration of 600 μg/ml. After initial selection 

for three weeks in media containing 600 μg/ml G418, cells were routinely 

maintained in culture media having 400 μg/ml G418. A mixed population of 

clones of U87-MCSF was selected in order to exclude the potential role of any 

other compensatory process arising out of transfection in a single clonal 

population.  

The expression of transgene MCSF in U87-MCSF cells was confirmed by 

semi-quantitative RT-PCR analysis (Figure 4.5). The expression of MCSF protein 

was analysed by western blotting with anti-MCSF antibody. A band 

corresponding to molecular weight of 28 kD in U87-MCSF protein sample 

confirmed the overexpression of membrane bound isoform of MCSF protein in 

U87-MCSF cells (Figure 4.6). A mock transfected cell line was generated by 

transfecting U87MG cells with empty vector backbone of pEGFP-N1. The resultant 

U87-GFP cells were also selected with G418 and the expression of GFP was 

examined by fluorescence microscopy. As shown in Figure 4.7, bright green 

fluorescence was seen in U87-GFP cells. Next, the cytotoxicity of 5-fluorouracil 

was evaluated on all three cell lines of U87MG, U87-MCSG and U87-GFP. 
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Figure 4.1. Strategy for cloning and generation of U87-MCSF cells. The membrane 

bound isoform of MCSF, amplified using cDNA of ACHN cells was first cloned 

into pGEMT-easy vector and subsequently into the mammalian expression vector 

pEGFP-N1. The pEGFP-N1-MCSF was transfected into U87MG cells by 

lipofectamine and U87-MCSF cells were selected in cell culture media having 

G418. 

TH-1247_08610608



Results and Discussion   Section 4 
 

60 
 

 

 

 

 

 

 

 

 

Figure 4.2. Confirmation of pGEMT-MCSF clone by restriction digestion analysis. 

Lane 1: 1 kb DNA ladder; Lane 2: pGEMT-MCSF digested with EcoRI (3 and 0.781 

kb); Lane 3: pGEMT-MCSF digested with BamHI (3.786 kb); Lane 4: pGEMT-

MCSF digested with XmnI (2.232 and 1.554 kb); Lane 5: uncut plasmid.  
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CTATAGGGCGAATTGGGCCCGACGTCGCATGCTCCCGGCCGCCATGGCGGCCGC
GGGAATTCGATTCACCATGGGTATGACCGCGCCGGGCGCCGCCGGGCGCTGCCCT
CCCACGACATGGCTGGGCTCCCTGCTGTTGTTGGTCTGTCTCCTGGCGAGCAGGA
GTACCACCGAGGAGGTGTCGGAGTACTGTAGCCACATGATTGGGAGTGGACACCT
GCAGTCTCTGCAGCGGCTGATTGACAGTCAGATGGAGACCTCGTGCCAAATTACAT
TTGAGTTTGTAGACCAGGAACAGTTGAAAGATCCAGTGTGCTACCTTAAGAAGGCA
TTTCTCCTGGTACAAGACATAATGGAGGACACCATGCGCTTCAGAGATAACACCCC
CAATGCTATCGCCATTGTGCAGCTGCAGGAACTCTCTTTGAGGCTGAAGAGCTGCT
TCACCAAGGATTATGAAGAGCATGACAAGGCCTGCGTCCGAACTTTCTATGAGACA
CCTCTCCAGTTGCTGGAGAAGGTCAAGAATGTCTTTAATGAAACAAAGAATCTCCT
TGACAAGGACTGGAATATTTTCAGCAAGAACTGCAACAACAGCTTTGCTGAATGCT
CCAGCCAAGGCCATGAGAGGCAGTCCGAGGGATCCTCCAGCCCGCAGCTCCAGG
AGTCTGTCTTCCACCTGCTGGTGCCCAGTGTCATCCTGGTCTTGCTGGCCGTCGGA
GGCCTCTTGTTCTACAGGTGGAGGCGGAGGAGCCATCAAGAGCCTCAGAGAGCGG
ATTCTCCCTTGGAGCAACCAGAGGGCAGCCCCCTGACTCAGGATGACAGACAGGT
GGAACTGCCAGTGTAGCTAGCATAATCACTAGTGAATTCGCGGCCGCCTGCAGGT
CGACCATATGGGAGAGCTCCCAACGCGTTGGATGCATAGCTTGAGTATTCTATAGT
GTCACCTAAA 

 

Figure 4.3. Annotation of the sequence of pGEMT-MCSF. The sequence of the 

clone pGEMT-MCSF was verified by DNA sequencing. The blue region indicates 

the nucleotide sequence of the cloned MCSF gene.  
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Figure 4.4. Confirmation of clones of pEGFP N1-MCSF by restriction digestion 

analysis. Lane 1: 1 kb DNA ladder; Lane 2: pEGFP N1-MCSF digested with EcoRI 

and ApaI (4.676 and 0.783 kb); Lane 3: pEGFP N1-MCSF digested with XmnI and 

NheI (4.930 and 0.541 kb); Lane 4: pEGFP N1-MCSF digested with XmnI (5.471 

kb).  
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Figure 4.5. Semi-quantitative RT-PCR analysis to study the overexpression of 

MCSF gene in U87-MCSF cells. β-actin was used as the internal control. 

 

 

 

 

Figure 4.6. Western blotting analysis to confirm the overexpression of MCSF in 

U87-MCSF cells. A 28 kD band confirmed the overexpression of MCSF in U87-

MCSF cells. β-actin was used as the loading control. 
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Figure 4.7. Generation of U87-GFP cells. U87MG cells were transfected with 

pEGFP N1 vector and the transfected cells were selected with 400 μg/ml G418. 

Bright green fluorescence was seen in the transfected cells when visualised under 

a fluorescence microscope. Scale bar: 100μm. 
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4.2. Effect of 5-FU on U87MG, U87-MCSF and U87-GFP cells 

5-FU is one of the most widely used anti-cancer drugs used in the treatment of 

solid tumors. 5-FU mediates its cytotoxic effects by inhibiting thymidylate 

synthase enzyme and blocking DNA synthesis (Longley et al., 2003). We assessed 

the effect of 5-FU on U87MG and U87-MCSF cells by XTT assay. Cells were treated 

with various concentrations of 5-FU ranging from 5-100 μM, for 48 h and 72 h. We 

did not observe any difference in cell proliferation or viability between U87MG 

and U87-MCSF cells after 48 h of 5-FU treatment (Figure 4.8). However, the 

proliferation of U87-MCSF cells was found to be significantly reduced when 

treated with 5-FU of above 10 μM for 72 h as evident from the reduced absorbance 

values seen in treated U87-MCSF cells (Figure 4.9). Similar reduction in cell 

proliferation with 5-FU treatment was not observed in U87-GFP cell line, where 

the proliferation was almost similar to that of the treated U87MG cells. This 

retardation of cell proliferation observed with 5-FU treatment did not occur when 

U87-MCSF cells were treated with cisplatin (Figure 4.10). 

We did not see any cell death by visual observation even after treatment 

with higher concentrations of 5-FU for a prolonged period of time. Acridine 

orange-ethidium bromide dual staining of treated U87MG and U87-MCSF cells 

did not show the presence of any apoptotic cell population (Figure 4.11 and 4.12). 

Morphological changes for characteristic apoptosis were also not observed after 5-

FU treatment. Additionally, we performed JC-1 staining to investigate changes in 

mitochondrial membrane potential after treatment of cells with 5-FU for 120 h. As 

shown in figure 4.13, JC-1 staining revealed the absence of apoptosis in 5-FU 

treated U87MG or U87-MCSF cells. Furthermore, quantitative calculation using 

trypan blue dye exclusion assay revealed intact cell membrane with healthy cell 

populations after 120 h of 5-FU treatment (Figure 4.14).   
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Figure 4.8. Effect of 5-FU on U87MG and U87-MCSF after 48 h of treatment. 

 

 

 

Figure 4.9. Effect of 5-FU on U87MG and U87-MCSF after 72 h of treatment. 

Treated U87-MCSF cells recorded less absorbance values than treated U87MG and 

treated U87-GFP cells. Statistical significance is denoted by * (p<0.05), ** (p<0.01) 

and *** (p<0.001). 
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Figure 4.10. Studies on U87MG, U87-MCSF and U87-GFP cells after 48 h treatment 

with cisplatin. No difference in cytotoxicity was observed between treated 

samples of U87MG, U87-MCSF and U87-GFP cells. 
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Figure 4.11. Acridine orange-ethidium bromide dual staining of U87MG cells. 

U87MG cells were treated with 5-FU for 72 h and stained with AO/EB dual 

staining solution. Cells were visualised under a fluorescence microscope. The 

pictures did not show any indication of apoptotic nuclei in treated cells. Scale bar: 

100 μm. 
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Figure 4.12. Acridine orange-ethidium bromide dual staining of U87-MCSF cells. 

U87-MCSF cells were treated with 5-FU for 72 h and stained with AO/EB dual 

staining solution. Cells were visualised under a fluorescence microscope. No 

apoptotic nuclei were seen in treated cells. Scale bar: 100 μm. 
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Figure 4.13. JC-1 analysis of treated U87MG and U87-MCSF cells. (A-C) U87MG. 

(D-F) U87-MCSF. The results revealed that MCSF expression failed to induce 

apoptosis after treatment with 25 μM 5-FU (B, E) and 50μM 5-FU (C, F) for five 

days. As U87MG cells were resistant to 5-FU and cisplatin, Hela cells were used as 

appropriate controls-(G) untreated HeLa cells and (H) HeLa cells treated with 

cisplatin. 
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Figure 4.14. Trypan blue assay for U87MG and U87-MCSF cells. Cells were treated 

with 5-FU for 120 h and the viability of treated cells was investigated by trypan 

blue dye exclusion assay. Treated samples of both U87MG and U87-MCSF cells 

were healthy and viable.  
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 We investigated the expression of some of the pro-apoptotic and anti-

apoptotic genes like caspase-3, Bax and Bcl-xL. As shown in Figure 4.15, the 

expression of pro-apoptotic gene, Bax was increased in treated samples of both 

U87MG (1.90 fold) and U87-MCSF cells (1.29 fold). The expression of anti-

apoptotic gene, Bcl-xL was also increased in treated U87MG and treated U87-

MCSF cells. However, the increase in Bcl-xL expression was 2.11 fold in treated 

U87-MCSF cells as compared to the 1.25 fold increase in treated U87MG cells. 

Caspase-3 expression remained unchanged in treated samples of U87MG and 

U87-MCSF cells. 

 

 

Figure 4.15. Semi-quantitative RT-PCR analysis of pro and anti-apoptotic genes.  

U87MG and U87-MCSF cells were treated with 5-FU for 72 h and the expression of 

Caspase-3, Bax and Bcl-xL was investigated. Upregulation in the expression of 

pro-apoptotic gene, Bax is counter-balanced by the upregulation in the expression 

of anti-apoptotic Bcl-xL in both treated U87MG and treated U87-MCSF cells. 

Expression of β-actin was used as the control. Fold changes in gene expression 

was quantified by densitometry analysis using ImageJ software. 
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A balance in the expression of pro and anti-apoptotic genes determine the 

fate of the cells in entering apoptotic pathway (Finkel, 2001). Analysis of 

expression of pro and anti-apoptotic genes revealed that upregulation in the 

expression of pro-apoptotic gene, Bax is counter-balanced by the upregulation in 

the expression of anti-apoptotic Bcl-xL in both treated U87MG and treated U87-

MCSF cells. However, treated U87-MCSF cells had lesser expression of pro-

apoptotic gene Bax and higher expression of anti-apoptotic Bcl-xL as compared to 

treated U87MG cells. Our results showed that although treated samples of both 

U87MG and U87-MCSF cells did not undergo apoptosis, 5-FU treated U87-MCSF 

cells had more resistance to apoptosis than 5-FU treated U87MG cells. 

Two possible reasons could account for the decreased absorbance values 

seen by XTT assay in 5-FU treated cells. One, the cytotoxicity of 5-FU may trigger 

cell death, thereby decreasing the absorbance and the other, only the cell 

proliferation is retarded without affecting the viability of cells. Visual observation 

and the results from JC-1 staining and trypan blue dye exclusion assay negated the 

presence of apoptosis or any other form of cell death. Hence, the only other reason 

that is possible for reduced absorbance values is retardation in cell proliferation. In 

order to validate this, the cell cycle of treated samples of U87MG, U87-MCSF and 

U87-GFP cells were examined next by flow cytometry.  

 

4.3. Cell proliferation studies for U87MG and U87-MCSF cells  

As MCSF is a growth factor, mere expression of it alone can change the growth 

pattern of U87-MCSF cells. Hence, before cell cycle analysis of treated samples, the 

rate of proliferation of untreated U87MG and U87-MCSF cells has to be 

investigated. Untreated U87MG and U87-MCSF cells were stained with 

carboxyfluoresceindiacetate, succinimidyl ester (CFSE), analysed by a flow 

cytometer and the doubling time of both cells were calculated. As shown in Figure 
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4.16, the expression of MCSF did not change the growth rate of U87-MCSF cells. 

The doubling time of U87MG and U87-MCSF cells was found to be 12 h.  

 

 

Figure 4.16. CFSE cell proliferation assay. The results showed that the rate of 

proliferation of untreated U87MG and U87-MCSF cells remained unaltered. 

 

 

The pattern of proliferation of U87MG and U87-MCSF cells was also 

compared by examining the distribution of cells in various phases of cell cycle by 

flow cytometry analysis of propidium iodide stained cells. Initially, both U87MG 

and U87-MCSF cells were synchronised in G0/G1 phase by serum starvation for 48 

h (Abal et al., 2004). FACS analysis for measurement of DNA content of cells at 

this stage (0 h) showed that the relative percentage of cells in G0/G1 phase was 96 

± 2%. Serum containing media was added to release the cells from G0/G1 arrest, 

and the cell cycle pattern of U87MG and U87-MCSF cells was carefully observed 

at regular time intervals (Figure 4.17).  
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Figure 4.17. Comparison of cell cycle between U87MG and U87-MCSF cells. No 

difference in pattern of cell cycle between U87MG and U87-MCSF cells was 

observed.
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 The data obtained by cell cycle analysis clearly showed that there was no 

difference in the rate of progression of cell cycle between U87MG and U87-MCSF 

cells, which correlated with the results obtained in CFSE cell proliferation assay. 

This finding is in contrast to the previous reports, where addition of MCSF to the 

human ovarian cancer cells was reported to induce G0/G1 arrest in vitro and 

thereby, significantly inhibited cell growth (Kawakami et al., 2000).  

 

4.4. Effect of 5-FU on cell cycle of U87-MCSF 

Absence of apoptosis suggested that cell cycle retardation might be the possible 

reason for reduced cell growth measured by XTT assay. Therefore, the cell cycle of 

U87MG and U87-MCSF upon 5-FU treatment was studied by propidium iodide 

staining using flow cytometer. Cells were first synchronised in G0/G1 phase by 

serum starvation for 48 h before treatment. Then fresh media containing serum 

was added and the cells were treated with 25 μM 5-FU for 24 h and their 

distribution pattern in various phases of cell cycle was analysed by FacsCalibur. 

The treatment period was chosen as 24 h based on the data obtained by comparing 

the cell cycle of U87MG and U87-MCSF cells. 5-FU treatment is known to arrest 

cells in G1/S phase (Liu, H. C. et al., 2006). At 24 h post starvation period, the 

percentage of cells in G0/G1 phase was less (Figure 4.17) and hence, any blocking 

of cells in G0/G1 phase by 5-FU treatment will be distinctly seen after 24 h 

treatment.  

The cell cycle data acquired by using CellQuest Pro software was analysed 

by ModFit LT software (Figure 4.18). The results were plotted and the statistical 

analysis was done for treated U87MG and treated U87-MCSF cells (Figure 4.19). 

Cell cycle analysis of treated U87-GFP cells was also performed and results were 

compared with treated U87MG cells (Figure 4.20). 
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Figure 4.18. Histogram plots for cell cycle analysis of treated U87MG, U87-MCSF 

and U87-GFP cells. Cells were treated with 25μM 5-FU for 24 h and cell cycle was 

analysed by flow cytometer. Data was acquired by CellQuest Pro software and 

analysed by ModFit LT software. (1-3) U87MG cells; (4-6) U87-MCSF cells; (7-9) 

U87-GFP cells. (1,4,7) G0/G1 synchronised cells; (2,5,8) 24 h post synchronisation, 

untreated; (3,6,9) 24 h post synchronisation, 5-FU treated.  
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Figure 4.19. Cell cycle analysis of U87MG and U87-MCSF cells after treatment 

with 5-FU for 24 h. Majority of cells were accumulated in G0/G1 phase in treated 

population of U87-MCSF cells. Statistical significance is denoted by * (p<0.05), ** 

(p<0.01) and *** (p<0.001). 

 

 

Figure 4.20. Cell cycle analysis of treated U87MG and U87-GFP cells. No 

difference in proportion of cells accumulated in G0/G1 phase was noted between 

treated U87MG and treated U87-GFP cells. 
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The data obtained showed significantly higher percentage (90 %) of U87-

MCSF cells in G0/G1 phase than that of U87MG (69 %) and U87-GFP (75 %) cells 

after 5-FU treatment. This was accompanied by a corresponding decrease in 

proportion of cells in S and G2/M phases. These results indicated that MCSF 

expression augmented the accumulation of cells in G0/G1 phase upon treatment 

with 5-FU. However, this accumulation of cells in G0/G1 phase did not affect their 

viability and the cells did not enter into apoptosis. As the cell cycle of U87-MCSF 

cells was more affected by 5-FU treatment than treated U87MG or treated U87-

GFP cells, we investigated the expression profiles of cyclins in our next 

experiments.  

 

4.5. Effect of 5-FU on expression of cyclins  

The expression levels of various cyclins were analysed by quantitative real time 

PCR. Specific cyclins are expressed transiently during the progression of cell cycle 

and are turned off at the end of individual phase. Before treatment, the cells were 

synchronised in G0/G1 phase by serum starvation for 48 h. Based on the results 

obtained in Figure 4.17, cyclins involved in G1 phase and G1-S transition phase 

were quantified after 18 h of 5-FU treatment, and the cyclins involved in late S 

phase and G2/M phase were quantified after 24 h of 5-FU treatment. A significant 

drop in the level of expression of cyclin E and a slight decrease in expression of 

cyclin A2 in 5-FU treated U87-MCSF cells were observed in comparison with 5-FU 

treated U87MG cells (Figure 4.21). We also measured the expression of p21, the 

cyclin-dependent kinase inhibitor. p21 expression was increased in the treated 

samples of both U87MG and U87-MCSF cells. 
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Figure 4.21. Real time PCR analysis to study the expression levels of various 

cyclins and p21. A significant decrease in the expression of cyclin E and a slight 

decrease in the expression of cyclin A2 was observed in treated U87-MCSF cells. 

The expression of p21, the cyclin dependent kinase inhibitor was increased in 

treated samples of both U87MG and U87-MCSF cells. Statistical significance is 

denoted by * (p<0.05), ** (p<0.01) and *** (p<0.001). 
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Results from Figure 4.21 revealed that Cyclin D1 expression remained 

unaltered between treated U87MG and treated U87-MCSF cells. After 18 h of 5-FU 

treatment, cyclin E expression was significantly decreased in treated U87-MCSF 

cells but not in treated U87MG cells (Figure 4.21). However, after 24 h of 5-FU 

treatment, down regulation in cyclin E expression was seen in treated samples of 

both U87MG and U87-MCSF cells (Figure 4.22). This denoted that the response of 

U87-MCSF cells to 5-FU treatment was faster than U87MG cells. A slight decrease 

in expression of cyclin A2 was also observed in 5-FU treated U87-MCSF cells in 

comparison to 5-FU treated U87MG cells after 24 h of 5-FU treatment (Figure 4.21). 

It is to be mentioned here that Cyclin E is involved in the G1 to S phase transition 

and cyclin A2 is expressed throughout the S and G2 phase. Hence, any decrease in 

expression of cyclin E and cyclin A2 denote the decrease in the transition of cells 

from G1 to S phase.  

 

 

Figure 4.22. RT-PCR analysis of expression of cyclin E after 24 h of 5-FU treatment. 

The results showed decrease in expression of cyclin E in treated samples of both 

U87MG and U87-MCSF cells. β-actin expression was used as the control. 
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The expression of cyclin B1 and cyclin B2 was less in treated samples of 

both U87MG and U87-MCSF cells, correlating with the lesser number of cells 

progressing to the G2/M phase (Figure 4.21). There was an increase in the 

expression of p21, the cyclin-dependent kinase inhibitor, in the treated samples of 

both U87MG and U87-MCSF cells substantiating the increased G1 accumulation of 

cells after 5-FU treatment. Thus, differential expression of cyclins and the cdk 

inhibitor, p21 at various stages of cell cycle corroborated the cell growth 

retardation observed in 5-FU treated U87-MCSF cells. 

 

4.6. Change in cell morphology on treatment with 5-FU 

Cell growth retardation was observed in U87-MCSF cells after 5-FU treatment. 

Although apoptosis was absent, we observed morphological changes of U87-

MCSF cells even when treated with low dose (25 μM) of 5-FU for 72 h. Methylene 

blue staining of U87MG and U87-MCSF cells showed the appearance of elongated, 

thin and spindle shaped morphology consistent with a mesenchymal appearance 

in U87-MCSF cells with 25 μM 5-FU treatment, but not in U87MG cells under the 

similar conditions (Figure 4.23). Treatment of U87MG and U87-MCSF cells with 50 

μM 5-FU conferred elongated morphology in both cells.  

Further, cytoskeleton staining of untreated and treated samples of U87MG 

and U87-MCSF cells was done using anti β-actin antibody (Figure 4.24). The 

results obtained reinforced the morphological changes observed in methylene blue 

staining. Elongated and mesenchymal cells were observed in 25 μM 5-FU treated 

U87-MCSF cells but not in 25 μM 5-FU treated U87MG cells after 72 h treatment. 

But, elongated cells were seen in both U87MG and U87-MCSF cells when treated 

with 50 μM 5-FU for 72 h. 
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Figure 4.23. Methylene blue staining after 5-FU treatment for 72 h. Elongated and 

spindle shaped cells was seen in U87-MCSF cells treated with 25 μM 5-FU but not 

in treated U87MG cells. However, 50 μM 5-FU treatment conferred elongated 

morphology in treated samples of both U87MG and U87-MCSF cells. Scale bar: 

50μm. 
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Figure 4.24. Actin cytoskeleton staining of cells using anti β-actin antibody. The 

morphological pictures showed the presence of elongated and mesenchymal cells 

in U87-MCSF cells treated with 25 μM 5-FU but not in U87MG cells treated with 

25 μM 5-FU. Upon 50 μM 5-FU treatment, elongated cells were seen in both 

treated U87MG and treated U87-MCSF cells. Scale bar: 50 μm. 
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Additionally, microscopic examination of treated cells was carried out after 

dual staining with DAPI and CalceinAM. Cells were treated with 25 and 50 μM of 

5-FU for 120 h and upon DAPI staining, cells showed intact nuclei. CalceinAM 

staining under same conditions, showed live cells with elongated morphologies 

(Figure 4.25), which was similar to the observation in methylene blue staining. 

This result indicated that upon prolonged treatment of cells with 5-FU for 120 h, 

both U87MG and U87-MCSF cells acquire mesenchymal morphology. 

The morphological changes seen in the treated cells of U87MG and U87-

MCSF prompted us to check the expression of GFAP and hTERT. Expression of 

telomerase is an important biochemical marker for assessment of cancerous cells. 

Germline tissues and cancerous cells have higher level of telomerase activity (Kim 

et al., 1994). Hence downregulation of telomerase is a very important indicator in 

successful cancer therapy. Increase in expression of GFAP and decrease in 

expression of hTERT were reported to be associated with astrocytic differentiation 

of glial cells (Das et al., 2008; Das et al., 2009). In order to evaluate these 

morphological features to examine the possibility of differentiation, the expression 

of classical biochemical marker for astrocytic differentiation namely, the glial 

fibrillary acidic protein (GFAP) and human telomerase reverse transcriptase 

(hTERT) catalytic subunit was analysed by semi-quantitative RT-PCR (Figure 

4.26). The expression pattern of GFAP was unchanged in treated U87-MCSF cells 

which showed the absence of astrocytic differentiation. However, the expression 

of hTERT was significantly reduced in both U87MG and U87-MCSF cells after 5-

FU treatment, justifying the suppression of cell proliferation.  
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Figure 4.25. Microscopic examination of treated cells by DAPI/CalceinAM 

staining. Cells treated with 5-FU for 120 h were stained with DAPI/CalceinAM 

and observed under a fluorescence microscope. The results revealed the presence 

of elongated cells with intact nuclei in treated samples of both U87MG and U87-

MCSF cells. Scale bar: 50μm. 
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Figure 4.26. Semi quantitative RT-PCR analysis of expression of hTERT and GFAP 

genes. No change in expression of GFAP was observed between untreated and 

treated samples of U87MG and U87-MCSF cells. There was a down-regulation in 

the expression of hTERT in treated samples of both U87MG and U87-MCSF as 

compared to their corresponding untreated samples. Expression of β-actin was 

same across all the samples analysed.  
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4.7. Epithelial-mesenchymal transition (EMT) of U87-MCSF cells 

The morphology of untreated U87MG and U87-MCSF cells was examined 

carefully with an inverted microscope. Spindle shaped cells with more 

mesenchymal-like appearance were observed in untreated U87-MCSF cells (Figure 

4.27). The spindle shaped and elongated morphology was more prominent after 

treatment with 5-FU as seen by methylene blue staining (Figure 4.23) and actin 

cytoskeleton staining (Figure 4.24) in treated U87-MCSF cells. These 

morphological features indicated the possible occurrence of epithelial-

mesenchymal transition in U87-MCSF cells. To investigate this, expression of 

epithelial cell marker E-cadherin and mesenchymal cell markers vimentin, N-

cadherin, fibronectin was analysed by semi-quantitative RT-PCR.  

EMT is a conserved transdifferentiation cellular process conferring the 

features of mesenchymal cells over the basal epithelial cells, increasing their 

invasive properties and metastasis (Singh and Settleman, 2010; Sethi and Kang, 

2011). Cells which have undergone EMT are resistant to apoptosis (Kalluri and 

Weinberg, 2009) and have increased expression of mesenchymal markers such as 

N-cadherin, vimentin, fibronectin etc., (Lee et al., 2006). In our study, semi-

quantitative RT-PCR analyses of epithelial and mesenchymal markers were 

performed. MCSF expression in U87MG cells resulted in the appearance of spindle 

shaped, more mesenchymal type cells indicating the occurrence of EMT. A 

corresponding upregulation in expression of mesenchymal markers like N-

cadherin and vimentin (1.98 and 2.18 fold respectively) was also noted in U87-

MCSF cells (Figure 4.28). E-cadherin expression was found to be absent in all the 

samples analysed (data not shown) which correlated with the previously reported 

data showing lack of E-cadherin expression in glioblastoma (Bellail et al., 2004).  

With 5-FU treatment, the expression of the mesenchymal marker, N-

cadherin was further increased in treated U87-MCSF cells by 3.32 fold while the 
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expression of vimentin remained unchanged and similar to untreated U87-MCSF 

cells (Figure 4.28). In treated U87MG cells, only a marginal increase in the 

expression of N-cadherin and vimentin (1.26 and 1.41 fold respectively) was 

noted. The expression level of fibronectin was unaltered in treated samples of both 

cell types. 5-FU treatment induced mesenchymal properties in both U87MG and 

U87-MCSF cells as seen in Figure 4.23 and Figure 4.24. However, the concentration 

of 5-FU required to induce these changes varied between U87MG and U87-MCSF 

cells. While elongated and spindle shaped mesenchymal cells were seen in treated 

U87-MCSF when treated with 25 μM 5-FU for 72 h, mesenchymal morphology can 

be seen in treated U87MG cells only when treated with 50 μM 5-FU for 72 h. But 

when treatment with 25 μM 5-FU was prolonged for 120 h, elongated 

mesenchymal type cells were seen in treated samples of both U87MG and U87-

MCSF cells (Figure 4.25). 

We also investigated the expression of Notch-1, one of the inducers of EMT. 

As seen in Figure 4.28, Notch-1 expression was upregulated in untreated U87-

MCSF cells. Quantitative expression analysis by real time PCR analysis showed 

that notch-1 expression was increased by around 4-fold in untreated U87-MCSF 

cells when compared with untreated U87MG cells (Figure 4.29). The role of Notch-

1 signalling in inducing EMT had been reported previously in pancreatic cancer 

cells (Bao et al., 2011). Numerous reports have shown the association between 

EMT and the progression of cancer (Berx et al., 2007; Burk et al., 2008; Bao et al., 

2011). Invasion of tumor was decreased when Notch-1 expression was 

downregulated by using siRNA (Wang et al., 2006). Consistent with these reports, 

in our study we found that an increase in the expression of Notch-1 was associated 

with increase in expression of mesenchymal markers in U87-MCSF cells indicating 

the occurrence of EMT. 
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Figure 4.27. Morphology of untreated U87MG and U87-MCSF cells. U87-MCSF 

cells showed spindle shaped, mesenchymal like cells (indicated by arrows). Scale 

bar: 50 μm. 
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Figure 4.28. Semi quantitative RT-PCR analysis for expression of EMT markers. 

Upregulation in the expression of mesenchymal markers, N-cadherin and 

Vimentin was observed in untreated and treated U87-MCSF cells. The expression 

of Notch-1 was also increased in U87-MCSF cells. Beta actin was used as the 

control. 

 

 

Figure 4.29. Real time PCR analysis of Notch-1 expression. U87-MCSF cells 

showed elevated expression of Notch-1 gene as compared to U87MG cells. 
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4.8. Expression of CSF-1R and Localization of MCSF 

All the downstream signalling of MCSF is mediated through the receptor, 

CSF-1R. We checked the expression of CSF-1R in U87MG and U87-MCSF cells. As 

shown in Figure 4.30, CSF-1R expression was reduced in U87-MCSF cells as 

compared to U87MG cells. This result was not surprising and it was in agreement 

with the previous report (Yue et al., 1993), which showed down regulation of 

mRNA of CSF-1R by MCSF in primary macrophages. However, this result raises 

queries about the location of MCSF within U87-MCSF cells. Therefore, we 

investigated the localization of MCSF using anti-MCSF antibody and subsequent 

staining with a FITC tagged secondary antibody.  

Microscopic examination of U87-MCSF cells was done by fixing the cells 

with 3.7 % paraformaldehyde solution with or without Triton X-100. After fixing, 

the cells were incubated with primary antibody and subsequently, with the 

corresponding FITC tagged secondary antibody. Triton X-100 was used as a 

membrane perforating agent in the fixing solution (Lleo et al., 2009). If MCSF is 

present on the membrane of U87-MCSF cells, both samples, irrespective of being 

fixed with or without the membrane perforating agent Triton X-100 will show 

FITC stained fluorescence. However, if it is located inside the cytoplasm, only the 

cells fixed in the presence of Triton X-100 will give fluorescence. In our study, we 

observed very little fluorescence in the absence of Triton X-100. On contrary bright 

green fluorescence was seen in samples fixed with 3.7 % paraformaldehyde 

solution containing Triton X-100 (Figure 4.31).   
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Figure 4.30. RT-PCR analysis of CSF-1R. CSF-1R expression was down-regulated 

in untreated U87-MCSF cells. Beta actin expression was taken as the internal 

control. 

 

 

 

Figure 4.31. Examination of localization of MCSF in U87-MCSF cells. Microscopic 

studies using anti-MCSF antibody revealed the cytoplasmic location of MCSF. 

Triton X-100 was used as membrane perforating agent in fixing solution. DAPI 

stained nuclei of the cells were also shown. Scale bar: 50 μm.  
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These results revealed that MCSF is located predominantly in the 

cytoplasm and not at the cell membrane of U87-MCSF cells. Moreover, the 

expression of the receptor for MCSF, CSF-1R was down regulated in U87-MCSF 

cells. The known receptor for MCSF, the CSF-1R is present at the plasma 

membrane. But recent evidence showed the presence of functional receptor for 

MCSF at the nuclear envelope of various cancer cells and macrophages 

(Zwaenepoel et al., 2012). This explains that the observed effects of MCSF in U87-

MCSF cells upon 5-FU treatment could be mediated through the receptor located 

at the nuclear envelope. 

 

4.9. Appearance of cancer stem cells in treated cell population 

Many of the recent reports indicated that EMT can trigger the acquisition of stem-

like properties in the tumor cells (Mani et al., 2008; Polyak and Weinberg, 2009; 

Singh and Settleman, 2010). A sub population of cells within several tumors may 

exhibit stem-like properties or tend to convert into stem cells. The cancer stem 

cells (CSC) have extremely slow rate of proliferation, increased expression of 

multidrug resistance genes and are considered to be the primary reason for the 

relapse of the tumor after treatment (Dembinski and Krauss, 2009; Roesch et al., 

2010; Moore and Lyle, 2011). 

 The reduced proliferation, change in cell morphology, indications for the 

presence of EMT and the increased resistance to apoptosis suggested a possible 

induction of cancer stem cells in U87-MCSF cells upon treatment with 5-FU. We 

analysed the expression of markers for cancer stem cells, CD24 and CD44 by flow 

cytometry and real time PCR. Flow cytometry analysis showed that the expression 

of CD24 was increased by 6.93% and 33.37% in U87MG cells and U87-MCSF cells, 

respectively, when treated with 25μM 5-FU (Figure 4.32). No increase in CD44 

expression was noted in treated samples of both U87MG and U87-MCSF cells. 
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Quantitative expression studies by real time PCR was also performed. The results 

revealed the increase in CD24 expression by around 4 fold in treated U87-MCSF 

cells, whereas only 2 fold increase in CD24 expression was seen in treated U87MG 

cells (Figure 4.33). CD44 expression remained unchanged in treated cells of both 

U87MG and U87-MCSF. 

 Previous reports showed that CSCs isolated from breast cancer were 

predominantly CD44high/CD24low cells (Mani et al., 2008). In contrast to this, breast 

cancer cells with CD44low/CD24high phenotype was also reported to have poor 

prognosis with treatment (Ahmed et al., 2012). Additionally, CD44high/CD24high 

CSCs were found in gastric, pancreatic, ovarian and colorectal cancers (Huang et 

al., 2008; Dembinski and Krauss, 2009; Zhang et al., 2011; Jaggupilli and Elkord, 

2012). The expression of CD133 was considered to be indicative of CSCs in 

glioblastoma (Singh et al., 2003; Zeppernick et al., 2008). However, there are 

evidences for the presence of CD133 negative CSCs in glioblastoma (Wang et al., 

2008; Brescia et al., 2012). In our study, we did not find any significant expression 

of CD133 in U87MG and U87-MCSF cells, both before and after 5-FU treatment. 

Recently, Deng et al. reported overexpression of CD24 in higher grade gliomas 

and the patients with CD24 positive tumors had poor prognostic outcome after 

surgery (Deng et al., 2012). The definition of what exactly constitutes cancer stem 

cells remains unclear and there are no universally accepted cancer stem cell 

markers for different types of cancers (Jaggupilli and Elkord, 2012). Here, in our 

study, we noted an increase in CD24high/CD44low population of cells in both treated 

U87MG and U87-MCSF cells. However, treated U87-MCSF cells had 33.37% of 

CD24high/CD44low cells as compared to 6.93% in treated U87MG cells. In addition, 

real time PCR analysis revealed that CD44 expression was uniform in 5-FU treated 

U87MG and U87-MCSF cells, but the CD24 expression was considerably higher in 
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treated U87-MCSF cells. This increased expression of CD24 surface marker 

indicated the exacerbated cancer stem cell properties of treated U87-MCSF cells.   

 

 

 

 

Figure 4.32. Flow cytometry analysis for the expression of CD24 and CD44. Cells 

were treated with 25 μM 5-FU for 120 h and stained with FITC tagged mouse 

Anti-Human CD24 and PE tagged mouse Anti-Human CD44. Samples were 

acquired and analysed with CellQuest Pro software.   
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Figure 4.33. Real time PCR analysis of expression of CD44 and CD24 genes. The 

data was plotted as the ratio of gene expression in treated sample to untreated 

sample for the respective cells.  
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4.10. Upregulation of ABC transporter genes in treated U87-MCSF cells 

Tumor cells are known to acquire resistance to chemotherapeutic drugs through 

expression of various multidrug resistance genes and cancer stem cells can 

effectively increase the drug resistance through upregulation of drug efflux 

transporter genes (Dean et al., 2005; Vinogradov and Wei, 2012). CSCs isolated by 

forming spheroid cultures of glioblastoma tumor cells were previously shown to 

have high expression of ABCB1 gene and were found to be significantly resistant 

to chemotherapeutic agents (Nakai et al., 2009). The ABC transporter genes have 

been associated with the expulsion of drugs in many types of cancers. The 

presence of cancer stem cells in treated samples of both U87MG and U87-MCSF 

cells prompted us to analyse the expression of ABC transporter genes-ABCB1, 

ABCG1, ABCG2 and the oncogene, mdm2.  

Real time PCR analysis showed that the expression of ABCG1 and ABCB1 

was increased in both treated U87MG and treated U87-MCSF cells (Figure 4.34). 

However, the expression of ABCB1 or multi-drug resistant 1 (MDR1) gene was 

increased 10.2 fold in treated U87-MCSF cells as compared to the 2 fold increase in 

treated U87MG cells. Similarly, the expression of mdm2 oncogene was also 

increased 6 fold in treated U87-MCSF cells in comparison to the 3.3 fold increase 

found in the treated U87MG cells. Upregulation in ABCB1 and ABCG1 genes 

explained mechanism of drug resistance in treated U87MG cells. However, the 

elevated increase in the expression of ABCB1 and mdm2 genes in treated U87-

MCSF cells as compared to the treated U87MG cells further intensified the drug 

resistive properties of the glioblastoma cells expressing MCSF. 
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Figure 4.34. Real time PCR analysis of expression of ABCB1, mdm2, ABCG1 and 

ABCG2 genes. The data was plotted as the ratio of gene expression in treated 

sample to untreated sample for the respective cells. Statistical significance is 

denoted by * (p<0.05), ** (p<0.01) and *** (p<0.001). 
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We also examined the expression level of RALBP1 gene, a non-ABC 

transporter associated with MDR (multidrug resistance). RALBP1 is a ubiquitous 

protein present in humans and is one of the non-ABC transporter proteins 

implicated in resistance to many chemotherapeutic drugs (Awasthi et al., 2005; 

Drake et al., 2007). In our study, although the expression of RALBP1 was slightly 

increased in untreated U87-MCSF cells (1.29 fold) as compared to untreated 

U87MG cells, no upregulation in RALBP1 expression was observed in 5-FU 

treated samples of both U87MG and U87-MCSF cells with respect to their 

corresponding untreated samples (Figure 4.35).  

 

 

 

 

Figure 4.35. Semi-quantitative RT-PCR analysis of expression of RALBP1. A slight 

increase in expression of RALBP1 was observed in untreated U87-MCSF cells. 

However, no increase in RALBP1 expression was found after 5-FU treatment. Fold 

changes in RALBP1 expression was quantified by densitometry analysis using 

ImageJ software. 
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Glioblastoma remains one of the most prevalent malignant tumors with 

poor therapeutic response (Sharma et al., 2013). Expression of various multi-drug 

resistant proteins has mainly contributed to the ability of glioma cells to develop 

chemoresistant phenotype (Bredel and Zentner, 2002; Nakai et al., 2009). In our 

study, U87-MCSF cells exhibited retarded cell growth than U87MG cells after 5-FU 

administration as shown by XTT assay.  However, this reduced cell growth did 

not lead to any significant apoptosis even after prolonged treatment with 5-FU. On 

contrary, a significant retardation in the proliferation of treated U87-MCSF cells 

was observed by cell cycle analysis.  

We observed the morphological changes resembling EMT in majority of 

U87-MCSF cells. However, EMT in untreated U87-MCSF cells did not lead to the 

formation of CD24high/CD44low CSCs as seen in Figure 4.32. Only after treatment 

with 5-FU, we noted an increase in CD24high/CD44low CSCs in U87-MCSF cells. 

Further, the percentage of CD24high/CD44low CSCs in treated U87-MCSF cells were 

33.37 and in treated U87MG cells, the percentage of CD24high/CD44low cells were 

only 6.93. Ideally, the remaining cells should be susceptible to 5-FU treatment and 

undergo apoptosis. But we did not observe any cell death even after prolonged 

treatment with 5-FU. This observation hints that there exists another line of 

defence to 5-FU apart from CSC mediated drug resistance. EMT and its regulators 

were shown to directly impart resistance to drugs (Arumugam et al., 2009; 

McConkey et al., 2009). Hence, it is possible that EMT in U87-MCSF cells increases 

the resistance to 5-FU through other pathways independent of CSC formation. 

Further, results from XTT assay (Figure 4.9) and cell cycle analysis (Figure 

4.18 and Figure 4.19) showed that the rate of proliferation was impaired in a vast 

majority of 5-FU treated U87MG and U87-MCSF cells. This suggests for the 

presence of slow proliferating and quiescent cells in treated U87MG and treated 

U87-MCSF cells. This quiescent nature of certain tumor cells was previously 
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reported to be the source of continuous tumor growth (Roesch et al., 2010). This 

quiescent cells were also reported to have morphological changes corresponding 

to EMT (Dembinski and Krauss, 2009) and they were resistant to chemotherapy 

(Moore and Lyle, 2011). This quiescent property is also shared by CSCs (Jordan et 

al., 2006; Visvader and Lindeman, 2008). In our study, occurrence of EMT and 

increase in drug resistance were seen in majority of U87-MCSF cells. However, the 

percentage of CD24high/CD44low CSCs was found to be only 6.93 and 33.37 in 

treated U87MG and treated U87-MCSF cells respectively. So, it can be assumed 

that the quiescent nature of treated cells may not always culminate in the 

formation of CSCs. It may also be possible that treated cells do have more CSCs, 

expressing surface markers other than CD24 and CD44.  

Taken together, our results demonstrated that U87MG cells developed 

resistive phenotype when subjected to 5-FU treatment. This drug resistance was 

further enhanced when MCSF gene was expressed in U87MG cells. MCSF is 

known to be a pro-tumoral cytokine and it is a major chemoattractant for 

monocytes and macrophages in tumor cells (Dorsch et al., 1993; Green et al., 2009). 

The tumor associated macrophages (TAMs) gets preferentially polarized to mount 

distinct M2 functions, thereby promoting angiogenesis and metastasis of tumor 

cells (Sica et al., 2008). The elevated expression of MCSF along with its receptor 

CSF-1R in breast, uterine and ovarian cancer was associated with tumor 

progression (Smith et al., 1995; Kacinski, 1997). Further, high level of MCSF in 

several tumors had been strongly associated with poor prognosis (Chambers et al., 

1997; Mroczko et al., 2007). Our results provide evidence for MCSF increasing the 

resistance of tumor cells to 5-FU, by upregulating the expression of MDR 

associated genes. To the best of our knowledge, this is the first report implicating 

the cancer stem cells as a major nodal point for the MCSF associated drug 

resistance in a tumor cell type. This information would be useful for developing 
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therapeutic strategies against drug resistant cancers. The pivotal genes involved in 

resistance towards 5-FU treatment and the emergence of stem-like properties in 

treated U87-MCSF cells are depicted in Figure 4.36. 

 

 

 

 

Figure 4.36. Schematic representation for the mechanism of 5-FU resistance in 

U87MG and U87-MCSF cells. The scheme depicts the upregulation and 

downregulation of various genes involved in 5-FU resistance and CSC formation. 

(Orange coloured arrows indicated untreated U87-MCSF cells; Blue coloured 

arrows indicated 5-FU treated U87MG cells; Red coloured arrows indicated 5-FU 

treated U87-MCSF cells; * indicated that RALBP1 expression remained unchanged 

in treated samples with respect to their corresponding untreated samples). 
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Section 5 

CONCLUSION AND FUTURE PROSPECTS 

 

 

Macrophage Colony Stimulating Factor (MCSF) is traditionally classified as a pro-

tumor cytokine, owing to its role in tumor development and metastasis. However, 

recent reports demonstrated the potential anti-tumor properties of membrane 

bound isoform of MCSF. These conflicting findings kindled our interest to gain 

deeper insights into the role played by MCSF in cancer. The present thesis work 

focuses mainly on exploring the properties of MCSF on a human glioblastoma cell 

line and understanding potential therapeutic outcome in MCSF expressing 

glioblastoma upon treatment with 5-fluorouracil. 

 Treatment with 5-FU resulted in retardation of cell proliferation in both 

U87MG and U87-MCSF cells. However, the expression of MCSF augmented the 

effect by accumulating over 90% of cells in G0/G1 phase as compared to the 69% in 

5-FU treated U87MG cells. There was a substantial decrease in the expression of 

G1-S phase transition cyclins- cyclin E and cyclin A2 in 5-FU treated U87-MCSF 

cells, which reinforced the cell growth retardation observed in cell cycle analysis. 

Prolonged treatment with 5-FU did not exhibit apoptosis, but ensued epithelial-

mesenchymal transition in 5-FU treated U87-MCSF cells. Notch-1, the key 

mediator of EMT was upregulated in U87-MCSF cells and there was an increase in 

expression of mesenchymal markers, N-cadherin and vimentin in 5-FU treated 

U87-MCSF cells. The entire sequence of events unfolding in U87MG and U87-

MCSF cells upon treatment with 5-FU is summarized in the figure 5.1. 
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Figure 5.1. Summary of events in U87MG and U87-MCSF cells upon 5-FU 

treatment. 

 

While U87MG cells acquired 6.93% CD24high/CD44low cancer stem cells 

(CSC) after treatment with 5-FU, the MCSF expression and subsequent occurrence 

of EMT, resulted in an increase in the proportion of CD24high/CD44low cancer stem 

cells to 33.37% in 5-FU treated U87-MCSF cells. This increase in CSCs in 5-FU 
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treated U87-MCSF cells also accounted for the 10-fold upregulation in expression 

of MDR1 gene as compared to the 2-fold upregulation in 5-FU treated U87MG 

cells. Increase in CSCs and upregulation in MDR1 ultimately conferred the drug 

resistive properties in U87-MCSF cells upon treatment with 5-FU. 

The pro-tumor activities of MCSF are mainly associated to the context of 

MCSF infiltrating tumor with monocytes and macrophages. While numerous 

studies have reported the dismal response of MCSF expressing tumor cells to 

chemotherapy, the reason behind this poor response remains unknown. The 

notable outcome of this research work is the finding that MCSF expression 

contribute to the drug resistive phenotype in U87MG cells through formation of 

CD24high/CD44low cancer stem cells upon treatment with 5-FU.  

Taking a step further, in future, the major molecular signaling pathways 

involved in formation of cancer stem cells in 5-FU treated glioblastoma cells will 

be studied. Current therapeutic strategies, however successful in eradicating 

majority of drug sensitive cancer cells, are largely ineffective in killing the minor 

population of drug resistive cancer stem cells. These cancer stem cells should be 

the focus in all future anti-cancer therapeutic endeavors. Understanding the 

signaling pathways for cancer stem cell formation in presence of MCSF will give 

ample scope for development of therapeutic strategies aimed at targeting relevant 

signaling molecules. Silencing the expression of key genes involved in drug 

resistance by RNA interference or by developing small molecule inhibitors can 

serve as a significant step towards a highly efficient anti-cancer therapy.  
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