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Abstract 

Human Cripto-1 (CR-1) is an Oncofetal gene that promotes cell proliferation and 

differentiation in the fetus, but its aberrant expression in adults leads to aggressive and 

highly metastatic cancer. Solid tumours are known to have the ability to thrive in a 

hypoxic microenvironment and frequently develop resistance to multiple drugs. 

Hypoxia-Inducible Factor-1α (HIF-1α) is a crucial regulator of cellular processes 

triggered in hypoxic conditions, and Multidrug resistance protein -1(MDR-1) is involved 

in the emergence of resistance to a large number of drugs. In the present study, we 

explored the crosstalk between Cripto-1 (CR-1), Hypoxia-Inducible Factor-1α (HIF-1α), 

and Multidrug resistance protein -1(MDR-1).  

To investigate this, we used different cellular models, i.e., Cripto-1 overexpression 

system, Chemical induction of hypoxia-like condition by using Cobalt chloride 

treatment, and 3D spheroid model. Our experimental data indicate a possible co-

regulation of CR-1, HIF-1α, and MDR-1 in different experimental systems used in the 

study. We further investigated the proliferation behaviours and drug resistance of cells 

in the same models. Moreover,  We examined the modulation of stem cell markers in our 

experimental system and observed possible co-regulation of common stemness 

molecules with the expression of Cripto-1. Further, we observed the modulation of 

canonical molecular signalling pathways, P-AKT and P-ERK pathways in our 

experimental system.  

As a whole, our observations coming from multiple experiments shows that 

overexpression and oncogenic function of human Cripto-1 is part of an orchestrated 

modulation of molecular processes involving several key regulators for the genesis and 

progression of cancer.  
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Introduction 

                   Cancer is a disease in which cells have acquired the capacity to divide and 

expand uncontrollably, typically through genetic modifications of specific genes. 

(Hanahan & Weinberg, 2011). Substantial cancer origin hypotheses include tissue stem 

cell development, e.g. field theory, mutation, infection, chemical carcinogenesis, or 

epigenetic alteration.   (Sell, 2010). Genetic modification in signalling pathways that 

regulate the cell cycle progression, apoptosis, and cell growth are popular cancer 

markers. Still, the degree, mechanisms, and co-occurrence of changes in these pathways 

vary between individual tumours and types of tumours. (Sanchez-Vega et al., 2018). 

Frequent genetic alterations in multiple signalling pathways, including PI3K/Akt 

signalling and RTK/RAS/MAP-Kinase pathway, have been reported for cancer. . 

(Vogelstein & Kinzler, 2004). Nonetheless, the property of malignancy and the 

molecular lesion of cancer have been found to be in the cancer stem cell (Sell, 2010). 

Genetics, epigenetics, and TME are three major contributors to intratumor heterogeneity 

and have been postulated to regulate therapeutic resistance and tumour progression by 

impairing cancer cell’s stemness properties. (Kreso & Dick, 2014). 

  

According to the cancer stem cell theory, a subpopulation of cells, better known as the 

cancer stem cells (CSC), exists in the solid core of tumours and is also prevalent in 

hematopoietic origin cancers. Two fundamental principles are suggested in the stem cell 

theory of cancer: i) Stem cells may be found in the tissues of adults and infants; and ii) 

A cancer tumour consist of cells similar to the regular cell, which includes differentiated 

cells, stem cells and transit developing cells.(Ayob & Ramasamy, 2018; K. Wang et al., 

2013). Genetic and non-genetic factors that govern the resistance to therapy, metastasis 

and/ or preservation of tumour microenvironment can be modulated by cancer stem cells 

(CSCs). (Saygin et al., 2019). These cancer stem cells (CSCs) can divide, flourish the 

cell population, and differentiate into normal cells.  

  

In the early 19th century, the first idea that cancers could occur from stem cells emerged 

and was officially known as the embryonal rest theory of cancer (Sell, 2010). This 

hypothesis has shown that adult organs possess the remains of embryonic tissue. These 

remnant embryonic tissues began to proliferate and developing the cellular mass similar 
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to foetal tissues when there are a disbalance in the surrounding environment and/or 

tissues. (Magee et al., 2012). 

 

CSCs can be characterized as an antecedent cell intended to be differentiated into a 

cancer cell (Kasai et al., 2014). Several CSC cell-surface markers (e.g. Epithelial Cell-

Adhesion Molecule [EpCAM]), CD44, CD133, CR-1, CD24, Aldehyde Dehydrogenase 

1 (ALDH) enzyme activity cells, and ATP-binding cassette B member 5 (ABCB5) have 

been identified over the years and have been shown to be useful for CSC studies. 

(Schulenburg et al., 2015; B. B. S. Zhou et al., 2009). The unique identification and 

classification of cancer is still elusive despite the availability of different CSCs markers, 

as CSCs can also be recognized in cells showing no CSCs marker expression. (B. B. S. 

Zhou et al., 2009). This suggests the need for multiple markers for the identification and 

classification of various types of cancer.  

  

(CD44+CD24–/low) is the breast cancer subpopulation having high expression of CD44 

and low/ no expression of CD24 were shown to be highly resistant to chemotherapy and 

thus promotes the relapse (Jaggupilli & Elkord, 2012; X. Li et al., 2008). For instance, 

CD44+ cell-specific genes in breast cancer include several recognized stem cell markers, 

and chemotherapy treatment has demonstrated an increment in the percentage of 

CD44+CD24-/low tumour cells (B. B. S. Zhou et al., 2009), The high expression level 

of ATP binding cassette (ABC) drug pumps is consistent with the relative resistance of 

these tumour-initiating cells to anticancer drugs such as paclitaxel and doxorubicin 

(Angelini et al., 2005)This may be due to the slow growth rate that evades the influence 

of fast-acting drugs on the cells. (Gasser et al., 2013; C. H. Lee, 2010)  

 

P-glycoprotein (P-GP) encoded by the Multidrug resistance gene (MDR-1) is a 170-kD 

plasma membrane protein. This ATP-dependent efflux pump prevents drug accumulation 

into the cells, thus indirectly reducing the drugs' cytotoxicity.  (Katayama et al., 2014). 

Active P-gp efflux pump has been reported in breast carcinomas leading to multiple drugs 

resistance. (Linardi & Natalini, 2006). Exploring the underlying molecular mechanism 

that modulates the tumour initiating cells will help to neutralize cancer cells by 

developing new or combination therapeutics.  
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CSC-specific signalling pathways offer an additional opportunity to examine CSCs in 

pre-clinical models. (Saygin et al. 2016). In cancer, different organs and tissues undergo 

various combined and regular changes in somatic cells, suggesting a possible cross-talk 

between pathways. (A. M. Singh et al., 2012). Extensive research has been required to 

explain the detailed molecular mechanism governing oncogenic modification in these 

pathways, essential for novel therapeutic development (Sanchez-Vega et al., 2018). 

 

There is a subset of the cell population in humans that displays phenotypic plasticity and 

can divide into several lineages during embryonic development and adult life. This 

condition is more prevalent during embryogenesis and is limited in adult stem cells. 

However, phenotypic plasticity was found to reappear in cancer during tumour growth 

(O’Brien-Ball & Biddle, 2017). Embryogenesis is a multifaceted phenomenon that 

involves various growth factors for the development and differentiation of embryonic 

stem cells (ESC) into various functional forms of cells. Embryonic stem (ES) cells can 

be defined as the cells exhibiting pluripotency, immortality and capacity to develop 

different types of cells in the embryo and in adults on differentiation (Kasai et al., 2014). 

Like the aberrant embryogenesis, most germ-line cancers cells differentiate into 

postmitotic derivatives like mature teratoma elements on rapid multiplication. (O’Brien-

Ball & Biddle, 2017)  

 

Human Cripto-1 is a member of the Epidermal Growth Factor-Cripto-FRL-1-cryptic 

(EGFCFC) family of peptides, exhibiting enhanced cell proliferation, differentiation, and 

angiogenesis in the fetus (Caterina Bianco et al., 2010b). As a membrane-bound protein, 

CR-1 interacts with type I and II activin receptor and serves as a co-receptor for TGF-β 

ligands like  Nodal, GDF-1 and GDF-3 (Growth And Differentiation Factor-1 and 3) 

during early development in humans (Caterina Bianco et al., 2003; Cripto-, 2012; 

Souquet et al., 2012; Luigi Strizzi et al., 2007). However, Cripto-1 is also an oncofetal 

gene that promotes cancer cell proliferation and metastasis when expressed in adults. 

This later life overexpression of cripto-1 has a negative impact on the human body (Q. 

Liu, Cui, Yu, Bian, Qian, Hu, Ji, Yang, et al., 2017).  

 

Cripto-1 is a type of oncofetal gene that plays a significant role in embryogenesis and 

malignant cancer progression. (Caterina Bianco et al., 2005; Park, Do, Han, Choi, & 

Kim, 2018). Besides, both embryonic stem cells and cancer cells share similar signalling 
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pathways, including Cripto-1 signalling (Pereira et al., 2011). | A recent report suggests 

the involvement of cripto-1 in the differentiation of the stem cell and its self-renewable 

pathway (Sousa et al., 2020)(Caterina Bianco, Strizzi, Ebert, et al., 2005) (Bianco et 

al.,2010). Hypoxia, Wnt- β/catenin, Notch signalling and TGF-β pathway are key 

pathways regulated  and/or influenced by CR-1 signalling (Pereira et al., 2011). Cripto-

1 and its related embryonic genes are shown to overexpress in cancer and control the 

functions of stem cells, suggesting a link between them. (Pereira et al., 2011). A 

subpopulation isolated by cell sorting from human embryonic carcinoma, androgen-

responsive & refractory prostate cancer and malignant melanomas shows higher cripto-

1 expression and stem cell-like properties.  (Cocciadiferro et al., 2009; Luigi Strizzi et 

al., 2007). Hence, CR-1 signalling might be a potential target for cancer therapeutics 

because it can help us eliminate differentiated cancer cells and undifferentiated cells stem 

cell like cells. (Pereira et al., 2011).  

 

CR-1 is known to function through multiple signalling pathways, including 

Nodal/Alk4/SMAD2/3(Caterina Bianco et al., 2003). Alternately, Cripto-1 is also known 

to activate the Nodal/AlK4 independent signalling pathway. CR-1 interacts with the 

Glypican receptor and activates Src, which further activates the phosphoinositol-3 

kinase/Akt and MAPK pathway (Cripto-, 2012; Luigi Strizzi et al., 2005).  In embryonic 

stem cells, cripto-1 has been recognized as a pluripotency marker apart from other well-

known markers like Sox-2, Oct-4, LeftyA, Tert, Nanog, and Rex-1 (Chang et al., 2010). 

Various transcription factors control the expression of cripto-1, including Nanog, Oct4 

and SOX2 (Kashyap et al., 2009; Mahmoudian et al., 2017). Nanog and Oct4 bind to the 

proximal region of the transcription start site of the CR-1 promoter, and their direct 

involvement was noticed in the development of embryonic carcinoma(Luigi Strizzi et 

al., 2005). SOX2  along Oct-3/4 required for the embryonic stem cell self-renewable and 

pluripotency maintenance (Eini et al., 2014). Alternately, SOX2 also shows tumour 

suppressor properties and governs the migration and invasion in cancer cells. 

(Engineering & Ireland, 2015). The Cripto-1 binds as a co-receptor to form CR-

1/Nodal/ALK4/ActRII receptor complex and activates Smad-2 and Smad-3 by 

phosphorylation which subsequently binds with Smad-4, which further activates it by 

phosphorylation and translocates into the nucleus (Rangel et al., 2012). This Smad 2/3/4 

complex binds with CREB binding protein (CBP)/p300 to activate the downstream target 

genes (Pereira et al., 2011). 
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During early embryogenesis, stem cell differentiation, proliferation, and maintenance are 

regulated by various signalling pathways. Few of these pathways indicated the 

involvement of cripto-1 signalling, suggesting a crucial role of CR-1 in stem cell 

generation and maintenance. The primary pathway which acts as a common route for 

stem cell and Cripto-1 signalling is the Notch pathway, TGF-β family pathways, Wnt/β-

catenin signalling pathway, and hypoxia-inducible factor-1 alpha (HIF-1α)(De Castro et 

al., 2010; Souquet et al., 2012) Cripto-1 also facilitates TGF-β family members signalling 

and increases Notch signalling by promoting the maturation of Notch receptors. HIF-1 α 

and GNCF are the transcription factors that are known to be active in mouse mES and 

human NCCIT cells and human teratocarcinoma cell line NTERA2, respectively. These 

transcription factors were directly or indirectly involved in the upregulation of CR-1, 

which induces cancer progression. 

 

Cripto-1 is also implicated in altered stemness state, and various reports support the 

dynamics of stemness in both normal and cancer cells. This dynamic variation in 

stemness leads to change in the phenotypic equilibrium of a cell population in cancer, 

which varies their response to external stimuli. In a recent study, CR-1-positive 

populations obtained from patient-derived tumour spheroids were observed to exhibit 

increased expression of the genes responsible for cellular stemness. In vivo 

administration of CSC leads to increased invasion and migration of tumours, while CR-

1 silencing inhibits CSC-induced tumour xenograft and arrests CSC's growth. These 

findings indicate an essential role of CR-1 in the regulation of the CSC compartment. 

However, the mechanism which is involved in CSC to non-CSC transition is not quite 

elucidated yet. Hence, it would be interesting to decipher the role of CR-1 in CSC 

generation and the mechanism involved in the dynamic transition of stem cell to non-

stem cell state.  

 

Multi-drug resistance (MDR-1) gene encodes for a kind of ABC transporter, which is 

responsible for the development of resistances in different cells against various drugs and 

similar structures (He et al., 2010; X. Wang et al., 2019) This ABC transporter prevent 

the accumulation and entry of drugs in the cells thereby develops resistance against 

several drugs. Incidence of MDR mediated by PGP has been acknowledged in various 

human cancers, including breast carcinomas(Klauzinska et al., 2014; Linardi & Natalini, 

2006; Pojul Loying et al., 2015; Luigi Strizzi, Margaryan, Gilgur, Hardy, Normanno, et 
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al., 2013). The cell surface Cripto-1 prevents the cleavage of caspase-3 by different 

drugs. Caspase-3 disruption is a sign of apoptosis(Y. Y. Zhang et al., 2018). This anti-

apoptotic property of cripto-1 was induced by TAK-1 activation followed by increased 

NF-κB-mediated Survivin activity (De Santis et al., 2000). External stimuli, like drug 

introduction, plays a vital role in cripto-1 induced anti-apoptotic property. Hence, 

targeting the CR-1 and TAK-1/NF-κB/Survivin pathway might be an efficient tool to 

reduce resistance against apoptosis during cancer (Y. Y. Zhang et al., 2018).  HIF-1α has 

been found to regulate MDR-1(multidrug resistance-1 / ABCB1 gene) in bladder cancer 

cell lines (Yi Sun et al., 2016). Cripto-1 positive subpopulation isolated by cell sorting 

also has shown higher expression of MDR-1 in human glioblastoma cells (Pojul Loying 

et al., 2015). These studies prompted us to explore the possible crosstalk between CR-1, 

HIF-1 and MDR-1. 

 

In current work, we have thus explored the role of the Oncofetal gene cripto-1 in 

modulating the pathways that signal the embryonic and cancer stem cell behaviour and 

how this misbehaviour of molecular circuits contribute to metastasis and tumourigenesis 

.  

Objective 

The overall objective of this thesis is to investigate the interplay between human Cripto1, 

Hypoxia-Inducible Factor-1α, Multidrug Resistance Protein-1 and possible implications 

in drug resistance and cancer cell stemness. 

 

The contents of the Ph.D. thesis entitled “Study of Human Cripto-1 in Oncogenic 

Molecular Interactions” have been segregated into six chapters. Chapter 1 provides an 

overview of the potential of Cripto-1, an Embryonic Molecule whose mistiming in 

expression can be a key determinant causing Cancer. Chapter 2 provides an up-to-date 

state-of-the-art literature report on the subject, including extensive data regarding the 

pathways modulating Cripto-1. Based on the all-encompassing search in the lacunae 

present in literature regarding Cripto-1 and its signalling pathways, the motivation as 

well as the materials and methods used for the execution of the experimentation are 

discussed in Chapter 3. The results obtained and the discussion of the outcomes of the 

present investigation is described in Chapter 4. An overall conclusion of the research 

investigation emphasizing the significant findings of the work has been included after 

Chapter 5.  
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2.1. Human Cripto-1  
 
Human Cripto-1 (CR-1) is a membrane-anchored glycoprotein made up of 188 amino 

acids and has a molecular weight of 19-36 kDa. Cripto-1 is also known as the 

teratocarcinoma-derived growth factor-1 and is a member of the epidermal growth factor 

cripto-1 FRL-1 cryptic (EGF-CFC) family and is a critical factor in early embryonic 

development. (Caterina Bianco, Strizzi, Normanno, et al., 2005). The human CR-1 CFC 

domain comprises 3 (R-S-S-R) disulfide bonds arranged in the similar pattern as like the 

von Willebrand factor C (VWFC)- like domains, present at the Carboxyl terminal 

extracellular parts of Notch ligands, Jagged1 and Jagged2 ((Foley et al., 2003; Van 

Vlijmen et al., 2004). Further exploration of the biochemical aspect of human CR-1 

reveals that N-linked glycosylation is prominent at Asn-79 residue with more than 90% 

occupancy, whereas Ser-40 and Ser-161 residues act as the O-linked glycosylation site 

showing approximate occupancy around 80 and 40%, respectively. 

The Protein size variation can be either an attribution of the cleavage of the hydrophobic 

moiety or the result of further modifications of protein like phosphorylation 

glycosylation or myristylation (Brandt et al., 1994; Minchiotti et al., 2001). Moreover, 

the presence of furin and stromelysin cleaving site around the N-terminal region in 

human CR-1 contributes to the smaller protein size(Gritsman et al., 1999; Pei & Weiss, 

1995); Zhang et al., 1998). There are two different forms of human CR-1 protein, i.e., cell 

membrane-anchored and soluble form. However, complete EGF and CFC domain is 

necessary for the activity of the CR-1 protein (Adamson et al., 2002; Minchiotti et al., 

2001; Yan et al., 2002). In addition, there is a GPI- modification site at the C-terminal 

for cleavage and attachment purposes in human CR-1 protein(Kinoshita, 2014; Zhongwu 

Guo, 2013). Removal of this GPI anchor stretch of residues from the COOH-terminal by 

enzymatic digestion with phospholipase D produces the soluble form of human Cripto-

1, which is also biologically active(Galian et al., 2012; Zhongwu Guo, 2013). In various 

in vivo and reporter-based in vitro assays, this soluble type can also act as a co-ligand for 

Nodal in Nodal-dependent signalling pathway assays containing promoter sites that have 

binding moieties of FAST2 (FoxH1) and Smad-2 and -3(Minchiotti et al., 2001; Chunhui 

Xu et al., 1999; Yan et al., 2002). Therefore, Cripto-1 can act as either a protein anchored 

to the cell membrane or a soluble ligand (Luigi Strizzi et al., 2005). However, it is not 

yet known  
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Scheme 2.1: Structural representation of human Cripto-1 protein (amino acids 1-188). Cripto-1 is 

a membrane protein anchored to GPI that can be broken by GPIPLD and released as a soluble 

protein into the cells' supernatant. GPI-PLD: phospholipase D with glycosylphosphatidylinositol.  

 

whether there are any significant implications of the qualitative or quantitative variations 

between Free and cell membrane bound forms of Cripto-1 on the biological activities 

controlled by it. 

 

2.2. Cripto-1: Genomic Organization 

 

The human teratocarcinoma derived growth factor 1 (TDGF1) gene is known as 

CRIPTO-1. The human Cripto-1 gene is 4.8 kb in length and comprises six exons and 

five introns, and has sequence elements of inverted Alu and B1, respectively and maps 

to chromosome 3p21.3 centromerically, close to a region that is often deleted (Caterina 
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Bianco & Salomon, 2010; R. Dono et al., 1991). Several alleles resulting from the 

amplification of groups of exons occur in the CR-1 gene in the human population. 

Different human CR-1 alleles have been linked to tolerance or responsiveness to different 

disorders, indicating that CR-1 polymorphisms could exacerbate differential genetic or 

environmental pressures(Jacobson & Weis, 2008). While these various alleles may be 

attributed to the genetic variability of the current evolutionary development of strong 

homologs, there may also be advantages to having CR-1 proteins of differing sizes that 

facilitate the binding of complexes. The human CR-1 protein is an efficient complement 

activation controller(Jacobson & Weis, 2008). Soluble recombinant CR-1 proteins have 

been known to be produced and used during increased complement activation to regulate 

complement activation(Noris & Remuzzi, 2013). 

Between the human and mouse Cripto-1 genes, the exon-intron structure is excellently 

conserved in the exon4 region that consists of the EGF-like motif  (Brandt et al., 1994; 

Ciccodicola, Dono, Obici, Simeone, Zollo, & Persico, 1989). Additionally, both the 

mouse and human Cripto-1 encode mRNA having comparatively short life span due to 

the presence of the AUUU(A)-type Kamen-like sequences in highly untranslated regions 

of mRNA(Caterina Bianco, Strizzi, Ebert, et al., 2005; De Castro et al., 2010; R. Dono 

et al., 1991). There are various other dissimilarities between murine and human CR-1. 

For instance, the genomic sequences 50 bp upstream of the most distal translation start 

sites between -610 and -1 vary between murine and human CR-1(Baldassarre et al., 

2001). In the promoter region of murine CR-1, Various CAAT and TATA boxes are 

found, while these sequences are not found in the human CR-1 promoter 

sequence(Baldassarre et al., 2001; Scognamiglio et al., 1999). 

The structural gene encoding the human CRIPTO protein (CR-1) corresponds to the 

structural gene encoding the human CRIPTO protein expressed in the undifferentiated 

human teratocarcinoma cells. The other (CR-3) corresponds to a complete copy of the 

mRNA containing seven base substitutions representing both silent and replacement 

substitutions in the coding region(R. Dono et al., 1991; Salomon et al., 2000). The CAP 

site 440 bp 5 'to CR-1's is also retained in CR-3(Moritz Hentschke et al., 2006). In several 

studies, analysis of the mouse CR1/CR2 genes has implicated them in various critical 

roles(Jacobson & Weis, 2008). The number of CR-1 related-pseudogenes also vary 

between mouse and human. Presently five other pseudogenes associated with human CR-

1 and two with murine CR-1 are reported in the literature (X. Chen et al., 2020; Moritz 

Hentschke et al., 2006; Scognamiglio et al., 1999). Upon the structural and functional 
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comparison of genes encoding man's and mouse's CR1 and CR2 proteins, it was found 

that a single gene encodes these in mice while two are needed in humans for 

expression(Saccone et al., 1995; Scognamiglio et al., 1999). 

Humans CR-1 protein expression effectively addresses many of the functions carried out 

by the sub primate CR-2-derived CR-1 structural domains(Jacobson & Weis, 2008). It 

consists of the identical SCR domains arranged to form sets of 7 SCR, called long 

homologous repeats (LHR), which have high homology and are thus indicative of very 

recent genomic development(Wong et al., 1989). In humans, Cripto-1 is found in various 

allelic forms, obtained by the integration of sets of exons, each comprising of genes 

carrying three, four, five, or six of these LHR domains encoding 190,000-300,000 Da 

proteins(Jacobson & Weis, 2008; Wong et al., 1989). While the presence of various 

allelic of CR-1 may be attributed to the current genomic modification, which results in 

the development of highly strong homology among various alleles, those might have 

advantages for binding(Ruggiero et al., 2015; Sousa et al., 2020). 

Modulation of many intracellular signalling pathways, such as membrane 

phosphoprotein p53, nucleolin-mediated PI3K, has been related to human and mouse 

CR2 proteins, including responses to antigen internalization processing(Alowaidi et al., 

2019; Ruggiero et al., 2015). Intronless and truncated at the 5 'end, the pseudogenes CR-

2, CR-4, and CR-5 have accrued insertions point mutations, and deletions (Maria 

Graziella Persico et al., 1998; Scognamiglio et al., 1999). 

The gene which contains the code for the expression of the human protein in 

teratocarcinoma cells correlates to TDGF-1(Al-Fahdawi et al., 2019; Multiforme, 2015). 

TDGF-3 corresponds to a full mRNA copy containing seven coding region base 

substitutions representing both silent and replacement substitutions(Saccone et al., 1995; 

Sousa et al., 2020).TDGF-1 maps on chromosome 3 from p23 to p21 location while 

TDGF-3 maps on the X chromosome position q21 to q22 region (Saccone et al., 1995; 

Scognamiglio et al., 1999). 

The above human genes also map to 6p25, 3q22, and 2q37 chromosomes, individually, 

while CR-6 maps to chromosome 19q13.1 and the pseudogene CR-3 maps of the Xq21-

q22 region of the human chromosome(N. Gene et al., 2010; Maria Graziella Persico et 

al., 1998). The two CR-1 pseudogenes of the mouse (CR-1-ps or TDGF-1-ps1 and CR-

1-ps2 or TDGF-1-ps2) are intronless genes that have several base mutations that mark 

substitutions of silent and replacement amino acids and have several retroposon 

characteristics (Baldassarre et al., 2001; R. Dono et al., 1991; Scognamiglio et al., 1999). 
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CR-3, as well as CR-1-ps1, express the protein, which is functionally different from 

proteins expressed by CR-1 as CR-1 encodes approximately 2 kb sized major mRNA 

species of which differ by five amino acids(Hazrati et al., 2012).  

In embryos and carcinomas, the transcripts having size varies from 1.7 – 3.5 kb are not 

found frequently(C Bianco, Strizzi, Normanno, et al., 2005). This might be attribution of 

various transcript levels modifications like alternative splicing, polyadenylation 

sequences, or alternative transcription initiation (Baldassarre et al., 2001; Scognamiglio 

et al., 1999). However, in subpopulations of breast, bladder, head and neck, lung, renal, 

and gastric cancer, it shows loss of heterozygosity (LOH)(D’Andrea et al., 2008; Sekido 

et al., 1998) 

 

2.3. The Differential Expression Pattern of Cripto-1 

Cripto-1 is significantly upregulated in the process of embryogenesis as well as 

tumourigenesis. Conversely, its level in adult tissue seems to be very minimal or 

negligible (De Castro et al., 2010). Cripto-1 would be a classic example of a gene that is 

frequently overexpressed in both the stages of development as well as in 

tumorigenesis(Maria Graziella Persico et al., 1998). Although the expression of Cripto-

1 is lost during ES cell differentiation into the three germ layer cell types, it resurfaces at 

higher stages inside the cancerous cells(Luigi Strizzi et al., 2005). Nevertheless, the main 

factor underlying Cripto-1 re-expression in tumour cells is still to be properly identified 

(Hough et al., 2014). Lately, it has been identified that Cripto-1 is an indispensable part 

of the major essential signalling pathways related to differentiation and maintenance of 

stem cells and that the regulatory factors associated with Cripto-1 are described in Table 

2.1. 

 

2.3.1 Cripto-1 in Embryogenesis  

2.3.1.1.  In Embryonic Development  

Cripto-1 may function as a co-receptor for the TGFβ component of the Nodal family 

during embryogenesis, regulating the development of the primitive streak as well as 

mesoderm and endoderm specification.(Caterina Bianco, Strizzi, Normanno, et al., 

2005). Experimentation in murine and zebrafish model reveals the role of Nodal in 

governing the CR-1 mediated primitive streak development, Axis pattern, 
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mesoendoderm specification, and left-right (L/R) asymmetry formation(Ding et al., 

1998; Schier & Shen, 2000; Yan et al., 2002).  

Further studies revealed that EGF-CFC proteins are positively correlated with Activin 

Type I ALK4 (ActRIB) receptors and its co-receptor Nodal which later activates the 

Activin (Caterina Bianco et al., 2002; Gritsman et al., 1999; Rangel et al., 2012) Type II 

receptor via induction of Smad-2/Smad-3 phosphorylation leading to the formation of 

Smad2/3/4 complex along with FoxH11 as co-transcriptional activating agent (Caterina 

Bianco et al., 2002; A. M. Singh et al., 2012; Yeo & Whitman, 2001). Antivin, Lefty1 

and 2 are the extracellular blockers of signalling of Vg-1 and Nodal, which regulates the 

Nodal activity in a concentration-dependent manner (Souquet et al., 2012; Luigi Strizzi 

et al., 2008). Except for the dimeric Nodal as well as Vg1/GDF-1 proteins, these proteins 

are monomeric. Subsequently, Antivin and Lefty also exhibit the ability to interact with 

multiple genes like Cripto-1, FRL-1, Nodal, and oep(Y. Chen & Schier, 2002; Sakuma 

et al., 2002). 

Nodal and BMP may serve as cooperative antagonists via a CR-1-independent network 

that might be essential for the configuration of the anterior portion of neural tissue (Yeo 

& Whitman, 2001). In 2001, Brennan et al. have demonstrated that Nodal was able to 

function unilaterally irrespective of CR-1 and Smad-2 to facilitate posterior cell fate. 

However, obligately needed CR-1 during migration of the anterior portion of the gut 

endoderm(Brennan et al., 2001). Cripto-1 has often been observed to be expressed in 

mouse as well as human undifferentiated embryonic stem (ES) cells, which regulate 

pluripotency and self-renewal (Caterina Bianco et al., 2010b; Moritz Hentschke et al., 

2006).  

In addition, the pluripotential transcription factors Nanog and Oct-4 immediately target 

the downstream gene CR-1, which is re-expressed in the iPSCs (induced pluripotent stem 

cells) originated from mature differentiated cells programmed to express Kfl4, Nanog, 

Oct-4, as well as c-myc(Aasen et al., 2008; Y. H. Loh et al., 2006; Yan Shi et al., 2008). 

CR-1 expression could also be measured by quantitative PCR as well as 

immunohistochemistry in ICM (inner cellular mass) of early developing fetus and 

trophoblast(Bandeira et al., 2014; Sebastiano et al., 2010). Such an expression tends to 

be strongly linked with the initial isolation and recognition of CR-1 as well as Cr-1 genes 

from cDNA libraries acquired respectively from the undifferentiated human 

NTERA2/D1 and F9 embryonic carcinoma cells (Ciccodicola, Dono, Obici, Simeone, 

TH-2681_146106043



Review of Literature Chapter 2 

16 

 

Zollo, & Persico, 1989; Ding et al., 1998; Rosanna Dono et al., 1993; Chunhui Xu et al., 

1999). 

After retinoic acid-induced differentiation, expression of both the genes is lost in 

NTERA2/D1 as well as in F9 cells (Ciccodicola, Dono, Obici, Simeone, Zollo, & 

Persico, 1989; Rosanna Dono et al., 1993; Minchiotti et al., 2001). CR-1 and cryptic is 

distinct from each other in their expression pattern. Cryptic is present only within 

differentiated mesoderm cells undergoing retinoic acid therapy and is neither found in 

embryonic carcinoma nor ICM stem cells (Ding et al., 1998; Klauzinska et al., 2014; 

Shen et al., 1997). As the blastocyst is attached to the uterine wall, the expression of CR-

1 can be analyzed in an ectodermal sample of a developing embryo(Caterina Bianco, 

Strizzi, Normanno, et al., 2005). Furthermore, the expression of CR-1 increases as the 

gestation time increase to day 6.5 due to the formation of mesoderm followed by the 

EMT of epiblast cells. However, on day 7, the expression declines, and there is a further 

increase in the myocardium of the arterial trunk of the evolving heart (Ding et al., 1998; 

Rosanna Dono et al., 1993; Chunhui Xu et al., 1999). 

CR-1 transcript may be identified throughout the epimyocardium, although not in the 

endocardium inside the developing heart (Salomon et al., 2000). Excluding the 

developing heart, very little or no expression of CR-1 mRNA has been observed in the 

remaining embryonic region past the 8th day (Caterina Bianco, Strizzi, Normanno, et al., 

2005; Salomon et al., 2000). CR-1 mRNA expression throughout adult tissues is typically 

multiple folds lower than in undifferentiated F-9 mice embryonic carcinomas(Johnson et 

al., 1994). The epiblast cells undergo EMT, where the primitive strip cell converts into 

mesenchymal cells followed by migration to form mesoderm (Savagner, 2001). Various 

molecular signalling contributes to regulating the process of EMT, which governs the 

cell to ECM and cell to cell adhesion, cell migration and shape maintenance(W. Lu & 

Kang, 2019; Rangel et al., 2012). Embryonic lethality occurs due to impaired gastrula 

formation on the blockage of any of these molecular signalling (Sirard et al., 1998; 

Waldrip et al., 1998). Losing the ability to gastrulate and to shape sufficient germ layers 

results in embryonic lethality at day 7.5 in mice without CR-1 express (Cr-1-/-)(Ding et 

al., 1998). Embryonic fibroblasts isolated from cripto-1 null mice show no or marginal 

capability to migrate towards chemotactic attractants like collagen (type-1) and 

fibronectin, in invitro, compared to wild-type embryonic fibroblasts cells (Chunhui Xu 

et al., 1999). Oep/Cripto-1 controls the transcription factors like Twist, slug or snail, 

regulating the expression molecule 
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Table 2.1: Regulatory Factors of Cripto-1 

Sl.No. 
Type of 

Regulation 

Identity 

of the 

Regulator 

Functional 

Role Target cell Reference. 

1. Positive 

HIF-1α 

Transcription 

factor Cardiomyocytes 

(Caterina 

Bianco et al., 

2009) 

TGF-β 

Growth Factor 
Embryonal/ 

Colon Carcinoma 

(Caterina 

Bianco et al., 

2008) 

Oct4 

Transcription 

factor ESCs 

(Kazuhide 

Watanabe et 

al., 2010) 

Nanog 

Transcription 

factor 
ESCs 

(Gawlik-

Rzemieniewska 

& Bednarek, 

2016) 

Wnt/β-

catenin 

Growth Factor Colorectal 

Cancer/Hepatoma 

(K. Wang et 

al., 2013) 

Netrin-1 
Growth Factor 

(Chemotropic) 

Mammary 

Epithelial Cells 

(Mancino et al., 

2009) 

Caveolin-

1 

Scaffolding 

Protein 
Breast Cancer 

(Nagaoka et al., 

2012) 

LRH-1 
Nuclear 

Receptor 

Embryonal/ 

Breast Carcinoma 

(Caterina Bianco et 

al., 2013) 

Msx2 
Transcription 

factor 

EpH4 (Mammary 

Epithelial Cells) 

(Di Bari et al., 

2009) 

2. Negative 

GCNF 

Nuclear 

Receptor 
Embryonal/ 

Breast Carcinoma 

(Caterina 

Bianco et al., 

2013) 

BMP-4 
Growth Factor Embryonal/ 

Colon Carcinoma 

(Mancino et al., 

2008) 
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involved in cell mobility and cell to cell adhesion such as integrins, cadherins, netrins 

claudins and occuldins (Caterina Bianco, Strizzi, Normanno, et al., 2005).    

In vivo silencing of Cr-1 results in the loss of differentiating capacity of embryonic stem 

cells into cardiomyocytes, obtained from CR-1 null mice (Maria Cristina, Rangel Nadia, 

P. Castro, Hideaki Karasawa, Tadahiro Nagaoka, David S. Salomon, 2012). The 

mechanism that commonly happens via the Nodal-and Smad-2-dependent pathway yet 

does not affect the capability of embryonic stem cells to specialize into various kinds of 

cells(Parisi et al., 2003; Chunhui Xu et al., 1999). Furthermore, in vivo silencing of genes 

like HRG-1 erbB-2 erbB-4 results in embryonic lethality, on the 10th day, due to 

myocardial and endocardial deformities (Klapper et al., 1999; Chunhui Xu et al., 1999). 

As cripto-1 indirectly regulated the erbB4 tyrosine kinase phosphorylation(Muraoka-

Cook et al., 2008; Nagaoka et al., 2012). Inhibition of CR-1 using tomoregulin-1 might 

provide a significant outcome as it binds to both erbB-4 and CR-1. (Klapper et al., 1999; 

Nagaoka et al., 2012). 

 

2.3.1.2 In Adult Cells (Especially in Mammary gland) 

Cripto-1 expression is marginal in adults, possibly in the stem cell present in the tissue. 

(Caterina Bianco et al., 2010b). The cripto-1 expression is marginal in adults, possibly 

in the stem cell present in the tissue(De Castro et al., 2010).CR-1 interacts with GRP78 

as a co-receptor to regulate the stem cell regeneration of hematopoietic origin in the 

hypoxic portion of bone marrow(Miharada et al., 2011). CR-1 expression continues to 

be an important factor in adult tissues for the development of the mammary gland and 

amplifies expression while breastfeeding and lactation occurs(Salomon et al., 2000; 

Luigi Strizzi et al., 2007). CR-1 has been identified across varying phases of postnatal 

mammary gland advancement(M. Graziella Persico et al., 2001). CR-1 content increases 

two to three times across different pregnancy phases and remains high throughout 

lactation but dropped significantly through involution(Caterina Bianco, Strizzi, 

Normanno, et al., 2005). In vivo study on mice, mammary epithelium shows the 

regulation of CR-1 expression indicate that in ageing breeder mice with a high frequency 

of forming mammary tumours, the expression is increased(De Santis et al., 2000; 

Herrington et al., 1997). Research has identified a functional form of CR-1 in human 

breast milk, which clearly shows that CR-1 is a mammary gland secretory component 

and proposes that this variant of CR-1 may contribute to regulating the differentiation 
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and proliferation of milk-producing cells (C Bianco et al., 2001). In essence, the EGF-

like domain of CR-1 was observed to directly associate with the mammary epithelial 

cells of mice, namely NMuMG and HC-11, and portions of the mammary gland tissue, 

implying the existence of a complementary CR-1 receptor that might regulate the 

functions associated with a mammary gland in pregnant as well as lactating females via 

autocrine control(De Santis et al., 2000; Normanno et al., 2004; Maria Graziella Persico 

et al., 1998; Salomon et al., 2000).  

 

2.3.2. Cripto-1 in Tumourigenesis 

There are several resemblances between embryonic development and tumourigenesis 

development. During embryonic development, the signalling pathways responsible for 

embryonic stem cell plasticity, propagation, and mobility often begin to act in tumour 

development and malignancy(De Angelis et al., 2019; Marjanovic et al., 2013). Apart 

from cripto-1 several morphogens which take active participation in the embryogenesis 

reported re-expressing in cancer progression (Dudu et al., 2004; Moritz Hentschke et al., 

2006; Tabata & Takei, 2004). Cancer formation is a multi-step phenomenon involving 

anomalies in many metabolic processes, including division, control of the cell cycle, 

death of cells, proliferation, and preservation of genome due to functional differences in 

several genes (Caterina Bianco et al., 2010b; De Angelis et al., 2019; Hanahan & 

Weinberg, 2011). To comprehend the biology and establish therapeutic regimens, it is 

essential to explore the fundamental signalling mechanisms regulating cancer cells. 

Studies have shown that high levels of CR-1 expression in various kinds of 

cancers(Klauzinska et al., 2014). Typically, 50-80% of various forms of cancer, 

including colorectal, lung, ovarian, pancreatic breast and testicular germ cell tumours, 

express CR-1 at elevated levels(Francescangeli et al., 2015; Pilgaard et al., 2014; Chun-

hua Xu et al., 2014; Xue et al., 2019). 

Cripto-1 plays a regulatory role in human multiple human cells in promoting stem, 

growth, invasion, migration, and angiogenesis, including breast, intestine, lung, testis, 

prostate, and pancreas stomach, ovary, and glioma cells (C Bianco, Strizzi, Normanno, 

et al., 2005; Francescangeli et al., 2015). Since Cripto-1 has been found to be associated 

with the maintenance, proliferation, angiogenesis, and invasion of cancer stem cells 

(CSC), it has been suspected to also be involved in the control and progression of 

tumorigenesis(Caterina Bianco, Strizzi, Normanno, et al., 2005; Luigi Strizzi et al., 2005, 
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2007; D. Wu et al., 2017). In vitro research findings have revealed that CR-1 operates as 

an oncogene by intensifying the invasion, migration and epithelial to mesenchymal 

transition of many epithelial human and mouse mammary gland cells and encourages in 

vitro and in vivo tumour angiogenesis (Q. Liu, Cui, Yu, Bian, Qian, Hu, Ji, Yang, et al., 

2017; Nagaoka et al., 2012; Rangel et al., 2012; D. Wu et al., 2017). Nevertheless, the 

mechanisms behind the recurrent expression of CR-1 in cancer is still not well 

understood. Therefore, many Cripto-1-related signalling processes have been identified 

that are common to both developmental phases and tumour progression, indicating that 

some of the developmental pathways are reactivated, leading to tumourigenic transition 

and progression (Klauzinska et al., 2014; Sousa et al., 2020; Luigi Strizzi et al., 2005). 

 

Scientists including Bianco et al. have demonstrated that Cripto-1 overexpression has a 

major effect on microvessel development and tumour development(Caterina Bianco, 

Strizzi, Normanno, et al., 2005; Normanno et al., 2004; Wechselberger et al., 2005). This 

observation is also corroborated by the fact that angiogenin, the activator of human 

vascularization, is a direct associate of Cripto-1(Caterina Bianco, Strizzi, Normanno, et 

al., 2005; Caterina Bianco & Salomon, 2010). 

 

Studies that highlight the involvement of CR-1 in development and proliferation, 

specifically in the gut epithelium, show that CR-1 mRNA activity is lower in disease 

states like gastric ulcer and IBD (inflammatory bowel disease), while increased levels of 

and apoptosis and necrosis eventuate(Caterina Bianco et al., 2010b; Chailler, 1999). The 

potential role of CR-1 in promoting or advancing in vivo CR-1 expression of mammary 

tumours has been investigated in various transgenic mice’ mammary glands in which the 

enhanced expressions of CR-1 have been reported earlier to contribute to the instant 

progression of lesions of the mammary epithelium (Adamson et al., 2002; Maria 

Graziella Persico et al., 1998; Wechselberger et al., 2005). 

 

Reproducible CR-1 overexpressing transgenic mice model of hyperplastic mammary 

glands has been developed, indicating the purpose of CR-1 in mammary epithelial 

proliferation development deregulation (Maria Graziella Persico et al., 1998; Luigi 

Strizzi et al., 2007; Wechselberger et al., 2005). 

2.4. Role of Cripto-1 in CSCs and ESCs Maintenance  
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The inferred role of Cripto-1 in cancer pathogenesis has led to attempts to use it as a 

tumour progression biomarker(Caterina Bianco, Strizzi, Normanno, et al., 2005). Reports 

have suggested that the expression of CR-1 and LIF (leukaemia inhibitory factor) is 

regulated by the nodal via induction of Smad2/3, which governs glioma progression 

(Bonnet & Dick, 1997; Mancino et al., 2008). There are two distinct subpopulations (CR-

1high and CR-1low) identified in Embryonal carcinoma (EC cells) and human melanoma 

cell lines (C8161 cells), based on cell surface expression of cripto‐1 (S. Lin et al., 2017). 

The cell with enhanced expression of CR-1 shows the higher sphere-forming ability in 

vitro, as the same CR-1high cells, when introduced in NOD/SCID mice, give rise to the 

larger tumour compared to CR-1low cells (Kazuhide Watanabe et al., 2010). The CR-

1+/high cells isolated from the C8161 cell subpopulation shows distinct characters like 

slow growth rate, smaller size, ability to form a sphere in vitro and have higher expression 

of pluripotency markers, i.e. MDR-1, Oct4 and Nanog.12  accordingly, the higher 

expression of CR-1 was shown to associate with upregulated expression of stemness 

markers like SUZ-12 and Oct4 in the patient-derived sample of prostate cancer 

(Kazuhide Watanabe et al., 2010). Treatment of embryonal carcinoma with recombinant 

human cripto-1 results in increased cellular proliferation and DNA synthesis(Das et al., 

2012). Conversely, reduced cell proliferation was observed in human colon 

adenocarcinoma cells (HCT-8 cells) on treatment alantolactone, by blocking the 

collaboration between CR-1 and Activin type II-A receptor (Ying Shi et al., 2011). Cells 

having increased expression of CR-1 proliferate rapidly in oral squamous carcinoma cells 

(CORTEGOSO et al., 2017). The fast-growing tumour region contains the cell with 

higher CR-1 expression than surrounding slow-growing cells (Lengyel, 2010; Kazuhide 

Watanabe et al., 2010). As demonstrated earlier, embryonic cancer stem cells have a 

crucial role in the various signalling pathway. Hence, it is likely to act as a key target in 

cancer therapeutics.  

Upregulated expression of CR-1 results in the development of a malignant tumour and 

stem cell-like characteristics(Ayob & Ramasamy, 2018; Luigi Strizzi, Margaryan, 

Gilgur, Hardy, Salomon, et al., 2013). Therefore, CR-1 overexpression can be correlated 

with detecting effective markers for the early prognosis of cancer onset and development. 

Studies in epithelial cells and stem cells suggest the precise relation between EMT and 

cellular stemness (W. Lu & Kang, 2019; Pastushenko & Blanpain, 2019; D. Wang et al., 

2017). Moreover, there is ample evidence suggesting the involvement of CR-1 in 

developing stem cell phenotype and EMT (Klauzinska et al., 2014; Rangel et al., 2012). 
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In NTERA2/DC EC cell line, the CR-1high subpopulation exhibits the potential to initiate 

EMT and greater spheroids forming ability in vitro compared to CR-1low(Simões & 

Ramos, 2007). In addition, CR-1 has also been shown to regulate embryonic stem cell 

pluripotency both in human and mouse cell lines (Caterina Bianco et al., 2010b; Luigi 

Strizzi et al., 2008). Numerous studies suggest the involvement of CR-1 in cancer stem 

cells (CSCs) generation and maintenance in colorectal cancer (Sato et al., 2020; Y. Zhou 

et al., 2018)and oesophagal squamous cell carcinoma(Q. Liu, Cui, Yu, Bian, Qian, Hu, 

Ji, & Yang, 2017).  However, the mechanism or pathway followed is yet to explore. A 

recent study demonstrates the upregulation of Wnt signalling by CR-1, resulting from 

Dvl3 stabilization, which induces the activation of β-catenin in the HCC cell 

line(Wechselberger et al., 2005; Xue et al., 2019).  

Furthermore, the expression of CR-1 is regulated by Oct4 and Nanog, which are known 

stemness markers, in human embryonal carcinoma cells(Y. H. Loh et al., 2006; Park et 

al., 2018; Luigi Strizzi et al., 2008). In stem cells, Nanog transcription is induced by 

Nodal dependent CR-1 signalling, which creates a positive feedback loop(Rangel et al., 

2012; Luigi Strizzi et al., 2007; K Watanabe et al., 2010). Development and enrichment 

of CSCs in tumours results in the acquisition of resistance towards chemotherapy and 

radiotherapy (D. Chen & Wang, 2019; L. Han et al., 2013). Increased expression of CR-

1 in CSCs also correlated with resistance to chemotherapy and relapse of tumours (Alam 

et al., 2018; Todaro et al., 2014). Thus, targeting CR-1 along with other CSCs markers 

might help in better management of cancer.  

 

2.5. Cancer Stem Cells  

In the beginning, first cancer stem cells (CSCs) were identified in hematopoietic cancer, 

later on, cancer stem cells of different origins were detected like prostate, breast, colon, 

pancreas, head and neck and lungs(ALHulais & Ralph, 2019; Klonisch et al., 2008; 

Saygin et al., 2019; Sell, 2010).  Cancer stem cells can be defined as a small group of 

progenitor cells present in cancer, capable of self-renew and enriching its population 

(Kashyap et al., 2009; O’Brien-Ball & Biddle, 2017; Sell, 2010). One of the specific 

features of the CSCs is the ability to develop tumours when introduced into immune-

deficient mice. The CSCs also have differentiation properties, contributing to the 

heterogeneity in the cancer population, leading to more malignant and aggressive 

carcinoma. Various types of CSCs markers are CD133, CD44, CD24, CD90, CD200, 
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ALDH, ABCB5 and EpCAM etc. (Bao et al., 2013; Glumac & LeBeau, 2018; Jaggupilli 

& Elkord, 2012; Q. Liu, Cui, Yu, Bian, Qian, Hu, Ji, & Yang, 2017). 

Genetic and epigenetic modification in cancer cells leads to the dedifferentiation of 

cancer cells, giving rise to cancer stem cells (Friedmann-Morvinski & Verma, 2014; 

Röpke et al., 2003; Yosuke Yamada et al., 2014). Several studies suggested the 

correlation of epithelial to mesenchymal transition with the acquisition of stem cell 

phenotypes(W. Lu & Kang, 2019; O’Brien-Ball & Biddle, 2017). The pathways that 

control stem cells' maintenance in humans are Wnt, Notch and hedgehog signalling 

pathways. These pathways were shown to be induced during EMT, leading to the 

development of stem cell-like phenotype in cancer cells (Kamdje et al., 2017; Katoh & 

Katoh, 2008; Takebe et al., 2011).   

In breast cancer, upregulated expression of CSCs marker CD44 was observed in cells 

undergoing EMT(L. Li et al., 2015; H. Xu et al., 2016). Subsequently, CD44 was 

identified as a target for β-catenin (Chang et al., 2013; Uchino et al., 2010).  

CSCs is also shown to have EMT like phenotype, which was proposed to induce 

metastasis(O’Brien-Ball & Biddle, 2017). Apart from that, CSCs were also shown to 

associate with cancer advancement and development resistance to radio- and 

chemotherapy (Cho & Kim, 2020; M. Li et al., 2012; K. Wang et al., 2013). Further, 

many probable mechanisms were detected to decipher the pathway involved in the 

induction of resistance. This resistance to therapy and inbuilt tumourigenicity helps the 

CSCs to induce relapse of cancer (Agliano et al., 2017; Ambudkar et al., 2003; E. W. Yu 

et al., 2003). There are markers of CSCs that are the determinant for a particular tissue 

similar to normal stem cells. For instance, Normal hematopoietic cells express 

CD34+CD38+ as a surface antigen, whereas differentiated hematopoietic cells 

express CD34+CD38- as stemness markers (Edy Susanto, 2010; Hauswirth et al., 2007). 

Leukaemic cells expressing CD34+CD38- were having tumour initiation capability, while 

cells with CD34+CD38+ expression were unable to do so (Bonnet & Dick, 1997; 

Hauswirth et al., 2007; Lapidot et al., 1994). Likewise, neural CSCs expresses nestin that 

is generally expressed by neural stem cells (Calabrese et al., 2007; Jin et al., 2013; 

Neradil & Veselska, 2015). Literature reports have suggested that stem cell properties 

acquired by the cell result from transformation induced by some stimulus that drives the 

epigenetic modifications in partially differentiated cells. Such conversion was observed 

in Hair follicle stem cells, where progenitor cells transform into stem cells following 

mechanical injury (Hsu et al., 2011).  The epigenetic modifications are the possible 
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mechanism for the dedifferentiation of the stem cells(Lister et al., 2011). Primarily, 

genetically unstable cells transform and dedifferentiate into stem cells (Federici et al., 

2011). 

 

Moreover, when cells grow under the hypoxic condition, they acquire stem cell-like 

characteristics following reversal of differentiation state (J. Li et al., 2014). 

Subsequently, a study conducted on IPSCs (induced pluripotent stem cells) depicted the 

reprogramming of differentiated cells results in recovery of stem cell properties (Lister 

et al., 2011; Takahashi & Yamanaka, 2006). Recently, the adult’s fibroblasts and other 

somatic cells were reprogrammed using cloning techniques in which stemness markers 

like Oct3/4, C-myc, KlF-4 and SOX2 were transduced (Nomura et al., 2012; Takahashi 

& Yamanaka, 2006; Wakao et al., 2012). This results in the production of a totipotent 

cell having the ability to form a live embryo.  

 

Earlier, differentiation and development were understood as a one-directional or non-

reversible process in which loss of stemness is bound to happen along with 

differentiation(Yosuke Yamada et al., 2014). However, recently understanding suggests 

that the gain and loss of stemness is a dynamic process and stem cell properties in CSCs 

are the result of the reversal of differentiation (Friedmann-Morvinski & Verma, 2014). 

Another study suggested that the combination of LIN28 and Nanog synergize the 

production of IPSCs with human fibroblast (Gillis et al., 2011). Other than this, enhanced 

expression of various exogenous factors is required for the generation of IPSCs (J. Yu et 

al., 2007), hence the origin of CSCs cannot be generalized. However, the part played by 

transcription factors during the production of CSCs cannot be overlooked. SOX2, ras and 

myc support the generation of stem cells (Herreros-Villanueva et al., 2013; Ischenko et 

al., 2013), while GATA4 has been reported to antagonize Nanog and inhibits the 

dedifferentiation process (Serrano et al., 2013).  

2.6. Properties of CSCs  

2.6.1 Self-Renewal Capacity 

The phenomenon of generation new CSCs by the mitotic division of existing CSCs is 

caller self-renewal(O’Brien-Ball & Biddle, 2017). This is one of the most essential 

functions of CSCs, which help in the maintenance of CSCs reservoir in both symmetric 
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and asymmetric cell division (Huntly & Gilliland, 2005). There is the loss of 

tumorigenicity and capability to relapse of the tumour when self-renewal capacity is lost.  

 

2.6.2 Metastasis and CSCs 

Metastasis is the process in cancer cells move from the site of origin and enters the 

lymphatic and circulatory system where it continues to survive the passage later on it 

moves to the secondary site by leaving the circulatory system and start growing in a new 

local niche (Ayob & Ramasamy, 2018; Chambers et al., 2002). In 1998, a study 

conducted showing metastasis of approximately 80% of blood cancer cells that move out 

of the bloodstream and enter the lungs initiates tumour growth within one day (Luzzi et 

al., 1998). Nevertheless, a small number of cells succeed in making high tumour 

vascularization(Koop et al., 1995; Luzzi et al., 1998). The reason behind it is the majority 

of cells remain dormant at the secondary site, which is shown in many metastasis models 

(Bao et al., 2013; Hanahan & Weinberg, 2011).  

 

2.6.3 Dormancy and Quiescence of CSCs 

Dormancy is the attire of metastatic cancer cells provided by quiescent cells (Sau Har 

Lee et al., 2020). These cells exhibit a slow growth rate and high apoptotic ability(W. 

Chen et al., 2016). Due to its dormancy, these cells have the ability to retain fluorescent 

dye, which dilutes sequentially after normal cell division (Davis et al., 2019; Naumov et 

al., 2006). 

 

2.6.4 Creation of Tumour Heterogeneity 

The CSCs can differentiate into various forms of cells, which give rise to tumour 

heterogeneity(Muhammad Al-Hajj & Clarke, 2004). These cells are also known to 

maintain and introduce heterogeneity among the cancer cells(De Angelis et al., 2019). 

Furthermore, a study conducted from the patient-derived samples also proves similar 

phenomena (M. Al-Hajj et al., 2003). 

 

2.6.5 CSCs and Tumour Vascularization 

Studies have shown that stem cells are also involved in the development of tumour 

vasculature (Dvorak et al., 1991; Putnam, 2014). In these studies, GSCs (GBM stem 
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cells) were found to have vascular tube forming ability when grown in the endothelial 

medium in vitro(Jhaveri et al., 2016; Ricci-Vitiani et al., 2010). In addition, the 

introduction of human GSCs into NOD/SCID mice, either by subcutaneous or orthotopic 

route of administration, leads to the development of a tumour xenograft with the 

vasculature of human origin(Ricci-Vitiani et al., 2010). Furthermore, CD133+ GSCs 

demonstrated the ability to imitate human vascularization, which means that tumour cells 

with enhanced cell plasticity appear to form a vessel-like structure (Petty et al., 2007; 

Putnam, 2014; Qian et al., 2016). 

 

2.7. Pathways of Cripto-1  

The science of ES cells has contributed to the appreciation of transcriptional 

programming, including molecular pathways which embody stem cell renewal as well as 

differentiation(Englund et al., 2011; Rippon & Bishop, 2004). Researches have 

highlighted molecular markers of genes in undifferentiated ES cells, which regulate 

pluripotency and self-renewal (Maria Cristina, Rangel Nadia, P. Castro, Hideaki 

Karasawa, Tadahiro Nagaoka, David S. Salomon, 2012). Molecular and genetic analyses 

have confirmed a functional relation amongst the EGF-CFC proteins and Nodal, both 

come under the TGF-β superfamily(Gritsman et al., 1999; Schier & Shen, 2000). EGF-

CFC proteins serve as co-receptors for Nodal as well as GDF-1 and GDF-3 (Growth and 

Differentiation Factors) via a complex formation between them and Activin Type II and 

Type I (ALK4) serine-threonine kinase receptors mostly in cell membrane 

niche(Caterina Bianco et al., 2002; Klauzinska et al., 2014). On binding to Nodal/GDF-

1/GDF-3, Smad-2 and 3 gets phosphorylated followed by activation of type I and II 

receptor complex, and that in turn binds to Smad-4 and moves to the nucleus to promote 

the transcription of particular target genes as a transcriptional complex (Caterina Bianco 

et al., 2008; Gray & Vale, 2012; Sousa et al., 2020; Yeo & Whitman, 2001). The binding 

of CR-1  

Table 2.2. Pathways affected by Cripto‑1. 

Sl.

No

. 

Name of the 

Pathway 
Target Pathway 

Mechanism 

of Action 
Reference 

1. 
Nodal/GDF1/3 

 

Nodal/SMAD2/3-

dependent signalling 

Proliferation 

/differentiation 
(Shen, 2007) 
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2. GRP78 

a) MAPK/AKT 

signalling 
Proliferation 

/migration 

(Nagaoka et al., 

2012) 

b) Src/ 

PI3K/AKT 

Proliferation 

/migration 

/plasticity 

(D. Wu et al., 2017) 

c) Antagonizes 

Activin/Nodal/

TGF‑β 

signalling 

Proliferation 

/migration 

/plasticity 

(Kelber et al., 2009) 

3. Glypican-1 

a) c-

Src/MAPK/A

KT signalling 

Proliferation 

/migration 
(Gray & Vale, 2012) 

b) Src/Ras/Raf/M

APK 

Proliferation 

/migration 

/survival 

(Luigi Strizzi et al., 

2005) 

c) Src/PI3K/AKT 
Proliferation 

/migration 

/survival 

(Nagaoka et al., 

2012) 

4. Nodal 
MAPK/p70S6K 

signalling 

Cardiac 

specification of 

ESCs 

(Klauzinska et al., 

2014) 

5. TMEFF1/ErbB4 
c-Src/MAPK/AKT 

signalling 

Stem cell self-

renewal 

/proliferation 

/EMT 

(Nagaoka et al., 

2012) 

6. Wnt3/frizzled/LRP5/6 β-Catenin signalling 

Stem cell self-

renewal 

/proliferation 

/EMT 

(R. C. L. Lo et al., 

2018) 

7. 
Wnt11/Glypican‑4/friz

zled  
β-Catenin signalling 

Stem cell self-

renewal 

/proliferation 

/EMT 

(K. Wang et al., 

2013) 

8. 
Mature Notch/Delta 

like 1,3,4/Jagged1,2 
Notch signalling 

Stem cell self-

renewal 

/proliferation 

/EMT 

(Mahmoudian et al., 

2017) 
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Scheme 2.2: Schematic of Cripto-1 Signalling pathways. 
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with glypican-1 (a heparin sulphate proteoglycan), may enhance tyrosine kinase c-Src 

activity by promoting the phosphorylation of MAPK and AKT in a nodal-independent 

process(Caterina Bianco et al., 2008; Das et al., 2012). Cell growth, differentiation, 

motility, and survival are affected by the activity of the MAPK and AKT 

pathways(Klauzinska et al., 2014; Nagaoka et al., 2012). CR-1 can indeed suppress 

signalling by TGF-β1 and activin A/B, the other members of the TGF-β family, which 

leads to tumour cell development(Seoane & Gomis, 2017). The target genes of Wnt and 

Notch signalling pathways are specifically involved in the progression and development 

of the ESCC, and the deregulation of these genes have a crucial role in tumour formation 

(Xiao et al., 2016).  

CR-1 communicates with multiple components of different signalling pathways, 

particularly TGF-β, Notch, Wnt, Nanog and Oct-4 (Klauzinska et al., 2014; Mahmoudian 

et al., 2017; Nagaoka et al., 2012). CR-1 is a target gene of the Wnt/β-catenin signalling 

pathway downstream to it, and its communication with Wnt may regulate diverse 

physiological processes, which include embryo formation, activation of EMT, cell 

invasion and migration (Yang et al., 2016). CR-1 is required by the Nodal to trigger the 

activation of Alk4 and Alk7, the serine-threonine kinase activin type I receptors as well 

as the activin type II receptor complex, which in effect stimulates phosphorylation of the 

cytoplasmic receptor-activated Smad proteins, namely Smad-2 and Smad-3, which 

translocate into the nucleus after complexation with Smad-4 and interact with other co-

activators such as FoxH1 to initiate transcription of specific target genes. (Caterina 

Bianco et al., 2002; Yeo & Whitman, 2001) 

 

2.7.1. Nodal Dependent Cripto-1 Signalling 

CR-1 is reported being the co-receptor of Nodal, a ligand belonging to the transforming 

growth factor-beta (TGF-β) group (Caterina Bianco et al., 2002; Sakuma et al., 2002). 

The CR-1 regulated Nodal/ALK4/Smad-2 signalling pathway is primarily involved in 

embryogenesis(Caterina Bianco et al., 2002; D’Andrea et al., 2008; Klauzinska et al., 

2014). Linked to several other ligands of the TGF-β family, such as activin as well as 

bone morphogenetic proteins (BMPs), nodal signals via the serine/threonine kinase 

receptor present in the transmembrane(Caterina Bianco et al., 2003; Lonardo et al., 2011) 

[60]. Nodal signalling uses ActRIB (ALK4) type I activin receptors and ActRIIA and 

ActRIIB type II receptors, contributing to phosphorylation as well as nuclear aggregation 
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of Smad2 and/or Smad3 cytoplasmic signal transducers along with Smad4 (Parisi et al., 

2003; Shen, 2007; Yan et al., 2002). The stimulated Smad complex associates with 

transcription factors present in the nucleus, such as the FAST subfamily, to elicit gene 

expression (Caterina Bianco et al., 2002; Massagué & Xi, 2012; Kazuhide Watanabe et 

al., 2010). Mutational experimentation studies suggest CR-1's ability to bind to Nodal 

via its EGF and CFC domain and also suggest its capability of binding to ALK4 (ActRIB) 

(Caterina Bianco et al., 2002; Maria Graziella Persico et al., 1998; Schier & Shen, 2000). 

Membrane-associated CR-1 employs Nodal to the Activin receptor complex consisting 

of ActRIB (ALK4) and ActRIIB (Caterina Bianco et al., 2002; Klauzinska et al., 2014; 

Nagaoka et al., 2012). CR-1 can also interact directly with ALK7, some other 

serine/threonine orphan kinase receptor that improves the capacity of ALK7 to react to 

Nodal (Klauzinska et al., 2014; Tsuchida et al., 2004). The various pathways of CR-1, 

including the Nodal/ALK4/ALK7/Smad-2, is elaborately illustrated in Figure 2.3. 

Numerous reports indicate that, apart from the activation of Nodal/ALK4/ALK7/Smad-

2 and Glypican-1/c-Src/MAPK/Akt pathways, CR-1 signalling may also be in cross-talk 

with the wnt/β-catenin/Lef-1 signalling pathway(Nagaoka et al., 2012, 2013; D. Wu et 

al., 2017). Moreover, CR-1 has been recognized as the main target gene in the signalling 

cascade of wnt/β-catenin during the process of embryonic development (Funa et al., 

2015; Nagaoka et al., 2013). 

 

2.7.2 Nodal–Independent Cripto-1 Signalling Pathway  

Cripto-1 being a co-receptor for Nodal, can stimulate individually both the Nodal-

dependent as well as the Nodal-independent signalling pathways. It not only attaches to 

Glypican-1 but also provokes the activation of the c-Src/MAPK/AKT cascade, resulting 

in cell motility or even EMT (Caterina Bianco et al., 2003).  

As a portion of the MAPK signalling pathway interceding cell proliferation, Cripto-1 has 

been known to phosphorylate EGFR (also known as Ser1070) or FGFR1 (also known as 

throughout the central repudiates malignant transformation(Alowaidi et al., 2019; 

Nagaoka et al., 2012; Thiery & Chopin, 1999). Nevertheless, a variety of cases of cancer 

include mutations in the MAPK pathways, leading to irregular signalling that impairs 

many processes required for cancer cells to acquire tumour forming potential.  

Additionally, deregulation of MAPK signalling promotes oncogene stimulated 

senescence prevention and drug tolerance acquisition (Boutros et al., 2008; Dhillon et 
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al., 2007). PI3K/Akt signalling pathway facilitates essential cancer cell activity, 

including tumour development and progression, as well as tumour-related outcomes, like 

proliferation, development, metabolism, angiogenesis, motility, invasion, migration, 

autophagy as well as survival (Bononi et al., 2011; Dobbin & Landen, 2013; McAuliffe 

et al., 2010). Deregulation or even increased pathway activation have indeed been 

involved in the creation of anti-tumour immunity, including immune evasion among 

cancerous cells(Dituri et al., 2011). In particular, the genes regarded as important key 

modulators in the maintenance of undifferentiated and pluripotent conditions in ES cells 

include POU5F1, a POU class 5 homeobox 1, Oct-4, Nanog and Sox-2(Jerabek et al., 

2014). 

These transcription factors govern the expression of several other transcriptional 

regulators, which also preserve or suppress lineage-specific differentiation genes. Whole 

genome Chip analysis has also demonstrated the existence of binding sites of Oct-4 and 

Nanog inside the Cripto-1 promoter region Tyr654(Alowaidi et al., 2019; Kazuhide 

Watanabe et al., 2010). Cripto‐1 can also regulate cell motility as well as invasion in the 

FA pathway by binding to ITGA, thereby facilitating the activation of the Src signal 

cascade, which have the components Tyr418, FAK (Tyr396) and PXN 

(Tyr118)(Alowaidi et al., 2019; D. Wu et al., 2017). 

In conjunction, Cripto-1 could further activate the regulation of cell survival through the 

Src (Tyr418), FAK (Tyr396), p130CAS (Tyr410) and Bcl2 (Thr69) pathways or control 

the cell proliferation through the Src (Tyr418), FAK (Tyr396), p130CAS (Tyr410) c‐Jun 

(Ser63) cascade(Alowaidi et al., 2019; D. Wu et al., 2017). Through the evaluation of 

ALK4-/-and/or Nodal-/-cells, Bianco et al. (2002) revealed that perhaps the activation of 

all the aforementioned pathways by Cripto-1 is independent of both the genes(Caterina 

Bianco et al., 2003; Luigi Strizzi et al., 2005). Comparably, during the activation of C-

Src, which is essential to its oncogenic operation, Cripto-1 has been observed to exhibit 

Nodal-and ALK4-independent activities in a mice epithelial mammary cells model 

system (Caterina Bianco et al., 2003).MAPK signal transduction regulated by Cripto-1 

is also largely reliant on its ability to associate with the GRP78 endoplasmic reticulum-

based heat shock protein, which is found to be significantly up-regulated on some cancer 

cells' surface. (Shani et al., 2008) 

In essence, any intervention in the GRP78-Cripto-1 interaction hinders the activation of 

the Akt/MAPK pathway as this interference significantly undermines the tumorigenic  

Table 2.3. Examples of Proteins affected by Cripto‑1 Overexpression. 
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Sl.

No 

Protein 

Name 

Amino 

Acid 

Residue  

Pathway 

Involved 

Carcinogenic 

Activity 

 

Ref. 

1. VEGFR2 Tyr1054 

ERK1/2, PI3K / 

Akt, 

Migration and 

Proliferation of 

endothelial lymphatic 

cells 

(Kelber et 

al., 2009) 

c-Raf / MAPK, 

PLCγ1 / PKC, 

Malignant 

astrocytoma radio 

resistance and growth 

(Gray & 

Vale, 2012) 

VEGF–

VEGFR2–NRP1, 

Maintains the 

tumorigenicity, 

viability, and self- 

renewal 

(Knizetova 

et al., 2008) 

VEGFR‑2/PLCγ1

/ Akt. 

Endothelial 

permeability, 

proliferation and 

survival; 

(Dellinger & 

Brekken, 

2011) 

ephrin-B2/PDZ-

signalling 

Regulation of tumour 

angiogenesis 

(Sawamipha

k et al., 

2010) 

2. Akt 

Thr308  
PI3‑kinase/Akt 

pathway 

Survival and Growth 

of tumour cells 

(Gao et al., 

2014) 

Tyr474 

Ca2- permeable 

AMPA 

receptors/Akt 

Motility and Growth 

of glioblastoma cells 

(T. Jiang & 

Qiu, 2003) 

3. 
CREB-2 

(ATF4) 
Ser245 PERK-ATF4 

tumour development, 

lymph node 

metastasis, 

upregulated during 

tumour growth, 

escalated hypoxia 

(Fan et al., 

2014) 

4. Caveolin-1 Try14 Focal Adhesion 

Cell migration, 

structural and 

signalling significance 

in focal adhesions 

(Parat & 

Riggins, 

2012) 

5. FAK Try397 Focal Adhesion/ 

PI3 Kinase AKT 

Focal Adhesion, 

increased motility, 

invasiveness, growth 

and survival of cancer 

cells. Anti-apoptosis 

(Luo & 

Guan, 2010) 

 

activity of Cripto-1(Gray & Vale, 2012; Miharada et al., 2011). For the Nodal-dependent 

activities of Cripto-1, including the activation of the Smad2/3 signal cascade, GRP78 is 
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important as it interferes with the proliferative potential of this pathway (Kelber et al., 

2009). Furthermore, GRP78 induced activation of Akt/MAPK/c-Src signalling via 

Cripto-1 can result in reduced adhesion and increased proliferation in breast cancer cells 

which, on analysis, have exhibited reduced expression of E-cadherin (Kelber et al., 2009; 

Nagaoka et al., 2013). In additament to that suggested earlier, the Cripto-1-GRP78 

complex has often been linked to a variety of EMT regulatory pathways, namely Notch, 

TGFβ and Wnt/β-catenin, thus serving a key role in the regulation of EMT (Rangel et 

al., 2012; Nagaoka et al., 2012; Gray & Vale, 2012). 

 

2.7.3. Wnt Signalling Pathway  

In the embryo, Cripto-1 is a downstream target gene of the canonical Wnt/-catenin 

pathway. In combination with Frizzled 7 (Fzd7) and Glypican-4, the non-canonical 

Wnt11 can associate with Cripto-1 and induce the activation of the B-catenin pathway. 

Literature reveals that Cripto-1 strengthens the signalling of the canonical Wnt/β-catenin 

pathway by coupling to its co-receptors LRP5 and LRP6 (Nagaoka et al., 2013). Across 

both normal cells as well as cancer stem cells, the Wnt pathway plays a critical role in 

cell cycle regulation and self-renewal on its activation(Holland et al., 2013).  

 

Several types of cancer have been identified with dysregulation of the Wnt/β-catenin 

pathway. However, stabilisation of the transcriptional co-activator β-catenin is 

recognized as a crucial hallmark of the progression of several tumours. The tumour 

associated gene expression profile is regulated by β-catenin by binding to the TCF/LEF-

1 DNA-binding transcription factor family members. β-catenin, in conjunction with 

cadherins, is also an integral part of cell adhesion complexes and therefore plays a 

significant role in the regulation of EMT (Polakis et al., 2012; van der Zee et al., 2013; 

Kypta & Waxman, 2012) Cripto-1 has reportedly been known to specifically modulate 

Wnt/β-catenin signalling Studies by (Nagaoka et al., 2013) have shown that Cripto-1 can 

attach to LRP5 as well as LRP6 (protein 5 and 6 linked to low-density lipoprotein 

receptors) and help promote the coupling of Wnt3a to LRP5/6, their co-receptors. 

 

2.7.4. Notch Signalling Pathway 
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Notch is necessary for the induction of expression of Nodal as an upstream gene to Nodal 

(Raya et al., 2003). Notch signalling affects embryogenesis, cell differentiation, 

proliferation, organogenesis and apoptosis, and may end up causing carcinogenesis 

through deregulation (Bolós et al., 2007). In ER/Golgi membranes, Cripto-1 

communicates explicitly with Notch and boosts cleavage of the extracellular domain 

of Notch, amplifying the signal triggered by the Notch ligand. CR-1 is a downstream 

target of Oct-4 and NANOG, the transcription factors that control CR-1 expression by 

attaching to the promoter of CR-1. Moreover, these are genes linked to stem cells that 

indicate that CR-1 expression can facilitate the role of NANOG and Oct-4 by 

implementing and sustaining their expression(C Bianco et al., 2013). It should be noted 

that differentiated cells can be deregulated into the pluripotent stem cell phenotype by 

the master transcriptional complex comprising Oct-4, Sox2, and NANOG.  

During the retinoic acid stimulated differentiation of human embryonic cancer cells 

subsequent to binding of GCNF to a DR0 motif in the human CR-1 promoter region, CR-

1 is often explicitly inhibited mostly by the orphan nuclear germ cell receptor nuclear 

factor (GCNF) (M Hentschke et al., 2006). GCNF is also necessary to suppress Oct-4, 

Nanog as well, as Sox-2 expression against ES cell differentiation with retinoic acid (Gu, 

LeMenuet, et al., 2005).  

In addition, by recruiting the methyl-CpG binding domain, including DNA 

methyltransferases, to the Oct-4 promoter, GCNF binding activates the initiation of 

methylation of the promoter DNA by activating epigenetic gene silencing during ES cell 

differentiation of the Oct4 locus (Gu et al., 2011). DR0 constituents may even bind to 

several other orphan nuclear receptors, like the homolog-1 liver receptor (LRH-1), which 

is essential for preserving Oct-4 expression within undifferentiated ES cells(Gu, 

Goodwin, et al., 2005). Thus, by competition within the Oct-4 promoter region for the 

same regulatory factor, GCNF and LRH-1 not only govern pluripotency but also 

differentiation of ES cells  

 

2.8. Crosstalk of the Nodal/Cripto-1 Signalling Pathway 

By activating an integrated framework of signalling pathways, Cripto-1 is involved in 

numerous cellular activities, particularly cell proliferation and motility, including 

angiogenesis(C Bianco, Strizzi, Ebert, et al., 2005; Xiu Feng Hu & Xing, 2005; 

Normanno et al., 2004). In reviewed literature, crosstalk amongst Cripto-1 and several 
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other canonical signalling pathways such as Wnt/β-catenin, hypoxia, Notch, Oct-4, and 

Nanog has collectively been described(Nagaoka et al., 2012). Notch specifically controls 

Nodal expression, and CR-1 links to all four Notch receptors indicating that a Crosstalk 

exists among Notch and the signalling pathways of Nodal/CR-1(Raya et al., 2003; Luigi 

Strizzi et al., 2007). 

 

 

Scheme 2.3: Schematic representation of the Cross talk of the Nodal/Cripto-1 signalling pathway 

with various other signalling pathways.  

 

2.9. Cripto‐1 and Epithelial to Mesenchymal Transition (EMT) 

Cripto‐1 plays a crucial role in the process of epithelial to mesenchymal transition 

(EMT)(Rangel et al., 2012). During this process, the differentiated epithelial cell changes 

to mesenchymal form following differentiation, thereby reviving its stemness 

property(W. Lu & Kang, 2019). Phenotypical, these mesenchymal cells show similar 

traits to invasive carcinoma cells. Literature suggests that EMT governs the invasion of 

the cell into nearby tissues, and this mechanism has consistently been related to the CSC 

phenotype acquisition(Pastushenko & Blanpain, 2019)(C. Chen et al., 2018)(W. Lu & 

Kang, 2019). Majority of cells having EMT phenotype shows CSC-like 
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characteristics(Abell & Johnson, 2014). Cancer cells acquire EMT to escape the 

chemotherapeutic and physiological stress like hypoxia and tumour microenvironment 

stress (Jing et al., 2019). However, the mechanism to establish the relation between CSC 

and EMT is not clearly understood. Various cancer cell lines, including breast, colon and 

cervical, showed higher expression of cripto-1 after epithelial to mesenchymal transition. 

Furthermore, the upregulated expression of mesenchymal markers like vimentin, N-

cadherin and Twist and downregulation of epithelial marker, i.e., E-cadherin, was 

observed in the cripto‐1 overexpression system (Di Bari et al., 2009)(C. Y. Loh et al., 

2019). However, the molecular mechanism correlating the cell invasion with altered CR-

1 expression is not yet clear. In vitro exposure of HUVEC cells (Human umbilical vein 

endothelial cells) with cripto‐1 show enhanced migration, invasion and vascular tube 

formation (angiogenesis) on ECM like Matrigel (D. Wu et al., 2017). 

 

The first study that illustrates the role of CR-1 in EMT was performed in the murine 

mammary epithelial cell line (EpH4 cells). The findings of the study revealed that EMT 

plays a crucial in gastrula formation, neural crest cell migration, differentiation of tissues 

and regeneration (Pérez-Pomares & Muñoz-Chápuli, 2002). In the process of EMT, 

downregulation in E-cadherin expression results in loss of cellular contact and 

destruction of the complex junction, due to which the cell develops high motility. 

 

 The epithelial cell becomes spindle shape and acquires mesenchymal morphology due 

to an increase in expression of Vimentin (Boyer et al., 2000; Thiery, 2002) (Ackland et 

al., 2003; Casaroli–Marano et al., 1999; Dandachi et al., 2001; Grille et al., 2003; Steinert 

& Roop, 1988). Invitro study conducted on HeLa cells (Human cervical carcinoma cells) 

reveals that the upregulation of vimentin expression is associated with enhanced 

migration and invasion of the cell across the ECM coated membrane in the CR-1 

overexpression system. Thereby implicates that cripto-1 induced vimentin expression 

give rise to a highly malignant character to the cervical carcinoma (Ebert et al., 2000). 

 

A recent study demonstrates the effect of CR-1 on EMT induction in HC-11 (mammary 

epithelial cell line) and human CR-1 overexpressing transgene mice model. The 

presented data reveals decreased expression E-cadherin while the expression of other 

mesenchymal markers like N-cadherin, different isoforms of integrins vimentin and snail 

(zinc-finger repressor transcription factor) in both CR-1 transgene murine model and Cr-
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1 overexpressing HC-11 cells (L Strizzi et al., 2004). Furthermore, enhanced 

phosphorylation of AKT, c-Src and focal adhesion kinase (FAK) was observed, which 

are known to get activate during EMT (Thiery & Chopin, 1999). Additionally, expression 

of the phosphorylated and inactive form of GSK-3β (glycogen synthetase kinase 3β) and 

expression of active/non-phosphorylated form of β-catenin was observed simultaneously 

in both in-vivo and in-vitro CR-1 overexpressing systems. The active form of β-catenin 

interacts with E-cadherin and plays an essential role in cell-to-cell junction formation 

(Savagner, 2001). The expression of β-catenin is regulated by GSK3β, which governs its 

proteasomal degradation followed by phosphorylation. 

 

2.10. Embryonic Stem Cells 

Embryonic stem cells are the progenitor cells that exhibit the ability to differentiate and 

generate all forms of cells required for normal embryonic development(Englund et al., 

2011; Rippon & Bishop, 2004). Embryonic stem cells can be an attractive target for 

treating various diseases using transplantation therapy and can also be used as a target 

for drug screening(Watt & Driskell, 2010). ES cells can also be used as a suitable model 

for studying embryonic development and different types of neonatal cancers(Maria 

Cristina, Rangel Nadia, P. Castro, Hideaki Karasawa, Tadahiro Nagaoka, David S. 

Salomon, 2012). 

In 1981, murine embryonic stem cells were isolated from the blastocyst, which was 

implanted earlier by two separate groups of researchers (Evans & Kaufman, 1981; 

Martin, 1981). The blastocyst comprises two distinct types of cells an outer layer called 

trophoblast, which will give rise placenta and an inner cellular mass (ICM) that further 

generates all the different types of tissues of the body and a potential source of ES cells 

(Englund et al., 2011). Since ICM changes its form quickly and for continuous 

experimentations, isolated ES cells can also be grown in-vitro by maintaining ideal 

culture conditions. A cell having a high nuclear-to-cytoplasmic ratio, enlarged nuclei and 

discrete morphology proliferate at a higher rate. Besides, ES cells also exhibit a stable 

euploidic set of chromosomes and should also express all the pluripotency 

markers(Aasen et al., 2008; Gan et al., 2007).  

General characteristics of human ESCs include differentiation, self-renewal, expression 

of pluripotent markers like Oct3/4, SOX2, Nanog, surface antigen markers like SSEA-

1/3/4 and Tra-1/60/80(De Wert & Mummery, 2003; Elçin et al., 2010; Englund et al., 
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2011). Another interesting characteristic of ESCs is the potential to generate teratomas 

in immunocompromised (SCID) mice(Inoshima et al., 2012). Along with different 

pluripotency markers, expression of cripto-1 was also observed in iPSCs (induced 

pluripotent stem cells) obtained from different human cells(Alam et al., 2018). The CR-

1 co-expression, along with other stemness markers, provides an essential model for 

better understanding of the primary mechanism of ES cells in normal tissues and 

decoding their impact in regulation and management of cancer(ALHulais & Ralph, 2019; 

Q. Liu, Cui, Yu, Bian, Qian, Hu, Ji, Yang, et al., 2017). 

 

2.11. ES cells and Hypoxia 

Accumulating evidence suggests that normal early embryonic development occur under 

hypoxia condition and Oxygen play a vital role in deciding cell fate and cell 

differentiation (Q. Lin et al., 2008). The hypoxia microenvironment is essential for the 

normal biological development of embryo and required for the maintenance of adult stem 

cells of hematopoietic, neural and mesenchymal origin (Mohyeldin et al., 2010). 

Enhanced ESCs pluripotency, impaired differentiation and partial dedifferentiation 

followed by acquisition stem cell-like characteristics were observed in different cell lines 

when grown under hypoxic conditions (1 -5% O2) (Ezashi et al., 2005; Mathieu et al., 

2013). Similarly, another study demonstrates the emergence of adult stem cells and 

cancer stem cells in in-vivo. Their in-vitro model is used to maintain dedifferentiated 

cells under low O2 tension (Mohyeldin et al., 2010). 

Furthermore, HIF-2α directly bind to the promoter region of Oct4 and regulate the state 

of stemness in the cells (Covello et al., 2006; Hu et al., 2003). Although another study in 

murine ES cells reveals that overexpression of HIF-2α does not impact the Oct4 

expression, on the contrary, increased differentiation was observed in cardiomyocytes 

(Yong Sun et al., 2015). Other reports suggest the differentiation of ES cells when grown 

under hypoxic conditions (H. Chen et al., 2009; Sonia Prado-lopez et al., 2010). 

 The variation in the reports supporting differentiated and maintenance of stem can be 

due to differences in the cell line, experimental model and degree/duration of hypoxia as 

there is no ideal hypoxia condition at which the transition between stem cell to non-stem 

cell or vice versa. Besides, other attributes like growth factor, cofactor, or coactivator are 

required to properly understand stem cells to non-stem cell transition dynamics. 
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2.12. Hypoxia-Inducible Factor (HIF) 

HIF-1 is a transcription factor, initially detected during the gene expression study of 

erythropoietin (EPO) gene expression (Semenza & Wang, 1992; Gregg L. Semenza et 

al., 1991). It is a member of an environmental sensor family known as bHLH-PAS (basic-

helix-loop-helix-Per-Arnt-Sim) and occurs in the heterodimeric form in 

nature(Hogenesch et al., 1997; Peng et al., 2000; Scheuermann et al., 2009). This dimer 

consists of an α- subunit regulated by oxygen gradient and an essential β subunit(Mathieu 

et al., 2011:Wang et al., 1995). Under normoxia, HIF-1α immediately hydroxylate at the 

two proline residues of the O2-dependent degradation domain (ODDD)(Comerford et al., 

2002; Ruas et al., 2002). This hydroxylation serves as an identification marker for the 

proteasomal digestion of HIF-1α by (pVHL) E3 ubiquitin ligase complex (Huang et al., 

1998; Jaakkola et al., 2001; Patrick H. Maxwell* et al., 2019). Proline hydroxylase 

(PHD) act as an Oxygen sensor of the cell and regulate the post-translational modification 

on HIF (Bruick & McKnight, 2001). Presently, three different isoforms of PHD are 

known in mammalian cells: PHD1, also known as egg-laying defective nine homologue 

2 (EGLN-2), PHD2 (EGLN-1) and PHD3 (EGLN-3) (Schofield & Ratcliffe, 2004). 

Other than these three isoforms, PHD4, a fourth isoform, is also found on the 

endoplasmic reticulum surface, which can hydroxylate HIF. PHD2 is the most researched 

PHD, act as an oxygen sensor and helps in the maintenance of basal level HIF-1α in-

vivo, under normoxia (Berra et al., 2003). PHDs have an absolute requirement for O2 to 

fulfil their function because molecular O2 provides the oxygen atom in the hydroxyl 

group during HIF-1α hydroxylation(Jaakkola et al., 2001; Ruas et al., 2002). 

Furthermore, 2-oxoglutarate (2-OG), formed during the tricarboxylic acid (TCA) cycle, 

serves as a co-substrate, whereas ferrous iron (Fe 2+) and ascorbate act as cofactors of 

the active site (Wong et al., 2013). Subsequently, Succinate acts as an oxygen atom that 

is formed by decarboxylation of 2-OG after hydroxylation reaction (Chandel & 

Budinger, 2007). PHDs inactivates in the absence of oxygen molecules and cofactors, 

which results in the stabilization, accumulation and nuclear translocation of the HIF-1α 

subunit. In the nucleus, the HIF-1α subunit dimerizes with the HIF-1β subunit(C.-J. Hu 

et al., 2003). The active dimer complex of HIF-1 binds to a putative DNA binding 

sequence known as the hypoxia-responsive element (HRE) to transactivate various 

downstream genes associated with HIF-1 (Wenger, 2000).  
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2.12.1 HIFs – Structure and Regulation 

bHLH and PAS domains are present in both α and β subunit of HIF-1, after which the 

entire protein family was named(Scheuermann et al., 2009). Formation of active dimer 

and binding to a specific DNA sequence is carried out by bHLH and PAS 

domains(Hogenesch et al., 1997). PAS domains associate directly with ligands and other 

cofactors and promote environmental sensing. Though the functional relevance of 

endogenous molecules binding is not yet clear (Scheuermann et al., 2009). Depending 

upon the location in the protein sequence, there are two types of ODDD that function 

independently: NODDD is present at N-terminal while CODDD is located at C-

terminal(Ortiz-Barahona et al., 2010). These domains regulate the expression and 

function of HIF-α. The proline residues in these conserved regions hydroxylate to mark 

the α subunit for proteolytic degradation. There are two transactivation domains present 

in HIF-1α and HIF-2α subunits which are parted by a negative regulatory region: The N-

terminal transactivation domain (N-TAD) which coincides with the CODDD and the C-

terminal transactivation domain (C-TAD) (B. H. Jiang et al., 1996). The C-TAD domain 

plays a key role in the transcription of the HIF mediated by the interaction of co-

activators such as p300/CBP (a cAMP-response-element-binding protein) in its CH-1 

(cysteine/histidine rich) domain. This association is regulated in an oxygen 

concentration-dependent manner.  (Ruas et al., 2002; D. Wang et al., 2010). Studies 

demonstrated that the disruption of this O2-dependent association was carried out by FIH 

(factor inhibiting HIF) and another 2-OG-dependent hydroxylase family member. The 

disruption was accomplished by the hydroxylation of asparaginyl residue found in C-

TAD (Lando et al., 2002). Similar to PHDs, the FIH also losses its activity under hypoxic 

conditions. However, some studies suggest a higher affinity of FIH toward molecular 

oxygen (Koivunen et al., 2004). Apart from PHDs, FIH mediated hydroxylation at 

asparaginyl residues in CTAD represent another process to regulate the functioning of 

HIF-α (Lisy & Peet, 2008). Besides hydroxylation, other post-translation modifications 

that occur on the C-TAD and other domains of the α subunit, regulates the HIF-1α 

activity. These modifications are S-nitrosylation, acetylation and SUMOylation (F. Li et 

al., 2007)(Dörfel et al., 2013)(J. Li et al., 2014). However, the results were not very 

promising as both activation and deactivation of HIF were reported after these 

modifications (Lisy & Peet, 2008). 
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2.12.2 HIF Isoforms 

After the discovery of HIF-1, several paralogs of HIF-1 of α and β subunits were 

identified using cDNA sequence homology to enrich the bHLHPAS family(C. Hu et al., 

2003; Keith et al., 2012). Presently, there are 3 different HIF forms known: HIF-1α, HIF-

2α (also known as an endothelial PAS protein 1, EPAS1) and HIF-3α (Makino et al., 

2002; Tian et al., 1997). Other than HIF-1β (ARNT), also known as aryl hydrocarbon 

receptor nuclear translocator, two different forms of beta subunits, i.e., ARNT2 and 

ARNT3, were identified (Hoffman et al., 1991) (Hogenesch et al., 1997). Out of all these 

isoforms, HIF-1α is the only subunit that is present in almost all cell types and hence, it 

is the most extensively studied isoform and designed as major regulation of oxygen 

homeostasis. The expression of HIF-2α isoform is found in endothelial cells, glial cells, 

type II pneumocytes, cardiomyocytes, kidney fibroblasts, interstitial cells of the pancreas 

and duodenum and hepatocytes (Zhao et al., 2015). Approximately 48% of amino acids 

sequence is similar between HIF-1α and 2α (Tian et al., 1997), due to this similarity, both 

HIF-1α and 2α binds to the same HRE sequence (RCGTG) in the promoter region of the 

target gene (Mole et al., 2009). In addition, both these subunits behave similarly with the 

HIF-β subunit and undergo oxygen gradient dependent proteasomal degradation after 

hydroxylation by PHDs and FIH. The major difference between these subunits is the 

variability in the N-TAD domain, responsible for the differential selection of the 

transcription co-factors (Cheng-Jun Hu et al., 2007). Generally, HIF-1 activates under 

acute and intense hypoxia (< 0.1% O2), whereas HIF-2 starts its activity under chronic 

and mild hypoxia (< 5% O2) (Holmquist-Mengelbier et al., 2006; Z. Li et al., 2009). 

However, these subunits also have few common target genes like glucose transporter 

1(GLUT1) and the vascular endothelial growth factor (VEGF). Although, the sole 

responsibility of HIF-1α is to regulate the expression genes of the glycolytic cycle, pH 

regulator genes and gene regulating apoptosis. Conversely, HIF-2α activates the gene 

responsible for stemness, cell cycle, invasion and metastasis(C.-J. Hu et al., 2003; Mole 

et al., 2009). But it should be noted that HIF-1α and HIF-2α subunits activity and ability 

are varying with different cell types (Keith et al., 2012). On the contrary, HIF-3α is 

different from both the other subunits due to the C-TAD domain's absence. Lack of C-

TAD leads to the inability of HIF-3α to bind with transcription co-activators(Makino et 

al., 2002). Hence it forms an incompetent complex with HIF-1α subunits, thereby acts as 

a negative regulator by competing with the HIF-1β subunit (Makino et al., 2002).  
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2.13. Role of HIF in Embryogenesis  

Low oxygen level is not the only feature of pathological conditions like tumour 

development, brain stroke and ischemic heart disease but also an essential factor in 

regulating embryonic development because several vital reactions are carried out 

hypoxia. Pluripotent cells or embryonic stem cells function naturally under hypoxia(Q. 

Lin et al., 2008; Mohyeldin et al., 2010). Approximately 2 % of genes present in the 

human genome are predicted to acts as a target gene for hypoxia (Mazure et al., 2004). 

In silico and gene profiling studies reveals more than 200 genes that are regulated by 

HIF-1α (Benita et al., 2009; Ortiz-Barahona et al., 2010). During gastrula formation, 

there is a rapid proliferation of the cell, which leads to hypoxia in the microenvironment. 

Hence, most embryonic development occurs at low oxygen concentration, which initiates 

the activation of the HIF-dependent mechanism (Dunwoodie, 2009; Ezashi et al., 2005; 

Kotch et al., 1999). Oxygen serves as an essential morphogen in embryogenesis and plays 

a crucial role in the production of energy (Dunwoodie, 2009). The significance of the 

functional HIF system was assessed in a variety of knock-out tests. Knockout of HIF-1α 

(HIF-1α –/–) in the murine model initially resulted in impaired erythropoiesis, vascular 

tube defect and cardiac deformities, and finally, embryonic lethality at mid-gestation 

around E10.5 (Kotch et al., 1999; Yoon et al., 2006). This implies that HIF-1α expression 

is critical for the normal development of the cardiovascular system. Furthermore, 

defective cephalic vascularization and neural tube defects were reported (Iyer et al., 

1998). Conversely, the knockout of HIF-2α–/– results in insufficient catecholamine 

metabolism, bradycardia, vascular defect and embryonic lethality at E12.5 of gestation 

(Peng et al., 2000). In another study, the mice live till the neonatal stage but died due to 

improper lung development (Compernolle et al., 2002) or survived for few months and 

died due to multiple organ disorders (Scortegagna et al., 2003). Vasculogenesis is the de 

novo process for blood vessels formation, in which the progenitor cell differentiates into 

the endothelial cell that arranges to form a primary vascular plexus. Further, the blood 

vessel develops and remodels to form a functional circulatory system. There are genes 

that are responsible for Vascular development: Vascular endothelial growth factor 

(VEGF)(A-D), which bind VEGF (1-3) receptors.  

 

2.14. Role of HIF-1 in MAPK/ERK and PI3K/AKT Pathways 
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There are several signalling which is going on simultaneous in a cell system(Mylonis et 

al., 2006; Sang et al., 2003; Treins et al., 2005). To study these signalling, we need a 

robust model that activates and deactivates frequently in response to external stimuli. 

The transduction of these signals is carried out by phosphorylation and 

dephosphorylation of proteins by kinases and phosphatase enzymes, respectively 

(Bononi et al., 2011). For example, for HIF-1α activity and nuclear accumulation, 

phosphorylation by p42/44 MAPK of the Ser641/643 residue is highly essential. Several 

signalling pathways regulate the activities of HIF(Richard et al., 1999). In tumours, HIF 

activation is regulated by mitogen-activated protein kinase (MAPK) signalling as it is 

essential for HIF-1α transactivation activity. MAPK/ERK and PI3K/AKT pathways 

regulate the expression and activity of HIF-1 under both normoxic and hypoxic 

conditions. p42/p44 MAPK has also been reported to be able to modify HIF-1α(Richard 

et al., 1999; Sang et al., 2003). Site-directed mutagenesis of MAPK phosphorylation 

sites, including residues Ser-641 and Ser-643, leads to a significant reduction in the 

phosphorylation of HIF-1α(Mylonis et al., 2006). 

 

2.14.1. Interplay between HIF and ERK  

MAPK/ERK pathway plays an essential role in regulating and enhancing the HIF-1α 

transactivation (Fukuda et al., 2002). At the same, there are reports of MAPK/ERK 

pathway activation after exposure to the hypoxic condition in many cell lines (C. Liu et 

al., 2005; Minet et al., 2000; (Mottet, Dumont, et al., 2003). Furthermore, 

experimentation like site-directed mutagenesis, mass spectrometry and in-vitro 

phosphorylation reveal that ERK1/2 directly phosphorylated HIF-1 at 641 and 643 

positions in the serine residue. This interaction does not influence the DNA binding 

ability and protein stability of HIF-1α. On the contrary, the phosphorylation in HIF-1 

induces its localization at the subcellular level and transcriptional activity (Mylonis et 

al., 2006; Richard et al., 1999). Alternatively, HIF-1 demonstrates decreased 

transcriptional activity by dominant-negative mutation or chemical inhibition of ERK1/2 

(Hur et al., 2001; Mottet, Michel, et al., 2003). NES (nuclear export signal) is a short 

sequence present in the close vicinity of serine residues of HIF-1.  

ERK kinases have been reported to be activated during hypoxia in human microvascular 

endothelial cells-1 (HMEC-1)(Minet et al., 2000). ERK1 is essential for HIF-1 

transactivation activity due to hypoxia. It governs the transport of HIF-1 from the nucleus 
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to the cytoplasm by interacting with Exportin-1/CRM1 protein (chromosomal 

maintenance 1) that shuttles the HIF-1 from the nucleus to the cytoplasm(Mylonis et al., 

2006). When ERK1/2 is not activated, there is no phosphorylation at the serine residues, 

and NES is free to interact with exportin-1, which initiates the transport of HIF-1 back 

to the cytoplasm(Mylonis et al., 2006). In hypoxia, HIF-1α phosphorylation follows an 

ERK-dependent pathway(Minet et al., 2000). On the contrary, the phosphorylated ERK 

induces the phosphorylation of HIF-1 at serine residue, which in turn block the active 

site of NES and preventing the interaction of exportin -1. This results in the longer 

localization of HIF-1 in the nucleus and increases its activity (Mylonis et al., 2008). 

Besides, the activation of ERK1/2 promotes the interaction of HIF-1 with its cofactor 

like p300/CBP and indirectly enhancing its activity (Sang et al., 2003). However, the 

treatment with drug targeting microtubules reduce the nuclear localization of HIF-1 and, 

at the same compromises its interaction with the cytoskeleton (Escuin et al., 2005). 

 

2.14.2 Interplay between HIF and PI3K  

Several reports suggest the involvement of PI3K in the regulation of HIF-1(Gang et al., 

2017; Mottet, Dumont, et al., 2003). Treatment with different inducers of PI3K pathways 

like IGF (insulin-like growth factor), EGF (epidermal growth factor) and insulin results 

in increased protein expression of HIF-1 and hence targeting other downstream effector 

genes of HIF (Dekanty et al., 2005; Secades et al., 2015; Treins et al., 2005). Further 

experimentation reveals that PI3K induced HIF-1 upregulation is neither due to 

stabilization of HIF protein nor affect the activity of PHDs or pVHL(Berra et al., 2003; 

Jaakkola et al., 2001). On the contrary, increased HRE activity was observed in mTOR 

dependent manner, which can be related to upregulated mRNA expression (Again et 

al.,2013)  Subsequently, inhibition of the PI3K pathway by using PI3K and mTOR 

inhibitor not only decreases the basal expression of HIF-1 but also prevents its induction 

on exposure to hypoxia, by inhibiting the transactivation of HIF-1 and VEGF expression 

(Powis & Kirkpatrick, 2004). Alternatively, the treatment with LY294002 and 

wortmannin (chemical inhibitors of PI3K pathway) and dominant-negative PI3K mutant 

reveals decreased protein level expression HIF-1, but mRNA level expression remains 

unaffected(Clark et al., 2002; Tsou et al., 2015; Vlahos et al., 1994). This was attributed 

to decreased expression of Heat shock protein that stabilizes the HIF-1 protein (G. Zhou 

et al., 2004). There are no reports about HIF Phosphorylation by Akt. However, glycogen 

TH-2681_146106043



Review of Literature Chapter 2 

45 

 

synthase kinase 3β (GSK3β) mediated phosphorylation has been reported, which further 

results in the Ubiquitination and proteasomal degradation of HIF-1 protein, bypassing its 

natural hydroxylation and pVHL pathway (Flügel et al., 2007). 

 

2.15. Multidrug Resistance 

In the treatment of cancer, multidrug resistance is a major problem. This resistance 

mechanism evolves with different structures and modes of action against various drugs. 

MDR is a significant contributor to the failure of most types of chemotherapy(Ambudkar 

et al., 2003; Yagüe et al., 2007). Tumour cells sensitive to broad-spectrum drugs 

frequently also develop resistance to more specialized groups of anti-cancer drugs.  

This resistance is primarily due to the increased efflux of drugs triggered by pumps 

located on the cell membrane(Holohan et al., 2013; Vellonen et al., 2004). In the cell, 

drug accumulation takes place essentially by two mechanisms. When the genes 

expressing target proteins yield unique mutations or modify expression patterns, cancer 

cells can very well develop resistance to targeted drugs. Secondly, TME heterogeneity 

due to the variety and complex existence of vasculature within tumours and fluctuating 

hypoxia contributes to genetic heterogeneity improvement(Jing et al., 2019). Oxidative 

stress is induced by repeated cycles of hypoxia and reoxygenation that could trigger DNA 

damage in tumour cells, leading to genetic instability that contributes to the accumulation 

of additional mutations and genetically disparate clonal development 

subgroups(Brahimi-Horn et al., 2007; Harris, 2002; Shannon et al., 2003). Due to the 

complex shifts in TME during therapy, drug resistance may also be increased(Brahimi-

Horn et al., 2007; J. Chen et al., 2014; Seidel et al., 2010; P. Xu et al., 2017). Anomalous 

tumour vasculature, hypoxia, reduced pH, enhanced interstitial fluid pressure, and 

variations in the expression of tumour suppressor genes and oncogenesis are the 

microenvironmental selection pressures that predispose to MDR progression(Comerford 

et al., 2002; P. Xu et al., 2017) 

 

2.15.1. MDR Types, Their Structure and Function 

 

Drug resistance can be caused by reduced drug absorption and increased drug efflux 

(Yagüe et al., 2007). Multidrug resistance (MDR) is associated with three subfamilies: 

ABCB (also referred to as ABCB1/MDR1/P-glycoprotein), MDR-associated protein 1 
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(MRP1; also referred to as ABCC1) and breast cancer resistance protein (BCRP; also 

referred to as ABCG2/MXR)(Lemos et al., 2008; Molinas et al., 2012; Vaidyanathan et 

al., 2016). All these proteins have significant and intertwining sensitivity of substrates 

and can also facilitate the removal of different hydrophobic compounds. 

MDR1 is a membrane-bound glycoprotein expressed in the majority of 

tissues(Vaidyanathan et al., 2016). In most tumours, MDR1 is overexpressed and may 

also be triggered by chemotherapy(Vaidyanathan et al., 2016). Several reports have 

confirmed that increased expression of MDR1 in different cancer types is closely linked 

with chemotherapy malfunction (Ambudkar et al., 2003; C.-H. Choi, 2005). Drug 

resistance in breast, lung and prostate cancer is also correlated with MRP1 

overexpression, and BCRP is also established to be correlated with resistance to 

chemotherapy in leukaemia and breast cancer (Doyle et al., 1998; Robey et al., 2007).  

The transmembrane transporters liable for efflux of drugs predominantly belong to the 

family of proteins known as ABC transporters(C. H. Lee, 2010; Lemos et al., 2008; Saeed 

et al., 2014). There are 48 ABC genes in the human genome, and they are divided into 

seven subclasses (ABCA-ABCG) (Brown et al., 2006). In the acquirement of multidrug 

resistance (MDR) for cancer chemotherapeutics, ABCB1, ABCC1 and ABCG2 are 

highly active among them(Katayama et al., 2014; Kimura et al., 2007). The multidrug 

resistance gene 1 (mdr1), which consists of 28 exons and is located on the 7th 

chromosome, encodes ABCB1 (MDR1 or P-gp)(Ambudkar et al., 2003; Chinn & Kroetz, 

2007). MDR-1 is one of the best characterized ABC transporters, a standard 190 kDa 

ABC transporter protein consisting of 1280 amino acids (Deeley & Cole, 1997). It is 

made up of two domains: a) transmembrane domains (TMDs) and b) distinctive 

nucleotide binding domains (NBDs) that produce energy through ATP hydrolysis for the 

active transport of compounds through the cell membrane (Teicher et al., 2012). There 

are many binding sites for ABCB1 that can adhere and syphon a wide array of different 

drugs substrates, including paclitaxel, doxorubicin, etoposide and vinblastine (Dumontet 

& Jordan, 2010; Holohan et al., 2013; Pellegrini & Budman, 2005).  

 

In several different tumour forms, including the kidney, lung, liver, colon and rectum, 

elevated levels of ABCB1 expression were observed prior to chemotherapy 

(Labhasetwar, 2011). In comparison, in many haematological malignancies such as AML 

and ALL, ABCC1 or multidrug resistance-associated protein 1 (MRP1) (J. F. Lu et al., 

2015) similar to ABCB1, initially low expression and then a drastically increased 
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expression of ABCB1 post-chemotherapy was also reported to transport out a wide 

variety of bioactive compounds including vinca alkaloids, epipodophyllotoxins, 

camptothecins, and anthracyclines(Joyce et al., 2015; X. Wang et al., 2019). ABCC1 

pumps organic anionic substrates such as glutathione, glucuronide, or sulphate conjugate 

compounds, while ABCB1 bears amphipathic and lipid-soluble compounds(Buys et al., 

2007; Lebedeva et al., 2011). In several forms of cancer, including lung, breast and 

prostate cancers, increased expression of ABCC1 has been reported to be correlated with 

resistance(Buys et al., 2007; O’Driscoll & Clynes, 2006). The main drug efflux 

transporter in breast cancer-related resistance is ABCG2, the breast cancer resistance 

protein(Dong et al., 2019; Gottesman & Pastan, 2015). In certain cancers, ABCG2 is 

regarded as a marker of CSCs and is also accountable for the side population effect. Both 

positively and negatively charged drugs, including the ones used in chemotherapy, 

namely mitoxantrone, bisantrene, epipodophyllotoxin, camptothecin, flavopiridol and 

anthracycline) and tyrosine kinase inhibitors (TKI) like imatinib and gefitinib can be 

transported by ABCG2. ABCG2 overexpression has also been found in many other 

cancer types, including lung cancer and leukaemia, in addition to breast cancer(Joyce et 

al., 2015; Mao & Unadkat, 2005). For their substrates and roles in tumour resistance to 

anticancer drugs, other ABC transporters have also been studied, offering further 

explanations on drug resistance mechanisms. For instance, several chemotherapy drugs, 

particularly doxorubicin, cisplatin, and etoposide, can be transported by ABCC2 and 

ABCC3, the overexpression of which can amount to multidrug resistance(Bruhn & 

Cascorbi, 2014; Van Der Schoor et al., 2015). ABC transporter mutations and increased 

expression significantly impact tumour responsiveness and the effectiveness of drugs 

against cancer. For appropriate drug choice and improved patient efficacy, an accurate 

and precise expression profiling of ABC transporters in tumours is critical(Fletcher et al., 

2010; Gillet et al., 2007; Milane et al., 2011). The growth of multidrug resistance (MDR) 

in cancer is aided by inadequacies in systemic drug dispersion and tumour location as 

well as micro-environmental selection pressures(Milane et al., 2011). MDR's 

characteristics include irregular vascular system, hypoxia areas, ABC-transporter 

transactivation, aerobic glycolysis, and an elevated apoptotic cutoff point(Donnenberg & 

Donnenberg, 2005; J. F. Lu et al., 2015; Saraswathy & Gong, 2013). 

 

2.16. MDR-1 and CSCs 
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There are two broad types of cancer drug resistance: innate and acquired. Multiple drug 

resistance (MDR) refers to a mechanism wherein one-drug resistance is followed by 

resistance to many drugs that vary entirely in chemical composition or mechanism of 

action(Donnenberg & Donnenberg, 2005). It is a crucial factor in the failure of certain 

forms of chemotherapy. The MDR issue in the healthcare facility could encompass two 

main components, one acquired during therapy and the other pre-existing at the time of 

diagnosis(Buys et al., 2007; Cong Liu et al., 2015). For the formulation of 

chemotherapeutic drugs to resolve MDR, the detection of MDR dynamics is critical. In 

comparison to the above-mentioned factors, the hypothesis that human tumour 

proliferation may be controlled by a limited population of self-renewing cancerous cells 

also referred to as tumour stem cells, seems to be of high significance in MDR(Cho & 

Kim, 2020; Milane et al., 2011). Cancer stem cells containing MDR characteristics can 

repopulate tumours during cancer treatment cycles, which is a significant challenge in 

clinical oncology(Cho & Kim, 2020; Milane et al., 2011). Genetic variation or 

modification of a drug target's expression may decrease the efficacy of target inhibitors, 

leading to tolerance. Patients who developed resistance to RAF or MEK inhibitor 

monotherapy have been reported to possess alterations in MAPK and variations in MEK1 

or/and MEK2(Aplin et al., 2011; Dhillon et al., 2007; Hur et al., 2001; Lugowska et al., 

2015).  

CSCs are a tumour subpopulation having the ability to self-renew and differentiate in 

order to be able to engage in tumour onset and advancement(ALHulais & Ralph, 2019; 

Wainwright & Scaffidi, 2017). Several cancer categories, including leukaemia, 

glioblastoma and pancreatic cancer, have been believed to be associated with tolerance 

towards chemotherapy agents. To minimize drug resistance, combination therapy 

targeting both CSCs and tumour cells may be necessary(Gutting et al., 2019; Mokhtari 

et al., 2017; X. Xu et al., 2015).  

 

The EMT-induced multidrug resistance mechanisms are not clearly elucidated. However, 

recent findings indicate that EMT and CSC share some common features and that their 

drug resistance activity reflects various dimensions of the same phenotype(Du & Shim, 

2016; Mitra et al., 2015; Shibue & Weinberg, 2017; A. Singh & Settleman, 2010). One 

conceivable solution is that EMT cells possess many links with cancer stem cells (CSCs) 

in signalling pathways, such as Wnt, Notch and Hedgehog pathways. EMT, therefore, 

empowers cancerous cells to gain tolerance to anti-cancer medications and avoid drug-
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induced apoptosis (Katoh & Katoh, 2008). TGF-β, for instance, is a well investigated 

primary cytokine in EMT whose signalling pathways are associated with drug resistance 

advances. TGF-β suppression might reverse the EMT cascade and greatly increase cancer 

cells' responsiveness to chemotherapy(Katoh & Katoh, 2008; L. Li et al., 2015). There 

are also studies suggesting the association of Wnt and Hedgehog pathways with drug 

intolerance(McCubrey et al., 2016; Takebe et al., 2011). Aggregated data indicates that 

the CSCs depend on the EMT programme as a key regulator when facilitating drug 

resistance. Epigenetic modifications resulting from EMT stimulation encompass the 

CSC condition of carcinomas. A substantial contribution to anticancer biologics can be 

obtained by understanding the mechanistic correlation among EMT, CSC and drug 

tolerance(Mitra et al., 2015; Shibue & Weinberg, 2017; A. Singh & Settleman, 2010). 

Increased expression levels of Twist, ZEB1/2, Slug, as well as Snail upregulates ABCB1 

transcriptional activity, contributing to drug resistance(Katoh & Katoh, 2008; Tsou et al., 

2015). Snail, MSX2, SOX2 and ZEB1 are reported to be controlled by ABCG2, an ABC 

transporter intimately associated to MDR (J.-Y. Shi et al., 2004;Spasokoukotskaja et al., 

1995;Månsson et al., 2003;Johansson & Karlsson, 1996). Multiple ABC vehicles 

participating in MDR, including ABCC1, ABCC2, ABCC4, and ABCC5, have also been 

listed under the EMT-TFs regulation (Kristensen et al., 1994; Furman et al., 1986; J. 

Wang et al., 2000).  

ATP may also directly contribute towards chemotherapy hostility via purinergic receptor 

signalling from the cell exterior. Extracellular ATP was also reported to stimulate 

glucose transporter 1 expression, likely through the PI3K-AKT cascade triggered by 

P2X7 and hypoxia-inducible factor 1α- mediated signalling (Nogales et al., 1995). Such 

modifications are also likely to enhance cancer cell longevity and drug tolerance. 

Consequently, in additament to minimizing ATP internalisation, lowering extracellular 

ATP concentration may increase drug efficacy by lowering relevant purinergic receptor 

signalling(Chandel & Budinger, 2007; Gottesman & Pastan, 1993; Teicher et al., 2012). 

 

2.17. MDR-1 and CRIPTO-1  

Features including cellular variability as well as plasticity, the expression of MDR1 or 

the aberrant expression of embryonic signalling ligands and morphogens, sometimes 

including Nodal, essential for self-renewal and pluripotency, indicate that a stem cell-

like populace may prevail in intense melanomas(Luigi Strizzi et al., 2008; Yagüe et al., 
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2007). The expression of Cripto-1, the Nodal co-receptor, in a subset of malignant 

melanoma samples can be used to classify potential melanoma stem cells (MSC)(Luigi 

Strizzi et al., 2008); Pereira et al., 2011). Perhaps in view of the fact that the application 

of anti-Cripto-1 antibodies on sorted Cripto-1-positive cells of the metastatic melanoma 

cell line C8161 has formally established a slow-growing, sphere-forming subgroup 

which expresses elevated levels of Oct4, Nanog and MDR1(Z. Wu et al., 2009; Zimmerer 

et al., 2013). The cripto-1 expression can be a good biomarker for detecting cancer stem 

cells in skin cancer and probably other belligerent tumours(Francescangeli et al., 2015; 

Klauzinska et al., 2014; Mahmoudian et al., 2017). The transcription factors Oct4 and 

Nanog, alongside Cripto-1, are said to control pluripotency, self-renewal, cellular 

involvement and the differentiation of ES cells in mice as well as humans (Y. H. Loh et 

al., 2006; Luigi Strizzi et al., 2008; Kazuhide Watanabe et al., 2010). In addition, Cripto-

1 is said to be a specific target gene for Nanog and Oct4 in the mouse and human ES 

cells. The expression of the stem cell marker Cripto-1, also known as the Nodal 

Coreceptor, can be used to isolate cells from metastatic melanoma that appear to have 

stem cell-like characteristics (Strizzi et al., 2007; Pereira et al., 2011). Nodal signalling 

may constitute a fundamental connection for the unification of embryonic and 

tumorigenic signalling pathways in malignant tumours. It may include Nodal as a marker 

for the progression of the disease and a potential new therapeutic target. Malignant 

melanomas have been shown to comprise cells that express markers like MDR-1, also 

known as P-glycoprotein, which is responsible for multidrug resistance that is also 

correlated with normal nonmalignant stem cells (Fuchs et al., 1991). Expression of 

ABCG2 and CD133, the drug efflux transporter and stem cell marker, respectively, are 

suggested to be useful for the identification of a possible MSC demographic (Moitra, 

2015). 

 

Literature suggests that doxorubicin recruitment by CCRF-CEM leukaemia cancer cell 

results in multidrug resistant CEM/A7R cell line overexpressing MDR-1 coded P-

glycoprotein (P-gp)(X. F. Hu et al., 2007). Moreover, Cripto-FRL, a Cryptic family 

member, on being abundantly expressed in CEM/A7R cell line, and also anti-Cripto-1 

monoclonal antibodies (Mab) can inhibit CEM/A7R cell proliferation both in vitro and 

in established xenograft lesions in severe combined immunodeficient mice (Normanno 

et al., 2004; Xing et al., 2004; Y. Y. Zhang et al., 2018). Findings prove that Cripto-1 

monoclonal antibodies have the ability to synergistically intensify the responsiveness of 
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MDR cells to P-gp like epirubicin (EPI), daunorubicin (DAU) as well as non-Pgp 

nucleoside analogue cytosine arabinoside substrates (AraC)(X. F. Hu et al., 

2007).Cripto-1 Mab marginally impaired P-gp expression but had no effect on P-gp 

activity, suggesting that a P-gp-independent pathway was involved in overriding 

MDR(X. F. Hu et al., 2007). Lately, oncoprotein Cripto-1, a leading member belonging 

to the epidermal growth factor-Cripto-FRL1-Cryptic (EGF-CFC) network, has also been 

shown to be a critical aspect in the mediation of drug tolerance (Normanno et al., 2004). 

Scientists have suggested that Cripto-1 is upregulated in Pgp-positive CEM/A7R cells. 

Cripto-1 had first been discovered and sequenced from the teratocarcinoma cDNA 

expression database, and is overexpressed in certain tumours, involving its function in 

tumorigenesis and cancer progression (Salomon et al., 2000). Cripto-1 and MDR1 are 

said to be specific target genes for b-catenin, the primary mediator of the Wnt signalling 

pathway (Yamada et al., 2000; Morkel et al., 2003). Upregulation of MDR1 and 

aggregation of b-catenin have also been reported in chemically induced rats and human 

hepatic adenomas and adenocarcinomas (Yasuhiro Yamada et al., 1999). It is far more 

probable that perhaps the chemically mediated intracellular aggregation of b-catenin 

contributes to its nuclear translocation and attachment to the T-cell receptor as well as 

the lymphoid enhancer factor transcription factors that have transactivated MDR-1 and 

Cripto-1 along with several other Wnt target genes(Seidensticker & Behrens, 2000). 

These might describe why and how the DOX recruitment of Pgp-mediated MDR 

phenotypes in the CEM/A7R cells contributes to the concurrent activation of Cripto-1 

expression. The EGF-like segment of Cripto-1 is associated with the stimulation of C-

Src ras/raf/MAPK as well as PI3k/Akt/GSK-3b mediated cell proliferation and cell 

survival signalling pathways (Caterina Bianco et al., 2003)(Ebert et al., 1999)(Kannan et 

al., 1997). Constitutive stimulation of PI3K/Akt pathway facilitates MDR morphology 

in breast cancer, prostate cancer and acute myeloid leukaemia (AML) (Clark et al., 

2002),(Grandage et al., 2005),(J. T. Lee et al., 2004). These findings indicate that the 

Cripto-1-activated PI3K/Act pathway in CEM/A7R cells promotes tumour growth and 

triggers MDR-1 phenotype by disruption of apoptosis frameworks triggered by 

chemotherapy.  

 

Cancer cells can use either Cripto-1 or P-gp proteins to survive apoptosis caused by 

chemotherapy drugs. Cripto-1 is now classified as a therapeutic target, and the EGF-like 

area has been considered an effective immunotherapy intervention site (Adkins et al., 
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2003; Xing et al., 2004) (Xiu Feng Hu & Xing, 2005). Anti-Cripto-1 monoclonal 

antibodies may exploit MDR to circumvent P-gp by activating a signal molecule to 

stimulate cell death in MDR cancerous cells with Cripto-1 and P-gp overexpression. The 

mechanisms responsible for anti-Cripto-1 Mab induced apoptotic cell death, and 

enhanced cytotoxicity by chemotherapeutic drugs was investigated for activation of the 

JNK/SAPK pathway and the inhibition of the Akt pathway(X. F. Hu et al., 2007). The 

JNK/SAPK pathway has been found to be triggered by anti-Cripto-1 Mab and AraC in 

the CEM/A7R cells, where the PI3K/Akt pathway is known to be intrinsically activated 

by Cripto-1 (Ebert et al., 1999). Anti-Cripto-1 Mab is likely to suppress Akt 

phosphorylation, a significant component of the PI3K/Akt pathway and disrupted Cripto-

1/Akt/GSK-3β signalling pathways contributing to destabilising b-catenin and flipping 

Axin to trigger JNK apoptosis signalling instead of preferring Wnt signalling activation 

(Seung Hoon Lee et al., 2001) (Neo et al., 2000). Expression of CR-1 and MDR1 is co-

induced by treatment with CR-1. In 2013, Strizzi et al.,  have stated that CR-1-expressing 

melanoma cells have a greater expression of MDR-1, the multidrug-resistant protein. In 

the FACS-assorted positive CR-1 cell subgroup in the U-87 MG cell line, co-expression 

of CR-1 and MDR-1 has been reported (Pojul Loying et al., 2015). In 2007, Hu et al. had 

already demonstrated that the drug-resistant leukaemia cell line chosen by Doxorubicin 

selection has higher CR-1 and MDR-1 expressions. Literature indicates a link between 

the transcriptional modulation of CR-1 and MDR-1 expressions and, like CR-1, MDR-1 

also seems to be a target for HIF and β-catenin (Comerford et al., 2002)(T. Yamada et 

al., 2000). TGF-β often stimulates MDR-1 expression, and intermodulation occurs 

between the TGF-β/SMAD2/3 and the β-catenin pathways (Utsunomiya et al., 1997)(M. 

Zhang et al., 2010). In addition, AP-1 also regulates MDR-1 expression and interacts 

with SMAD (Daschner et al., 1999)(Liberati et al., 1999). Intriguingly, Hu et al. have 

demonstrated that on treatment with the anti-CR-1 antibody, a multidrug-resistant 

leukaemia cell line exhibited minor downregulation in MDR-1 expression (X. F. Hu et 

al., 2007). One can therefore hypothesize that the induction of MDR-1 expression in U-

87 MG cells by CR-1 can eventuate via crosstalk involving transcription factors 

regulating MDR-1 expression as well as the ALK4/SMAD2/3 pathway 

 

2.18. MDR-1 and HIF-1 
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Cancer cells experience a dynamic modification of their phenotype under hypoxia, a 

transition that is essential for cell sustainability under these regimes(Carnero & Lleonart, 

2016). One such survival cascade is triggered whenever the alpha subunit of the hypoxia-

inducible factor (HIF) translocates from the cytoplasm to the nucleus to complex with 

the beta subunit forming an activated HIF complex transcription factor (Depping et al., 

2008; Harris, 2002; Gregg L Semenza, 2003).  This HIF complex binds specifically to 

the hypoxia sensitive elements (HREs) of target genes, including genes involved in 

invasion, proliferation, metabolism, and drug resistance, thereby triggering transcription 

(Harris, 2002; Gregg L Semenza, 2003; Brahimi-Horn et al., 2007; Jewell et al., 2001; 

Kizaka-Kondoh et al., 2003; Nanduri et al., 2008; Gregg L Semenza, 2008; Shannon et 

al., 2003) With very little oxygen accessible for energy acquirement by oxidative 

phosphorylation, such hypoxic cancerous cells return to aerobic metabolism for the 

generation of ATP which is known as the Pasteur and Warburg effect(Teicher et al., 

2012). The initial reaction to the selection pressures dictates whether the cancer cell 

undergoes apoptosis, necrosis, becomes quiescent, propagates, or acquires MDR. One of 

the most characterized MDR operation principles is the up-regulation of ATP-Binding 

Cassette (ABC) transporters, and perhaps the most researched ABC transporter is P-

glycoprotein (P-gp, MDR1, ABCB1) (Gillet et al., 2007)(Chinn & Kroetz, 2007). Cells 

that show elevated growth factor and receptor expression, nutrient import, aerobic 

glycolysis, DNA repair and enhanced ABC transporter activity, whilst simultaneously 

decreasing oxidative phosphorylation apoptosis and tumour microenvironment pH 

express elevated levels of MDR(Gottesman et al., 2002).  Similarly, hypoxia alone can 

often be likely to elicit MDR through the transcriptional activity of HIF, that further 

stimulates MDR proteins and strategies (Trédan et al., 2007)(Harris, 2002)(Kizaka-

Kondoh et al., 2003)(Shannon et al., 2003)(Brizel et al., 1996)(Vlahos et al., 1994)(J. M. 

Brown, 1990)(Höckel et al., 1999)(Nordsmark et al., 1996)(Young & Hill, 1990). A wide 

variety of drugs can be efflux out by P-gp, and this efflux necessitates the consumption 

of two ATP molecules (Gottesman et al., 2002). MDR-1 is mostly launched with 

overexpression of P-gp. Still, other ABC transporters such as multidrug resistance 

protein 1 (MRP-1, ABCC1) or breast cancer resistance protein (BCRP, ABCG2) 

sometimes lead to the formation of MDR (Yagüe et al., 2007)(Gillet et al., 2007)(Buys 

et al., 2007) (Kimura et al., 2007)(Lemos et al., 2008). It is possible that certain tumors 

are induced by the deregulation of stem cells and is caused by the initiation of cancer 

stem cells. A subgroup of cancerous cells is indeed prone to developing stem-like 
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characteristics, and this subpopulation of cancer stem cells is highly probable to be MDR 

cells (Donnenberg & Donnenberg, 2005). MDR tumors can evolve stem-like 

characteristics and be classified as cancer stem cells.  Various studies have consistently 

demonstrated that cell stressors, including hypoxia, that are successful in triggering 

cancer aggression and MDR phenotypes, frequently stimulate stem-like characteristics 

in cancer cells like that of the expression of the stem cell factor (SCF) (Harris, 

2002)(Shannon et al., 2003)(Z.-B. Han et al., 2008). Moreover, hypoxic cells that are 

somewhat remote or temporarily cut off from the regional vascular system are often 

MDR cells where the acquisition of energy, nutrients and therapeutics is an obstacle. 
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3.1. Bacterial Strains Maintenance and Growth: 

E. coli strains and clones were stored at -80 °C as glycerol stocks (20% glycerol) and 

were cultured at 37oC and 180 rpm for 12 h in LB medium (Himedia) or 2xTY medium 

(Himedia) containing ampicillin. E. coli strains used in this work, and the composition 

of culture media are mentioned in Table 3.1 and Table 3.2, respectively.  

 

Table 3.1: List of Bacterial Strains 

SL. 

NO. 
STRAIN DESCRIPTION 

1. Escherichia coli DH5α F’80dlacZM15  (lacZYA- argF) 

U169 endA1 recA1 hsdR17 (rk-mk+) 

deoR thi-1 phoA supE44 λ- gyrA96 relA1 

2. Escherichia coli Rosetta 

Gami(DE3) (Novagen) 

F– ompT hsdSB (rB– mB–) gal dcm lacY1 

ahpC (DE3) gor522: Tn10 trxB pRARE 

(CamR, KanR, TetR) 

 

Table 3.2: Bacterial Culture Media 

SL. 

NO. 
MEDIUM CONSTITUENTS COMPOSITION pH 

1. Luria Bertani broth 

(LB) 

Tryptone 1.0% 

7.2 Yeast extract 0.5% 

NaCl 0.5% 

2. 2X (Terrific Broth) 

(2X-TY) 

Tryptone 1.6% 

7.2 Yeast extract 1.0% 

NaCl 0.5% 

 

3.2. Human Cell Lines: Culturing, Passaging and Stock Making  

MCF-7 (Human breast cancer cell line) and HEK 293 (Human embryonic kidney cell 

line) were obtained from NCCS (National Centre for Cell Science), Pune, India. The cell 

lines were cultured in High Glucose DMEM media (Himedia) supplemented with 10% 

serum of bovine origin (FBS-South American) (Gibco),3.7g/L NaHCO3, and 1X 

antibiotic-antimycotic solution (Gibco) and maintained at 37oC and 5% CO2 in a static 
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incubator. The spent media was discarded and replenished with fresh media at time 

intervals for cell line maintenance, as mentioned in Table 3.3.  

 

Table 3.3: Culture Conditions 

 

SL. NO. CELL LINE SUB CULTIVATION 

RATIO 

MEDIA RENEWAL 

1. MCF-7 1:4 to 1:8 Every 2 to 3 days 

2. HEK 293 1:3 to 1:6 2 to 3 times per week 

 

Sub culturing of the cells was done once they reached 80-90% confluence. Firstly, the 

spent media was removed, and the monolayer was thoroughly washed with sterile PBS 

to eliminate any traces of serum containing the trypsin inhibitor. Now, 0.5 mL to 1 mL 

of Trypsin (0.25%) /EDTA (0.02%) (Sigma Aldrich) was added to the flask and placed 

at 37°C to facilitate dispersal. The flasks were observed under an inverted microscope 

after a few minutes to determine if the cell layer was scattered. The cells were now 

flushed with DMEM medium containing FBS and aspirated by gently pipetting. 

Approximately 30 percent of the cell suspension was added to a new flask with new 

growth media for HEK 293 cells, and cells were held in a static incubator at 37 °C with 

5 percent CO2, as shown in Scheme 4.1. Scheme 3.1.  

 

 

 

Scheme 3.1: Sub culturing of mammalian cell lines 
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However, for MCF7 cells, the cell suspension after aspiration was moved to a centrifuge 

tube and spun at approximately 600 xg for 6 minutes. The supernatant was removed, and 

a fresh growth medium was added to resuspend the cell pellet. From this, sufficient cell 

suspension aliquots to new culture vessels and held in a static incubator at 37 °C with 5 

percent CO2.  

 

For cryopreservation, a freezing medium containing fetal bovine serum supplemented 

with 5% (v/v) DMSO (Maerk) was used. For both the cell lines, the cells were centrifuged 

at 600 xg for 6 minutes, and the pellet was resuspended in the freezing medium and 

moved to the cryovial and kept liquid nitrogen for long-term preservation.  

 

3.3. Spheroid Formation 

For culturing of spheroids, a special semi solid 3D medium was made using agarose and 

DMEM. Agarose powder (Sigma Aldrich) was added to serum-free, liquid DMEM 

media in the proportion of 1% w/v and autoclaved at 121oC for 20 min to form a 

homogenous suspension. 50 µL of this suspension was pipetted into each well of 96-well 

plate and left at room temperature for few minutes to allow it to solidify as it cools down, 

leading to the formation of a non-adherent concave surface (Scheme 3.2). 

 

 

 

Scheme 3.2: Formation of a special semi-solid medium for culturing of 3D spheroids. 
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In parallel, the cells were trypsinized using a standard method, as mentioned in section 

4.2, re-suspended in fresh DMEM media containing 10% FBS and counted using the 

countess cell counter (Invitrogen). For unit HEK293 and MCF-7 spheroid formation, 3 

x 104 cells and 2 x 104 cells were seeded in each well of the 96-well plate, respectively. 

This is followed by centrifugation of the 96 well plates in a swing bucket rotor at 1000xg 

for 10 min and incubation at 37°C and 5% CO2 to allow undisturbed growth for a period 

of 4 days for stable spheroid formation. After the incubation period, the spheroids are 

then visualized using an inverted microscope to ascertain their morphology (Scheme 

3.3). 

 

 

 

Scheme 3.3: Preparation of stable 3D spheroids. 

 

3.4. Plasmid DNA Isolation  

A test tube containing 5 mL LB media was inoculated with E.coli by using a sterile 

toothpick from the frozen stock and kept at 37 °C and 180 rpm and allowed to grow for 

14-16 h. The Plasmid DNA Isolation was carried out using the HiPurA® Plasmid DNA 

Miniprep Purification Kit (Himedia) using the pre-made reagents provided by the 

manufacturer. The overnight recombinant E. coli culture was collected in a centrifuge 

tube and spun 3,000-5,000 x g for 5 minutes. The upper supernatant was discarded, and 

the cells pellet was resuspended in 100 μL of Resuspension solution (HP1) by slowly 
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pipetting until the cells were completely homogenous. This was followed by the addition 

of 250 μL of Lysis solution (HP2) for lysis of the cells using an alkaline SDS lysis 

procedure. The contents were gently mixed by inversion of the tube (4-6 times) for a max 

of 5 minutes until the mixture became clear and viscous. 

Further, 350 μL of Neutralization Solution (HN3) was added to the tube and mixed by 

gently inverting the tube (4-6 times). This forms white cloudy precipitation, which was 

removed by centrifugation at 12000 xg for 15-20 min. The clear supernatant was then 

loaded onto the spin column and centrifuged at 12000 xg for a min. The follow-through 

was discarded, and the spin column was washed with Wash Solution (HPB) and 

centrifuged at 12000 xg for 1 min. Subsequently, the column was rewashed by Wash 

Solution (HPE). The empty column was centrifuged to dry the column. Finally, the 

plasmid DNA was eluted in 30-50 μL of 10 mM Tris-Cl solution (pH 8.5) and stored in 

-20 0C for further use. (Scheme 3.4). 

 

 

 

Scheme 3.4: Recombinant Plasmid DNA Isolation 

 

3.5. Plasmid Construct  

The eukaryotic expression vector pCI-neo was obtained from Promega, Madison, WI. 

The full-length human CR-1 cDNA insert used in this study was a gift from Dr. D. 
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Salomon, NIH, USA. In order to obtain different clones, namely pCI-neo-CR-1(full 

length), pCI-neo-ΔCR-1(C-terminal truncated) and pCI-neo-EV (Empty vector). 

Different constructs were inserted into the eukaryotic expression vector by 

electroporation using a previously standardized protocol (Das et al., 2012). The plasmid 

vectors are listed in Table 3.4. Once the clones for CR-1 were obtained, we directly 

proceeded for the clone confirmation by colony PCR and restriction digestion.  

 

Table 3.4: List of Plasmid Vectors 

Sl. 

No. 

Name Use Promoter Selection 

marker 

Cloning Site 

1. pCI-neo 

(Promega) 

Mammalian 

Expression Vector 

pCMV AmpR, 

NeoR 

Full-length CR1 

cloned at EcoRI 

site 

2. pCI-neo 

(Promega) 

Mammalian 

Expression Vector 

pCMV AmpR, 

NeoR 

CR1ΔC cloned at 

XhoI/NotI site 

 

3.6. CR-1 Clone Confirmation by Colony PCR 

CR-1 clone confirmation by done by Colony PCR. A minuscule amount of bacterial 

colony was taken and resuspended in PBS to form a homogeneous suspension. The vial 

was put in a heating block and heated to 100˚C. Following this, the suspension was 

centrifuged at 10,000 rpm for 10 minutes to eliminate cell debris. The supernatant was 

moved to the new tube, and 1μL was used as a sample template for the reaction.  A 20 

µL PCR reaction was set up (Table 3.5), and the cycling conditions were as shown in 

Scheme 3.5. PCR products have been resolved on agarose gel and analyzed for clone 

validation.  

Table 3.5: Composition of the Reaction Mixture for Colony PCR 

SL. NO. COMPONENT CONCENTRATION 

1. Template 1.00 μL of Bacterial Colony Lysate 

2. Primer 2.00 μL Fwd. +2.00 μL Rev. 

3. 2x Master Mix 10.00 μL 

4. Water 5.0 μL 
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 Total 20.0 μL 

 

 

Scheme 3.5: Colony PCR Protocol and Cycling Program 

 

3.7. CR-1 Clone Confirmation by Restriction Digestion 

Recombinant clones were further analyzed by digestion with restriction endonucleases. 

An aliquot of plasmid DNA (~1 μg) was digested overnight with the required amount of 

NEB Cut Smart restriction endonucleases. pCI-Neo-CR1 was digested by EcoR1, and 

pCI-Neo-ΔCR1 was digested by Xho1 and NOT1 according to the conditions specified 

by the manufacturer (Table 3.6). The reaction mixture was kept at 37 °C for 2 h and 

terminated by heating at 68 °C for 10 min. An aliquot was loaded on a 0.8 % agarose gel 

and resolved by electrophoresis for analysis of clone confirmation. 

 

 

Table 3.6.: Composition of the Reaction Mixture for Restriction Digestion 

 

SL. NO. COMPONENT CONCENTRATION 

1. Plasmid DNA 1.0 μg  

2. Cut Smart Restriction Enzyme 1.00 μL  

3. Cut Smart Buffer 2.00 μL 

4. Water 7.0 μL 

TH-2681_146106043



Materials and Methods Chapter 3 

65 

 

 Total 20.0 μL 

 

3.8. Transfection of CR-1 clone Vector Constructs into Mammalian Systems 

MCF-7 and HEK293 cell lines were stably transfected with different CR-1 clones, 

namely pCI-neo-CR-1(full length), pCI-neo-ΔCR-1(C-terminal truncated) and pCI-neo-

EV (Empty vector) (Table 4.5). The gene transfer was achieved using the Lipofectamine 

Reagent kit (Life Technologies, Inc.). The protocol followed was as follows: 

 

On day 1, cells were trypsinized, counted and seeded in a 6-well plate. 4 x 104 cells per 

well (MCF-7 cells) or 0.5 -1.25x105 cells per well (HEK 293 cells) were plated in 2 mL 

of DMEM medium with 10% FBS. The next day on which the cells reach 60–70% 

confluence is chosen as the day of transfection. At the same time, for each well, 2.5 μg 

of plasmid DNA and 3.75 μL P3000 regent is diluted in 125 μL of Opti-MEM I Reduced 

serum media without serum in separate Eppendorf tubes for each cell line. (Scheme 3.6).  

 

Now for each well, 3.75 μL of Lipofectamine (L3000) Reagent is added into the above 

diluted Opti-MEM: DNA solution in separate Eppendorf tubes, mixed gently and 

incubated for 10-15 minutes at room temperature to form DNA Lipofectamine 

complexes. After the 10-15 minutes of incubation is over, the DNA- Lipofectamine 

complex is added directly to each well containing cells 2 mL of Opti-MEM I reduced 

serum medium and mixed gently and kept in a CO2 incubator for 24 h (Scheme 3.6). 
 

 

 

Scheme 3.6: Procedure of Lipofectamine based transfection. 
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The transfected cells were subjected to selection for stable transfectomas using G418 as 

a selection marker. After 24 h, the spent media from the cells was flushed gently and 

replaced with 2 mL of DMEM with 10% serum of bovine origin containing 800 

milligrams per mL G418 Geneticin (for clones’ selection) (Invitrogen, Life 

Technologies, Inc.) The media was replenished every 72 h intervals, and in about 4 

weeks’ selection after transfection, only the drug resistant clones survived and formed 

visible distinct colonies. The stably transfected cells were picked up using sterile cotton 

swabs and inoculated into fresh 6 well plates having DMEM containing 10% fetal bovine 

serum and 400 milligrams per mL G418 Geneticin (for maintenance). CR-1 expression 

was confirmed by Real-Time PCR and Western blotting on mRNA and protein levels,aa 

respectively. (Scheme 3.6). 

 

3.9. RNA Extraction 

Prior to initiation of the RNA extraction process, all the non-disposable glassware and 

plastic ware were rinsed thoroughly with 0.1N NaOH/1mM EDTA and then incubated 

with diethyl pyrocarbonate (DEPC)-treated water overnight at 37 °C, to ensure that they 

are RNase-free. The treated consumables were autoclaved 30 minutes before use in order 

to eliminate any trace of DEPC. Total RNA was extracted by TRI reagent (Sigma). 25 

cm2 culture flasks having a monolayer of around 5-7 x 106 cells were flushed with 1 mL 

of TRI reagent.  

After the addition of the reagent, it was gently pipetted to dislodge the cells and bring 

them in suspension to form a homogenous lysate. The cell suspensions were incubated 

at room temperature under static conditions for 5 minutes to ensure complete dissociation 

of the nucleoprotein complexes. Then, chloroform (200 µL) was added, and the tube was 

mixed by vigorous shaking for 30 secs. The sample tubes were subsequently incubated 

for 10 minutes at room temperature under static conditions. (Scheme 3.7). 

 

 The tube was then centrifuged at 12,000 g at 4 C for 15 minutes after incubation to 

achieve phase separation. The upper transparent phase containing the RNA was carefully 

moved to a new tube and was added to it with 0.5 mL of isopropanol to induce RNA 

precipitation. This suspension was again incubated for 10 min at room temperature with 

occasional mixing by inversion.  The sample was now centrifuged at 12,000g for 10 min 
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at 4 °C to separate the supernatant, which was discarded finally and obtain the RNA in 

the pellet form (Scheme 3.7).  

 

This RNA pellet was washed gently with 1mL of 75 % chilled ethanol and again 

subjected to centrifugation at12,000 g for 10 min at 4 °C. The RNA pellet was either air-

dried and dissolved in a suitable amount of sterile water and stored at –20 °C for 

immediate use or was suspended in ethanol for long-term storage at –70 °C (Scheme 

3.7). 

 

 
 

Scheme 3.7: Total RNA Extraction by TRIZOL Method 

 

3.10. Removal of Genomic DNA Contamination from Isolated RNA 

To get rid of the genomic DNA contamination that might coexist with the eluted RNA, 

each RNA sample was subjected to DNase treatment using Turbo DNase (Thermo Fisher 

Scientific, Waltham, MA, USA) according to the manufacturer’s protocol with a few 

modifications. TURBOTM DNase is a higher catalytic efficiency genetically engineered 

type of bovine DNase I than traditional DNase I.  

One unit of this DNase is known as the amount of enzyme needed to fully degrade 1 μg 

of DNA at 37 C in 10 minutes and is equivalent to 0.04 Kunitz units. DNase I is an 

endonuclease hydrolyzing the associations of phosphodiester generating 
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oligonucleotides with 5' phosphate and a free 3' hydroxyl group (Kunitz, 1950).  DNase 

I is can be used to cut chromatin, RNA: DNA hybrids, and single- and double-stranded 

DNA. The composition of the reaction mix was as given in Table 3.7.  

 

 Table 3.7: Composition of the Reaction Mixture for DNase treatment 

 

SL. 

NO. 

COMPONENT CONCENTRATION 

1. RNA 

 

50 -100 μg 

2. RNase-Free DNase 10X Reaction Buffer 5.00 μL 

3. RNase-Free DNase (1,000 U/mL) 5.00 μL 

4. Nuclease-free water to a final volume of 50.0 μL 

 

The reaction mixture was incubated under static conditions for 30 minutes at 37 °C. To 

end the reaction, 1μl of DNase Stop Solution has now been added, and the vial has been 

incubated at 65°C for 10 minutes to inactivate the DNase.  After that, by repeating the 

same procedure as defined in the previous section, the RNA was re-extracted from the 

suspension using the TRI reagent. RNA samples free from DNA contamination were 

dissolved in nuclease-free water, and the RNA yield was quantified using IMPLEN 

NanoPhotometer® NP80. The RNA sample was diluted in water prior to RT-PCR to 

achieve a concentration that is compatible with this application (Scheme 3.8). 

 

 

 

Scheme 3.8: Schematic illustrating DNase Treatment of RNA Samples Prior to RT-PCR. 
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3.11. cDNA Synthesis  

This reaction was carried out to generate high yields of full-length cDNA from the 

extracted RNA using the Thermo Scientific Verso cDNA kit.  Verso Reverse 

Transcriptase is an RNA-dependent DNA polymerase with slightly attenuated activity of 

RNase H. It is capable of synthesizing long strands of cDNA up to 11 kb at temperatures 

between 42 °C and 57 °C.  Around 1μg of total RNA was used for reverse transcription 

(Scheme 3.9). For a 20 μL of reaction, the sample mix was prepared as given in Table 

3.8 and was subjected to the reverse transcription cycling program as shown in Table 

3.9. 

 

Scheme 3.9: Schematic illustrating the cDNA Synthesis Concept  

 

Table 3.8: Reaction Mix Preparation for cDNA Synthesis 

 

SL. NO. COMPONENT VOLUME 
FINAL 

CONCENTRATION 

1. 5X cDNA synthesis buffer 4 µL 1X 

2. dNTP Mix 2 µL 500 µM each 

3. RNA Primer* 1 µL - 

4. RT Enhancer 1 µL - 

5. Verso Enzyme Mix 1 µL - 

6. Template (RNA) 1-5 µL 1 µg 

7. Water, nuclease-free To 20 µL - 

 

Table 3.9: Reverse Transcription Cycling Program for cDNA Synthesis 

 

SL. NO. STEP TEMPERATURE TIME 
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1. Random Hexamer Priming 25˚C 10 min 

2. cDNA synthesis* 42˚C 60 min 

a3. Inactivation 95˚C 2 min 

 

3.12. Quantitative Real-Time PCR 

Power Track SYBR Green Master Mix (Applied Bio SystemsTM, Thermo Fisher 

Scientific) was used to perform qRT-PCR, triplicates were used for each sample, and 18s 

rRNA and GAPDH were used as endogenous control. 1–10 ng of cDNA was taken as 

the template per reaction depending on the yield. The reaction mix for the qRT-PCR was 

setup as depicted in Table 3.10.  

 

Table 3.10: Reaction Mix Preparation for qRT-PCR 

 

SL. NO. COMPONENT VOLUME 

1. Power Track™  SYBR™ Green Master Mix 10.0 µL 

2. Template (cDNA) 1.0 µL (from 1.0 ng/µL) 

3. Forward Primer 2.0 µL 

4. Reverse Primer 2.0 µL 

5. Water, nuclease-free 5.0 µL 

 Final Volume 20.0 µL 

 

No-template control (NTC) reactions containing all of the reaction components except 

for the sample (replaced with 1 µL water) was also setup along with the experimental 

triplicates to identify PCR contamination. The cycling conditions were as mentioned in 

Table 3.11. Primers used in this experiment are listed in Appendix table A2. 
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After completion of the reaction, the baseline and threshold cycles (Ct) for the 

amplification curves were determined using the third-party instrument software 

(LinregPCR). Nonspecific amplification was also checked by using the melt curves 

generated at the end of the reaction. Relative quantitation was performed wherein the 

target was compared to an internal standard, using the comparative 2-ΔΔCt  method. 

 

Table 3.11: Standard cycling conditions are recommended for cDNA templates for qRT-

PCR. 

 

STEP TEMPERATURE DURATION CYCLES 

Enzyme Activation 95˚C 2 min 1 

Denaturation 95˚C 30 sec 

40 

Annealing/Extension 95˚C 1 min 

Melting 55 - 99˚C 45 min (1˚/min) - 

 

 

3.13. Protein Isolation 

Using the RIPA (Radio immunoprecipitation assay), buffer isolation of total protein from 

mammalian cell lines was carried out, the composition of which is given in the appendix 

section.  The media was discarded from the T25 culture flask, and cells were washed to 

remove the residual media with 2 mL of ice-cold PBS.  300 uL of pre-chilled RIPA buffer 

containing 1:10 ratio of protease inhibitor cocktail (Sigma Aldrich) and other freshly 

prepared phosphatase inhibitors like sodium fluoride (50 mM), PMSF (1 mM), sodium 

orthovanadate (1 mM), and EDTA (1 mM) was added to was added to each T25 flask. 

The composition of protease inhibitor cocktail was given in Table 3.12. 

 

Now the flask was kept on ice in gentle rocking conditions for 30 min to allow the lysis 

of cells for the release of protein. After incubation on ice, the cells were scrapped and 

transferred to an MCT and sonicated in 2 pulse periods of 10s each. Following this, the 
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cell lysate was centrifuged for 30 min at 13,000 rpm, 4 °C, in order to remove the cell 

debris. The clear supernatant was transferred to multiple new tubes in small aliquots and 

stored immediately at -80 °C (Scheme 3.10). Concentrations of the protein were 

estimated by Lowry’s Method for further experiments. 

 

 

Table 3.12: Specific properties of the components of the protease inhibitor cocktail : 

 
 

SL. 

NO. 

COMPONENT INHIBITOR OF EXAMPLES 

1. AEBSF – [4-(2-

Aminoethyl) 

Benzenesulfonyl 

Fluoride Hydrochloride] 

Serine Proteases Trypsin, Chymotrypsin, Plasmin, 

Kallikrein and Thrombin 

 

2. Aprotinin Serine Proteases Trypsin, Chymotrypsin, Plasmin, 

and Kallikrein; Human 

Leukocyte Elastase, But Not 

Pancreatic Elastase. 

 

3. Bestatin Hydrochloride Aminopeptidases Leucine Aminopeptidase and 

Alanyl Aminopeptidase.1-4 

 

4. E-64 – [N-(Trans-

Epoxysuccinyl)-L-

Leucine 

4-

Guanidinobutylamide] 

Cysteine 

Proteases 

Calpain, Papain, Cathepsin B, 

and Cathepsin L. 

 

5. Leupeptin Hemisulfate 

Salt 

Both Serine And 

Cysteine 

Proteases 

Plasmin, Trypsin, Papain,  

and Cathepsin B. 

 

6. Pepstatin A Acid Proteases Pepsin, Renin and Cathepsin D, 

and Many Microbial Aspartic 

Proteases 
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Scheme 3.10: Schematic illustrating the protein isolation protocol 

3.14.  Protein Estimation by Lowry’ Method  

The concentration of protein samples previously isolated by RIPA buffer was estimated 

according to Lowry’s method with BSA protein as a standard. 200 µL of diluted crude 

protein sample was mixed with 500 µL of freshly prepared complex forming reagents 

composed of Lowry’s A (2% Na2CO3 in 0.1 N NaOH) + Lowry’s B1 (2% potassium 

sodium tartrate) + Lowry’s B2 (1.0% CuSO4.5H2O) in the ratio of 100:1:1. The reaction 

tubes were vortexed and kept at room temperature for 10 min. In the reaction mixture, 

50 μL of the freshly prepared diluted Folin reagent with distilled water (1:1) was applied 

and vortexed for 5 s.  Then this reaction mixture was incubated for 1-2 h at room 

temperature in the dark.  After incubation, 200 µL of the reaction mixture of each sample 

was transferred to a 96-well plate, and the optical density was measured at 660 nm 

(Scheme 3.11). 
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Scheme 3.11: Schematic illustrating the Protein Estimation by Lowry’ method 

 

3.15. SDS Page and Western Blotting 

Western Blot was performed to analyze the protein level expression. First of all, the 

necessary amount of purified protein or cell lysate was mixed with a 4x SDS-PAGE gel 

loading buffer with a reduction agent (2-mercaptoethanol) and heated at 95˚C for 5 min 

in a boiling water bath. The denatured protein samples along with standard SDS PAGE 

protein markers were loaded on the SDS PAGE apparatus, and electrophoresis was 

carried out using 5 % stacking and 8-12 % separating gels at the voltages of 80mV and 

100-120mV for stacking and separating gel, respectively, in volt vertical electrophoresis 

system (G.E Healthcare).  

 

Concentrated cell extract resolved on the 8-12 % SDS-PAGE gel was subsequently 

electro blotted on PVDF membrane (Millipore) by using the wet transfer module at 25 

volts for 3 hr. Transfer of proteins on membrane was confirmed by Ponceau S staining, 

and the membrane was rinsed twice with TBST buffer to remove excess Ponceau S stain. 

The blot was later transferred in blocking solution (with 3 % BSA TBST) and then kept 

at rocker for 2 h at room temperature. The washed and blocked membranes were then 

exposed to a particular dilution of the primary antibody as required in 3 % BSA in TBST 

overnight in the cold room (2-8 0C). The next day, the blots were washed with TBST 

buffer thrice to remove unbound primary antibody followed by the addition of secondary 

antibody, which is coupled with horse radish peroxidase (HRP) and gently rocked at 
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room temperature for 2 h. Different antibodies used in experiments are listed in 

Appendix Table. A1. After incubation, the blots were washed again thrice to remove the 

unbound secondary antibody. Finally, to develop the blots, a chemiluminescence based 

reagent was used (Super Signal West Dura, Thermo Scientific), and an image was taken 

using a gel documentation system (Bio-Rad gel documentation system) (Scheme 3.12). 

The images were processed using the inbuilt Image Lab software. 

 

 

Scheme 3.12: Schematic illustrating the Protocol for western blotting 

3.16. MTT Assay for Cytotoxicity  

To determine the cytotoxicity of the inhibitors U0126 (MAPK inhibitor, sigma) and 

LY294002 (PI3K inhibitor, sigma) used in the study, MTT based cytotoxicity assay was 

done. Cells were seeded at 1x104 cells in each well of 96-well plate and kept to grow for 

a day. The cells were then treated in multiplicate with different doses of both the 

inhibitors in separate sets for 48 h. After completion of treatment, MTT was added to 

each well after diluting in fresh media. The sample plate was then kept in the CO2 

incubator for 2 h. Interaction of MTT with the viable cells results in the formation of 

violet Formazan crystals. Finally, to dissolve the Formazan crystals, DMSO was used, 

and optical density (OD) was measured at 570 nm to estimate viability. (Scheme 3.13). 

For each dose, 5 replicates were taken, and average OD was used for the calculation of 

the viability. 

TH-2681_146106043



Materials and Methods Chapter 3 

76 

 

 

 

 

Scheme 3.13: Schematic illustrating the protocol of MTT assay for cytotoxicity assessment. 

 

3.17. Flow Cytometry  

For the detection of cell surface proteins, fluorophore tagged antibodies were used. Cells 

were seeded in a 35 mm dish and kept in the CO2 incubator for 48 h. The attached cells 

were washed with FACS buffer (0.5% FBS in PBS) and removed by adding non-

enzymatic buffer.  
 

The Cells were fixed by using 80% methanol (final concentration) and kept for 20 min 

at -20˚C. After fixation, the cells were washed 2 times with FACS buffer and incubated 

in blocking buffer (10% FBS in PBS) for 1 hr. Finally, counted by hemocytometer and 

105 cells were stained with the respective antibody at 4 0C for 45 min, centrifuged at 3000 

rpm for 20 min to remove excess antibody. Stained cells were re-suspended in FACS 

buffer were analysed using CytoFLEX (Beckman Coulter, Brea, CA, USA). The data 

was analyzed using FCS Express v 5.0 (Scheme 3.14). 
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Scheme 3.14: Schematic illustrating the Flow Cytometry protocol  

 

3.18. Cell Proliferation Assay  

To compare the proliferation rate between CR-1 transfected and EV-transfected cells, we 

used a Propidium iodide (PI) based cell proliferation assay (Dengler et al., 1995; Wan et 

al., 1994a). The cells were seeded at equal density in 96-well plates in Phenol red free 

DMEM media (Himedia) and allowed to attach for 12 h (t=0). Further, the cells were 

allowed to grow and lysed by adding lysis solution (final concentration: 30 µg/mL of PI, 

0.5% Triton X-100, and 0.1 M EDTA) directly in the well, at different time points (from 

day 1 to 4), and kept for 6 h at room temperature. Finally, the fluorescence emission was 

measured at 530 nm excitation and 620 nm emission wavelength for each time point. The 

total number of cells present in each well at different time point was detected based on 

fluorescence intensity as depicted in Scheme 3.15. 
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Scheme 3.15.: Schematic illustrating the protocol of Cell Proliferation assay  
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Human Cripto-1 is a member of the Epidermal Growth Factor-Cripto-FRL-1-cryptic 

(EGF-CFC) family of proteins, promoting cell proliferation, differentiation, and 

angiogenesis in the fetus( Bianco et al. 2010). Several signalling pathways critical for 

early embryonic development and regulating stem cell proliferation and differentiation 

have been shown to cross-talk with Cripto-1(Bianco et al. 2005) ( Bianco et al. 2010). 

Cripto-1 positive cells are found to regulate the expression of stem-cell-related genes in 

patient-derived tumour spheroids and exhibited increased clonogenic capacity 

(Francescangeli et al., 2015). In another study, the silencing of Cripto-1 results in the 

downregulation of well-established stemness markers like CD24, CD133, NANOG, 

NOTCH1, OCT4, SOX2 and chemoresistance-related genes ABCB1, ABCG2, ABCC6 

in hepatocellular carcinoma (R. C. Lo et al., 2018). Conversely, under hypoxic 

conditions, Hypoxia-inducible factor-1α (HIF-1α) was shown to induce the expression 

of OCT4, Nanog and SOX2 in ME180 cells(Mathieu et al., 2011). At the same, Qiang et 

al. 2012  have also depicted the role of HIF-1α in the enrichment of GSC in Glioblastoma 

cells. Cripto-1 also plays an essential role in mES differentiation into Cardiomyocytes in 

the presence of HIF-1α(Caterina Bianco et al., 2009) 

 

 In the present study, we hypothesize that under hypoxia, HIF-1α interacts with cripto-1 

by binding in its promoter region, and cripto-1 is the direct regulator of CSCs 

maintenance and chemoresistance related genes. To further our study, we used CoCl2 (a 

chemical inducer of hypoxia)(Zhang et al., 2014) and 3D spheroid (Wartenberg et al., 

2003) as two positive models for HIF-1α whereas, recombinant CR-1 protein/TGF-β 

(Loying et al., 2015) and Cripto-1(CR-1) overexpressed system were used as positive 

models for CR-1. The human embryonic kidney cell line (HEK293) and Human 

embryonal carcinoma cell line (NTERA2) were used to explore the embryonic stem cell 

markers. In contrast, the Human Breast cancer cell line (MCF-7) was used to study cancer 

stem cell markers. 

 

Cripto-1 is known to induce its own expression via ALK4/SMAD2/3 pathway in U-

87MG cells via positive forward feed (P Loying et al., 2015). However, the expression 

of CR-1 does not increase after a certain level, indicating a possible negative stimulus 

within the cellular system. Hence, we hypothesize that the functioning of canonical 

oncogenic pathways, i.e., MAPK and PI3K pathways, might negatively impact the 

expression of CR-1. To clarify this, we blocked the MAPK and PI3K pathways by using 
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chemical inhibitors and check their effect on the expression of CR-1. To induce the CR-

1 expression, we used TGF-β, which is  known to increase the expression of CR-1(Shukla 

et al., 2008) 

 

4.1. Upregulation of CR-1 Expression by TGF-β: 

It has been established previously that TGF-β induces CR-1 expression (Shukla et al., 

2008). However, we further validated the previous finding in our cellular system. In this 

regard, 4 x105 NTERA-2 cells were seeded in a T-25 flask and allowed to grow for 24 h 

in DMEM media supplemented with 10% FBS. Later, the cells were serum-starved for 

12 h in optimem media followed by treatment with TGF- β for different concentration-

dependent (10, 15, 20 ng/mL for 24 h) (Figure 4.1.A) and different time-dependent 

manner (10 ng/mL for 12, 24, 36 and 48 h) (Figure 4.1.B) in fresh optimem media.  

 

 

 

Figure 4.1. Upregulation of CR-1 expression by TGF-β in NTERA-2 cell line analyzed by Real-

Time PCR: A) different concentration of TGF-β for 24 h and B) Treatment of 10 ng/mL of TGF-

β at different time points. Data represented are the mean of a triplicate sample, and the analysis 

was performed by using Kruskal-Wallis analysis of variance. The fold in the expression of CR-1 

was statistically significant (p<0.05). 

 

The samples were collected, and the CR-1 expression was analyzed using Real-time 

quantitative PCR. We observed a significant upregulation of CR-1 expression in treated 
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cells compared to untreated cells. Based on these experiments, the treatment dose of 10 

ng/mL of TGF- β for 24 h was chosen for further investigations (Figure 4.2.A). 

Further, we checked the levels of TGF-β induced CR-1 expression on protein level by 

flow cytometry (Figure 4.2.B). A significant shift in the histogram peak of TGF-β treated 

cells stained with Phycoerythrin conjugated CR-1 antibody was observed. This implies 

that there was a substantial upregulation of protein was observed on TGF-β treatment. 

 

 
 

Figure 4.2. Upregulation of CR-1 expression by TGF-β in NTERA-2 cell line: A) Protein level 

expression of CR-1 measured by Flow cytometer on treatment with 10 ng/mL of TGF-β for 24 h 

in serum-free optimem media (colour code: green- treated stained, red-untreated stained and 

blue-untreated unstained) and B) Real-Time PCR based mRNA expression of CR-1 on treatment 

with 10 ng/mL of TGF-β.18s rRNA was used as an endogenous control. Data represented are the 

mean of a triplicate sample, and the analysis was performed using the Mann-Whitney U test. The 

fold in the expression of all the genes was statistically significant (p<0.05). 

 

4.2. Expression of CR-1 on MAPK and PI3K Pathway Inhibition:  

Cripto-1 is known to autoregulate its expression by positive feedback circuit via 

AlK4/SMAD2/3 pathway(P Loying et al., 2015). This study encouraged us to check 

whether either the MAPK pathway or PI3K pathway interact with Alk4/SMAD2/3 

mediated CR-1 expression, which hinders the positive forward loop of CR-1. To verify 

this, we used U0126 which blocks the MAPK pathway by selectively inhibiting the 

intermediate molecule MEK1/2, whereas LY294002 was used to block the PI3K pathway 

inhibits PI3K itself. Before proceeding with the experiment, the inhibitors' cytotoxicity 

to NTERA-2 cells was determined using the MTT assay. The cells were treated with 
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different doses of inhibitors for 24 h in serum-free DMEM media (Figure 4.3). The doses 

at which the percentage cell viability was found to be more than 70% were selected for 

further experimentation. To understand the impact of MAPK and PI3K pathway on the 

expression of CR-1. NTERA-2 cells were treated with different doses of MAPK (U0126) 

and PI3K (LY294002) inhibitors, and the expression of CR-1 was quantified by Real-

Time PCR. As shown in Figure 4.4.A, at lower doses (1 µM and 5 µM) of U0126, the 

expression of CR-1 remains near to 1 fold or unchanged. However, at higher doses (10 

µM and 15 µM), the CR-1 expression gets significantly downregulated to 0.6 to 0.5 fold. 

 

 
 

 

Figure 4.3. Cell viability of NTERA-2 cells treated with different doses of (A) U0126 and (B) 

LY294002. Cells were treated for 24 h in serum-free optimem media, and cell viability was 

measured by MTT assays. 

 

Similarly, on treatment with LY294002, the expression of CR-1 remains unchanged or 

near to 1 fold. However, as shown in Figure 4.4.B, at the highest dose (20 µM), CR-1 

expression was found to be downregulated to 0.5 fold. This may be due to higher cell 

death at 20 µM dose, which was shown to reduce cell viability to ~40% in Figure 4.3.B. 

This data suggests that on complete blockage of MAPK and PI3K pathway, CR-1 

expression also gets inhibited. This implies that the MAPK and PI3K pathways do not 

hinder the ALK4/SMAD2/3 mediated CR-1 expression. As both the MAPK and PI3K 

inhibitor, at a high dose, have reduced expression of CR-1, one may consider that there 

exists some positive regulation of expression of CR-1 by these two pathways. 
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Figure 4.4. Expression of CR-1 on treatment with different doses of both the inhibitors: A) U0126 

and B) LY294002. NTERA-2 cells were treated in serum-free optimem media for 24 h, and 

expression of CR-1 was quantified by Real-Time PCR. 18s rRNA was used as an endogenous 

control. Data represented are the mean of a triplicate sample, and the analysis was performed 

by using Kruskal-Wallis analysis of variance. The fold in the expression of CR-1 was statistically 

significant (p<0.05). 

 

4.3. TGF-β Induced CR-1 Expression on MAPK & PI3K Pathway Blockage: 

Our previous data depicted that TGF-β was able to induce the expression of CR-1 in 

NTERA-2 cells, whereas, on blockage of the MAPK and PI3K pathways, the CR-1 

expression gets downregulated. We went ahead to perform another experiment to 

understand the effect of TGF-β on CR-1 expression in the presence of MAPK and PI3K 

pathway inhibitors. As observed in Figure 4.5.A., the treatment with 10 ng/mL of TGF-

β alone for 24 h caused upregulation in the CR-1 expression by 2.4 μfoμd, whereas on 

the contrary 24 h treatment with U0126 (15 µM) caused downregulation of expression.  

However, on treatment with TGF- β (10 ng/mL) combined with U0126 (15 µM) for 24 

h, downregulation in CR-1 expression was observed. Similarly, as shown in Figure 

4.5.B, varying doses of TGF-β (10 and 15 ng/mL) exert the upregulation of CR-1 

expression. In contrast, varying LY294002 (10 and 15 µM) doses showed no change in 

CR-1 expression. However, the treatment of TGF-β in combination with LY294002 

blocks the TGF-β induced CR-1 expression, which suggests the interaction of AKT and 

TGF-β/ALK4/SMAD2/3 pathway.  
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Figure 4.5. Expression of CR-1 on treatment with both the inhibitors in the presence or absence 

of TGF- β: A) U0126 combined with TGF- β and B) LY294002 combined with TGF- β. NTERA-

2 cells were treated in serum-free optimem media for 24 h, and the expression of CR-1 was 

quantified by Real-Time PCR. 18s rRNA was used as an endogenous control. Data represented 

are the mean of a triplicate sample, and the analysis was performed by using Kruskal-Wallis 

analysis of variance. The fold in the expression of CR-1 was statistically significant (p<0.05). 

 

Altogether, we observed that the MAPK pathway blockage leads to downregulation of 

CR-1 expression while PI3K pathway inhibition hinders the TGF-β induced CR-1 

expression. Also, TGF-β was unable to increase the expression of CR-1 in the presence 

of MAPK and PI3K inhibitors. The present data indicate that TGF-β/ALK4/SMAD2/3 

mediated CR-1 expression shows possible crosstalk between the MAPK/AKT and the 

TGF-β/ALK4/SMAD2/3 pathways. However, previous literature reports (Bianco et al. 

2002) have depicted ways of activating MAPK and AKT by CR-1, which do not require  

Nodal and ALK4.  

 

4.4. Induction of Cripto-1 Expression by Recombinant CR-1 in HEK293 

Cells 

Loying et al., 2015 discussed the upregulation of CR-1 expression by bacterial expressed 

recombinant GST tagged cripto-1 protein in U87MG cells. To replicate this model in our 

cell system, we chose HEK293 cells for our study based on the expression of all the 
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signalling molecules participating in ALK4/SMAD2/3 mediated CR-1 expression 

(Figure 4.6). HEK293 expresses a very high basal level of ALK4, SMAD2, SMAD3 and 

SMAD4 mRNA expression, while Nodal and Glypican-1 expression was comparatively 

low.  

 
 

 

Figure 4.6.  Components of ALK4/SMAD2/3 Pathway: Semi-quantitative PCR to check the 

expression of different molecules of the AlK4/SMAD2/3 pathway in HEK293 cells. Here H 

denotes Water control, M denotes 100 bp marker, and C represents cDNA 
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Subsequently, we treated the HEK293 cells with exogenous recombinant Cripto-1 

protein (rCR-1) procured from R&D Systems. This rCR-1 is expressed in an insect cell 

line and contains 23-172 residues of human CR-1. On treatment with rCR-1 (50 ng/mL 

and 150 ng/mL) for 72 h in serum-free DMEM media, we observed a significant rise in 

CR-1 expression measured by Real-Time PCR (Figure 4.7). This further confirmed the 

suitability of HEK293 cells for our study. 

 
 

Figure 4.7. Expression of CR-1 on treatment with exogenous recombinant Cripto-1 protein (rCR-

1). HEK239 cells were treated with 50ng/mL, and 150 ng/mL of dose in serum-free DMEM media 

for 72 h and expression of CR-1 was quantified by Real-Time PCR. 18s rRNA was used as an 

endogenous control. Data represented are the mean of a triplicate sample, and the analysis was 

performed by using Kruskal-Wallis analysis of variance. The fold in the expression of CR-1 was 

statistically significant (p<0.05). 

 

4.5. Generation of CR-1 Overexpressing Cell System: 

We observed that HEK293 cells express all the molecules required for ALK4/SMAD2/3 

mediated induction of CR-1 expression. Subsequently, we also observed that the 

HEK293 cell shows induction of CR-1 expression on treatment with the exogenous 

recombinant cripto-1 protein expressed in an insect expression system. To further 

continue with our experiments, we decided to overexpress the CR-1 in HEK293 and 

MCF-7 cells to generate a mammalian cellular system.  Structurally, the Cripto-1 proteins 

consist of three main domains an N-terminus signal sequence, a modified EGF-CFC 
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domain, and a hydrophobic C-terminus GPI moiety with varying lengths (Caterina 

Bianco et al., 2010b). The human cripto-1 protein exists in two forms based on the 

presence or absence of C-terminus GPI moiety. The membrane-bound form contains C-

terminus GPI moiety, which helps the transmembrane anchorage of CR-1. At the same 

time, the form without C-terminus GPI moiety occurs in soluble form in the cells. It is 

also secreted by the cells in conditioned media during in-vitro cell culture (Kazuhide 

Watanabe et al., 2007).  In our study, we worked with three different kinds of 

recombinant cripto-1, a) full-length CR-1, which consist of 1st-188th amino acids and all 

three domains, i.e., signalling domain, EGF-CFC domain and GPI moiety, b) C-terminus 

truncated CR-1, was called as ΔCR-1 consists 1st-169th amino acids. It contains two 

domains signalling domain and EGF-CFC domain. c) Recombinant cripto-1 protein or 

rCR-1, which was expressed in the insect expression system. This protein consists of 

31st- 172nd amino acids and has only one EGF-CFC domain shown in Figure 4.8. 

 
 

Figure 4.8. Different forms of CR-1 Protein used in the study. a) Full-length human CR-1 

overexpressed in HEK293 and MCF-7 cells. b) C-terminal truncated human CR-1 (∆CR-1) 

overexpressed in HEK293 and MCF-7 cells. c) Recombinant CR-1 expressed in insect expression 

system procured from R&D Systems. Each block in the structure represents a protein domain, 

and the numbers above the blocks represent the number of amino acids arranged in sequence to 

form the particular domain. 
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Figure 4.9. Schematic diagram of both the recombinant constructs: A) pCI-neo-CR-1 consists of 

Full-length human CR-1 gene and B) pCI-neo-ΔCR-1 contains C-terminal truncated human CR-

1 gene. The vector consists of the CMV promoter, Ampr (ampicillin resistance gene for bacterial 

selection) and Neor (Neomycin resistance gene as mammalian cells selection marker) 
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The full-length human CR-1 cDNA clone was generously gifted by Dr David Salomon, 

NIH, USA. This CR-1 cDNA fragment was inserted into the pCI-neo mammalian 

expression vector using restriction enzyme EcoRI from both ends. This construct was 

named pCI-neo-CR-1. The C-terminus truncated CR-1 was cloned previously in our lab 

by  Das et al., 2012.  The cloning strategy includes the amplification of DNA fragment 

corresponding to C-terminus truncated human CR-1 (1 - 169 amino acids) by PCR using 

pCI-neo-CR-1 as a template. The amplified product was inserted in the pCI-neo 

expression vector using restriction enzyme XhoI and NotI, and the resultant construct 

was called pCI-neo-ΔCR-1. Figure 4.9 shows a schematic diagram of both the 

recombinant constructs.  

 

The vector consists of CMV promoter, ampicillin resistance gene for bacterial selection 

and Neomycin resistance gene as mammalian cells selection marker. DNA sequencing 

was performed to confirm the insertion of the desired sequence into the vector. Further, 

the recombinant constructs were transformed into E.Coli (DH5α) by heat shock method, 

and glycerol stock (20% glycerol) were made and stored in -80 0C for long term use. 

 

Further, these glycerol stocks were used to inoculate and revive the transformed clones 

in 2X TY media. The plasmid DNA was isolated from the bacterial culture grown 

overnight at 37 0C in the presence of ampicillin. The isolation of desired plasmid DNA 

was subjected to the Restriction digestion, and the digested products were separated 

using Agarose gel electrophoresis.  As shown in Figure 4.10, the presence of the band 

near 500 bp in digested lane confirms plasmid DNA's authenticity. pCI-neo-CR-1 was 

digested by using EcoRI, whereas pCI-neo-ΔCR-1 was digested by XhoI and NotI 

restriction enzymes.  

 

The HEK293 and MCF-7 cells were grown to 70 – 80 % confluence and transfected with 

pCI-neo-CR-1 and pCI-neo-ΔCR-1 along with pCI-neo empty vector using  

Lipofectamine based method. Subsequently, the cells were grown in DMEM containing 

Geneticin (G418) as a selection antibiotic. Geneticin is an analogue of neomycin which 

is more potent than conventional neomycin. The cells were further subcultured, and 

seeding density was so low that each well of the 96-well plate gets a single cell. Such 

seeding was done to obtain monoclonal clones for each recombinant construct.  
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Figure 4.10. Confirmation of Plasmid DNA by Restriction Digestion: A) Restriction digestion of 

pCI-neo-CR-1 by EcoRI.  Lane 1 is 1 KB ladder; Lane 2 is digested plasmid with a fragment of 

532 bp released at the bottom of the gel, and Lane 3 is an undigested circular plasmid. B) 

Restriction digestion of pCI-neo-ΔCR-1 by XhoI and NotI. Lane 1 is 1 KB ladder; Lane 2 is 

digested plasmid with a fragment of 507 bp released at the bottom of the gel, and Lane 3 is an 

undigested circular plasmid. 

 

The concentration of Geneticin for selection was determined by kill curve formation 

before the transfection. Transfected HEK293 cells were selected by treatment with 600 

µg/mL of Geneticin, whereas MCF-7 cells were selected using 800 µg/mL of antibiotics 

for 4 - 8 weeks. On completion of selection, the CR-1 overexpression was measured by 

using Real-time PCR and western blotting. As shown in Figure 4.11, the transfected cells 

were highly overexpressed with cripto-1 on mRNA level.  

 

Further, we checked the protein expression of CR-1 in transfected cells Figure 4.12, and 

We observed that CR-1 transfection showed a significant increase in the expression of 

CR-1. The clones were named based on the construct present in them. HEK293 

transfected with pCI-neo-CR-1, pCI-neo-ΔCR-1 and pCI-neo empty vector were called 

HEK-CR1, HEK-ΔCR1 and HEK-EV, respectively. A similar naming pattern was 

followed for the MCF-7 cell line as well. 
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Figure 4.11. Generation of stably transfected clones: A) Expression of CR-1 in MCF-7 transfected 

with Full-length human CR-1 compared with untransfected MCF-7 cells. B) Expression of CR-1 

in HEK293 transfected with Full-length human CR-1(HEK-CR-1) compared with untransfected 

HEK293 cells. C) Expression of CR-1 in MCF-7 transfected with C-terminal truncated human 

CR-1(MCF-ΔCR-1) compared with untransfected MCF-7 cells. Real-time PCR was used to 

measure the expression of CR-1 after 6-8 weeks of clonal selection by G-418 antibiotics  

 

 

Figure 4.12. The expression of CR-1 was accessed by western blotting. β-actin and Total Smad2 

were used as a loading control for MCF-7 clones and HEK293 clones, respectively. A) Protein 

level Expression of CR-1 in MCF-7 transfected with Full-length human CR-1 and C-terminal 

truncated CR-1 compared with untransfected MCF-7 cells. B) Protein level Expression of CR-1 

in HEK293 transfected with Full-length human CR-1(HEK-CR-1) compared with untransfected 

HEK293 cells.  

 

4.6. Co-expression of HIF-1α and MDR-1 on CR-1 Overexpression in 

HEK293: 

During embryonic development in humans, cripto-1 plays a crucial role in the primitive 

streak formation, defining mesoderm and endoderm in gastrula and left/right asymmetry 

establishment for the developing organ (Caterina Bianco et al., 2010a). However, later 

life re-expression of cripto-1 has led to highly malignant cancer progression via 

adaptation of different ways like the stimulation of epithelial cells for epithelial to 

A 

B 
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mesenchymal transition, cell proliferation, angiogenesis and cancer stem cell expansion 

(C Bianco et al., 2005).  

 

These phenomena were also acquired by HIF-1α (Hypoxia-inducible factor-1α) for 

cancer maintenance and progression (Jing et al., 2019). In 2009,  Bianco et al. 

demonstrated the importance of  HIF-1α as an aid of CR-1 during cardiomyocytes 

differentiation. HIF-1α was found to regulate MDR-1(multidrug resistance-1 / ABCB1 

gene)  in bladder cancer cell line, which was induced for MDR-1 expression by prolonged 

cisplatin treatment (Sun et al. Cripto-1 positive subpopulation isolated by cell sorting 

also have shown higher expression of MDR-1 in human glioblastoma cells (P Loying et 

al., 2015). These studies prompted us to explore the possible crosstalk between CR-1, 

HIF-1 and MDR-1.  

 

 

 

Figure 4.13.  Co-expression of HIF-1α and MDR-1 on CR-1 overexpression: A) Expression of CR-

1 in HEK293 overexpressed with full-length human CR-1 by stable transfection. B) and C) 

represents the expression of HIF-1α and MDR-1, respectively, on CR-1 overexpression in 

HEK293. D) Expression of CR-1 in MCF-7 overexpressed with full-length human CR-1 by stable 

transfection. E) and F) represents the expression of HIF-1α and MDR-1, respectively, on CR-1 

overexpression in MCF-7. The expression of genes was assessed by Real-Time PCR. 18s rRNA 

was used as endogenous control. Data represented are the mean of a triplicate sample, and the 

analysis was performed using the Mann-Whitney U test. The fold in the expression of all the 

genes was statistically significant (p<0.05), except HIF1-α(E) was non-significant. 
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To understand this, initially, we overexpressed HEK293, and MCF-7 cells with Full-

length CR-1 (HEK-CR-1 and MCF-CR-1) and C-terminal truncated CR-1 (HEK-ΔCR-

1 and MCF-ΔCR-1) by stable transfection. Subsequently, we checked the expression of 

HIF-1α and MDR-1 in CR-1 overexpressed cells. We observed a significant upregulation 

in mRNA expression HIF-1α and MDR-1 in HEK-CR-1, whereas MCF-CR-1 also 

showed significant upregulation of MDR-1 expression, but HIF-1α expression remains 

unchanged on CR-1 overexpression in real-time PCR Figure 4.13.  

Further, we checked the co-expression of HIF-1α and MDR-1 on protein level via 

western blotting. As expected, HIF-1α and MDR-1 expression were found to be 

upregulated in HEK-CR-1 and HEK-ΔCR-1. While MCF-CR-1 and MCF-ΔCR-1 

showed upregulated MDR-1 expression (Figure 4.14.)  

 

Figure 4.14. Western blotting shows the Co-expression of HIF-1α and MDR-1 on protein level in 

CR-1 overexpression cells: A) Expression of CR-1, HIF-1α and MDR-1 in HEK-CR-1 and HEK-

ΔCR1 cells as compared to HEK-EV. Lane A, B, and C represents HEK-EV, HEK-CR-1 and 

HEK-ΔCR1 sample, respectively. B) Expression of CR-1 and MDR-1 in MCF-CR-1 and MCF-

ΔCR1 cells compared to MCF-EV. Lane A, B, and C represents MCF-EV, MCF-CR-1 and MCF-

ΔCR1 sample, respectively. GAPDH was used as the loading control. 

 

Both CR-1 and ΔCR-1 clones exhibited similar behavior, so we used only full-length 

CR-1 clones for most of the experiments. Altogether, the present data suggest CR-1 

induces the expression of HIF-1α and MDR-1 in HEK293 cells. However, CR-1 fails to 

induce HIF-1α expression in MCF-7 cells. 

 

4.7. Cripto-1 Overexpression Induced HIF-1α Expression Mediated by 

AKT Mitogenic Pathway: 

In 2012, Jiao et al. depicted the chemical inhibition of the AKT pathway by LY294002 

leads to downregulation of  HIF1-α, which implicates the involvement of AKT in the 
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induction HIF-1α and MDR-1 in the hepatocellular carcinoma cell line (HepG2 cells). 

Literature also suggests that Cripto-1 overexpression activates AKT and MAPK pathway 

in a mammary epithelial cell line (EpH4 cells) independent of the ALK4/Nodal/Smad2/3 

pathway (Bianco et al., 2002). also demonstrated the activation of MAPK and PI3K 

pathway in U87MG cells.  

 

To investigate the pathway with which cripto-1 induces the expression of HIF-1α and 

MDR-1 in HEK293 cells, we checked the phosphorylation status of AKT and ERK in 

CR-1 overexpressed cells using western blotting. As shown in Figure 4.15.A, both AKT 

and ERK pathways get activated on CR-1 overexpression in HEK293 cells. 

Contrastingly, the CR-1 overexpressed MCF-7 cells (MCF-CR-1) show the 

dephosphorylation of AKT and ERK1/2 pathway compared to MCF-EV cells (Figure 

4.15.B.)  

 

 

 

Figure 4.15. Western Blotting to detect the phosphorylation status of ERK and AKT (A) Expression 

of P-ERK and P-AKT in HEK-CR-1 and HEK-ΔCR1 cells compared to HEK-EV Lane A, B, and 

C represents HEK-EV, HEK-CR-1 and HEK-ΔCR1 sample, respectively. (B) Expression of P-

ERK and P-AKT in MCF-CR-1 and MCF-ΔCR1 cells compared to MCF-EV. Lane A, B, and C 

represents MCF-EV, MCF-CR-1 and MCF-ΔCR1 sample, respectively. Total ERK and Total 

AKT were used as the loading control. 

 

This behavior suggests the adaptation of alternate pathways by MCF-CR-1 for its 

mitogenic activity, and hence it fails to induce the expression of HIF1-α in the given 

system. In conclusion, the present data shows the involvement of AKT and ERK1/2 in 

the cripto-1 induced co-expression of HIF-1α and MDR-1 gene in HEK-CR-1 cells. 
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4.8. CR-1 Overexpression Induces the Cell Proliferation in HEK and MCF-

7 Cells: 

As previously depicted, CR-1 overexpression leads to the activation of AKT and ERK 

pathways in HEK293 clone cells. To further elucidate the effect of CR-1 overexpression 

on the cell proliferation rate of HEK293 and MCF-7 cells, we used a propidium iodide 

based assay (Wan et al. 1994). 

 

The cells were seeded at low density in each well of 96-well plate in Phenol red-free 

DMEM media (10% FBS). The first fluorescence was measured immediately after the 

attachment of cells to get the initial seeding cell density's fluorescence intensity at (t=0) 

time point. As the cell grows, the fluorescence intensity was measured, after adding cell 

staining solution (final concentration: 30 µg/mL of PI, 0.1 M EDTA, 0.5% Triton X-100) 

directly in the well for 10 min, at the different time points (24, 48, 72 and 96 h). The 

fluorescence emission was measured at each time point at 530 nm excitation and 620 nm 

emission wavelength.  

 

 

Figure 4.16. Cell proliferation assay: Cells were seeded in equal density in a 96-well plate in 

phenol red-free Serum media. Cells were lysed at a specific time point by adding the staining 

solution (composition: see methods section). Multiplate reader measured fluorescence intensity 

at 530 nm excitation and 620 nm emission wavelength.  A) Fold change in Cell number compared 

between MCF-EV and MCF-CR1 B) Fold change in Cell number compared between HEK-EV 

between HEK-CR1 
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As shown in Figure 4.16A, the CR-1 overexpressed MCF-7 cells (MCF-CR-1) showed 

significantly higher cell proliferation than Empty vector-transfected MCF-7 (MCF-EV) 

cells. Immediately after 24 h, these cells started growing at a higher rate, and the 

proliferation rate increased after 72 and 96 h. In the case of HEK-CR-1 (Figure 4.16.B), 

there was no significant difference in cell proliferation after 24 and 48 h, but after 72 h, 

the cell proliferation rate increased significantly.  

 

The enhanced cell proliferation shown by HEK-CR-1 can be the attribute of activation 

of the AKT and ERK pathways. However, these pathways were found downregulated in 

MCF-CR-1. Still, it showed higher cell proliferation. This indicates the possibility of 

adaptation of alternate mitogenic pathways by MCF-CR-1. 

 

4.9. Effect of CR-1 Overexpression on Functional P-Glycoprotein Efflux 

Pump: 

We observed the induction of MDR-1(P-glycoprotein) expression in MCF-7 and 

HEK293 on CR-1 overexpression in previous experiments. To access the functional 

activity of MDR-1, we performed a drug sensitivity assay of CR-1 overexpressed cells 

with two standard anticancer drugs Paclitaxel and Doxorubicin. Paclitaxel is a mitotic 

inhibitor of cancer cells, whereas doxorubicin intercalates in cancer cells' DNA to exert 

their action. We performed the MTT assay to compare the drug resistance acquired by 

CR-1 overexpressed cells over empty vector transfected cells against the 

abovementioned anticancer drugs. The cells were seeded at equal density in 96-well 

plates and grown for 24 h. Subsequently, the cells were treated in DMEM (10% FBS) 

media containing different doses of drugs (Paclitaxel and Doxorubicin) for 48 h in 

separate sets. Five replicates for each dose were used.  

 

As shown in Figure 4.17 (A and B), we observed a significant increase in IC50 values of 

MCF-CR-1 when compared with MCF-EV against both drugs. The IC50 of paclitaxel 

increases from 34.5 nM (MCF-EV) to 43.6 nM (MCF-CR-1), and the IC50 of doxorubicin 

rises to 296.5 nM (MCF-CR-1) from 145.7 nM (MCF-EV), which indicates the 

acquisition of higher drug resistance by MCF-7 on CR-1 overexpression. 

TH-2681_146106043



 

Results and Discussion Chapter 4 
  

99 

 

 
 

 

Figure 4.17. Cytotoxicity assay: To measure P-glycoprotein efflux pump activity in MCF-

CR-1 cells compared to MCF-EV cells, the MTT assay was performed. A) % cell viability after 

treatment with different doses of Paclitaxel for 48 h B) % cell viability after treatment with 

different doses of Doxorubicin for 48 h. For each dose, five replicates were used, and the 

absorbance of DMSO dissolved formazan crystals was measured by the multiplate reader at 570 

nM wavelength.  

 

 

 
 

 

Figure 4.18. Cytotoxicity assay: To measure P-glycoprotein efflux pump activity in HEK-

CR-1 cells compared to HEK-EV cells, the MTT assay was performed. A) % cell viability after 

treatment with different doses of Paclitaxel for 48 h B) % cell viability after treatment with 

different doses of Doxorubicin for 48 h. For each dose, five replicates were used, and the 

absorbance of DMSO dissolved formazan crystals was measured by the multiplate reader at 570 

nm wavelength.  
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We also performed a similar experiment with HEK-CR-1 and HEK-EV (Figure 4.18 A 

and B). We observed a decrease in the IC50 value of paclitaxel against HEK-CR-1 

compared with HEK-EV. This indicates the increased susceptibility of HEK293 against 

paclitaxel on CR-1 overexpression. However, there was no significant difference 

observed in the IC50 of Doxorubicin against HEK-CR-1 and HEK-EV.  

 

Altogether, the present data imply that the acquisition of drug resistance against a single 

drug may vary with a cell-to-cell variation. In the MCF-7 clone (MCF-CR-1), the cells 

showed the expression of functionally active drug efflux pump, but in the HEK293 clone 

(HEK-CR-1), the cells seem to acquire drug resistance in some other way. 

 

 

4.10. CR-1 Modulates the CSC Markers’ Expression:  

 

Cripto-1 is well known for its stem cell maintenance and pluripotency properties 

(Caterina Bianco et al., 2010b). The cancer cells that exhibit the ability to regenerate 

solid tumours with original phenotypes in immune-deficient mice can be defined as 

cancer stem cells (CSCs) (Visvader et al., 2008).  For the first time, CSCs were identified 

in the blood of acute myeloid leukaemia (AML) patients (Bonnet et al., 1997). 

Subsequently, CSCs associated with different body organs were identified in the brain, 

breast, head and neck, prostate, pancreas and lungs (Sheila K. Singh et al., 2004)(Al-Hajj 

et al., 2003).  In 2011, Siva et al. demonstrated the importance of active expression of 

HIF-1α for cripto-1/GRP78+ signalling mediated maintenance of hematopoietic stem 

cells (HSCs).    

 

To further explore the effect of Cripto-1 and HIF-1α co-expression in our system. The 

CR-1 overexpressed cells were subjected to Real-Time PCR to detect the expression of 

cancer stem cell markers like CD24, CD44 and CD133. As shown in Figure 4.19, the 

CR-1 overexpressed cells (HEK-CR-1 and MCF-CR-1) show upregulation in the mRNA 

expression of CD24 and CD44 (Figure 4.19.A, B, and D, E). However, the expression 

of CD133 was found downregulated in HEK-CR-1 (Figure 4.19.C) and remain 

unchanged in MCF-CR-1 (Figure 4.19.F) 
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Figure 4.19. CR-1 modulates the CSCs marker expression: To check this, the expression of 

cancer cell surface markers was measured using Real-time PCR: A) CD24, B) CD44, and 

C) CD133 represents the fold change in mRNA expression of HEK-CR-1 compared to HEK293 

wild-type cells. While D) CD24 E) CD44 and F) CD133 represents the mRNA level expression 

in MCF-CR1 compared to MCF-7 wild-type cells. 18s rRNA was used as endogenous control.  

Data represented are the mean of a triplicate sample, and the analysis was performed using the 

Mann-Whitney U test. The fold in the expression of all the genes was statistically significant 

(p<0.05), except CD133(F) was non-significant. 

 

The effect of cripto-1 on cancer stem cells (CSCs) enrichment in HEK293 cells was 

further evaluated on treatment with recombinant cripto-1 protein for 72 h in serum-free 

DMEM media.  Subsequently, the expression of CD24 and CD44 were measured by 

using Real-Time PCR Figure 4.20.  We observed that the expression of CD44 and CD24 

were found significantly upregulated at 50 ng/mL and 150 ng/mL doses of recombinant 

cripto-1 protein (rCR-1).  
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Figure 4.20. Effect of rCR-1 treatment on the CSCs modulation: The HEK293 cells were treated 

with two different doses of rCR-1 for 72 h in serum-free DMEM media, and the expression of 

cancer cell surface markers was measured by using Real-time PCR: A) CD24 and B) CD44 

represents the fold change in mRNA expression in rCR-1 treated HEK293 as compared to 

untreated cells. 18s rRNA was used as the endogenous control.Data represented are the mean of 

a triplicate sample, and the analysis was performed by using Kruskal-Wallis analysis of variance. 

The fold in the expression of all the genes was statistically significant (p<0.05). 

 

 

To verify CD44 and CD24 markers' active expression on protein level in recombinant 

CR-1 treated HEK293 cells, flow cytometry-based experiments were executed. As 

depicted in Figure 4.21, there was an evident shift in the median fluorescence intensity 

(MFI) of CD24 and CD44 towards the right side (denotes increase in expression) in a 

dose-dependent manner. This shows that CR-1 induces the expression of CD24 and 

CD44 at the protein level as well.  
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Figure 4.21. Flow cytometry analysis to detect the cell surface expression of CD24 and 

CD44: HEK293 treated with rCR-1 for 72 h in serum-free DMEM media and the expression of 

A) CD24 and B) CD44 was checked by FACS analysis. (Colour code: Red, Blue, Orange, and 

Green histograms represent Untreated Unstained, Untreated stained with antibody, 50 ng/mL of 

rCR-1 treated stained with antibody and 150ng/mL rCR-1treated stained with antibody 

respectively). The increase in expression was denoted in terms of median fluorescence intensity 

(MFI), shown in C) MFI of CD24-FITC tagged and D) MFI of CD44-PE tagged. 

 

Furthermore, we performed a dual colour flow cytometry to determine the side cell 

population's nature on cripto-1 induction in HEK293. We observed a dose-dependent 

increase in the CD44+CD24+ subpopulation (Figure 4.22). In untreated group, the 

percentage of CD44+CD24+ subpopulation was 15.61%, which significantly increases 

on treatment with recombinant cripto-1 protein to 20.06% (50 ng/mL) and 27.13% (150 

ng/mL).  Literature suggests that this type of CD44+CD24+ subpopulation has also been 

previously identified in the gastric cancer cell line (AGS), where these subpopulations 

have exhibited the ability to grow a solid tumour in 50 % of NOD-SCID mice (6 out of 

C D 
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12) even when injected in as low as 200 cells/mice concentration, which is very high as 

compared to the CD44-CD24- subpopulation which developed tumour only in 8.3% of 

NOD-SCID mice after injecting 10,000 cells/mice (Zhang et al., 2011). 

 
Figure 4.22. Dual colour flow cytometry to determine the side cell population's nature on 

treatment with recombinant cripto-1 in HEK293 cells. The cells were stained with CD24-

FITC tagged, and CD44-PE tagged. The dot plots represent A) Untreated group, B) 50 

ng/mL rCR-1 treated and C) 150 ng/mL rCR-1 treated. The fluorescence spillover was 

removed using the compensation matrix. The percentage of CD44+/CD24+ 

subpopulation increases in a dose-dependent manner.  

 

Further literature reports state that the Cervical squamous cell carcinoma cell line (SiHa) 

also contains a CD44+CD24+ subpopulation which is highly resistant to radiotherapy 

and does not undergo cell apoptosis irradiation. SiHa CD44+CD24+ subpopulation also 

displays the competence to develop a tumour in nude mice (Liu et al., 2016). TGF-β, a 

known inducer of CR-1, also induces the proliferation of CD24+ and CD44+ 

subpopulation in the human embryonal carcinoma cell line (NTERA2). 

 

As shown in Figure 4.23, treatment with 10 ng/mL of TGF-β for 24 h, the CR-1+ 

subpopulation increased by ~2%. This induction of CR-1 expression ultimately triggered 

the expression of CD24 and CD44 on the cell surface. The CD24+ subpopulation 

increased by ~ 61% whereas CD44+ subpopulation increased by ~19.7 %. Altogether, 

the cripto-1 induced increase in CD44+CD24+ subpopulation in HEK293 and NTERA2 

suggests the involvement of cripto-1 in the modulation of CSCs population within the 

cell line. 
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Figure 4.23. Flow cytometry to detect the CSCs marker expression: The NTERA2 cells 

were treated with 10ng/mL of TGF-β for 24 h in serum-free optimen media. The top row 

represents the expression of CD24-FITC tagged, the middle row represents the 

expression of CD44-PE tagged, and the bottom row represents the expression of CR-1-

PE tagged.  

 

4.11.  Association of Cripto-1 with Embryonic Stem Cells Markers: 

The stemness markers are the genes that are responsible for the maintenance of 

pluripotency. Some of these markers also act as transcription factors and regulate the 

expression of cripto-1 in adult stem cells. Knockout of cripto-1 decreased self-
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renewability in embryonic stem cells of fish (Fiorenzano et al., 2016). CR-1High  cells 

isolated by fluorescence-activated cell sorting from Embryonal carcinoma cells 

(NTERA2 and NCCIT cells) shows higher expression of OCT4, Nanog, Sox2, Leafy and 

Nodal as compared to CR-1Low(K Watanabe et al. 2010). A recent report (Park et al., 

2018) has identified the putative promoter binding site of OCT4 in the CR-1 promoter. 

The overexpression of OCT4 induces the transactivation of CR-1, while the shRNA 

inhibition of OCT4 leads to the downregulation of CR-1. To further investigate the 

correlation of embryonic stem cell (ESC) genes with cripto-1 and HIF-1α co-expression 

in HEK293 cells. We decided to check the expression of OCT4, Nanog and Sox2 in CR-

1 overexpressed cells (HEK293 and MCF-7) by Real-Time PCR. We observed that the 

OCT4 expression was significantly upregulated in both HEK-CR-1 and MCF-CR-1 

(Figure 4.24.A and D). At the same time, the Nanog shows no change in its expression  

 

 
 

Figure 4.24. CR-1 overexpression induces the ESCs markers expression: To check this, the 

expression of embryonic stem cell markers was measured by using Real-time PCR: A) 

OCT4, B) Nanog, and C) SOX2 represents the fold change in mRNA expression in HEK-CR1 as 

compared to HEK293 wild-type cells. While D) OCT4 E) Nanog and F) SOX2 represents the 

mRNA level expression in MCF-CR1 compared to MCF-7 wild-type cells. 18s rRNA was used as 

endogenous control. Data represented are the mean of a triplicate sample, and the analysis was 

performed using the Mann Whitney U test. The expression of OCT4(A, D) and   SOX2(F) were 

statistically significant (p<0.05) in both HEK293 and MCF-7 clones. In contrast, the fold change 

in expression of Nanog (B, C) and SOX2(C) is not significant. 
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on CR-1 overexpression (Figure 4.24.B and E). However, the expression of Sox2 was 

found upregulated in MCF-CR-1(Figure 4.24.F) but remain unchanged in HEK-CR-1. 

We also observed significant upregulation in ESC genes expression on treatment with 

different doses of recombinant CR-1(rCR-1) protein. As shown in Figure 4.25. the 

expression levels of Nanog and OCT4 was found to be upregulated on treatment with 

50ng/mL of rCR-1 for 72 h in serum-free DMEM media. 

However, the upregulation in Sox2 expression was not significant. The present data 

indicate that the expression of CR-1 is closely correlated with the expression of OCT4 in 

HEK293 and MCF-7 cells, which implies that OCT4 is the critical regulator of CR-1 

expression. 

 

 
 

 

Figure 4.25. Effect of rCR-1 treatment on ESCs markers expression: The HEK293 cells 

were treated with two different doses of rCR-1 for 72 h in serum-free DMEM media, and 

the expression of cancer cell surface markers was measured by using Real-time PCR: A) 

OCT4 B) Nanog and C) SOX2 represents the fold change in mRNA expression in rCR-1 treated 

HEK293 as compared to untreated cells. 18s rRNA was used as the endogenous control. Data 

represented are the mean of a triplicate sample, and the analysis was performed using the Mann 

Whitney U test. The fold in the expression of OCT4 and Nanog genes was statistically significant 

(p<0.05), whereas the fold change in SOX2 expression was insignificant. 

 

4.12. In Hypoxic-like Condition, HIF-1α Induces the Expression of CR-1:  

In HEK293 cells, overexpression of CR-1 induces the expression of HIF-1α, which 

indicates the presence of crosstalk between these two molecules. However, the exact 

interplay and regulations between these two molecules are yet to be determined. To 

further investigate this, we chose an experimental model which can be used as a positive 

control for hypoxia. We used CoCl2, a chemical inducer of hypoxia, which induces the 
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hypoxia-like condition by inhibiting the prolyl hydroxylase enzyme, which degrades 

HIF-1α (Doublier et al., 2012).  

 

To check the expression of cripto-1 in HEK293 cells under hypoxia-like conditions, the 

cells were treated with 150 µM of CoCl2 for 24 h in DMEM media supplemented with 

10 % FBS (Fetal bovine serum). As expected, Figure 4.26. A shows the induction of 

HIF-1α expression in the HEK293 cell. This induction of HIF-1α expression was 

accompanied by the upregulation in the expression of CR-1 and MDR-1(Figure 4.26.B 

and C) 

 

 

 

Figure 4.26. Effect of Cobalt Chloride on co-expression of CR-1 and HIF-1α:  The HEK293 

cells were treated with CoCl2 for 24 h in serum DMEM media, and the mRNA expression 

was measured by using Real-time PCR: A) HIF-1α B) CR-1 and C) MDR-1 represents the fold 

change in mRNA expression in CoCl2 treated HEK293 as compared to untreated cells. 18s rRNA 

was used as the endogenous control. Data represented are the mean of a triplicate sample, and 

the analysis was performed using the Mann Whitney U test. The fold in the expression of all the 

genes was statistically significant (p<0.05). 

 

Furthermore, Cripto-1 also shows high transcriptional activity on treatment with CoCl2 

(C Bianco et al., 2009). Consequently, The induction of  HIF-1α expression by CoCl2 

treatment has been reported to produce doxorubicin-resistant MCF-7 cells (Doublier et 

al., 2012). HEK293 and MCF-7 cells were treated with different doses of CoCl2 (0, 100, 

150, and 200 µM) for 24 h and cells lysate was prepared using RIPA buffer (Radio 

immunoprecipitation assay buffer). The protein expression of genes was analyzed using 

western blotting.  
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As shown in Figure 4.27.A., the expression of HIF-1α was found to increase in a dose-

dependent manner. In HEK293 cells, with hypoxia induction, the expression of CR-1 and 

MDR-1 also increases in a dose-dependent pattern. Similarly, In MCF-7 cells, the 

expression of MDR-1 also increases gradually in a dose-dependent manner (Figure 

4.27.B). In summary, the present data depicts the co-expression of CR-1 and MDR-1 on 

the induction of HIF-1α expression by CoCl2 exposure. 

 

 

 

Figure 4.27. Western blotting to show the Co-expression of HIF-1α and CR-1 in Cobalt chloride 

treated HEK293 cells: A) Expression of CR-1, HIF-1α and MDR-1 on treatment with different 

dose of CoCl2 in HEK293 cells as compared to untreated. B) Expression of CR-1 and MDR-1 on 

treatment with different doses of CoCl2 in MCF-7 cells compared to untreated. GAPDH was used 

as the loading control. 

 

4.13. Effect of CoCl2 on the Activation of AKT/ERK Pathways: 

To investigate the effect of CoCl2 treatment on the phosphorylation pattern of AKT and 

ERK, the cells were treated with CoCl2 in a concentration-dependent manner (0,100,150 

and 200 µM) for 24 h in DMEM media supplemented with 10% FBS. 

 

Literature reports have suggested that the treatment with CoCl2 leads to the activation of 

AKT and ERK pathway(S. Choi et al., 2016) (Ardyanto et al., 2006). In agreement with 

this report, Figure 4.28.B shows that on the treatment of MCF-7 cells with different 

concentrations of CoCl2, an induction in the activation of AKT and ERK pathway in a 

dose-dependent manner was observed.  
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Surprisingly, as shown in Figure 4.28.A, HEK293 cells also depict the upregulated 

phosphorylation of AKT and ERK pathways on exposure with different doses of CoCl2. 

Altogether, the present data suggest the AKT and ERK pathway's involvement in the 

activation of HIF-1α expression by CoCl2.  

 

However, in 2002, xx et al. indicated that few cells might not show activation of the AKT 

pathway on treatment with CoCl2, which can be due to the cell type-specific variation. In 

another study, the Cobalt chloride induced  HIF-1α expression was shown to get 

downregulated on chemical inhibition of the AKT pathway by LY294002 (Ardyanto et 

al., 2006). This indicated the presence of correlation between HIF-1α and AKT activation 

in cancer cells. 

 

 
 

Figure 4.28. Western Blotting to detect the phosphorylation status of ERK and AKT in COCl2 

treated HEK293 cells (A) Expression of P-ERK and P-AKT on treatment with different doses of 

CoCl2 in HEK293 cells as compared to untreated. (B) Expression of P-ERK and P-AKT on 

treatment with different doses of CoCl2 in MCF-7 cells compared to untreated. Total ERK and 

Total AKT were used as the loading control. 

 

4.14. Expression Studies of CSC and ESC markers on Cells Subjected to 

CoCl2 Treatment: 

As demonstrated earlier in the present work, the overexpression of CR-1 leads to the 

induction of HIF-1α in the HEK293 cells. Later on, this co-expression of CR-1 and HIF-

1α promoted chemoresistance (induction of MDR-1 expression) and CSCs modulation 

in HEK293. Similarly, the upregulation of HIF-1α, under CoCl2-induced hypoxia-like 
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condition, was shown the co-expression of CR-1 in HEK293.  To further explore the 

effect of CoCl2 treatment on CSCs marker expression, the HEK293 cells were treated 

with 150 µM of CoCl2 for 24 h in DMEM media supplemented with 10 % FBS. The 

expression of CSC markers like CD44, CD24 and CD133 was measured using Real-Time 

PCR. A significant upregulation in the expression of CD24 and CD44 was observed as 

expected (Figure 4.29.A and B). However, there was no significant change observed in 

the expression of CD133 (Figure 4.29.C).  

 

 
 

 

Figure 4.29. Effect of Cobalt Chloride on CSCs and ESCs markers:  The HEK293 cells 

were treated with CoCl2 for 24 h in serum DMEM media, and the mRNA expression was 

measured by using Real-time PCR: A) CD24 B) CD44 C) CD133 D) Nanog E) OCT4 and F) 

SOX2 represents the fold change in mRNA expression in CoCl2 treated HEK293 as compared to 

untreated cells. 18s rRNA was used as endogenous control. Data represented is the mean of a 

triplicate sample, and the analysis was performed using the Mann Whitney U test. The fold in the 

expression of CD24, CD44 and OCT4 were statistically significant (p<0.05), whereas fold 

change in CD133, Nanog, and SOX2 was non-significant. 

 

The Cobalt chloride induced hypoxia was previously reported to promote the expression 

of CD24, CD133, CD44 and SOX2 in chick embryos (Bauer et al., 2014). Another study 
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has also demonstrated the induction of CD44 expression and cell cycle arrest in multiple 

myeloma cell lines (U266) by using CoCl2 to induce hypoxia-like conditions (S. Bae et 

al., 2012).  

 

Subsequently, ESC expression (embryonic stem cells) markers were also analysed using 

real-time PCR in hypoxia-induced HEK293 cells. As shown in Figure 4.29 D, E and F, 

the treatment with CoCl2 for hypoxia induction led to the upregulation of OCT4 

expression. Alternately, the expression of Nanog and SOX2 were shown slightly 

downregulated or unchanged. However, OCT4, Nanog and SOX2 expression was found 

upregulation in human prostate cancer cell line (PC-3, DU-145 and LnCAP), when 

grown under hypoxic condition (1 % O2) and inhibition of HIF-1α and HIF-2α leads to 

the downregulation of SOX2 (K. Bae et al., 2016). 

 

The present data indicate that under hypoxic condition, upregulation of OCT4, CD24 and 

CD44 occurs in HEK 293 cells. Similar findings were observed in CR-1 overexpressed 

HEK293, which suggest the possible role of CR-1 and HIF-1α co-expression in the 

acquisition of chemoresistance and CSCs enrichment. 

 

4.15. Expression of CR-1 in 2D Monolayer vs 3D Spheroids Model: 

 
We have previously demonstrated the co-expression of cripto-1 and HIF-1α in the Cobalt 

chloride induced hypoxia model. To further verify the co-expression of CR-1 and HIF-

1α, we have chosen another hypoxia positive model, i.e., 3D spheroids. For the formation 

of 3D spheroids, the cells were allowed to be grown in a 96-well plate coated with 1% 

agarose solution in serum-free DMEM media for at least 4 days. Figure 4.30B shows a 

representative image of the 3D spheroid of HEK293 cells.  

 

We went ahead to study the expression of CR-1 in HEK293 spheroids grown for different 

time points by using Real-Time PCR. As shown in Figure 4.31. (A and B), with the 

increase in age (in days) of spheroids, the expression of CR-1 also increases compared 

to monolayer due to the generation of more and more hypoxia core.  
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Figure 4.30. Bright-field microscopic image showing morphological differences between HEK293 

Monolayer vs 3D Spheroids. The scale bar of the image is 200 µm. 

 

 
 

Figure 4.31. Expression of CR-1 in 2D monolayer vs 3D spheroids: The HEK293 cells were 

allowed to grow up to different time points, and Real-Time PCR measured the fold 

change in mRNA expression. A) And B) represents the induction of CR-1 expression in 3D 

spheroids grown for different time points. S-4, S-6 and S-8 represent the spheroids grown for 4, 

6, and 8 days respectively. 18s rRNA was used as endogenous control. Data represented are the 

mean of a triplicate sample, and the analysis was performed by using Kruskal-Wallis analysis of 

variance. The fold in the expression of all the genes was statistically significant (p<0.05). 

 

We further compared the co-expression of CR-1 and HIF-1α between the monolayer (2D) 

and spheroids (3D) model. Spheroids are known to have a hypoxic core (Kolenda et al., 

2011), Figure 4.32. (B and E), represents a significant rise in the expression of HIF-1α 

in spheroids compared to the monolayer.  
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The expression of HIF1α and MDR-1 remain the same in both EV and CR-1 transfected 

cells Figure 4.32. (B, C, E and F). However, as seen in Figure 4.32. (A and D), the 

expression of CR-1 was found to be a bit higher in HEK-CR-1 spheroids as compared to 

the HEK-EV spheroids. This may be due to the formation of more hypoxic core in the 

HEK-CR-1 spheroids than the HEK-EV spheroids, which results in higher expression of 

HIF-1α, which further induces the expression of CR-1.  

 
 
Figure 4.32.  Co-expression of CR-1 and HIF-1α in 3D spheroids was detected by using Real-

Time PCR. The Top row bar plot represents the fold change in expression of A) CR-1, B) HIF-

1α, and C) MDR-1 in the HEK-CR-1 spheroids compared to HEK-CR-1 monolayer. The bottom 

row bar plot represents the fold change in expression of D) CR-1 E) HIF-1α and D) MDR-1 in 

the HEK-EV spheroids compared to the HEK-EV monolayer. 18s rRNA was used as endogenous 

control. Data represented are the mean of a triplicate sample, and the analysis was performed 

using the Mann Whitney U test. The fold in the expression of all the genes was statistically 

significant (p<0.05). 

 

Furthermore, the co-expression of CR-1 and HIF-1α was verified on the protein level by 

using western blotting. As shown in Figure 4.33.A, a significant rise in the expression 

of CR-1, HIF-1α and MDR-1 was observed in HEK293 cells compared to the monolayer. 

Similarly, MCF-7 spheroids, Figure 4.33.B, also show significant upregulation in the 

expression of CR-1, HIF-1α and MDR-1 compared to MCF-7 monolayer. Earlier studies 

have been showing a correlation between HIF-1α, MDR-1 and ESCs markers(OCT4, 
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Nanog and SOX2)(Mathieu et al., 2011) (M. D. R. Gene et al., 2002) in 3D spheroids. 

However, there are no concrete reports on the co-expression of HIF-1α and CR-1 in 

spheroids so far. Alternately, the expression of MDR-1 was shown to co-express with 

HIF-1α in triple-negative breast cancer cell lines (Samanta et al., 2014). Simultaneously, 

the MDR-1 expression was also shown to co-express with CR-1 in CR-1- positive cells 

isolated by FACS from C8161 cells and exhibit the ability to form the sphere. Taken 

together, our data represent the upregulation of CR-1 expression in spheroids with 

hypoxic core, which further induces the expression of MDR-1, CSCs and ESCs markers 

to promoter proliferation, migration and invasion in cancer cells. 

 

 
 
Figure 4.33. Western blotting shows the Co-expression of HIF-1α and CR-1 in 3D spheroids: A) 

Expression of CR-1, HIF-1α and MDR-1 in monolayer vs spheroids comparison of HEK293 

clones. B) Expression of CR-1, HIF-1α and MDR-1 in monolayer vs spheroids comparison of 

MCF7 clones. GAPDH and Total AKT were used as the loading control. 

. 

4.16. Studies on the Activation of ERK in the 3D Spheroid Model: 

To elucidate the pathways which were followed in 3D spheroids for the co-expression of 

CR-1 and HIF-1α. We investigated the phosphorylation pattern of canonical oncogenic 

pathways, i.e., the ERK pathway, which mainly mediates cancer cells' growth, 

maintenance, and proliferation.  

As evident from Figure 4.34.A, the ERK pathways get highly phosphorylated in the 

spheroids generated from the different clones of HEK293 cells (HEK-EV and HEK-CR-

1). Simultaneously, P-ERK expression was also upregulated in CR-1 transfected cells 

compared to EV transfected HEK293. This indicates the pro-proliferative activity of CR-

1 in HEK293 cells.  Likewise, MCF-7 spheroids also show the activation of the ERK 

TH-2681_146106043



 

Results and Discussion Chapter 4 
  

116 

 

pathway, as evident from Figure 4.34.B. Contrastingly, the MCF-CR-1 cells do not 

display any change in P-ERK expression compared to MCF-EV cells.  

 

 

 

Figure 4.34. Western Blotting to detect the phosphorylation status of ERK (A) Expression of P-

ERK in monolayer vs spheroids comparison of HEK293 clones. (B) Expression of P-ERK in 

monolayer vs spheroids comparison of MCF-7 clones. Total ERK was used as the loading control 

 

As per literature, most previous studies have reported the activation of the MAPK 

pathway in spheroids compared with monolayer cells (Da He et al.,2017). Surprisingly, 

the chemical inhibition of the MAPK pathway leads to the activation of the AKT pathway 

(Tavana et al., 2020) and a reduction in spheroids' size (Sarah J. Harmych et al. This 

represents the shifting of the cell from one pathway to another for growth and survival.  

 

4.17. The Fate of CSC and ESC Markers in the 3D Spheroids Hypoxic 

Model: 

Spheroids are known to have a hypoxic core and proliferative ring across the periphery. 

Most CSCs exist at the peripheral ring, and treatment with anticancer agents like 

paclitaxel and cisplatin has been observed to reduce spheroids' size by affecting the 

periphery population, not the spheroid core (Reynolds et al., 2017). Literature reports 

suggest that spheroids grown in serum-free media containing different additive growth 

factors like FGF, EGF, Insulin and hydrocortisone, exhibit enriched CSCs population 

compared to the spheroids grown in regular serum media (Herheliuk et al., 2019). 

Spheroids formed from cells derived from colorectal cancer patients show a higher 

percentage of CR-1 positive population. These CR-1+ cells have been seen to exhibit 

higher level expression of intestinal stemness markers like Nanog, Lgr5 and EphB2, 

whereas the corresponding spheroids showed upregulation of CD44, CD133, SOX2 and 

bmi (Francescangeli et al., 2015).  
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As depicted previously, the co-expression of CR-1 and HIF-1α induces the CSCs and 

ESC population and chemoresistance in the cells. To verify the occurrence of CSCs in 

3D spheroids, we analyzed the expression of different CSCs markers (CD24, CD44, and 

CD133) and ESCs markers (OCT4, Nanog, and SOX2). We performed quantitative Real-

time PCR based studies to compare these markers' expression between 2D monolayer 

and 3D spheroids to check the expression. As shown in Figure 4.35 (A, B, and C), we 

observed significant upregulation in the expression levels of CD24, CD44 and CD133. 

 

 
 

 

Figure 4.35. CSCs and ESCs markers expression in 3D spheroids:  The HEK293 spheroids 

were formed after 4 days of cell seeding. The expression of CSC and ESC markers 

spheroids was compared by monolayer and detected by using Real-time PCR: A) CD24 B) 

CD44 C) CD133 D) OCT4 E) Nanog and F) SOX2 represents the fold change in mRNA 

expression in spheroids as compared to HEK293 monolayer. 18s rRNA was used as endogenous 

control. Data represented are the mean of a triplicate sample, and the analysis was performed 

using the Mann Whitney U test. The fold in the expression of all the genes was statistically 

significant (p<0.05). 

Subsequently, we also checked the expression of ESCs marker, i.e., OCT4, Nanog and 

SOX2 in 3D spheroids compared to the 2D monolayer of HEK293 cells. As depicted in 
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Figure 4.35. (D, E, and F) we observed significantly higher expression of OCT4, 

whereas Nanog and SOX2 were found downregulated in 3D spheroids.  

Literature suggests that single-celled spheroids (SS) derived from gastric 

adenocarcinoma cell lines (SNU-638 and SNU-484) exhibited higher expression of 

Nanog and SOX2 as compared to parental cells or Traditional spheroids (TS). In contrast, 

the expression of OCT4 remains unchanged or downregulated (J. W. Lee et al., 2018). 

Consistent with our finding, H. Liu et al., in 2016, previously demonstrated the 

occurrence of CD44+/CD24+ population highly resistant to radiotherapy and 

chemotherapy in Cervical cancer cell line (SiHa cell). This CD44+/CD24+ population 

was shown to resist apoptosis and have a Higher expression of surviving OCT4 and Bcl2.  

 

4.18. Effect of CR-1 Overexpression on 3D Spheroids: 

 

In continuation of our work, we further explore the effect of CR-1 overexpression in 

spheroid formation. We observed that both HEK-CR-1 and wild-type HEK293 cells 

show spheroid forming capacity in 4 days. However, the HEK-CR-1 clone forms more 

hypoxia core visually (data not shown). Subsequently, the expression of CR-1, HIF-1α, 

and MDR-1 was measured by Real-Time PCR. In Figure 4.36.B., we observed that 

HEK-CR-1 cells show significantly higher expression of CR-1 compared to wild-type 

HEK293. The observation was obviously due to the overexpression of CR-1 in HEK293 

cells by stable transfection. However, In Figure 4.36.A., the expression of HIF-1α was 

significantly upregulated in HEK-CR-1 compared with wild-type. This further confirms 

our hypothesis that CR-1 overexpression induces HIF-1α expression.  

 

Likewise, HEK-CR-1 cells, wild-type HEK293, also formed a hypoxic core, but a bigger 

hypoxic core was observed in the latter. Subsequently, we also compared the expression 

of CSCs marker CD24, OCT4 and chemoresistant gene MDR-1. As shown in Figure 

4.36. (C, D, and E) the expression of MDR-1 and CD24 was found upregulated in HEK-

CR-1 as compared to wild-type HEK293 cells.  The spheroids derived from CR-1-

positive cells also showed upregulation of MDR-1 in concurrence to what has been 

previously reported by (Luigi Strizzi et al., 2013) and CSCs enrichment in Colorectal 

cancer cells (Francescangeli et al., 2015). However, The expression of OCT4 remained 

the same or marginally downregulated in HEK-CR-1, which indicates the regulation of 
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OCT4 by HIF-2α as also seen in the literature (Covello et al., 2006). The expression of 

OCT4 was also shown to downregulate on siRNA inhibition of HIF1α, HIF2α and HIFβ, 

which was in concurrence with (Mathieu et al., 2011). 

 

 

 

Figure 4.36. Effect of CR-1 overexpression on 3D spheroids:  The spheroids were formed 

after 4 days of cell seeding. The expression of CR-1, HIF-1α and MDR-1 was analyzed 

in the HEK-CR-1 spheroids as compared to HEK293 spheroids and detected by using 

Real-time PCR: A) HIF-1α B) CR-1 C) MDR-1 D) CD24 and E) OCT4 represents the fold change 

in mRNA expression in HEK-CR-1 spheroids as compared to HEK293 spheroids. 18s rRNA was 

used as endogenous control. Data represented is the mean of triplicate sample and the analysis 

was performed by using Mann Whitney U test. The fold in expression of HIF-1α, CR-1, MDR-1 

and CD24 were statistically significant (p<0.05), whereas fold change in OCT-4 expression was 

not significant (p>0.05). 
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5.1. Conclusion and Future perspectives: 

 

In the present study, we investigated the role of the MAPK and AKT pathways in 

regulating cripto-1 expression. We had observed that inhibition of MAPK pathway and 

PI3K pathway reduced expression of CR-1, mostly at higher doses of inhibitors. 

However, TGF-β, the known inducer of CR-1 expression, failed to cause induction in 

presence of the inhibitors of these two pathways. These observations indicate that both 

MAPK and PI3K pathway has some positive modulatory effect on TGF-

β/ALK4/SMAD2/3 pathway-mediated expression of CR-1. In some experimental 

systems, CR-1 is known to induce activation of MAPK and PI3K pathways through some 

SMAD-independent mechanisms. Following those observations along with ours in the 

present work, one may suggest that CR-1 have multiple autoregulatory pathways 

involving TGF-β, MAPK and PI3K pathways.  

We also studied the interplay between cripto-1 and HIF-1α and their role in the 

maintenance and proliferation of embryonic/cancer stem cells and chemoresistance in 

HEK293 cells. We observed the co-expression of HIF-1α and MDR-1 expression in 

cripto-1 overexpressing cells. The CR-1 overexpressing cells also show upregulated 

expression of cancer stem cell markers (CD44, CD24, and CD133) and ESCs marker 

(OCT-4 and Nanog). HEK293 cells also show higher CSCs and ESCs expression on 

treatment with recombinant cripto-1 protein. Cancer stem cell markers are associated 

with highly progressive and metastatic cancer. However, the expression of these markers 

is not universal to all types of cancer. Hence, it is challenging to target CSCs markers for 

prognosis and management of cancer of different origins. On the other hand, cripto-1 is 

a known modulator of CSCs and ESCs markers in various types of cancer, making it an 

attractive target for cancer prognosis and therapeutics. 

Subsequently, the enhanced activity proliferative pathway, i.e., MAPK and AKT 

pathways, were shown in CR-1 overexpressing HEK293 cells. The CR-1 overexpressing 

cells also shows a higher proliferation rate compared to empty vector-transfected cells. 

Moreover, the drug sensitivity assay reveals that MCF-CR-1 cells show higher resistance 

than MCF-EV cells against the paclitaxel and doxorubicin treatment.  

In contrast, HIF-1α is also reported to be associated with the regulation of CSCs and 

ESCs marker expression. To further elucidate the correlation of HIF-1α and CR-1 with 

the expression of CSCs, ESCs markers and MDR-1, we used cobalt chloride (a chemical 
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inducer of hypoxia) and 3D spheroid (hypoxia core) as the hypoxic models. On treatment 

with CoCl2, the HIF-1α increases along with that enhanced coexpression of CR-1 and 

MDR-1 was also observed in HEK293 cells. Subsequently, upregulation in CD44, CD24 

and OCT-4 expression was also observed. Moreover, both MAPK and AKT pathways 

were shown activated under hypoxia-like conditions induced by CoCl2 treatment. 

Furthermore, 3D spheroids formed by HEK293 and MCF-7 cells show an upregulation 

of CR-1 expression compared to the 2D monolayer. The expression of CR-1 increases 

with age (in days) of spheroids as the older spheroids forms a more hypoxic core. This 

further correlates the expression of CR-1 and HIF-1α. The early embryonic development, 

which CR-1 mediates, also occurs under hypoxic conditions. Therefore, the formation of 

the hypoxia core in the tumour might be one of the several reasons for the reappearance 

of CR-1 expression in adults. 3D spheroids also show increased expression of MDR-1, 

OCT4 and CSCs markers (CD24, CD44 and CD133). We also observed the MAPK 

pathway activity in 3D spheroids compared to monolayer, which contributes to the 

proliferation of the periphery of the spheroids.  

We also compared the expression of HIF-1α, CR-1 and MDR-1 between the HEK-EV 

and HEK-CR-1 spheroids. We observed HEK-CR-1 spheroids shows higher expression 

of HIF-1α and MDR-1 compared to HEK-EV spheroids. The possible reason for this is 

that the spheroids formed from HEK-CR-1 always have a bigger hypoxic core compared 

to HEK-EV spheroids. 

Overall, the present study provides curial information about the regulation of CR-1 

expression and its effect on the other oncogenic molecules. We have shown the 

coexpression of CR-1 and HIF-1α and their implication on the CSCs/ESCs and 

chemoresistance. However, it is yet to explore whether CR-1 directly controls the 

expression of MDR-1, CSC/ESC marker or it is mediated by HIF-1α. Gene silencing and 

dominant negative mice models can be a good approach to explore these phenomena. 

Understanding of exact regulators of these phenomena may help in targeting cancer in a 

better way.  

 

  

 

  

TH-2681_146106043



 

 

187 

 

Chapter 6 

 

 

 

 

 

 

BIBLIOGRAPHY 

 

TH-2681_146106043



 

187 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TH-2681_146106043



Bibliography Chapter 6 
 

126 

 

Bibliography 

Aasen, T., Raya, A., Barrero, M. J., Garreta, E., Consiglio, A., Gonzalez, F., Vassena, 

R., Bilić, J., Pekarik, V., Tiscornia, G., Edel, M., Boué, S., & Belmonte, J. C. I. 

(2008). Efficient and rapid generation of induced pluripotent stem cells from 

human keratinocytes. Nature Biotechnology, 26(11), 1276–1284. 

https://doi.org/10.1038/nbt.1503 

Abell, A. N., & Johnson, G. L. (2014). Implications of Mesenchymal Cells in Cancer 

Stem Cell Populations: Relevance to EMT. Current Pathobiology Reports, 2(1), 

21–26. https://doi.org/10.1007/s40139-013-0034-7 

Ackland, M. L., Newgreen, D. F., Fridman, M., Waltham, M. C., Arvanitis, A., 

Minichiello, J., Price, J. T., & Thompson, E. W. (2003). Epidermal Growth 

Factor-Induced Epithelio-Mesenchymal Transition in Human Breast Carcinoma 

Cells. Laboratory Investigation, 83(3), 435–448. 

https://doi.org/10.1097/01.LAB.0000059927.97515.FD 

Adamson, E. D., Minchiotti, G., & Salomon, D. S. (2002). Cripto: A tumor growth 

factor and more. Journal of Cellular Physiology, 190(3), 267–278. 

https://doi.org/10.1002/jcp.10072 

Adkins, H. B., Bianco, C., Schiffer, S. G., Rayhorn, P., Zafari, M., Cheung, A. E., 

Orozco, O., Olson, D., De Luca, A., Chen, L. L., Miatkowski, K., Benjamin, C., 

Normanno, N., Williams, K. P., Jarpe, M., LePage, D., Salomon, D., & Sanicola, 

M. (2003). Antibody blockade of the Cripto CFC domain suppresses tumour cell 

growth in vivo. The Journal of Clinical Investigation, 112(4), 575–587. 

https://doi.org/10.1172/JCI17788 

Agani, F. (n.d.). Oxygen-independent regulation of HIF-1: novel involvement of 

PI3K/AKT/mTOR pathway in cancer. In Current cancer drug targets (Vol. 13, 

Issue 3, pp. 245–251). https://doi.org/info:doi/ 

Agliano, A., Calvo, A., & Box, C. (2017). The challenge of targeting cancer stem cells 

to halt metastasis. Seminars in Cancer Biology, 44, 25–42. 

https://doi.org/10.1016/j.semcancer.2017.03.003 

Al-Fahdawi, A. R. M. G., Hamad, M. A., & Al-Hadithy, E. M. R. (2019). 

TH-2681_146106043



Bibliography Chapter 6 
 

127 

 

Teratocarcinoma-derived growth factor-1 (TDGF-1): A guide molecule for 

monitoring the treatment success of Iraqi patients with colorectal carcinoma. 

Indian Journal of Forensic Medicine and Toxicology, 13(4), 1085–1089. 

https://doi.org/10.5958/0973-9130.2019.00444.4 

Al-Hajj, M., Wicha, M. S., Benito-Hernandez, A., Morrison, S. J., & Clarke, M. F. 

(2003). Prospective identification of tumorigenic breast cancer cells. Proceedings 

of the National Academy of Sciences, 100(7), 3983–3988. 

https://doi.org/10.1073/pnas.0530291100 

Al-Hajj, Muhammad, & Clarke, M. F. (2004). Self-renewal and solid tumor stem cells. 

Oncogene, 23(43 REV. ISS. 6), 7274–7282. 

https://doi.org/10.1038/sj.onc.1207947 

Alam, M. J., Takahashi, R., Afify, S. M., Oo, A. K. K., Kumon, K., Nawara, H. M., 

Khayrani, A. C., Du, J., Zahra, M. H., Seno, A., Salomon, D. S., & Seno, M. 

(2018). Exogenous cripto-1 suppresses self-renewal of cancer stem cell model. 

International Journal of Molecular Sciences, 19(11). 

https://doi.org/10.3390/ijms19113345 

ALHulais, R. A., & Ralph, S. J. (2019). Cancer stem cells, stemness markers and 

selected drug targeting: metastatic colorectal cancer and cyclooxygenase-

2/prostaglandin E2 connection to WNT as a model system. Journal of Cancer 

Metastasis and Treatment, 2019. https://doi.org/10.20517/2394-4722.2018.71 

Alowaidi, F., Hashimi, S. M., Alqurashi, N., Wood, S. A., & Wei, M. Q. (2019). 

Cripto-1 overexpression in U87 glioblastoma cells activates MAPK, focal 

adhesion and ErbB pathways. Oncology Letters, 18(3), 3399–3406. 

https://doi.org/10.3892/ol.2019.10626 

Ambudkar, S. V, Kimchi-Sarfaty, C., Sauna, Z. E., & Gottesman, M. M. (2003). P-

glycoprotein: from genomics to mechanism. Oncogene, 22(47), 7468–7485. 

https://doi.org/10.1038/sj.onc.1206948 

Angelini, A., Di Febbo, C., Ciofani, G., Di Nisio, M., Baccante, G., Di Ilio, C., 

Cuccurullo, F., & Porreca, E. (2005). Inhibition of P-glycoprotein-mediated 

multidrug resistance by unfractionated heparin. A new potential chemosensitizer 

TH-2681_146106043



Bibliography Chapter 6 
 

128 

 

for cancer therapy. Cancer Biology and Therapy, 4(3), 313–317. 

https://doi.org/10.4161/cbt.4.3.1503 

Aplin, A. E., Kaplan, F. M., & Shao, Y. (2011). Mechanisms of resistance to RAF 

inhibitors in melanoma. Journal of Investigative Dermatology, 131(9), 1817–

1820. https://doi.org/10.1038/jid.2011.147 

Ardyanto, T. D. W. I., Osaki, M., & Tokuyasu, N. (2006). CoCl 2 -induced HIF-1 · 

expression correlates with proliferation and apoptosis in MKN-1 cells : A possible 

role for the PI3K / Akt pathway. 549–555. 

Ayob, A. Z., & Ramasamy, T. S. (2018). Cancer stem cells as key drivers of tumour 

progression. Journal of Biomedical Science, 25(1), 1–18. 

https://doi.org/10.1186/s12929-018-0426-4 

Bae, K. M., Dai, Y., Vieweg, J., & Siemann, D. W. (2016). Hypoxia regulates SOX2 

expression to promote prostate cancer cell invasion and sphere formation. 

American Journal of Cancer Research, 6(5), 1078–1088. 

Bae, S., Jeong, H., Cha, H. W. A. J. U. N., Kim, K., Choi, Y. M. I. N., An, I., Koh, H. 

J., Lim, D. A. E. J. I. N., Lee, S., & An, S. (2012). The hypoxia-mimetic agent 

cobalt chloride induces cell cycle arrest and alters gene expression in U266 

multiple myeloma cells. Mm, 1180–1186. https://doi.org/10.3892/ijmm.2012.1115 

Baldassarre, G., Tucci, M., Lembo, G., Pacifico, F. M., Dono, R., Lago, C. T., Barra, 

A., Bianco, C., Viglietto, G., Salomon, D., & Persico, M. G. (2001). A truncated 

form of teratocarcinoma-derived growth factor-1 (cripto-1) mRNA  expressed in 

human colon carcinoma cell lines and tumors. Tumour Biology : The Journal of 

the International Society for Oncodevelopmental  Biology and Medicine, 22(5), 

286–293. https://doi.org/10.1159/000050629 

Bandeira, C. L., Urban Borbely, A., Pulcineli Vieira Francisco, R., Schultz, R., Zugaib, 

M., & Bevilacqua, E. (2014). Tumorigenic factor CRIPTO-1 Is immunolocalized 

in extravillous cytotrophoblast in placenta creta. BioMed Research International, 

2014. https://doi.org/10.1155/2014/892856 

Bao, B., Ahmad, A., Azmi, A. S., Ali, S., & Sarkar, F. H. (2013). Overview of cancer 

stem cells (CSCS) and mechanisms of their regulation: Implications for cancer 

TH-2681_146106043



Bibliography Chapter 6 
 

129 

 

therapy. Current Protocols in Pharmacology, SUPPL.61, 1–18. 

https://doi.org/10.1002/0471141755.ph1425s61 

Bauer, N., Liu, L., Aleksandrowicz, E., & Herr, I. (2014). Establishment of hypoxia 

induction in an in vivo animal replacement model for experimental evaluation of 

pancreatic cancer. Oncology Reports, 32(1), 153–158. 

https://doi.org/10.3892/or.2014.3196 

Benita, Y., Kikuchi, H., Smith, A. D., Zhang, M. Q., Chung, D. C., & Xavier, R. J. 

(2009). An integrative genomics approach identifies Hypoxia Inducible Factor-1 

(HIF-1)-target genes that form the core response to hypoxia. Nucleic Acids 

Research, 37(14), 4587–4602. https://doi.org/10.1093/nar/gkp425 

Berra, E., Benizri, E., Ginouvès, A., Volmat, V., Roux, D., & Pouysségur, J. (2003). 

HIF prolyl-hydroxylase 2 is the key oxygen sensor setting low steady-state levels 

of HIF-1α in normoxia. EMBO Journal, 22(16), 4082–4090. 

https://doi.org/10.1093/emboj/cdg392 

Bianco, C, Adkins, H., & Wechselberger, C. (2002). Cripto-1 activates nodal-and 

ALK4-dependent and-independent signalling pathways in mammary epithelial 

Cells. And Cellular Biology. http://mcb.asm.org/content/22/8/2586.short 

Bianco, C, Castro, N., & Baraty, C. (2013). Regulation of human Cripto‐1 expression 

by nuclear receptors and DNA promoter methylation in human embryonal and 

breast cancer cells. Journal of Cellular. 

http://onlinelibrary.wiley.com/doi/10.1002/jcp.24271/full 

Bianco, C, Cotten, C., Lonardo, E., & Strizzi, L. (2009). Cripto-1 is required for 

hypoxia to induce cardiac differentiation of mouse embryonic stem cells. The 

American Journal Of. 

http://www.sciencedirect.com/science/article/pii/S0002944010607237 

Bianco, C, Strizzi, L., Ebert, A., & Chang, C. (2005). Role of human cripto-1 in tumor 

angiogenesis. Journal of The. http://jnci.oxfordjournals.org/content/97/2/132.short 

Bianco, C, Strizzi, L., Normanno, N., & Khan, N. (2005). Cripto-1: an oncofetal gene 

with many faces. Curr Top Dev. 

https://books.google.co.in/books?hl=en&lr=&id=5mrkoiZAXX4C&oi=fnd&pg=P

TH-2681_146106043



Bibliography Chapter 6 
 

130 

 

A85&dq=Cripto-

1:+an+oncofetal+gene+with+many+faces&ots=zDEywxiwTi&sig=9A6HTFptR4

HBBXR6iF7GChAkn94 

Bianco, C, Wechselberger, C., Ebert, A., & Khan, N. (2001). Identification of Cripto-1 

in human milk. Breast Cancer Research. 

http://link.springer.com/article/10.1023/A:1010648923432 

Bianco, Caterina, Adkins, H. B., Wechselberger, C., Seno, M., Normanno, N., De 

Luca, A., Sun, Y., Khan, N., Kenney, N., Ebert, A., Williams, K. P., Sanicola, M., 

& Salomon, D. S. (2002). Cripto-1 Activates Nodal- and ALK4-Dependent and -

Independent Signalling Pathways in Mammary Epithelial Cells. Molecular and 

Cellular Biology, 22(8), 2586–2597. https://doi.org/10.1128/mcb.22.8.2586-

2597.2002 

Bianco, Caterina, Castro, N. P., Baraty, C., Rollman, K., Held, N., Rangel, M. C., 

Karasawa, H., Gonzales, M., Strizzi, L., & Salomon, D. S. (2013). Regulation of 

human Cripto-1 expression by nuclear receptors and DNA promoter methylation 

in human embryonal and breast cancer cells. Journal of Cellular Physiology, 

228(6), 1174–1188. https://doi.org/10.1002/jcp.24271 

Bianco, Caterina, Cotten, C., Lonardo, E., Strizzi, L., Baraty, C., Mancino, M., 

Gonzales, M., Watanabe, K., Nagaoka, T., Berry, C., Arai, A. E., Minchiotti, G., 

& Salomon, D. S. (2009). Cripto-1 is required for hypoxia to induce cardiac 

differentiation of mouse embryonic stem cells. American Journal of Pathology, 

175(5), 2146–2158. https://doi.org/10.2353/ajpath.2009.090218 

Bianco, Caterina, Mysliwiec, M., Watanabe, K., Mancino, M., Nagaoka, T., Gonzales, 

M., & Salomon, D. S. (2008). Activation of a Nodal-independent signalling 

pathway by Cripto-1 mutants with impaired activation of a Nodal-dependent 

signalling pathway. FEBS Letters, 582(29), 3997–4002. 

https://doi.org/10.1016/j.febslet.2008.10.052 

Bianco, Caterina, Rangel, M. C., Castro, N. P., Nagaoka, T., Rollman, K., Gonzales, 

M., & Salomon, D. S. (2010a). Malignant Progression. The American Journal of 

Pathology, 177(2), 532–540. https://doi.org/10.2353/ajpath.2010.100102 

TH-2681_146106043



Bibliography Chapter 6 
 

131 

 

Bianco, Caterina, Rangel, M. C., Castro, N. P., Nagaoka, T., Rollman, K., Gonzales, 

M., & Salomon, D. S. (2010b). Role of Cripto-1 in stem cell maintenance and 

malignant progression. American Journal of Pathology, 177(2), 532–540. 

https://doi.org/10.2353/ajpath.2010.100102 

Bianco, Caterina, & Salomon, D. S. (2010). Targeting the embryonic gene Cripto-1 in 

cancer and beyond. Expert Opinion on Therapeutic Patents, 20(12), 1739–1749. 

https://doi.org/10.1517/13543776.2010.530659 

Bianco, Caterina, Strizzi, L., Ebert, A., Chang, C., Rehman, A., Normanno, N., 

Guedez, L., Salloum, R., Ginsburg, E., Sun, Y., Khan, N., Hirota, M., Wallace-

Jones, B., Wechselberger, C., Vonderhaar, B. K., Tosato, G., Stetler-Stevenson, 

W. G., Sanicola, M., & Salomon, D. S. (2005). Role of human cripto-1 in tumor 

angiogenesis. Journal of the National Cancer Institute, 97(2), 132–141. 

https://doi.org/10.1093/jnci/dji011 

Bianco, Caterina, Strizzi, L., Normanno, N., Khan, N., & Salomon, D. S. (2005). 

Cripto-1: An Oncofetal Gene with Many Faces. In Current Topics in 

Developmental Biology (Vol. 67, Issue 04). Elsevier Masson SAS. 

https://doi.org/10.1016/S0070-2153(05)67003-2 

Bianco, Caterina, Strizzi, L., Rehman, A., Normanno, N., Wechselberger, C., Sun, Y., 

Khan, N., Hirota, M., Adkins, H., Williams, K., Margolis, R. U., Sanicola, M., & 

Salomon, D. S. (2003). Advances in Brief A Nodal- and ALK4-independent 

Signalling Pathway Activated by Cripto-1 through. 153035, 1192–1197. 

Bolós, V., Grego-Bessa, J., & de la Pompa, J. L. (2007). Notch Signalling in 

Development and Cancer. Endocrine Reviews, 28(3), 339–363. 

https://doi.org/10.1210/er.2006-0046 

Bonnet, D., & Dick, J. E. (1997). Human acute myeloid leukemia is organized as a 

hierarchy that originates from a primitive hematopoietic cell. Nature Medicine, 

3(7), 730–737. https://doi.org/10.1038/nm0797-730 

Bonnet D, D. J. (1997). Human acute myeloid leukemia is organized as a hierarchy that 

originates from a primitive hematopoietic cell. Nat Med., 3, 730–737. 

Bononi, A., Agnoletto, C., De Marchi, E., Marchi, S., Patergnani, S., Bonora, M., 

TH-2681_146106043



Bibliography Chapter 6 
 

132 

 

Giorgi, C., Missiroli, S., Poletti, F., Rimessi, A., & Pinton, P. (2011). Protein 

kinases and phosphatases in the control of cell fate. Enzyme Research, 2011(1). 

https://doi.org/10.4061/2011/329098 

Boutros, T., Chevet, E., & Metrakos, P. (2008). Mitogen-Activated Protein (MAP) 

kinase/MAP kinase phosphatase regulation: Roles in cell growth, death, and 

cancer. Pharmacological Reviews, 60(3), 261–310. 

https://doi.org/10.1124/pr.107.00106 

Boyer, B., Vallés, A. M., & Edme, N. (2000). Induction and regulation of epithelial–

mesenchymal transitions. Biochemical Pharmacology, 60(8), 1091–1099. 

https://doi.org/https://doi.org/10.1016/S0006-2952(00)00427-5 

Brahimi-Horn, M. C., Chiche, J., & Pouysségur, J. (2007). Hypoxia and cancer. 

Journal of Molecular Medicine (Berlin, Germany), 85(12), 1301–1307. 

https://doi.org/10.1007/s00109-007-0281-3 

Brandt, R., Normannos, N., Gullickll, W. J., Lin, J., Harkins, R., Schneider, D., Jones, 

B., Ciardielloss, F., Persico, M. G., Armenantego, F., Kims, N., & David, S. 

(1994). Identification and Biological Characterization of an Epidermal. J. Biol. 

Chem., 269(25), 17320–17328. 

Brennan, J., Lu, C. C., Norris, D. P., Rodriguez, T. A., Beddington, R. S. P., & 

Robertson, E. J. (2001). Nodal signalling in the epiblast patterns the early mouse 

embryo. Nature, 411(6840), 965–969. https://doi.org/10.1038/35082103 

Brizel, D. M., Scully, S. P., Harrelson, J. M., Layfield, L. J., Bean, J. M., Prosnitz, L. 

R., & Dewhirst, M. W. (1996). Tumor oxygenation predicts for the likelihood of 

distant metastases in human soft  tissue sarcoma. Cancer Research, 56(5), 941–

943. 

Brown, J. M. (1990). Tumor hypoxia, drug resistance, and metastases. Journal of the 

National Cancer Institute, 82(5), 338–339. https://doi.org/10.1093/jnci/82.5.338 

Brown, L. M., Cowen, R. L., Debray, C., Eustace, A., Erler, J. T., Sheppard, F. C. D., 

Parker, C. A., Stratford, I. J., & Williams, K. J. (2006). Reversing hypoxic cell 

chemoresistance in vitro using genetic and small molecule approaches targeting 

hypoxia inducible factor-1. Molecular Pharmacology, 69(2), 411–418. 

TH-2681_146106043



Bibliography Chapter 6 
 

133 

 

https://doi.org/10.1124/mol.105.015743 

Bruhn, O., & Cascorbi, I. (2014). Polymorphisms of the drug transporters ABCB1, 

ABCG2, ABCC2 and ABCC3 and their impact on drug bioavailability and clinical 

relevance. Expert Opinion on Drug Metabolism and Toxicology, 10(10), 1337–

1354. https://doi.org/10.1517/17425255.2014.952630 

Bruick, R. K., & McKnight, S. L. (2001). A Conserved Family of Prolyl-4-

Hydroxylases That Modify HIF. Science, 294(5545), 1337 LP – 1340. 

https://doi.org/10.1126/science.1066373 

Buys, T. P. H., Chari, R., Lee, E. H. L., Zhang, M., MacAulay, C., Lam, S., Lam, W. 

L., & Ling, V. (2007). Genetic changes in the evolution of multidrug resistance for 

cultured human ovarian  cancer cells. Genes, Chromosomes & Cancer, 46(12), 

1069–1079. https://doi.org/10.1002/gcc.20492 

Calabrese, C., Poppleton, H., Kocak, M., Hogg, T. L., Fuller, C., Hamner, B., Oh, E. 

Y., Gaber, M. W., Finklestein, D., Allen, M., Frank, A., Bayazitov, I. T., 

Zakharenko, S. S., Gajjar, A., Davidoff, A., & Gilbertson, R. J. (2007). A 

Perivascular Niche for Brain Tumor Stem Cells. Cancer Cell, 11(1), 69–82. 

https://doi.org/10.1016/j.ccr.2006.11.020 

Carnero, A., & Lleonart, M. (2016). The hypoxic microenvironment: A determinant of 

cancer stem cell evolution. Inside the Cell, 1(2), 96–105. 

https://doi.org/10.1002/icl3.1039 

Casaroli–Marano, R. P., Pagan, R., & Vilaró, S. (1999). Epithelial–Mesenchymal 
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APPENDIX 
 

Bacterial growth media: 2X TY media [Tryptone, yeast extract, Sodium Chloride 

(NaCl)] and Agar (bacteriological culture grade), Ampicillin from Himedia India. 

Mamalian Cell culture media: Dulbecco's Modified Eagle Medium (DMEM), 

Phosphate buffer saline (PBS) (Himedia, India), 1X antibiotics and antimycotic solution 

and Trypsin-EDTA (Invitrogen, USA), Fetal bovine serum (Gibco, USA) and Sodium 

bicarbonate (Sigma-Aldrich, USA).  

3D Spheroids culture: Complete DMEM media without serum, and molecular grade 

agarose powder both from Himedia, India. 

Plasmid DNA Isolation and Restriction Digestion: HiPurA® Plasmid DNA Miniprep 

Purification Kit from Himdia, India, pCI-Neo Plasmid gifted by Prof. David Salomon, 

NIH, USA, and EcoRI, NotI, and xhoI restriction enzymes from NEB, USA. 

Colony PCR: 2X PCR TaqMixture, 1 KB DNA ladder, Tris Acetate EDTA (TAE) buffer 

Agarose powder and 2X TY media from Himedia, India. 

Transfection: Lipofectamine 3000 from Invitrogen, USA, Optimen media and Geneticin 

antibiotic for clonal selection both from Gibco, USA. 

RNA Extraction and DNase Treatment: Trizol reagent from Sigma-Aldrich, USA, 

molecular grade Chloroform, Isopropanol, Ethanol from Himedia, India, and TURBO 

DNA-free™ Kit from Invitrogen, USA. 

cDNA Synthesis and qPCR: Verso cDNA synthesis kit and PowerTrack Sybr Green 

master mix both from Themoscientific, USA. 
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Protein Isolation:  

RIPA Buffer, Phenylmethylsulfonyl fluoride (PMSF), Sodium Orthovanadate, Sodium 

Fluoride, Ethylenediaminetetraacetic acid (EDTA) all from Himedia, India, and Protease 

Inhibitor cocktail from Sigma-Aldrich, USA. 

Protein Estimation by Lowry’s method: 

 Lowry’s A [2% Sodium carbonate (Na2CO3) in 0.1 N sodium hydroxide (NaOH)], 

Lowry’s B1 (2% potassium sodium tartrate), Lowry’s B2 [1.0% Copper sulphate 

(CuSO4.5H2O)] from Himedia, India, and Lowry’s E (Folin’s reagent) from Sigma-

Aldrich, USA. 

MTT Assay:  

DMEM media and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide 

(MTT) from Himedia, India, LY294002(PI3K inhibitor), U0126(MAPK inhibitor) from 

Sigma-Aldrich, USA. 

Cell proliferation assay:  

Propidium iodide, Triton X-100 and EDTA from Himedia, India.  

SDS PAGE and Western Blotting:  

Acrylamide, Bis-acrylamide, Ammonium persulphate (APS), TEMED, Ponceau solution 

from Sigma-Aldrich, USA, Sodium dodecyl sulphate (SDS), Tris-HCl powder, 5X Gel 

Running Buffer, Sample Loading Buffer, Transfer Buffer, TBS solution, Tween 20 from 

Himedia, India, PVDF membrane (0.2 μm) from Milipore, U.S.A. and Whatman blotting 

paper from Whatman, USA, SuperSignal West Dura ECL kit from Thermoscientific, 

USA. 
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Composition of Buffers/Solution: 

Tris-EDTA (TE) buffer: 0.01 M Tris-HCl (pH 7.4), 0.001 M sodium EDTA (pH 8.0) 

50X Tris Acetate EDTA (TAE) buffer: 24.2 g Tris base, 5.71 mL CH3COOH, 10 mL 

of 0.5 M EDTA. 

Phosphate buffer saline (PBS): 0.137 M NaCl, 2.68 mM KCl, 7.98 mM Na2HPO4, 1.4 

mM KH2PO4, pH 7.2. 

TBS: 50mM tris base, and 150mM NaCl  

TBST: TBS containing 0.1% Tween-20 

RIPA Buffer: 50 mM Tris-HCl, pH 7.5, 150 mM NaCl, 1% Nonidet P40, 0.5% sodium 

deoxycholate, 0.1% SDS. 

30% acrylamide-bisacrylamide solution (100mL): 29.2 g Acrylamide, 0.8 g 

Bisacrylamide. 

Tris.HCl, pH 6.8, 0.5 M (100 mL): 6.06 g of Tris base, pH adjusted to 6.8 with 2 N 

HCl. 

Tris.HCl, pH 8.8, 1.5 M (100 mL): 18.18 g of Tris base, pH adjusted to 8.8 with 2 N 

HCl. 

Gel Running Buffer: 25 mM Tris base, 250 mM, 0.1% SDS 

Sample Loading Buffer (1X): 50 mM Tris-HCl pH 6.8, 2% SDS, 10% glycerol, 1% β-

mercaptoethanol, 0.02 % bromophenol blue. 

Transfer Buffer: 25 mM Tris base, 39 mM Glycine, 20 % Methanol. 

Blocking solution: 5% nonfat milk in PBST or 5% BSA in TBST. 
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Table A1: List of Antibodies 

S.NO. NAME Source/Type Working 

dilution 

Working 

condition 

Use 

1 Anti-human Cripto-

1 (Abcam, ab19917) 

Rat/ Monoclonal 1:3000 Overnight/ 

4 0C 

WB 

2 Anti-human MDR-

1(Cell signalling 

#13342) 

Rat/ Monoclonal 1:3000 Overnight/ 

4 0C 

WB 

3 Anti-human HIF-1α 

(Cell signalling 

#36169) 

Rat/ Monoclonal 1:3000 Overnight/ 

4 0C 

WB 

4 Anti-human β-

tubulin (Cell 

signalling, #2128) 

Rat/ Monoclonal 1:3000 Overnight/ 

4 0C 

WB 

5 Anti-human 

phospho- p44/42 

MAPK (Erk1/2) 

(Thr202/Tyr204) 

(Cell signalling, 

U.S.A, # 4370) 

Rat/ Monoclonal 1:3000 Overnight/ 

4 0C 

WB 

6 Anti-human p44/42 

MAPK (Erk1/2) 

(Cell 

Signalling,U.S.A, # 

4695) 

Rat/ Monoclonal 1:3000 Overnight/ 

4 0C 

WB 

7 Anti-human 

Phospho-Akt 

(Ser473) (Cell 

Signalling, U.S.A, # 

4060) 

Rat/ Monoclonal 1:3000 Overnight/ 

4 0C 

WB 
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S.NO. NAME Source/Type Working 

dilution 

Working 

condition 

Use 

8 Anti-human Akt 

(pan) (Cell 

Signalling, U.S.A, # 

4691) 

 

Rat/ Monoclonal 1:3000 Overnight/ 

4 0C 

WB 

9 Anti-human 

GAPDH (Cell 

Signalling, U.S.A, # 

2118) 

 

Rat/ Monoclonal 1:3000 Overnight/ 

4 0C 

WB 

10 Anti-Rabbit-HRP 

(Cell Signalling, 

U.S.A, # 7074) 

 

Mouse/Polyclonal 1:5000 2 h/ Room 

temperature 

WB 

11 Anti-human CD44 

(PE Conjugate)  

(Cell signalling, 

#88151) 

 

Rat /monoclonal 1:100 1 h/ 4 0C Flow 

12 Anti-human CD24 

(Abcam, 

#ab134375) 

 

Mouse/Monoclonal 1:100 1 h/ 4 0C Flow 

13 Anti-human Cripto-

1 (R&D system, 

#FAB2772P) 

 

Mouse/monoclonal 1:100 1 h/ 4 0C Flow 
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Table A2: List of Primers 

S.No. Gene of Interest Gene 

1 Cripto-1 Forward: TGGCCCGCTTCTCTTACAGTG 

Reverse: CCCCGAGATGGACGAGCAAAT 

2 MDR-1 Forward: CCCATCATTGCAATAGCAGG  

Reverse: TGTTCAAACTTCTGCTCCTGA  

3 HIF-1α Forward: CATAAAGTCTGCAACATGGAAGGT 

Reverse: ATTTGATGGGTGAGGAATGGGTT 

4 18s rRNA Forward: GTAACCCGTTGAACCCCATT 

Reverse: CCATCCAATCGGTAGTAGCG 

5 CD24 Forward: GCGGACTTTTCTTTTGGGGG 

Reverse: AATCTGCGTGGGTAGGAGCA 

6 CD44 Forward: AGCAAACACAACCTCTGGTCCTA 

Reverse: TTTTTCTTCTGCCCACAGCTTCTTC 

7 CD133 Forward: CAG AGT ACA ACG CCA AAC CA 

Reverse: AAA TCA CGA TGA GGG TCA GC 

8 Oct-4 Forward: GCAGCGACTATGCACAACGA 

Reverse: CCAGAGTGGTGACGGAGACA 

9 SOX2 Forward: TACAGCATGTCCTACTCGCAG  

Reverse: GAGGAAGAGGTAACCACAGGG 

10 Nanog Forward: AATACCTCAGCCTCCAGCAGATG 

Reverse: TGCGTCACACCATTGCTATTCTT 
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