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Summary 

Erythropoietin (EPO) is a glycoprotein hormone, required for the production of 

red blood cells. Normally EPO is produced from the kidney and to some extend from 

liver, its deficiency cause anemia in renal patients and regular blood transfusion is 

required by these patients. After the availability of recombinant EPO, blood transfusion 

requirement was reduced and now it is extensively used for the treatment of anemia. 

Maintenance of human like glycosylation pattern during manufacturing of recombinant 

EPO is one of the major challenges in biotechnology.  Presently, the ongoing trend is to 

introduce human cell lines for production of biopharmaceutical products. So, in the 

present study for the first time the potential of human hepatoma cell line (Huh-7) to 

produce recombinant EPO was investigated in comparison to Chinese Hamster Ovary 

cell line (CHO). Currently, CHO cell line is used for the production of EPO but this cell 

line does not maintain the glycosylation pattern comparable to human system. This study 

was designed firstly, to introduce a new human cell based expression model system for 

EPO production and secondly, to develop an indigenous technology for production of 

EPO in Pakistan.   

   First of all secretory signal and Kozak sequences before the EPO mature 

protein sequence was added by using overlap extension PCR technique to facilitate EPO 

secretion and to increase the level of  EPO expression, respectively. EPO-cDNA 

constructs were cloned into mammalian expression vector (pcDNA3.1/Zeo/-ve). After 

RT-PCR analysis, ELISA and Western blotting were also performed to confirm the 

immunochemical properties of EPO. This thesis investigated the both strategies, transient 

and stable transfection to produce EPO using Huh-7 cell line. Transient expression 

analysis of EPO showed that CHO and Huh-7 cell lines are equally good for EPO 

production, suggesting the use of this cell line to produce EPO resembling to the natural 

human system using transient transfection method. On the other hand, when stable 

transfection method was used we observed that Huh-7 cells produced a decreased amount 

of EPO as compared to the CHO cell line, this method need some optimization for the 

production of EPO using Huh-7 cell line. Most excitingly, we have successfully 

developed indigenous technology for EPO production at CEMB, by taking continuous 
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expression of EPO minimally up to seventeen passages in our best clone selected from 

CHO cell line. In our opinion it will save our country’s precious foreign exchange spend 

on heavy import of this vital recombinant protein.     
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Introduction 

EPO is an essential growth factor required for the maintenance, proliferation and 

differentiation of the stem cells that produce red blood cells (Jelkmann, 1992). Structurally, 

EPO is a glycoprotein contains approximately 40% carbohydrate having three N-linked 

(Asn-24, Asn-38 and Asn-83) and one O-linked (Ser-126) oligosaccharide chains (Lai et al., 

1986). These carbohydrate structures are very essential for many biological properties like 

pharmacokinetics, secretion, solubility, stability, receptor recognition, antigenicity, protein 

conformation and biological activity (Wasley et al., 1991). 

  Kidney is the main production unit of EPO in normal person (Jacobson et al., 1957). 

Any damage to kidney tissues abolishes the EPO secretion from kidney thus causing anemia 

in renal patient. Recombinant DNA technology has enabled manufacture of the human EPO 

to use as a drug. Before the recombinant human EPO (rHuEPO) became available as drug for 

the treatment of anemia, renal patients on dialysis needed regular blood transfusion which is 

associated with many complications including iron overload and prevalence of blood born 

diseases. The initial findings with the use of rHuEPO for the treatment of anemia were so 

inspiring that it was licensed to use as therapy within three years of its availability (Eschbach 

et al., 1987). Now the drug is amongst the top selling pharmaceutical product worldwide and 

considered applicable for a variety of disorders such as anemia associated with renal failure, 

hepatitis C infection, cancer, human immunodeficiency virus infections, autoimmune 

diseases, diabetes, Alzheimer’s disease, and cardiovascular disease (Henry et al., 2004).  

EPO has been produced in many prokaryotic and eukaryotic host expression systems 

to be made available for  therapeutic purpose, among these systems only mammalian cell 

lines have the capacity to carry out proper post-translation modification (PTM) e.g. 

glycosylation. The glycosylation pattern of glycoproteins is affected by several parameters 

including the extracellular environment, protein structure (Reuter and Gabius, 1999), host 

system used to produce glycoproteins (Sheeley et al., 1997) and the culture conditions 

(Schweikart et al., 1999). Among all these parameters, host system greatly affect the 

glycosylation pattern of protein, thus selection of appropriate host system is very crucial to 

produce the properly glycosylated protein. Currently, the mammalian system used to produce 

the rHuEPO for therapeutic purpose is the CHO cell line (Cointe et al., 2000). Although 
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CHO cell-based expression system has many advantages but, this system is not able to 

control the human like glycosylation. For example, EPO produced from CHO cells contains 

N-glycolylneuraminic acid (Yuen et al., 2003), but humans lack the pathway for the synthesis 

of N-glycolylneuraminic acid (Irie and Suzuki, 1998), thus, recombinant EPO that contain N-

glycolylneuraminic acid are subjected to clearance by anti-N-glycolylneuraminic acid 

antibodies present in human serum (Zhu and Hurst, 2002). Therapeutic use of such 

glycoproteins may cause undesirable responses that can affect the efficacy of the treatment. 

The importance of human-specific glycosylation of proteins is now being recognized, and the 

use of human cell line for therapeutic glycoproteins production is unavoidable. Human- cell 

based expression system can provide some unique and valuable characteristic to bio-

pharmaceutics including lower immunogenicity, greater biological activity and increased half 

life.      

With the trend to introduce the human-cell-based expression system to synthesize the 

biopharmaceutical products, several human cell lines have been proposed e.g. Human 

embryonic kidney (HEK293) and human fibrosarcoma (HT-1080) cell line (Durocher and 

Butler, 2009). In the present study, we have used Huh-7 liver cell line for the first time for 

the expression study of EPO gene in comparison with CHO cell line. As Huh-7 cell are 

derived from epithelial cells of human liver, we hypothesized that EPO produced from 

human liver cell line would be properly folded and glycosylated because EPO is mainly 

produced by liver cells during the fetal stage and in adult age 10% of total EPO is also 

produced from liver (Maxwell et al., 1997).  



3 
 

2.1 Erythropoietin  

Erythropoietin is a glycoprotein hormone that serves as a primary regulator of red 

blood cell (RBC) production. Low oxygen level (hypoxia) in blood is the main stimulus of 

erythropoietin production (Figure 2.1). EPO regulates the erythropoiesis by stimulating 

growth, preventing apoptosis and inducing differentiation of red blood cell precursors in 

bone marrow (Lacombe and Mayeux, 1999). Human EPO was the first hematopoietic growth 

factor to be cloned. Recombinant human EPO has been available as a drug since 1988 and is 

used in clinical treatment of anemia.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1: Mechanism of erythropoietin action: Erythropoietin mechanism operates like 

thermostat, increasing or decreasing the rate of red cell production in accordance with need. 

A hypoxic signal triggers increased production of EPO in the kidney and liver. The increased 

level of EPO in the blood stimulates erythroid progenitors in the bone marrow to increase red 

cell production. 
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2.2 Discovery of EPO  

The idea of hormonal regulation of red blood cell production was first formulated by 

Paul Carnot in 1906 based on transfusion experiments in rabbits (Carnot et al.1906). The 

term “erythropoietin” for the erythropoiesis-stimulating hormone was introduced in 1948 by 

Eva Bonsdorff (Bonsdorff E et al. 1948). In 1950, the still unidentified erythropoietic factor 

was found to be stimulated in rats breathing a low-oxygen atmosphere, thus establishing the 

element of its biological regulation. Human EPO was first purified from human urine in 1977 

at University of Chicago (Miyake et al., 1977). Limited quantities of the native human 

erythropoietin were used experimentally to treat patients with anemia. This made it possible 

for Lin et al (Lin et al., 1985) and Jacobs et.al. (Jacobs et al., 1985) to clone the gene for 

EPO and to develop a transfected cell line in Chinese hamster ovary cells that provided 

recombinant EPO for use in clinical anemias. In 1987, first trial demonstrating that 

recombinant Human EPO stimulated erythropoiesis in humans was published. In 1989, the 

U.S. Food and Drug Administration approved its use in chronic renal failure patients 

receiving dialysis which remains in use today. There are no physicochemical or biological 

differences between urinary and rHuEPO (Imai et al., 1990). More recently, a novel 

erythropoiesis-stimulating protein (NESP) has been produced (Macdougall, 2000). This 

glycoprotein demonstrates anti-anemic capabilities and has a longer terminal half-life than 

erythropoietin. NESP offers chronic renal failure patients a lower dose of hormones to 

maintain normal hemoglobin levels. 

2.3 Gene of EPO  

The human EPO gene is located on the long arm of chromosome 7(q11-q22) which 

has five exons and four introns (Figure 2.2) (Watkins et al., 1986). EPO is encoded by a 

single-copy gene. There are no document relevant linkages, mutation or related genes. The 

human and mouse EPO genes have 90% similar sequences immediately upstream of the 

transcription start site, 80% in the coding regions and 65% in the first intron (McDonald et 

al., 1986).  
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Figure 2.2: EPO Gene and its chromosomal location: Dashed boxes correspond to the coding 

part  of the five EPO exons, empty boxes represent the imtrons, shaded boxes represent the 5’ 

and 3’ untranslated regions. 

 

The locations of introns and splice donor and acceptor sites are conserved between 

human and mouse EPO genes. The mRNA for EPO contains both 5’ and 3’ untranslated 

regions and codes for a 193 amino acids protein of which 27 amino acids serve as leader 

peptide sequence and remaining 166 amino acids constitute native mature EPO protein.EPO 

is highly conserved amongst all mammalian species studies to date. For example, the human 

erythropoietin gene is 91% identical to monkey, 85% identical to dog and cat, and 80-82% 

identical to pig, sheep, and rat erythropoietin. Erythropoietin has no significant homology to 

any other known protein except for thrombopoietin (Wen et al., 1993). 
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2.3.1 Sites of EPO production  

  Only with the cloning of the human and murine EPO genes and the possibility of 

performing in situ hybridization has it been possible to localize EPO gene expression to the 

renal cortex (Koury and Bondurant, 1992). However, the cellular location of EPO production 

within the kidney cortex is controversial. The two cell types involved in this controversy are 

the cells of the proximal tubules (Maxwell et al., 1990), and the peritubular or interstitial 

cells (Lacombe et al., 1988). Even the use of transgenic mice has not solved this problem. 

Although, the kidney has been viewed as the major site of EPO production under normal 

steady-state conditions, extra renal sites of EPO production are present, notably the liver. The 

macrophage in the fetus and the adult (Rich, 1991), and the hepatocyte (Koury et al., 1991) 

and Ito cells (Maxwell et al., 1994) in the adult have been implicated in hepatic production of 

EPO. The tissue resident bone marrow macrophage has also been shown to act as a paracrine 

source of EPO production in the erythroid blood islands, a source of EPO production in the 

erythroid blood islands, a tension (Vogt et al., 1989). An internal autocrine mechanism has 

been postulated to exist in primitive cells during normal bone marrow erythropoiesis 

(Hermine et al., 1991).  

2.4 Protein of EPO  

2.4.1Description of protein 

EPO is now recognized to be a glycoprotein of molecular mass 30400 daltons (Davis 

et al., 1987). Carbohydrate accounts for a high proportion (39%) and is required for activity 

in vivo. Thus, unglycosylated erythropoietin has a very low in vivo bioactivity due to rapid 

clearance from plasma by the liver (Tsuda et al., 1988). The EPO gene actually encodes a 

193 amino acid protein; cleavage of the 27 amino acid leader sequence gives a mature 

protein of 166 amino acids, which undergoes post-translational processing. The amino acid 

sequence of human EPO is shown in Figure 2.3. EPO is a hydrophobic protein, a 

characteristic which is also important with regards to its ligand-receptor interaction. The 

secreted form of human EPO, both the naturally occurring EPO recovered from urine 

rHuEPO expressed in CHO cells, lacks the C terminal arginine, which is presumably 
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removed by post-translational cleavage by an intracellular carboxypeptidase (Recny et al., 

1987).  

 

Figure 2.3: Primary structure of EPO protein 

2.4.2 Structure of EPO protein 

EPO is a member of the family of class I cytokines which fold into a compact 

globular structure. EPO was predicted by Wen in 1994 (Wen et al., 1994)and confirmed by 

NMR data in 1998 (Cheetham et al., 1998) to have a four-antiparallel amphiphatic alpha-

helical bundle structure (A, B, C and D), a structure shared with other members of the 

cytokine family (Bazan, 1989). The A and D helices are linked by a disulfide bond between 

Cys7 and Cys161 and packed against the helices B and C (Figure 2.4). Near the carboxy end 

of the AB loop is a short alpha-helical segment (B’) important for receptor binding 

(Cheetham et al., 1998). The hydrophobic core of the protein is formed by aromatic residues 

of the D-helix that are packed against hydrophobic residues from the remaining helices. 

Species comparisons of EPO have shown that the coreforming amino acids are invariant. 

Mutations in these domains lead to marked effects on protein. Functionally important 

domains for (EPO-R)2-binding have been delineated in human EPO by preparing amino acid 

replacement mutants and testing them in three cell bioassay systems based on the human 
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UT7-EPO leukemia cell line, the murine HCD57 erythroleukemia cell line and murine 

erythroid spleen cells (Wen et al., 1994). Two distinct patches were identified on the protein 

surface relevant for the formation of a 2:1 homodimeric (EPO receptor) 2: EPO complex. A 

high-affinity receptor binding site involves residues at the helix D:AB loop interface and a 

low affinity receptor binding site comprises residues Val11, Arg14,Tyr15, Ser100, Arg103, 

Ser104 and Leu108(Wen et al., 1994). 

EPO contains two disulphide bonds which join cysteines at 29 and 33 and at 7 and 

161. In vitro mutagenesis studies indicate that the 7/161 bond is essential for biological 

activity and that disruption of the 29/33 bond can lead to reduced activity. Normally this 

internal disulfide bond is not exposed, since erythropoietin in solution is not inactivated by 

reducing agents. Internal disulfide bonds are also a feature of GM-CSF, G-MSF and IL3.  

 

Figure 2.4: The NMR structure of EPO. The view is taken perpendicular to the four-helical-

bundle axis, parallel to the AD plane. The four alpha-helices are shown in red (helix B) and 

blue (helices A, C and D). The AB loop contains a short helix B (green). 

2.4.3Post translational modification of EPO 

Based on its amino acid composition the estimated molecular weight of EPO is 

18,398, while based on its behavior during sedimentation equilibrium, its apparent molecular 

weight is 30,400 (Davis et al., 1987). The difference between the estimated and apparent 

molecular weight is due to glycosylation, this is the most important posttranslational 

modification of the EPO protein. EPO contains one O-linked glycosylation at serine 126 
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(Sasaki et al., 1987). and three N-linked glycosylation occur at asparagines sites, 24, 38 and 

83 (Lai et al., 1986). The N-linked carbohydrates consist primarily of tetra-antennary 

sacharides with or without one or more N-acetyl lactosaminyl repeats and lesser quantities of 

biantennary and triantennary saccharides, the latter of which may also contain N-acetyl 

lactosaminyl repeats. All the N-linked saccharides are sialated, as is the O-linked 

saccharides. In the final step of post translational modification the C-terminal arginine 166 is 

removed possibly by an intracellular carboxypeptidase to give the circulating form of EPO 

(Recny et al., 1987). 

2.5  Receptor of EPO 

 The mature EPO receptor is a 484 amino acid glycoprotein which is a member of the 

super family of cytokine receptors (Ihle et al., 1995). The human and murine EPO-Rs have 

been cloned and consist of polypeptides with single membrane spanning domains (D'Andrea 

et al., 1989, Maouche et al., 1991, Noguchi et al., 1991). The cytokine receptor superfamily 

is characterized by the conservation of cysteines and a tryptophan-serine-x-tryptophan-serine 

(WSXWS) motif in the extracellular domain, as well as limited similarities in the 

cytoplasmic domain including box 1 and box 2 in the membrane proximal region (Hilton et 

al., 1996). No kinase or other enzyme motif has been identified in the cytoplasmic domains 

of members of the cytokine receptor super family. These receptors activate many of the same 

kinases and transducers, raising the issue of how specific target gene expression and other 

responses are activated.  

On normal human erythroid cells, EPO-R expression peaks at the CFU-

E/proerythroblast stage, with approximately 1,100 receptors/cell, followed by a gradual 

decline during maturation to undetectable levels at the reticulocyte stage (Broudy et al., 

1991). EPO-Rs are also expressed on megakaryocytes (Fraser et al., 1989), and several non-

hematopoietic cells including endothelial cells (Anagnostou et al., 1990) and placenta 

(Sawyer et al., 1989) , although the biologic significance of these receptors has not been 

clarified. While neither EPO nor EPO-R is required for erythroid lineage commitment, they 

are crucial for the proliferation and survival of CFU-E and their terminal differentiation (Wu 

et al., 1995, Kieran et al., 1996). 
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2.6  Signaling cascade triggered by EPO  

 CFU-Es are the most EPO-sensitive cells with the highest density of EPO receptors 

on their surfaces. Two of the membrane-spanning EPO receptor molecules form a dimer to 

which one EPO molecule binds. Figure 2.5 shows a scheme of EPO signaling. Ligand 

binding induces a conformational change and a tighter connection of the two receptor 

molecules (Cheetham et al., 1998, Livnah et al., 1999, Remy et al., 1999). As a result, two 

Janus kinase 2 (JAK2) tyrosine kinase molecules, which are in contact with the cytoplasmic 

region of the EPO receptor molecules, are activated (Witthuhn et al., 1993, Remy et al., 

1999). Thereupon, several tyrosine residues of the EPO receptor are phosphorylated and 

exhibit docking sites for signaling proteins containing SRC homology 2 (SH2) domains 

(Tauchi et al., 1995, Barber et al., 2001). As a result, several signal transduction pathways 

are channeled, including phosphatidyl-inositol 3-kinase (PI-3K/Akt), JAK2, STAT5, MAP 

kinase and protein kinase C (Klingmuller, 1997, Yoshimura and Misawa, 1998). However, 

the specific roles of the various enzymes and transcriptional cofactors is only beginning to be 

understood with respect to the fate of the different erythrocytic progenitors in terms of 

survival, proliferation and differentiation (Zermati et al., 2001, Ohta et al., 2002).  

2.7 Action of EPO on progenitor cells 

Erythrocytic progenitors in the bone marrow are the principal targets of EPO. The 

normally low concentration of the hormone enables only a small percentage of progenitors to 

survive and to proliferate while the remaining progenitors undergo apoptosis. Thus, the 

primary mechanism by which EPO maintains erythropoiesis is the prevention of programmed 

cell death (Koury and Bondurant, 1992, De Maria et al., 1999). The most primitive EPO 

responsive progenitor is the burst-forming unit-erythroid (BFU-E), which gives rise to 

several colony-forming units erythroid (CFU-E). BFU-Es are devoid of transferrin receptor 

and express little GATA-1, whereas CFU-Es possess transferrin receptors and exhibit 

abundant levels of GATA-1 (Suzuki et al., 2003). GATA-1 is an important transcription 

factor in erythrocytic development (Chiba et al., 1991). The balance between GATA-1 and 

caspase activity largely determines the rate of proliferation and differentiation of erythrocytic 

progenitors (De Maria et al., 1999). 
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Figure 2.5: Schematic diagram showing the signaling cascade triggered by EPO. Simplified 

scheme of EPO signaling, involving autophosphorylation of JAK2 (Januse kinase 2), 

phosphorylation of the EPO receptor, homodimerization of STAT5 (signal transducer and 

activator of transcription 5), activation of PI-3K (phosphatidyl-inositol-3-kinase), 

phosphorylation of the adapter protein SHC (SrC-homology and collagen) to form a complex 

with GRB (growth factor receptor binding protein), SOS (son of sevenless) and the G-protein 

Ras, and the sequential activation of the serine-kinase RAF, MEK (syn. MAPKK) and 

MAPK (mitogen activated protein kinase). The signaling cascade results in survival, 

proliferation and differentiation of erythrocytic progenitors. The EPO/EPO-receptor complex 

is internalized and degraded. In addition, the action of EPO is terminated by HCP 

(hemopoietic cell phosphatase) which catalizes the dephosphorylation of JAK2. (Adapted 

and modified from Jelkmann 2004) 

 

GATA-1 induces the anti-apoptotic protein bcl-xL(Gregory et al., 1999). 

Erythrocytic progenitors may have the potential to produce small amounts of EPO to 

maintain basal rates of erythropoiesis (Sato et al., 2000). However, when the concentration of 

EPO rises in blood, either endogenously or following the administration of rupee, many more 

BFU-Es and CFU-Escape from apoptosis and proliferate to result in the growth and 

maturation of morphologically identifiable proerythroblasts and normoblasts. At the stage of 

the polychromatic normoblast hemoglobin is accumulated. Subsequently, the nucleus 

becomes pyknotic and is excluded from the cell. The time from the CFU-E to the reticulocyte 
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is about 7 days and involves 4–6 cell divisions. Significant reticulocytosis becomes apparent 

about 3–4 days after an acute increase in plasma EPO. 

 

 

 

 

 

 

                 Figure 2.6: Production of red blood cells. 

2.8 Non- erythropoietic actions of EPO 

EPO was earlier thought to act exclusively on erythrocytic progenitors. However, 

recent studies have shown that EPO is a more pleiotropic hormone For example, EPO-R 

mRNA is expressed in various non-haematopoietic tissues such as endothelium, neuronal 

cells and placenta (D'Andrea and Zon, 1990). Probably due to anaemia and tissue hypoxia, 

the complete knock-out of the EPO-R gene resulted in a phenotype of severe cardiac 

malformations and fetal death at day 13.5 in mice (Wu et al., 1999). Non-anaemic mice with 

a tissue-specific EPO-R knock-out outside the haemopoietic tissue exhibit no abnormalities 

(Suzuki et al., 2002). Functional EPO-R in non-erythrocytic cells was first demonstrated in 

endothelial cell cultures (Anagnostou et al., 1990, Anagnostou et al., 1994). In vitro, EPO 

promotes the proliferation and migration of endothelial cells (Ribatti et al., 1999), stimulates 

the production of modulators of vascular tone (Brunet et al., 1994), favours a pro-angiogenic 

phenotype and induces neovascularisation (Carlini et al., 1995). In vivo, EPO increases the 

number of circulating endothelial progenitor cells (Bahlmann et al., 2004). Vascular smooth 

muscle cells also express EPO-R (Ammarguellat et al., 2001). Here, EPO causes Ca
2+

 

mobilization (Morakkabati et al., 1996), phospholipase C activation (Gogusev et al., 1994) 

and smooth muscle contraction (Morakkabati et al., 1996). Other effects include the 

activation of the MAPK (Akimoto et al., 2001) and PI-3K/Akt pathways, which mediate the 
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inhibition of apoptosis (Wojchowski et al., 1999, Eefting et al., 2004). Furthermore, EPO-R 

is expressed by human cardiomyocyte cell lines (Tramontano et al., 2003) and in human 

adult cardiac tissue (Depping et al., 2005). Preclinical studies have shown that EPO exerts 

cardioprotective effects (Parsa et al., 2004). 

With respect to the central nervous system both EPO-R and EPO become detectable 

5 wk after conception in the brain of human embryos (Dame et al., 2000). EPO-R is 

expressed by neurones and astrocytes (Sugawa et al., 2002) and by brain capillary 

endothelial cells (Brines et al., 2000). EPO exerts neuroprotective and neurotrophic effects 

(Digicaylioglu and Lipton, 2001). Erbayraktar et al. have reported that asialo-rHuEPO, 

which is devoid of erythropoiesis-stimulating activity, crosses the blood–brain barrier after 

i.v. administration (Erbayraktar et al., 2003), binds to neurones within the hippocampus and 

cortex, and is neuroprotective in cerebral ischaemia, spinal compression and sciatic nerve 

crush in experimental animals. Likewise, carbamoylated EPO (often incorrectly referred to as 

carbamylated EPO), which does not bind to the haematopoietic EPO-R and does not 

stimulate erythropoiesis (Verma et al., 1993), has been reported to confer neuroprotection in 

animal models (Leist et al., 2004). The hypothesis has been put forward that non-

haematopoietic effects of EPO are mediated by heteromers of EPO-R and β-subunit receptor 

molecules (Brines et al., 2004). In view of the neuroprotective potential of EPO in 

experimental animals, Ehrenreich et al. performed a clinical trial in patients with acute stroke 

(Ehrenreich et al., 2002). In a double-blind randomised proof-of-concept study of 40 patients, 

rHuEPO treatment showed a strong trend for reduction in infarct size as judged from 

magnetic resonance imaging. The reduction in infarct size correlated with a markedly 

improved neurologic recovery. Recombinant EPO may also prove useful as an additive 

neuroprotective therapeutic in schizophrenia and other human diseases characterized by a 

progressive decline in cognitive performance (Ehrenreich et al., 2004).  

A matter of current debate is whether EPO promotes tumors growth (Hardee et al., 

2006). EPO-R mRNA and/or EPO-R protein have been detected in breast carcinoma 

(Arcasoy et al., 2002), lung carcinoma (Kayser and Gabius, 1992), renal carcinoma 

(Westenfelder and Baranowski, 2000), tumours of the cervix and of other organs of the 

female reproductive tract (Acs et al., 2003), and various paediatric tumours (Batra et al., 
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2003). However, a recent study has shown that the antibodies used for detection of EPO-R 

protein are non-specific (Elliott et al., 2006). In addition, in vitro effects of EPO in tumour 

cells were generally seen only when extremely high EPO concentrations were applied that 

exceeded the concentrations occurring after administration of EPO to oncologic patients by 

several orders of magnitude.  Liu et al. have reported that EPO may not influence the basal 

viability of tumour cells but may prevent the cytotoxic effect of chemotherapeutics such as 

cisplatin (Liu et al., 2004). Likewise, EPO has been reported to cause resistance to cisplatin 

in HeLa cells (Acs et al., 2003) and to dacarbazine in melanoma cells (Kumar et al., 2005). 

However, the understanding of the combined effects of EPO and chemotherapeutics on 

cancer cells is still insufficient, as one group has reported that renal carcinoma cells undergo 

a higher degree of apoptosis with a combination of daunorubicin and EPO or vinblastine and 

EPO than with either of these agents alone (Carvalho et al., 2005). 

2.9 Available types of rHuEPO  

In clinical practice there are several forms of EPO available for the treatment of 

anemia (Table 1). The first generation are two forms of recombinant human EPO (rHuEPO): 

epoetin α (Epogen, Amgen and Procrit/Eprex; Johnson & Johnson/Janssen-Cilag) and EPO β 

(NeoRecormon; Roche), which are administered three times a week (Halstenson et al., 1991). 

The development during the last decade of ESAs with a higher degree of glycosylation and 

prolonged half-life has allowed less frequent administration. A preparation called long-acting 

darbepoetin α (Aranesp;Amgen) produces a similar physiological response compared with 

rHuEPO (Macdougall et al., 1999). It has more chains of carbohydrates and sialic acidic 

residues, which gives it a different pharmacokinetic profile from that of rHuEPO, with a half-

life approximately three times higher (25.3 h vs 8.5 h by iv administration), and a plasma 

clearance four times slower. This allows a frequency of administration of once weekly, or 

even every 2-4 week (Allon et al., 2002, Nissenson et al., 2002). The equivalence 

relationship between rHuEPO and darbepoetin α from the molecular weight of both proteins 

is 1:200 (Vanrenterghem et al., 2002). In clinical practice, the multiplication factor is not so 

simple, as the required dose of rHuEPO can be higher, which probably is related to an 

increase in resistance to EPO(Scott, 2002). A pegylated derivative, the continuous EPO 
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receptor activator (CERA) (epoetin β-methoxy polyethylene glycol, CERA; Roche) is 

another erythropoietic agent that activates repeatedly the EPO receptor.  

      

 

    Table-1: Available types of rHuEPO  

 

It has an elimination half-life in humans of about 130 h, and so can be administered 

every 3-4 week (Locatelli and Reigner, 2007, Provenzano et al., 2007). Several studies have 

shown an effect similar to EPO in maintaining hemoglobinlevels (Canaud et al., 2008, 

Macdougall and Ashenden, 2009). CERA is not available in United States, but is currently 

used in Europe. An additional advantage is that CERA can be kept out of the fridge and used 

for up to1 mo (at < 25℃).There is a new generation of erythropoietic analogues: synthetic 

erythropoiesis protein and peptide mimetics of EPO. These new agents stimulate 

erythropoiesis through activation of EPO receptors(Vadas et al., 2008). Hematide (developed 

by Affymax) is a synthetic peptide agonist of the EPO receptor, and although it has no 

structural homology with EPO, it is able to activate the EPO receptor and stimulate 

erythropoiesis over a 1-mo period with good tolerance and stability at room temperature 

(Kochendoerfer et al., 2003). 

 

 

 

 

 

 

 

 

 

 

Different forms of rHuEPO 

Half life (h)  

Periodicity iv sc 

Epoetin β 9 24 1-3 times per week 

Epoetin α 7 20 1-3 times per week 

Darbepoetin 25 48 Every 1-2 week 

CERA 133 137 Every 2-4 week 
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2.10   Uses of recombinant human EPO 

2.10.1Use of rHuEPO in renal disease 

Because EPO is produced chiefly in the kidneys, its deficiency in renal disease is 

the most important cause of anemia in these patients. rHuEPO has significantly improved the 

care of the patient with end-stage renal disease (Eschbach et al., 1989). The response to 

rHuEPO is characterized by increasing hemoglobin and hematocrit, reducing the blood 

transfusion requirements and improving these patients’ quality of life.  

 

2.10.2Use of rHuEPO in cancer and other chronic diseases 

Recombinant human EPO is also used for anemia related to cancer and other 

chronic diseases. A new randomized trial demonstrated improvement of anemia in patients 

with hematologic malignancies treated with chemotherapy. The response was characterized 

by an increased hemoglobin level, a reduced transfusion requirement and an improved 

quality of life (Osterborg et al., 2005). In 2004, the European Organization for Research and 

Treatment of Cancer published comprehensive guidelines for the use of rHuEPO in cancer-

related anemia caused by chemotherapy, radiotherapy, surgery or by the cancer itself 

(Bokemeyer et al., 2004). 

2.10.3 Use of rHuEPO in hematologic malignancies  

In addition to its effect on the anemia of malignancy, the administration of rHuEPO 

may play a part in the modulation of the disease itself. For example, it was found that when a 

number of multiple myeloma patients were given rHuEPO for the treatment of anemia in 

chemotherapy-refractory disease, the patients not only benefited from a rise in their 

hemoglobin but also lived longer than anticipated (Mittelman et al., 2004). Studies using a 

murine model of myeloma verified that EPO treatment induced an immunologic response (T 

cell-mediated) that could have been accountable for the regression of the disease (Mittelman 

et al., 2001). In myelodysplastic syndrome, rHuEPO administration in appropriately chosen 

patients improved survival (Wallvik et al., 2002) and in patients with B cell chronic 
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lymphocytic leukemia, rHuEPO treatment resulted in a downgrading of the disease stage 

(Pangalis et al., 2002). Similar results were found in murine experimental models (Katz et 

al., 2005). There may be benefits in the treatment of solid tumors as well. In a study of mice 

with either squamous cell carcinoma or fibrosarcoma undergoing radiation therapy, rHuEPO 

acted as a radiosensitizer and enhanced the response to radiotherapy (Ning et al., 2005). 

Similarly, in mice injected with cells from a murine lung carcinoma model (Lewis lung 

carcinoma) and consequently treated with chemotherapy, the response of the tumor to the 

chemotherapy treatment was considerably amplified when rHuEPO was also administered 

(Sigounas et al., 2004). In humans, anemia and its associated hypoxia have a negative impact 

on the effect of radiation therapy. As such, the administration of epoetin alpha to anemic 

patients undergoing radiation therapy may improve the response and lengthen the survival. 

For example, administration of epoetin alpha to patients with head and neck cancer 

undergoing chemoradiation enhanced the response and the survival (Shasha, 2001). 

Furthermore, there are also case reports of tumor regression following the administration of 

epoetin in renal cell carcinoma (Morere et al., 1997). In spite of the impressive results in 

animal models with solid tumors and in patients with multiple myeloma, recent studies in 

patients have raised the question of whether treatment with rHuEPO actually prolongs 

survival. A study that examined the effects of rHuEPO therapy on hematologic parameters 

and category of life in cancer patients treated with chemotherapy also noted a tendency 

toward improved survival in the patients treated with rHuEPO. This improvement was not 

statistically significant, probably because the study was not powered to examine survival 

(Littlewood et al., 2001). However, some recent studies have shown a decreased survival rate 

in patients treated with rHuEPO. In a study of patients with head and neck cancer treated 

with radiation therapy, those who did not receive rHuEPO survived longer (Henke et al., 

2003). In another study of patients with metastatic breast cancer treated with chemotherapy, 

those who received rHuEPO survived less than those given the placebo (Leyland-Jones et al., 

2005). It is uncertain why survival was shorter in the rHuEPO-treated groups. It might be 

linked to the design of these studies (Haddad and Posner, 2004, Leyland-Jones et al., 2005). 

In the BEST trial the reason of most of the excess deaths was listed as early disease 

progression. One possibility for the shorter survival in these patients might be related to the 

presence of EPO receptors on the surface of the tumor cells. In that case, administration of 
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rHuEPO could potentially boost the growth of the tumor (Brower, 2003, Steensma and 

Loprinzi, 2005). A study of cancer cells expressing EPO receptors demonstrated resistance to 

ionizing radiation when exposed to rHuEPO in vitro (Belenkov et al., 2004), and this may 

explain the results of Henke and colleagues (Henke et al., 2003). Additionally, 

thromboembolic procedures and the increased hemoglobin may also play a role, supported by 

the fact that there were more thromboembolic events in the rHuEPO group in the BEST trial, 

and that the target hemoglobin level in that trial (12–14 g/dl) was higher than the usual 

clinically well-known target. Henke M et.al, 2003 also observed in the head and neck cancer 

trial that in the rHuEPO treatment group there was a better percentage of “vascular 

disorders,” including thromboembolic events and a high hemoglobin target. It is likely that at 

least part of the increased mortality was related to the excessive increase of hemoglobin, 

similar to the results seen in a study of dialysis patients with congestive heart failure 

(Besarab et al., 1998). If the survival is reduced in patients who have certain cancers, then 

one may be hesitant to administer rHuEPO even if the goal is to treat their anemia. It is clear 

that more randomized controlled trials must be designed and performed to decide when to 

treat cancer patients with rHuEPO. In light of this, a long-term study of patients with 

multiple myeloma, chronic lymphocytic leukemia and non-Hodgkin’s lymphoma 

demonstrated that rHuEPO administration did not reduce survival, while it did improve the 

anemia and the quality of life (Osterborg et al., 2005). 

2.10.4 Use of rHuEPO in cardiac diseases 

    It has been found that the administration of rHuEPO to anemic patients with 

congestive heart failure can improve their state. In one study for example, the hemoglobin 

and the left ventricular ejection fraction improved and the number of hospitalizations fell 

noticeably (Silverberg et al., 2000). It should be prominent that this was a retrospective 

study, and although the results appeared important there was no control group receiving 

blood transfusions. It is therefore unclear whether the improvement was due just to the rise in 

hemoglobin or perhaps to another cause, such as a straight effect on the myocardium. Similar 

results were found in other studies (Hayashi et al., 2000). On the other hand, raising the 

hemoglobin too much (even to the normal range) can be unfavorable. This was seen for 

example in a study of hemodialysis patients with congestive heart failure receiving rHuEPO 
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(Besarab et al., 1998). Other evidence  supporting the concept that the cardiac protection is 

likely mediated through other routes, not only those associated to increased hemoglobin, 

comes from a current study with adult rats found to have EPO receptors on the 

cardiomyocytes (Wright et al., 2004). During ischemia-perfusion injury administration of 

rHuEPO exerts a cardio protective effect. In tissue studies of the rat heart (Parsa et al., 2003), 

it was found that treatment with rHuEPO protected the ischemic and infarcted heart by 

inhibition of apoptosis, thereby limiting the size of the infarct and improving contractile 

function. This was shown even in the lack of increased red blood cell counts. 

2.10.5 Use of rHuEPO as neuroprotective agent 

Comparable to the protective effects in cardiovascular disease, a neuroprotective 

effect of rHuEPO treatment was also reported in animal studies. For example, EPO exerted 

neuroprotection in rats following spinal cord injury (Kaptanoglu et al., 2004) and ischemic 

injury (Brines et al., 2000, Kumral et al., 2004). In one of these studies, Brines and co-

authors Brines ML, induced brain infarction in rats by carotid artery ligation, and a single 

shot of rHuEPO administered 6 hours later resulted in a decrease of the infarcted area by 50–

75%. Studies of nerve conduction in mice with induced diabetes mellitus demonstrated that 

rHuEPO reversed several abnormalities associated with diabetic neuropathy, suggesting 

another likely future application of rHuEPO (Lipton, 2004). A recent study (Ehrenreich et 

al., 2004) made the following observations: a) rHuEPO penetrates the brain tissue in rats and 

humans, b) its presence is enriched in schizophrenic men, c) EPO receptors are more 

profoundly expressed in the hippocampus and cortex of schizophrenic patients than in 

healthy subjects, and d) administered rHuEPO attenuates the haloperidol-induced neuronal 

death and improves cognitive function in mice. As such, rHuEPO may be a likely candidate 

for supplemental neuroprotective treatment in schizophrenia. 

2.11 Importance of glycosylation in therapeutic proteins  

Glycosylation is a post-translational modification processes that can only be 

performed properly by eukaryotic cells (Jenkins and Curling, 1994)  it is the  process  of 

adding a variety of functional carbohydrate group to the backbone of a  peptide through 
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certain amino acid consensus sequence. Proteins that contain these sugar groups are called 

glycoprotein and they exist in hetergenous population called glycoform. The presence of 

carbohydrate on the backbone of polypeptide has been shown to affect many protein 

properties such as solubility, stability, biological activity, immunogenicity and 

pharmacokinetics (Jenkins and Curling, 1994). 

2.11.1The role of glycosylation in pharmacokinetics 

    Pharmacokinetics plays a major role in determining the efficacy of many 

therapeutic proteins. The circulating half-life of proteins is affected by many factors, 

including molecular size and net charge, both of which are affected by the presence and 

composition of glycan structures. Glycans contribute significantly to the hydrodynamic 

volume and charge of glycoproteins. In particular, the content of sialic acid contributes to the 

net negative charge, and improves the pharmacokinetics of glycoproteins such as 

erythropoietin (Macdougall, 2002). Although, glycosylation can improve plasma half-life, 

the presence of certain carbohydrate moieties can trigger lectin-mediated clearance, thereby, 

reducing plasma half-life. For example, asialylated glycoproteins are subject to receptor-

mediated clearance by the asialo glycoprotein receptor (ASGPR) found in the liver (Fukuda 

et al., 1989, Stockert, 1995). Similarly, glycoproteins with terminal mannose or terminal 

GlcNAc are cleared through the reticulo-endothelial system, which relies on several receptors 

with high affinity for both mannose and GlcNAc (Maynard and Baenziger, 1981). Human 

EPO contains three N-linked glycans that can constitute up to 40% of the molecular mass 

(Lai et al., 1986). Although, deglycosylated EPO displays three fold higher in vitro potency 

than its glycosylated counterpart (Higuchi et al., 1992), it exhibits no in vivo erythropoietic 

efficacy (Dordal et al., 1985). A more efficacious form of EPO can be obtained by selecting 

for multibranched sialylated glycoforms (mostly tetra-antennary) (Yuen et al., 2003). The 

importance of glycans for the in vivo potency of EPO is further illustrated by the 

development of a more potent erythropoietic factor, which was created by engineering two 

additional N-linked glycosylation sites into the EPO protein sequence (Elliott et al., 2004). 

This modified EPO has weaker in vitro receptor binding but extended serum half-life, 

resulting in increased efficacy (Egrie and Browne, 2001). Furthermore glycosylation 

increases global protein stability (Imperiali and O'Connor, 1999). Thermodynamic studies on 
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ovomucoid demonstrated that glycosylated and non-glycosylated forms of protein had the 

same enthalpy (DeKoster and Robertson, 1997). Since the glycosylated form has increased 

free energy of unfolding, the stabilization of glycosylated protein was hypothesized to be due 

to entropic contribution. It was proposed that the existence of oligosaccharide helped to 

reduce the disorder of an unfolded protein. Oligosaccharide attachment to polypeptide 

backbone provides also provide thermal stabilization of the protein (Wang et al., 1996) 

2.11.2The role of glycosylation for tissue targeting 

Carbohydrate-binding proteins, or lectins, are differentially expressed and thus 

different tissues have varying affinities for specific glycoforms. Therapeutic proteins with 

distinct N-glycans can therefore be developed for cell- and tissue-specific targeting. 

Glucocerebrosidase (GBA), approved for the treatment of Gaucher's disease, is an example 

of a therapeutic protein that relies on a glycan-dependent targeting mechanism for therapeutic 

function. In this case, a specific glycan structure, terminal paucimannose (GlcNAc2Man3), is 

used to target GBA through mannose-binding lectins to macrophages in the liver, where the 

recombinant enzyme metabolizes accumulated glucocerebroside (Friedman et al., 1999). 

Similarly, ASGPR found on hepatocytes binds to glycoproteins containing terminal 

galactose or N-acetylgalactosamine; thus, this liver receptor could be used to achieve tissue-

specific protein targeting. Interferon exhibits antiviral activity against hepatitis C, yet its 

therapeutic use is hampered by dose-limiting toxicities (Festi et al., 2004). Therefore, the 

production of interferon with glycol forms that specifically target the site of viral replication 

(i.e. the liver) might minimize toxicity and thereby, increase the therapeutic index. 

 2.11.3The role of glycosylation for modulating biological 

activity 

   N-Linked glycosylation has been shown to affect the efficacy of some therapeutic 

glycoproteins by modulating the interaction with specific receptors. For example, 

immunoglobulin heavy chains contain a single N-linked glycosylation site resulting in two 

N-glycans per assembled antibody. This glycosylation is essential for efficient interactions 

with Fc receptors (FcR) and for FcR-mediated effector functions, including antibody-
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dependent cell cytotoxicity (ADCC) and complement-dependent cytotoxicity (CDC). 

Aglycosylated IgG1s exhibit severely impaired ADCC and CDC. IgG-mediated ADCC can 

be modulated by varying the N-glycan composition. An example of increased ADCC 

potency was demonstrated by the use of various glycosylation pathway inhibitors during the 

production of IgG from mammalian cells (Rothman et al., 1989). The resulting IgGs 

containing different glycosylation intermediates displayed varying degrees of ADCC and 

suggested the importance of fucose in modulating ADCC (Rothman et al., 1989). 

2.11.4Glycosylation protect protein from proteases attack 

    Glycosylation protect protein from proteases attack. Cytokine  granulocyte colony 

stimulating factor (G-CSF) produced by CHO cells demonstrated to be more resistant to 

serum protease enzymes compared to same protein produced by E.coli  expression system 

(Carter et al., 2004). Since CHO produced glycosylated protein, resistance toward protease 

degradation was concluded to be contributed by the existence of oligosaccharides on the 

proteins. 

2.12 Choosing the right expression systems to produce                       

glycoprotein 

 

2.12.1Bacterial expression system  

E.coli, despite its high growth rate and inexpensive medium required for protein 

production, is not the preferred host for glycoprotein production. The main reason why 

bacterial host is not used to produce glycoprotein is that such an organism does not have the 

cellular components needed to attach carbohydrate to the back bone of peptide(Stanley, 

1992). For example, endoplasmic reticulum and Golgi apparatus, which are needed for first 

and second step of N-linked oligosaccharides assembly, do not exist in E.coli. Recently, it 

has been demonstrated that food-born pathogen campylobacter jejuni has pg1 gene cluster 

that is very similar to stt3, a protein essential for oligosaccharyltransferase (Wacker et al., 

2002, Feldman et al., 2005). Over expressing C.jejuni glycosylation machinery in E.coli 

produced N-linked glycan attachment at the consensus tripeptide sequences similar to 
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mammalian cells (Asn-X-Thr/Ser). Unfortunately, the structure of the oligosaccharides, 

which consists of 2, 4-diacetamido-2, 4, 6-trideoxyhexose (DATDH), hexose, and five N-

acetylhexosamine, does not resemble the structure of glycans produced by mammalian cell 

machinery (Wacker et al., 2002). Therefore, up to now, E.coli application to 

biopharmaceutical production has been limited to production of protein that does not require 

the existence of oligosaccharides for bioactivity, such as hG-CSF (Jevsevar et al., 2005). 

2.12.2Yeast expression systems 

Yeast-based expression systems have been used for the production of several 

approved therapeutic proteins including recombinant insulin. Protein production in yeast 

offers several advantages, such as robust expression, scalable fermentation, and the ability to 

perform N-glycosylation (Grabenhorst et al., 1999). The yeast Pichia pastoris has received 

increasing attention as a protein expression system with several therapeutic proteins 

produced in this host currently in clinical trials (Gerngross, 2004). However, the presence of 

yeast-specific high mannose sugars has, until recently, limited the use of yeast to proteins 

that do not require N-glycosylation for therapeutic efficacy e.g. insulin (Gerngross, 2004). 

Advances in glycoengineering in P. pastoris have not only eliminated undesirable 

glycans, but have shown that yeast can be engineered to perform human glycosylation to a 

high degree of homogeneity (Bobrowicz et al., 2004). As discussed, N-glycosylation plays a 

critical role in the half-life, tissue targeting and potency of therapeutic glycoproteins. 

Therefore, the availability of an expression system that has the ability to customize the 

glycosylation of a therapeutic protein is likely to lead to the development of improved 

therapeutic glycoproteins. To date, only P. pastoris has been glycol engineered to provide a 

library of individual strains in which each host strain has the ability to produce proteins with 

a specific human glycoform to a very high degree of uniformity (Wildt and Gerngross, 2005). 

This advance, for the first time, provides an expression system with the capacity to control 

glycosylation and the ability to optimize glycosylation for specific therapeutic functions. For 

example, a panel of glycoengineered P. pastoris strains was used to produce various 

glycoforms of the monoclonal antibody Rituxan (an anti-CD20 IgG1 antibody) (Li et al., 

2006). Although these antibodies share identical amino acid sequences to commercial 
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Rituxan, specific glycoforms displayed 100-fold higher binding affinity to relevant FcγRIII 

receptors and exhibited improved in vitro human B-cell depletion (Li et al., 2006).  

The use of glycoengineered yeast to control glycosylation could generate tissue-

targeted therapeutic glycoproteins such as interferon, where targeting to the liver might 

overcome dose-limiting systemic toxicities (as described above). Additionally, the 

production and secretion of GBA glycosylated with terminal mannose could offer an 

advantage over current methods, which require downstream in vitro modifications. Another 

potential use for glycoengineered P. pastoris is the production of recombinant EPO. 

Engineering yeast to secrete sialylated EPO with high glycan uniformity would increase 

process robustness resulting in reduced lot-to-lot variability. Alternatively, other 

physiological functions of glycoproteins can be exploited such as the production of 

galactosylated EPO, which might be important for ameliorating damage affected by stroke 

(Wang et al., 2004). 

2.12.3Plant-based expression systems 

Genetically modified plants are especially well suited for the production of edible 

oral vaccines (Davoodi-Semiromi et al., 2009). Since they offer a significant potential in 

reducing the cost of manufacturing glycosylated and pathogen-free therapeutics, many plant-

based expression systems are under development (Lienard et al., 2007). Currently, owing to 

low productivities, growing sufficient quantities of transgenic plants to meet clinical needs 

would require outdoor field growth. However, issues such as field containment (especially 

for crop plants) and public acceptance need to be addressed (Pardo et al., 2009). Greenhouses 

or contained plant tissue/cell culture systems are more compatible with regulatory and 

environmental requirements for manufacturing therapeutics, but at much higher production 

costs(Decker and Reski, 2008). Proteolytic degradation and gene silencing are other 

obstacles characteristic of plant-based systems (Shih and Doran, 2009). Owing to the absence 

of sialylation and the presence of potentially immunogenic α1,3-fucose and β1,2-xylose 

residues in plant-derived glycoproteins (Jin et al., 2008), some achievements in humanizing 

glycosylation and removal of enzymatic pathways generating immunogenic residues on 

glycoproteins have been reported (Paccalet et al., 2007, Schahs et al., 2007, Strasser et al., 
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2008). Transient expression systems using plant RNA viruses to increase the yields and 

speed-up the manufacturing process over transgenic plants are promising alternative. There 

are currently a few plant-derived therapeutics approved in Europe for topical use in human 

and several products are currently in clinical trials, including interferon alpha (Locteron®) 

produced in Lemna minor and glucocerebrosidase (prGCD) manufactured in carrot cells 

(Karg and Kallio, 2009), making it obvious that plant-based expression systems are gaining 

acceptance.  

2.12.4Insect cells 

The insect cell-baculovirus expression system is a powerful platform to rapidly 

produce high level of recombinant-proteins. The main insect cell lines used are Spodoptera 

frugiperda SF9 or SF21 and Trichoplusia ni BTI 5B1-4 (High Five™). Owing to the high-

mannose and paucimannose type of glycosylation that is obtained in insect cells, no 

therapeutic protein is currently produced in this system as this would compromise in vivo 

bioactivity and potentially induce allergenic reactions. Engineering those cells with glycosyl 

transferases allows the production of proteins with mammalian-type sugars (Harrison and 

Jarvis, 2006). Insect cells also offer an interesting platform to produce vaccine antigens or 

virus-like particles, while engineered baculoviruses containing mammalian promoters 

(bacmam) show great potential as genetic vectors for mammalian cells transduction (Hu et 

al., 2008). One licensed HPV vaccine is composed of a truncated form of the major capsid 

L1 proteins of HPV types 16 and 18 expressed in High Five™ cells (Cervarix®) and many 

more (e.g. Provenge, Flublok, Chimigen) are under development or in late-phase clinical 

trials. 

2.12.5Baby hamster kidney cells 

While many vaccines are manufactured in BHK21 cells, only a few of recombinant-

protein therapeutics are produced in this cell line including the coagulation factor VIIa 

(NovoSeven®) and FVIII (Kogenate®). Factor VIII is probably the largest ( 300 kDa), 

most complex (it possesses 25 potential N-linked glycosylation and many O-glycosylation 

sites, 6 tyrosine sulfation sites and 7 disulfide bonds) and most challenging  recombinant-
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protein therapeutic to manufacture (Soukharev et al., 2002). Sulfation of FVIII on tyrosine 

residues was shown to be required both for optimal biological activity, binding to von 

Willebrand factor and efficient activation by thrombin (Moore, 2003). It has been reported 

that over expression of the molecular chaperone Hsp70 in an industrial BHK21-FVIII cell 

line increases not only FVIII secretion but also its specific activity (Ishaque et al., 2007). 

Notably, apoptosis in BHK21 and BHK21-FVIII was also significantly reduced by Hsp70 

expression, suggesting that Hsp70 not only helps in maturation of FVIII, but also blocks 

intrinsic processes leading to apoptosis. Similar to that observed in CHO cells, co-expression 

of Aven and E1B19K also reduced apoptosis and led to enhanced productivity in batch and 

perfusion cultures of a BHK-FVIII cell line (Nivitchanyong et al., 2007).  

2.12.6Chinese hamster ovary cells 

Chinese hamster ovary cells are currently the preferred host for the production of 

therapeutic glycoproteins. These cell lines offer several advantages, including extensive 

know-how of this system and an established infrastructure in the biotechnology industry, 

process scalability, and the capacity to produce proteins with N-glycans similar to those 

found on human proteins. However, CHO cell-based expression systems also have several 

disadvantages: a relatively high cost of goods; the potential for propagating infectious agents, 

such as viruses and prions; a long development time from gene to production cell line; and 

the inability to adequately control N-glycosylation. For example, whereas humans lack the 

pathway for the synthesis of N-glycolylneuraminic acid (Irie et al., 1998), EPO produced 

from CHO cells contains both N-glycolylneuraminic acid and N-acetylneuraminic acid 

(Yuen et al., 2003). Glycoconjugates that contain N-glycolylneuraminic acid might be 

subject to clearance by anti-N-glycolylneuraminic acid antibodies present in human serum 

(Zhu and Hurst, 2002). In addition, glycoproteins produced in CHO cells display inherent 

glycan heterogeneity, resulting in a mixture of molecules with varying efficacy profiles. 

Moreover, this heterogeneity is sensitive to culture conditions making batch-to-batch 

reproducibility a process development challenge. For example EPO is believed to require 

tetra-antennary sialylated glycans for optimal therapeutic efficacy, must be made under 

culture conditions that favor the formation of such structures (currently involving roller 
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bottles) (Yuen et al., 2003) or could involve the engineering of glycosylation pathways in 

mammalian cells (Fukuta et al., 2000a, Fukuta et al., 2000b). 

Although CHO cells are an acceptable expression host for sialylated glycoproteins, 

proteins requiring non-sialylated glycoforms require in vitro processing to expose the desired 

glycoforms. Therapeutic GBA is currently produced in CHO cells. However, the N-glycan 

structure of CHO-produced GBA contains terminal sialic acid and requires a series of 

enzymatic digests to produce paucimannose through the sequential removal of sialic acid, 

galactose and GlcNAc (Friedman et al., 1999). 

Currently, CHO and the murine myeloma cell line NS0 are the expression systems 

of choice for the production of monoclonal antibodies. Monoclonal antibodies expressed 

from CHO cells contain a mixture of fucosylated G0, G1 and G2 complex glycan structures 

(Shields et al., 2002). Antibody effector function can be increased through the addition of 

bisecting GlcNAc, which is otherwise absent in proteins derived from CHO cells (Umana et 

al., 1999), or through the reduction of fucose. To achieve a higher level of ADCC activity, 

several groups have engineered fucose-deficient strains (Yamane-Ohnuki et al., 2004). These 

efforts emphasize the importance of glycan engineering in the modulation of antibody 

efficacy. 

  

Figure 2.7: Comparison of glycosylation patterns between human and other expression 

systems 
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2.12.7 Human cell lines 

Even though HEK293 is probably the most widely used cell line to express research 

grade recombinant    proteins, only one licensed therapeutic (Xigris®, activated protein C) is 

manufactured in this host. Other approved protein therapeutics currently produced in human 

cells include Dynepo (epoetin delta), Elaprase® (iduronate-2-sulfatase) and Replagal® (α-

galactosidase A), all expressed in the human fibrosarcoma cell line HT-1080, and Alferon 

N® and Sumiferon (both a mixture of 10–14 alpha interferon subspecies), naturally 

expressed, respectively, by human leukocytes and the human lymphoblastoid Namalwa cell 

line. Human cell-based expression systems are expected to produce recombinant proteins 

with PTM more similar to their natural counterpart as some sugar-transferring enzymes are 

lacking in BHK and CHO cells (e.g. α2-6 sialyltransferase, α1-3/4 fucosyltransferase, 

bisecting N-acetylglucosamine transferase) (Grabenhorst et al., 1999). Over expression of the 

O-glycosylated interferon-α2b in HEK293 cells was found to provide a glycosylation profile 

highly similar to IFN naturally secreted by human leukocyte (Loignon et al., 2008). CHO-

expressed glycodelin-A (GdA), a glycoform of glycodelin found in amniotic fluid, contains 

only typical CHO-type glycans and is devoid of the N,N′-diacetyllactosediamine (lacdiNAc)-

based chains that are found naturally in human glycodelin-A (GdA). By contrast, HEK293 

cells produce recombinant GdA with the same type of carbohydrate structures as natural 

GdA. This is significant because biological activities of glycodelin are highly modulated by 

its glycosylation profile (Lee et al., 2009). Xigris® is manufactured in HEK293 cells since 

propeptide cleavage and gamma-carboxylation of its glutamic acid residues, two PTM 

modifications essential for maintaining its biological activity, were not adequate in CHO 

cells (Suttie, 1986). However, gamma-carboxylation of vitamin K-dependent proteins 

expressed at high levels is also limiting in HEK293 cells. The co-expression of the vitamin K 

2,3-epoxide reductase gene (VKORC1) together with a knockdown of calumenin (an 

inhibitor of VKOR and γ-carboxylase) using a shRNA, was shown to increase by seven-fold 

the proportion of bioactive Factor VII (Wajih et al., 2008). Finally, epoetin delta produced in 

HT10800 cells was found to be more homogeneous with a majority of tetraantennary glycans 

and higher sialic acid content compared to CHO-produced erythropoietin. Epoetin delta was 

also devoid 1of N-acetyllactosamine repeats and of N-glycolylneuraminic acid (Neu5Gc), 

two glycan structures that are present in CHO-derived EPO (Llop et al., 2008). 
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Expressing therapeutic proteins in human cells could also reduce potential 

immunogenic reactions against non-human epitopes. It is well known that CHO, BHK and 

murine cell lines generate recombinant-proteins with glycan structures possessing the 

potentially immunogenic Neu5Gc residues (Padler-Karavani et al., 2008). This 

immunogenicity can reduce the efficacy of a biologic because of rapid clearance by the 

immune system, or prevent drug re administration as this would potentially cause an 

undesirable immune response.  About 1–2% of circulating antibodies in humans are directed 

against α-1,3-galactose residues that are commonly produced by non-primate cells (Galili et 

al., 1984). These antibodies are clinically significant as they represent the first obstacle to 

xenotransplantation in humans (Milland and Sandrin, 2006) and may also recognize 

recombinant-proteins produced in CHO or other non-human expression systems. In some 

areas of the US, up to 22% of patients receiving the monoclonal antibody cetuximab 

produced in the mouse SP2/0 cell line have shown hypersensitivity reactions during their first 

infusion due to pre-existing IgE antibodies against the non-human oligosaccharide galactose-

α-1,3-galactose (Chung et al., 2008). 

New human cell-based expression platforms are also being investigated. For 

example the human PerC6 cell line, a human embryonic retina cell line transformed by 

adenovirus E1 genes has been shown to generate high titers ( 120 mg/L) of a monoclonal 

antibody within 13 days following transduction with an adenovirus (Havenga et al., 2008). In 

contrast to EPO derived from CHO cells (Eprex), where up to 3% of total sialic acids was 

found as Neu5Gc, stable expression of EPO in PerC6 cells was shown to be devoid of this 

sugar (Diaz et al., 2009). Up to now, fourteen PER.C6®-based products are in Phase I/II 

clinical trials. Another human cell line called HKB11, a hybrid cell resulting from the fusion 

of HEK293 to a human B cell line, has been used to express some  recombinant-proteins 

(Cho et al., 2003). Expression of FVIII was shown to be 8 and 30-times higher in HKB11 

pools compared to pools generated in HEK293 or BHK21, respectively(Mei et al., 2006). 

Human amniocytes transformed with adenoviral E1 and pIX genes also offer another 

platform for producing recombinant-proteins. These suspension-growing cells were shown to 

provide stable expression of alpha-1 antitrypsin in chemically defined medium at 

30 pg/cell/day without the need of antibiotic selection (Schiedner et al., 2008). 
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2.12.8Transgenic animals 

The first therapeutic proteins were initially extracted from animal tissues or blood 

(e.g. insulin from pig pancreas, clogging factors from human plasma). It is almost nine 

decades later that ATryn® (human anti-thrombin α), the first licensed therapeutic produced 

in transgenic goat milk, was approved in Europe and the US (in 2006 and 2009, 

respectively)(Kling, 2009). Other systems like eggs from transgenic hens are also under 

development (Ivarie, 2006). It is noteworthy that the glycosylation profile may again differ 

significantly depending on the transgenic host used to express the proteins. For example, 

rHuEPO produced in egg white contains a very low level of sialic acid while a high 

proportion of the unusual terminal GalNAc-GlcNAc glycans is present when expression is 

performed in goat milk (Montesino et al., 2008). In rabbit, ATryn® was shown to be cleared 

more rapidly from the circulation compared to human plasma-derived anti-thrombin, clearly 

illustrating the impact of host-specific PTM in the biological properties of therapeutics 

(Berry et al., 2009). 

2.13 Transient transfection  

Following DNA transfection, expression of the transgene may be detected transiently 

for 1 to 4 days. The optimal time interval depends upon the cell type, the doubling time of the 

cells and the specific characteristics of expression for the transferred gene (Colosimo et al., 

2000). The DNA delivered to the cells is transported to the nucleus for transcription without 

integration into the chromosomes. This means, that many copies of the gene of interest are 

present, leading to high levels of expressed protein. Transient transfection is most efficient 

when super coiled plasmid DNA is used (The QIAGEN transfection resource book, 

QIAGEN, 1999). Within a few days most of the foreign DNA is degraded by nucleases or 

diluted by cell division; and after a week, it can no longer be detected. Transient expression 

assays detect gene expression from un rearranged plasmid DNA. Thus, the level of 

expression is position independent and not influenced by surrounding chromosomal 

elements. Less time and labor are required uptake and level of the expression can variable 

from one assay to the next, experiments must be carefully controlled. Transient expression 

systems are extremely useful for studying elements that regulate gene expression or when it 
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is important to have experimental results within a short time frame (Colosimo et al., 2000). 

This system offers a convenient means to compare different vectors and ensures that an 

expression plasmid is functional before using the expression plasmid to establish a stable 

transfected expression cell line (Kaufman, 1997). More recently, this method has 

demonstrated its ability to produce large amounts of recombinant proteins in large-scale 

(Jordan et al., 1996, Meissner et al., 2001, Durocher et al., 2002, Girard et al., 2002, Pick et 

al., 2002). Transient expression system can be evaluated in terms of the protein products 

synthesized in the transfected cell, such as the activity of a reporter gene that is not 

endogenously expressed in the cell type used. The most common reporter gene systems 

include bacterial chloramphenicol acetyltransferase (CAT), β-galactosidase (β-gal),firefly 

luciferase (Luc), human placental alkaline phosphatase (AP), β-glucuronidase(GUS) and 

green fluorescent protein (GFP) {Transfection guide, Promega, 1999; Guideto eukaryotic 

transfections with cationic lipid reagents, Life Technologies, 1999; TheQIAGEN transfection 

resource book, QIAGEN, 1999; (Alam and Cook, 1990)}. Presently, GFP is widely used to 

estimate DNA uptake efficiencies in mammalian cells because it can be detected with high 

sensitivity and minimal invasive treatment in live cells (Pick et al., 2002). 

2.13.1 Large-scale transient transfection 

The great advances made in genomics and proteomics during the past decade have 

positioned recombinant-proteins as major therapeutic biomolecules and drug targets (Chu 

and Robinson, 2001). The increasing demand for milligrams of recombinant proteins to be 

used in pre-clinical, biochemical, and biophysical studies justifies the need for a rapid and 

scalable expression system. Mammalian expression systems are more appropriate for 

providing soluble and fully processed recombinant proteins. Widely used stable expression 

systems require considerable investment in time, human resource and bioreactor equipment, 

therefore this technology is not readily amenable to high-throughput mode, while transient 

transfection technology has demonstrated to produce large amounts of recombinant-proteins 

within a few days (Durocher et al., 2002, Pick et al., 2002, Pham et al., 2003, Wright et al., 

2003). Transient gene expression in mammalian cell lines was reviewed in 1999 by Wurm 

and Bernard (Wurm and Bernard, 1999) and they described the key features (some have been 

mentioned below) of most transient expression systems. 
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 Simplicity, particularly in the construction of expression vectors. 

 Extremely short time frame for the generation of product (days). 

 Intrinsic genetic stability and consistency due to extremely short time frame between       

generation of a vector and the product recovered. 

 Applicability to a wide range of host cell lines. 

 Suitability for multiple processing, allowing studies of many genes or mutants at the 

same time. 

For an optimal large-scale transient transfection and recombinant protein expression 

in mammalian cells, some key aspects need to be taken into account such as the cell line, the 

expression vector, the transfection vehicle, and the culture medium. 

2.14 Stable transfection 

In order to achieve stable transfection, the transgene must be able to replicate in 

synchrony with the cell. This occurs as a result of spontaneous integration of the transfected 

plasmid into the host genome. In a small fraction of transfected cells, the added DNA is 

incorporated into the cell’s genome by recombination (Figure 2.8). Although linear DNA 

results in lower DNA uptake, it yields optimal integration of DNA into the host genome (The 

QIAGEN transfection resource book, QIAGEN, 1999). Cells containing integrated DNA are 

rare and must be amplified by selection for drug resistance or identified as a result of 

phenotypic alteration. 
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Figure 2.8: The general mechanism of stable integration. Stable expression is achieved by 

integration of the gene of interest into the target cell's chromosome: (A) Initially the gene of 

interest has to be introduced into the cell, (B) subsequently into the nucleus (C) and finally it 

has to be integrated into chromosomal DNA  

Stable gene expression experiments require several weeks to perform and longer if it 

is necessary to verify protein yield. However, the resulting cell line could be a stable source 

for protein production or used to develop transgenic animals (Guide to eukaryotic 

transfections with cationic lipid reagents, Life Technologies, 1999). These systems are 

particularly useful when large quantities of protein are required. Stable transfection 

technologies have delivered kilograms of complex proteins from mammalian cells (Wurm, 

1990, Colosimo et al., 2000). Typically, cells are maintained in non-selective medium for 1 – 

2 days post-transfection, and then cultivated in selective medium containing the drug. The 

use of the selective medium is continued for 2 – 3 weeks, with frequent changes of medium 

to eliminate dead cells and debris, until distinct colonies can be visualized. Individual 

colonies are sub-cloned to multi-well plates for further propagation in the presence of 

selective medium. A typical vector used to enrich successfully transfected cells will carry a 

gene essential for the survival of a given cell line that is either defective in the gene or void 

of the gene. Classic selectable markers such as thymidine kinase (tk), dihydrofolate reductase 
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(dhfr), hypoxanthine guanine phosphoribosyl transferase (hprt) and adenyl phosphoribosyl 

transferase (aprt) genes can only be used in cells deficient in TK, DHFR, HPRT and APRT, 

respectively. Alternatively, genes that confer resistance to cytotoxic drugs are quite effective 

in situations when the cell line is not defective in one of the endogenous genes mentioned 

earlier. For example, the most common selection marker is the amino glycoside 

phosphotransferase (aph) gene that confers resistance to antibiotics such as kanamycin, 

neomycin and geneticin (Transfection guide, Promega, 1999; Guide to eukaryotic 

transfections with cationic lipid reagents, Life Technologies, 1999; The QIAGEN 

transfection resource book, QIAGEN, 1999). An additional approach to select or enrich 

transfected cells relies on the fluorescence-activated cell sorting (FACS) analysis. Cell 

selection is based on expression of cell surface proteins that bind specific antibodies, (for 

example, human and murine CD24), that will facilitate FACS identification of cells carrying 

the expression vector (Colosimo et al. 2000) 
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3.1 Addition of secretary signal at 5’end of EPO gene 

3.1.1Source of plasmid   
 

Three different Mammalian expression vectors were used in this study pcDNA3.1-

EPO, pcDNA3.1-SS-EPO and pcDNA3.1-K-SS-EPO. The plasmid pcDNA3.1-EPO 

containing only mature EPO protein sequence was provided by CEMB. In this plasmid 

495bp of EPO gene was cloned into EcoR1 and BamH1 restriction sites (Figure3.1). This 

plasmid was used as a starting material for the construction of other two EPO secretory 

plasmid with and without Kozak sequence. 

 

 
 

 

 

 

Figure 3.1: Schematic representation of  pcDNA3.1-EPO. In this plasmid EPO mature 

protein sequence was cloned into EcoR1 and BamH1 restriction sites of pcDNA3.1 

mammalian expression plasmid.this plasmid was used as template to construct other EPO 

expression plasmids (pcDNA3.1-SS-EPO and pcDNA3.1-K-SS-EPO) used in this study. 
 

3.1.2 Designing of over lapping primers 

 

 For the addition of secretary signal sequence at 5’end of EPO gene a set of over 

lapping primers were designed according to the reported secretory signal sequence of EPO 

mRNA(Accession no: BC093628) obtained from the National Center for Biotechnology 

Information ( NCBI). Nucleotide sequences of primers and their expected PCR product sizes 

are given in Table 3.1. Primers were synthesized and re-suspended in TE The final 

concentration of 1g/l was obtained and further diluted as 10pM/l. Primers were used for 

the addition of secretory signal using PCR- based extension technique. 
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Figure 3.2: Schematic diagram showing the secretary signal addition: 81bp of secretary 

was added using six overlapping primers before the 495 bp of mature EPO. Sequences of 

primers are given in Table 3.1.  

 

 

Table-3.1: Primer sequences used for the addition of secretary signal and Kozak sequences. 

Restriction sites are highlighted as Grey and bold letter showing the start codon 

 

 

  

 

 

 

No. Primer 

name 

Sequences of primers Expected PCR 

product size 

1 S1 CTCCCAGTCCTGGGCGCCCCACCACGCCTC 516bp 

2 S2 TCGCTCCCTCTGGGCCTCCCAGTCCTGGGC 531bp 

3 S3 CTCCTGTCCCTGCTGTCGCTCCCTCTGGGC 546bp 

4 S4 GCCTGGCTGTGGCTTCTCCTGTCCCTGCTG 561bp 

5 S5 GTGCACGAATGTCCTGCCTGGCTGTGGCTT 576bp 

6 S6 GAATTCATGGGGGTGCACGAATGTCCTGCC 588bp 

7 K CTCGAGGCCACCATGGGGGTGCACGAATGT 594bp 

8 SR GGATCCTCAGTCCCCTGTCCTGCAGGC  



37 
 

3.1.3 PCR amplification of EPO gene using over lapping   

primer  
  

 For the addition of 81 nucleotides secretary signal sequence at 5'end of mature EPO 

protein sequence, pcDNA3.1-EPO was used as template. First amplification was performed 

using S1 as forward and SR as reverse primer (Table 3.1 and Table 3.2). PCR protocol was 

used that involved 35 cycling steps with 65
 o

C annealing temperature (Figure 3.3). After the 

completion of first PCR, 516bp product was eluted (3.1.4) and used as template for next 

PCR. This procedure was repeated for six times and each time same reverse primer (SR) but 

different forward primer (S1-S6) was used. In each round of amplification 15bp of secretary 

signal were added, but in last round of PCR 12 bp including restriction site was added.  

 In another approach six nucleotides of Kozak sequence (GCCACC), was also added 

before the start codon of EPO-cDNA construct by using the primer K as forward and primer 

R as reverse primers (Table 3.1).The template for this PCR was a 588bp fragment of S6 and 

SR PCR product  and PCR conditions were same as given in Figure 3.3. 

 

                               Table 3.2: Components and concentrations of 

                               PCR reaction 

 

 

 

 

 

 

 

 

Component Volume 

pcDNA3.1-EPO (50ng) 2.0μl 

2X PCR Master Mix 7.5μl 

Reverse Primer (10 pm) 1.0μl 

Forward Primer (10 pm) 1.0μl 

ddH2O  up to 15.0μl 
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 Hold 1                            Hold 3                                          Hold 2 

 

 

 

 

 

 

Figure 3.3: Cycling conditions for amplification with S1 to S6 over lapping primers 

 

3.1.4  Gel electrophoresis 
 

 After the completion of each PCR reaction, DNA was resolved on 1.2% TAE 

agarose gel along with 100bp DNA size marker on the basis of molecular weight; mixing 

samples with 6x loading dye (Fermentas, USA). Gel was run at 100V for 35min until it 

covered the 2/3 of the distance. Then observed under ultra violet (U.V) light and picture was 

taken for further analysis. 

 

3.1.5 Purification of PCR product through gel elution 

 

 After PCR amplification, the PCR products were purified through gel elution for 

further use either for cloning or for used as template. Purification of DNA from the agarose 

gel slice was done by QIAquick gel extraction kit (Qiagen, USA). The desired band was cut 

with a sterilized surgical blade and put in eppendorf tube. QG-buffer was added in three 

volumes of the cut slice and put at 56
o
C for 10min to melt the gel. Spun briefly and passed 

the mixture into the column by spinning at 13,000rpm for 1min. The flow through buffer was 

discarded, and added 500µl QG-buffer and centrifuged at 13,000rpm for 1min. Then 750µl 
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of Wash buffer (PE-buffer) was added after discarding the flow through and centrifuged 

twice at 13,000rpm for 1min. The column was placed in a new tube adding 20µl of ddH2O at 

room temperature and spun down the DNA at 13,000rpm for 2min. The eluted DNA was 

stored at -20
o
C till used. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.4: Schematic representation pCR2.1 TA cloning vector. EPO-cDNA costructs were 

cloned into pCR2.1 TA cloning vector.  

 

3.2 Cloning of EPO-cDNA constructs into pCR 2.1 vector 

 

 Final PCR products (SS-EPO and K-SS-EPO) were inserted into a sequencing vector 

pCR2.1. Cloning was performed using a TA cloning kit, pCR2.1-TOPO (Invitrogen). 
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3.2.1 Ligation reaction 

 For the cloning of EPO-cDNA constructs ligation was done into pCR2.1 vector using 

component of TA Cloning Kit (Invitrogen, USA). Vector to insert ration of 1:3 and 1:10 was 

used for ligation, the amount of insert required for ligation with 50ng of the vector was 

calculated using the following formula: 

  

 

Amount of insert = ng of vector × Kb size of insert × molar ratio of insert: vector 

Kb size of vector 

     

The reaction mixture for ligation product was incubated overnight at 14
o
C with other 

components of ligation reaction (Table 3.3). 

 

                      Table 3.3: Components and concentrations of 

                       ligation reaction 

 

Component     Volume  

PCR 2.1 vector (25ng/µl) 2.0μl 

10X ligation buffer 1.0μl  

T4 DNA ligase (5U/µl) 1.0μl 

PCR product(EPO-cDNA) Xµl (20-50ng) 

dH2O  up to 10.0μl 

 

3.2.2 Competent cell preparation 

 

 Competent cells are those bacteria cells which can accept extra-chromosomal DNA 

or plasmids with greater efficiency of transformation than normal cell of the same strain. 

Increased transformation efficiency of these cells comes from exposure to concentrated salt 

solutions. For Competent cells preparation a single colony of E.coli strain DH5α was 

inoculated in 4ml L.B broth (Appendix-II) and incubated at 37
o
C for overnight. Next day 
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overnight culture of DH5α was diluted to 100 times (1ml in 100ml) in L.B broth and 

incubated at 37
o
C with shaking for 3-4hrs until O.D is 0.6 at 600nm. The cells were 

recovered by centrifugation, with following specifications, break at 0, 3K/4
o
C for 10min, in 

four 50ml corning tubes. Cell pellet was re-suspended in 30ml MgCl2-CaCl2 (Appendix-II) 

and incubated on ice for 20min. Cells again recovered by centrifugation at 4,000rpm/4
o
C for 

10min and re-suspended in 4ml of 0.1M CaCl2. For frozen stock of competent cells 140µl of 

DMSO per 4ml of re-suspended cells were added, gently swirled and incubated on ice for 

15min. The aliquots of cells were made as 50µl/vial and stored at -70
o
C. 

 

3.2.3 Heat shock transformation 

 

 Ligated products were transformed into DH5α competent cells through heat shock 

transformation method. The ligation product (5µl) was added into 50μl of competent cells 

and placed the cells on ice for 30min. The water bath was set at 42
o
C and heat shock was 

given to the cells for 90sec. Cooled it again on ice for 5min and 250μl of SOC medium was 

added into each tube (Appendix-II). Transformed cells were incubated for 45min at 37
o
C 

with shaking. Spread 200µl of the growth medium on LB/AMP/IPTG/X-GAL plates. 

Transformed colonies appeared after incubation at 37
o
C overnight (16 hours) with blue and 

white screening. 

 

3.2.4  Plasmid DNA isolation (Mini prep) 

 

 Plasmid DNA was isolated on small scale (5 ml) by alkali lysis with SDS from 

bacterial culture. 5ml of LB broth containing antibiotic (50mg/ml AMP/L.B) was inoculated 

with a single white colony, grown on LB/AMP/IPTG/X-GAL plate and incubated at 37
o
C 

overnight with shaking. The cells were harvested by centrifuging at 13000 rpm at 4
o
C for 5 

minutes. Supernatant was discarded and the cells were re-suspended in100µl of ice cold 

solution I (Appendix- II).Then added 200µl of freshly prepared solution II was added and 

mixed by gently inverting the tube for5- 6 times. Incubate at room temperature for 5 minutes. 
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300µl of ice cold potassium acetate was added, mixed and incubated on ice for 5 min, then 

centrifuged for 10 minutes at 13000 rpm at 4
o
C. 

 Supernatant was transferred into a new micro centrifuge tube and equal volume of 

phenol:chloroform: isoamyl-alcohol (25:24:1) added, vortexed for 1 minute and centrifuged 

at room temperature for 10 minutes at 13000rpm.Above aqueous phase was separated 

carefully and transferred into a new micro centrifuge tube, 1 ml of absolute ethanol and 50µl 

of potassium acetate were added to it and incubated at -20
o
C temperature for 60 min. The 

DNA was pellet down by centrifugation at 13000 rpm for 10 minutes. DNA pellet was 

washed with 70% ethanol and re-centrifuged for 15 minutes at 13000 rpm. The supernatant 

was discarded and air-dried the pellet. The pellet was re-suspended in 50µl of nuclease free 

ddH2O and stored at 20
o
C. 

 

3.2.5 Confirmation of pCR2.1 vector with insert 

 

 To confirm the gene insert in pCR2.1 vector, restriction digestion of pCR2.1 vector 

was done by endonuclease EcoR1 restriction enzyme and incubated at 37
o
C for one hour with 

reaction mixture (Table 3.4). Run the digested product on 1% agarose gel according to the 

protocol as described above (Section 3.1.4). 

 

               

                        Table 3.4: Components and concentrations  

                                      of restriction digestion reaction 

 Components Concentrations 

EcoR1 (10U/µl) 1.0μl  

10XEcoR1 buffer 1.0μl 

Plasmid DNA  Xµl(2µg) 

ddH2O  up to 10.0μl 
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3.3  Sequencing PCR 

 

 Both plasmid constructs (having SS-EPO and K-SSEPO) were sequenced for 

confirmation of insert at the standard cycling conditions (Table 3.6). Component of 

sequencing PCR reaction are given in Table 3.5. Sequence analysis of the plasmid DNA was 

performed according to the manufacturer’s protocol using BigDye™ Terminator v3.0 Cycle 

sequencing kit (Applied Biosystems, Germany). Sequencing for both positive and negative 

strands on automated sequencer (Applied Biosystems 3700 DNA Analyzer) was performed.  

 

                                Table 3.5: Components and concentrations of PCR reaction 

 

 

 

 

 

    Table 3.6: Sequencing PCR program profile 

 

Steps Time [min] Temperature [°C] 

Initial denaturation 3 95 

Denaturation 0.45 95 

Primer annealing 0.50 50 

Extension 4 60 

Final extension 15 60 

 

 

 

Component Concentrations 

5X sequencing buffer 1.5μl 

R or F M13 primer (5pM) 1.0μl 

Template DNA (500ng) 1.0µl 

Big-Dye 1.0μl 

ddH2O 5.5μl 

Total volume 10 μl 

40-cycles 
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3.3.1 Ethanol precipitation of the sequencing PCR product 
 

 The sequencing PCR products were precipitated before given to sequencing lab 

(CAMB, University of the Punjab, Lahore) for further analysis. 40µl of 75% ethanol was 

added to PCR products and incubated at room temperature for 25min. The PCR products 

were centrifuged for 20min at 13,000rpm/4
o
C. Ethanol was removed and washed with 125µl 

of 70% ethanol and centrifuged for 10min at 13,000rpm. The ethanol was discarded and air-

dried the pellet. The pellets were resuspended in 15µl formamide and transferred into 96-

wells sequencing plate. The samples were denatured for 5min at 95C and quickly chilled on 

ice for 10min. The sequencing data was obtained by running the samples on an ABI Prism 

3700 DNA analyzer according to manufacturer’s instructions. Sequence was analyzed 

manually by using Chromas software. 

 

3.3.2Sequence analysis 

The deduced nucleotide sequence of the EPO gene was compared with the consensus 

sequences of previously reported EPO gene (www.ncbi.nlm.nih.gov/BLAST/).  

  

3.4  Sub-cloning of EPO-cDNA constructs into 

mammalian expression plasmid  
 
 For expression analysis, mammalian expression vectors of EPO gene were generated 

by sub-cloning of EPO-cDNA constructs into pcDNA3.1 vector. First of all EPO-cDNA 

constructs were digested from pCR2.1 sequencing vectors, and re-ligated into pcDNA3.1. All 

the steps of cloning were carried out in the same way as in the cloning of TA vector pCR2.1 

(Section 3.2). 
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3.4.1 Restriction digestion 

 Restriction digestion of pCR2.1 vectors having EPO-cDNA constructs were done 

with EcoR1 and BamH1 for SS-EPO while Xho1 and BamH1 restriction enzymes were used  

to get K-SS-EPO cDNA construct (Table 3.7). 

The pcDNA3.1 vector was linearized by digestion with respective restriction enzymes 

as mention above to provide sticky ends for ligation of EPO-cDNA constructs into the 

vector. All the reaction mixtures (Table 3.8) were incubated at 37
o
C for two hours  

 

          Table 3.7: Components and concentrations for restriction of TA vectors  

  Concentrations 

TA-SS-EPO TA-K-SS-EPO 

BamH1(10U/µl) 1μl 1μl 

EcoR1(10 U/μl) 1μl - 

XhoI(10 U/μl) - 1μl 

10XTango yellow buffer 4.0μl 4.0μl 

TA vector  Xµl(4µg) Xµl(4µg) 

ddH2O  up to 20.0μl up to 20.0μl 

 

 

           Table 3.8: Components and concentrations for pcDNA3.1restriction digestion  

Component Concentrations 

For, SS-EPO For, K-SS-EPO 

BamH1(10U/µl) 1μl 1μl 

EcoR1(10 U/μl) 1μl - 

XhoI(10 U/μl) - 1μl 

s10X Tango yellow buffer 4.0μl 4.0μl 

pcDNA3.1 vector  Xµl(4µg) Xµl(4µg) 

ddH2O  up to 20.0μl up to 20.0μl 
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3.4.2  Restricted DNA purification through gel elution 

 

 The restriction digested DNA samples (EPO-cDNA constructs and pcDNA3.1 

vector) were purified through gel elution for sub-cloning using QIAquick gel extraction kit 

(Qiagen, USA) as described above (Section 3.1.5).  

 

3.4.3 Ligation of EPO-cDNA constructs into pcDNA3.1  

 

 Digested EPO-cDNA constructs was ligated into pcDNA3.1 mammalian expression 

vector. Digested vector and cDNA constructs were ligated in different ratios and incubated at 

14°C overnight with other components of ligation reaction (Table 3.9).  

 

Table 3.9: Components and concentrations of ligation reaction 

Component Concentrations Volume 

Digested pcDNA3.1 (50ng/µl) 2μl 

Digested EPO cDNA constructs Yµl 

T4 DNA ligase (5U/µl) 1.0μl 

10x ligation buffer 1.0μl  

ddH2O  up to 10.0μl 

 

 

3.4.4 Heat shock transformation and plasmid isolation 

 

 Heat shock transformation method was used for transformation of the ligated 

plasmid as described above (Section 3.2.3). Transformed cells were spread on LB/Amp 

(50mg/ml) plates and incubated at 37
o
C overnight (16 hours).  Isolation of the plasmid 

DNA was done according to the alkaline lysis protocol as described above (Section 3.2.4). 
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3.4.5 Confirmation of the cloned EPO gene in mammalian 

expression vector  
 
 The digestion of constructed vector was performed with corresponding restriction 

enzymes to confirm the size of plasmid made with gene of interest, the protocol followed as 

above. Sequence analysis of the plasmid DNA of constructed mammalian expression vector 

was also performed to confirm the cloning of both version of EPO gene (with and without 

Kozak sequence) into mammalian expression vector. Sequencing protocol was same as 

described above (Section 3.3), except the primers (T7 and BGH) and annealing temperature 

52°C was used.  

 

3.5  Maxi preparation of plasmid DNA 

 

 The yield and quality of the plasmids (e) constructed were increased using 

QIAGEN plasmid purification kit (Qiagen, USA). Qiagen Plasmid purification protocol is 

based on modified alkaline lysis procedure through binding of DNA to an anion-exchange 

resin under appropriate low salt (RNA, proteins, dyes, and low molecular weight impurities 

removed by medium salt wash) and pH conditions. Protocol was followed according to the 

manufacturer’s guide briefly described below. 

 A single bacterial colony from freshly streaked selective plate was picked and 

inoculated in a starter culture of 5ml L.B/Amp (50µg/ml) medium and incubated for 

approximately 8hrs at 37°C with vigorous shaking. The starter culture was diluted 1/500 into 

L.B/Amp (50µg/ml) medium and incubated for approximately 12hrs at 37°C with vigorous 

shaking. The culture was harvested by centrifugation at 6,000xg for 15min/4°C. Cell pellet 

was resuspended in 10ml of P1 buffer; 10ml P2 buffer was added for cell lysis, mixed 

thoroughly by inverting the tube 4-6 times and incubated for 5min at room temperature for 

complete cell lysis. Then 10ml of chilled P3 buffer was added, and mixed immediately for 

precipitation. Poured the cell lysate into the barrel of QIAfilter cartridge and incubated at 

room temperature for 10min. The outlet nozzle cap of QIAfilter cartridge was removed and 
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gently inserted the plunger into it; lysate was filtered out into a new 50ml tube. ER buffer 

5ml was added to the filtered cell lysate mixed completely and incubated on ice for 30min to 

remove endotoxin. In the meanwhile, QIAGEN-tip 500 was equilibrated by applying 10ml 

QBT buffer and allowed the column to empty by gravity flow. The filtered lysate was applied 

to the QIAGEN-tip and allowed to enter the resin slowly by gravity flow. QIAGEN-tip was 

washed with 2 x 30ml QC buffer. DNA was eluted with 15ml buffer QF and precipitated the 

DNA by adding 10.5ml (0.7 volumes) room temperature isopropanol to eluted DNA. Mixed 

and centrifuged at ≥ 15,000rpm for 30min/4°C and discarded the supernatant. DNA pellet 

was washed with 5ml of 70% ethanol followed by centrifugation at ≥15,000rpmfor 10min 

and decanted the supernatant. The pellet was air-dried for 5-10min and dissolved in 100ml of 

ddH2O. DNA concentrated was determined by Nanodrop spectrophotometer (ND-100 

spectrophotometer, Optiplex, USA) at 260nm and on 0.8% agarose gel. 

 

3.6 Cultivation of cells 

3.6.1 Huh-7 cells  

 The human hepatoma cell line Huh-7, (a well differentiated hepatocellular 

carcinoma cell line derived from a 57 year old Japanese male) was routinely grown in high 

glucose Dulbecco’s modified eagle medium (DMEM) supplemented with 100µg/ml 

penicillin, 100µg/ml streptomycin and 10% fetal bovine serum (FBS) (Sigma Aldrich, USA) 

at 37°C with 5% CO2. Huh-7 cells were chosen for this study by keeping in view the fact that 

EPO is naturally not only produced by the kidney but liver is also a production site of EPO 

(Maxwell et al., 1994). And this liver cell line (Huh-7) have never screened before for EPO 

production. 

 

3.6.2 CHO cells 

The CHO-K1 cell line was derived from the ovary of an adult Chinese hamster by T. 

T. Puck in 1957. The CHO were cultured in DMEM Ham’s F12 medium supplemented with 

100µg/ml penicillin, 100µg/ml streptomycin and 10% fetal bovine serum (FBS) (Sigma 

Aldrich, USA) at 37°C with 5% CO2.  
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3.6.3 Cell splitting and plating 

 Cell lines grown in appropriate medium (as described above), was splitted and 

plated for transfection. Medium, trypsin EDTA (Invitrogen life technologies, CA), and 

1XPBS were incubated at 37
o
C for half an hour before use. The old medium of the cultured 

cells was removed from the flasks, washed with 5ml of 1XPBS and then 3ml of trypsin 

EDTA was added to dislodge the cells and placed at 37
o
C for 3-5min. Then 5ml of fresh 

medium, containing 10%FBS and antibiotic, was added to the flask to neutralize the trypsin 

EDTA, and cells with medium were shifted  to 15 ml culture tube and centrifuged for 2-3min 

at 3,000rpm. Supernatant was removed and 10ml of fresh medium was added to resuspend 

the cells into single cell suspension (5-10 times). The exact count of cells was done with 50µl 

of the cells aliquot after mixing with equal volume of trypan blue (Sigma Aldrich, USA) 

using a haemocytometer. Appropriate number of cells were seeded in tissue culture plates, 

according to need and incubated at 37
o
C with 5% CO2. 

3.7 Transient transfection of EPO-cDNA constructs 

A day before transfection, approximately 3.5x10
5
 CHO cells was seeded into 60mm 

plates and culture in CCM. Next day these cells were transiently transfected with constructed 

plasmids (pcDNA3.1-EPO, pcDNA3.1-SS-EPO and pcDNA3.1-K-SS-EPO using 

Lipofectamine™ 2000 (Invitrogen life technologies, CA) according to the manufacturer’s 

protocol. pcDNA3.1 was used as an empty vector for mock transfection. After 6 hours 

incubation at 37°C in 5% CO2, cells were washed with 1x PBS and CCM was added to the 

cells. Cells were harvested at 24 and 48 hours post-transfection to analyze the EPO 

expression at mRNA and protein level. Similarly the Huh-7 cells were transfected as 

described above.  

3.8 Stable transfection of EPO gene in both cell lines 

 The aim of the present study was to develop an indigenous technology fo 

erythropoietin production. For this purpose stable expression of EPO gene was studied in 
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both cell lines. During the stable cell line generation heterologous DNA (EPO gene)  has 

integrated into the host genome and is maintained throughout many generations. This method 

is extensively used for large scale recombinant protein production. Several selection markers 

can be used to develop the stable lines (for detail see Section 2.14). In this study cytotoxic 

drug Zeocin was used to create the selection pressure. Summarized protocol for the 

generation of stable cell line is shown in Figure 3.5. 

3.8.1 Toxicity analysis of CHO and Huh-7Cell line for 

Zeocin 

 As pcDNA3.1 plasmid contain Zeocin resistant gene, for stable cell line 

development the minimum level of Zeocin toxicity has to be determined for both cell lines. 

For this purpose, CHO and Huh-7 cells were cultured in 6-well plates and different 

concentrations of Zeocin (200μg/ml, 300μg/ml, 400μg/ml, 500μg/ml, 600μg/ml, 700μg/ml, 

750μg/ml, 800μg/ml, 850μg/ml, 900μg/ml, 950μg/ml, and 1000μg/ml) were evaluated for 

toxicity. The lowest level of drug that begins to give massive cell death in 3 days and kills 

about all the cells within two weeks was selected for generation of stable cell line.  

 

3.8.2 Plasmid linearization 

 

 To linearize the plasmid DNA for stable transfection the restriction digestion was 

performed, and BglII was selected as a suitable restriction enzyme, that is not disrupting the 

promoter and the EPO gene. Linearization of vector will decrease the likelihood of the vector 

integration into the genome in a way that disrupts the gene of interest or other elements 

required for protein expression.  

 The 12μg of pcDNA3.1-K-SS-EPO and empty plasmid pcDNA 3.1 (as –ve control 

having no insert) were digested with BglII enzyme (Table 3.10). Samples were incubated at 

37 
o
C for 2 hours then 2μl SAP (shrimp alkaline phosphatase) was also added, to 

phosphorylate the ends of linearized plasmid, and incubated at 37
 o

C for 30 min. The 

plasmids were then purified by QIAGEN PCR purification kit according to the manufacturer 

protocol. One µg of purified plasmids were run on 0.8% agarose gel according to the 

protocol as described above (Section 3.1.4). 
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Figure 3.5: Schematic representation of stable cell line gene 
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  Table 3.10: Components and concentrations 

                                       for plasmid linearization 

 

Component Concentrations 

BglII (10U/µl) 6.0μl 

10X EcoR1 buffer 10.0μl 

Plasmid DNA Xµl(12µg) 

ddH2O up to 50.0μl 

 

 

3.8.3 Transfection and drug selection 

 

 The confluent cells were harvested and 3×10
5
cells were seeded in 3 of 100mm plates, 

one for pcDNA3.1-K-SS-EPO, one for pcDNA3.1 (empty plasmid) and one plate as negative 

control without any transfection. Total 15 ml of media (DMEM Hams F12 plus 10% FBS) 

was added in each 100mm plate. After 24 hours the transfection was done using 

Lipofectamine™ 2000 (Invitrogen life technologies, CA) according to the manufacturer’s 

protocol. After 2 days of transfection the media was changed with the selection media 

(DMEM Hams F12 + 10% FBS + 100µg/ml penicillin/streptomycin + 1mg/ml Zeocin).The 

selective medium (with Zeocin) is continued for 2 – 3 weeks, with regular changes of 

medium after every 2 days to eliminate dead cells and cell debris, until discrete and isolated 

colonies can be visualized. After 3 weeks, isolated colonies began to appear (Figure 4.20) 

and almost all of the cells from negative control had died. 

 

3.8.4 Isolation of Zeocin resistant clones 

 

 Clones from the isolated colonies were picked and transferred to the 96-well plate 

for further propagation. After 7 days, when the cells were 90% confluent, the cells were 

harvested by adding 50µl trypsin/EDTA and transfer to the 24-well plates. The cells were 
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confluent after 4 days, and then shifted to 6-well plates. When the cells were confluent, again 

cells were harvested, half were used for expression analysis by RT-PCR and half again 

transferred to 6-well plates. The clones with better expression were preserved at -70 °C and 

further propagated for expression analysis through ELISA and western blotting. The best 

selected stable clones were stored in liquid nitrogen by adding the 20% FBS and 5% 

dimethyl sulfoxide (DMSO). 

 

3.9 Total RNA isolation from transfected cells 

3.9.1 First method for RNA isolation   

 Total RNA was extracted from the transfected (transient and stable) CHO and Huh-

7 cells using the Trizol reagent (Invitrogen Life sciences, CA). The media from the cells was 

discarded and the cells were washed with 1XPBS.  Trizol was added each plate or well and 

slightly shaken to get the mixture of the cells transferring into eppendorf tubes. Chloroform 

was added in each eppendorf tube containing Trizol cell mixture and mixed well for 2-5 

times and centrifuged at 13,000rpm/4C for 15min. The upper transperant layer containing 

cellular RNA (leaving behind precipitated protein-DNA) was transferred into a new clean 

1.5ml tube containing 500μl 100% Isopropanol and centrifuged at 13,000rpm for 15min; the 

isolated RNA was visible as a small, translucent pellet. The supernatant was discarded and 

500μl of 70% ethanol and inverted the tube several times to wash the RNA pellet before 

centrifugation at 13,000rpm for 10min. Carefully poured off the ethanol from the tubes and 

pellet was air dried for 10-15min. 20μl of RNA hydration solution was added for 

resuspension. Allowed RNA to hydrate at least for 30min in an ice bath and quantified by 

Nanodrop spectrophotometric method and stored the samples at -70°C until used. Before use, 

sample was vigorously vortexed for 5 seconds and pulse spin. Pipette samples up and down 

several times to ensure adequate mixing.  
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3.9.2 Second method for RNA isolation 

 

 An alternate method was also used for RNA isolation using Purescript® RNA 

Isolation kit (Gentra System Pennsylvania, USA) according to the manufacturer protocol. 

Cell lysis solution (500μl for six well plate and 1000μl for 60mm plate) was added to plate 

and mixed well, then 300μl or 600 μl of DNA-Protein precipitation solution was added and 

transferred into eppendorf. Tubes were vortexed for 3-5sec. After vortexing the tubes were 

placed on ice for about 5min and then centrifuged for 10min at 13,000rpm. The supernatant 

from the centrifuged tubes was poured into a new sterile tube containing 500μl of 

Isopropanol (2-propanol) and centrifuged for 10min at 13,000rpm to precipitate the RNA. 

Supernatant was discarded and subsequent washing of the RNA pellet with 500μl of 70% 

ethanol was performed for 5min at 13,000rpm. Poured off the supernatant and the extracted 

RNA pellet was air-dried for about 5-10min. RNA pellet was rehydrated in 20μl RNA 

hydration solution (RNase free water) and put on ice for at least 30min or at -20ºC overnight 

for rehydration before proceeding for cDNA synthesis. 

 

3.10 Semi-quantitative RT-PCR 

3.10.1Primer designing for RT-PCR 

 A set of forward and reverse primers were designed for RT-PCR analysis of EPO 

using the Primer 3 software. As an internal control another set of primers of GAPDH gene 

were also designed using the same software. Sequences of primers and their expected PCR 

products are given in Table 3.11 

 

    Table 3.11: List of primers used for RT-PCR 

No. Primer name -3΄ Expected PCR 

product 

1 RT forward AGTTAATTTCTATGCCTGGAAGAGG 281bp 

2 RT reverse GGAAAGTGTCAGCAGTGATTGTT 

3 GAPDH-F ACCACAGTCCATGCC ATCAC 473bp 

4 GAPDH-R TCCACCACCCTGTTGCTGTA 
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3.10.2 Synthesis of cDNA  
 

   For EPO gene expression analysis at mRNA level first strand cDNA was prepared 

by first strand cDNA synthesis kit (Fermentas, USA) using 1µg of total RNA isolated from 

transfected cells. One µg of extracted RNA was mixed with 1µl of Oligo dT primer and 

volume was made upto 12µl. The tubes were spun and the samples were incubated at 70 ºC 

for 5min followed by quick chilling on ice. Then 4µl of 5X Reaction Buffer, 1µl of 

Ribonuclease Inhibitor and 2µl of 10mM dNTPs were added and incubated the samples for 

5min at 37ºC. 1µl of RevertAid H minus MMLV RTase enzyme was added and incubated at 

condition described in Figure 3.6.  The tubes were placed at 75ºC for 5min to terminate the 

first strand synthesis and then cooled to room temperature.  

 

          Hold 1                            Hold 1                                   Hold 1   

 

 

 

 

 

Figure 3.6: Thermal conditions for cDNA synthesis 

 

3.10.3 PCR amplification for RT-PCR 
 

     Semi-quantitative RT-PCR product was amplified by the regular PCR, using 

synthesized forward and reverse primers of the EPO gene with other components (Table 

3.12) under the optimized conditioned (Figure 3.7). GAPDH (a house keeping gene) was 

also amplified to normalize the data. The PCR conditions for GAPDH was same as given in 

42oC 

72oC 

  ∞ 

4oC 

10:00 

60:0

0 
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Figure 3.7 except the annealing temperature which was 58
ο
C in case of GAPDH.   The PCR 

products were subjected to electrophoresis. 

 

                             Table 3.12: Components and concentrations of  

                               RT-PCR reaction 

 

 

 

 

 

 

                 

 Hold 1                            Hold 3                                          Hold 2 

 

 

 

 

 

  

Figure 3.7: PCR conditions for mRNA (RT-PCR) analysis of EPO gene 

 

 

 

Component Volume 

cDNA  1.0μl 

2X PCR Master Mix 7.5μl 

Reverse Primer (10 pm) 1.0μl 

Forward Primer (10 pm) 1.0μl 

ddH2O  up to 15.0μl 

95oC 95oC 

72oC 72oC 

57 oC  
07:00 

  ∞ 
4oC 

00:30 
00:35 

05:0

0 
00:45 

30 Cycles 
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3.11 ELISA (Enzyme Liked Immunosorbent Assay) 

 

For intracellular EPO expression cells were harvested with ProteoJET mammalian 

cell lysis reagent (Fermentas, Canada), and for extracellular EPO expression supernatant was 

collected after 24 hours of transfection. Intra and extra cellular EPO expression analysis was 

performed through ELISA (DRG, USA) according to manufacturer’s protocol. Total 50µg of 

intracellular protein and 200µl of media for extracellular EPO expression analysis were 

subjected to ELISA. Absorbance was read at 450nm on ELISA plate reader to determine the 

concentration of EPO in samples. The intensity of the yellow color developed was directly 

proportional to the concentration of EPO. 

 

3.12  Western blotting 

 

 The total protein from the transfected and non-transfected cells was isolated and 

media was also collected for extra-cellular EPO expression analysis. The protein samples 

were separated on Polyacrylamide gels (PAGE) on the basis of size and transferred to a 

membrane for detection with antibodies as described below: 

 

3.12.1 Intra-cellular protein isolation and media collection 

 

    Conditioned medium was collected for extracellular EPO expression analysis, after 

24hrs and 48hrs of transfection. Collected media was stored at -20 after the addition of 

protease inhibitor. Cells were harvested for total protein isolation for EPO expression 

analysis. Harvested Cells were washed with 1XPBS and than collected by adding trypsin and 

centrifuged for 5min at 13,000 rpm/4
o
C. Supernatant was discarded and washed the pellet 

with 1XPBS. Then 100μl of lysis buffer (Appendix-II) was added to each pellet of cells, 

incubated on ice for 15min and centrifuged for 30min at 13,000rpm/4
o
C. Supernatant 

containing protein was shifted to new tube and stored at -20
o
C. The protein concentration 
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was determined by Bradford assay, a colorimetric protein assay based on absorbance of the 

dye. 

 

3.12.2Preparation of samples  

 

 For extracellular EPO expression analysis 25ul media (volume of sample may vary 

according to the size of plate, and volume of total collected media) was mixed with reducing 

dye. For intracellular EPO expression, based on the protein extraction yield the volume of 

sample to be added was calculated (containing 100µg of total isolated protein) and mixed 

with 5X reducing dye.  The microtubes containing the protein and loading dye were heated at 

boiling water bath for 2min, then placed on ice and again centrifuged to bring down 

condensation before loading into the gel. 

 

3.12.3 SDS gel electrophoresis 

 

 To separate the protein samples according to the size SDS Polyacrylamide gel was 

prepared using the components as described in Table 3.13. 

 

     Table 3.13: SDS PAGE components and concentrations  

Chemicals Resolving Gel 12%, 

Stacking  Gel 5% 

Resolving Gel 10%, 

Stacking Gel 5% 

Resolving Stacking Resolving Stacking 

30% Acrylamide 6.25ml 0.83ml 3.3ml 0.67µl  

1.5M Tris-HCl pH8.8 3.25ml _ 2.5ml _ 

1M Tris-HCl pH6.8 _ 1.25ml _ 1.25µl  

Water 4.79ml 2.89ml 4.2ml 3.1µl  

10% SDS 150µl 50µl 100µl 50µl  

10% APS 45µl 15µl 50µl 25µl  

TEMED 10µl 6µl  7µl 5µl 



59 
 

 

 The acrylamide gels apparatus was positioned in the gel holder assembly. All 

ingredients were added, except TEMED which was added at the end to help the 

polymerization. Invert tube gently after adding all components. The resolving gel was poured 

up to the 2/3 of the apparatus and added 70% ethanol on the top. The 70% ethanol was 

removed after the polymerization of gel, washed with water and wipe with filter paper before 

inserting the gel comb. Upper (stacking) gel was made as described and gently mixed before 

loading. 1X SDS-PAGE running buffer (Appendix-II) was poured into the Western blot tank 

(Bio-Rad, Germany). The samples were carefully loaded in the wells (using a fine-tipped 

pipette). Gel was run at 80V until the samples passed the stacking gel, turned the voltage up 

to 100V and allowed the samples to separate completely. 

 

3.12.4Transfer and blocking of membrane 

 

 After running the gel, gel was taken out of electrophoresis apparatus. The Hybond-

C membrane (Amersham, GE Healthcare, USA) and 6 pieces of blotting paper was cut to the 

same size as the gel and wetted for 5min in transfer buffer. The transfer stack was assembled 

in the following order: three pieces of blot paper soaked in transfer buffer, gel, pre-soaked 

membrane and three pieces of blot paper soaked in transfer buffer. Proteins in transfer buffer 

are negative in charge mostly due to residual SDS and therefore move from -ve to +ve pole. 

So the +ve electrode was above the nitrocellulose and the -ve side below the gel. Placed the 

stack upside down (gel side up) on semidry Transblot (Bio-Rad, Germany) and blotted for 1-

2hrs at 16 Volts. After SDS-PAGE and electrophoretic transfer, the membrane was blocked 

in 5% Skim milk in 1XTBS with 0.05% tween-20 (1XTBST) for 1hr at RT or at 4°C 

overnight.  
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3.12.5Antibody incubations 

 

 The blocked membrane was washed briefly with 1XTBST. The primary EPO 

specific-monoclonal antibodies (from Santa Cruz Biotechnology, Inc, USA) was diluted with 

a 2.5% Skim Milk in 1XTBST solution covering the membrane and incubated for 1-1/2 

hours at room temperature. The antibody was removed and performed 3 room temperature 

washes (10min each with extensive agitation) with 1XTBST. The membrane was incubated 

with the Horseradish peroxidase-conjugated anti-mouse antibodies (raised in goat, Sigma-

Aldrich, USA) for 1hour at room temperature. The secondary antibodies were removed and 

performed 3 room temperature washes as after primary antibody with 1XTBST. 

 

3.12.6 ECL viewing 

   Chemiluminescence has an advantage of perhaps an order of magnitude greater 

sensitivity than the dye based methods. In addition, several films may be exposed from a 

single blot, giving an advantage in interpretation of weak and strong signals on the same 

membrane. The reaction mix using Chemiluminescence’s detection kit (Sigma Aldrich, 

USA) was prepared just prior to use in order to maximize its effectiveness. The 

chemiluminscent solution was poured over the membrane, covering it completely with wrap 

saran. The membrane was incubated for 5min and squeezed away excessive solution. The X-

Ray film was placed on top of blot in the film cassette and exposed for 15sec -30min. The 

exposed X-Ray film was developed using Fujifilm developer and fixer solutions (Fuji film, 

Japan). 

  

3.13 Statistical analysis 

  

 All statistical analysis was carried out using SPSS software (version 16.0, SPSS 

Inc). Data is presented as mean ± SD. Numerical data was analyzed using student’s t-test 

and. P value < 0.05 was considered statistically significant. 
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4.1 Construction of expression vectors for erythropoietin 

gene expression analysis 

 

In order to construct the mammalian expression vector for EPO expression analysis 

first we cloned the amplified PCR products of different version of EPO gene into pCR2.1 TA 

cloning vector then sub-cloning into mammalian expression vector pcDNA3.1 was 

performed. Three different mammalian expression plasmid of EPO was obtained. 

4.1.1 Addition of secretary signal sequences at 5’end of     

 EPO gene 

 

   For the addition of secretary signal sequence before EPO mature protein sequence 

pcDNA3.1-EPO was used as template (See Materials and Method, Figure 1). This plasmid 

contained 495bp of EPO mature protein. PCR-based addition of secretary signal was 

performed for extra-cellular protein secretion using the six over lapping primers (see 

Materials and Method, Table I) After the first amplification of EPO gene with S1 forward 

and SR reverse primer 516 bp PCR product was obtained and resolved on 1.2% TAE agarose 

gel along with 100bp DNA marker. PCR product of S1 and SR primers was eluted from gel 

and used as template for next PCR amplification with S2 and SR primers. This procedure 

was repeated for six times and after each PCR 15 bp secretary signal sequence was added 

(Figure 4.1). Final PCR product was a fragment of 588 bp, having 495 bp of mature EPO 

protein sequence, 81 bp of signal peptide and 12 bp of EcoR1 and BamH1 restriction sites at 

5' and 3' end respectively. After the addition of secretor signal this EPO-cDNA construct was 

named as SS-EPO. 
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Figure 4.1: Secretary signal sequence addition by using PCR overlap extension technique A) 

PCR amplification of EPO gene by using S1 and SR primers. B to F) Sequential addition of 

signal peptide after EPO gene elution (516bp), at each step PCR product was eluted and used 

as template in next PCR. Amplification was achieved by using S2, S3, S4, S5 and S6 primer 

respectively. Lane 1: 100bp DNA size Marker and Lane 2 and 3: Amplified PCR product 

with respective primer for the addition of secretary signal. Final PCR product was a fragment 

of 588 bp named as SS-EPO.  

4.1.2 Addition of Kozak sequences at 5’end of EPO gene 

 

 For increased production of EPO six nucleotides of Kozak sequence (GCCACC), 

was added before the start codon of EPO-cDNA construct by using the primer K as forward 

and primer R as reverse primers (Table 1). PCR product was obtained and resolved on 1.2% 
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TAE agarose gel along with 100bp DNA marker (Figure 4.2). After the addition of Kozak 

sequence the size of this EPO-cDNA construct was 594bp including the Xho1 and BamH1 

restriction sites at 5'and 3'end respectively. This EPO-cDNA construct was named as K-SS-

EPO. 

 
Figure 4.2: Kozak sequence addition by using PCR overlap extension technique. PCR 

amplification of SS-EPO gene by using K and SR primers (Table 1). Lane M: 100bp DNA 

size Marker; Lane 1: Amplified PCR product with respective primer for the addition of Kozak 

sequence; Lane 2: -ve control (PCR with water). 

 

 

4.1.3 Cloning of EPO-cDNA constructs into pCR2.1  

 

  After addition of secretary signal and Kozak sequences gel purified PCR products 

of EPO gene (588bp of SS-EPO and 594bp of K-SS-EPO) was cloned into pCR2.1 TA 

cloning vector. On the ampicillin selection medium many colonies were obtained after 24 

hours incubation at 37˚C. Through the blue-white selection of LacZ gene, only white 

colonies were selected for plasmid isolation assuming that they contain the insert. After mini-

scale plasmid DNA isolation, for the confirmation of gene cloning restriction digestion of the 

plasmid containing both versions of EPO gene was performed. Since pCR2.1 plasmid (3.9 

kb) contained 2 EcoRI sites just outside the cloning site in TA vector, restriction digestion 

with this enzyme would result linear plasmid of 3.9 kb and the PCR fragment size of 

individual EPO-cDNA constructs. Digested plasmids were run on 1% TAE agarose gel. 

Figure 4.3 shows the digested product of 3.9kb size for the plasmid and 588bp fragments of 

SS-EPO, this construct was named as (TA-SS-EPO). Figure 4.3 also shows the digested 

product of 3.9 kb size for the plasmid and 594 bp fragments of K-SS-EPO when observed 



64 
 

under U.V light. This plasmid was named as (TA-K-SS-EPO). These figures are confirming 

the insertion of EPO-cDNA constructs into the pCR2.1.  

 

 

 

Figure 4.3: Cloning confirmation of SS-EPO into pCR2.1 through restriction digestion: 

Electrophoresis of 1 % agarose gel showing restriction digestion of plasmid (TA-SS-EPO) 

with EcoRI restriction enzyme. This figure shows, all selected clones were digested properly 

and have an insert except clone # 4 and 8. 

 

 
 

Figure 4.4: Cloning confirmation of K-SS-EPO into pCR2.1 via restriction digestion: 

Electrophoresis of 1 % agarose gel showing restriction digestion of plasmids (TA-K-SS-

EPO) with EcoRI restriction enzyme.  This figure shows, all selected clones were digested 

properly and have an insert. 
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4.1.4 PCR confirmation of secretary signal addition  

 To confirm the secretary signal addition one isolated plasmid was selected  as 

template  and  six PCR  was performed in such a way that each PCR contain same template 

and reverse primer but different  forward  primer (S1 to S6 respectively) . The PCR products 

were resolved on 2% TAE agarose gel along with 100bp DNA size marker on both sides of 

PCR products. Figure 4.5 clearly shows that  secretary sequence signal have been added 

successfully as PCR product size was shown to increased gradually from 500bp to 

approximately 600bp.  

 

Figure 4.5: Agarose gel electrophoresis showing the step wise addition of secretory signal. 

Lane M: 100bp DNA ladder; Lane 1-6: sequential addition of secretory signal sequence, 

after every PCR 15-18 bp of the secretory signal was added. The final 588 bp (including 

restriction sites) fragment fused with 81 bp of signal peptide was achieved. 
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4.1.5 Sub-cloning of EPO-cDNA constructs into 

mammalian expression vector pcDNA3.1  

 

4.1.5.1Restriction digestion 

 To facilitate the ligation of EPO-cDNA constructs into mammalian expression 

plasmid both TA plasmids were digested with appropriate restriction enzymes (Figure 4.6). 

The TA-SS-EPO was digested with EcoR1 and BamH1 and TA-K-SS-EPO was digested 

with   Xho1and BamH1. Mammalian expression vector pcDNA3.1 vector has a CMV 

promoter which represents an effective mean to transduce eukaryotic cells for transient and 

stable expression studies.   

 

 

 

Figure 4.6: Sub-cloning of EPO cDNA constructs into mammalian expression vector 

pcDNA 3.1. Gel electrophorasis showing restriction digestion of expression vector 

pcDNA3.1 and EPO-cDNA constructs. A) Lane M: 1Kb DNA Size Marker, Lane 1: 

restriction digestion of pcDNA3.1-EPO with EcoRI and BamHI , Lane 2:  restriction 

digestion of pcDNA3.1-EPO with Xho1 and BamH1 and Lane 3-6 represent TA-SS-EPO 

digested with EcoRI and BamHI.. B) Lane M:  1Kb DNA Size Marker and Lane 1-4 TA-K-

SS-EPO digested with   Xho1 and BamHI. 
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4.1.5.2 Ligation  

 

  The digested products, EPO-cDNA constructs and pcDNA3.1 were eluted from 

agarose gel. The estimated and quantified segments of the EPO-cDNA constructs were 

ligated with the linearized pcDNA3.1 as shown in Figure 4.6. The ligated products then 

transformed into E.coli DH5α cells using the heat shock transformation method. The colonies 

were randomly picked from L.B/Amp (50ug/ul) plates. Colonies were analyzed containing 

recombinant plasmids. Then gel electrophoresis was done by loading 1 µg of plasmid DNA 

on 1% TAE agarose gel. 

 

4.1.5.3 Cloning confirmation 

 

The cloning confirmation of EPO-cDNA constructs into pcDNA3.1 expression 

plasmid was performed through restriction digestion using same enzymes as used for plasmid 

construction (Section 4.1.5.1). The digested plasmids were run on 1% TAE agarose gel 

which made sharp bands of linearized expression vector along with gene insert when 

observed under U.V light (Figure 4.7).  

 

 

 

Figure 4.7: Confirmation of sub-cloning through restriction digestion: (A) Double restriction 

digestion of pcDNA3.1-SS-EPO with EcoRI and BamHI. Lane M: 1kb plus DNA size 

marker, Lane 1-7: All clones showed the digestion (B) Double restriction digestion of 
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pcDNA3.1-K-SS-EPO through XhoI and BamHI .Lane M: 1kb plus DNA size marker, Lane 

1-9: Only three clones showed the digestion. 

4.1.6 Maxi preparation of EPO expression plasmids 

 

The yield and the quality of the plasmids were increased by using the QIAGEN 

plasmid purification kit. QIAGEN plasmid purification protocols based on a modified 

alkaline lysis procedure, followed by binding of plasmid DNA to anion- exchange resin 

under appropriate low-salt and pH conditions. RNA, proteins, dyes, and low molecular 

weight impurities removed by medium salt wash. The isolated plasmids were loaded on 0.8% 

agarose gel (Figure 4.8). The concentration of plasmids was estimated by Nanodrop 

spectrophotometric method, the estimated concentrations and purity ratios are given in Table 

4.1. The schematic maps of all three EPO expression plasmids pcDNA3.1-EPO, pcDNA3.1-

SS-EPO and pcDNA3.1-K-SS-EPO are given in Figure 4.9, Figure 4.10 and Figure 4.11, 

respectively. 

 

 

   

 

 

 

Figure: 4.8 Maxi preparations of all three EPO expression plasmids. (A) Lane M: λ-HindIII 

digested marker; Lane 1: Plasmid DNA pcDNA3.1-EPO (B) Lane M: 1kb plus DNA size 

marker; Lane 1: Plasmid DNA pcDNA3.1-SS-EPO (C) Lane M: λ-HindIII digested marker 

Lane 1: Plasmid DNA pcDNA3.1-K-SS-EPO Lane 2: 1kb plus DNA size marker. 
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              Table 4.1: Concentration and purity of EPO expression plasmid  

 

 

 

 

 

 

 

 

Figure 4.9: Schematic diagram showing EPO expression vector pcDNA3.1-EPO, without 

secretory signal, having only mature EPO protein sequence of 495bp. CMV promoter region 

of pcDNA3.1 vector is also shown. 

Plasmid name Plasmid concentration Ratio 260/280 

pcDNA3.1-EPO 1.13 µg/µl 1.73 

pcDNA3.1-SS-EPO 1.35 µg/µl 1.82 

pcDNA3.1-K-SS-EPO 1.50µg/µl 1.80 
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Figure 4.10: Schematic diagram showing EPO expression vector pcDNA3.1-SS-EPO. With 

secretory signal fused with mature EPO protein sequence.  

 

 
 

Figure 4.11: Schematic diagram showing EPO expression vector pcDNA3.1-K-SS-EPO. 

This plasmid has six additional nucleotides of Kozak sequence (GCCACC) before ATG.  
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4.2 Comparative expression analysis of all three EPO-

cDNA constructs in CHO cell line 

 Prior to evaluate and compare the potential of Huh-7 cell line to produce and 

secrete the EPO protein, we first compared the transcription, translation and secretion 

efficiency of all three EPO cDNA constructs in CHO cell line. For this purpose equal 

numbers of CHO cells (3.5x10
5
) were plated and same amount of plasmid DNA (8µg) were 

used  to transfect all three EPO plasmid. Twenty four hours post-transfection, cells were 

harvested for RNA and intracellular protein isolation. For extracellular EPO expression 

supernatant was also collected.  

 

4.2.1 Expression analysis of all three EPO-cDNA 

constructs through RT-PCR 
 

 To investigate the level of mRNA transcribed from all EPO-cDNA constructs, after 

24 hours of transfection total 1µg of cellular RNA was reverse transcribed into cDNA and 

subjected to RT-PCR analysis. Results of RT-PCR showed that all plasmids (pcDNA3.1-

EPO, pcDNA3.1-SS-EPO and pcDNA3.1-K-SS-EPO) transcribed the similar level of EPO 

mRNA, as GAPDH gene was used as an internal control (Figure. 4.12).  

 

 

Figure 4.12: Expression analysis of all three EPO vectors at mRNA level. Lane 1: CHO 

cells as mock; Lane 2, 3 and 4 showing the mRNA expression of pcDNA3.1-EPO, 

pcDNA3.1-SS-EPO and pcDNA3.1-K-SS-EPO respectively. GAPDH was used as internal 

control (Lane5-8 respectively).  
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4.2.2Expression analysis of all three EPO-cDNA  

 constructs through ELISA 
 

 To see the effect of secretary signal and Kozak sequences addition, both intra- and 

extracellular EPO expression were analyzed through ELISA by harvesting cell lysate and 

culture medium respectively. We observed that EPO protein was hardly secreted in the 

medium when pcDNA3.1-EPO was transfected, as the extracellular protein (medium) 

showed less absorbance indicating that medium contained negligible amount of EPO. 

However, ELISA of intra-cellular protein (Figure 4.13) showed that EPO protein was 

expressing intra-cellularly but not secreted out of the cells. In comparison, medium samples 

obtained from cells transfected with pcDNA3.1-SS-EPO gave more absorbance that showed 

a significant amount of EPO secreted into the medium. 

 
 

Figure 4.13: After the addition of secretory signal sequence intra and extracellular 

expression of EPO through ELISA. (A) Relative extracellular EPO expression showing that 

after the addition of signal peptide secretion of EPO into the medium is dramatically 

increased. (B) Comparison of intracellular EPO expression with (pcDNA3.1-SS-EPO) and 

without (pcDNA3.1-EPO) signal peptide expression vectors. Total protein was extracted and 

subjected to ELISA. Optical density was measured at 450nm. Intracellular expression of 

protein is also slightly increased after the addition of signal peptide.  
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 After the addition of Kozak sequence increased expression of EPO was successfully 

achieved, as the higher amounts of intra-and extra-cellular EPO protein was obtained when 

pcDNA3.1-K-SS-EPO was transfected in CHO cell line (Figure. 4.14). In contrast, we 

observed a lower level of intra- and extra-cellular EPO when cells were transfected with 

pcDNA3.1-SS-EPO (without Kozak). In order to investigate whether the observed increased 

in expression level caused by the inclusion of Kozak sequence into EPO cDNA construct 

take place at the stage of transcription or translation, the levels of EPO mRNA in transfected 

cell populations were determined by semi quantitative RT-PCR. Our RT-PCR results showed 

that the levels of EPO mRNA transcribed from with and without Kozak expression plasmids 

were same as shown in Figure 4.12.  

 

Figure 4.14:  After the addition of Kozak sequence intra and extracellular EPO expression 

analysis through ELISA. Optical density was measured at 450nm. Both intra and 

extracellular EPO expression increased after the addition of Kozak sequence. (A) 

Comparison of extracellular EPO expression with (pcDNA3.1-K-SS-EPO) and without 

Kozak sequence (pcDNA3.1-SS-EPO) expression vectors. (B) Comparison of intracellular 

EPO protein expression with (pcDNA3.1-K-SS-EPO) and without (pcDNA3.1-SS-EPO) 

Kozak expression vectors. 
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4.3 Comparative expression analysis of EPO in CHO and 

Huh-7 cell line 

 
We selected the plasmid pcDNA3.1-K-SS-EPO for comparative expression analysis 

of  EPO gene in CHO and Huh-7 cell line as this plasmid displayed high levels of EPO 

translation and secretion efficiency because it contained the both translation enhancing 

elements i.e. secretory signal sequence and Kozak sequence. So to be able to compare EPO 

expression level in both cell lines, equal number of cell of both lines were plated and equal 

amount of plasmid (8µg) was transiently transfected (Section 3.7). EPO gene expression was 

analyzed at both mRNA and protein level. All experiments were performed in triplicate. 

4.3.1 Comparative expression analysis of EPO at mRNA 

level through RT-PCR 
 

 For comparative expression of EPO mRNA in CHO and Huh-7 cell line 1 µg of total 

RNA from both cell lines were subjected for cDNA synthesis. The EPO gene segment was 

amplified from cDNA through RT-PCR with product size of 281bp and amplified products 

were resolved on 1.2% agarose gel (Figure 4.15). RT-PCR results showed that same amount 

of EPO mRNA transcription in both cell lines.  

 

 

Figure 4.15: Comparative EPO gene expression at mRNA level in CHO and Huh-7 cell 

lines. Same amount of pcDNA3.1-K-SS-EPO vector was transfected in both cell lines using 

the same number of plated cells. Lane M: 100bp DNA size marker; Lane 5: Huh-7 cells as 

mock; Lane 6: EPO expression in Huh-7 cells; Lane 7: CHO cells as mock; Lane 8: EPO 

expression in CHO cells. Housekeeping gene GAPDH was used as an internal control 

Lane1-4 respectively. 
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4.3.2 Comparative expression analysis of EPO at protein        

level through ELISA and western blot 

 

 For Comparative expression analysis of extracellular EPO secreted from CHO and 

Huh-7 cell line, After 24  and 48 hours of transfection media was collected and 200µl of 

media was poured into EPO antigen coated ELISA plate. Western blotting was also 

performed for further validity of results.  

 

Figure 4.16: Comparative expression analysis of extracellular EPO secreted from CHO and 

Huh-7 cell line. (A) Comparison of amount of EPO secreted from both cell line through 

ELISA. (B) Western blot analysis of extracellular EPO secreted from CHO and Huh-7 cell 

lines, using EPO specific antibodies. Lane1: Commercially available purified EPO protein as 

standard; Lane 2: EPO expressed from Huh-7cell line after 24 hours of transfection; Lane 3: 

EPO expressed from CHO cells after 24 hours of transfection; Lane 4: EPO expressed from 

CHO cells after 48 hours of transfection: Lane 5: EPO expressed from Huh-7cell line after 

48 hours of transfection. 
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 Results of ELISA showed that an increased amount of EPO secreted in medium 

collected from Huh-7 cell line after 24 hours of transfection as compare to CHO cell line 

(Figure 4.16 A). But when media collected after 48 hours of transfection from both cell lines 

were subjected to ELISA it showed that media collected from CHO contain slightly 

increased amount of EPO as compare to Huh-7 cell line (Figure 4.16 A). ELISA results were 

further confirmed through western blot analysis. Results of western blotting also verified the 

immunochemical properties of secreted EPO. (Figure 4.16 B). For comparison of 

intracellular EPO cell lysate from both cell line isolated after 24 and 48 hours was used to 

perform ELISA. Results showed that there is no significant difference in intracellular EPO 

production from both cell lines (Figure 4.17). The present study was undertaken to develop a 

new human cell based model system for EPO production.  The results of transient expression 

of EPO in Huh-7 cell line indicate that this cell line has the ability to produce and secrete the 

EPO at comparable level to CHO cell line. 

    

 

 

Figure 4.17: Comparative expression analysis of intracellular EPO produced in CHO and 

Huh-7 cell lines. Comparison of intracellular amount of EPO produced from both cell lines 

through ELISA. 
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Figure 4.18: Western blotting showing the expression of intra and extra cellular EPO in 

CHO (A) and Huh-7(B) cell lines. Protein was harvested from cells 24 and 48 hours post 

transfection and condition media was also collected. Western Blots carried out using EPO 

specific antibodies. Lane1: Commercially available EPO protein as +ve control; Lane2:  -ve 

cell lysate, no transfection; Lane3: -ve medium, no transfection; Lane4: cell lysate after 24 

hours of transfection; Lane 5: medium after 24 hours of transfection; Lane 6: cell lysate 

after 48 hours of transfection; Lane 7: medium after 48 hours of transfection.  

 

4.4 Generation of stable cell line for continuous   

production of erythropoietin  

 

4.4.1 Plasmid linearization 

 

 To facilitate the integration of plasmid into the genome of the host cell, without 

disturbing the reading frame, it is mandatory to linearized the plasmid before transfection. 

Although linear DNA results in lower DNA uptake, it yields optimal integration of DNA into 

the host genome. 12µg of mammalian expression plasmids pcDNA3.1-K-SS-EPO and empty 

plasmid pcDNA3.1 (as –ve control, having no insert) were digested with BglII enzyme. 

Approximately 1µg of digested plasmids were run on 0.8% agarose gel along with 

undigested plasmids for the confirmation of linearization. Figure 4.19 is clearly showing that 

both plasmids (pcDNA3.1 and pcDNA3.1-K-SS-EPO) were successfully linearized. 

Remaining plasmids were purified through ethanol precipitation and were used for stable cell 

line generation. 
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Figure 4.19: Linearization of plasmids through BglII for stable transfection. Lane M: λ-

HindIII digested marker; Lane 1: Undigested pcDNA3.1-K-SS-EPO plasmid; Lane 2: 

Digested pcDNA3.1-K-SS-EPO; Lane 3: Undigested pcDNA3.1, empty plasmid; Lane 4: 

Undigested pcDNA3.1, empty plasmid. 

 

4.4.2 Stable transfection 

 Linearized plasmids, pcDNA3.1-K-SS-EPO and pcDNA3.1 (as MOCK) were 

transfected into CHO and Huh-7 cells by lipofectamine. After 48 hours of transfection, 

selection pressure was applied to the transfected cells by growing them in the presence of 

Zeocin (1000µg/ml for CHO cell line and 600µg/ml for Huh-7 cell line). After applying the 

selection pressure, only the cells with a stable integration of plasmid into the genome, 

remained alive and other cells were killed (Figure 4.20). Zeocin causes cell death by 

intercalating into DNA and cleaving it. Zeocin resistant colonies were picked and expand for 

further analysis. Once the clones had been isolated and individually grown as cell lines the 

concentration of Zeocin was decreased to 500µg/ml for CHO cells and 300µg/ml for Huh-7 

cells. 
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Figure 4.20: Zeocin resistant colonies appeared during Stable cell line generation in CHO 

and Huh-7 cell line. After 48 hours of transfection selection pressure was applied to the both, 

transfected and non-transfected CHO (A and C) and Huh-7 (B and D) cells by growing them 

in the presence of Zeocin. After two weeks isolated clones were picked and expanded for 

expression analysis. Non-tansfected cells (C and D) showing no resistance to Zeocin and 

moving towards apoptosis. 

 

 

 

4.4.3 Screening of clones for highest expression of EPO 

through RT-PCR analysis 
 

 
 To get stable cell line, after drug selection the whole population can be used for 

expression study or individual clones may be isolated and propagated separately. Not all 

surviving cells express the gene of interest.  A stable population is guaranteed to have 

expression of gene, though at low level, while an isolated clone may express it at very high 

or low levels or may not express the gene at all. Thus isolated clones need to be investigated 

for expression levels. First isolated clones were screened through RT-PCR after short listing 
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then selected clones were screened though western blot analysis. Total 40 clones form both 

cell lines was screened but only 21 clones from CHO cell line (Figure 4.21) and  20 clones 

from Huh-7cell line are shown here (Figure 4.22).   

 To demonstrate the level of EPO mRNA in Zeocin-resistant clones (CHO), total 

RNA was extracted from the stable clones growing in 6 well plate and analyzed through RT 

PCR analysis. RT-PCR was performed with EPO gene specific set of primers. PCR products 

were resolved on 1.2% agarose along with 100bp DNA size marker. Figure 4.21 shows that 

all clones expressing the variable level of EPO mRNA depending upon the number of 

plasmid DNA uptake by the cell. Nine clones (5, 6, 8, 9, 11, 13, 14, 15 and 16) with higher 

expression of EPO mRNA were selected from CHO cell line. 

 Similarly, Zeocin-resistant clones from Huh-7 cell line were also screened through 

RT-PCR analysis using EPO specific primer. Amplified PCR products were resolved on 

1.2% agarose along with 50bp DNA size marker (Figure 4.22). Eight clones from Huh-7 cell 

lines were selected for further screening through Western blotting.  
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Figure 4.21: Screening of stable clones (of CHO cell line) for highest expression of EPO 

through RT-PCR analysis. Lane M: 100bp DNA size marker; (A) Lane 1: + ve control in 

which cDNA from transient transfection, which showed the positive results was used as 

template; Lane 2: –ve control (PCR with water) Lane 3 to 13: Showing the expression of 

EPO gene in stable clones # 1 to #10 respectively, Lane 12: Showing the EPO expression in 

clone stably transfected with empty vector. (B) Lane 1: –ve control (PCR with water); Lane 

2 to 12: Showing the expression of EPO gene in stable clones # 11 to # 20 respectively. 

Housekeeping gene of GAPDH (473bp) was used as an internal control. 
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Figure 4.22: Screening of stable clones (of Huh-7 cell line) for highest expression of EPO 

through RT-PCR analysis. Lane M: 100bp DNA size marker; Lane 1: –ve control (PCR 

with water); Lane 2: Showing the EPO expression in clone stably transfected with empty 

vector. (A) Lane 2 to 12: Showing the expression of EPO gene in stable clones # 1 to #10 

respectively. (B) Lane 2 to 12: Showing the expression of EPO gene in stable clones # 11 to 

# 20 respectively. Housekeeping gene of GAPDH (473bp) was used as an internal control. 

 

4.4.4 Screening of stable clones for highest EPO 

expression through western blot analysis 

 

 After RT-PCR analysis nine stable clones (5, 6, 8, 9, 11, 13, 14, 15 and 16)  

expressing the increased amount of EPO  from CHO and eight clones from Huh-7 (5, 6, 10, 

14, 15, 17,19 and 20)  were further screened through western blot analysis for the selection of 

best clone. Same amount of media (25µl), collected from each selected stable clone after 24 

hours of plating, was subjected to western blot analysis. Result of western blotting showed 

that the concentration of EPO secreted from clone number 9 (from CHO) was significantly 

high (Figure 4.23.A). This clone was selected as best clone for the production of EPO and 

for further analysis. Similarly clone number 15 was selected as best clone from Huh-7 cell 

line (Figure 4.23.B). 
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Approximate concentration of EPO produced from both cell lines was also 

determined through ELIZA, by running the proper calibrators and control according to the 

manufacturer protocol (Section 3.11). Concentration of EPO produced from best clone of 

CHO was determined 653U/ml/24hr/3X10
5
cells, while concentration of EPO produced from 

Huh-7 cell line was 357U/ml/24hr/3X10
5
 cells.    

 

Figure 4.23: Western bolt showing the screening of stable clones for selecting the best clone. 

(A) Lane 1 to 9: Showing the expression of EPO gene in stable clone number 5, 6, 8, 9, 11, 

13, 14, 15 and 16 respectively selected from CHO cell line; Lane 10: Mock, showing no 

EPO expression in CHO cells stably transfected with empty vector (pcDNA3.1) (B) Lane 1 

to 8: Showing the expression of EPO gene in stable clone number 5, 6, 10, 14, 15, 17,19 and 

20 respectively selected from Huh-7 cell line; Lane 9: Mock, showing no EPO expression in 

Huh-7 cells stably transfected with empty vector (pcDNA3.1).    

  

 For the confirmation of size of EPO produced from the best clones, media from 

these clones were subjected to western blot analysis as described above in Section 3.12.5 

except that AP conjugated secondary antibodies from Santa Cruz Biotechnology, USA, were 

used instead of HRP conjugated antibodies, so that the actual size of produced EPO can be 

visualized. EPO protein attains its size of 34-36kDa after the completion of glycosylation 
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during posttranslational modification whereas, unglycosylated form of EPO has lower 

molecular weight of 18.4 KDa indicated by smaller size of protein on SDS-PAGE. As 

commercially available glycosylated EPO (34-36KDa) was used as positive control, we 

observed the same size of  EPO protein (34-36KDa)  when run side by side with 

commercially available EPO (Figure 4.24),  suggesting that CHO and Huh-7 cell lines 

produced glycosylated form of EPO based upon their size similarity. 

 

Figure 4.24: Western blot analysis of best clones using AP conjugated antibodies. Lane M: 

Prestained protein ladder (Fermentas, USA); Lane 1: 10ul of commercially available EPO 

protein; Lane 2: Empty well having no sample; Lane 3: Unconcentrated sample of EPO 

protein secreted from CHO stable clone Lane 4: Concentrated sample of EPO secreted from 

CHO stable clone using centricon YM-30 (Milipore, USA); Lane 5: Unconcentrated sample 

of EPO protein secreted from Huh-7 stable clone Lane 3: Concentrated sample of EPO 

secreted from Huh-7 stable clone using centricon (YM-30). Cut-off value of  Centricon YM-

30, is 30,000 MW . 

 

4.5 Persistent expression of EPO up to 17 passages with 

and without selection pressure 

 

The present study was undertaken not only to evaluate the potential of Huh-7 cell line 

to produce EPO, but this study was also designed to develop an indigenous technology for 

the production of EPO. To achieve this goal we had to select the CHO cell line for the 

continuous production of EPO because this cell line is FDA (Food and Drug Administration) 

approved line for the production of therapeutic glycoproteins, and has been used for the 

production of EPO. We sub-cultured the best lone up to seventeen passages in 60 mm plate 
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by seeding the 3X10
5 

cells every time under selection pressure and without selection 

pressure. Media was collected and analyzed for presence of EPO through western blotting. 

Figure 4.25 showed the persistent expression of EPO up to 17 passages with and without 

selection pressure.           

 

  

 

 

Figure 4.25: Western blot showing the persistent expression of EPO up to 17 passages. Best 

clone selected from CHO cell line was sub-cultured up to 17 passages (A) with selection 

pressure of Zeocin and (B) without selection pressure of Zeocin. Every time same numbers 

of cells (3.5x10
5
) were plated into 60mm plate, next day media was removed and serum free 

media was added. After 24 hours conditioned medium was collected for EPO expression 

analysis. 
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Discussion   

After the emergence of biotechnology industry more than 35 years ago, the 

significance of recombinant therapeutic proteins has grown rapidly. At this time, 65 products 

have been approved by US and European regulatory agencies. Of these, approximately 70% 

are glycoproteins. In 2003, the worldwide market for recombinant therapeutic protein and 

other nucleic acid based products was estimated more than $30 billion (Walsh, 2005). 

In the beginning therapeutic proteins were derived from human sources; for instance, 

insulin from pancreas, serum albumin and blood clotting factors from human plasma and 

glucocerebrosidase from placenta. However, the emergence of biotechnology has 

revolutionized the therapeutic protein production into recombinant expression systems. 

Bacteria, yeast, insect cells and mammalian cells (BHK and CHO etc) have developed as the 

major hosts for recombinant protein production. These expression systems vary widely with 

regard to their ability to incorporate the post-translational modifications, especially 

glycosylation found on native human proteins. For detail see Section 2.12.  

Currently CHO cell lines are the preferred host for the production of 

biopharmaceutically important human proteins. These cell lines offer several advantages, 

including high growth rate, high productivity, ease of genetic manipulation, process 

scalability and the capacity to produce proteins with N-glycans similar to those found on 

human proteins. Although, CHO cell line has several advantages, but some sugar transferring 

enzymes are not present in CHO cell line e.g. α2-6 sialyltransferase and α1-3/4 

fucosyltransferase (Grabenhorst et al., 1999). And it is also well known fact that CHO cell 

lines produce recombinant proteins with glycan structures possessing the potentially 

immunogenic Neu5Gc residues (Padler-Karavani et al., 2008). 

Human cell-based expression is expected to produce EPO with post-translational 

modification similar to their natural counterpart; expressing therapeutic proteins in human 

cells can also reduce potential immunogenic reactions against non-human epitopes.  

Several laboratories have used Huh-7 cell line as a model system for expression 

studies of human proteins (Sorensen et al., 2006, Chung et al., 2007, Chung et al., 2010, 

Meex et al., 2011). In the present study Huh-7 cell line was used for expression study of EPO 
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to introduce an alternative expression system for EPO production. This study was designed 

not only to introduce a new human cell based expression system to produce recombinant 

glycoproteins but also to provide our local biopharmaceutical industry an indigenous 

technology for EPO production.  

Recombinant proteins for their proper post-translational modifications and folding are 

targeted to the secretory pathway. This is because of the fact that enzymes responsible for 

posttranslational modifications, e.g. glycosylation, are found within the endoplasmic 

reticulum and golgi bodies (Schmidt, 2004). To direct the protein to the secretory pathway a 

secretory signal sequence is prerequisite (Blobel et al., 1979). Secretory signal peptide is a 

temporary extension of 15-30 amino acids (27 amino acids in case of EPO) at N-terminus of 

protein, which is removed once the protein is secreted out of the cell (Von Heijne, 1990). 

Secretion of protein into the media especially of pharmaceutically important proteins 

facilitate the  separation of specific protein from the intracellular pool of proteins, thus the 

purification and other downstream processing become easier. Keeping in view the 

importance of secretory signal we added the EPO’s native secretory signal (Lin et al., 1985) 

at amino terminus of mature EPO protein. Secretory signal sequence was added by using the 

overlap extension PCR technique, for this purpose overlapping primers (Table 3.1) were 

synthesized according to the reported secretory signal sequence of EPO mRNA (Accession 

no: BC093628) obtained from the National Center for Biotechnology Information (NCBI). 

Eighty one nucleotides of secretory signal were successfully added at 5' end of mature EPO 

protein sequence (Figure 4.1 and Figure 4.5). PCR fragment of 588 bp (SS-EPO), encoding 

secretory signal peptide and EPO mature protein was cloned into sequencing vector pCR2.1 

vector. This construct was sequenced using M13 primer for the confirmation of proper 

addition of nucleotide sequence of secretory signal peptide. Deduced sequence was analyzed 

by comparing with the reported EPO gene sequence. After sequencing confirmation the 

EPO-c-DNA construct was sub-cloned into mammalian expression plasmid pcDNA3.1, 

orientation of EPO gene was confirmed through sequencing using T7 and BGH primers. The 

secretion efficiency of the plasmid was evaluated by transfecting the both plasmids without 

secretory signal (pcDNA3.1-EPO) and with secretory signal (pcDNA3.1-SS-EPO) in CHO 

cell line. Equal numbers of cells (3.5x10
5
) were plated and same amount of both plasmid 

DNA (8µg) were used for transfection. After 24 hours of transfection cellular RNA was 
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isolated using Trizol reagent. Total 1µg of cellular RNA was reverse transcribed into cDNA 

and subjected to RT-PCR analysis. Results of RT-PCR showed that both plasmids (with and 

without signal sequence) transcribed the similar level of EPO mRNA, as GAPDH gene was 

used as an internal control (Figure 4.12). After 24 hours of transfection both intra- and 

extracellular EPO expression were also analyzed through ELISA by harvesting cell lysate 

and culture medium respectively. We observed that EPO protein was hardly secreted in the 

medium when pcDNA3.1-EPO was transfected, as the extracellular protein (medium) 

showed less absorbance indicating that medium contained negligible amount of EPO. 

However, ELISA of intracellular protein showed that EPO protein was expressing intra-

cellular but not secreted out of the cells (Figure 4.13). In comparison, medium samples 

obtained from cells transfected with pcDNA3.1-SS-EPO gave more absorbance that showed 

a significant amount of EPO secreted into the medium (P = 0.006). The presence of EPO 

protein in medium indicates that the secretory signal performed its function properly. These 

results are consistent with the finding of Blobel who demonstrated that secretory signal is 

compulsory for efficient secretion of protein in media (Blobel et al., 1979). Interestingly, we 

also found that addition of secretory signal peptide not only facilitated the secretion of EPO 

but a slight increase in intracellular protein expression was also observed. These findings 

suggest that overall translation efficiency of EPO gene was also affected after the addition of 

secretory signal peptide. As Stenstrom et al. reported that the presence of initiation codon as 

well as context of initiation codon influence the level of gene expression (Stenstrom et al., 

2001). Another possible explanation of the findings might be the proper recruitment of the 

EPO mRNA to the endoplasmic reticulum after the signal sequence addition. The mRNA that 

lacks the signal sequence cannot assist binding or targeting of the ribosomes to the 

endoplasmic reticulum and when ribosomes carrying mRNA is not targeted correctly to the 

endoplasmic reticulum or if the targeting is not fast enough, this may cause the decrease in 

protein synthesis and secretion (Blobel and Dobberstein, 1975). 

 For the efficient production of recombinant proteins in mammalian expression system 

Kozak sequence could be used as a translation enhancer sequence (Kozak, 1999). After the 

confirmation of the functionality of secretory signal, we aimed to examine whether EPO 

expression is affected by adding Kozak sequence or not. For this purpose, we added the six 

nucleotides of Kozak sequence (GCCACC) before the start codon of EPO gene. Kozak 
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consensus sequence was generated by the analysis of 699 vertebrate mRNA sequences 

(Kozak, 1987a). Kozak sequence greatly facilitates the binding of mRNA to the ribosome 

and thus, enhances the protein synthesis (Kozak, 1986). We have successfully obtained the 

increased expression of EPO protein after the addition of Kozak sequence, as the higher 

amounts of intra-and extra-cellular EPO protein was obtained when pcDNA3.1-K-SS-EPO 

was transfected in CHO cell line. In contrast, we observed a lower level of intra- and extra-

cellular EPO when cells were transfected with pcDNA3.1-SS-EPO (without Kozak). 

Difference in expression level before and after the addition of Kozak sequence was highly 

significant (P = 0.001) (Figure 4.14). In order to investigate whether the observed increased 

in expression level caused by the inclusion of Kozak sequence into EPO-cDNA construct 

take place at the stage of transcription or translation, the levels of EPO mRNA in transfected 

cell populations were determined by semi quantitative RT-PCR. Our RT-PCR results showed 

that the levels of EPO mRNA were not sufficiently low to explain the extremely limited 

production of EPO in case of without Kozak (pcDNA3.1-SS-EPO) expression plasmid. As in 

both plasmids EPO gene construct was present under the control of same promoter i.e. CMV, 

so both plasmid transcribed the EPO mRNA with equal efficiency. Kozak sequence is 

required to enhance the expression of protein. For example,  shifting the Kozak motif  

(GCCACCATG) by just one nucleotide to the left or right abolish its protein synthesis 

facilitating effect in COS cell line (Kozak, 1987b). The importance of Kozak sequence in 

enhancing the protein synthesis was later confirmed by in vitro translational system (Kozak, 

1989).  

Prior to evaluate the potential of Huh-7 cell line to produce and secrete the EPO 

protein, we first compared the translation and secretion efficiency of all three EPO cDNA 

constructs in CHO cell line (Figure 4.13 and 4.14). We selected the plasmid pcDNA3.1-K-

SS-EPO for comparative expression analysis of EPO gene in CHO and Huh-7 cell line as this 

plasmid displayed high levels of EPO translation and secretion efficiency because it 

contained the both translation enhancing elements i.e. secretory signal sequence and Kozak 

sequence. So to be able to compare EPO expression level in CHO and Huh-7 cell line, equal 

amount of plasmid was transiently transfected in both cell lines. EPO gene expression was 

analyzed at both mRNA and protein level. Our RT-PCR results showed approximately same 

amount of EPO mRNA transcription from both cell lines (Figure 4.15). ELISA analysis 
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showed slight increase in EPO secretion in medium collected from Huh-7 cell line (Figure 

4.16.A). One possible explanation for this slight increase from Huh-7 cell line might be the 

effect of Kozak sequence. It is reported that effect of Kozak on protein expression varies 

among host systems (Zhang et al., 2006). Although, CHO cell line also showed an increase 

in expression level after the addition of Kozak sequence (Figure 4.14) but higher expression 

of EPO gene in Huh-7 cells suggests that Kozak consensus sequence, used in this study 

might be more compatible to the human cell line. Further experiments, involving the other 

human and non-human but mammalian cell lines could be used to test this possibility. 

Furthermore, this might be due to the fact that EPO is naturally produced in liver and cellular 

machinery of liver cell (Huh-7) adapted in a way that they can process and secrete the EPO 

more efficiently. Western blot analysis was performed for the further confirmation of ELISA 

results. Results of western blotting also verified the immunochemical properties of secreted 

EPO (Figure 4.16.A).       

After the comparison of CHO and Huh-7 cell line for EPO production using transient 

transfection method, we further aimed to compare level of EPO produced by both cell lines 

when EPO-cDNA construct was stably integrated into the genome of cell. For this purpose 

stable clones continuously producing EPO were generated using the both cell lines. Stable 

clones achieved after the transfection were screened through RT-PCR (Figure 4.21 and 

Figure 4.22) and western blotting (Figure 4.23), for the selection of best clone. 

Concentration of EPO produced from stable clones of both cell lines was compared through 

ELIZA. It was found that 653U/ml/24hr/3X10
5
cells from CHO and 

457U/ml/24hr/3X10
5
cells of EPO was produced from Huh-7 cells which corresponds to 

3.2µg/ml/24hr/3X10
5
cells and 1.7µg/ml/24hr/3X10

5
cells, respectively. Although stable clone 

of  Huh-7 cell line produced decreased amount of EPO compared to CHO cell line, but it can 

be compensated by the fact that Huh-7 cells might produced more efficacious and properly 

glycosylated form of  EPO, and 40%  of EPO produced from CHO cell line  have been 

discarded during purification because of inappropriate glycosylation (Sheridan, 2007). One 

possible reason for decreased production of EPO from Huh-7 cells might be the more 

sensitivity of this cell line to Zeocin, as CHO cells resist up to 1000µg/ml of Zeocin while 

Huh-7 cells showed the resistance up to 1000µg/ml. To improve the production of EPO from 

Huh-7 cell line other methods for the development of stable lines (See Section 2.14) could 
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be used despite the use of cytotoxic drug (Zeocin). Furthermore level of EPO production 

from both cell lines can be enhanced by altering the culture conditions for instance, 

decreasing the level CO2 (Yoon et al., 2001) and lowering the temperature (Yoon et al., 

2005) significantly increased the EPO production level. 

Our results showed that Huh-7 cells have the potential to secrete the increased 

amount of EPO compared to the CHO cell line when transient transfection method was used. 

Although, transient transfection is a faster approach to produce recombinant protein but 

previously this system had certain limitations for example use of serum increase the cost of 

this method.  Recently successful large scale transient transfection was achieved in 

previously adapted serum-free suspension of CHO cells (Derouazi et al., 2004, Rosser et al., 

2005). These findings make this method a promising approach to produce recombinant 

protein in large amount.  

Although, to produce large quantities of recombinant proteins, stable cell line 

development is a method of choice but this systems require significant investment of human 

resources, in time and equipment, therefore this technology is not readily amenable to high-

throughput mode, while transient transfection technology has demonstrated to produce large 

amounts of recombinant proteins within a short period of time (Meissner et al., 2001, 

Durocher et al., 2002, Girard et al., 2002, Pham et al., 2003, Wright et al., 2003)  

EPO protein attains its size of 34 kDa after the completion of glycosylation and 

proper folding during posttranslational modification whereas, unglycosylated form of EPO 

has lower molecular weight (18.4 kDa), indicated by smaller size protein on SDS PAGE. As 

commercially available glycosylated EPO (34 kDa) was used as a positive control, we 

observed  the same size of  produced EPO protein (34 kDa) on western blot when run side by 

side with commercially available glycosylated EPO,  suggesting that CHO and Huh-7 cell 

lines produced glycosylated EPO (Figure 4.16.B) based upon their size similarity. 

In the present study, Huh-7 cell line has shown the potential to produce the 

glycosylated EPO protein as an initial finding. However, in order to produce recombinant 

glycoprotein at commercial level using Huh-7 cell line further characterization of EPO 

produced in Huh-7 cell line should be undertaken to determine the extent of sialylation and  
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should be compared with that of CHO-expressed EPO as EPO has been shown to have 

increased circulatory half-life with increased sialylation. This can be done through high pH 

anion exchange chromatography and isoelectric focusing. 

Further studies to evaluate the bioactivity, up scalability and compatibility of Huh-7 

cells with bioreactor are also needed. These findings will not only assist the 

biopharmaceutical industry by providing a human-cell-based expression system to produce 

recombinant  glycosylated protein but, is also a preliminary step to make use of liver cell to 

deliver the EPO gene in chronically infected renal patients to cure anemia.  

 This study was designed not only to introduce a new human cell based expression 

system to obtain more efficacious form of EPO and other recombinant glycoproteins. But 

stable clones of CHO producing EPO will provide our local biopharmaceutical industry an 

indigenous technology for EPO production. Developed CHO stable cell line continuously 

expressing EPO (Figure 4.25), can provide a useful tool to produce EPO locally in Pakistan. 

It will save our country’s precious foreign exchange spend on heavy import of this vital 

recombinant protein.  
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APPENDICES 

Appendix-I 

LIST OF ABBREVIATIONS 

aa   Amino acid 

AP    Alkaline Phosphatase 

Asialo EPO   Desialylated Erythropoietin  

Amp   Ampicillin 

BLAST  Basic Local Alignment Search Tool 

bp    Base pair 

dH2O  Distilled water 

DMEM  Dulbecco's Modification of Eagle's Medium 

dNTPs  Deoxynucleoside triphosphate 

EDTA  Ethylenediamine tetra acetic acid  

ELISA  Enzyme Linked Immunosorbent Assay 

EPO    Erythropoietin 

EPOR   Erythropoietin receptor 

ER   Endoplasmic reticulum 

FBS   Fetal bovine serum 

Huh-7  Human hepatoma cell line 

CFU-E  Colony forming unit erythroid 
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CHO   Chinese Hamster Ovary cells 

MOCK   Preparations from cells transfected with empty expression 

   vectors 

mRNA  Messenger RNA  

ng    Nano gram  

nt    Nucleotide 

PAGE  PolyAcrylamide Gel Electrophoresis  

PCR    Polymerase Chain Reaction  

RNA    Ribonucleic Acid 

RNase  Ribonuclease (enzyme)  

RT-PCR  Reverse Transcriptase Polymerase Chain Reaction 

SDS–PAGE  Sodium Dodecyl (lauryl) Sulfate-PolyAcrylamide Gel 

                       electrophoresis  

Tm    Melting temperature  

μg   Microgram 

μl    Microlitre 
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 Appendix-II 

7.2  Stock solution 

7.2.1  Ampicillin 

Stock      100mg/ml 

Dissolved 1g of ampicillin in 10ml dH2O. 

7.2.2  Tetracyclin 

Stock      12.5g/ml 

Dissolved 0.125g of tetracyclin in 10ml of 70% ethanol. 

7.2.3  0.5M EDTA 

EDTA     186.1 g 

NaOH     Few pellets to dissolve EDTA 

dH2O      to make volume one liter. 

7.2.4  10% SDS 

SDS      100g 

dH2O      900ml 

7.2.5  10N NaOH 

NaOH     40g 

dH2O      100ml 

7.2.6  1N HCl 

Pure HCl     8ml 

dH2O      92ml 

7.2.7  5M Potassium Acetate 

Potassium actate    122.67g 

dH2O      250ml 

7.2.8  3M Potassium Acetate 

5M Potassium acetate   60ml 
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Glacial acetic acid    11.5ml 

dH2O      28.5ml 

7.2.9 Phenol:Chloroform:Isoamylalcohol 

Phenol     25ml 

Chloroform    24ml 

Isoamylalcohol    1ml 

7.2.10 1M CaCl2 Stock 

CaCl2     110.99g 

Dissolved 33.3g of CaCl2 into 300ml dH2O and autoclaved. 

7.2.11 1M MgCl2 

MgCl2     230.30g 

Dissolve 23.03g of MgCl2 in 100ml dH2O and autoclaved 

7.2.12 Solution I (Alkaline lysis) 

Glucose     50mM 

Tris-HCl     25Mm (pH: 8.0) 

EDTA     10Mm 

Autoclave for 15 minute at 15psi (1.05kg/cm2) on liquid cycle, and store   

at 4
o
C. 

7.2.13  Solution II (Alkaline lysis) 

NaOH   0.2N (Freshly diluted from 10N stock) 

SDS      1 %( W/V) 

Solution prepares freshly and use at room temperature. 

7.2.14  Solution III (Alkaline lysis) 

5M Potassium acetate   60.0ml 

Glacial acetic acid    11.5ml 

dH2O      28.5ml 

Autoclave and store at 4oC and transfer to an ice just before use. 
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7.2.15 10% APS (ammonium per sulphate) 

APS      0.1g 

Water     1ml 

7.2.16  Blocking Solution 

Skim milk     1.25g 

1x PBS     25ml 

7.3  Buffers 

7.3.1  10X TBE Buffer 

Trisma base     108g 

Boric acid     55g 

EDTA (0.5M)    40ml 

 dH2O      To make volume one liter 

7.3.2  TE Buffer 

0.5M EDTA    0.2ml 

1M HCl     1.0ml 

dH2O      To make volume 100ml 

7.3.3  50X TAE 

Tris-base     70.5g 

0.5M EDTA    50ml 

Acetic acid     14.7ml 

pH      8.5 

dH2O      To make volume 250ml 

7.3.4 10X Phosphate buffered saline PBS 

NaCl      80g 

KCl      2g 

Na2HPO4.7H2O   11.5g 
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KH2PO    4 2g 

dH2O      To make volume one liter. 

7.3.5  1X PBST (1 Liter) 

NaCl      8g 

KCl     0.2g 

Na2HPO4.7H2O    1.15g 

KH2PO4     0.2g 

Tween 20    1ml 

dH2O      To make volume one liter. 

 Adjust pH at 7.4 with NaOH. 

7.3.6  Lysis Buffer 

NaCl     400Mm 

Tris-HCl     50mM (pH: 8.0) 

EDTA     10Mm (Ph: 8.0) 

IGPAL    1% 

Protease inhibitors   2μl/ml 

PMSF     10mg/ml 

Protease inhibitors and PMSF added just prior to use lysis buffer. 

7.3.7  TEN buffer 

Tris (pH: 7.5)    40 mM 

EDTA (pH: 8.0)    1mM 

NaCl      150mM 

7.3.8  4x TRIS-SDS Buffer pH 8.8. 

Trizma base    18.2g 

SDS      0.4g 

dH2O      To make volume100ml. 

Adjust pH to 8.8 with concentrated HCl, filter sterilize and store at 4ºC. 
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7.3.9  4x TRIS-SDS Buffer pH 6.8 

Trizma base    6.05g 

SDS      0.4g 

dH2O      To make volume100ml. 

Adjust pH to 6.8 with concentrated HCl, filter sterilize and store at 4ºC. 

7.3.10  10x Running Buffer 

Trizma base    30.05g 

Glycine    142.5g 

SDS      10g 

dH2O      To make volume one liter. 

7.3.11  Transfer Buffer 

Trizma base    3.032g 

Glycine     14.416g 

Methanol     200ml 

dH2O      To make volume one liter. 

7.3.12 2x Sample Buffer 

4x TRIS-SDS Buffer   2.5ml (pH 6.8) 

Glycerol     2ml 

SDS      0.4g 

β-mercaptoethanol   200ul 

Bromophenol blue   200ul 

dH2O      To make volume upto 10ml. 

7.4   Culture Mediums 

7.4.1  Luria Bertani Medium LB 

Tryptone     10g 

Yeast Extract    5g 
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NaCl      10g 

dH2O      upto 1000ml 

 Dissolved the above reagents in dH2O, adjust the pH to 7.5 by 1N NaOH  

 and autoclaved. 

7.4.2  Luria Bertani Agar 

Tryptone     10g 

Yeast Extract    5g 

           NaCl                                          10g  

Agar      15g 

dH2O                                           upto 1000 ml 

 Dissolved the above reagents in dH2O, adjust the pH to 7.5 by 1N NaOH 

 and autoclaved. 

7.4.3  SOC Medium 

Tryptone     2g 

Yeast Extract    0.5g 

NaCl     0.06g 

KCl      0.02g 

           MgCl2     0.2g 

           MgSO4     0.25g 

 

 

 

 




