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Abstract 

This thesis focuses on the cellular and moiecular mechanisms underlying 

apoptotic ce11 death in SP2/0-Ag14 cells during long-term culture conditions by 

comparing it to P3x63-Ag8.653, a more robust myeloma ce11 line. Both ce11 lines 

demonstrated biochemical changes characteristic of apoptotic ce11 death during long-term 

culture. Further investigation showed that the death of SP2/0-Ag14 in long-term culture 

was due, in part, to glutamine deprivation and that supplementation with 1;-glutamine 

extended its viability to levels equivalent to P3x63-Ag8.653. One major difference 

between the two ce11 lines was the expression ievel of the anti-apoptotic protein, Bcl-xL, 

with P3x63-Ag8.653 cells expressing much higher levels of this protein than SP2/0-Ag14 

cells. Transfection of this apoptosis repressor into SP2/0-Ag14 cells significantly 

increased their resistance to apoptosis when cultured in the presence of cyclohexirnide 

(CHX), in glutamine-deprïved media, and during long-terni culture. When compared to 

P3x63-Ag8.653, SP2Bcl-xL cells expressed equivalent arnounts of Bcl-xL and 

demonstrated similar viability when exposed to different apoptotic stimuli, induding 

stationary batch cultures. As an attempt to M e r  increase the protection of SP2/0-Ag14 

cells in long-term culture, the Bcl-xL protein was modified by way of PCR-mediated site- 

directed mutagenesis. Results obtained indicated that changing a valine at position 126 to 

a glycine residue completely abolished the protective function of Bcl-xL in SP2/0-Ag14 

under different apoptosis inducing environments. On the other hand, deletion of the loop 

domain (amino acids: 46-83) significantly increased the protection effect of Bcl-xL on 

SP2/O-Ag 14 in long-term culture. Interestingly, SPZO- Ag 14 cells expressing different 



Ievels of Bcl-xL/Aioop mutant showed a concentration-dependent protection against 

CHX-induced apoptosis and a concentration-independent protection when cultured 

without glutamine. These results may give new insights into the apoptotic pathways of 

myeloma/hybridoma ce11 and their regulation by Bcl-xL. 



Chapter 1 

Introduction 



1.0 Introduction 

1.1 Hybridoma technology and monoclonal antibodies 

1.1.1 General aspects of hybridoma technology and monoclonal 

antibodies 

Biotechnology has progressed by leaps and bounds since the 1970s. Many 

discoveries revolutionized the world we live in, and developed into better crops, new 

products and better therapies in medicine. One of these potential medical therapies was 

developed in 1975 by G. Kohler and C. Milstein. They engineered ceIls called 

hybridomas that are immortalized (continuously divide) while producing antibodies in 

culture and suggested that "such cultures could be valuable for medical and industrial 

use" (Kohler et al. 1975). Today, antibody therapies show potential to treat diverse 

conditions that inchde viral infections, inflamrnatory diseases and cancers (Casadevall 

1999; Green et al. 2000). 

The antibodies secreted by these specialized cells are called "monoclonal 

antibodies." They consist of a single type of antibody that recognize only one specific 

epitope - a specific region of an antigenic molecule such as a cluster of several amino 

acid side chains on the surface of a protein (Alberts et al. 1989). Their unique specificity 

makes them more useful than polyctond antibodies or antisera which contain a mixture 

of antibodies that recognize more than one epitope on a antigen and can also cross-react 

with other antigens (Wolfe 1995). The greater specificity of monoclonal antibodies is 

desired for their applications in research and therapies. Furthemore, their production in 



vitro makes them easier to pur* than antibodies purified fiom crude sera, Reduced 

costs and decreased complications such as serum sickness caused by foreign antigen 

contamination are two advantages for producing monoclonal antibodies with hybridomas 

(Casadevdl 1999). 

Kohler and Milstein developed hybridomas because B cells which produce 

antibodies as part of the immune response of the body die after a few days in culture due 

to the lack of cytokine sumival stimulation in the in vitro environment, A solution to this 

problem is to fuse these B cells which secrete the desired antibody with a compatible ce11 

which strives in culture, a B-ce11 myeloma. Myeloma cells are cancerous plasma cells 

that are easy to culture in vitro. Once a B ce11 and a myeloma ce11 are fûsed, the resulting 

hybrid cell, the hybndoma, will possess the desired qualities of both ce11 lines; the 

antibody secreting capability of the B ce11 and the immortalized quaiity of the myeloma 

cell. Once a hybridorna that produces antibodies of the desired specificity is obtained, the 

cells c m  be cultured indefinitely to produce uniimited supplies of monoclonal antibodies. 

1.1.2 Hybridoma and monoclonal antibody production 

The technique to produce hybridoma cells involves many steps (Figure 1.1 A), the 

first of which is the selection of the right fiision partners. B cells that express antibodies 

against the desired antigen are collected fiom the spleen of a mouse that has been 

immunized with the antigen in question. The immunized mouse will have activated B 

cells in this organ. As mentioned above, these cells die afler a few days in culture. The 

other fusion partner is a myeloma celi line isolated fiom BALB/c mice. The cell line 

originally used by Kohler and Milstein was P3x63-Ag8 which was selected for having a 



positivc dont::. r>ruviclr: 
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Figure 1.1: Monoclonal antibody production using hybridoxnas. (A) General 
procedure to prepare hybridoma cells (Alberts et al. 1989). (B) Biosynthesis pathways of 
nucleotides. Aminopterin is a dmg that blocks de novo nucleotide synthesis. Thymidine Kinase 
and Hypoxanthine Guanine Phophoribosyl Transferase are essential enzymes of the Salvage 
Pathway. The myeloma fusion partner has a deficiency in HGPRT, making it unable to survive in 
HAT sefective media. This drawing was modified fiom (Abbas et al. 1997). 



mutated Hypoxanthine Guanine Phosphoribosyl Transferase (HGPRT) gene. This gene 

encodes an important enzyme of the salvage pathway of pyrimidine synthesis (Figure 

1.1B). From the P3x63-Ag8 ce11 line, other clones have been isolated to produce better 

hybridomas (Grosclaude 1988). P3x63-Ag8.653 and SP210-Ag14 are better fusion 

partners because they do not produce heavy or light immunoglobulïn chains, thus they do 

not interfere with the immunoglobulin chahs of the B ce11 that they are fused with 

(Shulman et al. 1978; Kearney et al. 1979). 

The next step is the fusion of both ceil lines and the selection for hybrid cells. 

Celi fusion c m  be done with a lipolytic reagent such as polyethylene glycol (PEG), with 

an electric field or with viruses like the vesicular stomatitis virus (Kennett 1979; 

Grosclaude 1988; Nagata et al. 1991). After fusion, unfüsed B cells die in culture after a 

few days; however, h s e d  myeloma cells must be elirninated. This is done by the use 

of a Hypoxanthine/Aminopterin/Thymidine (HAT) selection media which takes 

advantage of the HGPRT deficient status of the myeloma cells. Aminopterin is a drug 

that blocks the de novo production of nucleotides. This forces cells to use the Salvage 

pathway (Figure 1.1B) to synthesize their nucleotides f?om hypoxanthine and thymidine 

in the media. The myeloma cells cannot produce pyrimidines because of their deficiency 

in HGPRT, therefore, they die. In contrast, hybridoma cells will survive in thls medium 

because they have acquired a fùnctiond HGPRT gene fiom the B cell's genorne. The 

surviving cells can then be cloned and screened for the production of antibodies that have 

the correct specificity. The resulting hybridomas can survive indefinitely in culture while 

producing monoclonal antibodies (Wolfe 1995). . 



However, some problems are encountered with hybridoma cultures. The fusion 

fiequently fails, therefore, B ceiis producing a desired antibody are ofien lost (Wolfe 

1995). Secondly, for unkno wn reasons, hybridomas are more easily produced fiom 

mouse rather than human B cells (Wolfe 1995). Furthemore, irrununotherapy using 

mouse-deriveci antibodies provokes an unfavourable immune response in the patient 

against the foreign antibodies. As a result, antibody enm&eering to switch the conserved 

regions of mouse antibodies to human conserved regions has become an important 

research field (Wolfe 1995; Hayden et al. 1997; Hudson 1999). Finaily, hybridomas 

sometimes have decreased viability under certain culturing conditions like during 

agitation in bioreactors and during prolonged stationary culture (Linardos et al. 1991; 

Gaertner et al. 1993a; Doverskog et al. 1997; al-Rubeai et al. 1998). This loss of viability 

lirnits the number of cells in culture available to produce monoclonal antibodies, thus 

limiting the yield. 

Many research teams have tackled the problem of low viability in hybridoma 

cultures. Some have studied the nutritional needs of these cultures to maximize their 

viability and antibody production (Gaertner et al. 1993b; Bibila et al. 1995; S d e l i u  et al. 

1996). Others have analysed how these cells die and found that they die by a specific 

type of cell death called apoptosis (Vomastek et al. 1993; Mercille et al. 1994; Singh et 

al. 1997). Further studies showed that this form of ceil death was induced by a lack of 

specific amino acids in the culture medium, therefore, successful attempts were made to 

improve culture viability by replenishing these amino acids (Franek 1995; Petronini et ai. 

1996; Franek et al. 1996% 1996b). Other groups supplemented interleukin-6, a cytokine 

that promotes ce11 survival (Chung et al. 1997) or added synthetic apoptosis inhibitors 



(McKema et al. 2000). Both strategies deiayed apoptosis in these cultures. Finally, 

some researchers have taken a molecular approach to stop this type of ce11 death by 

engineering cells to express inhibitors of apoptosis such as members of the Bcl-2 family. 

(Itoh et al. 1995; Singh et al. 1996; al-Rubeai et al. 1998; Charbonneau et al. 2000). 

Targeting the mechanism of apoptosis in these cells shows great promise at optimizing 

the efficiency of these cells to produce monoclonal antibodies (Dickson 1998). 

1.2 Apoptosis 

1.2.1 Apoptosis, developrnent and disease 

Kerr, Wyllie , and Currie first coined the term "apoptosis" in 1972 and since then, 

this field has captured the interest of many researchers (Peter et al. 1997). The idea that 

cells can have an active and genetic predisposition for their own suicide helped to 

advance our knowledge of biological and medical science. Tt is now known that 

apoptotic ce11 death is critical for the development of organisms (Vaux et al. 1999). The 

death of cells is required for deleting structures, adjusting ce11 numbers and elimùiating 

dangerous or injured cells (Jacobson et al. 1 997). A clear example of deleting structures 

is the metamorphosis of tadpoles to fiogs where the cells of the tail detenorates and are 

absorbed by the body (Figure 1.2A). These cells are dying by programmed ce11 death 

because those cells are programmed to die by apoptosis at that specific stage of 

amphibian development (Jacobson et al. 1997). Apoptosis is also involved in immune 

responses for killing infected cells, for negative selection of autoreactive lymphocytes 

and for reducing the number of activated lymphocytes after an immune response 



Figure 1.2: Apoptosis and necrosis. (A) An example of apoptotic ceIl death 
involving the disappearance of the fiogs tail during arnphibian metamorphosis. The cells of the 
tail die by apoptosis and are absorbed by the body (Jacobson et al. 1997). (B) Morphological 
differences between apoptosis and necrosis (Kerr et al. 199 1). 



(Winoto 1997; Chervonsky 1999; Wold et al. 1999; LeGrand 2000). But, some 

infectious organisrns have even developed ways of disrupting apoptosis to their 

advantage. Viruses have many inhibitors of apoptosis that thwart this 1 s t  line of defence 

for the host organism (Barry et ai. 1998; Tschopp et al. 1998). 

Apoptosis is such a cornmon and crucial event in the human body that its 

deregulation results in diseases. The outcome of deregulation of apoptosis causes either 

an increase or a decrease of ce11 death. Increased apoptosis is Linked to decreased ce11 

numbers that cause neurodegenerative disorders (Alzheimer's and Huntington' s disease), 

autoimmune disorders (multiple sclerosis) as well as others. A I D S ,  acquired immune 

deficiency syndrome, is developed by the gradual depletion of T-helper cells, a 

component of the immune system, following infection by the human imrnunodeficiency 

virus (HIV). An unwanted increase in cell numbers from decreased apoptosis also causes 

diseases such as cancers and autoimmune diseases (lupus) (Chervonsky 1999; Fadeel et 

al. 1999). The implication of deregulated apoptosis in many diseases has raised the 

possibility of artificially manipulating apoptosis to treat these diseases (MacCorkle et ai. 

1998; Bamford et al. 2000; KauEnann et al. 2000). This noble and profitable possibility 

has encouraged researchers to double their efforts to elucidate the mechanisms and 

regdatory factors that underlie apoptosis. 

1.23 Classic morphological characteristics of apoptosis 

Researchers realized that there was more than one way for cells to die when they 

noticed that some dying cells had a different cellular morphology than others. Necrosis is 

a type of ce11 death caused by an iosult to the ce11 resulting in morphological changes like 



swelling of the cell, dilation of the mitochondria, dissolving of other organelles and 

& d y ,  the rupture of the plasma membrane (Thompson 1998) (Figure 1.2B). On the 

other han& researchers noticed that dying cells mmetimes had another morphology that 

was later cailed 'apoptosis' (Figure 1.2B). Apoptotic cells show ce11 shrinkage, 

membrane blebbing, chromatin condensation, nuclear fragmentation, production of 

apoptotic bodies which are then phagocytosed by surrounding cells or undergo secondary 

necrosis (Kerr et al. 1994; Thompson 1998). These two types of ce11 death are very 

different and result in different effects in an organism. When a ce11 dies by necrosis, its 

content is spilled into the surrounding environment, producing an infiammatory response. 

But because the cel17s content is neatly packaged in the apoptotic bodies during 

apoptosis, there is no infiammatory response. 

lm23 Caspases: the Central Pathway of Apoptosis 

1a2m3m1 Caspases 

The morphological changes associated with apoptosis are due to many biochemical 

reactions. Because apoptosis is similar between different ce11 types and organisms, there 

must be a conserved central pathway. It is now accepted that this conserved central 

pathway is composed of caspases (cysteinyl marate-specific proteases) (Zhivotovsky et 

ai. 1997). These proteases have a conserved cysteine in their catalytic site (generally 

QACXG, where X is R, Q or G), which enables them to cleave their substrates afier an 

aspartate residue found in specific recognition motifs (Cohen 1997; Wolf et al. 1999). 

Caspases are found in the ce11 as inactive proenzymes and must be cleaved into a large 

and a small subunit. The active enzyme is a heterotetramer consisting of 2 small (-10 



ma) and 2 large (-20 kDa) subunits presentuig 2 catalytic sites. After the induction of 

apoptosis, the death signal converges onto the centrai caspase pathway (Figure 1.3C) 

starthg with initiator caspases, which trigger the cascade of proteolytic activation of 

effector caspases. The latter ampli@ the signal by cleaving other initiator and effector 

caspases, and fmally execute the death sentence by cleaving specific substrates, causing 

the morphologicd and functionai changes characteristic of apoptosis. 

Initiator caspases are at the apex of the caspase activation cascade and include 

caspase-2, 8, 9, 10 and 12. These caspases contain a long N-terminal prodomain which 

allows them to interact with adapter molecules such as FADD (Fas-associated death 

domain) for caspase-8 and Apaf-I (apoptotic protease-activa- factor-1) for caspase-9. 

Adapter molecules function by bringing their procaspases into close proximity to each 

other to promote auto-activation or trans-activation. Once activated, initiator caspases 

activate effector caspases (Cohen 1997; Wolf et al. 1999; Bratton et al. 2000). 

Effector caspases, also called "executioner" caspases, are involved in most of the 

biochernical changes that actively disrnantie and kill the ceIl. Caspase-3, -6 and -7 

belong to this category. Unlike initiator caspases, these caspases have short N-terminal 

prodomains. The b c t i o n  of effector caspases is to cleave structural and regulatory 

proteins. Furthemore, these caspases can also cleave other caspases thus producing a 

positive feedback loop to ampli@ the death signal (Cohen 1997; Wolf et al. 1999; Bratton 

et al. 2000). 
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1.2.3.2 Outcome of Caspase activation 

The consequence of caspase activation is the systematic cleavage of specific 

ceilular substrates that accelerate and finalise the cell death process. The cleaved 

molecules can be organized into 4 groups (Figure 1.3D): (1) Pro and anti-apoptotic 

proteins, (2) components of the apoptosis rnachinery, (3) structural proteins and (4) 

homeostatic proteins (Wolf et al. 1999). The cleavage of the first group is to inactivate 

inhibitors of apoptosis like Bcl-2 and Bcl-xL, and to ampli@ the death signal by cleavage 

activation of other procaspases and proapoptotic molecules such as Bim and Bid. 

Many components of the apoptotic machinery are activated by caspases. One of 

these, ICAD (Miibitor of CAD), is found in the cytosol complexed to CAD (caspase- 

activated deoxyribonuclease). CAD is a DNAse that is inactivated when complexed with 

its inhibitor, ICAD. Following caspase-3-mediated cleavage of ICAD, CAD is Iiberated 

and translocates to the nucleus, where it cleaves DNA into 200 bp multimers (Liu et al. 

1997; Enari et al. 1998; Janicke et al. 1998; Sakahira et al. 1998; Nagata 2000). This 

DNA cleavage is fiequently used to show evidence of apoptotic ce11 death using DNA 

agarose gel electrophoresis (Wyliie 1980). 

The change in morphology of apoptotic cells represents a drarnatic modification 

in structural proteins. Many structural proteins such as lamins, fodrin, keratins and actin 

are cleaved by caspases (Porter et al. 1997; Gruenbaum et ai. 2000). The cleavage of 

these nuclear matrix and cytoskeleton proteins is responsible for many of the nuclear and 

cellular changes during apoptosis. The purpose of their cleavage is thought to be the 

dissolution of the cells integrity and cellular packaging (Wolf et al. 1999). 



The last group of cleaved molecules contributing to apoptotic ceIl death is 

homeostatic proteins. These molecules are usually responsible for the regular cellular 

hct ions  and maintenance of the cell, however, these duties are counterproductive when 

the ce11 is trying to kill itself. DNA repair is impaired by cleaving DNA maintenance 

enzymes such as PARP (poly[ADP-ribose] polymerase) and DNA-PK (Cohen 1997; 

Porter et al. 1997). PARP cleavage is an early event during apoptosis and is often used as 

a cellular indicator of apoptosis, much like DNA fragmentation and lamin cleavage 

(Oberhammer et al. 1994). Another disruption of essential cellular components is the 

tennination of survival signds. pRb (retinoblastoma protein), an important mediator of 

ce11 cycle progression and regulation, has been observed to be cleaved during apoptosis 

(Cohen 1997). These specific caspase substrates show how systematic and efficient the 

apoptotic mechanism is. 

1.2.4 Induction pathways of Apoptosis 

1.2.4.1 Extrinsic pathway 

Of the two pathways to induce apoptosis, the receptor-mediated pathway is the 

most understood. This pathway involves of plasma membrane receptors called death 

receptors. Once the corresponding death ligand binds the receptor, a chah of events 

inside the ce11 ultimately activate caspases and cause apoptosis. These death receptors 

are part of the TNF (turnor necrosis factor) receptor superfamily. Fas, TNFR and TRAIL 

are a few of the most studied members of this family (Schulze-Osthoff et al. 1998; 

Bratton et al. 2000; Walczak et al. 2000). Their structures have common elements; an N- 



terminal extracellular domain that is nch in cysteine residues, a singie membrane 

spanninig domain and a cytoptasmic death domain (DD) located at the C-terminus. These 

receptors are used in mainly three types of physiological apoptosis: for (1) elimination of 

activated lymphocyte clones after the immune response, (2) killing of infected cells (virus 

infections) or damaged cells (cancer cells) by cytotoxic T cells and by natural killer cells, 

and (3) eliminating inflammatory cells at immune privileged sites such as the eye 

(Ashkenazi et al. 1998). We will now discuss the extrinsic pathway of apoptosis 

induction using the Fas pathway as an example. 

The Fm receptor is normally found on the ce11 surface in its monomenc state 

(Figure 1.3A). This receptor must homotrimerise to activate the death signal. This is 

done following Fas ligand binding or artificially through receptor ligation by agonistic 

antibodies. However, this concept has corne into question with a recent article showing 

that the receptors are able to trimerise in the absence of ligand binding (Golstein 2000). 

Once in close proximity, the cytoplasmic DDs of each receptor unite and lead to the 

recruitment of an adapter molecule called FADD. FADD contains its own DD that 

interacts with the receptors DDs. The adapter molecule also has another domain at its N- 

terminal called a DED @eath Effector Domain) that interacts with a similar DED in the 

long prodomain of caspase-8. This protein complex is referred to as the DISC (death- 

inducing signahg complex). Its function is to bring procaspase-8 molecules into close 

proximity with each other so that they can undergo transactivatiûn through limited 

proteolysis. Caspase-8 will then initiate the central caspase cascade, mainly through 

caspase-3/7 activation (Nagata 1997; Peter et al. 1998; Bratton et al. 2000; Walczak et al. 

2000). In this induction pathway, caspase-8 can also amplify its signal by activating a 



second induction pathway through the cleavage of an intermediate molecule called Bid. 

The cleavage of this Bcl-2 family member induces a conformational change in Bax, 

another Bcl-2 member- Bax then translocates to the outer mitochondrial membrane and 

amplifies apoptosis through the intrinsic pathway (Yamada et ai. 1999; Bratton et al. 

2000; Perez et al. 2000). 

1.2.4.2 Intrinsic Pathway 

The second induction pathway, cailed the intrinsic pathway, involves the 

mitochondria. Researchers have recently added the task of decision-maker for apoptotic 

ce11 death to this energy producing organelle. Many indications point to its involvement: 

it contains many cornponents of the apoptotic machinery @rocaspase-2, -3 and -9, 

cytochrome c, Apoptosis Inducing Factor) and it is the site of localization of many 

apoptosis regdators @cl-2, Bax, SmacTi>IABLO) (Bemardi et al. 1999; Gottlieb 2000; 

Green 2000). It is still unknown how the rnitochondria senses when the ce11 should die 

(Matsuyama et al. 2000), but its involvement is becomùig hard to dispute. 

The mitochondria participates in apoptosis induction by the release of components 

of the apoptotic machinery such as procaspases, AIF and cytochrome c (Figure 1.3B) 

(Bemardi et al. 1999; Gottlieb 2000; Green 2000). In particular, cytochrome c, normally 

located in the intermembrane space of the rnitochondria, is thought to be released to the 

cytosol by a pore cornplex called the penneability transition pore (PTP). The PTP is 

composed of the voltage-dependent anion channel (VDAC), the adenine nucleotide 

translocase (MT) and cyclophiiin-D, which opens big enough for low molecuiar weight 

proteins such as cytochrome c to pass through (Bemardi et al. 1999; Crompton 1999; 



Gottlieb 1999; Bratton et al. 2000). The opening mechanism of this pore is starting to be 

understood. High calcium concentrations, Bcl-2 family members such as Bax, 

mitochondrial homeostasis and other signal transduction pathways seem to be involved in 

this process (Kroemer et ai. 1998; Loeffler et al. 2000; Perez et ai. 2000). 

Once cytochrome c is released fiom the rnitochondria, it becomes a cofactor in a 

complex called the "Apoptosome". The main component of this complex is an adapter 

molecule cdled Apaf-1. Apaf-1 uses cytochrome c and dATP as cofactors to self- 

oligomerize through WD-40 protein interaction domains. This exposes a caspase 

recniitment domain (CARDs) located in the N-terminal of the protein. Procaspase-9 

binds Apaf-1 through CARD-CARD interaction with its own CARD sequence located in 

its long prodomain (Hu et al. 1998; Pan et al. 1998). The complex ciusters and initiates 

transcatalysis activation of caspase-9 (Zou et al. 1999). Caspase-9 is then fiee to activate 

effector caspases through limited proteolysis and engage the central caspase cascade, 

leading to apoptosis (Mignotte et al. 1998). 

1.2.5 The Bel-2 family: Regulators of Apoptosis 

As we have seen, the mechanisms of apoptosis can effectively and potently kill 

cells. Unwanted ce11 death in an organism can cause many problems such as diseases. 

Therefore, this process must be tightly regulated. To protect against inappropriate 

activation of apoptosis, cells have compartmentalized certain components of its ce11 death 

machinery. One example: Procaspase-9 and cytochrome c are localized within the 

mitochondrial innemembrane space, away from their adaptor molecule Apaf-l 

(Crompton 1999). Cells also contain speciaiized regdatory molecules to control 



apoptosis such as IAPs (Inhibitor of Apoptosis Proteins) and SmacIDiablo (Green 2000). 

The most characterized family of apoptotic regdators is the Bcl-2 famîly. 

Bcl-2 (B-ce11 lymphoma-2), the first identified member of the Bcl-2 family, was 

discovered in 1986 by studying the breakpoint of the t(14;f 8) chromosome translocation 

in human B-cell lymphornas (Cleary et al. 1986; Tsujimoto et al. 1986). The 

translocation resulted in the constitutive expression of Bcl-2 at high levels that impaired 

the cell's ability to die, thus leading to a greater predisposition to Lymphoma development 

(Vaux et ai. 1988). Since then, the family has expanded and other new proteins with 

structurai similatities have been found (Adams et al. 1998; Fadeel et ai. 1999; Tsujimoto 

et af. 2000). Bcl-2 and these related proteins can inhibit or induce ce11 death. The family 

members can be divided into 3 categories (Figure 1.4): (1) ad-apoptotic members, (2) 

pro-apoptotic rnembers of the bax sub-family and (3) pro-apoptotic members of the BH3 

sub-family . 

These proteins have been grouped together according to sequence homology. 

They share conserved sequences called BH domains (for Bcl-2 uomology domains). 

There are 4 of these domains, BH1 to BH4, which are f o n d  in the different members 

(Figure 1.4). Most anti-apoptotic members, like Bcl-2 and Bcl-xL, have al1 4 domains, 

while Bax and Bak pro-apoptotic members have only BHI, BH2 and BH3. The BH3- 

only proteins obviously only have the BH3 domain. Most of these proteins also have 

trammembrane (TM) anchor domain thought to target them to the outer membrane of the 

mitochodia, the nuclear envelope and the endoplasmic reticulum (Adams et al. 1998; 

Tsujimoto et al. 2000). 
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The regulation of apoptosis by the Bcl-2 family depends on their relative amounts 

inside the cell. If a ce11 has a hi& concentration of anti-apoptotic members, it will 

survive or be more resistant to certain insults that induce apoptosis. However, if the 

concentrations of pro-apoptotic members accumulate due to multiple insults or increased 

activation of pro-apoptotic members, the cells death machinery will be activated 

(Hengartner 2000; Tsujimoto et al. 2000). The decision of life or death can be simplified 

to a balance between both categones of regulatory proteins, however, it is more complex 

than that. The different members of the Bcl-2 family can be individualiy activated or 

deactivated by processes such as phosphorylation, caspase-mediated cleavage or 

subcellular localization (Fadeel et al. 1999). We will now look at the function of one of 

these regulatory proteins: Bcl-xL. 

1.2.6 Bcl-xL 

Bcl-xL is an anti-apoptotic mernber of the Bcl-2 family Weed 1 997; Adams et al. 

1998; Tsujimoto et al. 2000). It was first isolated in 1993 fiom avian lymphocytes and 

was found to have 44% arnino acid identity with human or mouse Bcl-2 (E3oise et al. 

1993). Even though Bcl-xL and Bcl-2 are structurally similar, they are distinctly 

different regulatory molecules. This is evident when studying knockout mice in which 

these proteins were inactivated. ~cl-2-'- mice are viable but die at a few months old, 

usually due to rend failure. On the other hand,  cl-xJ- mice have a more ciramatic 

phenotype because they die at embryonic day 13. They showed a deficiency in the 

development of the nervous system and a low survival of immature thymocytes (Vaux et 

al. 1999). The different effect of Bci-2 and Bcl-xL inactivation shows that these two 



molecules may have a redundant role, however, other fiuictions are unique to their 

respective molecuie. Therefore, their exact functions must be studied individually. 

1.2.6.1 Structure 

Murine Bcl-xL (Genebank accession # US 1278) is a 233 amino acid protein containing 

many structural domains important for its hct ion.  It possesses four BH domains and a 

N-terminal transmembrane domain like other anti-apoptotic members of its family. X- 

ray crystallography and NMR spectroscopy andysis of the 3D structure of Bcl-xL 

revealed 7 alpha helices (Figure 1.5) (Muchmore et al. 1996). The basic structure is 

composed of two hydrophobic a-helices (a5 and a6) surrounded by amphipathic a- 

helices. Furthemore, there is a large unstructured loop region correspondhg to residues 

24 to 83 between the first and second a-helices (Liang et al. 1997). This loop possesses 

many phosphorylatable serine and threonine residues that may potentiaily regulate the 

h c t i o n  of Bcl-xL. Another important aspect of the structure of Bcl-xL is the formation 

of a hydrophobic pocket composed of the BH1, BH2 and BH3 domains. The 

hydrophobic pocket has been shown to interact strongly with the BH3 domain of Bak 

(Sattler et al. 1997). An interesting discovery brought by the resolution of the 3D 

structure is the similarity between the structure of Bc1-xL and the membrane insertion 

domains of diphthena toxin and colicins A and El (Liang et al. 1997). The helices of 

these proteins form pores in lipid membranes (Schendel et al. 1998). Bcl-2 and Bax have 

subsequently been shown to also fom pores. The exact function of the low pH 

dependent monovalent cation pore formed by Bcl-xL is not clear, however, it is suspected 

that it functions at the mitochondrial level (Liang et al. 1997; Schendel et al. 1998). 



Figure 1.5: Structure of Bcl-XI,. A RasMol drawing that clearly shows core of the molecule 
consisting of a-helices and the large unstmctured regulatory Ioop domain. PDB Identifier: 
1XLX- 



1.2.6.2 Function 

The fiuiction of Bcl-xL and the other members of the Bcl-2 family are still 

ambiguous. Thus far, three hypotheses of Bcl-xL's function exist: (1) dimerization with 

pro-apoptosis members, (2) mitochondrial homeostasis and (3) inhibition of the 

Apoptosome. Of these, the first and last hypotheses have recently been challenged by 

new experimentai findings. 

1,2.6.2.1 Dimerization 

Dimerization is an important characteristic of the Bcl-2 family that contributes to 

their fùnction (Figure 1.6A). For exarnple, when Bax dimerizes with itself, it translocates 

to the mitochondria to cause mitochondrial changes and cytochrome c release (Perez et 

al. 2000). Bcl-xL can inhibit Bax induced apoptosis by forming a heterodimer with Bax 

(Adams et al. 1898). As stated earlier, the BH1, BH2 and BH3 domain of Bcl-xL forms a 

hydrophobic pocket that binds to the BH3 domain of other molecules such as Bax. The 

Bax/Bcl-xL heterodimer still translocate to the mitochondria but Bax fùnction is 

impaired, thus inhibiting apoptosis (Hsu et al. 1997). However, this function has recently 

corne into question by a study that showed (1) that Bax/Bax and BaxBcl-xL dimerization 

was dependent on non-ionic detergents used to study their interactions (Hsu et al. 1997) 

and (2) that Bcl-xL and Bax function independently to modulate apoptosis (Knudson et 

al. 1997). 
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1.2.6.2.2 Mitochondrial homeostasis 

The recognition that Bcl-2 family members might regulate mitochondrial 

homeostasis has been a major step in the elucidation of the elusive centrai function of 

these apoptosis regulators. While it is possible that pore forming Bcl-2 members can 

contribute to the stabilization or destabilization of the mitochondria on their own, 

evidence is pointhg to their interaction with other components of this organelle 

(Finucane et al. 1999). Bax and Bcl-xL have been shown to interact with VDAC and 

ANT, major components of the PTP (Shimizu et al. 1999; Vander Heiden et al. 1999). 

Recently, Tsujimoto's group analysed the effect of Bax and Bcl-XL on this complex. 

They showed that these proteins independently regulate the opening of VDAC but not 

ANT (Shimizu et al. 2000). Bax and VDAC form a pore 4 to 10 times bigger that the 

pore size fonned by these proteins alone (Shimizu et al. 2000). The pore size of the 

Bax/VDAC complex would be big enough to allow cytochrome c and other proteins to 

escape the intermembrane space. Bcl-xL can stop these mitochondrial changes (Shimizu 

et al. 1999; Vander Heiden et al. 1999). Furthemore, the BH4 domain of Bcl-xL was 

also shown to bind VDAC and inhibit its opening even in the presence of Bax (Figure 

1.6B) (Shimizu et al. 2000). This can explain the release of cytochrome c and other 

intermembrane proteins fiom the mitochondria, and how Bcl-xL blocks it, however, other 

mechanisms might exist for the release of cytochrome c. The Tsujimoto team M e r  

showed that BH3-only protein of the Bc1-2 family can induce cytochrome c release 

independently of VDAC (Shimizu et al. 2000). 



1.2.6.2.3 Disruption of the Apoptosome 

Inhibition of caspase-9 activation at the level of the Apoptosome by Bcl-xL is 

another fiinction of this regdatory protein (Figure 1.6C). Accidentai release of 

cytochrome c c m  therefore be controlled if ce11 death is not wanted at that t h e .  Bcl-xL 

inhibits caspase-9 activation by bindiog the C-terminal of Apaf-1 containhg WD-40 

repeats, resulting in a disruption of the Apoptosome (Hu et al. 1998; Pan et al. 1998). 

This fùnction has also corne into question Iike the dimerization of Bcl-2 family members. 

A recent paper has done an extensive study on Apaf-1 interactions and showed that Bcl- 

xL, as well as other anti-apoptosis Bcl-2 family members, do not interact with Apaf-1 

(Moriishi et al. 1999). 

1.2.6.3 Regulation 

As we have seen, Bcl-xL is a potent inhibitor of apoptosis. A proper regulation of 

this protein is therefore important to control the fate of the cell. When a ce11 must die, 

Bcl-xL's protective activity must be turned off so that ce11 death is not delayed. There 

are five major mechanisms that regulate Bcl-xL's activity. 

1.2.6.3.1 Phosphorylation 

The loop domain of Bcl-xL (and Bcl-2) represents an important regulation site for 

the molecule (Fadeel et al. 1999) (Figure 1.7A). This domain is easily accessible by 

other proteins because it is fiee fiom the core of the molecule. Furthermore, this loop 

contains many serine and threonine residues that can be phosphorylated (Chang et al. 



1997). Bcl-xL and Bct-2 have been shown to be hyperphosphorylated in vivo after 

microtubule dimption by Taxol (Ling et al- 1998; Scatena et al. 1998; Fadeel et al. 1999; 

Yamamoto et al. 1999). The effect of phosphorylation of this domain is controversial. 

Some studies show that phosphorylation of the loop domain increases the survival 

funçtion of the protein while others Say that it abolishes its protective effect (Ito et al. 

1997; Ling et al. 1998; Scatena et al. 1998; Chadebech et al. 1999; Poommipanit et ai. 

1999; Sooryanarayana et al. 1999; Yamamoto et al. 1999). This may be due to cellular 

context or ciifferences in apoptotic stimuli, Nevertheless, deletion of the entire domain in 

Bcl-xL and Bcl-2 consistently increases the protective fûnction of these regdators 

(Chang et al. 1997; Srivastava et al. 1999; Wang et al. 1999). 

Recently, two studies have given insights into the molecular mechanisms 

underlying this post-translational regulation. One group found that 3 kinases, PKCa 

(Ruvolo et al. 1998), ERKl and ER= (Deng et al. 2000), are responsible for the 

phosphorylation of Bcl-2. Survival signals, such as IL-3, can activate these kinases that 

specifically phosphorylate the evolutionarily conserved Ser,o located in the loop domain 

of Bcl-2. This modification enhances the stability of Bcl-2/Bax heterodimers, which 

increases the protective effect of Bcl-2 (Deng et al. 2000). Furthemore, these kinases are 

part of the MAPK proliferation pathway which explains the links between the survival 

ancl proliferation signal observed in growth factor-dependent ce11 lines (Fadeel et al. 

1999). Another study also showed a lirik with the MAPK pathway. The group found that 

MAP kinase phosphorylation sites T b 4  and Sers7 within Bcl-2 were dorninantly 

phophorylated in endothelid cells by the MAPK pathway (Breitschoph et al. 2000). 

Upon TNF-a-stimulation, these sites were dephosphorylated by hlAP kinase phosphatase 
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Figure 1.7: Reguiation of Bcl-XL function. (A) Regulation by phosphorylation and cleavage 
within the regulatory loop domain and BH3-protein interaction with the hydrophobic pocket 
fonned by the BH1, BH2 and BH3 domains. (B) Regulation by alternative splicing of pre- 
niRNA. The use of an alternative splice site within the first exon of BcI-xL produces a shorter 
pro-apoptotic translational product called Bcl-xS. (C) Transcriptionai upregulation of promotor 
activity through cytokine receptor activation of the JaWStat pathway. 



(MKP)-3 and -4. Dephosphorylation of these residues resulted in the proteasome- 

dependent degradation of Bcl-2 and, consequently, a decreased resistance to apoptosis in 

these cells. 

1.2.6.3.2 Cleavage by cas pases 

The accessibility of the loop domain makes it an attractive site for proteolytic 

cleavage (Figure 1.7A). Both Bcl-xL and Scl-2 have caspase cleavage sites in the loop 

domain (Clem et al. 1998; Kirsch et al. 1999). Murine Bcl-xL has two cleavage sites: 

HLAD~%S and SSLD'~&A (Hirotani et al. 1999). Cleavage at these sites has a dual 

purpose. First, it deactivates the protective function of the protein. Second, the 

proteolysis releases the N-terminal part of the protein, leaving a protein that resembles 

the pro-apoptotic protein Bax in structure and fünction. BcI-xL, which inhibited 

apoptosis, now causes apoptosis just like Bax (Clem et al. 1998). 

1.2.6.3.3 BH3-only protein binding to Bcl-xL 

BH3-only proteins are potent activators of apoptosis. They fùnction mainly by 

antagonizing the anti-apoptotic function of Bcl-xL. The BH3 domain of these small 

proteins binds the hydrophobie pocket of Bcl-xL (Fesik 2000). This occupation of the 

BH3 binding site keeps Bcl-xL fiom binding and inhibiting pro-apoptotic members as we 

have seen earlier. These BH3 proteins must also be tightly regulated. We will now 

discuss the activation of two BH3-only proteuis, Bad and Bid. 



Bcl-xL inhibition by Bad is dependent on the phosphorylation status of this BH3- 

only protein (Figure 1.8). Bad can be phosphorylated by PKA and PKB/Akt, kinases that 

are activated by survival signals such as IL-3 (Harada et al. 1999; Scheid et al. 1999; 

Cross et al. 2000). When murine Bad is phosphorylated on serine residue 112 or 136, it 

is sequestered by 14-3-3 proteins which keep it fiom binding and inhibiting Bcl-xL 

(Downward 1 999). The ca2+ activated phosphatase, calcineuin, can reverse the 

phosphorylation of Bad leading to its dissociation fkom 14-3-3 proteins (Wang et al. 

1999). Unphosphorylated Bad can then interact with Bcl-xL, inhibiting its anti-apoptotic 

hct ion  and promoting ce11 death (Kelekar et al. 1997). 

1.2.6.3.4 Alternative splicing 

Another regulation of Bcl-xL's protective effect is through the alternative splicing 

of Bcl-xL's pre-mRNA (figure WB). Ever since the discovery of Bcl-xL, it was known 

that the pre-mRNA of Bcl-x is spliced into two major products (Gnllot et al. 1997). The 

first is a large mRNA which is transcribed into full Iength Bcl-xL. The second gives a 

shorter product, called Bcl-xS, which lacks the BHl and BH2 domains found in the 

deleted 63 amino acids (Boise et al. 1993). This second product is grouped with other 

BH3-only Bcl-2 family members even though it seems that it does not function prirnarily 

by binding of anti-apoptotic members (Minn et al. 1996). One exarnple of this regulation 

was seen in a rat endometrial ce11 line where the splicing of the long anti-apoptotic forms 

of Bcl-xL was favoured when progesterone was present. After the removal of the 

hormone, the Bcl-xL/Bcl-xS ratio decreased and the cells died (Pecci et al. 1997). In 



4 Calcineurin 

Apoptosis No Apoptosis 
Figure 1.8: Regulation of Bcl-xL through bioding of Bad. The BH3 domain of Bad binds 
to the hybrophobic pocket of Bcl-xL to inhibit the anti-apoptotic function of Bci-xL. This 
binding is regulated by Bad phosphorylation on Set residues 1 12 and 136, which is controlied by 
IL-3-activated Akt. Phosphorylated Bad is sequestered by 14-3-3 and Bcl-xL is free to inhibit 
apoptosis. The phosphorylation of  Bad is also reversibte by the phosphatase activity of 
Calcineurin. 



1998, another alternative spliced form of Bcl-x was found, Bcl-xp (Ban et al- 1998). This 

discovery M e r  complicates the regulation of Bcl-xL by alternative splicing. 

1.2.6.3.5 Upregulation of Bcl-xL mRNA 

Bcl-xL expression levels in cells can be changed by hormonal influences (Figure 

1.7C). Erythropoietin (Epo), a cytokine, was shown to protect immature erythroblasts 

fiom apoptosis by increasing Bcl-xL mRNA expression through the JaWStat pathway 

(Silva et al. 1999). Binding of Epo to the erythropoietin receptor causes the receptor to 

homodimerize and activate its associated cytoplasmic kinase Jak2. This tyrosine kinase 

then activates STATS, which translocates to the nucleus and interacts with its regulatory 

element in Bcl-xL's promoter region. The result is an increase of Bcl-xL expression that 

influences the fate of the cell in favour of survival (Silva et al. 1999; Socolovsky et al. 

1999; Williams 2000). Interleukin-6 (IL-6) is another cytokine that affects the viability 

of cells in the immune system. It is a growth factor for activated B cells in the late stages 

of B ceil differentiation and promotes in vitro growth of some hybridomas (Abbas et al. 

1997). Many studies have Iinked the upregulation of Bcl-xL with IL-6 and correiated this 

increase with a decrease of apoptosis (Lotem et al. 1995; Schwarze et al. 1995; Puthier et 

al. 1999). This suggest that the expression of Bcl-xL can be regulated by cytokines such 

as IL-6 and Epo. 



Chapter 2 

Objectives 



2.0 Objectives 

Several laboratones are actively pursuing increasing the productivity of monoclonal 

antibody production. One way that is presently being exploited is by increasing the 

viability of hybridoma cultures in long-term culture. By mahtaining a high viability, it is 

believed that hybndoma cultures will produce a higher antibody concentration during the 

culture perïod. The induction of apoptosis has been identified as the culprit responsible 

for the decreased viability of these cells in extended culture time used to produce 

monoclonal antibodies. Our long-term goal is to effectively increase the viability of 

hybridoma cultures. The objectives of this thesis are threefold: 

1. Detennine which factor@) in the long-term culture environment may be 

responsible for the induction of apoptosis of SP2/0-Ag14 cultures. 

2. Analyse the effectiveness of the anti-apoptosis regulator, Bcl-xL, to increase the 

viability of SP2/0-Ag14 in long-term culture. 

3. Use PCR-mediated site-directed mutagenesis in order to increase the effectiveness 

of Bcl-xL for maintaining a high SP2/0-Ag14 culture viability in long-term 

culture. 



Chapter 3 

Differences between SP2/0-Ag14 
and P3x63-Ag8.653 cell lines 



3.0 Cornparison of the culture behaviour of the SP2/0-Ag14 
and P3x63-Ag8.653 murine hybridoma ceU lines 

3.1 Introduction 

Ever since Kohler and Milstein developed the fxst monoclonal antibody-secrethg 

hybridoma in 1975, researchers have tried to improve this technology (Kohler et al. 

1975). Hybridoma cells are obtained by fusing an antibody-secreting B ce11 with a 

myeloma cell. The resulting hybrid ce11 retains the desired chatacteristics of both ce11 

lines: the antibody producing function of the former and the continuou in vitro 

proliferation of the latter. Two better myeloma fusion partners, P3x63-Ag8.653 and 

SP2/O-Ag 14, were isolated fiom the same parent ce11 line a few years later (Shulman et 

al. 1978; Kearney et al. 1979). Monoclonal antibodies have since increased in 

importance due to their uses in medicine, research and biotechnology. The result of the 

high demand for pure, high titre monoclonal antibodies fbelled research in the area of 

hybridoma technology. Researchers have noticed that cellular viability is the major 

limitation for antibody production (Linardos et al. 199 1 ; Gaertner et al. 1993 a). 

The type of ceU death that limits the viability of these hybridoma cultures is 

known sts apoptosis (Vomastek et al. 1993; Hu et al. 1997; al-Rubeai et al. 1998; Dickson 

1998). The presence of apoptosis in hybridoma cultures cornes as the result of mild 

stresses that activate the suicidai mechanism of the cells. The exact inducer or inducers 

that cause the death of these cells is still not known, but nutritional, environmental a d o r  

physical stresses are Uely candidates (Hu et al. 1 997; al-Rubeai et al. 1998). 



Many attempts to suppress apoptosis and increase the viability of hybridoma 

cultures have been made. One popular method is by optimizing the culture medium 

according to the specific nutritional needs of these cultures. Medium optimization 

maximises the ce11 culture longevity by taking into account nutrient uptake, waste 

product rninimïzation and control of environmental conditions (Bibila et al. 1995). The 

study of culture parameters in different hybridoma and myeloma ce11 lines showed that 

glucose and, more importantly, glutamine are vital energy sources (Gaertner et al. 1993b; 

Petronïni et al. 1996; Sadeliu et al. 1996). The supplementation of these nutrients can 

greatly increase the production of monoclonal antibodies, however, the culture still 

eventually dies £iom the lack of other nutrients such as amino acids and vitamins or toxic 

rnetabolic by-products (Mercille et al. 1994). 

Amino acids have received considerable attention to increase the viability of 

hybridoma and myeloma cultures. The induction of apoptosis has been shown to 

correlate with the exhaustion of one or a few amino acid. Franek and his group have 

identified several aniino acids that they describe as having a "survival-signal role" in 

starvation-induced apoptosis of SP2/O-Ag14 derived hybridomas (Franek 1995; Franek et 

al. 1996a, 1996b). Glutamine seems to be especially important, not only as an energy 

source, but as a survival signal. Its depletion coincides with the induction of apoptosis in 

the D5 hybridoma, which has been derived fiom SP2/0-Ag14 (Mercille et al. 1994). 

Furthermore, glutamine deprivation of human lymphoma celIs was associated with 

apoptotic ce11 death that was independent of its energetic function (Petronini et al. 1996). 

The sarne study also showed that reinstatement of glutamine in the culture medium 

rescued the cells fiom death. 



The work presented in this chapter compares the culture behaviour of 

P3 x63Ag8.653 and SP2/0-Ag 14, two myeloma ce11 lines commonly used to prepare 

hybridomas. These related ce11 lines were both originally generated fiom the P3x63Ag8 

cell line. SP2/0-Ag14 is a hybrid formed by the fusion of two ceIls, a spleen ce11 isolated 

form a BALB/c rnice and a P3x63Ag8 myeloma ce11 (Shulrnan et al. 1978). On the other 

hand, P3x63Ag8.653 is simply a clone of P3x63Ag8 (Kearney et al. 1979). These two 

ce11 lines, sharing the same lineage and use, have diffèrent susceptibilities to apoptosis. 

When exposed to a .  inhibitor of protein synthesis, cycloheximide (CHX), SP2/0-Ag14 is 

dramatically more sensitive than P3x63Ag8.653 and dies by apoptosis (Gauthier et al. 

1996). Hybridomas derived fiom SP210-Ag14 c m  inherit its apoptosis sensitivity which 

is an undesirable cellular trait for the production of monoclona1 antibodies (Perreault et 

al. 1993). One major difference between the two ce11 lines that may explain the 

sensitivity of SP2/0-Ag14 is the lack of anti-apoptotic inhibitor Bcl-xL (Gauthier et al. 

1996). 

The comparative study presented here examines the culture behaviour of these 

two ce11 lines in long-term stationaiy culture to help detemine environmental causes for 

their differential rate of ce11 death. Cellular crowding, glucose levels and growth factor 

limitation did not cause the differential induction of apoptosis in these two cell lines. On 

the other hand, lack of glutamine in the culture medium has a dramatic death inducing 

effect on SP2/0-Ag14 cells. Furthemore, addition of this amino acid can rescue SP2/0- 

Ag14 cells fkom ce11 death in long-term stationary culture and restored its growth profile 

to one resembling P3x63Ag8.653. Supplementation of glutamine had no effect on 



P3x63Ag8.653. These results suggest that glutamine has a major regulatory fünction on 

SP2/0-Ag14 in culture that is not observed in P3x63Ag8.653. 

3.2 Methods and Materials 

3.2.1 Reagents 

Unless otherwise stated, al1 reagents were obtained fiom Canadian Life 

Technologies (Burlington, ON). A 70x stock solution of L-glutamine was made with 

PBS (pH 7.4) to replenish the concentration of glutamine in the culture medium to 4.5 

mM. 

3.2.2 Ce11 lines and ce11 maintenance 

The murine ce11 lines P3x63-Ag8.653 (ATCC# CRL158O) and SP2/0-Ag14 

(ATCC # CRL1581) were obtained i?om the American Type Culture Collection 

(Rockville, MD). Both ce11 lines were maintained in Iscove's modified Eagle's media 

(Media Preparation Lab, Princess Margaret Hospital, Toronto, ON), supplemented with 

5% Fetalclone 1 (Hyclone), 100 Ulm1 penicillin and 100 p g h l  streptomycin. Ce11 

culture was performed at 37 OC under an atmosphere of 5% COz / 95% air. Al1 open 

fiask manipulations of ce11 cultures were performed under aseptic conditions in a 

~ a b c o n c o ~  PurifierTM Class II safety cabinet. 



3.2.3 Freezing and thawing cells 

Ce11 lines were occasionally fiozen for füture use. Approximately 2 x 106 

exponentially growing cells were centrifuged and resuspended in I ml of cold culture 

medium containing 10% DMSO and transferred to a 2 ml free-standing polypropylene 

Wheaton cryuleB Vial. The tube was immediately stored in a styrofoarn container and 

placed at -120 OC for a few days. The fiozen cultures where then transferred to a 

Themolyne BioCaneTM 20 cryo-container for long term storage in liquid nitrogen. When 

needed, these cultures were thawed rapidly in a 37 OC waterbath, washed once with 10 

ml of fiesh culture medium and resuspended in another 10 mi of culture medium. The 

cells were then cultured as described in section 3.2.2. 

3.2.4 Long-term stationary batch ce11 culture 

Exponentially growing cells were centrifuged and resuspended in fiesh culture 

medium at a concentration of 5 x 104 celldml in 25 cm2 flasks and cultured as described 

above. Ce11 viability was determined by the Trypan Blue dye exclusion assay: an aliquot 

of cells was diluted in 0.04% trypan blue (Sigma, Oakville, ON) dissolved in PBS (9.1 

mM Na2HPO4, 1.7 mM NaH2PU4, 150 rnM NaCl, pH 7.4). The viable (white) cells and 

dead (blue) cells were counted using a Bright-Line Hemacytometer (Sigma, Oakville, 

ON). Each result is the average + standard deviation of at least 4 detenninations. 

Experiments studying the effect of Iunited FBS concentration followed the same 

procedures with the exception that the cells were resuspended at 1 x 105 cells/ml in 

medium containing 0.1 % FBS . 



3.2.5 DNA laddering assay 

DNA fragmentation anaiysis was performed following a procedure modified fiom 

a previously published protocol (Smith et al. 1989). Briefly, 5 x 105 cells were collected 

and washed once with PBS. The cells were lysed with 50 pl of lysis b a e r  (10 mM Tris 

HCI pH 8, 1 mM EDTA pH 8,0.5% N-Lauroyl Sarcosine, and fieshly added 0.25 mg/& 

Proteinase K and 0.02 mghl  RNAse). The mixture was then incubated for 5 minutes at 

50 OC. An equal volume (50 pl) of sample buffer (40% sucrose, 0.08% Bromophenol 

Blue) was then added to the sample. Fifieen microliters of each sample was loaded in the 

wells of a 2% agarose gel and electrophoresis was perfomed using a BioRad Mini Sub 

Cell DNA electrophoresis unit in TBE Buffer (0.089 M Tris Base, 0.089 M Boric Acid, 

0.002 M EDTA p H  8) at 95 V for 45 minutes. The DNA was then stained for 5 minutes 

with ethidiurn bromide (0.7 pg/ml) and washed in H20 for 3 hours before visualization 

under UV transiilumination. 

3.2.6 Dglucose and L-glutamine assays 

D-glucose and L-glutamine concentrations were analysed by enzymatic assays 

from sarnples of culture medium removed on each day of the long-term cultures. The 

cells were pelleted by centrifugation (1 500 RPM, 4 OC for 10 min) and the supernatant 

removed and fiozen at -20 OC until needed. 

D-glucose determination was performed as described by Bozimowski 

(Bozimowski et al. 1985). Briefly, D-glucose concentrations were measured by mixing 

10 pl of 1:2 (medium: H20) diluted culture medium with 80 pl Glucose reagent (33 



KU/L glucose oxidase, 7.64 U peroxidase, 2 mM aminoantipyrine, 3 mM 2-hydroxy-3,5- 

dichlorobenxenesulfonate dissolved in 100 mM TrisMc1 Buffer pH 7.0) and 1 10 pl  H20 

in a 96-well plate. The plate was incubated at 37 OC for 10 min and the optical density 

was measured at 5 10 nm using a PowerWaveX micro-plate reader (Bio-Tek Instruments, 

Inc). Glucose concentrations were obtained using a standard curve made with D-glucose. 

Al1 samples were analysed in triplicate. 

L-glutamine concentrations were analysed using a Glutamine Assay Kit (GLN-2) 

fkom Sigma, following the instructions fiom the manufacturer. Optical densisr readings 

were performed in triplicate at 550 nm using a PowerWaveX micro-plate reader (Bio-Tek 

hstnunents, Inc). 

3.2.7 Protein extract preparation and Western analysis 

Soluble cellular protein extracts were prepared as follows. Two million cells 

were wash once with PBS and peileted by centrifugation (1 500 RPM, 4°C for 10 min). 

For soluble nuclear protein extracts, 3 x 106 cells were washed once with PBS, washed 

again in 2.5 ml of Lysis Buffer 1 (10 mM Tns/HCl pH 7.4, 3 mM CaC12, and 2 mM 

MgClz), resuspended in 2.5 ml Lysis Buffer 2 (10 mM Tris/HCI pH 7.4, 3 mM CaC12, 2 

mM MgCIz, and 1% IGEPAL CA-630), homogenized on ice with 10 strokes of a dounce 

homogenizer and then centrifûged (1 500 RPM, 4°C for 10 min) to pellet the nuclei. The 

cell or nuclei pellets were stored at -80°C until needed or used right away. 

The cewnuclei pellets were resuspended in 500 pI of RIPA buffer (1% IGEPAL, 

1% deoxycholic acid, 0.1% SDS in PBS) and incubated on ice for 30 min. The samples 

were then sonicated for 10 seconds before adding 5 pl of 10 mg/ml PMSF dissolved in 



isopropanol, followed by a 30 min incubation on ice. Following centrifugation (12 500 

RPM, 4°C for 20 min), the supernatant was transferred to another tube and its protein 

content detemllned using the DC Protein Assay Kit (Bio-Rad) using BSA as standard. 

The extracts were then stored at -80°C until needed- 

For Western Blot analysis, equal amounts of proteins were loaded into the wells 

of a 10% PAGE-SDS polyacrylamide gel and resolved using a Bio-Rad Mini-Protean II 

electrophoresis unit. The proteins were transferred to a Hybond-P membrane 

(Aniersham-P hannaciq Baie d'Urfé, QC) following the manufacturer' s instructions, and 

then stained for 5 min with Ponceau S (5% Ponceau S, 2% glacial acetic acid) to confirm 

transfer efficiency. For the irnmunodetectiûn, the membrane was blocked for 1 h o u  in 

blotto (5% non-fat dry mik, in TTBS [O.l% Tween-20,0.02 M Tris/HCl pH 7.6, 0.14 M 

NaCl]), rinsed with TTBS three times for 5 min at room temperature and then incubated 

for 1 hour with the prirnary antibody. The following polyclonal IgG primary antibodies 

were used at the indicated dilutions: 1/1500 rabbit anti-PARP (H-250) (Santa Cruz 

Biotechnotogy, Santa C m ,  CA) or 1/200 goat anti-Lamin B (M-20) (Santa Cruz 

Biotechnology) diluted in blotto. The membrane was then washed three times for 5 min 

with TTBS. The appropriate horseradish peroxidase coupled secondary antibody (anti- 

rabbit IgG-HRP [Santa Cruz Biotechnology] or anti-goat IgG-HRP [Santa Cruz 

Biotechnology]) was diluted to 1/5000 with blotto and the membrane was incubated in 

this solution for 1 hour. Finally, the membrane was washed once for 10 min and 4 times 

for 5 min in TTBS before visudization using ECLTMPlus cherniluminescence Kit 

(Amersharn-Pharmacia, Baie d'Urfé, QC) and H yperfilmTMECLTM (Amersham- 



Phannacia, Baie d'Urfé, QC). The film was developed using Kodak GBX developer and 

fixer (Sigma). 

3.2.8 MTT Assay 

Ce11 viability was detemiined using the MTT viability assay (Hansen et al. 1989). 

In a 96-well plate, 2 x  10' cells were incubated in a total volume of 100 p1 in the presence 

of 25 pg/ml CHX (Sigma) or in Iscove's media lacking L-glutamine (Sigma) for 2 and 3 

hours, respectively. Twenty-five microlitres of MTT dye (5 m g / d  dissolved in PBS) 

was then added to each well, followed by a 2 hours incubation at 37 OC. One hundred 

microlitres of Lysis buffer (20% SDS, 50% N-N'-dimethylfomamide, pH 4.7) was then 

added to each well and the plates were incubated overnight at 37 OC. Optical density 

readings were performed at 570 nrn using a PowerWaveX micro-plate reader (Bio-Tek 

Instruments, Inc). The experiments were done using 4 replicates and the results shown 

are expressed as the average + standard deviation of three independent experiments. 

3.3 Results 

3.3.1 Growth and apoptosis in SPZ/O-Ag14 and P3x63-Ag8.653 cells in 

long-term culture 

The growth behaviour of SP2/0-Ag14 and P3x63-Ag8.653 cetls was observed during 

long-term culture without changing the culture medium. We used these conditions to 



simulate the environment that these cells would be subjected to if they were used to 

produce monoclonal antibodies. Exponentially growing ceils were seeded at 5 x 104 

cells/ml and aliquots of culture was taken daily to analyse the cellular viability by the 

Trypan Blue exclusion assay. As seen in Figure 3.1, SP2/0-Ag 14 and P3x63-Ag8.653 

have different growth profiles. First, a maximum viable ce11 density was reached on day 

4 for SP2/0-Ag14 and on day 5 for the P3x63-Ag8.653 culture. The density for SP2/0- 

Ag14 was approximately 1.5 x 106 cells/ml while P3x63-Ag8.6533 peak was slightly 

lower. More importantly, the tirne it took for both cultures to reach 5% viability was 

different. It took SP2/0-Ag14 6 days to reach 95 % ce11 death, while P3x63-Ag8.653 

maintained a higher viability until day 10. This dserence in culture t h e  is mostly 

attributed to different decline in viable cells. SPUO-Ag14 cells died rapidly after day 4. 

On the other hand, P3x63-Ag8.653 cells had a more gradua1 decrease of viable ceil 

density. The decreased in viable cells concentration in both cultures was accompanied by 

an increase in the number of dead cells. 

It is generdly accepted that the reduced viability of myeloma and hybridoma cells 

is associated with apoptotic ce11 death (Zfu et al. 1997; Dickson 1998). To support this, 

we studied three different biochemical markers of apoptosis fiom sarnples collected daily 

from SP2/0-Ag14 and P3x63-Ag8.653 cultures grown in the same conditions as in Figure 

3.1. Figure 3.2A shows DNA laddering which is a classic marker for apoptosis 

(Robertson et al. 2000). En SP2/0-Ag14 cultures, the 200 bp- multi-oligomer pattern start 

to appear on day 4, while the P3x63-Ag8.653 cells showed signs of DNA fragmentation 

only on day 5. On subsequent days, DNA laddering increased in intensity for both ce11 

lines. Two proteolytic markers were also used to confirm apoptosis: cleavage of PARP 



Figure 3.1: Growth behavior of SPI (A) and P3 (B) cells in stationary batch culture. The 
number of viable cells (circles) and dead cells (squares) were determined by Trypan BIue 
exclusion assay. The dotted line with triangles represents the total number of celts in the culture. 
Each data point is the average of at least 4 determinations. 
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Figure 3.2: Apoptosis of SP2 and P3 cells during long-term culture. Confirmation of 
apoptotic ce11 death in these cultures by (A) DNA laddering and (B) cleavage of PARP and 
Lamin B. 



and Lamin B (Porter et al. 1997) (Figure 3.2B). These two proteins are cleaved during 

apoptosis by caspases. Immunodetection of 1 16 kDa PARP and 53 kDa Lamin B showed 

a progressive decrease in the level of the full length foms of these proteins that start after 

day 4 and day 6 for SP2/0-Ag14 and P3x63-Ag8.653, respectively. This coincides with 

the increases in dead cells in Figure 3.1A and B. The cleavage of DNA and caspase 

substrates suggests that the decreased viability in these two ce11 lines is associated to 

apoptotic cell death. 

33.2 Study of the environmental cause of hybridoma ce11 death 

With the hope of understanding the environmental factors that stimulate these ce11 to die 

during prolonged culture, we tested the effect of certain culture related stresses. We first 

investigated the possibility that culture components may be lirniting during prolonged 

culture. To test this, we seeded SP2/0-Ag14 and P3x63-Ag8.653 cells at 5 x 104 cells/ml 

and replaced the culture medium daily. By replacing the media, we are replenishing the 

supply of nutrients and growth factors for the cells and lirniting the accumulation of toxic 

metabolites such as ammonia and lactate (Gaertner et al. 1993b). This procedure 

dramatically extended the viability of both SP210-Ag14 and P3x63-Ag8.653 ce11 lines 

(Figure 3.3). Both cultures aIso increased their maximum number of viable cells. SP2/0- 

Ag14 reached a plateau of -2.5 x 106 cells/rnl on day 4 while P3x63-Ag8.653 maintained 

a viable ce11 concentration between 2.5 x 106 and 3.5 x 106 cells/mi d e r  day 6. At these 

high concentrations, the cells were probably using up an essential factor in the culture 

medium or succumbing to toxic metabolites that induced a fraction of the population die 

before the medium could be replenished the next day. The surviving cells continued to 



Figure 3.3: Effect of daily replacement of culture medium on the growth behaviour of 
SP2 (A) and P3 (B) cells. Cells were seeded at 5 x Io4 celVml in 15 ml of culture and counted 
daily with Trypan Blue dye. The media was then replaced by resuspending the cells in new 
culture media at the density of that day. Viable cell number of the control culture is represented 
by circles and changed medium culture are squares. The solid (triangle) and dotted (diamond) 
lines show the total cell number in the control and changed medium cultures, respectively. Each 
point is the average of at least 4 determinations. 



proliferate in the replenished medium because the concentration of total ceiis increased 

linearly in both ce11 lines during the whole experiment (Figure 3.3). Therefore, there is a 

factor or factors that cause these cells to die during long-terni culture. 

One possible environmental stress is the exhaustion of growth factors. To test this 

possibility, we resuspended SP2/0-Ag14 and P3x63-Ag8.653 cells at 5 x 105 cells/rnl in 

Iscove7s medium containhg 0.1% FBS and the viable ce11 number was counted daily 

from an aliquot of cells using the Trypan Blue dye exclusion assay. Figure 3.4 shows 

that SP2/O-Ag14 and P3x63-Ag8.653 behave very differently under these conditions. 

SPUO-Ag14 cells continue to grow slowly, while P3x63-Ag8.653 cells stopped growùig 

altogether and started dying after 3 days. Growth factor exhaustion is not the cause for 

cell death because both ce11 lines do not die rapidly once FBS is removed, however, it 

does suggest that P3x63-Ag8.653 proliferation/survival is more growth factor-dependent 

than SP2/0-Ag 14. 

Myeloma and hybridoma cells have been shown to undergo apoptosis when they 

lacked glucose (Mercille et al. 1994). Glutamine was also shown to be important for 

hybndoma cells and has been suggested to act as a survival signal (Mercille et al. 1994; 

Franek 1995; Petronini et al. 1996; Franek et al. 1996b). We tested the consurnption of 

these two culture media components to determine their rate of utilization d d g  

prolonged growth culture of SP2/0-Ag14 and P3x63-Ag8.653. Figure 3 S A  shows that 

the consumption of glucose was similar for SPUO-Ag14 and P3x63-Ag8.653 cells. 

Furthemore, it is not the limiting factor because of the large excess of glucose in the 

media during the late stages of culture. In contrast, the concentration of glutamine 

available for uptake by the cells is limited. In Figure 3SB, we see that SPUO-Ag14 cells 
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Figure 3.4: Growth behavioar of SP2 and P3 cells in limited growth factor conditions. 
SP2 (circles) and P3 (squares) cells were washed with PBS and resuspended in Iscove's medium 
containing 0.1% FBS. Cells were counted daily using Trypan Blue dye. Each data point is the 
average of at least 4 determinations. 
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Figure 3.5: Glucose and Glutamine consumption during long-term growth culture 
conditions in SP2 (circles) and P3 (squares) cells. Exponentially growing ceIls were 
resuspended at a concentration of 5 x 105 cells/ml. An aliquot of culture medium was removed 
daily from these cultures and analysed for its glucose concentration (A) and gtutamine 
concentration (B). The points represent the average of 3 readings. 



have almost consumed al1 the available glutamine by day 4, which coincides with the loss 

in viability (Figure 3.1A). A similar effect is seen with P3x63-Ag8.653 cells. Glutamine 

is almost completely exhausted when the P3x63-Ag8.653 culture reaches its maximum of 

viability and the cells start to die (Figure 3.1B). This may indicate that the exhaustion of 

glutamine may cause these celIs to die by apoptosis during long-term culture. 

3.3.3 Lack of L-Glutamine is associated with decreased viability by 

rapidly inducing apoptosis in SPZ/O-Ag14 cultures 

To test the effect of glutamine on the viability of SP2/0-Ag14 and P3x63-Ag8.653 

cultures, we resuspended exponentially growing cells in medium iacking glutamine and 

analysed their viability by MTT viability assay after 3 hours (Figure 3.6A). The P3x63- 

Ag8.653 culture was two fold more viable than the SP210-Ag14 culture under these 

conditions. P3x63-Ag8.653 cells remained relatively viable at 60% while SP210-Ag14 

cells showed a dramatic reduction in viability at 30%. The MTT assay only measures the 

viability of the cells tested and does not give any indication on how the cells died. 

Therefore, we tested for DNA laddering in SP210-Ag 14 and P3x63 -Ag8 -653 cultures 

exposed to the same condition in order to c o n f m  the presence of apoptotic ce11 death. 

We cm clearly see the DNA laddering of SP2/0-Ag 14 cells cultured without glutamine in 

Figure 3.6B. P3x63-Ag8.653 cells, on the other hand, did not show DNA laddering after 

3 hours of incubation without glutamine. The results presented in Figure 3.6 suggest that 

glutamine may be the limiting factor which induces apoptosis during long-term culture of 

SP2/0-Ag14 cells. 



Figure 3.6: Differential reduction in viability caused by apoptosis in SP2 and P3 cells due 
to lack of L-Glutamine. (A) The MTï viability assay was used to determine the viability of 
both ce11 lines when they were washed with PBS and cultured for 3 hours in medium Iacking 
glutamine. The percentage of  viability was calculated by comparing the optical densities with 
controls that contained glutamine. The data presented here is the average of 3 independent 
experiments. (B) DNA laddering was used to confirm the presence of apoptosis under the 
same conditions as in (A). 



To confirm the involvement of glutamine during prolonged culturing of SP210- 

Ag14 and P3x63-Ag8.653, we tested the possibility that L-glutamine supplementation 

could rescue these cells fiom death. L-glutamine was replenished to its initial 

concentration of 4.5 mM by adding L-glutamine on culture day 4 for SP210-Ag14 and 

culture day 5 for P3x63-Ag8.653, which represent the t h e  when glutamine is severely 

limiting (see Figure 3.5B). The addition of glutamine dramatically extended the culture 

time of SP210-Ag14 (Figure 3.7A). The supplemented SP2/0-Ag14 culture reached a 

maximum viability on day 5 and the number of viable cells slowly decreased until day 13 

where less than 5% of the cells remained viable. The cells obviously continued to 

proliferate because the total ce11 number continued to increase linearly during the 

extended culture tirne. On the other hand, no difference was observed between the 

supplernented P3x63-Ag8.653 culture and the PBS-treated control culture (Figure 3.7B). 

When we examined the percentage of viability of these ce11 lines (Figure 3.7D), both 

P3x63-Ag8.653 cultures behaved the same, but the glutamine-supplemented SP2/0-Ag14 

is shown to deviate fiom the control culture after day 5. It is also interesting that the 

viable ce11 density of the SP2/0-Agl4-supplemented culture did not continue to increase 

after day 5 (Figure 3.7A). When viable cell number of the supplemented SP2/0-Ag14 

and P3x63-Ag8.653 cultures fi-om (A) and (B) are superirnposed in Figure 3.7C, we 

observe that both cell lines decrease at the sarne rate. This may indicate the presence of 

another limiting factor that effects SP2/0-Ag14 and P3x63-Ag8.653, but was not seen in 

the control SP210-Ag14 culture because the lack of glutamine induced apoptosis before 

the other stress could have an effect. In summary, our data suggest that glutamine is an 



Figure 3.7: Effeet of glutanine (gln) supplementation on SP2 and P3 ceIl viability during 
prolonged culture. L-gln or PBS was added to SP2 (A) and P3 (B) cultures at the times 
indicated by the black arrows and these cultures were counted using Trypan Blue dye. Enough 
glutamine was added to replenish the concentration of L-gln to that of day 0. In (A) and (B), 
open squares are the gln-supplemented cultures, open circles are PBS-supplemented cultures, 
dotted lines (diamonds) are total cells in the gln-supplemented cultures and solid lines (triangles) 
are the total cells in the PBS cultures. Each point is the average of at least 4 determinations (C) 
super-imposes the viable cell number of SP2 (closed circles) and P3 (closed squares) cultures 
supplemented with Gln shown in (A) and (B). (D) shows the data in (A) and (B) as percentage of 
viability. Series are labelled as follows: SP2 with PBS (open circles), SP2 with L-gIn (closed 
circles), P3 with PBS (open squares) and P3 with L-gln (closed squares). 



important limitîng factor that causes apoptosis and decreases the viability of our SP2/0- 

Ag14 long-term culture system but not of P3x63-Ag8.653 cells. 

3.4 Discussion 

3.4.1 SP2/0-Ag14 and P3x63-Ag8.653 cells are distinct ce11 lines even 

though they share a common lineage. 

SP2/0-Ag14 and P3x63-Ag8.653 cells have a sirnilar cellular lineage, however, P3x63- 

Ag8 was radicaily altered when a spleen ce11 was fused with it to eventually produce 

SPUO-Agl4. A genetic instability resulted f o m  rhis fusion, that, once settled, resulted in 

a dramatically altered phenotype found in SP2/0-Ag14 cells. Indication of this instability 

cornes fiom the chromosomal content of SP2/0-Ag14 which is 73 chromosomes 

(Shulman et ai. 1978). This number is 8 chromosomes more than the number found in 

the murine P3x63-Ag8 ce11 line (Shulman et al. 1978). The different number of 

chromosomes must distort the homeostasis of regdatory elements found in the genome of 

the cell. The difference in the behaviour of SP20-Ag14 (Figure 3.1A) and P3x63- 

Ag8.653 (Figure 3.1B) under prolonged culture conditions caused by this genetic 

distinction is evident. Furthermore, the effect of glutamine withdrawal is also different in 

these two ce11 lines (Figure 3.6A). Both of these differences have been attributed to an 

earlier omet of apoptosis in SPUO-Ag14 cells (Figure 3.2 and 3.6B). The difference in 

apoptosis susceptibility is most likely due to a differential expression of Bcl-xL in both 



ce11 lines, as shown by Gauthier et al. (Gauthier et al. 1996) and discussed in the next 

chapter. 

Another difference was observed between SPUO-Ag14 and P3x63-Ag8.653 when 

they where grown with limited concentration of FBS. Growth arrest is a regularly 

observed outcome to growth factor withdrawal in many ce11 types (Dean et al. 1986; 

Howard et al. 1993; Shichiri et al. 1993; Jayadev et al. 1995). Interestingly, the viable 

ce11 number did not increase in the P3x63-Ag8.653 culture following FBS withdrawal 

(Figure 3.41, suggesthg growth arrest. However, SP2/0-Ag14 continued to grow slowly 

under this condition (Figure 3.4). The control of SP2/0-Ag143 proliferation may have 

been comprornised, perhaps by the deregulation of the MAPK pathway or modification 

of the ce11 cycle checkpoints. FACS analysis of the DNA content of these cells in FBS 

deficient media would help us determine the growth status of the our cells. Nevextheless, 

the alterations in SP2/0-Ag143 genome have produced a distinct ce11 line. 

3.4.2 L-glutamine causes apoptosis in SP2f0-Ag14 ce11 line 

Our resdts demonstrate that glutamine deprivation is a major factor limiting the viability 

of SPUO-Ag14 cells during long-term culture (Figure 3.7A). More specifically, L- 

glutamine depletion causes apoptosis in these cells (Figure 3.6B). Figure 3 -8 indicates 

the production and uses of L-glutamine by cells. L-glutamine is usually synthesised fiom 

L-glutamate and N&+ through Glutamine Synthase. This pathway would assure that the 

ce11 would have a constant supply of L-glutamine for the production of cellular 

components for which L-glutamine is a precursor such as purines, pyrimidines and, of 

course, proteins. Therefore, lack of extracellular L-glutamine would probably not be the 
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Figure 3.8: Sources of glutamine and possible products for the use of glutamine by cells. 
The lack of glutamine import may inhibit the different pathways in which glutamine or its 
metabolites are used in. 



cause of apoptosis through the limitation of nucleotide and protein synthesis. On the 

other hand, this non-essential amino acid has received a lot of attention conceming its 

potential role as an energy source (Reitzer et al. 1979) and as a potential survival factor 

(Franek 1995; Petronini et al. 1996; Franek et al. 1996a, 1996b). From the conversion of 

L-glutamine to L-glutamate by the enzyme glutaminase, a-ketoglutarate is produced and 

energy can be generated via the cell's citric acid cycle. This process is particularly useful 

to rapidly dividing cells (Newsholme et al. 1985) such as hybridomas. However, our 

cells start to die even when glucose in still available to produce energy (Figure 3.5A). 

Furthemore, a study of lymphoma-leukernia ce11 lines showed that glutamine deprivation 

induced apoptosis was independent of energetic failure and that lack of glucose killed 

cells by necrosis (Petronini et al. 1996). Therefore, the lack of glutamine probably does 

not cause apoptosis by limiting the production of energy. This leaves glutamine's 

fimction as a survival factor to explain the suppression of apoptosis by glutamine. 

There are a few studies that have explored different ways by which glutamine can 

encourage cells to survive. We will briefly discuss two possible pathways. The first 

involves the regulation of the redox potential of the ce11 by glutathione. Apoptosis is 

typically accompanied by increased oxidative stress in the ce11 (Slater et al. 1996). This 

also correlates with the depletion of glutathione (GSH) (Cotgreave et al. 1998)' which is 

the most abundant cellular reducing thiol agent (Sies 1999). The GSH tripeptide is 

synthesised fiom L-glutamate, L-cysteine and glycine in two consecutive steps catalyzed 

by y-glutamyl-cysteine synthase and glutathione synthase (Sies 1999). Interestingly, L- 

glutamate can be produced directly fiom L-glutamine by glutaminase. Also, glutamate 

cau be used to import cysteine through the anionic acid transporter (Bannai et al. 1988). 



When glutamine is limited, a more oxidative environment could be produced in the ce11 

because less GSH is synthesized. Such a change may cause the activation of 

transcription factors, such as NF-KB and p53, that are reliant on the redox statu of their 

cysteinyl thiols for their structure (Cotgreave et ai. 1998). The final result would be the 

activation or inactivation of genes that would induce apoptosis. 

L-Glutamine could also encourage ce11 survival by regulating the expression of 

specific genes. GADD (growth arrest and DNA darnage-inducible) genes are suggested 

to have a role in the induction of apoptosis and growth arrest (Sheikh et al. 2000). The 

expression of GADD45 and GADDI53 proteins are up-regulated by the absence of L- 

glutamine. This up-regulation was demonstrated to be due prirnarily to mRNA 

stabilization (Abcouver et al. 1999; Huang et ai. 1999). The tirne fiame of GADD 

mRNA increase after glutamine withdrawal is within 2 hours (Abcouver et al. 1999; 

Huang et al. 1999), which is consistent with the time to induce apoptosis in SP2/0-Ag14 

under sirnilar condition (Figure 3.6). The mechanisms of stabilization by lack of 

glutamine or destabilization by its presence is not yet known, nor are the mechanims of 

GADD4YGADD 153-mediated apoptosis. 

3.4.3 Another possible inducer of apoptosis in long-term culture 

By adding L-glutamine to P3x63-Ag8.653 cells, we did not expect a significant change in 

its growth behaviour because they were more resistant to glutamine deprivation in pnor 

experiments. On the other hand, L-glutamine supplementation in SP2/O-Ag14 cells was 

expected to increase the length of culture time and the maximum nurnber of viable cells, 

however, only the culture time was extended. The limited increase in viability could be 



explained in a few ways. (1) The L-glutamine was probably added too Iate to the SP2/O- 

Ag14 culture to Save the cells that were already committed to die at that time. (2) It may 

have taken 24 hours for glutamine to have its survival effect on the cells, which may 

explain why the supplemented SP2/0-Ag14 culture continued to resemble the control 

until day 5 (Figure 3.7D). (3) There may be another inducer of ce11 death later during 

long-terni culture. Interestingly, we observed that the viable cell number in SP2/0-Ag14 

and PSx63-Ag8.653 cultures declined at similar rates when they were supplemented with 

glutamine (Figure 3.7C). This hypothetical apoptotic stress was previously hidden 

because SP2/0-Ag14 cells died fiom glutarnine exhaustion before it could be seen. The 

inducer could be the exhaustion of another amino acid or other factors such as the 

accumulation of toxic metabolites. Nevertheless, the cause for this death will have to be 

addressed if we hope to M e r  extend the viability of SP2/0-Ag14 cells in long-term 

culture by nutritional supplementation. 

3.4.4 Future work and experirnents 

From research on other ce11 lines, apoptosis caused by L-glutamine deprivation is not 

likely the result of energy failure or lack of nucleotide synthesis. However, this will have 

to be confirmed in our ce11 model. Supplementing SP2/0-Ag14 cells with cell-penneable 

components of the citric acid cycle when they are cultured in L-glutamine deficient 

media and during long-term culture could test this hypothesis. This would determine if 

the inhibition of these pathways were responsible for the induction of apoptosis by 

glutarnine deprivation. Other possible cause for the induction of apoptosis, such as 

decrease in glutathione levels or up regulation of GADD45/153 mRNA will also have to 



be addressed by directly analysing their Ievels. Standard assays are avaiiable to rneasure 

glutathione and c m  be used to compare the level of this molecule in SP2/0-Ag14 cells 

grown in L-glutamine rich or deficient media. GADD45f 1 5 3 expression levels could by 

analysed by Northern analysis or quantitative RT-PCR when SP2/0-Ag14 cells are 

exposed to the same conditions. 

Biochemical differences between SP2/0-Ag14 and P3x63-Ag8.653 must also be 

considered. One difference that will be considered in the next chapter is the different 

levels of Bcl-xL in both ce11 Lines. Bcl-xL will be added to SP2/0-Ag14 cells to see if the 

difference in growth behaviour is caused by Bcl-xL's inhibition of apoptosis in these ce11 

lines or if other factors are involved. 

Finally, the possibility of a second inducer of ce11 death acting after the 

exhaustion of L-glutamine in SP2/0-Ag14 and P3x63-Ag8.653 has to be confhned. We 

couId collect the culture media by centrifugation fiom a 6-day-old SP2/0-Ag14 culture 

and use it as a preliminary screening tool. This used media can be replenished with L- 

glutamine and used in MTT viability assays using exponentially growing SP2/0-Ag 14 

cells. We could then obsenre a decline in viability that is independent of glutamine 

withdrawal. Once the presence of the second inducer is coniïrmed, the glutamine- 

replenished used media can be rnodified by systematically adding amino acids or other 

components of the culture media, and retesting by MTT viability assay. A stable viability 

would identie which compound could M e r  extend the viability of the SP2/0-Ag14 

under glutamine-supplemented long-terni culture conditions. If the added compounds do 

not M e r  extend the viability of the culture, the accumulation of toxic metabolites 



would probably be the second cause of ce11 death of SP2/0-Ag14 ce11 and the primary 

inducer of death for P3x63-Ag8-653 cultures. 

A more controlled experiment codd also be used to identie the second inducer. 

The cells could be cultured in serum-fiee media instead of Iscove's media with FBS. 

Measure of the levels of different amino acids and the accumulation of arnrnonia and 

lactate during the long-term culture supplemented with L-glutamine could be examined. 

The resulting effect on the viability of these cells would be independent of the FBS in the 

media which may have an effect the cells at later culture times. Then, the systematic 

control of the media components may M e r  increase the viability of the cells under 

long-tenn culture conditions. 



Chapter 4 

Effect of Bcl-xL on SP210-Ag14 



4.0 Effect of Bcl-xL on SP2/0-Ag14 

4.1 Introduction 

The high cost of monoclonal antibody production limits their availability for 

diagnostic screening of diseases, antibody therapies and other applications. A limiting 

factor in their production is the decreased viability of the hybridoma cultures that secrete 

these antibodies (Dickson 1998). The hybridoma ceiis die from culture stresses by a type 

of ce11 death called "apoptosis". Apoptotic death is characterized by many morphological 

and biochemical markers. These include the condensation of chrornatin, cleavage of 

DNA into 200bp mdtirners, activation of death proteases called "caspases", cleavage of 

cellular substrates, blebbing of the membrane and packaging of the cells content into 

vesicles called apoptotic bodies (Kroemer et al. 1998). M a y  groups identified this form 

of ce11 death as the major cause of decreased viability in hybridoma cultures leading to a 

reduction in antibody productivity (Vomastek et al. 1993; Mercille et al. 1994; al-Rubeai 

et al. 1998). 

Many attempts have been made to increase the viability and antibody yield of 

hybridoma culture. A conventional method is by optimizing the culture medium to 

extend the longevity of the culture. This can be done by supplementing additional 

nutrients (glucose and glutamine), growth factors (FBS) and survival factors (IL-6 and 

certain amino acids) (Bibila et al. 1995; Franek et ai. 1996a; Chung et al. 1997). 

Inhibithg the central apoptosis mechanism consisting of caspases c m  also increase the 

viability of the hybridoma cultures. Ce11 permeable inhibitors of cellular caspases added 



to culture medium delayed apoptotic ce11 death in hybridoma cultures, however, the 

antibody production was not increased (McKenna et al. 2000). Another methd uses 

molecular biology to disrupt the apoptotic pathway of the cell. In particular, the use of 

anti-apoptotic members of the Bcl-2 family shows great promise to increase the 

productivity of hybndomâ ce11 lines. 

The Bcl-2 family contains endogenous regulators of apoptosis that have been 

conserved in many organisms. Homologous family members can be found fiom humans 

to Worms, and even viruses contain some members that enable them to thwart the 

defences of the host cell (Barry et al. 1998; Tschopp et al. 1998). This family contains 

anti-apoptosis members (Bcl-2, Bcl-xL, Mcl-1, BcI-w and Al)  and many pro-apoptotic 

mernbers (Bax, Bak, Bad, Bid, Bim, etc.. .). These proteins have been grouped together 

because they al1 contain at least one of four Bcl-2 Homology (BH) domains (Tsujimoto et 

al. 2000). Anti-apoptotic members usually contain al1 four BH domain which contribute 

to their protective function. Their functions are not completely understood, however, 

they can protect cells fiom a wide range of apoptosis inducing insults including ionizing 

and non-ionizing radiation, nutrient deprivation, growth factor withdrawal, 

chemotherapeutic drugs and some cytokines (Adams et al. 1998; Chao et al. 1998). 

Several studies have analysed the effect of Bcl-2, the founding member of the 

Bcl-2 family, on the Long-term viability of cell cultures (Itoh et al. 1995; Fujita et al. 

1996; Murray et al. 1996; Singh et al. 1996; Singh et al. 1997; Terada et al. 1997; 

Fassnacht et al. 1998). The general trend observed in these experiments was that Bcl-2 

increased the length of time that the cells remained viable, however, the level of 

protection fiom apoptosis was highly variable, fiom 0% to 300%. In particular, NSO and 



P3x63Ag8.653 myeloma cells, both of which aiready express high endogenous levels of 

Bcl-xL (an anti-apoptotic Bcl-2 family member), do not show any increase in viability 

following ectopic Bcl-2 overexpression (Murray et al. 1996; Fujita et al. 1997). This may 

suggest that Bcl-2 and Bcl-xL share a redundant function in myelomdhybridoma ce11 

lines under culture-related stresses. However, the effect of Bcl-xL under these conditions 

has not been studied yet. 

In this chapter, we will discuss the results obtained fiom our study of the role of 

Bcl-xL in mediating cellular survival in prolonged culture conditions. SP2/0-Ag14, a 

myelomahybridoma ce11 line that expresses very low levels of Bcl-xL, was transfected 

with the pTEJ8 marnmalian expression vector containing the cDNA of m&e Bcl-xL. 

The observations presented here show that the apoptosis sensitivity of the Bcl-xL- 

expressing SP2/0-Ag14 cells resembles that of P3x63Ag8.653, a related cell line that 

endogenously expresses Bcl-xL. Furthemore, Bcl-xL also protected SP2/0-Ag14 in 

long-term cultures to levels similar to P3x63Ag8.653. However, these two cell lines are 

still distinct because they exhibited different behaviours when cultured in a growth factor 

limited media. In conclusion, we demonstrated that Bcl-xL has an important role in 

protecting myelomahybridoma cells in stationary batch culture. Part of this work was 

recently published (Charbonneau et al. 2000) and presented in a poster at the 

Biochemistry and Molecular Biology '99 conference in San Francisco. 



4.2 Methods and Materials 

4.2.1 Reagents 

Udess otherwise stated, al1 reagents were obtained from Canadian Life 

Technologies (Burlington, ON). A 70x stock solution of glutamine was made with PBS 

(pH 7.4) to replenish the concentration of glutamine in the culture medium to 4.5 mM. 

4.2.2 Ce11 lines and ce11 maintenance 

The murine ce11 Iines P3x63-Ag8.653 (ATCC# CRL1580) and SP2/0-Ag14 

(ATCC # CRL1581) were obtained fiom the American Type Culture Collection 

(Rockville, MD). Both ce11 lines were maintained in Iscove's modified Eagle's media 

(Media Preparation Lab, Princess Margaret Hospital, Toronto, ON), supplemented with 

5% Fetalclone 1 (Hyclone), 100 U/ml penicillin and 100 pglml streptomycin. Ce11 

culture was performed ai: 37 OC under an atmosphere of 5% COz / 95% air. Transfected 

ce11 lines were maintained in culture media supplemented with 750 &ml of Geneticin 

(G-418). Al1 open flask manipulations of ce11 cultures were performed under aseptic 

conditions in a ~ a b c o n c o ~  PurifierTM Class II safety cabinet. 

4.2.3 Long-term stationary batch ce11 culture 

Exponentially growing cells were centrifuged and resuspended in fkesh culture 

medium at a concentration of 5 x 104 cells/ml in 25 cm2 flasks and cultured as described 



above. Ce11 viability was determined by the Trypan Blue dye exclusion assay: an aliquot 

of cells was diluted in 0.04% trypan blue (Sigma, Oakville, ON) dissolved in PBS. The 

viable (white) cells and dead (blue) cells were counted using a Bright-Line 

Hemacytometer (Sigma, Oakville, ON). Each result is the average f standard deviation 

of at least 4 determinations. Experirnents studying the effect of FBS followed the same 

procedures except cells were resuspended at 1 x 1 o5 cells/d in medium containhg 0.1 % 

FBS. 

4.2.4 DNA laddering assay 

DNA fragmentation analysis was perfonned following a procedure modified fiom 

a previously reported protocol (Smith et al. 1989). Briefly, 5 x 105 cells were collected 

and washed once with PBS. The cells were lysed with 50 pl of lysis bufEer (10 mM Tris 

HCI pH 8, 1 rnM EDTA pH 8, 0.5% N-Lauroyl Sarcosine, and fieshly added 0.25 m g h l  

Proteinase K and 0.02 m g h l  RNAse). The mixture was then incubated for 5 minutes at 

50 OC. An equal volume (50 pl) of sample buffer (40% sucrose, 0.08% Bromophenol 

Blue) was then added to the sample. Fifteen microliters of sample was loaded in a well 

of a 2% agarose gel and electrophoresis was performed using a BioRad Mini Sub Cell 

DNA electrophoresis unit in TBE Buffer (0.089 M Tris Base, 0.089 M Boric Acid, 0.002 

M EDTA pH 8) at 95 V for 45 minutes. The DNA was then stained for 5 minutes with 

ethidium bromide (0.7 pg/ml) and washed in HzO for 3 hours before visualization under 

W illumination. 



4.2.5 Protein extract preparation and Western analysis 

Soluble cellular protein extracts were prepared as follows: two million ceIls were 

wash with PBS and pelleted by centrifûgation (1 500 RPM, 4°C for 10 min). The ce11 

pellet was resuspended in 500 pl  of RIPA b a e r  (1% IGEPAL, 1% deoxycholic acid, 

0.1% SDS in PBS) and incubated on ice for 30 min. The samples were then sonicated for 

10 seconds before adding 5 pl  of 10 mdml PMSF dissolved in isopropanol, followed by 

a 30 min incubation on ice. Followhg centrifûgation (12 500 RPM, 4°C for 20 min), the 

supernatant was transferred to another tube and its protein content determined using the 

DC Protein Assay Kit (l3io-Rad) using BSA as standard. The extracts were then stored at 

-80 O C  until needed. 

For Western Blot analysis, equal amounts of proteins were loaded into the wells 

of a 10940 PAGE-SDS polyacrylamide gel and resolved using a Bio-Rad Mini-Protean II 

electrophoresis unit. The proteins were transferred to a Hybond-P membrane 

(Amersham-Phmacia, Baie d'Urfé, QC) following the manufacturer's instructions, and 

then stained for 5 min with Ponceau S (5% Ponceau S, 2% glacial acetic acid) to confirm 

transfer efficiency. For the immunodetection, the membrane was blocked for 1 hour in 

blotto (5% non-fat dry milk, in TTBS [0.1% Tween-20, 0.02 M Tris/HCI pH 7.6, 0.14 M 

NaCl]), rînsed three times for 5 min at room temperature with TTBS and incubated for 1 

hour with the primary antibody. An anti-bcl-xL/S rabbit polyclonal IgG primary 

antibody (S-18) (Santa Cruz Biotechnology, Santa Cruz, CA) was used at a dilution of 

1/1500. The membrane was then washed twice with TTBS. The horseradish peroxidase- 

coupled secondary antibody, anti-rabbit IgG-HRP (Santa Cruz Biotechnology), was 

diluted to 1/5000 with blotto and the membrane was incubated in this solution for 1 hour. 



Finally, the membrane was washed once for 10 min and 4 times for 5 min with TTBS 

before visualization using ECLmPlus cherniluminescence Kit (Amersham-Pharmacia, 

Baie d'Urfé, QC) and HyperfilmTMECLTM (Amersharn-Pharmacia). The film was 

developed using Kodak GBX developer and fixer (Sigma). 

4.2.6 MTT Assay 

Ce11 viability was determined using the MTT viability assay (Hansen et al. 1989). 

In a 96-well plate, 2x 10' cells were incubated in a total volume of 100 pl in the presence 

of 25 p g / d  CHX (Sigma) or in Iscove's media lacking L-glutamine (Sigma) for 2 and 3 

hours, respectively. Twenty-five microlitres of MTT dye (5 mg/ml dissolved in PBS) 

was then added to each well, followed by a 2 hours incubation at 37 OC. One hundred 

microlitres of Lysis buffer (20% SDS, 50% N-N'-dimethylforrnamide, pH 4.7) was then 

added to each well and the plates were incubated ovemight at 37 OC. Optical density 

readings were performed at 570 nm using a PowerWaveX micro-plate reader (Bio-Tek 

Instruments, Inc). The experiments were done using 4 replicates and the results shown 

are expressed as the average + standard deviation of three independent experiments. 

4.2.7 Cell transfection 

The cloning of the BclxL cDNA into pTEJ8 was previously described (Gauthier 

et al. 1996). Plasmids (10 pg) were linearized with PvuI and purified by 

phenoYchloroform extraction and ethanol precipitation. The Iinearised plasmid was then 

resuspended in 5 pl of TE Buffer (10 mM Tris/HC1 pH 7.5, 1 mM EDTA) and added to 5 

x 10' SP210-Ag14 cells in 400 pl PBS. The mixture was submitted to electroporation 



(180 V, 960 fiF') using a Gene Pulser Plus unit (Bio-Rad, Mississauga, ON). M e r  a 30 

min incubation on ice, 10 mi of culture media was added and the cells were cultured in a 

25 cm2 flask for 2 days. Geneticin (G-418) was added at a concentration of 750 &ml to 

select for transfected cells. Geneticin-resistant cells were then cloned by the single-ce11 

dilution technique and tested for Bcl-xL expression by Western analysis. 

4.3 Results 

4.3.1 Generation of Bcl-xL-transfected SP2/0-Ag14 hy bridoma cells 

The difference in apoptosis resistance between SP210-Ag 14 and P3x63 -Ag8 -653 has been 

attributed to the lower expression of the apoptotic suppressor, Bcl-xL, in SP2/0-Ag14. 

Figure 4.1 shows that the protein expression leveis of Bcl-xL are indeed different in these 

ce11 lines, P3x63-Ag8.653 cells expressing high levels of Bcl-xL while SP2/0-Ag14 had 

no detectable arnounts. To examine the effects of Bcl-xL on the behaviour of SP2/0- 

Ag1 4, we transfected SP2/0-Ag 14 cells with the pTEJ8 expression vector containing 

murine Bcl-xL cDNA (Gauthier et al. 1996). From this transfection, pTEJ8 containing 

cells were selected using G-418 and several clones were isolated. Five clones were 

selected by Western Blot analysis that expressed Bcl-xL at Ievels similar to P3x63- 

Ag8.653 O;igure 4.1). The vector containing SP2/0-Ag14 clones as well as the wild type 

SPUO-Ag14 cells did not express any detectable arnounts of Bcl-xL. Of particular 



Figure 4.1: Protein expression levels of Bcl-xL in different eells analysed western Mot. 
Each lane contains approximately the same amount of proteins. This was confirmed by colouring 
the immunoblot membrane with Ponceau S and by the similar band intensity of the antibody 
cross-reactions shown by black arrows. The white amows shows the band corresponding to Bcl- 
xL and another slower migrating band. 



interest, we observed a slower rnigrating band just above the bands for Bcl-xL, which 

may represent the post-translational phosphorylation of Bcl-xL (Fadeel et al. 1999). 

4.3.2 Bcl-xL confers apoptosis resistance to SP2/O-Ag14 

As we have seen in Chapter 3, P3x63-Ag8.653 was rnuch more resistant to apoptosis than 

SP2/0-Ag 14 under prolonged culture conditions. Because Bcl-xL expression might give 

SPS/O-Ag14 a survival advantage, we tested our isolated clones for resistance to 

apoptotic ce11 death. We exposed these cells to an inhibitor of protein synthesis, 

cycloheximide (CHX), that causes rapid apoptosis in severai myeloma and hybndoma 

ce11 lines (Pcrreault et al. 1993; Gauthier et al. 1996). The ce11 lines were incubated in 

Iscove's media containing 25 pdml of CHX for 2 hours and the viability was assessed by 

the MTT viability assay. As seen in Figure 4.2, Bcl-xL-expressing SPS/O-Ag14 (clone 5) 

cells showed a remarkable increase in viability in the presence of CHX when compared 

to the vector-containing cells. Furthemore, the viability of SP21Bcl-xL cells resembled 

that of P3x63-Ag8.653 ce11 at -go%, whereas SP2/pTEJ8 (clone 1) and wild type SP2/0- 

Ag14 both had much lower viabilities around 40%. The results obtained with SP2/Bcl- 

xL (clone 5) and SP2/pTEJ8 (clone 1) are representative of the effect seen in the other 

clones. To test if the cells were protected form apoptotic ce11 death, a DNA Laddering 

analysis experiment was pefiormed on d l  the clones following exposed to CHX. Figure 

4.3 shows the results of this analysis. Al1 Bcl-xL containing ceIls had reduced or 

undetectable DNA laddenng when compared to the control cells and wild type SP2/0- 

Ag14. Together, these results show that Bcl-xL maintains the viability of SP2/0-Ag14 

cells by inhibiting or delaying apoptotic ce11 death induced by CHX. 



Figure 4.2: Differentiai reduction in viability in SP2, P3, SP2ffTE.M clone 5 and 
SP2/Bcl-xL clone 1. The resistance to ce11 death was tested under protein synthesis inhibition, 
which is known to induce apoptosis. The MTT viability assay was used to detemine the viability 
of the ce11 lines when they were incubated for 2 hours with 25 pg/ml of CHX. The percentage of 
viability was calculated by comparing the optical densities with coritrols to which PBS used in 
place of CHX. The data presented here is the average of 3 independent experirnents. 



Figure 4.3: Bci-xL protects SP2 cells from CHX induced apoptosis. The indicated cells 
were incubated for 2 hours with 25 pg/ml of CHX before DNA laddering analysis was 
performed. PBS was included in control cultures. The five Bcl-xL and vector transfected cells 
s h o w  in Figure 4. i are used in this experïment. 



4.3.3 Bcl-xL increases viability in cultures lacking L-glutamine 

To further study the protection of Bcl-XL on SP2/0-Ag14 cells, our clones were incubated 

in L-glutamine-deficient media. In chapter 3, this stress was shown to rapidly induce 

SP2/0-Ag14 cells to die by apoptosis while P3x63-Ag8.653 cells were more resistant. 

Bcl-xL may be responsible for the robust characteristic of the P3x63-Ag8.653 ce11 line. 

Ou.  SP2Bcl-xL clones were, therefore, used to study the effect of Bcl-xL against 

apoptosis induced by lack of glutamine in our SP2/0-Ag14 system. The MTT viability 

assay was used to measure the viability of SP2/pTEJ8 and SP2LBcl-xL clones exposed to 

these conditions. Again, SP2Bcl-xL cells maintained a higher viability, at 55%, than the 

control cells (30%) Figure 4.4A). A similar difference in viability was also observed in 

SP2/0-Ag14 and P3x63-Ag8.653 cells incubated without glutamine (Figure 3.6A). The 

inhibition or delay of apoptosis by Bcl-xL was confirmed by incubating a SP2/Bcl-xL 

clone and a SP2/pTEJ8 clone without glutamine and analysing the DNA laddenng pattern 

produced afier 3 hours (Figure 4.4B). The control showed an intense apoptosis DNA 

ladder while the Bcl-xL-containhg SP2DAg14 had almost no DNA laddering. The 

protective effect of Bcl-xL by suppression of apoptosis induced by lack of glutarnine is 

consistent with the protection against CM( induced apoptosis seen above. 

We m e r  studied the effect of Bcl-xL on the ce11 death of SP210-Ag14 by 

following the growth behaviour of SP2/0-Ag14, P3x63-Ag8.653, SPUpTEJ8 and 

SPZBcl-xL resuspended in Iscove's media without L-glutamine. The SPUpTEJ8 and 

wild type SP2/0-Ag14 behaved similarly and died dmost completely (85% dead cells) 

within 24 hours (Figure 4.5). M e r  24 hours, SP2/Bcl-xL and P3x63-Ag8.653 were still 



Figure 4.4: Differential reduction of viability of SP2/pTEJ8 clone 5 and SP2/Bcl-xL clone 
1 caused by lack of EGlutamine. (A) The MTT viability assay was used to determine the 
viability of the ce11 lines when they were washed with PBS and cultured for 3 hours in medium 
lacking glutamine. The percentage of viability was calculated by comparing the optical densities 
with controls that contained glutamine. The data presented here is the average of 3 independent 
experiments and is representative of al1 5 Bci-xL expressing clones. (B) DNA iaddering was 
used to confirm the presence of apoptosis under Iack of L-Gln conditions. 



Time (day) 

Figure 4.5: Growth behaviour of ceIl lines when cultured without glutamine. SPZ/O-Ag14 
(circle), P3x63-Ag8.653 (square), SP2/Bcl-xL clone 2 (diamond) and SP2fpTEJ8 clone 4 
(triangle) cells were washed with PBS and resuspended at 1 x 10' cells/ml in medium lacking 
glutamine. The viable cell number was then counted by Trypan Blue exclusion for 3 days. Each 
point is the average of 3 independent experiment, each consisting of at least 4 determinations. 



viable at 67% and 90% viable, respectively. Bcl-xL had a protective effect against this 

induction of apoptosis by slowing the rate of ce11 death in SP2/0-Ag14 to a rate 

comparable to P3x63-Ag8.653. Therefore, we see that Bcl-xL changes the death 

behaviour of SPUO-Ag14 to one that is similar to P3x63-Ag8.653. 

4.3.4 Bcl-xL overexpression prolongs SP2/0-Ag14's viability in long- 

term culture by delaying apoptosis 

We next wished to determine whether Bcl-xL can extend the survival of SP2/0-Ag14 

hybridomas in long-term culture by delaying ce11 death. The SP2IpTEJ8 and SP2h3cl-xL 

clones were prepared for stationary batch cultures and viable and dead cells were 

enurnerated daily using the Trypan Blue dye exclusion assay. The cultures presented in 

Figure 4.6 are representative of the five controls and five Bcl-xL clones studied. Figure 

4.6A shows the growth behaviour of SP2/pTEJ8. A lower than expected maximum 

viable ce11 density was reached on day 5, compared to the maximum observed on day 4 

for wild type SP2/0-Ag14 (Figure 3.1A). This effect is probably contributed by the 

presence of the G-418 antibiotic used for done selection and maintenance. In contrast, 

SP21Bcl-xL clones grew to a higher ce11 density than the control and peaked on day 6 

(Figure 4.6B and C). We superimposed the percentage of viability of these clones as weil 

as the viability of wild type SP2/0-Ag14 and P3x63-Ag8.653 from Figure 3.1 on Figure 

4.6D for a better cornparison. The control and wild type SPS/O-Ag14 both start 

decreasing in viability afier day 3. SPS/Bcl-xL and P3x63-Ag8.653, both of which 

contain Bcl-xL maintained a high viability until day 5. Their viability then gradually 

decreased at sunilar rates. In ce11 culture, the decrease in viability was caused by the 



Figure 4.6: Effect of Bel-xL on the growth bebaviour of SP2fpTEJ8 clone 4 (A) and 
SP2/Bel-xL clone 1 (B) were analysed during stationary batch culture. Viable cells (circles) 
and dead cells (squares) were determined by Trypan Blue exclusion assay and counted with a 
hemacytometer. The dotted line with triangles represents the total nurnber of cells in the culture. 
Each point is the average of at least 4 determinations. (C) super-imposes the viable ce11 number 
of SP2fpTEJ8 (closed circles) and SP2/Bcl-xL (closed squares) cultures shown in (A) and (B). 
Part (D) shows the data in (A) and (B) as percentage of viability and also includes SP2 and P3 
cultures from Figure 3.1 (A) and (B). Series in (D) are Iabeled as follows: SP2 (open circles), 
SP2/pTEJ8 (closed circles), P3 (open squares) and SP2/Bcl-xL (closed squares). 



Culture Time (day) Culture Time (day) 
1 2 3 4 5 6 7  1 2 3 4 5 6 7 8 9 1 0  

Figure 4.7: Apoptosis of SP2fpTEJ8 and SP21Bcl-xL cells during long-term culture 
confirmed by DNA Fragmentation analysis. The same ce11 lines were used as in Figure 4.6. 



induction of apoptotic ce11 death as indicated by DNA laddering analysis (Figure 4.7), 

which coincides with the decrease in viability d e r  day 2 of SP2/pTEJ8 and after day 5 

for SP2/Bcl-xL. These resuits suggest that Bcl-xL c m  modiQ the death behaviour of 

SP2/0-Ag14 cells to make their resistance to apoptosis similar to that of P3x63-Ag8.653. 

43.5 Bcl-xGtransfected SP210-Ag14 are still distinct from P3x63- 

Ag8.653 cells 

Because of the sirnilarities in growth profiles and death kinetics between SP2/BcI-xL and 

P3x63-Ag8.653, we tested the possibility that Bcl-xL changed the growth behaviour of 

SP2/0-Ag14 when cultured in the presence of low concentration of FBS. SP2/Bcl-xL and 

SP2/pTEJ8 were, therefore, resuspended in media containhg only 0.1% FBS, and we 

counted the viable ce11 nurnber daily using Trypan Blue dye (Figure 4.8). Bcl-xL does 

not alter the growth behaviour of SP2/0-Ag14 because SP2/pTEJ8 and SP2A3cl-xL both 

have a similar growth profile. Furthemore, their profiles are d so  similar to wild type 

SP2/0-Ag 14 (Figure 3.4). Therefore, SP2/Bcl-xL and P3x63-Ag8.653 are distinct ce11 

lines and the diEerences in SP2/0-Ag14 caused by BcI-xL are primarily due to an 

acquired resistance to apoptosis. 



Tirne (day) 

Figure 4.8: Growth behaviour of SP2IpTEJ8 and SP2/Bcl-xL cells in limited growtb 
factor conditions. SP2/pTEJ8 clone 4 (triangles) and SP2Bcl-xL clone 2 (diamonds) cells were 
washed with PBS and resuspended in Iscove's medium containing 0.1% FBS. Ceils were 
counted daily using Trypan Blue dye and each point is the average of at least 4 deteminations. 



4.4 Discussion 

4.4.1 Bcl-xL expression in SP2/0-Ag14 restores its apoptosis resistance 

to levels similar to P3x63-Ag8.653 

From the results obtained fiom the transfection of Bcl-xL in SP2/0-Ag14 cells, we can 

state that the distinct susceptibility to apoptosis of SP2/0-Ag14 and P3x63-Ag8.653 is 

prirnarily attnbuted to differences in levels of Bcl-xL. SP2/0-Ag14 cells do not express 

detectable amounts of Bcl-xL (Figure 4.1) and undergo apoptosis under CHX (Figure 4.2 

and Figure 4.3) and lack of glutamine (Figure 3.6) conditions. However, when SP2/O- 

Ag14 cells were engineered to express Bcl-xL at levels similar to the endogenous levels 

of P3x63-Ag8.653 (Figure 3.6), it mirrored the apoptosis resistance of P3x63-Ag8.653 

under these same conditions (Figure 4.2-4.4). Furthermore, Bcl-xL also extended the 

viability of SP2/0-Ag14 in long-term culture and produced a growth profile resembling 

P3x63-Ag8.653'~ (Figure 3.1 B and Figure 4.6) by delaying apoptosis (Figure 4.7). 

The exact mechanism by which Bcl-xL protect these cells is still not known, 

however, it is thought that Bcl-xL and Bcl-2 share redundancy in their functional 

pathways (Chao et al. 1998). Both of these anti-apoptotic proteins are expressed at 

different stages of lymphocyte development. Bcl-xL is expressed in immature 

lymphocytes while Bcl-2 is expressed in mature lymphocytes (Chao et al. l998), which 

allows them to use the sarne protection pathway. Furthermore, this redundancy is clear in 

some myeloma expressing hi& levels of Bcl-xL, and in which the ectopic expression of 

Bcl-2 is without effect (Murray et al. 1996; Fujita et al. 1997). Effzctively, in NS/O and 

P3x63Ag8.653 cells, the endogenous levels of Bcl-xL would saturate the apoptotic 



machinery, thus making the overexpression of Bcl-2 ineffective. In light of this, the 

simultaneous overexpression of Bcl-2 and Bcl-xL anti-apoptotic proteins wouid not be 

expected to significantly increase the viability of hybridoma cells in long-term culture. 

There are many proposed mechanisms for the protective effect of Bcl-2 and Bcl- 

xL. One mechanism that has recently been proposed could explain Bcl-xL's protective 

h c t i o n  in our ce11 system. In several studies, the level o f  glutathione (GSH) was 

observed to decrease during apoptosis (Cotgreave et al. 1998; Sies 1999). Furthemore, 

Bcl-2 and Bcl-xL has been shown to maintain and increase the level of total GSH in cells 

(Bojes et al. 1997; Voehringer 1999). It is not clear how Bcl-2 famîly members can 

regulate the synthesis of GSH, but it was observed that Bcl-2 lost its protective function if 

cellular GSH was depleted (Voehringer 1999). In SP2lpTEJ8 cells, and wild-type SP2/0- 

Ag14, glutamine deprivation potentially decreases the levels of GSH and causes 

apoptosis, while Bcl-xL overexpression partially restore the levels of GSH (Guérin and 

Gauthier, unpublished data). Perhaps Bcl-xL maintains these levels or regulates the 

redox potential of the ce11 by other means. 

Bcl-xL could also ùihibit apoptosis in SP2/Bcl-xL and P3x63-Ag8.653 cells by 

other mechanism. Bcl-xL binding and inhibition of pro-apoptotic famiIy members such 

as Bax could cause the life or death decision of the ce11 to tilt in the favour of survival 

(Hengatner 2000; Tsujimoto et al. 2000). Also, Bcl-xL could inhibit cytochrome c 

release by binding the PTP (Hengartner 2000; Tsujimoto et al. 2000) or regulate other 

channels within the cells (Voehringer 1999), thus inhibiting the activation of the 

apoptotic death pathway. 



4.4.2 Future work and experiments 

Future work on the effect of Bc1-xL in murine myelomahybridoma ce11 would consist of 

studying the mechanism of Bcl-xL's protective function. Traditional Bcl-2 fimctions 

such as dimerization with Bax and regulation of VDAC would be analysed by 

imrnunoprecipitation studies and by detecting the release of cytochrome c. The decrease 

of GSH by glutamine deprivation is an interesting hypothesis that would have to be tested 

in our ce11 system. A simple experirnent that could be perfonned is to rneasure the levels 

of GSH in SP2/Bcl-xL and SP2/pTEJ8 cells induced to die by apoptosis during long-term 

culture. If Bcl-xL functions by maintaining the level of GSH, then GSH levels should 

not change considerably in SP2/Bcl-xL cells. 



Chapter 5 

Mutagenesis of Bcl-xL and its 
effect on SP210-Ag14 



5.0 Mutagenesis of Bcl-xL and its effect on SP2/0-Ag14 

5.1 Introduction 

The production of monoclonal antibodies by hybridoma ce11 lines is a very lucrative 

business. The antibodies produced are widely used in medical, research and industrial 

applications (Bibila et al. 1995; Dickson 1998; Casadevall 1999; Green et al. 2000). 

However, the production yields are Iimited due to the premature death of the cells caused 

by nutritiond and environmental stresses. Apoptotic ce11 death was recognized as the 

major form of ce11 death in these ce11 cultures (Franek et al. 1991; Franek et al. 1992; 

Mercille et al. 1994; Sin@ et ai. 1994). The suicide of the cells is a naturai response to 

the culture stresses irnposed on the cells during extended culture periods required to 

obtain high yield of monoclonal antibodies. Some studies have optimized the culture 

medium by supplementing nutrients, growth factors and survivai factors with the hope to 

avoid this cellular response or at least delay it (Bibila et al. 1995; Franek 1995). Others 

have taken a more active approach that focuses on disrupting the apoptosis pathway with 

apoptosis inhibitors such as members of the Bcl-2 family, ElB-19K, and HSP70 (Itoh et 

al. 1995; Terada et al. 1997; Ahn et al. 1999; Mercille et al. 1999; Simpson et al. 1999; 

Charbonneau et al. 2000). 

One group of apoptosis inhibitors that shows great promise at delaying apoptotic 

ce11 death in hybridoma cultures are the anti-apoptosis members of the Bcl-2 family. The 

founding member, Bcl-2, has yielded varied results upon over expression in myeloma and 

hybndoma ce11 lines (Itoh et al. 1995; Fujita et al. 1996; Murray et al. 1996; Singh et al. 

1996; Singh et al. 1997; Terada et al. 1997; Fassnacht et ai. 1998). Another rnember of 



the family, Bcl-xL, has recently been shown to also be a prime candidate by delaying ce11 

death in myeloma/hybridoma culture (Charbonneau et al. 2000). This apoptosis regulator 

was found to delay cell death in SP2/0-Ag14 ce11 to a Ievel comparable to P3x63Ag8.653, 

a related ce11 line that naturally expresses Bcl-xL. This level of protection may be the 

litnit of anti-apoptotic effect of this group of apoptosis inhibitors in this ce11 type, because 

the transfection of Bcl-2 in myelomas that already containing Bcl-xL does not show any 

additive effects (Murray et al. 1996; Fujita et al. 1997). This may be due to a redundant 

function of the two proteins or the activation of a negative regulatory mechanism 

inhibiting Bcl-2 and Bcl-xL. Studies done on Bcl-xL have shown that specific mutations 

in the Bcl-xL sequences have increased the protective effect of the protein by disrupting 

its negative regulation. Therefore, the expression of carefully mutated Bcl-xL could 

fûrther increase the viability of hybridoma celIs lines and lead to an increase in the 

monoclonal antibody production. 

One of Bcl-xL7s major forms of regulation is through the binding of BH3-only 

proteins such as Bad, Bim, Bid and others (Tsujimoto et al. 2000). These regulators are 

pro-apoptotic members of the Bcl-2 family that possess only the BH3 domain. They 

function by inserting their BH3 domain into the hydrophobic pocket (fomed by BHl, 

BH2 and BH3) of Bcl-xL proteins. Once Bcl-xL heterodimerizes with a BH3-only 

protein, it can no longer inhibit apoptosis. A study looking at the dimerization of Bcl-KL 

with Bad showed that a mutation of a single residue located in the hydrophobic pocket of 

Bcl-xL could completely abrogate the interaction between these two proteins (Kelekar et 

al. 1997). The mutation invoives the valine residue at position 126 that is important for 

interacting with a conserved leucine residue from the incoming BH3 domain. When V1z6 



is converted to a glycine, Bcl-xL can no longer interact with Bad. Bcl-xL is then fiee to 

continue to protect the ce11 fiom activated Bad. 

Another regdatory mechanism of Bcl-xL is by phosphorylation of its loop 

domain. The loop domain is found between amino acid 46 and 83 and contairis many 

phosphorylatable senne residues. Phosphorylation of the loop dornain was observed to 

change the activity of Bcl-xL and Bcl-2 (Chang et al. 1997). The effect of this 

posttranslational modification may be dependent on cellular context because 

phosphorylation of these proteins were reported to increase the protective function in 

some ce11 Lines or deactivate it in others (Ito et al. 1997; Ling et al. 1998; Scatena et al. 

1998; Chadebech et al. 1999; Poommipanit et al. 1999; Sooryanarayana et al. 1999; 

Yamamoto et al. 1999). Nevertheless, the deletion of the whole domain consistently 

increased the anti-apoptotic effect of Bcl-xL and Bcl-2 (Chang et al. 1997; Srivastava et 

al. 1999; Wang et al. 1999). 

With the hope of increasing the effectiveness of Bcl-xL in hybridoma/myeloma 

ce11 lines, we transfected SP2/0-Ag14 with one of these two forms of Bcl-xL. The BcL- 

xL cDNA was first mutagenized using PCR and cloned into a mamrnalian expression 

vector, pTEJ8. Individually propagated clones of SP2/pTEJ8N126G, SP2/pTEJl/Aloop, 

SP2/pTEJS/Bcl-xL (wild type) were compared to SP2/pTEJ8 and anti-sense controls to 

observe the effect of the mutations on the cell's sensitivity to apoptosis. Clones 

expressing similar recombinant protein levels were selected by immunodetection. Direct 

cornparison between SP2/pTEJS/Bcl-xL and SP2/pTEJ8/Aloop was not possible because 

the Aloop clones expressed much higher Levels of these proteins. Low, medium and high 

expressing clones of the Bcl-xL/Aloop construct were, therefore, analysed instead. The 



susceptibility of these clones to apoptosis was analysed using cycloheximide exposure 

and glutamine deprivation triggers. The robustness of these cells was M e r  analysed 

under prolonged growth culture conditions. The results obtained here may give insights 

ùito the fùnction of Bcl-xL and the regdation of this anti-apoptotic protein in 

rnyelomdhybridoma ce11 Iines. 

5.2 Methods and Materials 

5.2.1 Reagents and methods 

Unless otherwise stated, d l  reagents were obtained fiom Canadian Life Technologies 

(Burlington, ON). A 70x stock solution of glutamine was made with PBS (7.4) to 

replenish the concentration of glutamine in the culture medium to 4.5 mM. Al1 generai 

molecular biology techniques used were performed according to Sambrook et al. 

(Sambrook et al. 1989). 

5.2.2 Ce11 lines and ce11 maintenance 

The murine ce11 lines P3x63-Ag8.653 (ATCC# CRJX80) and SP2/0-Ag14 (ATCC # 

CRL1581) were obtained fiom the Amencan Type Culture Collection (Rockville. MD). 

Both ce11 lines were maintained in Iscove's modified Eagle's media (Media Preparation 

Lab, Princess Margaret Hospital, Toronto, ON), supplemented with 5% Fetalclone 1 



(Hyclone), 100 U/mi penicillin and 100 pg /d  streptomycin. Ce11 culture was performed 

at 37 OC under an atmosphere of 5% COz / 95% air. Transfected cells were maintained in 

culture media supplemented with 750 &ml of Geneticin (G-418) to the culture medium. 

Al1 open flask manipulations of ce11 cultures were performed under aseptic conditions in 

a ~ a b c o n c o ~  PurifierTM Class II safety cabinet. 

5.2.3 Long-term stationary batch ce11 culture 

Exponentially growing cells were cenûifûged and resuspended in fiesh culture medium at 

a concentration of 5 x 10' cells/mi in 25 cm2 flasks and cdtured as described above. Ce11 

viability was deterrnined by the Trypan Blue dye exclusion assay: an aliquot of cells was 

diluted in 0.04% trypan blue (Sigma, Oakville, ON) dissolved in PBS. The viable (white) 

cells and dead (blue) cells were counted using a Bright-Line Hemacytometer (Sigma, 

Oakville, ON). Each resuh is the average _t standard deviation of at least 4 

deterrninations. 

5.2.4 DNA laddering assay 

DNA fragmentation analysis was performed following a procedure modified fkom a 

previously reported protocol (Smith et al. 1989). Briefly, 5 x 10' cells were collected and 

washed once with PBS. The cells were lysed with 50 pl of lysis buffer (10 mM Tris HCl 

pH 8, 1 mM EDTA pH 8, 0.5% N-Lauroyl Sarcosine, and fieshly added 0.25 m g h l  

Proteinase K and 0.02 mg/ml RNAse). The mixture was then incubated for 5 minutes at 

50 OC. An equal volume (50 pl) of sample bufTer (40% sucrose, 0.08% Bromophenol 

Blue) was then added to the sample. Fifteen microliters of the samples were loaded in 



the wells of a 2% agarose gel and electrophoresis was performed using a BioRad Mini 

Sub Cell DNA electrophoresis unit in TBE Buffer (0-089 M Tris Base, 0.089 M Boric 

Acid, 0.002 M EDTA pH 8) at 95V for 45 minutes. The DNA was then stained for 5 

minutes with ethidium bromide (0.7 pg/rnl) and washed with H20 for 3 hours, before 

visualization under W illumination. 

5.2.5 Protein extract preparation and Western analysis 

Soluble cellular protein extracts were prepared as follows: two million cells were wash 

with PBS and pelleted by centrifugation (1 500 RPM, 4°C for 10 min). The cell pellet 

was resuspended in 500 pl of RIPA buffer (1 % IGEPAL, 1 % deoxycholic acid, 0.1% 

SDS in PBS) and incubated on ice for 30 min. The samples were then sonicated for 10 

seconds before adding 5 pl of 10 mg/ml PMSF dissolved in isopropanol, followed by a 

30 min incubation on ice. Following centrifugation (12 500 RPM, 4°C for 20 min), the 

supernatant was transferred to another tube and its protein content determined using the 

DC Protein Assay Kit (Bio-Rad) using BSA as standard. The extracts were then stored at 

-80°C until needed. 

For Western Blot analysis, equal amount of proteins were loaded into the wells of 

a 10% PAGE-SDS polyacrylamide gel and resolved using a Bio-Rad Mini-Protean II 

electrophoresis unit. The proteins were transferred to a Hybond-P membrane 

(Amersham-Pharmacia, Baie d'Urfé, QC) following the manufacturer's instructions, and 

then stained for 5 min with Ponceau S (5% Ponceau S, 2% glacial acetic acid) to confirm 

transfer efficiency. For the imrnunodetection, the membrane was blocked for 1 hour in 

blotto (5% non-fat dry milk, in TTBS [O. 1% Tween-20,0.02 M Tris/HCl pH 7.6, 0.14 M 



NaCl]), rinsed three times for 5 min at room temperature with TTBS and incubated for 1 

hour with the primary antibody. The following polyclonal IgG primary antibodies were 

used at the indicated dilutions: l/l5OO rabbit anti-BclxL/S antibody (S-18) (Santa Cruz 

Biotechnology, Santa C m ,  CA) or 1/2000 rabbit anti-HA probe antibody (Y-1 1) (Santa 

Cruz Biotechnology) diluted in blotto. The membrane was then washed twice for 5 rnin 

with 'ITBS. The horseradish peroxidase coupled secondary antibody, anti-rabbit IgG- 

HRP (Santa Cruz Biotechnology), was diluted to 1/5000 with blotto and the membrane 

was incubated in this solution for 1 hour. Finally, the membrane was washed once for 10 

min and 4 times for 5 min with TTBS before visualization using ECLTMPlus 

cherniluminescence Kit (Arnersham-Pharmacia, Baie dYUrfi5, QC) and HyperfilmTMECLTM 

(Arnersham-Pharmacia, Baie d'Urfé, QC). The film was developed using Kodak GBX 

developer and fixer (Sigma). 

5.2.6 MTT Assay 

Cell viability was determined using the MTT viability assay (Hansen et al. 1989). In a 

96-well plate, 2x 10' cells were incubated in a total volume of 100 p l  in the presence of 

25 &mi CHX (Sigma) or in Iscove's media lacking L-glutamine (Sigma) for 2 and 3 

hours, respectively. Twenty-five microlitres of MTT dye (5 m g h l  dissolved in PBS) 

was tlien added to each well, followed by a 2 hours incubation at 37 O C .  One hundred 

microlitres of Lysis buffer (20% SDS, 50% N-NY-dimethylfomamide, pH 4.7) was then 

added to each well and the plates were incubated overnight at 37 OC. Optical density 

readings were performed at 570 nm using a PowerWaveX micro-plate reader (Bio-Tek 



Instruments, Inc). The experiments were done in 4 replicates and the resuits s h o w  are 

expressed as the average i standard deviation of three independent experiments. 

52.7 RNA Isolation and Reverse transcription 

RNA was isolated fiom murine brain tissue (CD-1 mice) using a technique described by 

Gauthier and al. (Gauthier et ai. 1997). The RNA yield (,ug/pl) and purity (260 nm/ 280 

nm ratio) were determined with a Pharmacia Biotech Ultrospec 3000 WNisible 

spectrophotometer using the manufacturer's software. The quality of the RNA was also 

verified by agarose gel electrophoresis and ethidiurn bromide staining. cDNA was 

prepared in a 0.5 ml microcentrifuge tube by mixing 1 pg of RNA with 2.5 pl of 10 

pmoVp1 oligo-dT(12-18) in a volume of molecular biology grade HzO that would give a 

final reaction volume of 40 pl. The tube was then incubated at 85 OC for 10 min followed 

by 15 min on ice. Four microliters of 1 Ox reverse transcription buffer (500 rnM of 

Tris/HCI pH 8.3, 0.75 M of KC1, 30 mM of MgC12, 0.1 M DTT), 2 pl of dNTP (10 rnM 

of each), 1 pl of RNAse inhibitor and I pl of M-MLV-reverse transcriptase (200 U) were 

added to the mixture. The sample was then incubated at room temperature for 15 min 

followed by a 1 hour incubation at 37 OC. The resulting cDNA was stored at -20 OC untiI 

needed. 

53.8 Touchdown Polymerase Chain reaction (PCR) 

Polymerase chah reactions were carried out using murine brain cDNA, platin-@ Taq 

HIFI DNA polymerase and primers found in Table 5.1. The forward primers that 

corresponded to the 5' coding sequence of Bcl-xL included the Kozak concensus 



sequence (CCACCATG) to facilitate translation initiation by increasing the recognition 

of the start codon by ribosomes (Kozak 199 1 a, 199 1 b). Also, the downstream primer that 

was complementary to the 3' end of the coding sequence of Bcl-xi, replaced the stop 

codon with the sequence for a HA tag followed by a stop codon- Al1 PCR reactions were 

carried out in a total volume of 50 pl containing High Fidelity PCR Buffer, 3 mM of 

MgSQ, 10 mM of each d N P  and 1 -25 U of polymerase and 1 pl of template DNA. 

Using a PTC-100TM Programmable Thermal Controler thermocycler (MJ Research, Inc.), 

the primer mixes (1 0 pmol of each primer) were added after a 5 min hot start at 95°C. 

Touchdown PCR was then performed for 5 cycles as follows: denaturation at 95 OC for 

30 sec, primer annealing for 30 sec fiom 61 OC to 56 OC in 1 OC intervais per cycle, and 

primer elongation at 72 OC for 30 sec. This was followed by 20 PCR cycles using 56 O C  

as the anneding temperature. The last cycle was followed by a 10 min incubation at 72 

OC. The products were then separated by agarose gel electrophoresis and isolated using a 

ConcerP Rapid Gel Extraction Kit following the manufacturer's instructions. 

Table 5.1: Sequence of oligonucleotides used as primers in PCR and 
mutagenesis experiments. 

Primername 

Kozak-Bcl-xL 
BcL-xL-HA 

downstream 

upsueam Atoop G , i4AAGAAACTGAAGCAGAGAGGG1.36CTGCTCC 
TGCTGCz1AGCAGTGAAGCAAGCGCTGt70 

Sequence (5'3'; the position of the 
seauences on wt Bcl-xL cDNA is eiven. 

L Y 

CCACCAITGTCTCAGAGCAACCGGGAGIi 
TCAAGCATAATCTGCAACGTCATATGGATAC6gg 
TTCCGACTGAAGAGTGAGCCC678 
A389GTTCATTCACTCCCTGCTCAAAGCTCTGATAC 

V126G 
upstream V l26G 

Description 

G356 

G365CTTTGAGCAGGGAGTGAATGAACTCTITCGG 

Kozak consensus sequence 
HA epitope tag (YPYDVPDYA) 
followed by a stop codon 
Base pair substitution of TjTI to G on 
non-codino strand 
Base pair substitution of A377 to C on 
coding strand 
AIa-Ala-Ala-Ala replacing the loop 
domain 



5.2.9 Cloning 

The cDNA of Bcl-xL-HA was amplified using the PCR reaction in section 5.2.8. Figure 

5.1 shows the plasmid maps of the two plamid vectors used. Adenosine overhangs were 

added to the 3' ends of the cDNA by mixing 9 pl  of cDNA to the reaction mixture 

containing PCR BufTer (Qiagen), 2 rnM of MgCI, 2 mM dATP and 1.25 U of Taq 

(Qiagen) followed by a 1 hour incubation at 72 OC. This cDNA was then ligated into 

pTAdv (Figure 5.2) using a AdvanTAge PCR Cloning Kit (Clontech Laboratories) 

following the manufacturer's instructions. Electro-competent JMlO9 E. Coli were then 

transformed with these ligation mixtures by electroporation (2.5 kV, 200 ohms, 25 pF)  

using a Gene Pulser Plus unit (Bio-Rab, Mississauga, ON), and grown on LB agar plates 

containing 50 pl/ml ampicillin. plates also included 40 pl of 0.1 M IPTG (Quantum 

Biotechnologies) and 40 FI of 20 mg/ml X-Ga1 (Diagnostic Chemicals Limited, 

Charlottetown, PEI) for blue/white screening of positive clones. Positive clones were 

then confirmed by EcoKI digestions and sequenced using Ml3 forward and reverse 

primers by the DNA Sequencing Facility at the Centre for Applied Genomics, Hospital 

for Sick Children, Toronto, Ontario. After sequence confirmation, the inserts were 

excised using EcoRI and purified with a ConcertTM Rapid Gel Extraction Kit following 

the manufacturer's instructions. The mutant and control cDNAs were then non- 

directionally cloned into the pTEJ8 mammalian expression vector (Figure 5.2) that was 

first linearized with EcoRI and dephosphorylated using Calf Intestinal Alkaline 

Phosphatase. The resulting vectors were transformed into JM109 E. Coli and grown on 

ampicillin LB Agar plates. A quick screening for positive clones was first perfomed 

using the Cracking Gel Method (section 5.2.1 1). 



p IX, r MCS [EcoRI. T-overhang, 

Figure 5.1: Vectors used during the cloning of Bel-xL, Be l -rWl26G and Bcl-xLhîloop. 
pTAdv was obtained from Clontech. pTEJ8 was donated by Dr. Réal Lemieux, HémaQuébec 
(St-Foy, Québec) 
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Figure 5.2: RTRCR of Bcl-&HA and cloning into pTEJ8. 



5.2.10 PCR-mediated mutagenesis 

Two mutations of Bcl-xL where accomplished using pTAdv/Bcl-xL-HA as a 

template and two different PCR-mediated mutagenesis techniques. The first technique 

was modified fiom a procedure to perform a point mutation previously described by 

Darveau et al. (Darveau et al. 1995). Primers were designed that corresponded to a 

sequence of about 20 bp on both sides of the point mutation. The position for T377 was 

substituted for a G, thus changing the valine codon for a glycine codon. Figure 5.3 

outlines the procedures used. The 5' mutagenesis fragment (A) was amplified by PCR 

using the 'Kozak-bcl-xL' and the 'downstream V126G' prirners. In a separate reaction, 

the 'upstream V126G' and 'Bcl-xL-HA' primers were used to generated the 3' end of 

bcl-xL-HA Fagrnent (B). These two fiagments were then gel purified using a ConcertTM 

Rapid Gel Extraction Kit following the manufacturer's instmctions. An overlap 

extension and PCR using 'Kozak-bcl-xL' and 'Bcl-xL-HA' were simultaneously 

performed following the PCR conditions in section 5.2.8, with the exception that 15 pl of 

fragments A and B were used. M e r  a 5 min hot start at 95 OC, 2 p l  of primer mixture 

(10 pmol of 'kozak-Bcl-xl' and 10 prnol of 'Bcl-xL-HA') was added. The PCR reaction 

was performed for 15 cycles as follows: denaturing at 95 O C  for 1 min, annealing at 56 OC 

for 1 min, and elongation at 72 OC for 1 min. This last cycle was followed by a 10 min 

incubation at 72 O C .  By using this technique, the full length mutated cDNA can be 

amplified from the overlap extension product of both mutagenesis fragments (Figure 5.3). 

The PCR products were then separated by agarose gel electrophoresis, isolated using a 
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a pTEJ8N126G-sens i pTEJ8Nl26G-AS . 

Figure 5.3: PCR-mutagenesis of BeErW126G and cloning into pTEJ8. 



ConcertfM Rapid Gel Extraction Kit following the manufacturer's instructions, and cloned 

using the procedures described in 5.2.9. EcoRI digestions confirmed the insertion of this 

751 bp mutant in pTAdv and in pTEJ8. The orientation of the fragment in pTEJ8 was 

confirmed by BarnHI digestion yielding a 194 bp excision product if the mutant was in 

the sens orientation in pTEJ8 or a 557 bp excision product if the mutant was in the 

antisens orientation. The pTAdvN lZ6G plasmid was sequenced to confimi that oniy the 

desired mutation had been introduced. 

The second mutation of Bcl-xl cDNA eliminated the sequence corresponding to 

amino acids 46 to 83 in murine Bcl-xL cDNA using a modified technique published in 

BioTechniques (Pont-Kingdon 1994). For this mutagenesis experiment, a PCR primer 

was designed fiom the sequences that flanked the region that coded for the loop domain. 

These sequences were rejoined together in one primer by a small sequence that translated 

into 4 consecutive alanines to replace the loop domain. Figure 5.4 outlines the procedure 

used. The 'upstream Aloop' primer was used with the 'Bcl-xL-HA' 3' primer to produce 

the 3' Delta loop mutagenesis fragment. This fiagment was then gel purified and used in 

a second PCR reaction with the pTAdvlBc1-xL-HA vector to amplifi the full length bcl- 

xl-doop fragment. The PCR reaction used the sarne conditions as in section 5.2.8, with 

the exception that 30 pl of 3' Delta loop fragments and 1 pl of pTAdvIBc1-xL-HA were 

used. Also, after a 5 min hot start at 95 OC, 2 pl of primer 'kozak-Bcl-xL' (20 pmol) only 

was added. By following this procedure, the Delta loop fiagment acted as a downstream 

primer that will ampli@ only the sequence before the loop region on the pTAdv/Bcl-xL- 

HA template thus omitting the loop region fiom the fidl Length PCR product (Figure 5.4). 

The PCR reaction was performed for 15 cycles as follows: denaturing at 95 O C  for 1 min, 
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Figure 5.4: PCR-mutagenesis of Bcl-xL/Aloop and cloning into pTEJ8. 



annealhg at 56 OC for 1 min, and elongation at 72 OC for 1 min. This last cycle was 

followed by a 10 min incubation at 72 OC. The PCR products were then separated by 

agarose gel electrophoresis and isotated using a ConcertTM Rapid Gel Extraction Kit. The 

product was then cloned using the procedures described in section 5.2.9. EcoRI 

digestions confirmed the insertion of this smaller 649 bp mutant cDNA in pTAdv and in 

pTEJ8. The orientation of the hgment in pTEJ8 was confirmed by BamHI digestion 

yielding the a 250 bp band if the insert was in the sens orientation or a 484 bp band if the 

insert was anti-sens. The pTAdv/Aloop clone was sequenced to confirm that the desired 

mutation had been htroduced. 

5.2.11 Cracking Gel Method 

To quickly screen a large number of transformed bacteria, a method called 'Cracking 

Gel' was used. This method was given to us by Dr Baoquin Guo (Northeastern Ontario 

Regional Cancer Centre, Sudbury). Small streaks were made on an LB Agar plate with 

individual bacterial colonies, and the plate was incubated overnight at 37 OC. The next 

day, Cracking Gel Buffer was prepared (50 pl of 1 M TrisMc1 pH 7.5, 50 pl  of 20% 

SDS, 4 pl of 500 rnM EDTA, 167 pl of 6x DNA Loading Buffer, 10 pl of 10 pdpl 

RNAse, in a total volume of 1 ml) and a small loop of bacteria was added to 70 pl of this 

buffer in a 1.5 ml microcentrifige tube. The tube was incubated at room temperature for 

10 min and an aliquot was loaded on a 1% agarose gel and electrophoresis was 

performed. After staining with ethidium bromide, bands corresponding to plasmids can 

be seen. Those that show a slower migration compared to a control vector probably have 

the insert, however, endonuclease digestion must be performed to confirm these positives 



clones. Potential recombinant plasmids were purified using the alkaline lysis procedure 

(Sambrook et al. 1989) and digested with EcoRI for confirmation. BamHI digestions 

determined Sens or anti-sens orientation of the insert. 

5.2.12 Transfection of SP2/0-Ag14 murine cells 

The transfection of the pTEJ8 derived rnamrnalian expression vectors in SP2/0-Ag14 was 

done as follows. Plasmids (10 pg) were linearized with PvuI and purified by 

phenoVchloroform extraction and ethanol precipitation. The linearized plasmid was then 

resuspended in 5 pl of TE Buffer and added to 5 x 10' SPUO-Ag14 cells in 400 pl of 

PBS. The mixture was submitted to electroporation (180 V, 960 pF) using a Gene Pulser 

Plus unit (Bio-Rad, Mississauga, ON). After a 30 min incubation on ice, 10 ml of culture 

media was added and the cells were cultured in a 25 cm2 flask for 2 days. Geneticin (G- 

418) was added at a concentration of 750 pg/ml to select for transfected cells. Geneticin- 

resistant cells were then cloned by the single-ce11 dilution technique and tested for Bcl-xL 

and HA tag expression by western analysis. 



5.3 Results 

5.3.1 Mutagenesis and Cloning of Bcl-xGHA, Bcl-xLHAN126G, BcC 

Two mutations were produced to attempt to increase the h c t i o n  of Bcl-xL in our ceus 

lines. The first is a point mutation of the thymidine at position 377 of the coding 

sequence of Bcl-xL to a guanosine by overlap extension. The resulting mutation 

substitutes valinel26, which is located in the hydrophobie pocket for Bcl-xL, for a glycine. 

This mutation was shown to interfere with the interaction between Bcl-xL and Bad 

(Kelekar et al. 1997). This disruption should elirninate the inhibitory influence of Bad on 

the protective function of Bcl-xL. The second mutation produced in this study eliminated 

the regdatory loop dornain in Bcl-xL. Several studies have shown that the deletion of 

this region increases the protective effect of this anti-apoptotic regulator (Chang et al. 

1997; Srivastava et al. 1999; Wang et al. 1999). In order to produce these forms of 

mutated Bcl-xL, we first had to obtain the cDNA coding for this protein by steps that are 

outlined in Figure 5.2. We first isolated RNA fiom mouse brain tissue which is shown in 

lane 1 of Figure 5.5. The 28s' 18S, and 5s bands are clearly seen indicating that the 

RNA is of good quality and intact. An RT-PCR experiment was then performed to 

amplie a 721 bp band (Figure 5.5, lane 7) correspondhg to the full length bcl-xL cDNA 

containing 5' Kozak sequence and a 3' HA tag. This cDNA was cloned into pTAdv 

(Figure 5.6A, lane 2) and used as the PCR template to amplie the three mutagenesis 

fragments (Figure 5.5, lanes 3, 4 and 5). Overlap/extension/PCR reactions produced the 

mutated bcl-xL cDNAs as a 606 bp band for Bcl-xL/Aloop and a 721 bp band for Bcl- 

xLN126G. These products were subsequently cloned into pTAdv and confirmed by 



Figure 5.5: PCR mediated mutagenesis of Bel--126 and Bel-xL/Aloop. Lane 1 shows 
mouse brain RNA. The resulting cDNA was used to PCR and clone Bcl-xL-HA into pTAdv. 
Using this plasmid as a template, mutagenesis fiagrnents were amplified by PCR as seen in lanes 
3 (5'V126G), lane 4 (3'V126G) and lane 5 (3'Aloop). Lane 7, 8 and 9 show the band 
corresponding to Bcl-xL-HA, Bcl-xL/Aloop and Bcl-xLN126G, respectively. Lane 2 is a 100 bp 
ladder and lane 6 is a ladder frorn Quantum Biotechnologies called Grand Ladder Low. The 
lengths of the visualized bands were calculated using Fluor Chem software by Alpha Innotech 
Corp. 



Figure 5.6: Cloning of cDNA products into pTAdv and pTEJ8. Lane 2,3 and 4 show the 
EcoRI excised fragment for Bcl-xL, Bcl-xL/Aloop and Bcl-xLNI26G fiom pTAdv. Lanes 6 to 
11 confirms an insertion by EcoFU digestion and lanes 14 to 20 analyses the orientation of these 
same piasmids by BanHI digestion. The lanes contain pTEJ8 with the following inserts: lanes 6 
and 14 have no insert; Ianes 7 and 14 have sens Bcl-xL-HA, lanes 8 and 15 have anti-sens Bcl- 
xL-HA, lanes 9 and 16 have sens Aloop, lanes 10 and 17 have anti-sens Aloop, lanes 1 1 and 18 
have sens V126G, lanes 12 and 19 have anti-sens VI 26G. Lanes 1, 12 and 13 contain a ladder 
fiom Quantum Biotechnologies called Grand Ladder Low. The lengths of the visualized bands 
were calculated using Fluor Chem software by Alpha Innotech Corp. 



EcoRI digestion (Figure 5.6A, lanes 3 and 4). The Bcl-xL-HA, Bcl-xL/Aloop and Bcl- 

xLN126G cDNAs were then excised fiom pTAdv using EcoRI, cloned into pTEJ8 and 

selected for sens and antisens orientation. Figure 5.6B confirms the integration of the 

fragments into pTEJ8 by EcoRI digestion. Figure 5.6C show the orientation of the 

fiagments c o h e d  by BamHI digestion. Al1 sens fiagments have a 250 bp band while 

the Bcl-xL-HA and Bcl-xLN126G anti-sens fiagments show a 571 bp fiagrnent and Bcl- 

xL/Aloop migrates to 484 bp. 

53.2 Generation of mutated Bcl-xL-transfected SPZ/O-Ag14 hybridoma 

cells 

As we have seen in chapter 4, Bcl-xL c m  protect SP2/O-Ag14 cells fiom apoptosis under 

CHX exposure, lack of glutamine and long-term culture conditions. To test if our newly 

produced mutants of Bcl-xL can better protect SPUO-Ag14 cells fiom apoptosis, we 

transfected SP2/0-Ag14 cells with sens and anti-sens Bcl-xL-HA, Bcl-xLN126G and 

Bcl-xL/Aioop as well as with the pTEJ8 vector. Figure 5.7 shows Bcl-xL protein 

expression levels of selected G-418 resistant cells when probed with polyclonal anti-Bcl- 

xL and anti-HA anitbodies. Both antibodies do not recognise Bcl-xL protein in wild type 

SPUO-Ag 14, the vector and the anti-sens transfected SP2IO-Ag 14 cells. Furthemore, the 

HA probe does not recognise the endogenously expressed Bcl-xL in P3x63-Ag8.653 

soluble protein extracts demonstrating that the anti-HA antibody specifically recognized 

the exogenously expressed Bcl-xL and mutants labelled with the HA tag. Two clones 

expressing similar levels of Bcl-xL-HA as well as Bcl-xWV126G were selected by 

Western Blot malysis. The levels can be estimated as being equal because the s m e  



Figure 5.7: Protein expression ieveis of  ci-XL-HA mutant expressing S P ~  c e ~ s .  Leveis 
of expression of Bcl-xL in different cells were analysed western blot. (A) Westem using an anti- 
Bcl-xL polyclonal antibody. (9) Westem using and anti-HA antibody. Each lane contains 
approximately the same amount of proteins. This was confirmed by colouring the immunoblot 
membrane with Ponceau S and by the similar band intensity of the antibody cross-reactions 
shown by black arrows. The white arrow shows the band corresponding to Bcl-xi,. 



amount of proteins (10 pg) were loaded into each weI1. Furthemore, the anti-Bcl-xL 

primary antibody cross-reacted with another protein in al1 ce11 lines tested which 

produced a high molecular weight band that is of similar intensity between al1 the wells. 

A SP2/Bcl-xL-HA clone (clone 5) expressing higher levels of Bcl-xL-HA was also 

chosen for m e r  analysis. No SP2/0-Ag 14 clones expressing Bcl->iL/Aloop at 

comparable levels to Bcl-xL-HA and VI26 could be found because al1 isotated clones 

expressed much higher levels of Bcl-xLlAloop protein than SP2/Bcl-xL-HA and SP2/Bcl- 

xLN126G clones as detemiined with the anti-HA antibody. The anti-Bcl-A antibody 

showed similar expression of Aioop to the other transfections, however, the removd of 

the loop domain may have modified the affinity of the antibody in the loop-deficient 

mutant. The HA tag is, therefore, a more reliable indicator of Bcl-xL protein expression 

because it constitutes a common epitope for al1 mutagenized Bcl-xL proteins. We 

therefore chose a low, medium and high expressing SP21Aloop clone for further analysis. 

By using the Fluor Chem v.2.0.0 densitometry software (Alpha Innotech Corporation), 

we calculated that the medium and high Aloop clones respectively expressed 1.8 and 4.3 

times more Bcl-xLIAloop that the Iow expressing clone. The lowest expressing Aloop 

mutant clone expressed the same level of protein than the highest expressing Bcl-xL-HA 

clone isolated (SP2lBcl-xL-HA clone 5). This Bcl-xL-HA clone expressed about 2 times 

more than the other clones we analysed. 



53.3 Differential resistance to apoptosis by the expression of mutated 

Bcl-XL 

The effect of the mutations on Bcl-xL7s anti-apoptotic function was tested by exposing 

our clones to different inducers of apoptosis. We used CHX, which induces apoptosis by 

inhibiting protein synthesis, and glutamine depletion, which aiso rapidly causes 

apoptosis. After the cells were incubated with CHX for 2 hours or without glutamine for 

3 hours, the viability was analysed by the MTT viability assay. Figure 5.8A and B shows 

that the 3 Bcl-xL-HA expressing clones are still over 50% viable when compared to the 

vector and anti-sens Bcl-xL-HA controls that were at 20-30% viability under both 

conditions. The protection was not as high as P3x63-Ag8.653 cells which is probably 

attributable to a lower expression of the anti-apoptotic protein in these clones (Figure 

5.7A). The V126G mutation in Bcl-xL had an effect that was opposite to what was 

expected. Instead of increasing the protective effect of Bcl-xL, the mutation nullified its 

function completely because the SP2N lS6G had the same viability as the controls in the 

presence of CHX and following L-glutamine deprivation. DNA laddering analysis 

confirmed that al1 controls and both SP2N126G clones underwent apoptosis while 

P3x63-Ag8.653 and SP2/Bcl-xL-HA had no or faint DNA ladderkg patterns under CHX 

(Figure 5.9) and glutamine-depletion (Figure 5.10) conditions. 

The removal of the regdatory domain had different eKects when exposed to these 

two stresses. m e n  the SP2/Aloop clones were incubated without glutamine, they al1 

showed a viability of about 60% (Figure 5.8D). This is attributed to a protection from 

apoptosis because no or faint DNA laddering, which is indicative of apoptosis, was seen 

for these clones compared to intense bands seen in the control cultures (Figure 5.10). 



Figure 5.8: Effect of mutagenesis of Bel-xL on the resistance to apoptosis of SP2. nie  
protective effect of Bcl-xLN126G against apoptosis induced by 25 pg/ml of CHX for 3 hours 
(A) and lack of Gln for 4 hours (B). The viability was analysed using the M ï T  viability assay. 
The effect on SP2/Bcl-xL/Aloop is shown in (C) for CHX and (D) for lack of glutamine. The 
percentage of viability was calculated by cornparing the optical densities with corresponding 
control. The data presented here is the average of 3 independent experiments. 
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Figure 5.9: Differentiai protection of Bel-& mutations in SP2 celis exposed to C m  
induces apoptosis. The indicated ceIls were incubated for 3 hours with 25 Mm1 of CHX before 
DNA Iaddering analysis was performed. PBS was included in control cultures. 
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Figure 5.10: Differential protection of Bcl-xL mutations in SP2 cells exposed to lack of 
Eglutamine induced apoptosis. The indicated cells were washed with PBS and resuspended in 
Iscove's media without Gln (Sigma) and incubated for 4 hours before DNA laddering analysis 
was performed. L-Gln was added to control cultures. 



However, the Bcl-xL/AIoop clones showed a sensitivity to CHX that was inversely 

related to the level of Bcl-~JYAioop expression. The low expressing clone was only 40% 

viable, the medium was 60% viable and the hi& expressing clone maintained its viability 

at 85% (Figure 5.8C). This differential protection was aIso seen with the DNA l a d d e ~ g  

assay. Interestingly, the high, medium and low expressing Aloop clones have DNA 

laddering pattern that increase in intensity with decreasing levels of Bcl-xL/Aloop (Figure 

5.9). Another observation that may give insights into the function of the regulatory loop 

domain is that, despite the higher expression levels of this mutant form of Bcl-xL, it did 

not significantly increase its protective effect against CHX when compared to normal 

Bcl-&-HA (Figure 5.8A and C). 

5.3.4 Bcl-xLNl26G has no effect on the long-term culture of SPZ/O- 

Ag14 

To M e r  study the effect of Bcl-xLN126G, we compared the growth behaviour of 

SP2Bcl-xL-HA, S P S N  l26G and SP2/0-Ag 14 controls under prolonged culture 

conditions. Exponentially growing cells were seeded at 5 x 104 cells/ml and the viable 

cells were counted daily using Trypan Blue dye. The SP2/pTEJ8 cells and anti-sens 

controls of al1 three inserts had similar growth profiles in culture (Figure 5.1 1A). The 

length of culture tirne and the maximum viable ce11 density of the SP2/Bcl-xL-HA cells 

were similar to the SP2/Bcl-xL cells (section 4.3). They both grew for 10 days in culture 

and reached a maximum number of viable cells on day 6 (Figure 5.1 1 B). The expression 

of the Bcl-xLNl26G construct did not affect the growth behaviour of SP2/0-Ag14 

(Figure 5.1 1C). The growth behaviour of both clones was identical to that of the control 
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Figure 5.11: Effect of Bel-xWVl26G on the growth behaviour of SP2. (A) pTEJ8 and 
anti-sens controls of ail 3 inserts show the same behaviour during long-tem culture. (B) 
SP2/Bcl-xL-HA clone 14 behaviour in long terni culture. (C) Both S P Z N  126G behave similarly 
under these conditions. The viable cell number was determined by counting with a 
hemacytometer using Trypan Blue dye and each point is the average of at least 4 determinaticm. 
In (D), pTEJ8 clone 1 (circle), V126G clone 1 (squares) and Bcl-xi,-HA (triangles) SP2 cells 
fiom (A), (B) and (C) are superimposed for cornparison. 



ce11 lines (Figure 5.1 1 A, C and D) and was far fiom resembling the growth profile of 

SP2/Bcl-xL-HA (Figure 5.1 ID). Therefore, as expected fiom its lack of effect in the 

presence of CHX and following L-glutamine depletion, the V126G mutation had no 

effect on the survival of SP210-Ag 14 ce11 in long-tenn culture. 

53.5 Bcl-xL/Aloop apoptosis resistance is concentration-dependent in 

long term culture 

The effect of the rernoval of the regulatory loop domain was also studied in order to 

establish if it could improve the viability of SP210-Ag14 cells in long-term culture. 

Exponentially growhg cells were seeded at 5 x 104 celldml and the viable cells were 

counted daily using Trypan Blue dye exclusion assay. Interestingly, the cellular 

concentration of Bcl-xL/Aloo~ had a proportional effect on the viability of these SP210- 

Ag14 cells. The SP2/Aloop anti-sens control had a maximum viable ce11 density on day 4 

and died rapidly to under 5% viability after 7 days of culturing (Figure 5.12A). However, 

the three SP2/0-Ag14 clones expressing Bcl-xL/Aloop al1 peaked in viable ce11 number 

on day 5 followed by different rates of declining viability which variably prolonged the 

time of culturing from 10 days for the low expressing clone to over 13 days for the hi& 

expressing clone (Figure 5.12A). Figure 5.12B clearly shows that Bcl-xL/Aloop prolongs 

the viability of these hybridoma cells in long-term culture in a concentration dependent 

manner. After 7 days, the control was under 5% viability, and the low, medium and high 

expressing Aloop clone were at 30%, 55% and 65% (Figure 5.12B). Al1 four ce11 lines 

seem to start declining in viability after day 3, but at different rates. The SP2/Bcl-xL-HA 

clone 14 started to decline at the same t h e  as al1 the Aloop clones, maintained a hi& 
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Figure 5.12: Effeet of &CxL/Aloop on the growth behaviour of SP2. (A) shows 
SPlIAloop-AS (circles), SPLIAloop-low (squares), SP21Aloop-med (triangles) and SP2lAloop- 
high (diamonds). The viable cell number was determined by counting with a hemacytometer 
using Trypan Blue dye and each point is the average of at least 4 deteminations. (B) The same 
series are expressed by percent viability and the viability of SP2lBcl-xi,-HA found in Figure 5.1 1 
is also represented by a dotted line and closed circles. 



viability until day 7, but rapidly lost viability thereafter (Figure 5.12B). This results 

support the regdatory h c t i o n  of the loop domain of Bcl-xL and suggest that its deletion 

causes a deregulation of the ad-apoptotic function of Bcl-xL. 

5.4 Discussion 

5.4.1 The V126G mutation completely destroys the function of Bcl-xL 

Contrary to published results that showed that the V126G mutation dismpted the 

dimerization of Bcl-xL with Bad while maintaining the protective function of Bcl-xL 

(Kelekar et al. 1997), our results demonstrate that this mutation completely repressed the 

protective function of Bcl-xL in our ce11 system. SP2N126G clearly expressed 

significant levels of Bcl-xL/Vl26G (Figure 5.7). This Bcl-xL mutant was incapable of 

protecting SP2/0-Ag14 cells fiom apoptosis induced by CHX (Figure 5.8A) and L- 

glutamine deprivation (Figure 5.8B) (also see Table 5.2). Furthemore, this mutant was 

unable to extend the viability of this ce11 line in long term culture (Figure 5.11C). From 

the data obtained, this mutation of Bcl-xL would not be useful to increase the viability of 

hybridoma cultures. 

The conditions used in the original experiment with the V126G mutation may 

explain why this mutant did not work in our cell system (Kelekar et al. 1997). 

Thompson's group studied this mutant only in murine FLS.12 cells that were 

cotransfected with Bad. They also only used IL-3 withdrawal to induce apoptosis in 

these cells. Their results may be specific for their experimental mode1 in which IL-3 



withdrawal induces apoptosis only via the BadlBcl-xL specific interaction in the FL5.12 

cells overexpressing Bad. In other words, by disrupting the hydrophobie pocket of Bcl- 

xL, the mutant may have lost its ability to bind d l  pro-apoptosis members of the Bcl-2 

fômily such as Bax, which was confinned during in vitro studies in the same paper. 

Since their mode1 may require o d y  Bad/Bcl-xL to induce apoptosis, their mutant codd 

protect their cells. We know that our ce11 system expresses Bax (Gauthier et al. 1996). 

Therefore, Bcl-xLN126G can be thought to be unable to bind Bax and inhibit its death 

function in the presence of culture-related stresses. 

5.4.2 Deletion of the loop domain increases the expression of Bcl-xL but 

also decreases its function 

The loop domain of Bcl-2 and Bcl-xL has been shown to be an important regdatory 

domain. Only recently has the mechanism of regulation by Bcl-2's loop domain begun to 

be understood. Phosphorylation of this domain has two major outcomes; (1) a gain of 

fünction by stabilization of Bcl-2/Bax dimers (Deng et al. 2000) or maintenance of 

expression levels by inhibithg the targeting of Bcl-2 proteins to the proteosome via the 

ubiquitin pathway @immeler et al. 1999; Breitschoph et al. 2000). The regulation of the 

Bcl-xL loop domain has not been studied, however, our results with the Aloop mutant 

gave us insights into its regulation. It has previously been observed that Bcl-xL is 

phosphorylated (Poruchynsky et al. 1998) and we have seen the presence of a band that 

may suggest phosphorylation of Bcl-xL in our cells (Figure 4.1). Even though the loop 

domain of Bcl-xL is not identical to the Ioop domain of Bcl-2, it also contains many 

phosphorylatable residues (Figure 6.3B). Our results suggest that the loop domain of 



Bcl-xL functions sïmilarly to Bcl-2's regulatory domain. Firstiy, when the expression of 

Bcl-xL/Aloop mutants was analysed, al1 clones obtained contained much higher levels of 

Bcl-~LlAloop than we were generally able to obtain with Bcl-xL-HA transfected cells. 

SP2IBcl-xL-5, the clone that expressed the most Bcl-xL-HA, contained about the sarne 

level of protein expression as the lowest expressing Bcl-xL/Aloop analysed (Figure 

5.7B). This data suggests that deleting the loop domain has increased the levels of Bcl- 

xL by maybe disrupting the targeting of the protein for degradation as has been seen in 

Bcl-2 (Breitschoph et al. 2000). Secondly, the Aloop mutants do not protect cells as 

much as wild type Bcl-xL-HA fiom CHX induced apoptosis. This effect was seen under 

CHX conditions when SP210-Ag14 cells expressing medium levels of Bcl-xL/Aloop were 

compared with SP2h3cl-xL-HA cells. Even if Bcl-xL/Aloop is expressed at much higher 

leveIs than the wiid-type containing SP2/0-Ag14 cells, they both protect to about 60 % 

viability (Figure 5.8A and C; Table 5.2). The phosphorylation-controlled Bcl-2/Bax 

stability through the loop domain is probably conserved in Bcl-xL. Thus, to explain our 

results, the possible effect of reduced dimer stability in the Bcl-xL/Aloop could be 

counteracted by the high expression of the protein caused by the deletion of the 

degradation function found in the sarne regulation site. 



Table 5.2: Relative expression of Bcl-xL proteins and protection from 
different inducers of apoptosis. 
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5.4.3 Bcl-xL/Aloop function is concentration-dependent or 

V126G 

concentration-independent, depending on the apoptotic inducer 

By selecting low, medium and high expression levels of Bcl-xL/Aloop, we were able to 

observe a very interesting phenomenon. When these cells were cultured with CHX, the 

protection fiom apoptotic ce11 death was dependent on the expression Ievel of Bcl- 

xL/Aloop (Figure 5.8C and Table 2). This dose-dependent protection was also reported 

for Bcl-2 when HeLa cells were exposed to aphidicolin (Yin et al. 1995). We can expect 

that wild-type Bcl-xL should behave in a similar manner even though we did not observe 

any significant increase in viability in SP2/Bcl-xL-clone 5 which expresses almost twice 

the amount of Bcl-xL-HA when compared to clone 4 and 14 (Figure 5.8A). The 

concentration-dependent behaviour of wild-type Bcl-xL is supported by the SP2/Bcl-xL- 

HA cells expressing lower levels of Bcl-xL-HA than P3x63-Ag8.653, which correlates 

into a Iower protection (Figure 5.7A and 5.8A). In the previous chapter, we also 

observed that similar Bcl-xL levels in SP2/0-Ag14 and P3x63-Ag8.653 protected them 

fiom CHX and L-glutamine deprivation to the same extent (Figure 4.2 and 3.6A). A 

controlled experiment with larger differences in expression of Bcl-xL in SP2/0-Ag14 

Aloop low 
expression 

Aloop medium 
expression 

Aioop high 
expression 



would have to be preformed to confirm this. Interestingly, when the Aloop mutants cells 

were culture in media lacking glutamine, they all showed a constant level of protection 

around 60 % (Figure 5.8D), which was also observed with the wild-type Bcl-xL-HA 

(Figure 5.8B and Table 5.2). These results suggest that Bcl-xL protects cells by two 

distinct mechanisms. The first way that Bcl-xL could protects against CHX induced 

apoptosis may involve the dimerization and inhibition of pro-apoptotic Bax. Higher 

expression of Bcl-xL could better inhibit Bax and protect the cell. This could explain its 

function in CHX-induced apoptosis. The other possible function of Bcl-xL could be its 

binding and regdation of channels such as mitochondrial VDAC (Hengartner 2000) or 

other suspected channels in the nuclear and endoplasmic reticulurn membrane 

(Voehringer 1999), or d l  other proteins in the ce11 that are in limited supply and that 

Bcl-2 (and possibly other family members) has been shown to interact with such as Raf-l 

vadeel et al. 1999). This kind of function would support a concentration-independent 

protection because once al1 the limiting cellular components have been saturated with 

Bcl-xL molecules, the excess anti-apoptotic molecules could not confer additional 

protection to the cell. 

5.4.4 Bcl-xWAloop significantly extended the longevity of SP210-Ag14 

cells in long-term culture in a concentration-dependent manner and 

suggests a second inducer of apoptosis in long-term culture that is CHX- 

like . 
We observed that the culture time of SP2/0-Ag14 was directly dependent on the 

expression levels of Bcl-xL/Aloop (Figure 5.12). From the viability assays done under L- 



glutamine deprivation conditions (Figure 5.8D), we expected that al1 three level of 

expression would extend the culture viability of SP2/0-Ag14 similarly because the lack of 

glutamine was identified as the major cause of apoptosis in long-term culture (section 

3.0). A minimal decrease in viability was observed with the Aloop mutants and wild-type 

Bcl-xL-HA between day 3 and 6 (Figure 5.12B), which we may attribute to glutamine 

deprivation. However, the SP2/Aloop clones died at dBerent rates which is remuiiscent 

of their concentration-dependent behaviour when they were exposed to CHX (Figure 

5.8C). These results support the hypothesis that there is another event that induces 

apoptosis after glutamine exhaustion and suggest that its pathway is analogous to the 

effect induced by C M .  

Another consequence of t h i s  CHX-like inducer of apoptosis is seen when the 

viability of wild-type Bcl-xL-HA with Bcl-xL/Aloop are compared in long-term culture 

(Figure 5.12B). Wild-type Bcl-xL-HA maintains a high viability until day 6 when it 

drops drarnatically. In contrast, the Aloop mutants maintain a slow rate of death. Since 

the major difference between these proteins is the presence of the regulatory loop 

domain, we propose that the loop domain of wild-type Bcl-xL-HA is phosphoryiated or 

dephosphorylated after day 6. This action would consequently remove the anti-apoptotic 

function of Bcl-xL by disrupting its interaction with Bax or down-regulating the protein's 

expression. The Aloop mutants do not act this way because they are missing their 

regulatory domain. 



5.4.5 Future work and experiments 

The main goal of this study was to increase the effectiveness of Bcl-xL, which was partly 

accomplished by extending the length of culture tirne of SP2/0-Ag14 cells with Bcl- 

xllhloop. The mutant forms of Bcl-xL also gave us insights into the possible regulation 

and function of Bcl-xL. The proposed mechanisms must still be confirmed. Firstly, the 

dimerization of Bcl-xL with Bax can be studied in CHX induced cultures and in long- 

term culture by immunoprecipitation studies similar to those done on Bcl-2 (Deng et al. 

2000). Secondly, the interaction of Bcl-xL with channels should yield interesting results, 

especidly when our ce11 system is protected by Bcl-xL from glutamine deprivation. 

Voehringer has recently proposed a mode1 for Bcl-2 regulation of nuclear channels that 

control the transport of glutahione into the nucleus (Voehringer et al. 1998; Voehringer 

1999). This could regulate apoptosis through a redox control of gene expression. A 

simple prelllninary experiment that could be performed on our ce11 system would be to 

measure the levels of nuclear GSH in SP2/Bcl-xL and SP2/pTEJ8 cells induced to die by 

glutamine deprivation. If Bcl-xL funçtions by maintainhg the nuclear levels of GSH, 

then GSH levels should not fluctuate significantly in the nucleus of SP2/Bcl-xL cells. If 

this hypothesis is correct, CO-immunoprecipitation studies of Bcl-xL-HA on nuclear 

extracts may identify the nuclear channel to which it binds. Thirdly, mutagenesis 

analysis of the loop domain of Bcl-xL would reveal which serine a d o r  threonine 

phosphorylation/dephosphorylation are responsible for activating the anti-apoptotic 

fiuiction of Bcl-xL or for regulating in protein levels. These residues can be changed for 

non-phosphorylatable alanine residues, or for aspartate which mimics a constitutively 

phosphorylated residue. These modifications can be done by the PCR-mediated 



mutagenesis described in this chapter. Finally, lysine residues are important for the 

covalent binding of ubiquitin in order to target proteins to the proteosome. The are 7 

lysines in the protein sequence of murine Bci-xL that could be changed to arginines. This 

would inhibit the targeting of this mutated Bcl-xL for degradation. Five of these lysine 

residues (at position 16,20,205,207,233) are in close proximity of the 4 lysine residues 

in human Bcl-2, which were shown to be important for Bcl-2 degradation (Dimmeler et 

al. 1999). Using this mutant, we could (1) study the regulation of the loop domain 

independently of Bcl-xL degradation and (2) use it to M e r  increase the effectiveness of 

Bcl-xL in long-tenn culture by assuring a high expression level without loosing the gain 

of h c t i o n  roie of the loop domain. 



Chapter 6 

General Discussion 



6.0 General Discussion 

The data obtained throughout this thesis will help us to understand the mechanism of 

apoptosis in myeloma/hybridoma ce11 lines. We have obsewed that a major cause of 

apoptotic ce11 death of SP2/0-Ag14 in long-terni culture is glutamine deprivation. 

Furthemore, this ce!l death can be delayed by Bcl-xL. We also observed that, according 

to the apoptotic inducer, the protection against ce11 death can be dependent or 

independent of the expression levels of Bcl-xL lacking its regdatory loop domain. From 

these results, we can propose models that may explain the biochernical pathways eliciting 

these specific responses. 

Our first model demonstrates one mechanism by which glutamine deprivation can 

induce apoptosis (Figure 6.1). Under normal condition, glutamine is available for impoa 

into the cell. The ce11 can convert the available glutamine to glutamate, which is a 

precursor for glutathione (GSH) synthesis. Glutathione regulates the redox potential of 

the cell. GSH is transported into the nucleus through a ATP-dependent nuclear GSH 

sequestration system to regulate certain transcription factors that require a specific redox 

potential for their function (Voehringer et al. 1998; Voehringer 1999). I f  glutamine is 

lirnited, the synthesis of GSH may be hindered. This could result in a decrease of cellular 

and nuclear GSH level, thus producing an oxidizing environment that will affect the 

structure and function of some transcription factors (Voehringer et al. 1998; Voehringer 

1999). These modified transcription factors can then activate or suppress the expression 

of specific genes, resulting in the activation of apoptosis. Although the lack of glutamine 

can affect the ce11 in many other ways, this model is attractive because it could explain 
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the results obtained with Bcl-xL. This repressor delayed apoptosis induced by glutamine 

depivation independently of its levels of expression. This suggests that there may be a 

component in the apoptotic induction pathway or survival pathway that has a limited 

concentration in the cell. Once this factor is saturated with Bcl-x., excess Bcl-xL will 

have no additive effect. Since one of %cl-xL's suspected functions is to regulate channels 

such as VDAC, a channel may be the limitïng factor. In our system, Bcl-xL could also 

regulate the function of the ATP-dependent nuclear GSH sequestration system. Of 

course, it could also inhibit apoptosis by other means such as increasing the level of GSH 

by the regulation of limiting enzymes that produce GSH or other mechanisrn to control 

the redox potential of the cell. 

A second mode1 can explain the protection of Bcl-xL fiom CHX and the proposed 

second inducer of apoptosis in long-term culture (Figure 6.2). As Our results show, the 

protective function of Bcl-xL against these inducers is dependent on its cellular 

concentration. These inducers would cause the upregulation of Bax, which wouid bind to 

VDAC, thus releasing cytochrome c fiom the mitochondria and activating apoptosis 

through the apoptosome pathway. BcLxL can form a heterodimer with Bax, thus 

inhibiting Bax fiom binding to VDAC and releasing cytochrome c. Higher 

concentrations of Bcl-xL would insure that no Bax molecules will cause cytochrome c 

release. 

The expression of Bcl-xL and the Bcl-xL/Aloop mutant in SP2/0-Ag 14 cells allow 

us to propose a mode1 that may explain how phosphorylation of the loop domain of Bcl- 

xL controls the growth behaviour of myeloma/hybridoma cells in long-tenn culture. 

Non-Bcl-&expressing SPS/O-Ag14 cells die rapidly fiom glutamine 
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depnvation after 3 days in stationary batch culture (Figure 6.3A 'no Bcl-xL'). Bcl-xL- 

expressing cells such as P3x63-Ag8.653 and SP2/Bcl-xL have very similar growth 

profiles and their viability decreases rapidly after day 6 (Figure 6.3A 'with Bcl-xL'). 

They are rnildly Hected by the lack of glutamine, however, another apoptotic stimuli 

dramatically switches off the protective function of Bcl-xL. In contrast, the Bcl- 

xL/Aioop mutant does not contain the phosphorylatable regulatory site within the loop 

domain, which allows it to temporarily escape this negative regulation. We propose that 

the regulation of Bcl-xL by its regulatory loop domain is similar to Bcl-2. Prior to day 7, 

the loop domain of Bcl-xL is phosphorylated by kinases such as ER&, which may 

activate its anti-apoptotic function in a manner sirnilar to Bcl-2 (Deng et al. 2000). The 

second inducer of apoptosis activates phosphatases, which dephosphorylate the loop 

domain of Bcl-xL. This results in inactivation of its fùnction or down regulation of its 

expression levels by targeting the protein to the ubiquitin pathway for proteosomal 

degradation. The loop deficient mutants remain active because it is not subject to this 

down regulation and thus continue to protect the cells. 

From this work, we have observed that L-glutamine is an important nutritional 

component for the survival of SP210-Ag14 cells in cuIture and that the expression of the 

apoptosis repressor, Bcl-xL, helps to maintain a high viability during long-terrn stationary 

batch culturing of these cells. This knowledge could help increase monocional antibody 

production in industry. Furthemore, this thesis has shown that the loop dornain is an 

important site of Bcl-xL regulation during long-term culture, which can be exploited to 

fbrther increase the viability of hybridoma ce11 lines. We also have an interesting ce11 

system to M e r  study the regulation of Bcl-xL by its loop domain. 
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