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Preface. 

 

Cancer arises from the step wise accumulation of genetic changes that confer upon an 

incipient neoplastic cell the properties of unlimited, self sufficient growth and 

resistance to normal homeostatic regulatory mechanisms, one among them being 

apoptosis. Cancer is a growing health problem around the world with more than 10 

million new cases are diagnosed each year and from a total of 10.8 million cases in 2002 

it is estimated to reach to about 16.5 million cases by 2020. Rapid advances since a 

quarter century; cancer research has generated a rich and complex body of knowledge, 

revealing cancer to be a disease involving dynamic changes in the genome. Cancer 

research is developing into a logical science where the complexities of the disease, 

described in the laboratory and clinic will become understandable in terms of a small 

number of underlying principles that govern the transformation of normal cell into 

malignant cancer. Chemotherapy has remained as one of the mainstays for tumor 

intervention, however the development of resistance to certain chemotherapeutics by 

various forms of tumors has instigated the search for alternative agents that effectively 

kill cancer cells. The possible strategy to counter resistance would be to use the 

information regarding the metabolic pathway(s) mediated by a drug(s) in particular tumor 

type while selecting the chemotherapeutic regime. Hence, a thorough understanding of 

the molecular pathway(s) of apoptosis mediated by a particular chemotherapeutic agent is 

essential.  

 

The use of cardiac glycosides has been reported to have beneficial side effects in 

cancer patients. Also pre-clinical studies have demonstrated that oleandrin, a cardiac 

glycoside derived from the leaves of Nerium oleander has excellent activity against a 

variety of human solid tumor cell lines. However, a thorough understanding of the 

antineoplastic activities of oleandrin has not been addressed. Interestingly, the study in 

this thesis was undertaken to decipher the signal transduction pathway(s) mediated by 

oleandrin in relation to its anti tumor activities.  

 

 iv



Chapter 1 reviews the current understanding of cancer accumulated over the 

years, describing in detail the signal transduction pathways mediated which are denoted 

to be the life lines of a cancer cell. The importance of certain transcription factors and 

signaling intermediates involved in tumorigenesis is vividly documented. Also mentioned 

is the role and means of drug resistance in cancer, reiterating the need to decipher 

signaling pathway(s) mediated by chemotherapeutic agents and a need for more new and 

potent agents for countering the resistance phenomenon. Chapter 2 gives a detailed 

account of the materials and experimental procedures adopted for the various 

investigations carried out as documented in various chapters.  

 

The transcription factor NF-κB mediates a major influence in tumorigenesis by 

giving a strong proliferative drive in tumor cells and also aiding them to abate apoptosis. 

Furthermore constitutive activation of NF-κB in cancer cells is known to confer 

resistance to tumors against chemotherapeutics. Hence, the effect of oleandrin on NF-κB 

activation was investigated as described in Chapter 3. Here ceramide, a major secondary 

signaling intermediate was used as an inducer of NF-κB activation. It is seen that 

oleandrin inhibits ceramide induced NF-κB activation but potentiats apoptosis mediated 

by ceramide. However oleandrin is unable to inhibit NF-κB activation in primary cells 

(isolated PBMC and neutrophils). This work is published as Sreenivasan et al., (2003). 

Biochem Pharmacol. 66, 2223-2239. 

 

It is reported that classical inducers of apoptosis like TNF-α and ceramide fail to 

trigger apoptosis in NF-κB expressing cells. Hence in chapter 4 documents answers to the 

question asked whether oleandrin is able to mediate cell death in NF-κB expressing cells, 

if so how. The results from studies show that oleandrin is able to mediate inhibition of 

NF-κB activation, degradation of p65 via the activation of the proteasome and also 

induction of apoptosis in NF-κB expressing cells.  

 

Interleukin (IL)-8 a neutrophill chemotactic factor belongs to the CXC family of 

cytokines and functions by interactions with IL-8 receptors, which are G protein, coupled 

 v



 vi

receptors with seven transmembrane domains. IL-8 elicits multiple effects on tumor 

growth, angiogenesis and metastasis. Oncogenic Ras, PI3K, NF-κB and MAPK activities 

in tumor cells promote the expression of IL-8. It was seen that oleandrin blocked IL-8, 

EGF or NGF but not TNF or IL-1 mediated ligand binding and NF-κB activation as 

described in chapter 5. The usage of lipid molecules like lecithin and sphingosine rescued 

the inhibition of IL-8 binding to its receptor mediated by oleandrin. Also oleandrin 

induces reduction in membrane fluidity thereby possibly inhibiting IL-8 mediated 

signaling.  

 

Akt is a serine/threonine kinase, which is activated upon phosphorylation by 

growth receptor signaling, is reported to be over expressed in tumor cells and is 

implicated in giving the tumor cells a strong proliferative drive. Oleandrin inhibits Akt 

phosphorylation leading to the nuclear translocation of forkhead transcription factor 

thereby inducing fas ligand expression and apoptosis. Also described in chapter 6 are the 

activation of JNK, Erk2 kinases and nuclear localization of transcription factor NFAT 

mediated by oleandrin. NFAT, JNK and Erk2 are reported to induce the expression of fas 

ligand. 

 

Hence the study presented in this thesis for the first time reports the role of 

various signaling pathways mediated by the cardiac glycoside, oleandrin which has the 

ability to counter the life lines of a cancer cell.  

 

Apart from the studies on oleandrin the mechanism by which cytosine arabinoside 

(AraC) mediates apoptosis in NF-κB expressing cells was deciphered. AraC induces 

Dephosphorylation of Rel A (p65) by activation of the protein phosphatases PP2A and 

PP2B-A thereby inhibiting NF-κB signaling leading to apoptosis. This work is described 

in appendix and has been published as Sreenivasan et al., (2003). Oncogene. 22, 4356-

4369. 
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Introduction and Review of Literature 
 
 
 
 
 
 
 
 
 
 



 
Introduction and Review of Literature 

C
 

ells are the structural units of all living things, which make it possible to carry out 

all kinds of functions of life. The most fundamental characteristic of cells is their 

ability to reproduce themselves simply by dividing. The division of normal and 

healthy cells occurs in a regulated and systematic fashion. In most parts of the body, the cells 

continually divide and form new cells to supply the material for growth or to replace worn-

out or injured cells. In contrast, some cells divide rapidly in a haphazard manner. The result 

is that they typically pile up into a non-structured mass or tumor. Tumors become cancerous 

when they spread to other parts of the body from their originating tissue and start new 

growth. Hence cancer could be defined as a group of diseases characterized by uncontrolled 

growth and spread of abnormal cells.  

In 2003, more than 7 million people died from cancer. More than 10 million new cancer 

cases are diagnosed each year. Cancer claimed twice as many lives as AIDS in 2004. 12.6% 

of all deaths each year are caused by cancer. 43% of cancer deaths are due to tobacco, diet 

and infection. The number of new cases annually is estimated to rise from 10.8 million in 

2002 to more than 16.5 million by 2020. In developing countries, 80% to 90% of cancer 

patients suffer from advanced and incurable cancers at time of diagnosis. Lung cancer kills 

more people than any other cancer. By 2020, 60% of all new cancer cases will occur in the 

developing world. There will be more than 10 million cancer deaths per year by 2020, if 

current trends continue. At least 30% of the estimated 10 million cancer cases diagnosed 

each year can be prevented. 30% of all cancer cases can be cured if diagnosed early. Between 

25% and 30% of all cancer deaths are attributed to tobacco use. Halving tobacco 

consumption now would avert 150 million premature deaths by 2050. 

 

1.1 The principles underlying transformation of 

normal cells into tumor  
Rapid advance since a quarter century, cancer research has generated a rich and complex 

body of knowledge, revealing cancer to be a disease involving dynamic changes in the 

genome. The foundation has been set in the discovery of mutations that produce oncogenes 

with dominant gain of function and tumor suppressor genes with recessive loss of function. 
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Both classes of genes have been identified through their alteration in human and animal 

cancer cells and elicitation of cancer phenotypes in experimental models (Hanahan and 

Weinberg, 2000).  

However, the search for the origin and treatment of this disease will continue over the next 

quarter century in much the same manner in the past adding further layers of complexity to a 

scientific literature that is already complex. On the contrary cancer research is developing 

into a logical science where the complexities of the disease, described in the laboratory and 

clinic, will become understandable in terms of a small number of underlying principles. 

According to Hanahan and Weinberg there are sets of rules that govern the transformation of 

normal human cells into malignant cancer. 

Many types of cancers are diagnosed in the human population with an age dependent 

incidence implicating four to seven rate limiting stochastic events (Renan, 1993). 

Pathological analysis of a number of organ sites reveal lesions that appear to represent the 

intermediate steps in a process through which cells evolve progressively from normalcy via a 

series of premalignant states into invasive cancers (Foulds, 1954). Observations of human 

cancers and animal models argue that tumor development proceeds via a process formally 

analogous to Darwinian evolution in which a succession of genetic changes, each conferring 

one or another type of growth advantage, leads to the progressive conversion of normal 

human cells into cancer cells (Nowell, 1976). The complexity presented by cancer research 

ponders over a question as to how many distinct regulatory circuits within each type of cell 

must be disrupted in order for such a cell to become cancerous. Also does the same set of 

disruptions dictate transformation through wide variety of tissue repertoire and finally which 

of these circuits operate on a cell autonomous basis and which are coupled to environmental 

signals that the cell receives (Hanahan and Weinberg, 2000). Indeed the vast catalog of 

cancer cell genotypes is a manifestation of six essential alterations in cell physiology that 

collectively dictate malignant growth. These so called hallmarks of cancer are as follows.  

 
1.1.1  Self-sufficiency in growth signals. 

The movement of normal cells from a quiescent state into an active proliferative state is 

triggered by several mitogenic growth signals. These signals are transmitted into the cell by 

transmembrane receptors that bind distinctive classes of signaling molecules, diffusible 
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growth factors, extra cellular matrix components, and cell-to-cell adhesion/interaction 

molecules. Dependence on growth signaling is apparent when propagating normal cells in 

culture, which typically proliferate only when supplied with appropriate diffusible mitogenic 

factors. In contrast, tumor cells generate many of their own growth signals, thereby reducing 

their dependence on stimulating from their normal tissue microenvironment. Many of the 

oncogenes in the cancer catalog act by mimicking normal growth signaling one way or 

another. Three common molecular strategies to achieve autonomy are evident, through 

involvement of alteration of extra cellular growth signals, transcellular transduction of those 

signals, or intercellular circuits that translate that signal into action (Hanahan and Weinberg, 

2000). Tumor cells produce growth factors, which are used to signal itself in the autocrine 

mode thereby obviating dependence on growth factors from other cells within the tissue. The 

production of PDGF (platelet derived growth factor α ) by glioblastomas and sarcomas, 

respectively are two examples. (Fedi et al., 1997). Some of the other strategy adopted in 

attaining self-sufficiency of growth factor signaling are, the cell surface receptors that 

transduce growth stimulatory signals into cell interiors are deregulated during tumor 

formation. This could be in the form of over expression of the growth factor receptors 

themselves enabling cancer cells to become hyper responsive to ambient levels of growth 

factor that normally would not trigger proliferation (Fedi et al., 1997). For example, the 

epidermal growth factor receptors (EGF-R/erb B) upregulated in the stomach, brain and 

breast tumors and HER2/neu receptor in stomach and mammary carcinomas (Slamon et al., 

1987; Yarden and Ulrich, 1988). Cancer cells can also switch the types of extra cellular 

matrix receptors they express, favouring ones that transmit pro-growth signals (Lukashev and 

Werb, 1998; Giancotti and Ruoslahti, 1999). The ligand activated growth factor receptors 

and pro-growth integrins engaged to extracellular matrix components can activate the SOS-

Ras-Ras associated factor-Mitogen Activated Protein kinase pathway (Aplin et al., 1998; 

Giancotti and Ruoslahti, 1999). The most complex mechanisms of acquired growth factor 

autonomy derive from alterations in components of the downstream cytoplasmic circuitry 

that receives and processes the signals emitted by ligand activated growth factor receptors 

and integrins. In about 25% of human tumors, Ras proteins are present in structurally altered 

forms that enable them to release a flux of mitogenic signals into cells, without ongoing 

stimulation by their normal upstream regulators. (Medema and Bos, 1993). Heterotypic 
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signaling between diverse cell types within tumor may also prove to be important for growth 

autonomy e.g. inflammatory cells attracted to sites of neoplasia may promote cancer cells 

(Cordon-Cardo and Prives, 1999; Coussens et al., 1999; Hudson et al., 1999). 

 
1.1.2 Insensitivity to anti-growth signals. 

In order to maintain cellular quiescence and tissue homeostasis multiple anti-proliferative 

signals operate within a normal tissue. These signals include both soluble growth inhibitors 

and immobilized inhibitors embedded in the extra cellular matrix and on the surfaces of 

nearby cells. These growth inhibitory signals, like their positively acting counterparts, are 

received by transmembrane cell surface receptors coupled to intracellular signaling circuits. 

Proliferation is blocked by two ways- cells may be forced out of the active proliferative cycle 

into the quiescent (Go) state and alternatively cells may be induced to permanently relinquish 

their proliferative potential by being induced to enter into post mitotic states, usually 

associated with acquisition of specific differentiation-associated traits. Hence for tumor cells 

to enjoy the uncontrolled replicative capacity these anti-proliferative mechanisms must be 

evaded. Much of the molecular circuitry that enables normal cells to respond to antigrowth 

checks is associated with the cell cycle clock, the components governing the transit of the 

cells through the G1 phase of its growth cycle. Cells monitor their external environment 

during their period and on the basis of sensed signals; decide whether to proliferate, to be 

quiescent, or to enter into a post mitotic state. Most of these are channeled through the 

retinoblastoma protein (Rb). In hypo-phosphorylated state Rb blocks proliferation by 

sequestering and altering the function of E2F transcription factors that control the expression 

of several genes essential for progression from G1 into S phase (Weinberg, 1995). TGFβ acts 

in ways to prevent phosphorylation of Rb, in some cells TGFβ  suppresses expression of c-

myc gene which regulates the G1 cell cycle machinery (Moses et al., 1990), they also cause 

synthesis of the p15 and p21 proteins which block cyclin: CDR complexes responsible for Rb 

phosphorylation (Hannon and Beach, 1994; Datto et al., 1997). The pRb signaling circuits as 

governed by TGFβ  and other extrinsic factors, can be disrupted in a variety of ways in 

different types of human tumors (Fynan and Riess, 1993). Some loose TGFβ  responsiveness 

through down regulation of their receptors, while others display mutant, dysfunctional 

receptors (Fynan and Riess, 1993; Markowitz et al., 1995). In certain cervical carcinomas, 
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pRb function is eliminated through sequestration by viral oncoproteins, such as the E7 

oncoprotein of human papilloma virus (Dyson et al., 1989). Normal tissues also constrain 

cellular multiplication by forcing cells to enter irreversibly into post mitotic, differentiated 

states. Hence it is apparent that tumor cells use various strategies to avoid this terminal 

differentiation. Like involving the c-myc oncogenes, which encodes a transcription factor, 

myc whose function is evaded by the coupling of a factor, Max with group of Mad 

transcription factors; the Mad-Max complexes elicit differentiation-inducing signals (Foley 

and Eisenman, 1999). However over expression of c-myc as seen in many tumors reverses 

this phenomenon by shifting the balance back to favour Max-Myc complexes thereby 

impairing differentiation and promoting growth.  

 
1.1.3 Evading apoptosis. 

Expansion of tumor cell populations in number is not only determined by the rate of cell  

proliferation but also by the rate of cell attrition. Programmed cell death or apoptosis 

represents a major source of this cellular attrition. Research accumulated over the past decade 

indicates that the apoptotic programme is present in latent form in virtually all cell types 

throughout the body. Once triggered by a variety of physiologic signals, this programme 

unfolds in a precisely choreographed series of steps. Cellular membranes are disrupted, the 

cytoplasmic and nuclear skeletons are broken down, the cytosol is extended, the 

chromosomes are degraded, and nucleus is fragmented, finally the shriveled cell corpse is 

engulfed by nearby cells and disappears. (Willie et. al., 1980). The possibility that apoptosis 

serves as a barrier to cancer was first raised in 1972 when Kerr, Wyllie and Currie described 

rapidly growing, hormone dependent tumors following hormone withdrawal (Kerr et al., 

1972). The discovery of the Bcl-2 oncogene by its up regulation via chromosomal 

transcription in follicular lymphoma (Korsmeyer, 1992) and its recognition as having anti-

apoptotic activity (Vaux et al.,1988) opened up the investigation of apoptosis in cancer at the 

molecular level. When co-expressed with myc oncogenes in transgenic mice, the Bcl-2 gene 

was able to promote formation of B cell lymphomas by enhancing lymphocyte survival 

(Strasser et al., 1990). When Rb tumor suppressor was functionally inactivated in the choriod 

plexus in transgenic mice, slowly growing microscopic tumors arose, exhibiting high 

apoptotic rates, the additional inactivation of the p53 tumor suppressor protein, led to rapidly 
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growing tumors containing low number of apoptotic cells (Symonds et al., 1994). Cancer 

cells through a variety of strategies can acquire resistance to apoptosis. Surely, the most 

commonly occurring loss of a pro-apoptotic regulator through mutation involves he p53 

tumor suppressor gene. The resulting functional inactivation of its product the p53 protein, is 

seen in greater than 50% of human cancers and results in the removal of a key component of 

the DNA damage sensor that can induce the apoptotic effector cascade (Harris, 1996). 

 
1.1.4 Limitless Replicative potential. 

The uncoupling of a cells growth programme from signals in its environment is envisaged in 

the earlier discussed three acquired capabilities. The resulting deregulated proliferation 

programme should suffice to enable the generation of the vast cell population that constitutes 

macroscopic tumors. However research over the years show that this acquired cell-to-cell 

signaling on its own does not ensure expansive tumor growth. Many and perhaps all types of 

mammalian cells carry an intrinsic cell autonomous programme that limits their 

multiplication. This programme appears to operate independently of the cell-to-cell signaling 

pathways. Once cells progress through a process termed senescence (Hayflick, 1997), it can 

circumvent by disabling their pRb and p53 tumor suppressors and thereby enabling these 

cells to continue multiplying for additional generations until they enter a second state termed 

crisis. The crisis state is characterized by massive cell death, karyotypic disarray associated 

with end to end fussion of chromosomes and the occasional emergence of a variant (1 in 107) 

cell that has acquired the ability to multiply without limit, the trait termed immortalization 

(Wright et al., 1989). The counting device for cell generations has been discovered over the 

past decade: telomeres, which are composed of several thousand repeats of a short 6bp, 

sequence element. The progressive replication eventually causes them to loose their ability to 

protect the ends of chromosomal DNA, thus leading to death of affected cell (Counter et 

al.,1992). Telomere maintenance is evident in virtually all types of malignant cells (Shay and 

Bacchetti, 1997). 85% to 90% of them succeed in doing so by up regulating expression of the 

telomerase enzyme, which adds hexanucleotide repeats into the ends of telomeric DNA 

(Bryan and Cech, 1999). Hence a critical threshold, and this in turn permits unlimited 

multiplication of descendant cells. Senescence, much like apoptosis reflects a protective 

mechanism that can be activated by shortened telomeres or conflicting growth signals that 
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forces aberrant cells irreversibly into a Go like state, thereby rendering them incapable of 

proliferation. Hence circumvention of senescence may indeed represent an essential step in 

tumor progression.  

 
1.1.5 Sustained Angiogenesis. 

Once a tissue is formed, the growth of new blood vessels- the process of angiogenesis is 

transitory and carefully regulated. The oxygen and nutrients supplied by the vasculature are 

crucial for cell function and survival, obligating virtually all cells in a tissue to reside within 

100µm of a capillary blood vessel. During organogenesis this closeness is ensured by 

coordinated growth of vessels and parenchyma. The cells with aberrant proliferative lesions 

initially lack angiogenic ability, curtailing their capability for expansion. In order to progress 

to a larger size, incipient neoplasias must develop angiogenic ability (Bouck et al., 1996; 

Folkman, 1997). Counter balancing positive and negative signals encourage or block 

angiogenesis. The angiogenesis-initiating signals are exemplified by vascular endothelial 

growth factors. A prototypical angiogenesis inhibitor is thrombospodin-1, which binds to 

CD36, a transmembrane receptor on endothelial cells coupled to intracellular Src-like 

tyrosine kinase (Bull et al., 1994). The anti-VEGF antibodies were able to impair 

neovascularization and growth of subcutaneous tumors in mice (Kim et al., 1993) as shown 

by a dominant-interfering version of the VEGF receptor 2 (flk-1) (Millauer et al., 1994). The 

ability to induce and sustain angiogenesis seems to be acquired in a discrete step during 

tumor development via an angiogenic switch from vascular quiescence. Tumors appear to 

activate the angiogenic switch by changing the balance of angiogenesis inducers and 

countervailing inhibitors (Hanahan and Folkman, 1996). One common strategy involves 

altered gene transcription as evidenced in many tumors wherein an increase in expression of 

VEGF and or FGFs and IL-8. 

 
1.1.6  Tissue Invasion and Metastasis. 

During the development of most types of human cancers, primary tumor masses spawn 

pioneer cells that move out, invade adjacent tissues and then travel to distant sites where they 

may succeed in founding new colonies. These distant settlements of tumor cells called 

metastasis are the cause of 90% human cancer deaths (Sporn, 1996). The capability for 
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invasion and metastasis enables cancer cells to escape the primary tumor mass and colonize 

new terrain in the body where nutrients and space are not limiting immediately. Several 

classes of proteins involved in the tethering of cells to their surroundings in a tissue are 

altered in cells possessing invasive or metastatic capabilities. The affected proteins include 

cell-cell adhesion molecules (CAMs) notably members of the immunoglobin and calcium 

dependent cadherin families, both of which link cells to extracellular matrix substrates. 

Notably all of these adherence interactions convey regulatory signals to cells (Aplin et al., 

1998 A). N-CAM undergoes a switch in expression from a highly adhesive isoform to poorly 

adhesive (or even repulsive) forms in Wilms tumor, neuroblastoma, and small cell lung 

cancer (Johnson, 1991; Kaiser et al., 1996) and reduction in overall expression level in 

invasive pancreatic and colorectal cancers (Forgar et al., 1997). Carcinoma cells facilitate 

invasion by shifting their expression of integrins from those that favour the ECM present in 

normal epithelium to other integrins (eg. α3β1 and αVβ3) that preferentially bind the 

degraded stromal components produced by extracellular proteases (Varner and Cherish, 

1996; Lukashev and Werb, 1998). In many types of carcinomas, matrix-degrading proteases 

are produced not by the epithelial cancer cells but rather by conscripted stromal and 

inflammatory cells (Werb, 1997). Once released by these cells, the carcinoma cells may 

wield them. Hence the activation of extra cellular proteases and the altered binding 

specificities of cadherins CAMs and integrins are clearly central to the acquisition of 

invasiveness and metastatic ability. 

 

1.2 Nuclear Transcription Factor Kappa B (NF-κB). 

Nuclear factor κB (NF-κB) transcription factor are a family of structurally related eukaryotic 

transcription factors that promote the expression of well over 150 genes involved in a variety 

of cellular processes (Ghosh et al., 1998; Pahl, 1999). Nuclear factor of κB is not a single 

protein, but a small menagerie of closely related protein dimmers that bind a common 

sequence motif known as the κB site (Karin et al., 2002). The proteins that make up the NF-

 κB transcription factors essentially are placed in the Rel family of proteins. The REL 

proteins belong to two classes, which are distinguishable by their mode of synthesis and 

transactivation properties. One class consists of Rel A (also known as p65), Rel B and c-Rel-

proteins that are synthesized in their mature forms. These proteins contain an amino terminal 
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REL homology domain (RHD) that is required for dimerization and DNA binding and 

transcription-modulating domains at their carboxyl terminus. The second class consists of 

NF- κB1 (also known as p105) and NF- κB2 (also known as p100) with an N-terminal RHD 

and a c-terminal series of ankyrin repeats. Ubiquitin-dependent proteolytic processing 

removes this c-terminal domain, resulting in production of the mature DNA-binding proteins 

(p50 and p52). The Rel proteins form various homo and heterodimers, where the most 

common active form of which is the p50/Rel A or p52/Rel A heterodimers. Dimerization of 

various NF- κB subunits produces complexes with different DNA binding specificities and 

transactivation potential (Li and Verma, 2002; Senftleben and Karin, 2002). In most cell 

types inactive NF- κB complexes are sequestered in the cytoplasm via their non-covalent 

interaction with inhibitory proteins known as IκBs. In response to multiple stimuli, including 

cytokines, viral and bacterial pathogens, and stress-inducing agents, the latent cytoplasmic 

NF- κB/IκB complexes is activated by phosphorylation on conserved serine residues in the 

N-terminal portion of IκB (Serine 32 and 36) (Karin and Delhase, 2000; Karin and Lin, 

2002; Kumar et al., 2003; Kumar and Boriek, 2003). Phosphorylation targets IkBα for 

ubiquitination by the SCF-ubiquitin ligase complex, which leads to the degradation of the 

inhibitory subunit by the 26s proteosome (Karin and Ben-Neriah, 2002; Wilkinson, 2003). 

This process activates NF- κB, which then translocates to the nucleus and binds to its cognate 

DNA-binding site (5’-GGGRNNYYCC-3’) in the promoter or enhancer regions of specific 

genes. However, NF- κB activation represents the terminal step in a signal transduction 

pathway leading from the cell surface to the nucleus. A seminal event in the activation of 

NF- κB is the phosphorylation of IκBs, which is mediated by a multimeric complex, referred 

to as the IκB kinase (IKK) complex (Chen et al., 1996). The IKK complex consists of two 

catalytic subunits (IKKα and IKKβ) (Zandi et al., 1997; DiDonato et al., 1997). The 

activated IKK complex recruits IκB proteins and phosphorylates them at serine residues. 

Although NF- κB inducing kinase (NIK), a serine/theronine protein kinase belonging to 

mitogen-activated protein kinase family has been implicated in the activation of IKK, the 

physiological kinase of IKK is still elusive (Ling et al., 1998; Lee et al., 1998). The diversity 

of inducers of NF- κB highlights the intriguing aspect of NF- κB regulation, namely the 

ability of many different signal transduction pathways originating from a wide variety of 
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inducing mechanisms to converge on a single target, i.e. the NF- κB/IkB complex. In certain 

cases such as in response of short wave UV light (Li and Karin, 1998; Bender et al., 1998; 

Kato Jr et al., 2003), pervanadate (Imbert et al., 1996; Singh et al., 1996; Mukhopadhyay et 

al., 2000), H2O2 (Takada et al., 2003; Li and Karin, 1999), hypoxia/re-oxygenation (Fan et 

al., 2003), nerve growth factor (Bui et al., 2001), erythropoietin (Digicaylioglu and Lipton, 

2001), HER-2 (Pianetti, 2001) and the hepatitis B virus encoded transcription co-activator pX 

(Purcell, 2001) the activation of NF- κB is deviant from classical way and does not seem to 

involve phosphorylation of IκB by IKK or even IκB degeneration. The phosphorylation of 

tyrosine residues on the p65 protein transactivates it and is necessary for recruiting the 

transcription co-activators like p300 to the site of transcription. Several kinases like NIK 

(NF- κB inducing kinase), IKK have been reported to phosphorylate the p65 subunit. Gene 

knockout studies in mice have revealed both specific and redundant functions of each 

member of NF- κB family proteins in the regulation of innate and adaptive immune response 

and cell survival.  

 

1.2.1 Role of NF-κB in tumorigenesis. 

Earlier in this introductory chapter it was discussed that essentially six alterations to normal 

cell physiology necessitates its transformation. NF- κB is able to induce several of these 

cellular alterations and has been shown to be constitutively activated in many types of cancer 

cells. There are several mechanisms by which NF- κB transcription factors are uncoupled 

from their normal modes of regulation, and these have been associated with cancer. The 

avain REV-T oncovirus produces the constitutively active v-Rel oncoprotein, which causes 

rapidly progressing lymphomas and leukemias (Gilmore, 1999). The TAX oncoprotein of 

human T-cell leukemia virus (HTLV)-1 has been shown to directly interact with and 

constitutively activate the IKK complex (Xiao et al., 2001). Cancer associated chromosomal 

translocations; deletions and mutations might also disrupt genes that encode NF- κB factors 

from their regulators and causing constitutive NF- κB activation. Autocrine and paracrine 

production of pro-inflammatory cytokines, oncogenic activation of upstream signaling 

molecules and chronic infections have been shown to persistently stimulate IKK activity, 

which leads to constitutive NF- κB activation. Constitutively activated NF- κB transcription 
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factors have been associated with several aspects of tumorigenesis, including promoting 

cancer-cell proliferation, preventing apoptosis and increasing a tumors angiogenic and 

metastatic potential. To quote a few examples, of the many gene targets NF- κB drives the 

expression of IL-2, granulocyte macrophage colony stimulating factor (GM-CSF) and CD40 

ligand (CD40L) which encode growth factors that stimulate the proliferation of lymphoid and 

myeloid cells (Karin, 2002), NF- κB site is present within the cyclin D1 promoter (Guttridge 

et al., 1999; Hinz et al., 1999) and there is strong evidence that NF- κB dependent cyclin D1 

is over-expressed in breast cancers. Leukemia and lymphoma-cancers of the bone marrow 

and lymph nodes respectively are caused by uncontrolled proliferation of blood cells. NF- κB 

is involved in the development of such cancers. Chromosomal rearrangements that affect the 

NF- κB locus at chromosomal region 10q24 have been associated with a variety of B and T 

cell lymphomas including chronic lymphocytic leukamia (CLL), multiple myelomas, T-cell 

lymphoma and cutaneous B and T cell lymphomas (Neri et al., 1991,1995; Migliazza et al., 

1994). Numerous studies have documented elevated or constitutive NF- κB DNA binding 

activity both in mammary carcinoma cell lines and primary breast cancer cells of human and 

rodent origin (Sovak et al., 1997; Nakshatri et al., 1997; Cogswell et al., 2000).  

 

1.3 Programmed Cell Death-Apoptosis. 

Apoptosis is a well orchestered morphological phenomenon programmed in most of the cells 

characterized by chromatin condensation and nuclear fragmentation (pyknosis), plasma 

membrane blebbing, and cell shrinkage. Eventually the cells break into small membrane-

surrounded bodies (apoptotic bodies), which are eaten up by phagocytes without inciting an 

inflammatory response in the vicinity. The release of apoptotic bodies is what inspired the 

term “apoptosis” from the Greek, meaning “to fall away from” and conjuring notions of the 

falling leaves in the autumn from deciduous trees (Kerr et al., 1972). 

 
1.3.1 Molecular mechanisms of apoptosis. 

The question arises is what causes the morphological and biochemical changes associated 

with cells undergoing apoptosis. The answer is a class of proteases called caspases-cysteine 

aspartyl specific proteases (Alnemri et al., 1996). These proteases are present as inactivated 

zymogens in essentially all animal cells, but can be triggered to assume active states, 
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generally involving their proteolytic processing at conserved aspartic acid residues. During 

activation, the zymogen pro-proteins are cleaved to generate the large and small subunits, 

typically liberating an N-terminal prodomain from the processed polypeptide chain. The 

active enzyme consists of heteromers composed of two large and two small subunits, with 

two active sites per molecule (Thonberry and Lazebnik, 1998). In human and mice 

approximately 14 caspases have been identified. They can be sub grouped according to either 

their amino acid sequence similarities or their protease specificities. From a functional 

perspective, it is useful to view the caspases as either upstream (initiator) caspases or 

downstream (effector) caspases (Salvesen and Dixit, 1997). The proforms of upstream 

initiator caspases pocess large N-terminal pro-domains, which function as protein interaction 

modules, allowing them to interact with various proteins that trigger caspase activation. In 

contrast, the proforms of down stream effector caspases contain only short N-terminal pro-

domains, serving no apparent function. Downstream caspase are largely dependent on 

upstream caspases for their proteolytic processing and activation. The mechanisms of caspase 

activation has much diversity but fundamentally the biochemical mechanisms appear to be 

remarkably similar and can be explained by a single model, known as the induced proximity 

model (Salvesen and Dixit, 1999). Broadly the molecular mechanism of apoptosis activation 

can be visualized as two pathways of caspase activation namely the death receptor or 

extrinsic pathway and the mitochondrial or intrinsic pathway. Though commonly viewed as 

separate pathways and capable of functioning independently, cross talk can occur between 

the pathways at multiple levels, depending on the repertoire of apoptosis-modulating proteins 

available (Reed, 2000).  

 
1.3.1.1 Extrinsic pathway of apoptosis. 

This pathway is mediated by a group of proteins called death receptors, which are members 

of the tumor necrosis factor (TNF) receptor super family and comprise a subfamily that is 

characterized by an intracellular domain-the death domain. Decoy receptors are closely 

related to the death receptors but lack a functional death domain (Pitti et al., 1998; Yu et al., 

1999). Death receptors are activated by their natural ligands, when ligands bind to their 

respective receptors such as CD95, TRAIL-R2, TRAIL-R1, TNF-R1 & R2 the death 

domains attract the intracellular adaptor protein FADD, which in turn recruits the inactive 
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proforms of initiator caspases like caspase 8 and 10. This complex is called the death 

inducing signaling complex (DISC). At the DISC procasapase 8 and 10 are cleaved and yield 

active initiator caspase. This is explained by the induced model of caspase activation, 

wherein an auto catalytic process is set in the proforms of initiator caspase when they come 

in close proximity and thereby converting themselves to active forms F2). In some cells 

known as type-I cells the amount of active caspase 8 formed at the DISC is sufficient too 

initiate apoptosis directly, but in type-II cells, the amount is too small and the mitochondria 

are used as amplifiers of the apoptotic signal (Scaffidi et al., 1998). Activation of 

mitochondria is mediated by the Bcl-2 family member BID, BID is cleaved by active caspase 

8 and translocates to the mitochondria and thereby initiating the formation of mitochondrial 

membrane pore and subsequently the activation of caspase 9 (Igney and Krammer, 2002).  

 
1.3.1.2 Intrinsic pathway of apoptosis. 

Death at this level also called the mitochondria-dependent pathway for apoptosis governed 

by Bcl-2 family proteins. In humans 20 members of Bcl-2 family gene family have been 

described to date. These genes encode the anti-apoptotic proteins - Bcl-2, Bcl-XL, Mcl-1, Bfl-

1 (A1), Bcl-W and Boo (Diva) as well as the pro-apoptotic proteins - Bax, Bak, Bok (Mtd), 

Bad, Bid, Bim, Bik, Hrk, Bcl-Xs, APR (Noxa), p193, Bcl-G, Nip 3 and Nix (BNIP). Some of 

these proteins may display anti-apoptotic activity in some cellular backgrounds and have 

anti-apoptotic functions in other cellular contexts (Chen et al., 1996; Middleton et al., 1996; 

Song et al., 1999; Inohara et al., 1998). Gene ablation studies in mice suggest that each of the 

Bcl-2 family members play unique roles in controlling cell survival in-vivo, reflecting their 

tissue specific patterns of expression or cell context dependent requirements for these 

proteins (Reed, 2000). Death at mitochondria is initiated by stimulation of the mitochondrial 

membrane called the permeability transition pore. Subsequently there is release of 

cytochrome C, ATP and other apoptogenic factors from the inter-membranous space of the 

mitochondria (Zamzami and Kroemer, 2001; Martinou and Green, 2001). Cytochrome C and 

dATP/ATP binds to a protein called Apaf-1 (apoptotic protease activating factor) in the 

cytosol and promotes the assembly of the apoptosome. Caspase-9 is recruited to the 

apoptosome through interactions of CARD (caspase activating and recruiting domain) and is 

activated to form the active caspase 9. Once the initiator caspases are activated, they cleave 
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and activate executioner caspases namely caspase 3,6 and 7 (Igney and Krammer, 2002). The 

active executioner caspases then cleave each other and in this way, an amplifying proteolytic 

cascade of caspase activation is started. Eventually the active executioner caspases cleave 

cellular substrates- the death substrates, which leads to characteristic biochemical and 

morphological changes (Rathmell and Thompson, 1999). Cleavage of nuclear lamins is 

involved in chromatin condensation and nuclear shrinkage. Cleavage of the cytoskeletal 

proteins such as actin, plectin, Rho kinase I (Rock I), and gelsolin leads to cell fragmentation, 

blebbing, and the formation of apoptotic bodies. After exposure of “eat me” signals, the 

dying cells are engulfed by phagocytes (Savill and Fadok, 2000). Various proteins that 

regulate the apoptotic process at different levels tightly control the apoptotic machinery. 

FLIPs interfere with the initiation of apoptosis directly at the level of death receptors 

(Krueger et al., 2001). Members of the Bcl-2 family are major regulators of apoptosis. The 

IAPs (inhibitor of apoptosis proteins) constitute other class of regulatory proteins. IAPs bind 

to and inhibit caspases; they also function as ubiquitin ligases promoting the degradation of 

the caspases they bind to. 

 

1.4 Targeted Cancer Therapy. 

The term “targeted therapy refers to a new generation of cancer drugs designed to interfere 

with a specific molecular target (typically a protein) that is believed to have a critical role in 

tumor growth or progression. The identification of appropriate targets is based on a detailed 

understanding of the molecular changes underlying cancer. This approach contrasts with the 

conventional, more empirical approach used to develop cytotoxic chemotherapeutics-the 

mainstay of cancer drug development in past decades (Sawyers, 2004). 

Over the last 20 years, there has been a fundamental shift in the way target identification in 

cancer is approached. Advances in molecular biology now allow us to identify genes that go 

awry in cancer, and offer the opportunity to dissect the molecular mechanisms underlying the 

disease. At first, there were just a handful of cancer genes, and the challenge was to find out 

how the gene products functioned. Now, many genes are known to affect tumorigenesis and 

tumor growth, and the key is to decide which ones to exploit in the areas of signal 

transduction, cell-cycle regulation, apoptosis, telomere biology and angiogenesis (Pitti, 

1998). 
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1.4.1 Targeting apoptotic pathways in cancer cells.   

Accruing evidence obtained in the last few years is beginning to establish that many (perhaps 

all) agents of cancer chemotherapy effect tumor cell killing in-vitro and in-vivo through 

launching the mechanisms of apoptosis. These lines of investigation have provided 

significant insight into the mechanisms involved in cell death in general and tumor cell death 

more specifically. Such insights may allow the identification of novel targets and the 

development of more specific chemotherapeutic agents that are designed to launch 

specifically the apoptotic machinery of the cells (Hannun, 1997). Some of the insight into 

mechanisms regulating apoptosis has come from the examination of chemotherapy-induced 

death. This is illustrated with the case of etoposide were the proteolytic cleavage of poly 

(ADP-ribose) polymerase or PARP occurs due to the activation of specific protease and that 

preceded endonuclease activation and DNA fragmentation (Lazebnik and Kaufmann, 1994). 

It now appears that many inducers of cell death, including cytokines and other 

chemotherapeutic agents, ultimately converge on the activation of this and related proteases, 

which then appear to launch the terminal and execution stages of apoptosis. Many 

chemotherapeutic agents, such as cytosine arabinoside, vincristine, and daunorubicin have 

been shown to cause accumulation of ceramide (Strum et al., 1994; Zhang et al., 1996; Bose 

et al., 1995; Jaffrezou et al., 1996). 

When taken together the hypothesis for chemotherapeutics induced apoptosis goes this way-

each chemotherapeutic agent interacts with a specific target causing dysfunction and injury, 

which is then interpreted by susceptible cancer cells as an instruction to undergo apoptosis. 

Thus it may be considered that chemotherapy-induced cell death proceeds through there 

distinct general phases. 

1. Phase I-an insult generating mechanism. Each class of chemotherapeutic agents interacts 

with a specific target such as DNA, RNA and microtubules and the action of these agents 

on their respective targets causes injury or dysfunction. 

2. Phase II- signal transduction. The cell is able to decipher and assess the specific injury to 

the chemotherapy target. For example, DNA damaging agents may use the c-Abl tyrosine 

kinase to induce cell cycle arrest in a p53 dependent mechanism (Yuan et al., 1996). 
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3. Phase III- induction of apoptosis. A decision point may exist such that susceptible cells 

react to the signals generated in response to chemotherapy-induced injury as a go ahead 

for the execution phase of apoptosis. 

 
1.4.2 Transcription factors as targets for Cancer Therapy. 

Given that small-molecule inhibitors of an over active process are thought to be the most 

useful mechanism of tumor inhibition (Gibbs, 2000), what are the most logical targets? The 

number of oncogenes that could go awry and that underlie deregulated transcription makes it 

likely that no one protein, or even a few proteins, would always be overactive in a given 

human cancer. However, a specific group of percentage of cancers has much to recommend 

them as the most appropriate targets. Three main groups of transcription factors are known to 

be important in human cancer. The first to be recognized were the steroid receptors- for 

example, estrogen receptors in breast cancer and androgen receptors in prostrate cancers. The 

second group that was recognized is resident nuclear proteins that are activated by serine 

kinase cascade. The third group of transcription factors that have oncogenic potential are 

latent cytoplasmic factors, activation of which is normally triggered by receptor ligand 

interaction at the cell surface (Brivanlou and Darnell, 2002). An over supply or over activity 

of one or more transcription factors from these three classes might well be required for the 

survival, unrestricted growth and metastatic behavior of all human cancers (Vogt, 2001; 

Brivanlou and Darnell. 2002; Denhardt, 1996). Inhibition of excess transcription factors 

activity therefore seems to offer a direct and promising target to develop effective anticancer 

therapy (Darnell, 2002). 

 

1.4.3 Targeting NF-κB. 

The nuclear factor κB family of proteins is crucial in the inflammatory response incident to 

cellular injury, and they are also important in the immune response (Perkins, 2000; Israel, 

1997). They are cytoplasmic until cells encounter bacterial toxins, common virus infection or 

the extra cellular signaling proteins IL-1 or TNF-α. The duration of the active NF- κB cycle 

might be determined by the synthesis of IκB, which is itself transcriptionally activated by 

NF- κB (Tam et al., 2001). In addition to the importance of IκB proteins in nuclear-

cytoplasmic partitioning of NF- κB, a protein called A20 that blocks any further NF- κB 
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activation by binding to the IL-1 or TNF-α receptor is induced by NF- κB (Song et al., 

1996). The importance of NF- κB in cell transformation is emphasized by induction of 

apoptosis in multiple myeloma and Hodgkins disease cells when dominant negative NF- κB 

subunits were introduced into such cells. In considering the development of antitumor agents, 

the possibility of inhibiting cytoplasmic proteases that activate NF- κB is appealing. Protease 

inhibitors might block the destruction of IκB that releases p65 or the cleavage of p100 that 

produces p50. Second, if a limited number of serine kinases activate the degradation of IκB, 

or if the interaction site of several kinases with IκB is similar enough, this limited number of 

kinases might be a reasonable target. However, these upstream targets would not necessarily 

be as effective as drugs that were targeted directly to nuclear NF- κB protein interactions. 

NF- κB almost always drives transcription in association with other transcription co-factors 

like p300. NF- κB can interact with IRFs, AP-1, steroid receptors and cofactor proteins. 

These sites offer great potential for interruption that should be highly specific. 

 
1.4.4 Targeting death receptors: FAS/CD95 receptor. 

Death receptors are members of the TNF receptor gene super family, which consists of more 

than 20 proteins with a broad range of biological functions including the regulation of cell 

death, survival, differentiation or immune regulation (Ashkanazi and Dixit 1998; Krammer, 

2000; Walczak and Krammer, 2000). Death receptors are defined by a cytoplasmic domain 

of about 80 amino acids called the death domain, which plays a crucial role in transmitting 

the death signal from the cells surface to intracellular signaling pathways. 

The CD95 receptor/CD95 ligand system is a key signal pathway involved in the regulation of 

apoptosis in several different cell types (Walczak and Krammer, 2000). CD95, a 48kDa type 

I transmembrane receptor is expressed in activated lymphocytes, in a variety of tissues of 

lymphoid or non-lymphoid origin, as well as in tumor cells. CD95L, a 40kDa type II 

transmembrane molecule, occurs in a membrane bound and in a soluble form generated 

through cleavage by metalloproteases. CD95L is produced by activated T cells, which play 

critical role in the regulation of the immune system by triggering autocrine suicide or 

paracrine death in neighboring lymphocytes or other target cells. Also, CD95L is 

constitutively activated in several tissues and has been implied in immune privilege of certain 

organs such as the testis or the eye (Green and Ferguson, 2001). By constitutive expression 
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of death receptor ligands such as CD95L, tumors may adopt a killing mechanism from 

cytotoxic lymphocytes to delete the attacking anti tumor T cells through the induction of 

apoptosis via CD95, CD95L interaction (Igney and Krammer, 2001). Several studies 

demonstrated that apoptosis induced by anticancer therapy involves the CD95 system. 

Treatment with anticancer drugs led to an increase in CD95 expression, which triggered the 

receptor pathway in a autocrine or paracrine manner by binding to its receptor CD95 (Friesen 

et al., 1996,1997,1997, Fulda et al., 1997 a,b, 1998a-c,2000 a-c; Leverkus et al., 1997; Her et 

al., 1997; Houghton et al., 1997; Kasibatla et al., 1998). Up regulation of CD95L was 

observed in many different tumor cell lines, for example, leukemia, neuroblastoma, 

malignant brain tumor, hepatoma, colon or breast in vitro and also ex-vivo in primary, 

patients derived tumor cells. The CD95 receptor/ligand system has also been implicated in 

thymine-less death in colon carcinoma cells following treatment with 5-flurouracil (5-FU) 

(Houghton et al., 1997). Activation of transcription factors AP-1 and NF- κB was shown to 

mediate the increase in CD95L transcription and mRNA levels in response to chemotherapy 

(Herr et al., 1997; Kasibatla et al., 1998; Eichhorst et al., 2000). CD95 expression on the 

cell’s surface increased upon drug treatment, in particular, in cells harboring wild type p53 

(Fulda et al., 1998 a-c; Muller et al., 1997, 1998). In addition to the up regulation of CD95L 

and CD95, anticancer agents have been reported to activate the CD95 pathway by 

modulating expression and recruitment of pro-or antiapoptotic components of the CD95 disc 

to activated receptors (Fulda et al., 2000). Up regulation of FADD and procaspase 8 was 

found upon treatment with doxorubicin, cisplatin or mitomycin C in colon carcinoma cells 

(Micheau et al., 1989 a,b). Also increased recruitment of FADD and caspase 8 to the CD95 

receptor to form CD95 DISC was observed in certain tumor cells upon drug treatment in a 

CD95L dependent or independent manner (Beltinger et al., 1999). In T-cell receptor-positive 

leukamia cells, treatment with doxorubicin, similar to CD3 triggering led to induction of 

functionally active CD95L, which caused cell death via CD95/CD95L interaction in a 

paracrine manner (Frieson et al., 1996; Fulda et al., 2000). Death receptors can instruct 

tumor cells to commit apoptotic suicide independently of p53. So, targeting of death 

receptors in cancer might be a useful therapeutic strategy. In tumors that retain some 

responsiveness to conventional therapy, death receptor engagement in combination with 
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chemotherapy might lead to synergistic apoptosis activation and reduce resistant cells from 

proliferating. 

 

1.5 Molecular mechanisms of Drug resistance in 

cancer. 

Drug resistance is a major problem that limits the effectiveness of chemotherapy used to treat 

cancer. Tumors may be intrinsically resistant to chemotherapy prior to treatment. However, 

drug resistance can also be acquired during treatment by tumors that are initially sensitive to 

chemotherapy. There are two general classes of resistance to anti cancer drugs to tumor cells: 

those that impair delivery of anticancer drugs to tumor cells and those that arise in the cancer 

cell itself due to genetic and epigenetic alterations that affect drug sensitivity. Impaired drug 

delivery can result from poor absorption of orally administered drugs, increased drug 

metabolism or increased excretion, resulting in lower levels of drug in the blood into the 

tumor mass (Pluen, 2001; Jain, 2001). Recent studies have emphasized the importance of the 

tumor vasculature and an appropriate pressure gradient for adequate drug delivery to the 

tumor. In addition, some cancer cells those are sensitive to chemotherapy as monolayer cells 

in culture become resistant when transplanted into animal models (Green et al., 1999). This 

indicates that environmental factors, such as the extra cellular matrix or tumor geometry, 

might be involved in drug resistance. Cancer cells grown in culture as three-dimensional 

spheroids, mimicking their in-vitro geometry, have been shown to become resistant to cancer 

drugs (Pluen, 2001; Green et al., 1999; Durand and Olive, 2001). Much remains to be learned 

about this type of drug resistance and its role in clinical oncology. 

Cellular mechanisms of drug resistance have been intensively studied, as experimental 

models can be easily generated by in-vitro selection with cytotoxic agents. Cancer cells in 

culture can become resistant to a single drug, or a class of drugs with a similar mechanism of 

action, by altering the drug’s cellular target or by increasing repair of drug-induced damage, 

frequently to DNA. After selection for resistance to a single drug, cells might show cross-

resistance to a structurally and mechanistically unrelated drug(s)- a phenomenon that is 

known as ‘multidrug resistance’. This might explain why treatment regimens that combine 

multiple agents with different targets are not effective. Some of the mechanisms, which 

underline drug resistance in cancers, are detailed. 
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1.5.1 Deregulation of the apoptotic machinery. 

The ultimate goal of cytotoxic chemotherapies is to induce cell death in tumor cells. The 

onset of apoptosis is regulated by multiple intra and extra cellular signals; amplification of 

these signals is by second messengers and activation of the effectors of apoptosis, the 

caspases. The failure to induce apoptotic machinery in cancer cells could be envisaged into 

two broad cellular behaviors of these cells. 

 
1.5.1.1 Expression of anti-apoptotic proteins. 

Tumor cells can acquire resistance to apoptosis by various mechanisms that interfere at 

different levels of apoptosis signaling. A common feature of follicular B-cell lymphoma is 

the chromosomal translocation (14:18), which couples the Bcl-2 gene to the immunoglobulin 

heavy chain locus, leading to enhanced Bcl-2 expression (Fluda, 1997; Tsujimoto et al., 

1985; McDonnell et al., 1989; Reed et al., 1988). Bcl-2 co-operates with the oncoprotein c-

Myc or, in acute promyelocytic leukemia, the promyelocytic fusion protein, thereby 

contributing to tumorigenesis (Strasser et al., 1990; Vaux et al., 1988; Kogan et al., 2001). It 

has been shown both in in-vitro and in-vivo models that Bcl-2 expression confers resistance 

to many kinds of chemotherapeutic drugs (Weller et al., 1995; Miyashita and Reed. 1992; 

Schmitt et al., 2000; Findley et al., 1997). Bcl-XL can confer resistance to multiple apoptosis-

inducing pathways in cell lines and seem to be up regulated by a constitutively active mutant 

epidermal growth factor receptor (EGFR) in-vitro (Findley et al., 1997; Boise et al., 1993; 

Dole et al., 1995; Nagane et al., 1998; Minn et al., 1995). Human melanomas and a murine 

B-cell lymphoma cell line were shown to express high levels of FLIP which interferes with 

apoptosis induction at the level of CD95/CD95L induced activation of caspase 8 (Krueger et 

al., 2001; Irmler et al., 1997; Mueller and Scott, 2000). Tumors with high level of FLIP were 

shown to escape from T-cell mediated immunity in-vivo, despite the presence of the 

perforin/granzyme pathway (Medema et al., 1999), so tumor cells with elevated FLIP levels 

seems to have a selective advantage. The expression of soluble receptors that acts as decoys 

for death ligands interferes with death-receptor mediated apoptosis. Two distinct soluble 

receptors: soluble CD95 (sCD95) and decoy receptor 3(DcR 3) have been shown to 

competitively inhibit CD95 signaling. Soluble CD95 is expressed in various malignancies 
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and elevated levels can be found in the sera of cancer patients (Cheng et al., 1994; Midis et 

al., 1996; Ugurel et al., 2001; Gerharz et al., 1999). Ectopic expression of DcR3 in a rat 

glioma model resulted in decreased immune-cell infiltration, which indicates that DcR 3 is 

involved in immune evasion of malignant glioma (Roth et al., 2001). Expression of the IAP-

family protein surviving is found in most human tumors but not in normal adult tissues 

making it highly tumor specific (Reed, 2001; Ambrosini et al., 1997). Survivin acts as an 

apoptosis inhibitor by binding to caspase 9 or interacting with SMAC/DIABLO. Survivin 

might also be necessary for completion of the cell cycle (Reed, 2001). Expression of the 

serine protease inhibitor PI-9/SPI-6 that inhibits granzyme B, results in the resistance of 

tumor cells to cytotoxic lymphocytes, leading to immune escape (Medema et al., 2001). 

 
1.5.1.2 Inactivation of pro-apoptotic genes. 

Tumors can acquire apoptosis resistance by down regulating or mutating pro-apoptotic 

molecules. In certain types of cancer, the pro-apoptotic Bcl-2 family member Bax is mutated 

that lead to loss of expression, and mutations in the BH domains leading to loss of functions 

are common (Rampino et al., 1997; Meijerink et al., 1998; Molenaar et al., 1998). Reduced 

Bax expression is associated with a poor response rate to chemotherapy and shorter survival 

in some situations (Krajewski et al., 1995). Metastatic melanomas have been found to escape 

mitochondria dependent apoptosis by under expressing Apaf 1, as shown by high rate of 

allelic loss at the Apaf 1 locus (Soengas et al., 2001). The remaining allel is transcriptionally 

inactivated by gene methylation thereby not responding to chemotherapy. In neuroblastoma 

N-myc oncogene was amplified (Teitz et al., 2000). Also in these tumors, the gene for the 

initiator caspase 8 is frequently inactivated by gene deletion or methylation. Caspase-8 

deficient neuroblastoma cells are resistant to death-receptors and doxorubicin-mediated 

apoptosis. The death receptor CD95 is reduced in some tumor cells like in hepatocellular 

carcinomas, neoplastic colon epithelium and melanomas (Strand et al., 1996; Moller et al., 

1994; Leithauser et al., 1993; Volkmann et al., 2001). Loss of CD95, probably by down 

regulation of transcription, down regulation by oncogenic Ras or loss of expression due to 

p53 aberrations contribute to chemo resistance. In primary samples of myeloma and T-cell 

leukemia several CD95 gene mutations have been reported. The mutated forms of CD95 

interfere in a dominant negative way with apoptosis induction by CD95 (Strand et al., 1996; 
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Moller et al., 1994; Leithauser et al., 1993; Volkmann et al., 2001). Deletions and mutations 

of the death receptors TRAIL-R1 and TRAIL-R2 have been observed in tumors. Mutations in 

the ecto domains or death domain of TRAIL-R1 or R2 result in truncated forms of these 

receptors or other anti-apoptotic forms (Shin et al., 2001; Fisher et al., 2001; Pai et al., 1998; 

Lee et al., 1999). Reduced expression of pro-apoptotic protein XAF1 (XIAP-associated 

factor 1) has been observed in various cancer cell lines (Liston et al., 2001). XAF1 binds to 

XIAP and antagonizes its anti-apoptotic function at the level of the caspases. 

 
1.5.2 Drug influx and efflux. 

The mechanism by which many chemotherapeutic drugs are taken up by cells is unknown. It 

has been established that folate pathway inhibitors (anti-folate drugs) such as the 

dehydrofolate reductase (DHFR) inhibitor methotrexate (MTX) and the thymidyate synthase 

(TS) inhibitor tomudex (TDX) enter the cell predominantly via the reduced folate carrier 

(RFC) (Bertino, 1993; Jackman et al., 1991). Decreased expression of RFC and inactivating 

mutations are documented mechanisms of MTX resistance (Gorlick and Bertino, 1999; Guo 

et al., 1999). Impaired uptake of TS-targeted anti-folates by the RFC has also demonstrated 

to be a resistance mechanism to this agent in cell line models (Wang et al., 2003), suggesting 

that impaired uptake by the RFC may constitute an important general resistance mechanism 

to anti-folates. Alterations in drug efflux due to ABC transporter proteins such as P-

glycoprotein (P-gp) and multidrug resistance protein (MRP) have been demonstrated in-vitro 

(Gottesman et al., 2002; Ambudkar et al., 1999). These proteins can directly transport drugs 

out of cells and particularly target natural hydrophobic drugs such as taxanes, anthracyclins, 

and vinca alkaloids (Thomas and Coley, 2003; Krishna and Mayer, 2000). Furthermore, 

expression of these proteins has been reported to correlate with resistance to chemotherapy 

in-vitro. Multi-drug resistance has most often been linked to over expression of P-gp in many 

drug resistant cell lines and in a number of leukemias and solid tumors (Thomas and Coley, 

2003; Goldman, 2003). 

 
      1.5.3 Drug inactivation 

Mechanisms that inactivate drugs can diminish the amount of free drug available to bind to 

its intracellular target. More than 80% of the anti-metabolite 5-flurouracil (5-FU) is normally 
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catabolized by dehydropyrimidine dehydrogenase (DPD), primarly in the liver (Diasio and 

Harris, 1989). In-vitro studies have demonstrated that DPD over expression in cancer cell 

lines confers resistance to 5-FU (Takebe et al., 2001). The formation of conjugates between 

the thiol glutathione (GSH) and platinum drugs such as cisplatin, carboplatin and oxaliplatin 

is a key step in the inactivation of these drugs (Meijer et al., 1992). Cytochrome P450 

enzymes can inactivate CPT-11 and its active metabolite SN-38 is a target for 

glucouronidation by uridine diphosphoronyl transferase. 1A1 (UGI1A1) (30 L). Decreased 

drug inactivation can also play an important role in drug resistance. Drugs such as 5-FU and 

CPT-11 must be converted to their active metabolites to exert their anti-cancer effects. CPT-

11 is converted to SN-38 by carboxylesterase (CE) (Xu and Villalona-Calero, 2002) and 

studies have indicated that the level of CE activity in cancer cells is an important determinant 

of CPT-11 sensitivity (Boyer et al., 2004; Kojima et al., 1998). The activation of 5-FU 

involves enzymes like thymidine phosphorylase (TP), uridine phosphorylase (UP), and 

orotate phosporibosyl transferase (OPRT) and these have been shown to be associated with 

5-FU sensitivity (Schwartz et al., 1985; Houghton and Houghton, 1983; Evrard et al., 1999). 

 
1.5.4. Drug targets. 

Alterations in expression levels or mutation of a chemotherapeutic drug target can have a 

major impact on drug resistance. The 5-FU metabolite flurodeoxyuridine monophosphate 

(FdUMP) is a potent inhibitor of TS, and it is the inhibition of TS that is believed to be the 

primary anticancer activity of 5-FU (Peters and Kohne, 1999). Genotyping studies have 

found that patients homozygous for a particular polymorphism in the TS promoter that 

increases TS expression are less likely to respond to 5-FU based chemotherapy than patients 

who are heterozygous or homozygous for the alternative polymorphism (Marsh and McLeod, 

2001). The CPT-11 active metabolite SN-38 is a potent inhibitor of DNA topoisomerase-I 

(topo I) (Xu and Villalona-Calero, 2002). It was found that topo-I mRNA was highly 

downregulated in a CPT-11 resistant colon cancer cell line (Boyer et al., 2004). Similarly 

DNA topo-I activity correlated with CPT-11/SN-38 sensitivity in a panel of human colon 

cancer cell lines (Jansen et al., 1997). Topoisomerase-II (topo-II) is a target for 

anthracyclines such as doxorubicin and epipodophyllotoxins such as etoposide. Alterations in 

topo-II protein or mutation of topo II have been correlated to resistance in cell lines (Deffie et 
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al., 1992; Friche et al., 1991). Taxanes such as paclitaxel and docetaxal and vinca alkaloids 

such as vinblastine and vincristine suppresses microtubule polymerization dynamics, which 

results in the slowing or blocking of mitosis at the metaphase-anaphase boundary further 

leading to apoptosis (Jordan et al., 1993, 1996). Changes in microtubule dynamics and levels 

of tubulin isotypes have been correlated with resistance to placitaxel and vinca alkaloids 

(Dumontet and Sikic, 1999). 

 
1.5.5. Alterations of the p53 pathway. 

As p53 has a central function in apoptosis induction alterations of the p53 pathway influence 

the sensitivity of tumors to apoptosis (Ryan et al., 2001; Lowe et al., 1994). Tumors that are 

deficient in p53 in SCID mice and cell lineages showed a poor response to chemotherapy 

(Geisler et al., 2001). Specific mutations in the gene encoding p53 have been linked to 

primary resistance to doxorubicin treatment and early relapse in patients with breast cancer 

(Fichtner et al., 2004). In about 70% of breast cancers, wild type p53 is expressed but fails to 

suppress tumor growth due to a lack of the ASPP (apoptosis stimulating protein of p53) 

family of proteins, which interacts with p53 and specifically enhance the DNA binding and 

transactivation function of p53 on the promoters of pro-apoptotic genes in-vivo (Igney and 

Krammer, 2002). 

 
1.5.6 DNA damage repair. 

The capacity for a cancer cell to repair DNA can determine resistances to chemotherapeutic 

drugs that induce DNA damage either directly (e.g. Platinum drugs) or indirectly (e.g. 

Topoisomerase inhibitors). The response to DNA damage is either repair or cell death and 

therefore has a profound effect on tumor chemo sensitivity and chemo resistance. Signaling 

pathways have evolved to arrest the cell cycle following DNA damage to allow time for 

repair. Only when repair is incomplete, during extensive DNA damage, cells undergo 

apoptosis. However the relationship between cell cycle arrest and apoptosis following 

chemotherapy is complex and dependent on both the chemotherapy used and the molecular 

phenotype of the tumor cell. Nucleotide excision repair (NER) is the major pathway for 

platinum DNA adducts removal and repair of platinum drug induced DNA damage. Both 

oxaliplatin and cisplatin induced DNA adducts are removed with similar efficiency by NER 
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(Reardon et al., 1999). The importance of NER is highlighted by the finding these defects in 

this pathway result in hypersensitivity to cisplatin, and that restoration of NER activity 

reduces sensitivity to more normal levels (Chanet and Sancar, 1996; Furuta et al., 2002). 

Inherited defects in the DNA mismatch repair (MMR) genes are common in certain familial 

forms of cancer such as heredity non-polyposis colon cancer (HNPCC) and are also observed 

in a variety of sporadic tumors, including colorectal, breast and ovarian (Issa, 2000; King et 

al., 1995; Paulson et al., 1996; Herfarth et al., 1999). The main function of the MMR system 

is to scan newly synthesized DNA and remove single nucleotide mismatches that arise during 

replication. Data implicate MMR deficiency in the development of resistance to a wide range 

of DNA damaging agents, including platinum drugs (Fink et al., 1998).  

 
1.5.7 Alterations in the survival signaling. 
Most tumors are independent of the survival signals that protect normal cells from death by 

neglect. The alterations in the survival pathways give a strong proliferative advantage to 

tumors often conferring chemo resistance by evasion of apoptosis. Over expression and 

oncogenic mutations of many protein tyrosine kinases (PTKs) have been described in human 

cancers (Blume-Jensen et al., 2001). Best characterized PTK are the members of epidermal 

growth factor receptor (EGFR) family. EGFR has been strongly implicated in tumor 

progression, where receptor over expression is associated with advanced disease (Olayioye et 

al., 2000). In-vitro over expression of EGFR has been shown to increase resistance to 

chemotherapeutic drugs (Pegram et al., 1997; Chen et al., 2000; Nagane 1998). One of the 

downstream pathways activated by PTK is mediated by P13K. Activation of P13K generates 

PIP3 a lipid second messenger for translocation of Akt to plasma membrane where it is 

phosphorylated and activated by PDK-1. Akt phosphorylates Bad thereby achieving negative 

regulation of anti-apoptotic Bcl-XL by the later. Bad is inactivated by Ras-Raf-MEK-ERK 

cascade, which is activated by PTKs (Hayakawa et al., 2000). Akt is frequently constitutively 

activated in human cancers due to gene amplification or mutations in signaling pathways that 

regulate Akt activity, such as over expression of EGFR or mutation of PTEN, which is one of 

the most frequently mutated tumor suppressor genes (Blume-Jensen, 2001). In-vitro studies 

have demonstrated that inhibiting the P13K/Akt pathway enhances the cytotoxic effects of a 

variety of chemotherapeutic agents (Ng et al., 2001; Nguyen et al., 2004). 

 25



 
Introduction and Review of Literature 

The transcription factor NF-κB is a key regulator of oncogenesis through its promotion of 

proliferation and inhibition of apoptosis. NF-κB exerts its anti-apoptotic effects by up-

regulating a member of anti-apoptotic proteins, including IAPs, TNF receptor associated 

factors (TRAFs), c-FLIP, Bcl-2, BfL-I(A1) and Bcl-XL (Lin and Karin, 2003). NF-κB is also 

activated by Akt and has been connected with multiple pathways involved in oncogenesis, 

including cell cycle regulation and apoptosis (Lin and Karin. 2003; Karin et al., 2002; 

Baldwin 2001). Whether constitutive or induce, NF-κB appears to be a critical determinant 

of drug resistance, with NF-κB activation blunting the ability of chemotherapy to induce cell 

death (Baldwin, 2001). Furthermore, increased NF-κB activity in patients with esophageal 

cancer has been correlated with reduced response to non-adjuvant chemotherapy (Abdel-

Latif et al., 2004). Thus inhibiting NF-κB signaling may prove to be an effective strategy to 

enhance drug-induced apoptosis in a range of cancers. 

 

1.6 Strategy to overcome chemoresistance. 

The problem of drug resistant tumors is alarming. Various strategies have been devised to 

overcome this problem like the combination of radiation therapy and chemotherapy. The 

most effective especially for non-solid tumors seems to be of therapy involving a 

combination of different chemotherapeutic drugs. A thorough knowledge of the molecular 

pathway(s) of apoptosis mediated by the chemotherapeutic agent is of utmost importance in 

such combination therapies. Hence research efforts over the past decades have been focused 

in understanding the various pathway(s) of apoptosis triggered by the numerous 

chemotherapeutic agents available and also putative ones.  

 
1.6.1 Combination therapy. 

By 1987 there were several different anti-cancer drugs available and, with some of them, a 

greater effect was achieved by giving a combination of two or more drugs at the same time. 

Professor Alan Bennett from Kings college London, discovered that two particular drugs 

methotrexate and indomethecin, when used together were more effective at killing cancer 

cells when tested in the laboratory. Before this combination could be tried out on patients 

why this happened was to be studied. Subsequent research revealed that indomethecin made 

human breast cancer cells take up more of the methotrexate drug. It was also found that this 
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effect extended to a number of other anti-cancer drugs. This research help stimulate the 

testing of new combinations of anti-cancer drugs, such as the cyclophosphamide, 

methotrexate and fluorouracil combination that is now used to treat breast cancer.  

Researchers at the Cold spring harbor laboratories achieved an experimental breakthrough in 

the simultaneous use of two or more agents for treating cancer. A two-drug (rapamycin and 

doxorubicin) combination therapy, led to the complete remission of a mouse model of B-cell 

lymphoma in all of the treated animals. In contrast, animals treated with either drug alone 

rarely experienced complete remission. Because most traditional chemotherapy agents act by 

triggering programmed cell death, such agents are frequently ineffective against tumors that 

lack a functional programmed cell death mechanism. Such tumors are said to be 

chemotherapy-resistant. The evasion of treatment-induced programmed cell death by 

chemotherapy-resistant tumors has been a major impediment to successful therapeutic 

outcomes for human cancer. Genetic lesions that aberrantly activate the Akt protein or other 

components of the Akt-mediated growth control pathway (e.g. mTOR or another protein 

called PI3 kinase) are common in leukemia, lymphoma, and in a variety of solid tumors. 

Therefore, the combination therapy outlined by the new study is a promising general strategy 

for treating many cancers that are refractory to current therapies. The drug used here, 

rapamycin blocks the action of an Akt "effector" protein called mTOR and thereby restores 

the programmed cell death mechanism in Akt-positive lymphomas. The drug chosen to 

trigger the programmed cell death mechanism was doxorubicin. With the programmed cell 

death mechanism restored by rapamycin treatment, triggering the mechanism by doxorubicin 

treated delivered the decisive, knockout blow to Akt-positive lymphomas. There was massive 

death of lymphoma cells observed when treated with both the drugs and the animals rapidly 

became tumor-free, and their period of tumor-free survival was greatly extended compared to 

that of mice bearing genetically different, non-responsive "Bcl-2-positive" lymphomas, and 

when compared to mice bearing Akt-positive lymphomas that were either untreated or treated 

with rapamycin or doxorubicin alone. 

 

1.7 Cardiac glycosides. 

Cardiotonic steroids (CS) encompasses a group of compounds that share the capacity to bind 

to the extracellular surface of the major ion transport protein, the membrane inserted sodium, 
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potassium-ATPase thereby conferring cardiac contractile force. It’s a family of compounds 

that includes plant-derived cardiac glycosides and putative endogenous vertebrate 

counterparts. Also members of this group of compounds include plant-derived 

pharmaceuticals such as the digitalis steroid glycoside drugs as well as the more polar plant 

monoglycoside, ouabain and vertebrate derived aglycone CS such as bufalin and 

marinobufagenin. There has been accumulating evidence of adrenocortical release, 

biosynthesis, and regulation of CS. Also there is growing evidence of the ability of plant 

derived glycosides to mediate effects on second messenger signaling with effects on 

pathways influencing cytoskeletal reorganization, cell growth and cell division, as well as 

further evidence of involvement of endogenous CS in regulation of blood pressure and renal 

function (Dmitrieva and Doris, 2002). In vitro inhibition of malignant cells growth by cardiac 

glycosides was reported long back in 1960’s and since then several anticancer effects of 

digitalis have been observed (Shiratori et al., 1967; Inada et al., 1993). A long term follow-

up (22.3 years) of 175 breast cancer patients of which 32 were on digitalis treatment, have 

again indicated a lower death rate (6%) compared with patients not on digitalis (34%) 

(Stenkvist, 1999). 

 
1.7.1 Oleandrin. 

Nerium oleander (family Apocynaceae) is a tropical flowering plant with white, red and pink 

flowers. The ayurvedic name of this plant is Karavira and it has been used in the treatment of 

hemorrhoids ulcers, leprosy and snakebite and in the induction of abortion. The leaves of 

Nerium oleander have been used to extract cardiac glycosides, oleandrin, adynerin, neriatin, 

oloroside A and other compounds (Abe and Yamaguchi, 1978, 1979). Cardiac glycosides are 

a class of natural products that are used to increase cardiac contractile force in patients with 

congestive heart failure and cardiac arrhythmias, the most familiar are digoxin/digitoxin and 

ouabain. Oleandrin has been used for treating cardiac abnormalities in Russia and China for 

years. Interestingly, anecdotal evidence has emerged from this experience suggesting that 

they may produce beneficial side effects in patients with leiomyosarcoma, erwings sarcoma, 

prostrate cancer and breast cancer. Indeed there are also scattered reports of breast tumour 

regression in Scandinavian patients taking other cardiac glycosides. Pre-clinical studies have 

demonstrated that oleandrin has excellent activity against a variety of human solid tumour 

 28



Chemical structure of oleandrin



 
Introduction and Review of Literature 

 29

cell lines. However, a thorough understanding of the antineoplastic activities of oleandrin has 

not been addressed. Hence in this scenario the objectives of the study were to: - 

 

1. decipher the molecular signal transduction pathway(s) mediated by oleandrin in relation 

to its anti-tumor activities. 

 

2. validate oleandrin’s effectiveness in countering the life lines of a tumor cell. 
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Materials and Methods 

2.1 Materials : 
 
2.1.1 Chemicals used : 

Oleandrin, C2 ceramide (N-acetyl-D-sphingosine), glycine, lipopolysacharide (LPS), bovine 

serum albumin (BSA), arabinoside cytosine (AraC), MTT [3-(4,5-dimethyl-2-thiazolyl)-2,5-

diphenyl-2H-tetrazolium bromide], calyculin A, zinc chloride, doxorubicin, vincristine, taxol, 

cis-platin, etoposide, adriamycin, lactacystin, z-VAD-fmk, thiobarbituric acid, 4-methyl 

umbelliferyl phosphate, antimycin, epidermal growth factor (EGF), nerve growth factor 

(NGF), cephalin, cholesterol, lecithin, sphingosine, amphotericin B, FMLP, nitroblue 

tetrazolium (NBT), diphenyl hexatriene (DPH), melanocyte growth stimulatory activity 

(MGSA, also known as GROα ), histopaque, dextran, ortho-phenylenediamine (OPD), p-

nitrophenyl phosphate, p-nitrophenyl b-D-glucuronide, monodansyl cadaverine (MDC), 

leupeptin, PMSF, bestatin, TPCK, TLCK, polymixin B-sulphate, acrylamide, bis-acrylamide, 

bromophenol blue, iodogen, RII peptide, sodium molybdate and giesma stain used were 

obtained from Sigma, St. Louis, MO, USA. 

Recombinant TNFα, recombinant human IL-8, IL-1 were obtained from PeproTech Inc., 

Rocky Hill, NJ, USA. 

Fluoroscent substrates (paranitroaniline conjugated) for Caspase-3, 8 and 9 were obtained from 

Calbiochem, San Diego, CA, USA. 

Alexa-Fluor conjugated IgG, mounting medium with DAPI and live and dead cell assay kit 

were obtained from Molecular Probes, Eugene, OR, USA. 

RPMI-1640 medium, DMEM medium, phosphate free DMEM, Opti-MEM medium, trypsin-

EDTA, antibiotic-antimycotic, freezing medium, fungizone, L-glutamine, fetal bovine serum 

(FBS) and TRIzol  were obtained from Gibco BRL. 
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M-MuLV reverse transcriptase, DNA-polymerase, RNase inhibitor, dNTPs and MgCl2 were 

obtained from Invitrogen Corporation, Carlsbad, CA, USA. 

 

2.1 Antibodies used : 

Anti-IκBα, p65, p50, c-Rel, Rel B, IKK, cyclin D1, PP1, PP2A, PP2B-A, CRM1, Bcl-2, Fas 

L, Fas, retinoblastoma (Rb), p-Rb, p-Akt, casein kinase IIα, PKAα, ΙL-8, IL-8R1, IL-8R2, 

JNK, ERK1/2, tubulin and actin used were obtained from Santa Cruz Biotechnology, Inc., 

Santa Cruz, CA, USA. 

Anti-Poly(ADP-ribose) polymerase (PARP), caspase-3, caspase-8, caspase-9, Akt and NFAT 

used were obtained from PharMingen, Palo Alto, CA, USA. 

Anti-FKHR and -Akt were obtained from Cell Signaling Technologies, Beverly, MA, USA. 

 

2.2 Cell Lines : 

2.2.1 Human Origin : 
 
HeLa (cervical epithelial cells), Jurkat (T cells), Daudi (B-cells), MCF-7 (breast epithelial 

cells), HuT-78 (T cells), U937 (histiocytic lymphoma), THP-1 (monocytic macrophages) and 

HL-60 (monocytic cells) were obtained from American Type Culture Collection. 

 

Mn-SOD-MCF-7 cells were a gift from Professor Bharat B Agarwal, MD Anderson Cancer 

Centre, Houston, Texas, USA. 

 

Doxorubicin resistant and revertant MCF-7 cells were a gift from Dr. Kapil Mehta, MD 

Anderson Cancer Centre, Houston, Texas, USA. Doxorubicin resistant cells were cultured in 

presence of 2 µM doxorubicin. 
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2.2 Buffers and Media : 
 
2.2.1 Whole cell lysis buffer :  
 
20 mM HEPES (pH 7.9) 
250 mM NaCl 
1% NP-40 
2 mM EDTA 
1 mM DTT 
2 µg/ml leupeptin 
1 µg/ml Aprotinin                       To be added just before use                                                 
0.5 µg/ml benzamidine 
 
2.2.2 SDS-PAGE : 
 
2.2.2.1 Stacking Gel Mix (10ml) : 
 
2.5 ml of 0.5M Tris-Cl (pH 6.8) 
1.66 ml of 30% Acrylamide ; bisacrylamide (29:1) Mix 
100  µl of 10% SDS 
5.63 ml of Milli-Q water 
100 µl of 10% APS 
10 µl of TEMED. 
 
2.2.2.2 9% Resolving Gel Mix (10ml) : 
 
2.5 ml of 1.5 M Tris-Cl (pH 6.8) 
3 ml of 30% Acrylamide; bisacrylamide (29:1) mix 
100 µl of 10% SDS 
4.29 ml of Milli-Q water 
100 µl of 10% APS 
10 µl of TEMED. 
 
2.2.2.3 2X SDS loading Buffer : 
 
130 mM Tris-Cl (pH 8.0) 
20% (v/v) Glycerol 
4.6% (w/v) SDS 
0.02% Bromophenol blue 
2% DTT 
 
2.2.2.4 10X SDS-PAGE Running Buffer : 
 
0.25 M Trizma Base 
1.92 M Glycine 
1% SDS 
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2.2.3 Western Blot : 
 
2.2.3.1 10X Blotting Buffer : 
 
0.25 M Trizma Base 
1.92 M Glycine 
1% SDS 
 
2.2.3.2 To make 2 litres of 1X Blotting Buffer : 
 
400 ml of methanol 
200 ml of 10X blotting buffer 
1400 ml of Milli-Q water. 
 
2.2.3.3 PBS : 
 
137 mM NaCl 
2.7 mM KCl 
10 mM Na2HPO4 
2 mM KH2PO4 
 
 
2.2.3.4 HEPES Buffer Saline : 
 
20 mM HEPES (pH 7.5) 
150 mM NaCl 
 
2.2.3.5 Blocking Buffer : 
 
5% Fat free milk or 3% BSA 
0.05% Tween 
Make up volume with PBS. 
 
2.2.3.6 Stripping Buffer : 
 
100 mM β-mercaptoethanol 
2% (w/v) SDS 
62.5 mM Tris-HCl (pH6.7) 
 
 
2.2.4 Electrophoretic Mobility Shift Assay (EMSA) : 
 
2.2.4.1 Cytoplasmic Extraction Buffer : 
 
1 M HEPES (pH 7.9) 
2 M KCl 
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0.1 M EGTA (pH 7) 
0.5 M EDTA (pH 8) 
 
2.2.4.2 Nuclear Extraction Buffer : 
 
1 M HEPES (pH 7.9) 
5 M NaCl 
0.1 M EGTA (pH 7) 
0.5 M EDTA (pH 8) 
 
2.2.4.3 6x EMSA sample loading dye [10 ml] : 
 
25 mg of Xylene Cyanol FF 
25 mg of Bromophenol Blue 
7.0 ml of Milli-Q water 
3.0 ml of Glycerol 
 
2.2.4.4 10X EMSA Binding Buffer : 
 
200 mM HEPES (pH 7.9) 
4 mM     EDTA (pH 8.0) 
40 mM   DTT 
50%  glycerol 
 
2.2.4.5 5x EMSA buffer : 
 
0.25 M Tris 
2.0 M Glycine 
0.01 M EDTA ( pH 8.5) 
pH made upto 8.5 
 
2.2.4.6 EMSA Gel Mix (50ml) : 
 
28.66 ml of Milli-Q water 
10 ml of 5X EMSA buffer 
11 ml of 30% Acrylamide: bisacrylamide (29:1) mix 
400 µl of 10% APS 
40 µl of TEMED 
 
2.2.4.7 NFAT-EMSA Binding Buffer : 
 
10 mM Tris (pH 7.5) 
30 mM NaCl 
0.5 mM EDTA 
1 mM DTT 
5% glycerol 
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2.2.5 Kinase Assay : 
 
2.2.5.1 Assay Buffer (10X) : 
 
20 mM HEPES (pH 7.4) 
10 mM MgCl2 
1 mM DTT 
 
2.2.5.2 Wash Buffer : 
 
20 mM HEPES (pH 7.4) 
25 mM NaCl 
1 mM DTT 
 
2.2.6 Genomic DNA isolation by Silica Method : 
 
2.2.6.1 Lysis Buffer : 
 
4 M guanidine thiocyanate 
1% N-lauryl sarcosyl 
10 mM DTT 
 
2.2.6.2 Wash Buffer : 
 
70% ethanol 
10 mM EDTA 
10 mM Tris-Cl (pH 8.0) 
 
2.2.6.3 Elution Buffer : 
 
10 mM Tris-Cl (pH 8.0) 
0.1 mM EDTA (pH 8.8) 
 

2.3 Experimental Procedures 

 
2.3.1 Isolation of PBMCs and neutrophils from human blood : 

 

Neutrophils were separated from fresh peripheral human blood of normal healthy donors by 

dextran T-500 sedimentation followed by ficoll-paque (Histopaque-1077) density gradient 

centrifugation method. The oxalated blood was immediately incubated with 3% dextran 

solution in saline with 1:1 ratio at 37°C for 30 minutes. The erythrocytes (RBCs) form 

rouleaux and were sedimented at 400xg for 30 minutes at room temperature. The PBMC layer 
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formed above the ficoll level was removed by aspiration and suspended in phosphate buffer 

saline later to be centrifuged and the pellet suspended in RPMI medium for culture. After 

removal of the ficoll paque the granulocyte enriched pellet was washed with D-PBS and RBC 

contaminants in neutrophils were lysed by addition of 0.2% NaCl solution. Then, 1.6% NaCl 

was added to bring the correct osmolarity of the cell suspension. After centrifugation at low 

speed for 5 minutes, the pellet was taken and suspended in medium. The purity of the 

separated cells was examined by staining the cells with giesma stain and observed under phase 

contrast microscope. The isolated cells were up to 94-96% neutrophils. The viability of the 

cells was checked with trypan blue exclusion test, wherein, the viable cells exclude the dye 

and the non-viable cells take-up the dye giving a blue coloration. The diluted cell suspension 

was taken in 0.2% trypan blue dye in saline and dye positive and negative cells were counted 

separately under microscope using Hemocytometer, which were expressed in percentage. The 

cells were found to be 98% viable by trypan blue dye exclusion test. 

 
2.3.2 Neutrophils and macrophages differentiation and 

isolation: 

 

THP1 cells were stimulated with 10 ng/ml PMA for 16 hours and then adherent cells were 

used as macrophages (Sarkar et al., 2003). HL-60 cell line was maintained in complete 

medium of RPMI-1640. These cells were cultured in presence of 1.3% DMSO for 2 days. 

These cells were differentiated into neutrophils (Kanayasu-Toyoda et al., 1999, 2003). These 

cells were well characterized as neutrophils by detecting the level of IL-8R expression, 

morphology, IL-8 induced chemotaxis, and PMA-induced oxidative burst response and 

enzyme release compared to normal HL-60 cells. Hence these cells were considered as 

neutrophils for further studies. 

 
2.3.3 Radiolabeling of IL-8 and other ligands : 

 

Interleukin-8 was iodinated by Chloramine T following the method of Grob et al., with slight 

modification. The Na125I was mixed with 50 µl of 100 mM phosphate buffer (pH 7.4) in a 

1.5ml polypropylene tube. After gentle mixing the tubes were kept at 23°C water bath. 10 µg 

IL-8 was then added with this mixture. The idonated reaction was started by addition of 30 µl 
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of freshly prepared Chloromine T (1 mM) solution. After proper mixing, the reaction was 

continued for 60 seconds and then the reaction was terminated by addition of 30 µl of 57.7 

mM sodium metabisulfide. Next, 190 µl D-PBS containing 5 mg/ml BSA was added to the 

reaction mixture. The entire mixture was transferred to a Sephadex G-10 column (20cm x 

1cm) equilibrated with D-PBS containing 5 mg/ml BSA for separation of free iodine. The 

iodinated protein was eluted by addition of 800µl-equilibrated buffer in each fraction. About 

16-column fraction was collected and the count was taken in each fraction in Gamma counter. 

The first peak, obtained from the counts was due to labeled protein and the second peak for 

free iodine. The labeled protein (IL-8) containing fraction was aliquoted and kept at -20°C. 

The specific activity of labeled IL-8 was 1x107 to 4x107 cpm/µg of the protein. The anti-rabit 

IgG was 3x107 to 5x107 cpm/µg protein. 

 
2.3.4 Receptor binding Assay : 

 
Freshly prepared human neutrophils were suspended in RPMI-1640 (107 cells/ml) containing 

20 mM HEPES buffer pH 7.2, 5 mg/ml BSA. Cell suspension (200 µl) was taken in each tube 

for subsequent experiments. After incubation under different condition the cells were cooled 

on ice. Radiolabelled IL-8 binding was carried out at 4°C for 2 hours using 125I IL-8 

(4ng/tube). Then the cells were centrifuged at 4°C for 20 seconds at 10,000xg. The supernatant 

discarded and the cell pellet was resuspended in ice cold medium and layered onto ice cold 

800 µl of 10% sucrose in D-PBS and centrifuged at 4°C for 2 minutes at 10,000xg. Only 

neutrophils passed through the sucrose solution and unbound 125I IL-8 remained above sucrose 

solution. The supernatant was removed carefully and the pellet containing part of the tube was 

taken. The radiolabelled ligand bound to the cell was measured in Gamma counter (Grob et 

al.,). 

 
2.3.5 Enzyme release assay : 

 

Neutrophils (1 x 107 cells/ml) were suspended in D-PBS containing glucose (1 mg/ml) and 

BSA (5 mg/ml). Cells were treated with different modulator (s) and then washed and 

suspended in fresh medium. Cytochalasin B (5 µg/ml) was added for 5 minutes at 37°C. The 
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supernatant was taken for different enzyme assay. 

2.3.5.1. Myeloperoxidase : Myeloperoxidase activity was measured taking the 25µl 

supernatant and 100µl substrate solution of ortho phenylene diamine (OPD)(0.75mg/ml) and 

H2O2 (0.01%) in citrate phosphate buffer (0.1 M, pH5.2). After 30 minutes at room 

temperature, the reaction was stopped with addition of 50 µl of 4 N H2SO4 and absorbance was 

measured at 492 nm. 

2.3.5.2. Alkaline phosphatase : For alkaline phosphatase assay the 50 µl supernatant was 

added with 100 µl substrate solution (4 mg/ml p-nitrophenyl phosphate and 0.5 mM MgCl2 in 

1 M diethanolamine buffer, pH 9.8) the reaction proceeded at 37°C for 30 minutes. The 

absorbance was taken at 405 nm after stopping the reaction by addition of 100 µl 1 N NaOH . 

2.3.5.3. β-D-glucuronidase : For β−D-glucoronidase assay, 100 µl supernatant was added 

with 100µl of substrate solution containing 0.01 M p-nitrophenyl β−D-glucoronidase in 0.1 M 

sodium acetate buffer, pH 4. After incubation for 18 hours at 37°C, the reaction was stopped 

by adding 100 µl of 0.4 M glycine and absorbance was measured at 400 nm. 

2.3.5.4. Lysozyme : For lysozyme assay, 100 µl supernatant was added in substrate solution 

containing Micrococcus lysodykticus cell wall (1.5 mg/ml) in 0.05 M potassium phosphate 

buffer pH 6.2 and the absorbance was taken immediately at 450 nm. The gradual decrease in 

absorbance was taken in every minute of incubation upto 10 minutes. 

 
2.3.6 Chemical Crosslinking : 

 

The level of receptor on the surface of neutrophils was detected through chemical crosslinking. 

The neutrophils (1x107 cells/tube) suspended in PBS were incubated with or without 

modulator(s) at 37°C. After incubation, the cells were washed, cooled and incubated with 125I 

IL-8 (20 ng) at 37°C. After binding, unbound 125I IL-8 was removed by washing with D-PBS 

and finally the cells were suspended in 100 µl D-PBS. A bifunctional crosslinker DSS (1 

mg/ml) was added to the cell suspension and incubated at 4°C for 1 hour. The cells were 

washed and mixed with 80 µl CHAPS (9 mM) in D-PBS with PMSF (200 µM), leupeptin (1 

µM), pepstatin (1 µM) and EDTA (100 µM). After mixing thoroughly, centrifugation was 

carried out at 4°C at 10,000xg for 15 minutes. The supernatant was removed carefully, 
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analyzed in 10% SDS-PAGE under reducing condition following the method of Laemmli. The 

gel was dried and autoradiograph was carried out using a Fuji Bas1000 phosphorimager. 

 
2.3.7 Membrane Preparation : 

 

Freshly prepared neutrophils (1x108/ml) were suspended in hypotonic buffer (10 nM HEPES 

containing 1 mM PMSF, 100 µM leupeptin, 100 µM pepstatin and 0.5 mM EDTA) were kept 

in ice for 30 minutes. Then the cells were homogenised in a Dounce homogeniser, centrifuged 

for 10 minutes at 160 x g to remove unbroken cells and cell debris. The supernatant was 

layered on a discontinuous gradient of 5ml of 15%(w/v) sucrose resting on 10ml of 40%(w/v) 

sucrose and centrifuged at 1,00,000 x g for 60 minutes at 4°C. The pellet containing membrane 

was used for the experiment. 

 

2.3.8 Measurement of Membrane fluorescence : 

 

1,6 Diphenyl 1,3,5-hexatriene (DPH), a widely used membrane interacting fluorescent probe 

was used for the alteration of membrane fluidity. DPH is insoluble in aqueous solvent but is 

soluble in tetrahydrofuran (THF). For the preparation of aqueous solution, 10 µl of DPH 

solution (2 mM in tetrahydrofuran) was taken in 10ml of rapidly stirring PBS. No trace odour 

of THF was detected after stirring for 4 hours in dark place. For interaction with neutrophils, 

cell suspension was mixed with equal volume of DPH solution (final conc. 1 µ M) and 

incubated at 37°C for 2 hours. After incubation, the cells were washed thrice and suspended in 

PBS. The emission spectra of DPH bound to cells were recorded at 430nm when the 

fluorescent probe was excited at 365nm in a Perkin Elmner spectrofluorometer. 

 
2.3.9 Measurement of Fluidity and microviscosity: 

 

The lipid fluidity of neutrophil membrane was determined by fluorescence depolarization 

measurement using diphenyl hexatriene (DPH) as a fluorescent probe. The measurement of 

fluorosence anisotropy was carried out in a fluorescence polarization spectrometer at 37°C 

using excitation wavelength 365 nm and an emission wavelength of 430 nm for DPH. The 

fluorescence anisotropy(r) was calculated using the equation : 
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r = ( III - II )/( III + 2II ) 

 

Where, III and II are the fluorescence intensities oriented respectively parallel and 

perpendicular to the direction of the polarization of the excited light. The microviscosity 

parameters [(ro/r )-1]-1 were calculated in each case knowing the maximal limiting 

fluorescence anisotropy ro which for DPH is 0.362. 

 
2.3.10 MTT assay : 

 
The drug-induced cytotoxicity was measured by the MTT assay. Briefly 5000 cells per well 

(of 96 well plate) were incubated in the presence or absence of the indicated test sample in a 

final volume of 0.1 ml for 72 hours at 370C in triplicate assays. Thereafter 0.025 ml of MTT 

solution (5 mg/ml in PBS) was added to each well. After two hours of incubation at 370C 0.1 

ml of extraction buffer (20% SDS in 50% Dimethlylformamide) was added. After an overnight 

incubation at 370C, the absorbance at 570 nm was measured using at 96 well multiscanner auto 

reader (Coda, Bio Rad) with the extraction buffer as blank. 

 
2.3.11 Total RNA isolation from cultured mammalian cells : 

 
To the cell pellet (approximately 2 million cells) 800 µl of TRIzol was added and the cells 

suspended in it by repeated pipetting. Later 200 µg of glycogen was added followed by 

vigorous vortexing or power homogenization. This was vortexed at high speed for 10 seconds 

and the contents passed twice through a 26-guage needle connected to a 1ml syringe. The 

contents were transferred to a 1.5 ml microcentrifuge tube and 160 µl of choloroform was 

added followed by vortexing for about 30 seconds. The tube was centrifuged at maximun 

speed for 5 minutes. The upper aqueous phase was transferred into a fresh microcentrifuge 

tube and 400 µl of ice-cold isopropanol added, this was incubated at -20°C for 1 hour. The 

RNA was pellet by centrifugation at maximum speed for 15 minutes at room temperature. The 

supernatant was decanted and the pellet washed with 200 µl of 70% ethanol followed by 

centrifugation at maximum speed for 10 minutes. The supernatant was removed and the pellet 
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dried under vacuum for about 5 minutes. The pellet was re-solubilized in 30-50 µl RNase free 

deionized (DEPC-treated Milli-Q) water and aliquots were stored at -70°C.  

 
2.3.12 Detection of p65 by semiquantitative RT-PCR : 

 

Total RNA from each specimen was extracted using TRIzol (Gibco BRL) and 1 µg of total 

RNA was reverse-transcribed using poly-T oligonucleotide and M-MuLV reverse transcriptase 

(Invitrogen). The PCR war performed using primers for p65 (5’-

GGTCCACGGCGGACCGGT- 3’ and 5’-GACCCCGAGAACGTGGTGCGC-3’). Following 

PCR, the amplicons were analyzed by gel electrophoresis with ethidium bromide staining.  

The expression of the investigated genes was determined by normalizing their expression 

against the expression of housekeeping GAPDH gene. 

 
2.3.13 Western Blot : 

 
The proteins were resolved in a denaturing SDS-PAGE gel and after completion of the run the 

gel was over laid on a nitrocellulose paper cut to the size of gel and kept in the blotting 

cassette in the presence of blotting buffer. Finally the cassette was put in the mini transblot 

apparatus (Bio Rad) and blotting was done for 4 hours at a constant voltage of 60 V. Then the 

membrane was taken out and rinsed in PBS-T (Phosphate Buffer Saline – Tween) for 5 

minutes by gentle shaking. Later the membrane was immersed in 5% non-fat milk solution in 

PBS-T with gentle shaking for 1 hour at 37°C. The membrane was washed off from the traces 

of the fat free milk with PBS-T and the membrane was over laid with primary antibody diluted 

in PBS-T for 3 hours at 4°C with shaking. After incubation the membrane was washed with 

PBS-T and layered with secondary antibody (conjugated with horse-radish peroxidase) diluted 

in 5% fat free milk solution (in PBS-T) and incubated for 45 minutes at room temperature. 

After incubation the membrane was washed and processed for the protein bands of interest 

using ECL-plus detection reagent (Amersham Biosciences) followed by development of the 

bands using X-ray film (Hyperfilm-ECL, Amersham Biosciences).  
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2.3.14 Preparation of Silica Slurry for DNA isolation : 

 

50% (w/v) silica ( powder silica SIGMA) was taken in sterile milli Q water and centrifuged to 

pellet. The supernatant was discarded and again loaded with milliQ water and the process was 

repeated 3 times. Finally fresh milliQ water was added to make 50% silica slurry. The slurry 

was aliquoted and used for DNA isolation. 

 
2.3.15 Radioactive End Labelling of oligos : 

 

 The Oligonucleotides, γ32-ATP, T4Polynucleotide kinase buffer were thawed out. The 

following components were mixed in a microfuge tube  on  ice :- 

 

           Chemicals   Volume pipetted 

oligo  (1 p mole/µl) 3 µl 

10 x T4 Polynucleotide kinase buffer 1 µl 

Sterile dist. H₂O 2.66 µl 

γ32-ATP 3 µl 

T₄ Polynucleotide kinase 0.33 µl 

Total reaction volume 10 µl 

 

This was mixed by tapping, pulse spin and incubated at 37ºC for 45 min so that enzymatic 

reaction occurs. The reaction was stopped by adding 2 µl of 0.5 M EDTA pH-8.0. The column 

was prepared by inserting first glass wool in the 1 ml syringe and swollen Sephadex G-50 was 

added into the syringe. Now the column was taken and transferred to another improvised stand 

that contains a microfuge tube for the collection of elute. Then the reaction mixture was loaded 

on the top of the G-50 column. The eluting fractions were collected in the microfuge tube by 

loading 200 µl milli-Q water on the top of the column.  After collecting 5 to 6 fractions the 

tubes where analyized for amount of radioactivity using a GM counter. The tube having 

between 7-10 x 106 counts was selected. That means the specific activity of the oligo would be 

between 3.5-4.5 x 106 cpm/pmoles. A labeling between 3.5-4.5 x 106 cpm/pmole would 

correspond to efficiency between 50 to 65 %. To the selected tube 100 pM of the 
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complimentary strand of the oligo was added and the content boiled at 95°C for 5 minutes and 

allowed to anneal at room temperature for 3 to 4 hours. 

 
2.3.16 Preparation of cytoplasmic and nuclear extracts : 

 

To the fresh cell pellet in a micro centrifuge tube 200 µl of ice-cold cytoplasmic extract buffer 

was added and the pellet was suspended. The cell suspension was incubated on ice for 30 min. 

The buffer is hypotonic in nature, and cells are allowed to swell on ice. 6.2 µl of 10 % triton x 

100 (freshly prepared) for every 200 µl of cell suspension was added to each microfuge tube. 

The cell suspension was vortexed vigorously for 15 seconds for the rupture of the plasma 

membrane. The contents were centrifuged for 1 min. at 10000 rpm, supernatant (Cytoplasmic 

Extract) is removed. 

If the cytoplasmic extract is to be saved then it is transferred to a pre-chilled microfuge tube 

and the cytoplasmic extract was stored at –70ºC.  25 µl of ice-cold nuclear extract buffer was 

added to the pellet (nuclear pellet + membrane) in the microfuge tube. This was incubated on 

ice for 45 min with intermittent vortexing. Then centrifuged for 5 min at 10000xg.  The 

supernatant (nuclear extract) was stored at –70ºC. 

 
2.3.17 Protein estimation by Bradford method : 

 

In the first well of a 96-well plate 50 µl of milli-Q water was added in duplicate. To the 

subsequent wells 50 µl BSA standards (i.e. 50 µg/ml, 100 µg/ml) was added in duplicate. To 

the other wells diluted unknown protein sample (122.5µl of water + 2.5 µl of unknown protein 

extract) were added in duplicates. Then 200 µl of Bio-Rad reagent (1 ml reagent + 4.5 µl of 

milli-Q and mixed) was added to each of the well including blank. The concentration of 

protein was read using the ELISA reader at 570 nm. The unknown protein concentration was 

calculated as follows  

 

                        BSA Std 1(Conc) +  BSA Std 2 (Conc) 
    OD               OD  

               2 
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Concentration of un-  Required quantity of protein 
known sample (mg/ml)       Conc of sample mg/ml 

 

 
2.3.18 Electrophoretic Mobility Shift Assay : 

 

The binding reaction-mixture was prepared. The constituents of which are as following:-  

 

Stock Solutions Volume pipetted
H₂O 6µl 
10 x Binding buffer 2 µl 
Poly dI : dC (1 µg/µl) 2 µl 
32 P-ds NF-kB oligo(4 fmoles/µl) 4 µl 
10 % Triton x 100 2 µl 
Total Reaction Volume 16 µl 

 
 
4 µl of nuclear extract was added to the above mixture, mixed well and incubated at 37ºC in 

water bath for 1 hour. Tubes are transferred on ice; to it is added 4 µl of DNA-loading dye and 

mixed well by tapping. Pulsed spin to collect every thing to the bottom and the tubes were 

transferred on ice. The samples were loaded into a native PAGE gel which was pre-run at 

constant voltage for 15 minutes. Electrophoresis was performed at 150 V (40 mA), till the 

bromophenol migrated 1-2 cm from bottom of the gel. A thin wedge-shaped article between 

the glass plates was inserted from one corner of the gel-mould and applied a twisting pressure 

to lift one of the glass plate (usually the top smaller one) carefully without disturbing the gel. 

A piece of Whatmann 3 paper was cut according to the size of the gel and was put on the gel. 

The paper was pressed gently and carefully and the gel was lifted, that is now firmly stuck on 

the paper.  Then the gel was covered with saran wrap and kept on the gel-dryer at 80ºC for 1 

hr. under suction.  After drying the gel, gel was removed from the gel-dryer, the corners were 

taped and was exposed on a Molecular-Dynamics Phosphorimager Screen to read the protein 

of interest. 
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2.3.19 NF-κB-dependent Reporter Gene Transcription : 

Briefly, cells were transiently co-transfected by the lipofection method using 0.5 µg required 

plasmid DNA(s) with the protein of interest, a plasmid bearing NF-κB promoter DNA linked 

to the heat-stable secretory alkaline phosphatase (SEAP) gene and β-galactosidase expression 

plasmid (Promega). By adding control plasmid pCMVFLAG1 DNA, the total amount of DNA 

was maintained to 3 µg for each transfection. The cells were cultured for 12 hours and required 

stimulations done.  Twelve hours later, cell culture-conditioned medium was harvested, and 25 

µl was analyzed for SEAP activity essentially as per the CLONTECH protocol (Palo Alto, 

CA). β-Galactosidase activity was measured simultaneously using a β-galactosidase assay kit 

(Promega). The relative promoter activity was normalized with β-galactosidase activity as the 

transfection efficiency.  

 
2.3.20 Determination of lipid peroxidation : 

 
Drug-induced lipid peroxidation was determined by detection of thiobarbituric acid (TBA)-

reactive substances, which are the end products of polyunsaturated fatty acids and related 

esters due to peroxidation. Cells (3 × 106/ml) pretreated without or with drug for required time 

were stimulated with stimulant for the required time. Then cells were washed with PBS and 

underwent three cycles of freeze thawing in 200 µl of water.  A 20 µl of aliquot was removed, 

assayed for protein with Bradford protein determination and remaining samples were mixed 

with 800 µl of assay mix [0.4% (w/v) thiobarbituric acid, 0.5% (w/v) SDS, 9.4% (v/v) acetic 

acid, pH 3.5]. Samples were incubated for 60 min at 95 °C, cooled to room temperature, and 

centrifuged at 14,000 × g for 10 min, and the absorbance of the supernatants was read at 532 

nm against a standard curve prepared using the MDA standard (10 mM 1,1,3,3-

tetramethoxypropane in 20 mM Tris-HCl, pH 7.4). Results were calculated as nmol of TBARs 

equivalents/mg of protein  expressed as a percentage of thiobarbituric acid-reactive substances 

above control values. Untreated cells showed 0.568 ± 0.08 nmol of TBA-reactive 

substances/mg protein (subtracting the background absorbance obtained by heating 800 µl of 

assay mix plus 200 µl water).  
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2.3.21 Measurement of reactive oxygen intermediates : 

 
The production of reactive intermediates mainly oxygen and nitrogen species upon treatment 

of cells with the inducer was determined by flow cytometry. Cells were exposed to 

dihydrorhodamine 123 (5 mM stock in DMSO) and then stimulated with ceramide at 37°C for 

2 h, scrapped, washed and resuspended in 1 ml D-PBS at 0.5 × 106 concentration. Rhodamine 

123 fluorescence intensity resulting from dihydrorhodamine 123 oxidation was measured by a 

FACScan flow cytometer with excitation at 488 nm and was detected between 515 and 550 

nm. Data analysis was performed using LYSYSII software (Becton Dickinson). 

 
2.3.22 H-Thymidine incorporation assay : 

 
The viable and proliferating cell number was detected by 3H-Thymidine incorporation assay. 

HeLa cells (104 cells/well of 96-well plate) were incubated with test sample in a final volume 

of 0.2 ml for 72 h at 37°C. Cell proliferation was measured by thymidine incorporation by 

adding 50 µl of 3[H]thymidine (0.5 µCi/well diluted in Hank’s buffered salt slution) last 18 h. 

Cells were harvested and washed, and thymidine incorporation was measured in a beta counter 

(Packard).  

 

2.3.23 Immunoprecipitation of p65 from orthophosphate-labeled 

cells : 

 
To determine the phosphorylation of the p65 subunit of NF-κB (Manna et al., 2000a-

Oncogene Manuscript), Jurkat, HuT-78, and SA-LPS stimulated Jurkat cells (5x106) were 

labeled with [32P]orthophosphate (Amersham) in phosphate-free medium for 4 hours 37°C, 

and then the cells were treated with TNF (1 nm), araC (50 µm), and ceramide (10 µm) for 4 

hours at 37°C.Then the cellextracted proteins were immunoprecipitated with anti-p65 

polyclonal Ab (Santa Cruz Biotechnology) followed by protein A/G sepharose beads.Washed 

beads were then boiled with SDS sample buffer for 5 minutes, and subjected to SDS–PAGE 

(9%).The gel was dried, exposed to PhosphorImager screen, and analysed by a 

Phosphorimager (Fuji, Japan).To confirm equal loading, 50 µg protein was resolved on 10% 
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SDS PAGE, electrotransferred to nitrocellulose filters, and probed with the anti-p65 Ab, and 

the bands were detected by chemiluminescence (ECL, Amersham).  

 
2.3.24 In-vitro phosphatase activity assay : 

 
Jurkat cells (5x106), labeled with [32P]orthophosphate (Amersham) in phosphate-free medium 

for 4 hours at 37°C, were stimulated with TNF (1 nm) for 1 hour. Cell extract proteins were 

incubated with anti-p65 antibody followed by immunoprecipitation with protein A/G 

sepharose beads. To assay activities of different phosphatases these beads were used. Jurkat 

cells were stimulated with araC for different times and cell extract was prepared. Cells extracts 

were incubated with different anti-phosphatase antibodies followed by immunoprecipitation by 

protein A/G sepharose. Then these beads were incubated with 32P-labeled p65 in 20mm 

HEPES, pH 7.4, 10mm MgCl2, and 1 mm DTT for 2 hours at 37°C. Reactions were stopped 

with the addition of 15 µl of 2X SDS sample buffer, boiled for 5 min, and subjected to SDS–

PAGE (9%). The gel was dried and 32P-p65 was analysed by a Phosphorimager (Fuji, Japan). 

 
2.3.25 Immunocytochemistry : 

 

The level of p65 was examined by the immunocytochemical method as described with slight 

modifications. Briefly, cells were plated on a poly-L-lysine-coated glass slide air-dried, fixed 

with 3% formaldehyde, and permeabilized with 0.1% of Triton X-100. Slides were incubated 

with anti-p65 Ab for 6 h followed by incubation with anti-rabbit IgG-Alexa Fluor for 1 h. 

Slides were mounted with mounting medium with DAPI and analyzed under a fluorescence 

microscope. 

 
2.3.26 Live and dead assay : 

 

The cytotoxic effects were also determined by the Live/Dead assay (Molecular Probes, 

Eugene, OR). Briefly, after different treatment 1 x 105 cells were stained with Live/Dead 

reagent (5 µM ethidium homodimer, 5 µM calcein-AM) and then incubated at 370C for 30 

min. Cells were analyzed under a fluorescence microscope (Labophot-2, Nikon, Tokyo, 

Japan). 
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2.3.27 Ultra Competent Cells Preparation : 

 

All the salts (10 mM PIPES, 15 mM CaCl2.2H2O, 250 mM KCl, 55 mM MnCl2 . 2H2O) except 

MnCl2 were dissolved in milliQ water and pH was adjusted to 6.7 with 1N KOH. MnCl2 was 

dissolved separately in mill Q water. MnCl2 was added drop wise while stirring (MnCl2 if 

added directly will give a brown color to the solution and precipitate out, hence it needs to be 

dissolved separately). Solution was then filter sterilized and stored. To prepare competent cells 

pre-inoculum was prepared. A single bacterial colony was picked from LB agar plate that has 

been incubated for 16-20 hours at 37°C and inoculated into 3 ml LB medium and incubated 

overnight at 37°C temperature with 200 rpm shaking. 1% of this pre-inoculum was 

subcultured in 100 ml LB-broth and incubated at 18°C until OD600 reached 0.5 - 0.6 (approx.). 

Culture was kept on ice for 10 min. with constant shaking. Cells were pelleted by 

centrifugation at 2000xg/4°C/8 min. Pellet was resuspended in 40 ml of ice-cold TB buffer. 

Bacterial suspension was kept on ice for 30 min, re-spun at 200xg/4°C /8 min. Pellet was 

resuspended in 8 ml of TB buffer in which final concentration of DMSO was 7% and left on 

ice for 10 min.100 µl aliquots were made and snap freezed in liquid nitrogen and stored at - 

80°C.  

 
2.3.28 Preparation of Plasmid DNA by alkaline lysis : 

 

Grown culture was pelleted by centrifugation at 10000xg/4°C/3 min supernatant was 

discarded. Pellet was resuspended in 250 µl of ice-cold alkaline lysis solution - 1. 300 µl of 

alkaline solution - 2 was then added and the tuber was inverted very gently 3-4 times and 

incubated at room temperature for 5 min. 350 µl solution - 3 was added and mixed by 

inverting the tube 3 or 5 times, gently. Suspension was incubated on ice for 10 min. Bacterial 

lysate was spun at 10000xg/12 min/4°C. Supernatant was transferred to a fresh tube. 0.4 

volume of phenol:chloroform was added to the supernatant. Inverting the tubes several times 

mixed contents. It was then spun at 10000xg/12 min/4°C. Aqueous phase was taken out in a 

fresh tube and 0.6 volume of isopropanol was added, mixed properly and incubated at room 

temperature for half an hour and spun at 10000xg/RT/20 min. Supernatant was discarded. 

Pellet was washed with 70% ethanol. The tube was stored at room temperature until the 
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ethanol has dried. The pellet was resuspended in 20 µl of milliQ water and 20 µg/ml RNase 

added. The tube was incubated at 50°C for 45 min. the tube was vortexed for few seconds. 

Concentrations of the vectors were then estimated by running 1% agarose gel. 

 
2.3.29 Nuclear fragmentation assay using propidium iodide(PI) : 

 

The cells were pelleted and washed with PBS thoroughly. To the pellet ice-cold 80% methanol 

was added drop wise and gradually the cells were suspended in it. This was incubated for 6 

hours at 4°C. The cells were pelleted at the methanol discarded. To the pellet 80-100 µl of PI 

staining mix was added and the cells gradually dispersed in it followed by incubation at 37°C 

for 30 minutes in dark. Taking equal volumes of the cell suspension and mounting medium 

prepared slides. The slides were viewed under phase contrast and fluorescent modes. 

 
2.3.30 Preparation of GST-cJun. 

2.3.30.1 PCR cloning: 

PCR amplification of the N-terminal domain encoding the phosphorylation region of c-Jun 

from peripheral blood  

 

 

Primer Sequence 

1) c-JunBam+ 5'-ATC GGG GAT CCG ATG ACT GCA AAG ATG GAA-3' 
2) c-JunXho- 5'-CTA GGG CTC GAG TCA GGG GCA CAG GAA CTG GGT-3' 
 

Reaction Mixture ( 25 µl ):- 

               Template   1.0 µl 
  Primer 1     0.5 µl 
  Primer 2    0.5 µl 
  dNTPs(2.5mM)  1.0 µl 
  10X buffer    2.5 µl 
  Enzyme Deepvent   0.5 µl 
  Milli Q             19.0 µl 
 
      25µl 
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PCR parameters: 
                1) Pre-denaturation  94°C 2min 
                 2) Denaturation   94°C 30secs 
  3) Primer annealing   54°C 1min 
  4) Elongation   72°C 45secs 
  5) Final elongation  72°C 7min 
 
 
The PCR amplified product was purified through agarose gel. (Shown in fig.). c-Jun was 

ligated to pET41b (linearised prior by Bam and Xho) vector, using T4 DNA ligase at 16°C for 

12 hours. The constructs so obtained were then transformed into DH5α competent cells and 

the positive colonies were selected.  

 
2.3.30.2 Protein extraction and purification using Glutathione 

Sepharose 4B : 

 

A primary inoculum of 3 ml of LB broth containing 30 µg/ml kanamycin was prepared by 

inoculating it with one colony of E. coli BL21 (DE3) harboring pET41b construct and grown 

O/N at 37°C. 100 ml of LB broth with kanamycin was inoculated with overnight grown pre-

inoculum and incubated at 37°C with vigorous shaking until OD reached 0.5. At this stage it 

was induded with 1mM IPTG and grown further for 4 hours at 37°C.The culture was spun at 

1000 rpm for 15min at 4°C. Supernatant was discarded and the pellet resuspended in lysis 

buffer (pH 8) (50 mM NaH2PO4  and 300 mM NaCl ) and 1 mM PMSF added and was 

sonicated for 10 min at 20% power output and 30 sec on -off cycle. After sonication, lysate 

was spun at 500xg/30 min/4°C. 

The overexpressed protein was purified using Glutathione Sepharose 4B matrix column. The 

column was packed with Glutathione Sepharose 4B along with 500 µl of 10%Triton x 100 and 

the supernatant collected after the lysis, sonication and spinning of 100 ml culture (induced 

with IPTG.incubated at RT with gentle agitation for 40 min. Spun at 700 rpm for 5min. Pellet 

was washed with 10 bed volumes of PBS. After repeated wash at100xg to the sedimented 

matrix, 1.0 ml of elution buffer per ml bed volume of GSH Sepharose 4B was added. 

Resuspended gently, incubated at room temperature for 10 minutes, and the elutes were 

collected and saved for SDS-PAGE analysis. 
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2.3.31 Kinase Assay : 

 

After treatment of cells (3x106 /ml) with the drug for required time interval, cell extracts were 

prepared by lysing cells in buffer containig 20 mM HEPES , (pH 7.4), 2 mM EDTA , 250 mM 

NaCl, 1% Nonidet- P-40, 2 µg/ml leupeptin , 2 µg/ml aprotinin, 1 mM PMSF, 0.5 µg/ml 

benzamidine and 1 mM DTT . Cell extracts (250 µg/sample) were immunoprecipitated with 

0.3µg of anti-JNK antibody or anti ERK for 3 hours at 4°C. Immunocomplexes were collected 

by incubation with protein A/G-Sepharose beads for 1 hour at 4°C the beads were extensively 

washed with lysis buffer (4x400 µl) and kinase buffer (2x400 µl, 20 mM HEPES (pH 7.4) , 1 

mM DTT, 25 mM NaCl ).Kinase assays were performed for different time intervals at 30°C 

with GST-c-Jun or matrix protein (p17) as substrates in 20 mM HEPES,(pH7.4) , 10 mM 

MgCl2, 1 mM DTT, and 10 µCi of [γ32 P] ATP. Reactions were stopped with the addition of 

20 µl of 2x SDS sample buffer, boiled for 5 min and subjected to SDS-PAGE (10%). GST-Jun 

or matrix protein (p17) was visualized by staining with coomassie blue and the dried gel was 

analysed by a Phosphor Imager. 

 
 

2.3.32 Annexin V-PE staining : 

 

The cells after various treatments were washed with cold PBS and then resuspended in 1X 

binding buffer (Annexin V-PE apoptosis detection kit I, BD Biosciences) at a concentration of  

1 x 106 cells per ml. Then 100 µl of the cell suspension was transferred to a 5 ml culture tube 

and to it 5 µl of annexin V-PE was added. The cells were gently vortexed and incubated for 15 

minutes at room temperature in the dark. Then 400 µl of 1X binding buffer was added to the 

tube and analyzed by flow cytometry with one hour. 



 
 
 
 
    Chapter Three 
 
 

        Oleandrin mediates inhibition of ceramide   
        induced NF- κB activation but potentiats 
       apoptosis 
 



 
Oleandrin mediates inhibition of ceramide induced NF-κB activation but potentiats apoptosis 

 
3.1 Introduction. 

 R
 

esearch over the last few years has shown that different plant products exhibit 

chemopreventive effect (Wattenberg, 1990). As many as 70% of the therapeutic 

drugs used today are derived from plants. Oleandrin is polyphenolic cardiac 

glycoside derived from the leaves of Nerium oleander. It has been used to treat congestive 

heart failure and is known to be toxic to a wide variety of tumor cells (Gupta et al, 1985; 

Gupta et al, 1986; Gupta et al, 1987). Two of the active components of Nerium are the cardiac 

glycosides oleandrin and oleandrigenin. Previous in vitro studies using two human prostate 

cancer cell lines, DU145 and PC3, have demonstrated that cardiac glycosides may inhibit 

fibroblast growth factor-2 (FGF-2) export through membrane interaction with the Na+, K+-

ATPase pump (Smith et al., 1999). The mechanism of the cytotoxic effects of oleandrin, 

however, is not understood. Because NF-κB and AP-1 are known to play major roles in cell 

proliferation, tumor promotion, and drug resistance (Wang et al., 1999; Waddick and Uckun, 

1999; Karin et al., 1997; Hannun, 1996), the possibility that the cytotoxic effects of oleandrin 

are mediated through suppression of NF-κB and AP-1 was looked into. Therefore, in this 

report the effect of oleandrin on NF-κB and AP-1 activation induced by ceramide was 

investigated.  

Given the fact that the carcinogenic, inflammatory, and growth-modulatory effects of 

many chemicals are mediated by NF-κB, it is hypothesized that the suppression of NF-κB 

activation pathway accounts for oleandrin's activities. Numerous lines of evidence suggest 

this possibility. For example, various agents that promote tumorigenesis are known to activate 

NF-κB (Baeuerie and Baichwal, 1997), including phorbol ester, okadaic acid, and TNF where 

ceramide is produced as an intermediate molecule. Most agents that activate NF-κB also 

activate AP-1 (Karin et al., 1997). That AP-1 activation mediates tumorigenesis and 

invasiveness has also been described (Smith et al., 1999). The activation of NF-κB and AP-1 

is regulated by several protein kinases that belong to the mitogen-activated protein kinase 

(MAPK) family (Karin et al., 1998). The activation of NF-κB and AP-1 and its associated 

kinases is in most cases dependent on the production of reactive oxygen species (Manna et al., 

1998; Manna et al., 1999; Li and Karin., 1999; Kumar et al., 1999).  
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In this study, the hypothesis that the anti-inflammatory and anticarcinogenic effects of 

oleandrin are mediated through its modulation of NF-κB and AP-1 activation, and caspase-

mediated apoptosis was tested. It was demonstrated that oleandrin is a potent inhibitor of NF-

κB and AP-1 activation in a variety of cell lines.  
 

3.2 Results 

In this study, the effect of oleandrin on ceramide-induced signal transduction was 

examined. The chemical structure of oleandrin is shown elsewhere (Manna et al., 2000 a). It 

is highly soluble in DMSO. For most of the studies, HeLa cells were used because these cells 

are well characterized in our laboratory. At the concentration of oleandrin and duration of 

exposure employed in these studies, there was no effect on cell viability (95.52 ± 2.88, 93.26 

± 5.82, and 92.24 ± 4.76 percentage of cell viability was observed at 0.2, 0.5, and 1.0 µg/ml 

oleandrin respectively for 6 h of incubation).  

 

3.2.1 Inhibition of ceramide-induced NF-κB activation by oleandrin 

HeLa cells were plated in 60 mm petridish and pretreated at 60% confluent state with 

different concentrations of oleandrin for 4 h and then stimulated with 10 µM ceramide for 1 h. 

Nuclear extracts were prepared and assayed for NF-κB by EMSA. As shown in Fig.3.1.1, 

ceramide induced 10-fold activation of NF-κB, and oleandrin inhibited this activation in a 

dose-dependent manner; full inhibition occurred at 0.2 µg/ml and at this concentration itself 

did not activate NF-κB.  

To detect the composition and specificity of the retarded band visualized by EMSA, 

nuclear extracts from ceramide-activated cells were incubated with antibodies (Abs) p50 (NF-

κBI), p65 (Rel A), or in combination and 50 fold excess of cold NF-κB then conducted 

EMSA. Abs to either subunit of NF-κB shifted the band to a higher m.w. (Fig.3.1.2), thus 

suggesting that the ceramide-activated complex consisted of p50 and p65 subunits. Neither 

preimmune serum nor irrelevant Abs such as anti-c-Rel or anti-cyclin D1 had any effect on 

the mobility of NF-κB. The complex completely disappeared in presence of cold NF-κB 

indicating the specificity of NF-κB.  
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Fig 3.1 Effect of oleandrin for the inhibition of ceramide-dependent NF-
κB activation. HeLa cells were cultured in 60 mm petridish at 37°C CO2
incubator. At 60% confluency cells were preincubated for 4 h with different
concentrations (0-2 µg/ml) of oleandrin, followed by 1 h incubation with 
10 µM ceramide. After these treatments, nuclear extracts were prepared
and then assayed for NF-κB, as described in Materials and Methods. 
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Fig 3.1.3 Oleandrin mediated NF-κB inhibition is time dependent. 
Cells were preincubated at 37°C with 0.2 µg/ml oleandrin for  the indicated 
times and then stimulated with or without 10 µM ceramide  at 37°C for 
1 h. After these treatments, nuclear extracts were prepared  and then 
assayed for NF-κB. 
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The effect of changes in the length of incubation with oleandrin on NF-κB activation by 

Ceramide was examined. Cells were incubated with 0.2 µg/mL oleandrin for different times 

and then stimulated with 10 µM ceramide for 1 h and assayed for NF-κB. The results in 

Fig.3.1.3 show that oleandrin inhibited ceramide-induced NF-κB activation with increased 

time of incubation. At 4 h, complete inhibition was observed.  

To determine the effect of oleandrin on NF-κB activation at even higher concentrations 

of ceramide, both untreated and oleandrin-pretreated cells were incubated with various 

concentrations of ceramide (0-25 µM) for 1 h and then assayed for NF-κB by EMSA. 

Although the activation of NF-κB by 25 µM ceramide was strong (Fig.3.1.4), oleandrin 

completely inhibited it as efficiently as it did at higher concentration of ceramide. These 

results show that oleandrin is a very potent inhibitor of NF-κB activation. 

 

3.2.2 Blocking of ceramide-induced NF-κB-dependent reporter gene expression by 

oleandrin 

It was shown earlier that oleandrin blocks ceramide-induced NF-κB activation. To detect the 

role of oleandrin on NF-κB dependent reporter gene expression, HeLa cells were transiently 

co-transfected with NF-κB-containing plasmid linked to the SEAP and β-galactosidase genes 

with or without dominant negative IκBα plasmids. Cells either pretreated or treated with 

different concentrations of oleandrin for 4 h and then stimulated with 10 µM ceramide for 12 

h. The SEAP activity was assayed in culture supernatant and the pellet was taken for β-

galactosidase activity assay. Results are expressed as fold activity over the nontransfected 

control. The results showed in Figure 3.2.1 & 3.2.2 that oleandrin decreased ceramide-

induced SEAP activity in a dose dependent manner and IκBα-DN transfected cells showed no 

induction of SEAP activity by ceramide suggesting oleandrin’s inhibitory action of active NF-

κB-dependent gene transcription. The β-galactosidase activity from cell extracts showed 

almost similar reduction of absorbance (as per Promega protocol) at 420 nm (data not shown) 

suggesting the transfection control for each treatment. 
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Fig 3.1.4 Inhibition of ceramide induced NF-κB activation by oleandrin. 
Cells were preincubated at 37°C with 0.2 µg/ml oleandrin for 4 h and then 
treated for 1 h with different concentrations of ceramide at 37°C and tested 
for NF-κB activation. 
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Fig 3.1.5 Effect of oleandrin for the inhibition of ceramide-dependent NF-κB
activation. Cells were incubated at 37°C with  0.2 µg/ml oleandrin for 4 h and 
then stimulated with 10 µM ceramide at 37°C  for different times, as indicated, 
and then tested for NF-κB activation by  EMSA from nuclear extracts 
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Fig 3.2.1 Oleandrin inhibits ceramide induced NF-κB activity. HeLa 
cells, either pretreated with different concentrations of  oleandrin for 
4 h were transiently transfected with NF-κB-containing  plasmid linked 
to the SEAP gene. Cells were then stimulated with 10 µM ceramide 
for 12 h. Culture supernatants were assayed for secreted alkaline 
phosphatase activity as described in Materials and Methods. Results 
are expressed as fold activity over the vector transfected control.
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Fig 3.2.2 Oleandrin inhibits ceramide induced NF-κB activity.
HeLa cells, either pretreated with different concentrations of oleandrin 
for 4 h were transiently transfected with NF-κB-containing  plasmid 
linked to the SEAP gene with dominant negative  IκBα plasmid. Cells 
were then stimulated with 10 µM ceramide for 12 h. Culture
supernatants were assayed for secreted alkaline phosphatase activity
as described in Materials and Methods.  Results are expressed as
fold activity over the vector transfected control.
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3.2.3. Inhibition of ceramide-dependent IκBα degradation and nuclear translocation of 

p65 subunit of NF-κB by oleandrin 

The translocation of NF-κB to the nucleus is preceded by the phosphorylation and proteolytic 

degradation of IκBα. To determine whether the inhibitory action of oleandrin was due to its 

effect on IκBα degradation, the cytoplasmic levels of IκBα protein were examined by 

Western blot analysis and nuclear extracts were assayed for NF-κB. Both untreated and 

oleandrin-pretreated cells were incubated with ceramide (10 µM) for different times and then 

assayed for NF-κB. In untreated cells, ceramide activated NF-κB in a time-dependent manner 

(Fig.3.1.5). In oleandrin-pretreated cells, however, a little activation of NF-κB was detected 

after ceramide exposure of up to 60 min. Upon treatment with ceramide the level of IκBα 

decreased within 15 min and then reappeared slowly from 30 min, indicating degradation 

followed by re-synthesis of IκBα (Fig.3.3, first panel). Oleandrin pre-treated cells exhibited a 

sustained IκBα band at all time points indicating that oleandrin treatment leads to inhibition 

of ceramide-induced IκBα degradation. Whether oleandrin affects the ceramide-induced 

nuclear translocation of the p65 subunit of NF-κB was also examined by Western blot 

analysis. As shown in Fig. 3.3, second panel, upon ceramide treatment, p65 disappeared from 

the cytoplasm, and oleandrin prevented the disappearance. Oleandrin alone had no effect on 

p65 level. These results indicate that oleandrin block the nuclear translocation of NF-κB. 

Level of p50 remained the same in ceramide-induced cells at different times both in presence 

and in absence of oleandrin (Fig.3.3, third panel). All the lanes exhibited equivalent intensities 

of tubulin, assayed by Western blot as the loading control (Fig.3.3, lower panel). 

 

3.2.4. Effect of oleandrin on DNA-binding ability of NF-κB proteins in vitro 

It has been shown that N-tosyl-L-Phe-chloromethylketone, a serine protease inhibitor, and 

herbimycin A, a protein tyrosine kinase inhibitor, and caffeic acid phenylethyl ester down-

regulate NF-κB activation by chemical modification of the NF-κB subunits, thus preventing 

its binding to DNA (Mahon et al., 1995; Finco et al., 1994; Natarajan et al., 1996). To 

determine whether oleandrin also modifies the DNA binding of NF-κB, the cytoplasmic 

extracts was incubated with 0.8% deoxycholate (as DOC has shown to dissociate IκBα and 

release NF-κB) for 15 min at room temperature. DOC-treated cytoplasmic extracts were then 
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Fig 3.3 Effect of oleandrin for the inhibition of ceramide-dependent NF-κB 
Activation and IκBα degradation. Cells were incubated at 37°C with 0.2 µg/ml 
oleandrin for 4 h and then stimulated with 10 µM ceramide at 37°C for different 
times, as indicated, and then cytoplasmic extracts were assayed for IκBα, p65, p50, 
and tubulin by Western blot analysis.
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Fig 3.4 In vitro effect of oleandrin on DNA binding of NF-κB protein. Cytoplasmic
extracts (CE) from untreated HeLa cells (10 µg protein/sample) were treated with 
0.8% DOC for 15 min at room temperature, incubated with different concentrations 
of oleandrin for 4 h at room temperature, and then assayed for DNA binding by 
EMSA.. Nuclear extracts (NE) were prepared from 10 µM ceramide-treated HeLa 
cells; 6 µg/sample NE protein was treated with indicated concentrations of
oleandrin for 4 h at room temperature and then assayed for NF-κB by EMSA. 
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exposed to various concentrations of oleandrin and assayed for DNA binding by EMSA. As 

shown in Fig.3.4, oleandrin had no effect on the binding of NF-κB to the DNA. Whether 

oleandrin modifies the nuclear fraction of NF-κB in ceramide-treated cells was also 

examined. The nuclear extracts from ceramide-induced cells were treated with various 

concentrations of oleandrin and then examined for DNA-binding activity by EMSA. The 

results in Fig.3.4 show that oleandrin did not modify the DNA-binding ability of NF-κB 

proteins prepared from TNF-treated cells either. Therefore, oleandrin inhibits NF-κB 

activation through a mechanism different from that of TPCK, herbimycin A, and CAPE. 

 

3.2.5. Inhibition of NF-κB activation by oleandrin is not cell type specific 

As NF-κB activation pathways differ in different cell types (Bonizzi et al., 1997), it was 

therefore studied whether oleandrin affects other cell type as well. It has been demonstrated 

that distinct signal transduction pathways could mediate induction in epithelial and lymphoid 

cells.  All the effects of oleandrin described above were conducted with HeLa cells, an 

epithelial cell line. It was found that oleandrin blocks ceramide-induced NF-κB activation in 

human T-cells, B cells, breast cancer cells, and monkey kidney cells (Fig.3.5). An almost 

complete inhibition of NF-κB in all the cell types suggests that this effect of oleandrin is not 

restricted to specific cells.  

 

3.2.6. Inhibition of ceramide-induced AP-1 activation by oleandrin 

The activation of JNK causes the activation of AP-1. Ceramide is also a potent activator of 

AP-1 (Manna et al., 2000 b). Ceramide induced AP-1 expression was completely inhibited by 

oleandrin in a dose-dependent manner and complete suppression occurred at 0.5 µg/ml 

concentration in HeLa cells (Fig.3.6). Oleandrin also suppressed ceramide-induced AP-1 

activation in Jurkat and Daudi cells (Fig.3.6). Disappearance of the AP-1 bands by 

competition with unlabeled nucleotides showed the specificity of the assay procedure 

employed in this experiment.  
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Fig 3.5 Effect of oleandrin on activation of NF-κB induced by ceramide in 
different cell lines. Human Jurkat, Daudi, and MCF-7 cells, murine macrophage,
and monkey kidney cells were incubated at 37°C with 0.2 µg/ml oleandrin for 
4 h and then treated at 37°C for 1 h with 10 µM ceramide. After these 
treatments, nuclear extracts were prepared and then assayed for NF-κB.
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Fig 3.6 Oleandrin inhibits ceramide-dependent AP-1 activation. HeLa cells 
were pretreated with the indicated concentrations of oleandrin for 4 h at 37°C. 
Then cells were stimulated with 10 µM ceramide for 1 h and assayed for AP-1, 
as described in Materials and Methods. B. Jurkat and Daudi cells were preincubated
at 37°C with 0.2 µg/ml oleandrin for 4 h, and then stimulated with 10 µM 
ceramide for 1 h and tested for AP-1 activation with excess 100 fold cold 
AP-1 oligo in ceramide stimulated nuclear extract. 
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3.2.7. Potentiation of ceramide-induced reactive intermediates generation, lipid 

peroxidation, and cytotoxicity by oleandrin 

Whether oleandrin mediates its effects through suppression of reactive intermediates (reactive 

oxygen and nitrogen intermediates) production has been examined by flow cytometry. As 

shown in Fig.3.7, ceramide treatment led to induction of reactive intermediates generation in a 

concentration-dependent manner and oleandrin pre-treated cells showed potentiation of 

reactive intermediates generation. Oleandrin treatment alone at 0.2 µg/ml concentration 

generated 65% more reactive intermediates than that observed in resting cells. As oleandrin 

potentiated ceramide-induced reactive intermediates generation, the effect of oleandrin on 

ceramide-induced lipid peroxidation in term of TBA-reactive substances production was also 

examined. Results in figure 3.8 showed that ceramide induced lipid peroxidation in HeLa 

cells was in a concentration-dependent manner, and it was potentiated by oleandrin. Oleandrin 

alone induced 230% lipid peroxidation above unstimulated cells at 0.2 µg/ml concentration 

(Fig.3.8).  

Among all the inducers, ceramide is one of the most potent inducers of apoptosis (Sen and 

Baltimore, 1986; Manna et al., 2000 b). Whether oleandrin modulates ceramide-induced 

apoptosis was also investigated. The viable cell number was reflected on cell proliferation and 

oxidative burst response. The proliferating cell number was assayed by 3H-Thymidine 

incorporation assay. As shown in Figure 3.10, ceramide-induced thymidine incorporation was 

decreased in a dose-dependent manner. Oleandrin potentiated ceramide-induced thymidine 

incorporation at any concentration of ceramide. The results indicate that ceramide-mediated 

cell killing is potentiated by oleandrin. HeLa cells were treated with variable concentrations 

of ceramide for 72 h either in the absence or presence of oleandrin (0.2 µg/ml) and then 

examined for cytotoxicity by the MTT method. Results in figure 3.9 show that the cytotoxic 

effects of ceramide in HeLa cells were dose dependent, with almost 45% killing occurred at 2 

µM concentration of the ceramide. This cytotoxicity was potentiated by treatment of cells 

with 0.2 µg/ml oleandrin and this concentration of oleandrin alone induced 60% cell killing. 

To show that the cell death mediated by oleandrin was not due to necrosis, the cytosolic 

marker enzyme lactate dehydrogenase (LDH) was assayed from the culture supernatant of 

oleandrin-treated cells (Manna et al., 1997). Culture supernatant from 0.5 µg/ml of oleandrin-

treated for 0, 24, 36, and 48 h when incubated with substrate solution (0.23 M sodium 
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Fig 3.7 Effect of oleandrin on ceramide-induced reactive intermediates 
generation. HeLa cells were treated with 0.2 µg/ml oleandrin for 4 h and then 
exposed to different concentration of ceramide for 2 h in a CO2 incubator. Reactive 
intermediates production was then determined by the flow cytometry method, 
as described in Materials and Methods. The results shown are representative of
two independent experiments.
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Fig 3.8 Effect of oleandrin on ceramide-induced lipid peroxidation. HeLa cells
were treated with 0.2 µg/ml oleandrin for 4 h and then exposed to different
concentration of ceramide for 6 h in a CO2 incubator. Cell pellets were extracted
by 3 times freeze-thaw method with addition of 200 µl of water and 180 µl sample
was used to measure malondialdehyde by TBA-SDS buffer as described in 
Materials and Methods. The results shown are representative of two independent
experiments. 
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Fig 3.8 Effect of oleandrin on ceramide-induced cytotoxicity. HeLa cells,
untreated or  pretreated with 0.2 µg/mL oleandrin for 4 h at 37°C were 
incubated with the indicated concentrations of ceramide for 72 h at 37°C, 
in a CO2 incubator. Then MTT assayed and absorbance was taken at 570 nm.
The result indicated was mean OD of triplicate assays.
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Fig 3.10 Effect of oleandrin and ceramide in 3H-Thimidine incorporation.
HeLa cells treated with 0.2 µg/ml oleandrin for 4 h and then stimulated with 
different concentrations of ceramide for 72 h at 37°C, in a CO2 incubator. 
Last 18 h cells were incubated with 0.5 µCi (3H-Thimidine) and then assayed
for 3H-Thimidine incorporation assay. Results were mean cpm ± SD of
triplicate assays. 
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pyruvate and 5 mM NADH in 0.1 M phosphate buffer, pH 7.5) did not decrease absorbance at 

420 nm significantly (data not shown) indicating cell death was not due to leakage of 

cytoplasm i.e necrosis.  

As oleandrin induces ROI generation and also apoptosis, the role of ROI was detected in 

manganese superoxide dismutase (Mn-SOD) overexpressed MCF-7 cells. Both MCF-7 neo 

(control vector) and Mn-SOD cells were treated with different concentrations of oleandrin for 

4 h followed by stimulation with ceramide (10 µM) for 72 h, subsequently cell viability was 

assayed by MTT uptake. Oleandrin potentiated ceramide-induced cell viability in MCF-7 

(neo) cells (Fig.3.11.1). In MCF-7 (Mn-SOD) cells, Oleandrin induced cell death by 10-25% 

at 0.2-1 µg/ml concentrations (Fig.3.11.2). Ceramide partially induced cell death in MCF-7 

(Mn-SOD) cells and about 0-10% potentiation of cell death was observed at varying 

concentrations of oleandrin pre-treated MCF-7 (Mn-SOD) cells. The data indicates that 

detoxification of ROI partially block oleandrin-mediated cell death. 

 

3.2.8. Potentiation of ceramide-induced PARP cleavage and DNA fragmentation by 

oleandrin 

Because the cytotoxic effects of ceramide and oleandrin or in combination, the effect of 

oleandrin on ceramide-induced caspase activation in the form of PARP protein cleavage was 

also examined. As shown in figure 3.12, ceramide induced partial cleavage of PARP at 10 

µM, and oleandrin pre-treated cells showed potentiation of PARP cleavage even at 1 µM 

concentration of ceramide were, complete cleavage of PARP was observed. Oleandrin and 

ceramide each induced DNA fragmentation in HeLa cells, and in combination they 

potentiated DNA fragmentation (Fig.3.13). 

DNA fragmentation was also detected in oleandrin and ceramide-induced cell’s nuclei as 

detected by PI staining, and oleandrin enhanced ceramide induced DNA fragmentation 

(Fig.3.14). 

 

3.2.9. Potentiation of cell death by oleandrin in NF-κB overexpressed cells 

In order to detect the role of NF-κB on oleandrin-mediated cell death, HeLa cells were co-

transfected either vector or p65 plasmids with β-galactosidase and SEAP reporter DNA.  As 

shown in Figure 3.15, p65 transfected HeLa cells showed NF-κB activation and oleandrin 
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Fig 3.11.1 Effect of oleandrin on ceramide induced cytotoxicity. 
MCF-7 (neo) cells were treated with different concentrations of oleandrin
for 4 h and then stimulated with ceramide (10 µM) for 72 h. Cell viability 
was assayed by MTT uptake. Results were mean absorbance of triplicate
assays.
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Fig 3.11.2 Effect of oleandrin on ceramide induced cytotoxicity. MCF-7 (Mn-SOD)
cells were treated with different concentrations of oleandrin for 4 h and then 
stimulated with ceramide (10 µM) for 72 h. Cell viability was assayed by MTT uptake.
Results were mean absorbance of triplicate assays. 
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Fig 3.12 Effect of oleandrin on ceramide-induced PARP cleavage. HeLa cells,
untreated or pretreated with 0.2 µg/ml oleandrin for 4 h at 37°C, were incubated 
with the indicated concentrations of ceramide for 24 h at 37°C, in a CO2 incubator.
Then cell extracts were prepared and 50 µg protein was analyzed by Western blot
using anti-PARP mAb. The bands were located at 116 and 85 kDa. 
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Fig 3.13 Effect of oleandrin on ceramide-induced DNA fragmentation.
HeLa cells, untreated or pre-treated with 0.2 µg/mL oleandrin for 4 h at 37°C,
were incubated with 10 µM ceramide for 24 h at 37°C, in a CO2 incubator. 
Then cells were scrapped, washed, DNA was prepared, and 2.0 µg DNA was
analyzed by 2% agarose gel. 
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Fig 3.14 Effect of oleandrin on ceramide-induced nuclear fragmentation. HeLa cells, untreated or 
pretreated with 0.2 µg/ml oleandrin for 4 h at 37°C, were incubated with 10 µM ceramide for 24 h at 
37°C, in a CO2 incubator. Then cells were scrapped, washed, fixed with methanol and stained with 
propidium iodide (PI). Cells were then taken in slide and visualized in fluorescence microscope. The 
picture showed the phase contrast view of untreated (a), ceramide-treated (b), oleandrin-treated (c),
and oleandrin pretreated followed by ceramide-treated (d) cells. Same cells were shown as untreated (a1),
ceramide-treated (b1), oleandrin-treated (c1), and oleandrin pretreated followed by ceramide-treated (d1)
under fluorescence microscope view.
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Fig 3.16 Effect of oleandrin on NF-κB activation and cell viability in NF-κB 
overexpressed cells. HeLa cells were transfected with control plasmid pCMVFLAG1 
or p65-NF-κB DNA with β-galactosidase and SEAP reporter genes for 12 h and then
treated with oleandrin (0.2 µg/ml) for 4 h. Then SEAP was assayed from culture
supernatant 
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downregulated NF-κB activation. The SEAP activity was observed in p65 transfected cells 

about 7-fold compared to vector control. Oleandrin considerably downregulated the SEAP 

activity (Fig.3.16), similar to NF-κB activation. The activity of β-galactosidase, in all sets was 

equal (data not shown). Vector control and p65 transfected cells were incubated with 

oleandrin (0.2 µg/ml) for 4 h and then stimulated with ceramide (10 µM) for 36 h and the 

cytotoxicity was assayed by MTT uptake. The cell viability was decreased by oleandrin, 

ceramide, or in combination in vector transfected cells (Fig.3.17), which was similar to non-

transfected HeLa cells as shown previously. In NF-κB overexpressed cells, ceramide was 

unable to induce cell death but oleandrin alone or in combination of oleandrin and ceramide 

cell death was observed (Fig.3.17). The data indicates that oleandrin-mediated cytotoxicity is 

due to downregulation of NF-κB.  

 

3.2.10. Effect of oleandrin on ceramide-induced NF-κB activation, cytotoxicity and 

nuclear fragmentation in isolated PBMC and neutrophils 

To detect the effect of oleandrin in primary cells, PBMC and neutrophils were isolated from 

whole human blood. The cells were treated with different concentrations of oleandrin for 4h 

followed by incubation of ceramide (10 µM) for 24 h. Then cells were examined for 

cytotoxicity by MTT method. The U937 cells showed the cell killing by oleandrin in a dose-

dependent manner and ceramide potentiated the cell killing (Fig.3.17.1). In PBMC and 

neutrophils oleandrin unable to induce cell killing at any concentrations and surprisingly, 

ceramide or in combination with oleandrin were unable to kill these primary cells as shown by 

MTT assay (Fig.3.17.1 & 3.17.2).  

To detect the effect of oleandrin in ceramide-induced NF-κB activation in primary cells, 

PBMC and neutrophils were treated with different concentrations of oleandrin for 4 h and 

then stimulated with 10 µM ceramide for 2 h. Nuclear extracts were prepared and analyzed 

for NF-κB by EMSA. The results showed in Figure 3.18.1 & 3.18.2 that ceramide potentially 

induced NF-κB in these cells but oleandrin was unable to block NF-κB activation at any 

concentration.  

To detect the oleandrin mediated nuclear fragmentation neutrophils, pre-treated with 

oleandrin (0.2 µg/ml) for 4 h were stimulated with ceramide (10 µM) for 24 h. Nuclear 
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Fig 3.17 Effect of oleandrin on NF-κB activation and cell viability in NF-κB 
overexpressed cells. HeLa cells were transfected with control plasmid pCMVFLAG1 
or p65-NF-κB DNA with β-galactosidase and SEAP reporter genes. Vector control
and p65 transfected cells were treated with oleandrin (0.2 µg/ml) for 4 h and then
stimulated with ceramide (10 µM) for 36 h. Cell viability was assayed by MTT dye
uptake. Results are mean absorbance of triplicate assays.
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Fig 3.17.1 Effect of oleandrin on ceramide-induced cytotoxicity in U937 cells 
and PBMC. U937 and isolated PBMC were incubated with different concentration 
of oleandrin for 4 h were stimulated with 10 µM of ceramide for 24 h. Then MTT 
was assayed. 
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Fig 3.17.2 Effect of oleandrin on ceramide-induced cytotoxicity in neutrophils.
Isolated  neutrophils, incubated with different concentration of oleandrin for 4 h
were stimulated with 10 µM of ceramide for 24 h.  Then MTT was assayed. 
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Fig 3.18.1 Effect of oleandrin on ceramide-induced NF-κB activation in 
Isolated PBMC. Cells, incubated with different concentrations of oleandrin 
were stimulated with ceramide (10 µM) for 2 h. The nuclear extracts were 
prepared and assayed for NF-κB. 

Isolated Neutrophils

0    1     2 0   0.05 0.1  0.2    0.5    1     2
None Ceramide

Oleandrin (µg/ml)

NF-κB

Fig 3.18.2 Effect of oleandrin on ceramide-induced NF-κB activation in 
isolated  neutrophils. Cells, incubated with different concentrations of oleandrin 
were stimulated with ceramide (10 µM) for 2 h. The nuclear extracts were 
prepared and assayed for NF-κB. 
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Fig 3.19 Effect of oleandrin on ceramide-induced nuclear fragmentation in 
neutrophils. Isolated neutrophils incubated with oleandrin (0.2 µg/ml) for 4 h 
and then stimulated with ceramide (10 µM) for 24 h. The cells were then fixed in 
70% methanol, stained with PI and analyzed under fluorescence microscope to 
detect fragmented nuclei.
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fragmentation was assayed by PI staining method. As shown in figure 7C, the nuclear 

fragmentation was not observed upon treatment with oleandrin, ceramide, or in combination 

in neutrophils indicating oleandrin or ceramide alone or in combination is unable to induce 

cell death. 

 

 

3.3 Discussion 

Because several in vitro and in vivo activities assigned to oleandrin require suppression of 

NF-κB activation, we tested the hypothesis that oleandrin directly blocks NF-κB activation 

and potentiates apoptosis. In the present report, it was demonstrated that oleandrin could block 

NF-κB activation, as determined by consensus DNA binding and dependent reporter gene 

transcription. It was found that oleandrin is indeed a potent inhibitor of ceramide-induced 

activation of NF-κB, and this inhibition is not cell line specific. Beside NF-κB, oleandrin 

blocked AP-1 activation. Oleandrin's ability is not only to increase but also potentiates 

ceramide-induced ROI generation, lipid peroxidation, and DNA fragmentation. In NF-κB 

overexpressed cells oleandrin was able to inhibit NF-κB activation and induce apoptosis. 

Surprisingly, in primary cells oleandrin was unable to block NF-κB activation as well as 

apoptosis. 

Recent evidence indicates that different inflammatory agents may activate NF-κB 

through mechanisms that consist of some overlapping and some non-overlapping steps  

(Bonizzi et al., 1997; Li and Karin, 1998; Imbert et al., 1996). Ceramide is produced by the 

induction of those inflammatory agents, activates NF-κB and AP-1 and potentiates 

inflammation. Ceramide induced NF-κB and AP-1 activation was inhibited by oleandrin 

suggesting its anti-inflammatory property. Manna et al. previously reported that oleandrin, 

when pretreated for 1 h was unable to protect ceramide-induced NF-κB activation (Manna et 

al., 2000 a). When cells were pretreated with oleandrin for 4 h then ceramide-induced NF-κB 

activation was completely blocked (Fig. 3.1.3). How oleandrin blocks ceramide-induced NF-

κB activation is at present unclear. Most inhibitors of NF-κB activation mediate their effects 

through suppression of phosphorylation and degradation of IκBα (e.g. curcumin and 

silymarin) (Manna et al., 1999; Singh and Aggarwal, 1995; Jobin et al., 1999). Caffeic acid, 
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phenethyl ester and resveratrol block NF-κB activation without any effect on IκBα 

phosphorylation or degradation (Natarajan et al., 1996; Egan et al., 1999) but by inhibiting 

p65 phosphorylation followed by translocation to nucleus [Manna et al, 2000 c]. It was shown 

that oleandrin does not interfere with the NF-κB consensus DNA binding site, but that it did 

block the ceramide-induced translocation of NF-κB to nucleus and reporter gene 

transcription. It has been reported that oleandrin blocks TNF-induced NF-κB activation 

through inhibition of IκBα phosphorylation, degradation and nuclear translocation of NF-κB 

[Manna et al, 2000 a]. Similarly, oleandrin blocked ceramide induced IκBα degradation. 

Phosphorylation of IκBα is regulated by different kinases (IκB kinase -α, -β, or -γ, NF-κB-

inducing kinase, and mitogen activated protein kinase kinase-1) (DiDonato et al., 1997; Zandi 

et al., 1997; Hirano et al., 1996; Lin et al., 1999; Sizemore 1999; Mercurio et al., 1999). 

Therefore, it is possible that some of these kinases may involve in oleandrin-mediated 

inhibition of IκBα phosphorylation. Oleandrin also blocked ceramide-induced AP-1 

activation. Most agents that activate NF-κB also activate AP-1 (Manna et al., 1998; Manna et 

al., 1999 a).  

Ceramide-induced cytoxicity and caspase activation was also potentiated by oleandrin. 

Because NF-κB activation has been shown to play an antiapoptotic role (Lee and Burckart, 

1998), the suppression of NF-κB by oleandrin may seem to be the cause of potentiation of 

apoptosis suggesting NF-κB’s role in apoptosis. Previously, it was reported that oleandrin 

alone did not induce reactive intermediates generation or lipid peroxidation in 1 h incubation 

time [Manna et al, 2000 a] but 4 h treatment with oleandrin alone showed generation of 

reactive intermediates and lipid peroxidation (Fig.3.7 & 3.8). Though ROI generation causes 

NF-κB and AP-1 activation but we did not find any NF-κB activation by oleandrin alone still 

it induced reactive intermediates generation. Long time exposure with these toxic agents 

induced by oleandrin even by ceramide might have deleterious effect to induce cell death as 

shown by different apoptosis assay. MCF-7 cells, overexpressed with Mn-SOD protected 

almost 50% oleandrin-mediated cytotoxicity (Fig.3.11.1 & 3.11.2) indicating that oleandrin-

induced ROI generation might cause apoptosis partially. Overexpression of other ROI 

detoxifying enzymes may be helpful to address the actual role of oleandrin-mediated 

apoptosis.  The discovery that oleandrin potentiates ceramide-induced reactive intermediates 
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generation and lipid peroxidation explains the mechanism by which oleandrin exerts its 

effects.  

Several reports indicate that constitutively or induced NF-κB induces resistance to 

apoptosis stimulated by a wide variety of agents (Wang et al., 1999; Waddick and Uckun, 

1999; Manna et al., 1998; Dong et al., 1999). Because oleandrin is known to be cytotoxic to 

various tumor cells (Pathak et al., 2000; McConkey et al., 2000), it is possible that this 

toxicity is mediated through the suppression of NF-κB. HeLa cells, when overexpressed with 

p65-NF-κB showed downregulation of NF-κB by oleandrin and induction of cell death (Fig. 

3.15, 3.16 & 3.17) indicating the involvement of NF-κB for oleandrin-mediated apoptosis. 

Ceramide was unable to induce cell death in NF-κB overexpressed cells indicating the 

different mechanism involved for ceramide- and oleandrin-mediated apoptosis. Surprisingly, 

oleandrin was unable to downregulate NF-κB and thereby to induce cell death in primary 

cells. How the primary cells are protected from oleandrin mediated cell signaling and cell 

death needs to be elucidated. Oleandrin potentiates ceramide-induced cytotoxicity as shown 

by MTT assay, PARP cleavage, DNA fragmentation, and propidium iodide stained cells 

possibly by inhibiting NF-κB and AP-1 activation. Oleandrin also potentiates ceramide-

induced lipid peroxidation and reactive intermediates generation influencing cells towards 

apoptosis as indicated through DNA fragmentation. 

Several genes such as cytokines, cyclooxygenase-2, metalloproteases, urinary 

plasminogen activator, and cell surface adhesion molecules are involved in tumor promotion 

those are regulated by NF-κB (Hwang et al., 1997; VonKnethen et al., 1997; Sato et al., 1993; 

Collins et al., 1995; Iademarco et al., 1992). As oleandrin blocked NF-κB-dependent reporter 

gene expression, so it may play a critical role in carcinogenesis and inflammation exhibiting 

anticarcinogenic and anti-inflammatory effects. Inhibiting NF-κB by adenoviral IκBα or 

proteosome inhibitors are currently being tested to overcome chemotherapy-induced 

resistance (Wang et al., 1999). Therefore, NF-κB suppressive ability of oleandrin could be 

exploited by combination with chemotherapy. Evidence suggests that ceramide, generated 

inside the cells by the action of sphingomyelinases in response to a variety of cytotoxic agents 

may be used by cells to propagate apoptotic signals (Modrak et al., 2002). It is possible that 

the intracellular pool of sphingomyelin used for signaling is decreased leading the cells 
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towards anti-apoptotic. An additional justification for the use of oleandrin may come from its 

ability to suppress AP-1, which known to play a critical role in tumorigenesis. 

Because replication of certain viruses such as human immunodeficiency virus-1 is also 

dependent on NF-κB (Baeuerie and Baichwal, 1997; Baichwal and Baeuerie, 1997; Surh et 

al., 2001; Lee and Burckart 1998), oleandrin may also abolish viral replication. Due to its 

ability to suppress COX-2 through NF-κB, aspirin is beneficial for preventing colon cancer 

(Wunsch, 1998). This suggests that oleandrin may also prove to be beneficial for colon 

cancer. Oleandrin's ability to suppress ceramide-induced NF-κB, AP-1, and other cellular 

responses may provide the molecular basis for the anticarcinogenic properties of oleandrin. 

Cardiac glycosides oleandrin, ouabain, and digoxin induce apoptosis in androgen-independent 

human prostate cancer cell lines in vitro by sustaining intracellular Ca++ for long time 

(McConkey et al., 2000). Recently, oleandrin was also found to inhibit the fibroblast growth 

factor-2 export through membrane interaction with the Na+, K+-ATPase pump in human 

prostate cancer cell lines and arresting cell growth (Smith et al., 2001). In addition, 

adenovirus-enforced overexpression of mitochondrial superoxide dismutase gene therapy has 

been used to treat ischemia/reperfusion injury of the liver through the own-regulation of NF-

κB and AP-1 activation (Epperly et al., 1998). The results indicate that suppressive effects of 

oleandrin on NF-κB and AP-1 activation and on other cellular responses may also explain its 

protective effects on liver and against cardiovascular diseases. Oleandrin’s inhibitory activity 

on NF-κB activation and stimulatory activities on apoptosis were not observed in primary 

cells indicating its less or almost no side effects if it is design for therapy. Overall the results 

suggest that oleandrin may also have applications for various other diseases including 

inflammation and arthritis, where NF-κB activation has been shown to mediate pathogenesis. 

These possibilities require further investigation in detail. The apoptotic activity of oleandrin in 

tumor, but not in primary cells indicating its potential anti-cancer property with less side 

effects. 



 
 
 
 
Chapter Four 
 
Oleandrin induces the degradation of p65 
via activation of the proteasome 
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4.1 Introduction 

It is seen that constitutive or SA-LPS-induced NF-κB show resistance to cell death and p65 

subunit transactivates NF-κB-dependent genes involved in cell progression and 

differentiation, the role of oleandrin on the p65 level in NF-κB-expressing cells was to be 

investigated. The results suggest that oleandrin downregulates p65 levels from NF-κB-

expressing (SA-LPS induced Jurkat, constitutively expressed HuT-78, or p65 over expressed) 

cells. In this study, it is demonstrated for the first time that oleandrin mediates apoptosis in 

NF-κB expressing cells. This downregulation of NF-κB is due to downregulation of p65, 

which is independent of IκBα and caspases, but is mediated through proteasome degradation 

and thereby possible downmodulation of dependent genes, resulting in the induction of 

apoptosis. Oleandrin shows additive effect in cell killing induced by doxorubicin and 

sensitizes apoptosis in doxorubicin-resistant cells. Thus, this study might have potential 

importance in tumor cells, which are resistant to chemotherapeutic agents due to constitutively 

higher NF-κB levels.   

 

4.2 Results : 

In the present report the role of oleandrin on p65 levels in NF-κB-expressing cells were 

investigated. Two human T cell lines, Jurkat and HuT-78 were used. HuT-78 cells 

constitutively express the NF-κB were used for the studies. In Jurkat cells, NF-κB expression 

was induced upon treatment with serum-activated lipopolysaccharide (100 ng of LPS was 

incubated with 20 µl of human serum for 1 h at 370C and this mixture was SA-LPS). In this 

study Jurkat cells, induced with 100 ng/ml SA-LPS for 2 h and found sustainable NF-κB 

expression and is indicated as SA-LPS/Jkt throughout the manuscript were used. 

 

4.2.1 Oleandrin inhibits NF-κB activation in NF-κB-expressing cells. 

To detect the role of oleandrin on NF-κB activity in NF-κB-expressing cells, HuT-78 and SA-

LPS/Jkt cells were incubated with different concentrations of oleandrin for 12 h at 370C. NF-

κB activity in nuclear extracts was determined by gel retardation assay (EMSA) as indicated in 

Materials and methods. As shown in Figure 4.1.1, oleandrin alone did not activate NF-κB at 

any concentrations. Oleandrin decreased the NF-κB level in a concentration-dependent manner 
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Fig 4.1.1 Effect of oleandrin on NF-κB activation in NF-κB-expressing cells. Jurkat cells, 
Stimulated with 100 ng/ml SA-LPS (the incubation mixture of 100 ng LPS with 20 µl of human 
serum for 1 h at 370C) for 2 h and HuT-78 cells were treated with different concentrations of 
oleandrin for 12 h at 370C. NF-κB was assayed from 8 µg nuclear extract (NE) proteins. 
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Fig 4.1.2 Supershift of NF-κB band. SA-LPS-induced NE was incubated for 15 min with different
antibodies and cold NF-κB oligonucleotide and then assayed for NF-κB by gel shift assay.
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in both SA-LPS/Jkt cells or HuT-78 cells, with total suppression at 100 ng/ml. The results 

suggest that the oleandrin mediates downregulation of NF-κB in NF-κB-expressing cells.  

To detect the specificity and composition of the retarded band shown in EMSA, nuclear 

extracts from SA-LPS/Jkt cells were incubated with antibodies (Abs) to p50 and p65 alone or 

in combination, and then conducted EMSA. Abs to either subunit of NF-κB shifted the band to 

a higher M.W. (Fig.4.1.2), thus suggesting that the retarded complex consisted of both p50 and 

p65 subunits. Neither preimmune serum nor irrelevant Abs such as anti-c-Rel or anti-cyclin 

D1 had any effect on the mobility of NF-κB. This complex completely disappeared in the 

presence of 50-fold molar excess of cold NF-κB indicating its specificity.  

 

4.2.2 Oleandrin inhibits NF-κB reporter gene activation in NF-κB-expressing cells. 

As oleandrin inhibited NF-κB binding in the nuclear extracts from SA-LPS/Jkt or HuT-78 

cells, the NF-κB dependent gene expression was also carried out. Jurkat or HuT-78 cells were 

transiently transfected with a NF-κB reporter plasmid containing SEAP gene, β-galactosidase, 

and/or dominant negative IκBα (IκBα-DN) plasmids for 6 h. Cells, cultured for 12 h (Jurkat 

cells were stimulated with 100 ng/ml SA-LPS for last 2 h) were treated with different 

concentrations of oleandrin for 12 h at 370C. Culture supernatant was collected and SEAP 

activity was assayed. The SEAP activity increased to almost 4-5 folds in SA-LPS/Jkt or HuT-

78 cells alone (Fig.4.2). Oleandrin inhibited SEAP activity in SA-LPS/Jkt or HuT-78 cells in a 

dose-dependent manner. The IκBα-DN transfected cells showed the basal activity of SEAP in 

HuT-78 or SA-LPS/Jkt cells. The β-galactosidase activity from cell extracts showed almost 

similar absorbance from different treatments (as per Promega protocol) at 420 nm (data not 

shown) suggesting the transfection control for each treatment. 

 

4.2.3 Oleandrin downregulates p65 level, but not IκBα or p50 in NF-κB-expressing cells. 

As oleandrin downregulates NF-κB-dependent reporter gene activation, the levels of p50, p65, 

and IκBα were determined. As shown in Figure 4.3, the levels of IκBα and p50 were 

unchanged with different concentrations of oleandrin in SA-LPS/Jkt or HuT-78 cells. The 

level of p65 was decreased with increased concentrations of oleandrin suggesting the 

downregulation of p65. The same blot was re-probed with anti-tubulin antibody and the bands 

 65



6005004003002001000

1.0

2.0

3.0

4.0

5.0

SA-LPS/Jkt (Vector)

SA-LPS/Jkt (IκBα-DN)

HuT-78 (Vector)

HuT-78 (IκBα-DN)

Oleandrin (ng/ml)

N
F-
κB

-d
ep

en
de

nt
 r

ep
or

te
r 

ge
ne

 
ex

pr
es

si
on

 (S
E

A
P 

ac
tiv

ity
, f

ol
d)

Fig 4.2 Effect of oleandrin on NF-κB-dependent reporter gene expression in 
NF-κB-expressing cells. Jurkat and HuT-78 cells were transiently co-transfected 
NF-κB-SEAP reporter gene, β-galactosidase with or without IκBα-DN constructs
for 6 h. Then cells were washed and incubated for 12 h (Jurkat cells were 
stimulated with 100 ng/ml SA-LPS for last 2 h). Cells were washed and treated with
different concentrations of oleandrin for 12 h. Culture supernatant was taken 
and assayed for SEAP and relative fluorescence was indicated as fold activation
against vector transfected cells. The cell pellets were extracted and assayed for 
β-galactosidase activity. The data shown are representative of three independent
experiments. 
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intensities were almost equal indicating equal loading of the proteins. These data suggest the 

level of p65 was decreased upon oleandrin treatment. 

The oleandrin-mediated downregulation of p65 level was also detected by 

immunofluorescence using anti-p65 antibody followed by Alexa Flour-labeled anti-rabbit IgG. 

As shown in Figure 4.6, the p65 level was detected in the cytoplasm in un-stimulated cells 

whereas SA-LPS stimulated cells showed p65 mostly in the nucleus. Oleandrin-treated cells 

showed the p65 level neither in cytoplasm nor in nucleus indicating oleandrin-mediated 

downregulation of p65. The p65 level was observed in cytoplasm and nucleus of un-stimulated 

HuT-78 cells. The levels were gradually decreased with increased time of oleandrin (Fig.4.4). 

These data further suggest the oleandrin-mediated downregulation of p65. 

 

4.2.4 Oleandrin downregulates p65 level in IκBα dominant negative (IκBα-DN)-

transfected cells. 

To detect the effect of oleandrin in either free or IκBα-masked p65, Jurkat cells were 

transfected with IκBα-DN construct and then treated with oleandrin for different times. The 

level of p65 decreased with increased time of oleandrin treatment (Fig.4.5) suggesting 

oleandrin-mediated down regulation of p65 level, irrespective of IκBα. The level of IκBα and 

tubulin remained same with different treatments as detected from the re-probed blot. 

 

4.2.5 Oleandrin inhibits induced, but not expressed IKK activity. 

To detect the role of oleandrin in expressed IKK activity in NF-κB-expressing cells, Jurkat 

cells, pre-incubated with oleandrin (100 ng/ml) for different times were stimulated with SA-

LPS for 1 h. In another set, SA-LPS/Jkt cells were treated with oleandrin (100 ng/ml) for 

different times. The IKK activity and level of IκBα was detected from cell extracts. The 

results showed that upon oleandrin pre-treatment, SA-LPS induced IKK activity was 

decreased kinetically, consequently leading to IκBα degradation as detected by Western blot 

(Fig.4.7). In SA-LPS/Jkt cells, the high basal activity of IKK was observed and this activity 

remained unaltered with post-treatment of oleandrin (Fig.4.7). These results suggest that 

oleandrin blocks induced, but not expressed IKK activity.   
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Fig 4.3 Effect of oleandrin on level of p50, IκBα, and p65 in NF-κB expressing cells.
The SA-LPS/Jkt and HuT-78 cells were treated with different concentrations of oleandrin. 
The p65, p50 and IκBα were detected from whole cell extracts by Western blot. The p65
blot was re-probed with anti-tubulin antibody. 
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Fig 4.4 Effect of oleandrin on p65 level in cytoplasm and nucleus. HuT-78 cells were
treated with 100 ng/ml oleandrin for different times and p65 was detected from
cytoplasmic and nuclear extracts by Western blot.
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Fig 4.5 Effect of oleandrin on p65 level in IκBα-DN transfected cells. Jurkat cells, 
transfected with IκBα-DN construct were treated with oleandrin (100 ng/ml) for
different times and the levels of p65 and IκBα detected by Western blot. The blot 
was re-probed with anti-tubulin antibody. 
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Fig 4.6 Effect of oleandrin on p65 level in SA-LPS/Jkt cells. Un-stimulated and
SA-LPS/Jkt cells were treated with 100 ng/ml oleandrin for 12 h. The cells were fixed, 
incubated with anti-p65 antibody (1:100) followed by Alexa Flour-labeled anti-rabbit
IgG and then mounted with mounting medium containing DAPI. The cells were
visualized under fluorescent microscope



None SA-LPS-induced

0           6             0             1             3        6 Oleandrin (t in h)

GST-IκBα

IKKα

IκBα

Tubulin

SA-LPS/Jkt
Oleandrin (t in h)0               1               3               6             12

GST-IκBα

IKKα

IκBα

Tubulin

Fig 4.7 Effect of oleandrin on IKK activity in LPS-induced and NF-κB-
expressing cells. Jurkat cells, pre-treated with 100 ng/ml oleandrin for different 
times were Stimulated with SA-LPS for 2 h. In other set, Jurkat cells, stimulated 
with SA-LPS for 2 h were treated with oleandrin (100 ng/ml) for different times. 
The cell extract were used to detect IKK activity using GST-IκBα as substrate. 
The levels of IKKα, IκBα, and Tubulin were detected from same extracts.
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4.2.6 Oleandrin downregulates NF-κB, p65, but not Sp1 or p53 in HuT-78 cells. 

To detect the level of other signaling molecules like Sp1 and p53  in the presence of oleandrin, 

HuT-78 cells were treated with 100 ng/ml oleandrin for different times. The nuclear extracts 

were then analyzed for NF-κB and Sp1 by gel shift assay. As shown in Figure 4.8, oleandrin 

downregulated NF-κB in 6 h of incubation completely without changing the binding of Sp1. 

Oleandrin downregulated p65 level in a dose-dependent manner without changing the levels of 

p53 or p50 in the total cell extracts of the same treated samples.  Oleandrin downregulated NF-

κB-dependent reporter gene as detected by SEAP gene expression in a time-dependent manner 

in HuT-78 cells, transfected with NF-κB-SEAP construct (Fig.4.8). These data suggest that 6 h 

incubation of oleandrin is sufficient to downregulate NF-κB or p65. 

 

4.2.7 Oleandrin downregulates p65 and c-Rel, but not RelB or p50. 

To detect the effect of oleandrin on other Rel family proteins, HuT-78 cells were treated with 

0.1 µg/ml oleandrin for different times and then RelB, p65, c-Rel, and p50 were detected by 

Western blot. The levels of p65 and c-Rel were decreased with increased time of oleandrin 

treatment whereas the levels of RelB or p50 remained same with increased time of oleandrin 

treatment (Fig.4.9). The results suggest that oleandrin downregulates p65 and c-Rel, but not 

RelB or p50. 

 

4.2.8 Oleandrin does not inhibit p65 mRNA. 

As oleandrin downregulated p65 protein level and DNA binding activity, the levels of p65 

mRNA were also determined by RT-PCR. The levels of specific p65 band as shown in agarose 

gel of RT-PCR products were not decreased with increased time of oleandrin treatment of 

HuT-78 cells (Fig.4.10) suggesting that its downregulating effect is not at the mRNA level. 

 

4.2.9 Oleandrin decreases cyclin D1, cyclin E1, and phospho-Rb levels in NF-κB-

expressing cells. 

To detect the effect of oleandrin on other proteins related to cell cycle, HuT-78 cells were 

treated with oleandrin (100 ng/ml) for different times and cyclin D1, cyclin E1, or RB 

(phospho- and non-phospho-form) were detected by Western blot. The levels of cyclin D1, 

cyclin E1, and phospho-RB, but not RB were decreased with increased time of oleandrin 

treatment (Fig.4.11). All blots were re-probed with tubulin to show equal loading of the 
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Fig 4.8 Effect of oleandrin on the levels of NF-κB, Sp1, p65, p53, an IκBα in HuT-78 cells. HuT-78 
cells were treated with 100 ng/ml oleandrin for different times. Nuclear and whole cell extracts were 
prepared. NF-κB and Sp1 were assayed from 6 µg NE by EMSA. The p65, p53, and IκBα were detected
from 100 µg of whole cell extract proteins by Western blot. The p65 blot was re-probed with 
anti-tubulin antibody. HuT-78 cells were co-transfected with NF-κB dependent SEAP reporter and 
β-galactosidase constructs for 6 h followed by 12 h of culture. Then cells were treated with 100 ng/ml
oleandrin for different times. The culture supernatant was used to assay SEAP activity and cell extract
was used to detect β-galactosidase.
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Fig 4.9 Effect of oleandrin on RelB, p65, c-Rel, and p50 levels. HuT-78 cells 
Were treated with 100 ng/ml oleandrin for different times and cell extracts (100 µg) 
Were used  to detect RelB, p65, c-Rel, and p50 by Western blot. 

HuT-78

0       1   3           6     12

p65

Oleandrin (t in h) 

GADPH

Fig 4.10 Effect of oleandrin on p65 mRNA level in HuT-78 cells. HuT-78 cells
were treated with oleandrin (0.1 µg/ml) for different times and then RNA was 
isolated. The isolated RNA was used to detect p65 and GAPDH using specific 
primers by RT-PCR and the products were detected in agarose gel. 
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Fig 4.11 Effect of oleandrin on cyclin D1, cyclin E1, phospho-Rb, and Rb levels.
HuT-78 cells were treated with oleandrin (100 ng/ml) for different times and the 
levels of cyclin D1, cyclin E1, phospho-Rb, and Rb were detected by Western blot.
All those blots were re-probed with anti-tubulin antibody.
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extracted proteins. These results suggest that oleandrin downregulates cell cycle-related 

proteins. 

 

4.2.10 Oleandrin induces cytotoxicity in NF-κB-expressing cells. 

As NF-κB has been shown to block cell death and oleandrin downregulated NF-κB and also 

p65 level, the effect of oleandrin on cell viability was tested in NF-κB-expressing cells.  

Jurkat, SA-LPS/Jkt, and HuT-78 cells were incubated with different concentrations of 

oleandrin for 72 h and then cytotoxicity was assayed by MTT assay. As shown in Figure 4.12, 

oleandrin induced cytotoxicity in a dose-dependent manner in Jurkat cells. In NF-κB-

expressing cells, the cytotoxicity was also observed in a dose-dependent manner similar to 

Jurkat cells. Oleandrin (100 ng/ml) showed 50-60% cell death as detected by ‘Live & Dead’ 

cell assay at 72 h in Jurkat and SA-LPS/Jkt cells (Fig.4.13). 

 

4.2.11 Oleandrin induces PARP, procaspase 3, and Bcl2 cleavage and DNA 

fragmentation in NF-κB-expressing cells. 

Cell viability is reflected by caspase activation, which cleaves a lot of proteins including 

PARP, Bcl-2 etc. and thereby induces DNA fragmentation. To detect the effect of oleandrin in 

NF-κB-expressing cells, HuT-78 cells were treated with 100 ng/ml oleandrin for different 

times and cell extracts were used to detect PARP, procaspase 3, and Bcl2 levels. Oleandrin 

induced PARP cleavage in a time dependent manner. The procaspase and Bcl2 levels also 

decreased with increased time of oleandrin treatment (Fig.4.14). The blots were re-probed with 

anti-tubulin antibody and the levels of tubulin were equal in each lane indicating loading 

control. Oleandrin enhanced DNA fragmentation in HuT-78 cells in a time dependent manner 

as shown by DNA laddering (Fig.4.15). Oleandrin-mediated cell death in NF-κB-expressing 

cells is evident from the results seen. 

 

4.2.12 Oleandrin decreases p65 level and cell viability in IκBα-DN, p65- and IKK-

overexpressed cells. 
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To detect the role of IκBα or IKK on oleandrin-mediated p65 downregulation, Jurkat cells 

were transfected with IκBα-DN, p65, or IKK constructs. The cells, transfected with IκBα-DN 

and/or p65, were incubated either TNF (100 pM) for 1 h to detect IκBα level or oleandrin for 6 

h to detect p65 and IκBα levels. In vector transfected cells TNF induced IκBα  degradation, 
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Fig 4.12 Effect of oleandrin on cell viability in Jurkat, HuT-78 and SA-LPS/Jkt 
cells. Jurkat, HuT-78, and SA-LPS/Jkt cells (104/0.1 ml) were incubated with 
different concentrations of oleandrin for 72 h. Cell viability was assayed by MTT 
dye uptake. The results are indicated as mean OD of triplicate assays. The result
indicated is the representative of three independent experiments.
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Fig 4.13 Effect of oleandrin on cell viability in Jurkat, HuT-78 and 
SA-LPS/Jkt cells. Jurkat, HuT-78, and SA-LPS/Jkt cells (0.1 x 106) were 
treated with oleandrin (100 ng/ml) for 72 h at 370C CO2 incubator. The cell 
viability was assayed by ‘Live & Dead’ cells assay kit as described in Materials 
and methods. 
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Fig 4.14  Effect of oleandrin on cleavage of PARP, procaspase, and Bcl2. HuT-78
cells were treated with 100 ng/ml oleandrin for different times and then 100 µg cell
extract proteins were used to detect PARP and procaspase by Western blot. Blots
were re-probed with anti-tubulin antibody. Three hundred µg of extract proteins
were incubated with 1 µg of anti-Bcl2 antibody followed by immunoprecipitated 
by protein A/G sepharose beads. The beads were used to analyze Bcl2 proteins.
The IgG band also showed in the figure. 
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Fig 4.15 Effect of oleandrin on DNA fragmentation in HuT-78 cells. HuT-78 
cells were treated with 100 ng/ml oleandrin for different times and then DNA
was isolated and analyzed in agarose gel. 
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Fig 4.16 Effect of oleandrin on p65 and IκBα levels and cell viability in 
IκBα-DN, p65- or IKK-overexpressed cells. Jurkat cells, co-transfected with 
IκBα-DN, p65 or IKK and β-galactosidase for 6 h and then culture for 12 h. Cells, 
transfected with IκBα-DN and/or p65 were treated with 100 pM TNF for 1 h or 
100 ng/ml oleandrin for 6 h. The level of IκBα was detected in TNF-induced cells 
extracts (A1). The levels of p65 and IκBα were detected from oleandrin treated 
cell extracts (B1). All these blots were re-probed with anti-tubulin Ab.  Cells, 
transfected with IKK construct were treated with oleandrin (100 ng/ml) for 6 h and 
the levels of p65 and IκBα (B2) and IKK activity (A2) were detected from cell 
extracts.
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but not in other transfected cells (Fig.4.16 A1). Oleandrin mediated degradation of p65, but 

not IκBα in all those transfected cells (Fig.4.16 B1), suggesting irrespective of cytoplasmic 

arrest of IκBα (by IκBα-DN) oleandrin downregulates p65 level. In IKK transfected cells 

oleandrin did not downregulate IKK activity (Fig.4.16 A2), but decreased the level of p65 

(Fig.4.16 B2).  All these transfected cells were treated with oleandrin and cell viability was 

detected. The cell viability was decreased in oleandrin treated cells as detected by MTT uptake 

(Fig.4.17) or thymidine uptake (Fig.4.18) suggesting that irrespective of the IκBα level 

(sustainable level by IκBα-DN or decreased level by IKK transfection), oleandrin 

downregulates p65 levels.   

 

4.2.13 Oleandrin induces caspase 3, 8, and 9 activity. 

As different proteins were cleaved by oleandrin treatment, the activity of different caspases 

was assayed. HuT-78 cells were treated with 100 ng/ml oleandrin for different time and then 

whole cell extracts were assayed for caspase 3, 8, and 9 as described in Materials and methods 

using colorimetric paranitroaniline (pNA) substrates. Oleandrin induced all those caspase 

activities in a time-dependent manner (Fig.4.19). 

 

 

4.2.14 Oleandrin does not induce p65 downregulation in vitro. 

To detect the role of caspases activated by oleandrin in the downregulation of p65, HuT-78 

cells were treated with oleandrin for different times and extracts were immunoprecipitated 

with anti-caspase 3, 8, and 9 antibodies (0.5 µg of each/sample). The immune complexes were 

incubated for 2 h at 370C with the pulled down p65 proteins from 32P-orthophosphoric labelled 

HuT-78 cell extracts and detected after scanning the gel. The level of labeled p65 bands were 

not decreased at any time of oleandrin treated cells (Fig.4.20) suggesting oleandrin mediated 

activated caspases have no role in downregulation of p65 in vitro. Fifty percent of the beads 

were used to detect the caspase 3 and the equal intensity of bands in different lanes suggests 

the equal amount of immunoprecipitation. 
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Fig 4.17 Effect of oleandrin on p65 and IκBα levels and cell viability in 
IκBα-DN, p65- or IKK-overexpressed cells. Jurkat cells, co-transfected with 
IκBα-DN, p65 or IKK and β-galactosidase for 6 h and then culture for 12 h. 
Cells, transfected with  IκBα-DN and/or p65 were treated with 100 pM TNF 
for 1 h or 100 ng/ml oleandrin for 6 h. The cell viability was detected from those 
transfected followed by oleandrin-treated cells for 72 h using MTT.
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Fig 4.18 Effect of oleandrin on p65 and IκBα levels and cell viability in 
IκBα-DN,  p65- or IKK-overexpressed cells. Jurkat cells, co-transfected 
with IκBα-DN, p65 or IKK and β-galactosidase for 6 h and then culture for 
12 h. Cells, transfected with  IκBα-DN and/or p65 were treated with 100 pM 
TNF for 1 h or 100 ng/ml oleandrin for 6 h. The cell viability was detected 
from those transfected followed by oleandrin-treated cells for 72 h using  
thymidine incorporation assays. 
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Fig 4.20 Effect of caspases on p65 protein in vitro. HuT-78 cells, incubated with
32P-orthophosphoric acid (1 mCi /2 x 106 cells) in phosphate-free medium for 6 h
and the cell extract was immunoprecipitated with anti-p65 antibody using
protein A/G sepharose beads. HuT-78 cells were treated with 100 ng/ml oleandrin
for different times and then 400 µg of extract proteins were incubated with 
anti-caspase 3, 8, and 9 antibodies (1 µg of each/sample) followed by pull down 
by protein A/G sepharose beads and incubated with equal amount of 32P-labeled
p65 protein containing beads for 2 h at 370C. The samples were analyzed in 
9% SDS-PAGE and detected in Phosphor Imager.  Fifty percent beads were
used to detect caspase 3 by Western blot.
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Fig 4.21 Effect of caspase and proteasome inhibitors on oleadrin-mediated 
downregulation of p65. HuT-78 cells, pretreated with z-VAD-fmk (50 µM)
or lactacystin (10 µM) for 2 h were treated with 100 ng/ml oleandrin for 6 h. 
The level of p65 was detected from cell extracts by Western blot
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4.2.15 Lactacystin, but not z-VAD-fmk prevents oleandrin-mediated p65 

downregulation. 

To detect whether the downregulation of p65 induced by oleandrin is mediated by caspases or 

proteasome, HuT-78 cells were preincubated with caspases inhibitor, z-VAD-fmk (50 µM) and 

proteasome inhibitor, lactacystin (10 µM) for 2 h and then treated with oleandrin for 6 h. The 

lactacystin, but not z-VAD-fmk protected p65 downregulation mediated by oleandrin 

(Fig.4.21). z-VAD-fmk or lactacystin alone had no effect on the p65 level. These results 

suggest that proteoasome inhibitor potentially blocks the oleandrin-mediated function. To 

understand the role of proteasome, HuT-78 cells, pre-treated with ALLN (50 µM) and 

lactacystin (10 µM) for 2 h were treated with oleandrin (100 ng/ml) for different times. 

Oleandrin decreased the level of p65 at 6 h of treatment and lactacystin completely protected 

the downregulation at any given time of oleandrin treatment (Fig.4.22). ALLN pre-treated 

cells showed almost 50% protection at 6 and 12 h of oleandrin treatment against 

downregulation of p65 indicating its efficiency.  All blots were re-probed with anti-tubulin 

antibody to show equal loading of proteins.  

 

4.2.16 Oleandrin mediated p65 downregulation is not mediated by ubiquitination. 

Proteasome mediated downregulation of proteins is mostly dependend upon the ubiquitination. 

The ubiquitinated bands are detected by slower mobility in the gel. The result in Figure 4.23 

indicates that oleandrin downregulated p65, but lactacystin showed no retarded bands in 

oleandrin-treated HuT-78 cell extract. The extracts, when immunoprecipitated with anti-

ubiquitin antibody followed by detection of p65 by Western blot, did not show any bands 

(Data not shown) indicating that oleandrin-mediated downregulation of p65 is independent of 

ubiquitination of p65. The ubiquitinated bands for IκBα were detected from lactacystin-pre-

treated followed by TNF stimulated Jurkat cell extracts (Fig.4.23) indicating the control 

experiment.  

 

4.2.17 Oleandrin does not interact with p65 in vitro. 

To detect the direct interaction if any, of oleandrin with p65 protein, different amounts of 

oleandrin was incubated with 5 µg of GST-p65 protein (full-length p65 with GST cloned, 

expressed in E. coli, and purified) for 6 h. Then p65 was detected by Western blot. The 
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Fig 4.22 Effect of protease inhibitors on oleandrin mediated p65 degradation. 
HuT-78 cells, pretreated with ALLN (50 µM) and lactacystin (10 µM) for 2 h were 
treated with 100 ng/ml oleandrin for different times. The level of p65 was 
detected from extracts by Western blot 
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Fig 4.23 HuT-78 cells were pretreated with lactacystin (10 µM) for 2 h 
followed by treated with 100 ng/ml oleandrin for 6 h. The level of p65 
was detected from 100 µg cell extracts by Western blot (C). Jurkat cells, 
pretreated with lactacystin (10 µM) for 2 h were incubated with TNF (1 nM) 
for 30 min or oleandrin (100 ng/ml) for 6 h. The level of IκBα was 
detected using 100 µg of cell extracts. All membranes were re-probed with 
anti-tubulin Ab. 
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Fig 4.24 A Effect of oleandrin in p65 in vitro. Different amount of oleandrin was 
taken in tubes and incubated with 5 µg of GST-p65 for 6 h. The level of p65 was 
detected  by Western blot. The blot was stripped and stained with Coommassie-blue 
dye. B. Effect of oleandrin on p65 level. HuT-78 cells were treated with 100 ng/ml 
oleandrin for different times and 400 µg cells extract proteins were 
immunoprecipitated with 5 µg of anti-LMP7 Ab and levels of p65 and LMP7 were 
detected by Western blot.  C. Effect of lactacystin on oleandrin-mediated 
downregulation of p65. HuT-78 cells, incubated with lactacystin (10 µM) for 
2 h were treated with 100 ng/ml oleandrin for 6 h and 400 µg cells extract proteins
were immunoprecipitated with 1 µg of anti-LMP7 Ab and levels of p65 and 
LMP7 were detected by Western blot.
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intensity of bands remained un-altered with different concentrations of oleandrin treatment 

(Fig.4.24 A), suggesting its inability to downregulate p65 in vitro. 

 

4.2.18 Following oleandrin treatment p65 associates with proteasome for its degradation 

and proteasome inhibitors blocks this degradation. 

To detect the possible association of p65 with proteasome following oleandrin treatment, HuT-

78 cells were treated with oleandrin for different time intervals and the whole cell extracts 

were immunopreicipitated with 1 µg of anti-LMP Ab followed by detection of p65 and LMP 

by Western blot. The levels of p65 were increased till 3 h and then decreased abruptly 

(Fig.4.24 B) suggesting the association of p65 with proteasome complex upon oleandrin 

treatment followed by its degradation. The level of LMP (one of the component of 

proteasome) and IgG remained equal showing immunoprecipitation control. Oleandrin-

mediated downregulation of p65 was protected by lactacystin as detected by 

immunoprecipitation with anti-LMP Ab (Fig.4.24 C). These results suggest that oleandrin-

mediated downregulation of p65 occurs via the proteasome.   

 

4.2.19 Lactacystin prevents oleandrin-mediated p65 and NF-κB downregulation. 

To detect the role of proteasome inhibitor in oleandrin-mediated p65 downregulation, HuT-78 

cells, pre-treated with z-VAD-fmk and/or lactacystin were treated with oleandrin for 6 h. The 

p65 level was detected from cytoplasmic extracts and NF-κB was assayed from NE. Z-VAD-

fmk pre-treated cells did not show any protection of p65 level or NF-κB activity but 

lactacystin protected the level of p65 or activity of NF-κB DNA binding (Fig.4.25).  These 

results suggest that proteasome, but not caspases inhibitor can protect oleandrin-mediated 

downregulation of p65 level and NF-κB DNA binding activity.  

 

4.2.20 Proteasome inhibitor partially protects the oleandrin-mediated cytotoxicity. 

To understand the role of proteasome on oleandrin mediated apoptosis, HuT-78 cells were pre-

incubated with z-VAD-fmk, lactacystin, or in combination for 2 h and then treated with 

oleandrin for 72 h. The cytotoxicity was assayed by MTT uptake and ‘Live & Dead’ cell 

assay.  Oleandrin alone induced 60-70% cytotoxicity. Z-VAD-fmk or lactacystin alone did not 

show significant cytotoxicity, but pre-treated, followed by oleandrin treated cells showed 30-

40% cytotoxicity. However, a combination of both completely inhibited oleandrin-induced 
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Fig 4.25 Effect of caspase and proteasome inhibitors on oleandrin-mediated 
downregulation of p65, NF-κB, and cytotoxicity. HuT-78 cells, treated with 
z-VAD-fmk (50 µM) and lactacystin (10 µM) for 2 h were treated with oleandrin 
(100 ng/ml) for 6 h. The p65 was detected from cytoplasmic extracts (A). The same
blot was re-probed with anti-tubulin antibody.  Nuclear extracts were used to detect 
NF-κB by EMSA (B). HuT-78 cells were treated with either z-VAD-fmk or 
lactacystin, or in combination for 2 h and then incubated with oleandrin (100 ng/ml) 
for 72 h at 370C, CO2 incubator. The cytotoxicity was assayed by MTT method (C).
The cytotoxicity was represented in percentage in the figure and represented one 
of the three independent experiments.
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Fig 4.26 Effect of caspase and proteasome inhibitors on oleandrin-mediated 
cytotoxicity. HuT-78 cells were treated with either z-VAD-fmk or lactacystin, 
or in combination for 2 h and then incubated with oleandrin (100 ng/ml) for 72 h 
at 370C, CO2 incubator. The cytotoxicity was assayed by the ‘Live & Dead’ assay kit. 



Wild

In
hi

bi
tio

n 
of

 c
el

l v
ia

bi
lit

y 
(%

)

10
0

10
0

10
0

Dox-resistant

0

10

20

30

40

50

60

70

0 50 0 500 50

Dox-revertant
Oleandrin 

(ng/ml)

0

10

20

30

40

50

60

70

0 1 10 0 1 100 1 10

Wild Dox-resistant Dox-revertant
Dox 
(µM)

In
hi

bi
tio

n 
of

 c
el

l v
ia

bi
lit

y 
(%

)

Fig 4.27 Effect of oleandrin on cell viability in doxorubicin-resistant and 
–revertant cells. MCF-7 (wild), doxorubicin-resistant (Dox.-resistant), and 
doxorubicin-revertant (Dox-revertant) cells were treated with different 
concentrations of oleandrin  or doxorubicin  for 72 h and cell viability was 
assayed by MTT dye uptake. Results represented as inhibition of cell viability 
in percentage. 
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cytotoxicity (Fig. 4.25 & 4.26). The results suggest that oleandrin mediated cytotoxicity is 

depend on the caspases activation and proteoasome degradation. 

 

4.2.21 Oleandrin mediates p65 downregulation and cytotoxicity in doxorubicin-resistant 

MCF-7 cells. 

To detect the sensitivity of oleandrin in chemotherapeutic drug resistant cells, Dox-resistant, 

Dox-revertant MCF-7 cells were treated with oleandrin for 72 h and cell viability was detected 

by MTT uptake. Oleandrin and doxorubicin inhibited cell viability in MCF-7 or Dox-revertant 

cells (Fig.4.27) Whereas, oleandrin, but not doxorubicin induced cell death in Dox-resistant 

cells (Fig.4.27). In Dox-revertant cells, oleandrin showed additive cell death with doxorubicin 

at any concentrations (Fig.4.28). In Dox-resistant cells, oleandrin induced cell death in a dose-

dependent manner, to revertant cells (Fig.4.28), suggesting the sensitivity of oleandrin. Dox-

resistant cells showed high basal activity of NF-κB and oleandrin downregulated this activity 

(Fig.4.29). Oleandrin downregulated the level of p65 in wild, Dox-resistant, or Dox-revertant 

MCF-7 cells (Fig.4.29), suggesting the potency of oleandrin in drug resistant cells. 

 
4.3 Discussion 

 

The induction of apoptosis mediated by oleandrin has been shown via the activation of 

caspases subsequently leading to the cleavage of several cellular proteins and nuclear 

fragmentation. Pre-treatment of oleandrin has been shown to inhibit NF-κB activation in 

diverse cell types (Manna et al., 2000b; Sreenivasan et al., 2003a) and is implicated to be 

cytotoxic to various tumour cells (Pathak et al., 2000; McConkey et al., 2000). NF-κB plays 

an important role in cell proliferation and cancer progression. Furthermore several reports 

indicate that constitutive or induced NF-κB expression leads to resistance of apoptosis in 

tumour cells stimulated by a wide variety of agents (Wang et al., 1999; Waddick and Uckun, 

1999; Pathak et al., 2000; McConkey et al., 2000). Hence in this report we have investigated 

the means by which oleandrin mediates cell death in NF-κB-expressing cells.  

 72

Further in this study we demonstrate that oleandrin blocks NF-κB activation and also induces 

cell death in NF-κB expressing cells (SA-LPS/Jkt, which shows sustainable induction of NF-

κB and HuT-78, which has constitutive expression of NF-κB)(Fig 4.1.1, 4.2, 4.12 & 4.13). As 

NF-κB-expressing cells have been reported to be resistant to different apoptosis inducers-
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Fig 4.28 Effect of oleandrin on cell viability in doxorubicin-resistant and 
–revertant cells. Dox-revertant and Dox-resistant cells were treated with different 
concentrations of oleandrin for 72 h and then MTT was assayed. Results 
represented as inhibition of cell viability considering 100 % absorbance for 
un-stimulated cells. 
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Fig 4.29 Effect of oleandrin on the levels of p65, IκBα, and NF-κB in Dox-
resistant and Dox-revertant cells. Wild, Dox-resistant, and Dox-revertant 
cells were treated with oleandrin for 6 h and then NF-κB DNA binding and 
levels of p65 and IκBα and were assayed.
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mediated cell death, these observations might have interest (Manna and Aggarwal, 1999; 

Sreenivasan et al., 2003b). Oleandrin decreases the levels of p65, a constituent subunit of NF-

κB without changing IκBα or p50 levels in the cells suggesting the possibility that oleandrin 

induced cytotoxicity might be mediated through the suppression of NF-κB activity, which is 

confirmed by the observation showing inhibition of NF-κB reporter gene activity (Fig 4.2). 

According to the results it is noted that oleandrin fails to alter the DNA binding activity of 

housekeeping transcription factor Sp1 and also p53 (Fig 4.8) in HuT-78 cells. Further 

oleandrin down regulated c-Rel but not Rel B or p50 (Fig 4.9), also there was a decrease in the 

levels of cyclin D1, cyclin E1 and phospho-Rb in oleandrin treated cells (Fig 4.11). The 

decrease in cyclin D1 and E1 could be directly correlated to the decrease in p65 levels, as the 

latter are NF-κB dependent gene products. The possible involvement of cellular phosphatases 

or kinases in lowering the levels of phospho-Rb remains elusive. Also the ability of oleandrin 

to induce a decrease in c-Rel levels has to be further investigated. There are various inhibitors 

reported to down regulate NF-κB activation either by inhibiting IKK activity, IκB 

Phosphorylation and subsequent degradation or p65 phosphorylation.(Manna et al., 2000a; 

Epinat and Gilmore 1999; Egan et al., 1999) Surprisingly, oleandrin inhibits p65 levels 

(Fig.4.3 & 4.4) and it seems that the down regulation is targeted on the protein perse and not 

on its expression pattern as evident from the unchanged levels of p65 mRNA taken from cells 

treated with oleandrin for various time intervals. (Fig.4.11). Also the increased levels of p65 as 

seen both in the cytoplasm and nucleus of NF-κB expressing cells were decreased upon 

oleandrin treatment (Fig.4.6 & 4.4). Pretreatment of oleandrin showed inhibition of IKK 

activity and IκBα degradation induced by SA-LPS (Fig.4.7) which is similar to results earlier 

reported (Manna et al., 2000b) obtained by using TNF as an inducer. Surprisingly, oleandrin 

did not inhibit IKK activity or IkBα level (Fig 4.7) in NF-κB expressing cells where higher 

levels of IkBα and higher activity of IKK were observed which is further proved in IKK 

transfected cells. The increased levels of IkBα and activity of IKK can be correlated to the 

constitutive and induced activation of NF-κB in NF-κB expressing cells also IκBα expression 

is NF-κB dependent. As mentioned earlier IκBα sequesters the p50-p65 complex in the 

cytoplasm, thereby making NF-κB non-avaliable for transcription regulation. Oleandrin is 

shown to down regulate p65 level in IkBα-DN cells (Fig 4.4 & 4.16 B1) proving that 

irrespective of the masking of p50-p65 complex by IκBα oleandrin is able to down regulate 
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p65, which explains for the decreased p65 level in the cytoplasm. Further oleandrin induces 

cell death in Jurkat cells and also in SA-LPS/Jkt or HuT-78 cells as shown by MTT based 

cytotoxicity assay. Oleandrin activates caspase-3 subsequently inducing PARP cleavage and 

DNA fragmentation in NF-κB expressing cells confirming the induction of apoptosis in these 

cells. Also oleandrin was able to mediate p65 down regulation and cell death in p65 or IKK 

over expressed cells.  

Results so far indicate that oleandrin is able to down regulate p65 levels in cells processing 

high NF-κB activity and also mediate cell death unlike TNF or ceramide which fail to exert 

their action in NF-κB expressing cells as reported earlier. (Sreenivasan et al., 2003) Hence the 

question asked was what mediates oleandrin-induced down regulation of p65? Oleandrin did 

not induce p65 down regulation in vitro proving that oleandrin does not interact directly with 

p65. The induction of caspase 3,8 and 9 is seen in oleandrin treated cells, however z-VAD-fmk 

a broad-spectrum caspases inhibitor was unable to protect oleandrin mediated p65 degradation. 

This shows that caspases have no role in oleandrin-induced action on p65. But lactacystin, the 

proteosome inhibitor was able to fully protect oleandrin mediated p65 degradation also ALLN, 

a weak proteosome inhibitor was able to protect p65 degradation partially. (Fig 4.21 & 4.22) 

The proteosome inhibitor, lactacystin alone induced cell death by 9, 28 and 46% at 10, 50 and 

100 µM concentrations respectively at 72 hours post treatment, which is similar to 

observations reported earlier (Dong et al., 1999; Cui et al., 1997). Hence a concentration of 10 

µΜ of lactacystin was used to detect oleandrin mediated p65 down regulation. As the 

proteasome mediated protein cleavage is known to occur in the cytoplasm, nuclear p65 

shuttling and subsequent degradation in the cytoplasm might explain for the decreased levels 

of p65 both in the nucleus and cytoplasm. (Fig.4.4). Proteasome mediated protein degradation 

is usually preceded by ubiquitination on p65 as the ubiquitinated (slow migrated) bands were 

not seen in lactacystin pretreated and oleandrin treated cells (Fig.4.23) as seen in the case of 

TNF-induced IkBα ubiquitination (Fig.4.23). Further oleandrin mediates the association of 

p65 with the proteosome as indicated by immunoprecipitation experiments wherein the 

inducible subunit of the proteosome, LMP7 is co-immunoprecipitated with p65 subsequently 

leading to p65 degradation at greater time intervals. However the proteosome inhibitor is able 

to only partially protect oleandrin mediated cell death. But a combination of both caspases and 

proteosome inhibitors completely inhibited oleandrin induced cytotoxicity (Fig.4.25 & 4.26) in 

NF-κB expressing cells. Several observations suggest that high NF-κB activity in tumor cells 
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could be a major cause for chemo resistance (Wang et al., 1999; Waddick and Uckun, 1999; 

Pathak et al., 2000; McConkey et al., 2000). Hence in an attempt to address this doxorubicin 

resistant or revertant (similar to parental MCF-7) cells where challenged with oleandrin. It is 

shown that oleandrin mediates cell death in the above-mentioned cells unlike doxorubicin, 

which was able to do so only in the revertant MCF-7 cells (Fig 4.27 & 4.28). Doxorubicin 

resistant cells showed high NF-κB activity and oleandrin countered this activity also there was 

a decrease in the p65 level, suggesting the potency of oleandrin in drug resistant cells which 

may be attributed to the lowering of NF-κB activity. 

We report here for the first time that degradation of p65 is one of the key mechanism of 

oleandrin mediated down regulation of NF-κB activity and cell death in NF-κB expressing 

cells. The ubiquitin independent proteosome mediated p65 degradation is an interesting 

observation made, which has not been reported aprior. However, the mechanism by which 

oleandrin is able to induce the proteosome remains elusive. Interestingly, both caspases and 

the proteosome are activated upon oleandrin treatment, which collectively contribute to the 

cell death. Hence activation of the proteosome leading to the degradation of p65 could be 

visualized as an important advantage conferred by oleandrin in mediating cell death in addition 

to apoptosis mediated by the caspases thereby, neutralizing the proliferative drive induced by 

increased NF-κB activity in NF-κB expressing cells. As most of the tumor cells have high NF-

κB activity, oleandrin may serve as a potential chemotherapeutic agent especially in rapidly 

proliferating and progressive tumors or in chemoresistant cells. Further this study may find 

immense application in underlining strategies for the design of pharmaceutical interventions 

for cancer. 
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5.1 Introduction. 

During chronic inflammatory diseases such as rheumatoid arthritis, gout, asthma, or 

inflammatory bowel disease, uncontrolled accumulation of neutrophils at the site of 

infection and residential macrophages liberate inflammatory molecules such as cytokines, 

reactive oxygen intermediates, and proteolytic enzymes which become major contributors to 

tissue damage (Pillinger and Abranson, 1995; Dallegri and Ottonello, 1997). Thus, regulation 

of neutrophil and macrophage recruitment into inflammatory sites and their clearance are 

critical processes assuring effective host defense without tissue injury. Extravasation of 

neutrophils from blood vessels requires adhesion to vascular endothelial cells and subsequent 

migration of these cells into the tissue (Feng et al., 1998). These events are mediated mostly by 

chemokines such as IL-8 (Baggiolini et al., 1994; Baggiolini et al., 1997). Interleukin (IL)-8, a 

cytokine of the CXC chemokine family is widely recognized for its capacity to rapidly induce 

leukocyte migration and recruitment during the inflammatory response generated due to 

infection or following tissue damage (Gangur et al., 2002). IL-8 binds to two distinct receptors, 

IL-8R1 and IL-8R2 with a high affinity (Holmes et al, 2000; Murphy and Tiffany, 1991). They 

consist of 350 to 360 aminoacids and are membrane bound molecules composed of seven-

transmembrane domains coupled to G-proteins at the C-terminal portion and possibily the third 

intracellular loop, hence called G-protein coupled receptor (GPCR) (Murdoch, 2000;  Murphy, 

1994). After ligand binding, human IL-8 receptors are internalized and subsequently recycled 

and reappear on the cell surface rapidly within 60 minutes. IL-8 is also known as one of the 

earliest growth factors expressed in wound repair during the early stages of angiogenesis, 

resulting in neutrophil, macrophage and endothelial cell chemotaxis (Belperio et al., 2000). 

These different cell types in turn release protease, increase expression of adhesion molecules, 

express crucial angiogenic growth factors such as FGF and VEGF for the continuation of 

vascular repair (Klagsbrun and Moses, 1999). IL-8 was originally classified as a neutrophil 

chemoattractant, is now reported to play an important role in tumor progression, angiogenesis 

and metastasis in a variety of human cancers (Itoh et al., 2005) IL-8 is also highly expressed in 

several cancers (Inoue et al., 2000; Shi et al., 1999; Singh and Varney, 2000) where it serves 

as an autocrine growth factor, a chemoattractant, or a principal angiogenic component. The 

biological activity of IL-8 in tumors and the tumor microenvironment may contribute to tumor 

progression through its potential function in the regulation of angiogenesis, cancer cell growth 

 76



 
Oleandrin mediates inhibition of IL-8 induced biological responses 

and survival, tumor cell motion, leukocyte infiltration and modification of immune responses. 

(Itoh et al., 20050 IL-8 is a transcriptional target of Ras signaling. Extracellular signal related 

kinase (MEK) also induces IL-8 expression. [Sparman and Bar-Sagi, 2004] It is shown that 

stimulation of GPCR can induce shedding of epidermal growth factor (EGF) ligands via 

activatio of a disintegrin and metalloprotease with subsequent transactivation of the EGF 

receptor(EGR) thus aiding cell proliferation. Evidence shows that cancer cell and stromal cell 

interaction can stimulate boths the cells in the expression of IL-8 and other growth factors. 

(Yuan et al., 2005) A strong correlation exits between the metastatic potential of breast 

carcinoma cell lines and their ectopic expression of IL-8. The undifferenciated highly 

metastatic cell lines with high metastatic potential produce much more IL-8 than their 

differenciated lower metastatic counterparts (De Larco et al., 2003). Anti-IL-8 antibody 

administered mice showed decrease in implanted lung cancer or melanoma tumors, which 

correlated with reduced tumor angiogenesis (Yatsunami et al., 1997; Huang et al., 2002). 

 IL-8 interacts with its receptors, IL-8Rs and internalize rapidly by endocytosis. Endocytosed 

receptors are recycled back to the cell surface. The IL-8 receptors are of two types (type A and 

B). The type A receptor (IL-8R1) binds IL-8 with high affinity but shows low affinity to 

MGSA, whereas type B receptor (IL-8R2) binds to all the three chemokine with high affinity. 

The cyclic process of endocytosis and subsequent recycling of the receptor are intimately 

associated with the IL-8 mediated biological responses (Samanta et al., 1990; Murphy and 

Tiffany, 1991; Holmes et al., 1991; Lee et al., 1992). Since the cytokine-mediated response is 

related to the expression of functionally active IL-8R, modulation of the receptor at the ligand 

interacting domain may be a viable strategy for the regulation of IL-8-induced inflammatory 

responses and angiogenesis.  

Nuclear transcription factor kappa B (NF-κB) regulates the expression of various genes that 

play critical roles in inflammation, viral replication, tumorigenesis, and apoptosis (Sen and 

Baltimore, 1986; Baeuerie and Baichwal, 1997; Baichwal and Baeuerie, 1997) and therefore, 

this factor is an ideal target of pharmaceutical interest (Lee and Burckart, 1998). IL-8 

production from different cells is regulated by NF-κB (Message and Johnston, 2004; Brasier et 

al., 1998; Yang et al., 2001). Recently, we reported that IL-8 induces NF-κB through 

recruitment of TRAF6 and IRAK (Manna and Ramesh, 2005). The possible strategies for 

ameliorating the inflammatory distress may be either by prevention of excessive neutrophil 
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migration by reducing the interaction of neutrophils with the inflammatory cytokine or by 

regulating IL-8 production. As NF-κB expression is the key feature of all cancerous cells, it is 

important to regulate this factor and to understand their mechanism of action. Different plant 

products exhibit chemopreventive effects (Wattenberg, 1990). Oleandrin, a polyphenolic 

cardiac glycoside derived from the leaves of Nerium oleander has been used to treat congestive 

heart failure and shown to be toxic to a wide variety of tumor cells (Gupta and Chopra, 1985; 

Gupta et al., 1986; Gupta and Chopra, 1987). The cardiac glycosides, especially oleandrin and 

oleandrigenin, inhibit fibroblast growth factor (FGF)-2 export through membrane interaction 

with the Na+, K+-ATPase pump (Smith et al., 2001). Oleandrin has been shown to 

downregulate TNF- or ceramide-induced NF-κB activation in different tumor cells, but not in 

primary cells (Manna et al., 2000; Sreenivasan et al., 2003). The effect of oleandrin on IL-8-

mediated responses has not been detected in the primary cells such as macrophages and 

neutrophils so far.  

In this study it is demonstrated, for the first time, that oleandrin inhibits IL-8 mediated 

biological responses by downregulating IL-8Rs in neutrophils and macrophages. 

Downregulation of IL-8Rs by oleandrin is mediated through alteration of membrane fluidity 

and microviscosity, which may modulate the surface IL-8R for IL-8 binding without changing 

the affinity. Downregulation of IL-8Rs was protected by phospholipids when pre-incubated 

with oleandrin. Overall, the data suggest the downmodulation of IL-8Rs by oleandrin through 

altering fluidity of plasma membrane followed by inhibition of IL-8-mediated biological 

responses in macrophages, monocytes, T- and B-cells, and neutrophils, which might have 

potential therapeutic approaches for neutrophil- and/or macrophage-driven inflammatory 

diseases as well as neovascularization in cancer metastasis. The effects of oleandrin to 

downregulate various receptors in macrophages are also important findings of this study. 

 

5.2 Results. 

In this study, the effect of oleandrin on IL-8-induced biological responses in different cell 

types was examined. THP1 cells were converted into macrophages induced with 10 ng/ml 

PMA for 16 h and HL-60 cells were converted into neutrophils by 1.3% DMSO in 2 days. 

These cells were used in most of the experiments. After conversion, macrophages were 

cultured for 48 h without decreasing cell viability (cell viability was 99.66 ±4.42, 98.44 ± 5.46, 

 78



 
Oleandrin mediates inhibition of IL-8 induced biological responses 

97.66 ± 5.08, and 94.26 ± 5.52 % at 0, 24, 36, and 48 h of incubation respectively) and for 

neutrophils the cell viability was 99.02 ±2.24, 97.34 ± 3.36, 94.78 ± 3.24, and 85.46 ± 5.52 % 

at 0, 24, 36, and 48 h of incubation respectively.  

 

 

5.2.1 Oleandrin inhibits IL-8-, FMLP-, EGF-, or NGF-, but not IL-1-, or TNF-induced 

NF-κB activation.  

To detect the role of oleandrin on IL-8-, IL-1-, FMLP-, TNF-, EGF-, or NGF-induced NF-κB 

activation in macrophages, cells were incubated with different concentrations of oleandrin for 

3 h and then stimulated with IL-8 (100 ng/ml), FMLP (100 pM), IL-1 (100 ng/ml), EGF (100 

pM), NGF (100 pM)), or TNF (100 pM) for 2 h at 370C. Nuclear extract (NE) was prepared 

and assayed for NF-κB by gel shift assay as described in Materials and methods. NF-κB 

activation was observed in macrophages by all these inducers and oleandrin inhibited NF-κB 

activation induced by IL-8 (Fig. 5.1), FMLP (Fig.5.2), EGF (Fig.5.4), or NGF (Fig.5.3), but 

not significantly by IL-1 (Fig.5.2) or TNF (Fig.5.3). The data suggest that oleandrin inhibited 

IL-8-, FMLP-, EGF-, or NGF-induced, but not TNF- or IL-1-induced NF-κB activation on 

macrophages. 

To detect the IL-8-mediated activation by binding of IL-8-to-IL-8 receptor, macrophages were 

pretreated with anti-IL-8R antibody and then stimulated with IL-8 for 2 h to rule out possibility 

of NF-κB activation due to endotoxin contamination. In other sets, cells were stimulated with 

anti-IL-8 antibody (1 µg) or polymixin B-sulphate (10 µg) with IL-8 (100 ng/ml) mixture 

(incubated for 1 h at 370C). Nuclear extracts were then used to detect NF-κB. The results 

showed that polymixin B-sulphate-IL-8 mixture treated cells did not inhibit IL-8-induced NF-

κB. Either anti-IL-8 antibody-IL-8 mixture or anti-IL-8R antibody followed by IL-8 

stimulation completely inhibited NF-κB activation (Fig.5.4) suggesting that IL-8 is free of 

endotoxin contamination, NF-κB activation is due to IL-8, and IL-8 mediates NF-κB 

activation through its receptors in macrophages.  
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Fig 5.1 Effect of oleandrin on IL-8-induced NF-κB activation. THP1 cells 
at 50% confluency treated with 10 ng/ml PMA for 16 h and then cells were 
washed with fresh medium. Cells were then treated with different concentrations 
of oleandrin for 3 h followed by stimulation with 100 ng/ml IL-8 for 2hrs. 
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Fig 5.2 Effect of oleandrin on FMLP-or  IL-1-induced NF-κB activation. THP1 
cells at 50% confluency treated with 10 ng/ml PMA for 16 h and then cells were 
Washed with fresh medium. Cells were then treated with different concentrations 
of oleandrin for 3 h followed by stimulation with 100 pM FMLP or  100 ng/ml IL-1
for 2hrs. 
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Fig 5.3 Effect of oleandrin on TNF- or NGF-induced NF-κB activation. THP1 
cells at 50% confluency treated with 10 ng/ml PMA for 16 h and then cells were
washed with fresh medium. Cells were then treated with different concentrations 
of oleandrin for 3 h followed by stimulation with 100 pM TNF or  100 ng/ml 
NGF  for 2 hrs.
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Fig 5.4 Effect of oleandrin on EGF-induced NF-κB activation. THP1 cells at 
50% confluency treated with 10 ng/ml PMA for 16 h and then cells were washed 
with fresh medium. Cells were then treated with different concentrations of 
oleandrin for 3 h followed by stimulation with 100 pM EGF  for 2 hrs.
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Fig 5.5 Effect of IL-8 antibodies on NF-κB activation induced by IL-8. 
Macrophages were pretreated with anti-IL-8R antibody and then stimulated 
with IL-8 for 2 h. In other sets, cells were stimulated with anti-IL-8 
antibody or polymixin B-sulphate and IL-8 (100 ng/ml) mixture (incubated 
for 1 h at 370C). Nuclear extracts were prepared and assayed for NF-κB. 
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5.2.2 Optimum time required for oleandrin-mediated inhibition of IL-8-induced NF-κB 

activation. 

To determine the time it took for oleandrin to inhibit IL-8-induced NF-κB activation, cells 

were incubated with oleandrin for 240, 180, 120, 60, or 30 min before the addition of IL-8; 

oleandrin was added at the same time as the IL-8; or cells were incubated with oleandrin 60 

min after the addition of IL-8. In all instances the cells were treated with IL-8 for 120 min. NF-

κB activation was completely inhibited in cells at least 180 min pre-treatment of oleandrin 

(Fig.5.6). 

 

5.2.3 Oleandrin inhibits IL-8-induced phosphorylation and degradation of IκBα and IKK 

activation. 

The translocation of NF-κB to the nucleus is preceded by the phosphorylation, ubiquitination, 

and proteolytic degradation of IκBα [Sarkar et al, 2004]. To determine whether the inhibitory 

action of oleandrin was due to an effect on IκBα degradation, the IκBα proteins was detected 

from cytoplasmic extracts and NF-κB was assayed from nuclear extracts. Oleandrin inhibited 

IL-8-induced (time-dependent) NF-κB activation (Fig.5.7). IκBα degradation started at 15 min 

of IL-8 (100 ng/ml) treatment in macrophages and completed at 30 min. The presence of 

oleandrin inhibited IL-8-induced IκBα degradation (Fig.5.9). To determine whether oleandrin 

modulates TNF-induced IκBα phosphorylation, Western blot with antibodies against the 

phosphorylated form of IκBα was performed. Oleandrin was found to inhibit IL-8-induced 

phosphorylation of IκBα (Fig.5.9). Oleandrin-pretreated cells showed complete inhibition of 

IL-8-induced IKK activation (Fig.5.10) whereas, oleandrin did not inhibit immunoprecipitated 

IKKs from IL-8-stimulated cells extract at any concentrations in vitro (Fig. 5.11) suggesting 

oleandrin’s effect lies more upstream of IL-8-mediated signaling. 

 

5.2.4 Activated NF-κB inhibited by oleandrin consists of p50 and p65 subunits. 

To detect the composition and specificity of the induced band visualized by EMSA, nuclear 

extracts from IL-8-activated macrophages were incubated with antibodies (Abs) p50 (NF-κBI), 

p65 (Rel A), or in combination and 50-fold excess of cold or mutant NF-κB. Abs to either 

subunit of NF-κB shifted the band to a higher molecular weight (Fig. 5.8), thus suggesting that 
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Fig 5.6 Time kinetics of oleandrin-mediated NF-κB activation. Macrophages, 
either pre-, co-, or post-incubated with 100 ng/ml oleandrin at 37°C for the indicated 
times were stimulated with 100 ng/ml IL-8 at 37°C for 2 h. After these treatments
nuclear extracts were prepared and then assayed for NF-κB.
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Fig 5.7 Time course of inhibition of IL-8-dependent NF-κB activation by 
oleandrin. Macrophages were incubated at 370C either with or without 100 ng/ml 
of oleandrin for 3 h and then stimulated with 100 ng/ml IL-8 for different times. 
After these treatments nuclear extracts were prepared and then assayed for NF-κB.
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Fig 5.8 Supershift and specificity of NF-κB activation. Nuclear extracts, prepared 
from untreated or IL-8-treated macrophages were incubated for 15 min with 
different Abs and cold or mutant NF-κB oligonucleotides, and then assayed for 
NF-κB, as described in materials and methods.
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Fig 5.9 Effect of oleandrin on IL-8-induced degradation of IκBα and on levels 
of phospho-IκBα. Macrophages, either untreated or pretreated with 100 ng/ml 
oleandrin for 3 h were stimulated with IL-8 (100 ng/ml) for different times. 
Cytoplasmic extracts were prepared and assayed for IκBα and phospho-IκBα
by Western blot and the blot was reprobed with anti-tubulin Ab
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Fig 5.10 Effect of oleandrin on IL-8-induced activation of IKKα. Cells were 
pretreated with 100 ng/ml oleandrin for 3 h and then activated with 100 ng/ml 
IL-8 for the indicated times. Whole-cell extracts were prepared and IKK was 
assayed as described under Materials and Methods.
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Fig 5.11 Effect of oleandrin on IL-8-induced activation of IKKα. The level of 
IKKα was detected from 50 µg cells extract proteins by Western blot. To detect 
the direct effect of oleandrin on the IL-8-induced activation of IKKα, cells were 
stimulated with IL-8 for 1 h and then whole-cell extracts were prepared. Then 
250 µg extract proteins were immunoprecipitated with anti-IKKα antibody. The 
immune complexes were incubated with different concentrations of oleandrin
for 3 h and then IKK assayed 
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the IL-8-activated complex consisted of p50 and p65 subunits. Neither preimmune serum nor 

irrelevant Ab such as anti-c-Rel had any effect on the mobility of NF-κB. The complex 

completely disappeared in presence of cold NF-κB indicating the specificity of NF-κB. Mutant 

NF-κB was unable to bind with the IL-8-induced protein complex further suggesting its 

specificity. 

 

5.2.5 Oleandrin inhibits IL-8-induced myeloperoxidase, alkaline phosphatase, or β-D 

glucuronidase activity. 

 IL-8 interacts with cells surface receptors to secrete different proteolytic enzymes. To detect 

IL-8-induced biological responses, macrophages were treated with different concentrations of 

oleandrin for 3 h and then stimulated with IL-8 (100 ng/ml) for 2 h. Culture supernatant was 

then used to analyze myeloperoxidase, alkaline phosphatase, and β-D-glucuronidase. 

Oleandrin inhibited IL-8-induced proteases release in a dose-dependent manner indicating its 

effect on IL-8-mediated biological response in macrophages (Fig.5.12).  

 

5.2.6 Oleandrin inhibits IL-8-, FMLP-, or NGF-, but not TNF-induced oxidative burst 

response. Different inducers induce macrophages to generate reactive oxygen species (ROS) is 

well established (Manna et al., 1997).  The generation of ROS is detected by NBT (nitroblue 

tetrazolium) test. Does oleandrin modulate oxidative burst response mediated by different 

inducers as seen in case of NF-κB activation? To address this question, macrophages were 

treated with different concentrations of oleandrin for 3 h and then stimulated with 100 ng/ml 

IL-8, 100 nM FMLP, 100 pM TNF, or 100 nM NGF for 2 h at 370C in presence of NBT 

solution (0.1%). NBT positive cells were counted under microscope and presented in 

percentage above unstimulated cells. Oleandrin did not increase the number of NBT positive 

cells alone than the unstimulated cells. IL-8, FMLP, TNF, or NGF induced 74, 87, 58, or 72% 

NBT positive cells respectively. Oleandrin decreased IL-8-, FMLP-, or NGF-, but not TNF-

induced NBT positive cell numbers in a dose-dependent manner. These data (Fig.5.13) 

indicate that oleandrin downregulates IL-8-, FMLP-, or NGF-, but not TNF-induced oxidative 

burst response suggesting the specific activity towards chemoattractants and growth factors 

mediated responses. 
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Fig. 5.12 Effect of oleandrin on IL-8-induced enzymes release. Macrophages were 
treated with different concentrations of oleandrin for 3 h in phenol red-free medium 
and then stimulated with 100 ng/ml of IL-8 for 2 h. The supernatant was collected 
and analyzed for myeloperoxidase, alkaline phosphatase, and β-D-glucuronidase.
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Fig 5.13 Effect of oleandrin on IL-8-, FMLP, TNF-, and NGF-induced oxidative burst response. Macrophages 
were treated with different concentrations of oleandrin for 3 h and then stimulated with 100 ng/ml IL-8, 100 pM 
FMLP, 100 pM TNF, or 100 pM NGF for 2 h. Then nitroblue tetrazolium (NBT) test was carried out. NBT positive 
and negative cells were counted under microscope and NBT positive cells were presented in percentage.
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 5.2.7 Oleandrin inhibits IL-8-induced NF-κB-dependent SEAP, ICAM1, Cox2, and 

Cox2-dependent luciferase activation. 

 As IL-8-induced NF-κB activation was blocked by oleandrin, the NF-κB regulated genes, 

adhesion molecule ICAM1 and Cox2 expressions were carried out. THP-1 cells were 

transfected with NF-κB reporter plasmid containing SEAP gene with Qiagen superfect reagent 

for 6 h and then stimulated with PMA for differentiation. Differentiated macrophages were 

treated with oleandrin, stimulated with different concentrations of IL-8 or TNF for 12 h and the 

culture supernatant was used to assay secretory alkaline phosphatase (SEAP) activity. The 

result in Figure 5.14 indicated that IL-8 or TNF induced SEAP activity in a dose-dependent 

manner and oleandrin completely inhibited IL-8-, but not TNF-induced SEAP activity at any 

concentrations. The results suggest that oleandrin inhibits IL-8-, but not TNF-induced NF-κB 

activation. Macrophages were treated with different concentrations of oleandrin for 3 h and 

then stimulated with IL-8 (100 ng/ml) or TNF (100 pM) for 12 h. We analyzed ICAM1 and 

Cox2 in the cell extract proteins by Western blot. IL-8- but not TNF-induced ICAM1 (Fig.5.14 

A & B) and Cox2 (Fig.5.14 C & D) expression were decreased with increase concentrations of 

oleandrin treatment. Oleandrin alone did not induce ICAM1 or Cox2 expression at any 

concentrations. Upon re-probing the blots with anti-tubulin antibody, we found that the band 

intensities in all lanes were uniform indicating equal loading of proteins in the lanes.  

Although it was shown that oleandrin blocks the Cox2 expression, the dependent gene 

transcription was also assayed. THP1 cells, transiently transfected with the Cox2-Luciferase 

reporter construct for 6 h were stimulated with PMA (10 ng/ml) for 16 h. Cells were then 

treated with different concentrations of oleandrin for 3 h followed by stimulation with IL-8 

(100 ng/ml) or TNF (0.1 nM) for 12 h. An almost 7.5-or 9.2-fold increase in luciferase activity 

over the vector transfected cells was noted upon stimulation with IL-8 or TNF respectively 

(Fig.5.16). IL-8-, but not TNF-induced luciferase activity was inhibited by oleandrin in a dose-

dependent manner. These results demonstrate that oleandrin selectively inhibits IL-8-induced 

NF-κB and dependent several genes activation. 
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Fig 5.14 Effect of oleandrin on IL-8- or TNF-induced NF-κB-dependent SEAP
expression. THP1 cells were  transfected with NF-κB-containing plasmid linked 
to the SEAP gene for 6 h and then cultured in presence of 10 ng/ml PMA for 16 h. 
Cells were treated with 100 ng/ml oleandrin for 3 h and then stimulated with 
different concentrations IL-8 (A1) or TNF (A2) for 12 h. Then culture supernatant 
was taken and  assayed for SEAP.



0      1    10    50   100    0   1      10    50    100
None IL-8

ICAM1

Oleandrin (ng/ml)A

Tubulin

0     100    0   1      10    50    100

ICAM1

TNFNone
Oleandrin (ng/ml)

B

Tubulin

0      1    10    50   100    0   1      10    50    100
None IL-8

Oleandrin (ng/ml)

Cox2C

Tubulin

Cox2

0     100    0   1      10    50    100 Oleandrin (ng/ml)
TNFNone

D

Tubulin

Fig 5.15 Effect of oleandrin on IL-8- or TNF-induced NF-κB-dependent ICAM1
and Cox2 expression. Cells were stimulated with different concentrations of oleandrin
for 3 h and then treated with IL-8 (100 ng/ml) or TNF (100 pM) for 12 h at 370C in a 
CO2 incubator. ICAM1 (A & B) and Cox2 (C & D) were detected from cell extract 
proteins (100 µg) by Western blots. As loading control, Tubulin was detected by 
re-probing same blots. 
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Fig 5.16 Effect of oleandrin on IL-8- or TNF-induced NF-κB-dependent Cox-2-
dependent luciferase expression. THP1 cells, transfected with the Cox2-Luciferase
expression vector and β-galactosidase gene for 6 h were stimulated with 10 ng/ml 
PMA for 16 h. Cells were treated with different concentrations of oleandrin for 3 h 
and then stimulated with IL-8 (100 ng/ml) or TNF (100 pM) for 12 h. The luciferase 
and β-galactosidase enzymes activity was measured 
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5.2.8 Oleandrin downregulates IL-8, EGF, or NGF receptors, but not TNF or IL-1 

receptors. 

As oleandrin inhibited IL-8-induced biological responses and IL-8 exerts its effect through 

surface IL-8Rs, the effect of oleandrin on expression of different receptors in macrophages 

were detected. Macrophages (1 x 106/well of 12-well plate) were incubated with different 

concentrations of oleandrin for 3 h at 370C, CO2 incubator in triplicate samples. Then 

radiolabeled ligands binding was assayed using 125I-labeled TNF, IL-8, IL-1, EGF, and NGF (5 

x 104 cpm/sample) for 2 h at 40C. The results indicated in Figure 5.17 that 125I-labeled IL-8, 

EGF, or NGF binding was decreased with increase concentrations of oleandrin but not for the 

binding of TNF or IL-1. These results indicate that oleandrin down-regulates IL-8R, EGFR, or 

NGFR, but not TNFR or IL-1R in macrophages in a dose-dependent manner. 

To detect the optimum concentration and time of oleandrin treatment to downregulate the 

IL-8Rs, macrophages were treated with 100 ng/ml oleandrin for different times as indicated in 

Figure 5.18 at 370C, CO2 incubator. Then 125I-IL-8 binding was assayed at 40C. As shown in 

Figure 5.18, the IL-8 binding was gradually decreased upto 3 h. From this result it is clear that 

optimum time required for maximum IL-8Rs down-regulation by oleandrin is 3 h. Similarly, 

cells were treated with different concentrations of oleandrin for 3 h and then 125I-IL-8 binding 

was assayed and 100 ng/ml concentration is optimum for maximum IL-8R downregulation 

(Fig.5.19). At higher concentrations further downregulation of IL-8Rs were not observed. 

Viable receptors were detected by accumulation of labeled ligand inside the cells (total 

binding) at 370C. As shown in Figure 5.20, the accumulated 125I-IL-8 was decreased in 

oleandrin treated cells about 75-85% at any concentrations of added 125I-IL-8 compared to 

untreated cells indicating downregulation of IL-8R by oleandrin. 

 

5.2.9 Oleandrin inhibits IL-8 binding. 

To estimate the number of IL-8Rs expressed in oleandrin treated macrophages, Scatchard 

analysis was performed (Manna et al., 1997; Manna and Aggarwal, 1998).  Cells, either 

untreated or treated with oleandrin (100 ng/ml) for 3 h were incubated with different 

concentrations of 125I-IL-8 at 40C for 2 h.  In another set, same binding was assayed in 

presence of 50-fold unlabeled IL-8.  The specific binding of IL-8 was shown in Figure 5.21 as 

mean count ± SD of duplicate samples. From specific count, bound/free values were calculated 
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Fig 5.17 Effect of oleandrin on TNF, IL-8, IL-1, EGF, or NGF receptors level.
Macrophages (106/well of 12 well plate) were incubated with different concentrations 
of oleandrin for 3 h at 370C, CO2 incubator. Labeled TNF, IL-8, IL-1, EGF, or NGF 
binding was assayed at 40C as described in Materials and Methods.
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Fig 5.18 Optimum time of oleandrin treatment to downregulate the IL-8Rs.
Macrophages were incubated with 100 ng/ml oleandrin for different times as 
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Fig 5.19 Optimum concentrations of oleandrin to downregulate IL-8R.
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then IL-8 binding was assayed. 
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Fig 5.21 Scatchard analysis of 125I-IL-8 binding to oleandrin-treated 
macrophages. Oleandrin-treated and untreated macrophages (1 x 106) were 
incubated with different amounts of 125I-IL-8 at 40C for 2 h. Then IL-8 binding 
was assayed.  To determine the specific binding, nonspecific binding (obtained 
from a 50-fold excess of cold IL-8 used in binding) was subtracted. From 
specific binding, ligand bound versus bound/free ratio was indicated (inset). 
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and plotted against bound values (Fig.5.21, inset). From these data total number of IL-8R was 

calculated as 11,560 IL-8 receptors per unstimulated neutrophil (Kd, 0.42 nM) versus 2,480 

(Kd, 0.48 nM) by oleandrin treatment. Oleandrin downregulates about 79% IL-8R as detected 

by Scatchard plot that is correlated with IL-8 binding data with out changing affinity towards 

IL-8.  

To demonstrate the effect of oleandrin on IL-8 binding, chemical coupling of 125I-IL-8 to 

receptors was performed at 40C by a bifunctional cross-linker DSS with different 

concentrations of oleandrin-treated cells as described in Experimental procedures. Figure 5.22 

showed that the intensity of 67 and 75 kDa bands were decreased with increasing 

concentrations of oleandrin, thus indicating downregulation of IL-8Rs. To detect the type of 

IL-8Rs were downregulated by oleandrin, cells were treated with oleandrin (100 ng/ml) for 3 h 

and then incubated with 250 ng of IL-8 or MGSA for 2 h at 40C and then 125I-IL-8 was 

assayed. The cold IL-8 suppressed almost 90% labeled IL-8 binding, whereas cold MGSA 

suppressed about 50% labeled IL-8 binding (Fig.5.23), suggesting the downregulation of both 

types IL-8Rs by oleandrin. 

 

5.2.10 Oleandrin inhibits IL-8 binding in isolated macrophages membrane, but not in 

purified IL-8R.  

To detect the effect of oleandrin in macrophages membrane and purified IL-8Rs, macrophages, 

isolated membrane, and affinity purified IL-8Rs were incubated with different concentrations 

of oleandrin for 3 h at 370C. Labeled IL-8 binding was assayed in intact cells, membrane, and 

purified IL-8Rs. The results shown in Figure 5.24 indicate that 125I-IL-8 binding was decreased 

in intact cells and isolated membrane, but not in purified IL-8R. These results suggest that 

down modulation of IL-8R by oleandrin is mediated through its interaction with cells and its 

membrane but not directly with IL-8R.   

 

5.2.11 IL-8 or anti-IL-8R Ab is unable to protect oleandrin-mediated IL-8Rs 

downregulation.  

The relevant question is whether oleandrin-mediated IL-8R modulation within IL-8 binding 

domain of the receptor. To address this question ligand protection experiment was performed.  

Since IL-8R rapidly internalized with IL-8 at 370C and monodansyl cadaverine (MDC) can 
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Fig 5.23 Specific IL-8 binding to macrophages. Macrophages treated with 
100 ng/ml oleandrin for 3 h and then cells were washed, incubated with 250 ng 
of unlabeled IL-8 or MGSA for 30 min followed by labeled IL-8 for 2 h at 40C 
and binding was assayed. Results represented one out of three experiments.



0

1

2

3

4

5

6

0 1 10 50 100

Macrophages

Membrane

Purified 
IL-8Rs

12
5 I

-I
L-

8 
bi

nd
in

g 
to

 c
el

ls
 (c

pm
x 

10
3 )

Oleandrin (ng/ml)

Fig 5.24 Effect of oleandrin on purified macrophages membrane and affinity 
purified IL-8R. Purified membrane and affinity purified IL-8R, taken in 
nitrocellulose discs and cells were treated with different concentrations of 
oleandrin. The nitrocellulose discs and cells were washed and then assayed 
for 125I-IL-8 binding.



 
Oleandrin mediates inhibition of IL-8 induced biological responses 

protect endocytosis at 370C (Ray and Samanta, 1997), cells were incubated with MDC for 15 

min at 370C and then incubated with IL-8 for 1 h at 370C.  The cells were washed, treated with 

different concentrations of oleandrin for 3 h, and then washed with glycine-HCl (50 mM, pH 

3.0). The binding of 125I-IL-8 was assayed at 40C immediately after washing the cells. IL-8R 

was decreased in macrophages by oleandrin in a dose dependent manner and IL-8 preincubated 

cells showed almost similar decrease in IL-8 binding (Fig.5.25). The results suggest that IL-8 

is unable to protect oleandrin-mediated downregulation of IL-8Rs. Oleandrin-mediated 

downregulation of IL-8Rs were not due to production of IL-8 as oleandrin-treated cells (for 12 

h) did not show any change in IL-8 level either in supernatant or pellet extracts as detected by 

ELISA (Fig.5.26). To examine the protection of IL-8R from the effect of oleandrin by anti-IL-

8R antibody, cells were incubated with the 1 µg of each of anti-IL-8R1 and 2 antibodies/well 

of 12-well plate for 1 h at 370C. After washing, different concentrations of oleandrin was 

added and incubated at 370C, CO2 incubator for 24 h. Cells were then washed with 0.5 M 

potassium thiocyanate for 10 sec. After immediate washing, the mean binding of 125I-IL-8 

(cpm) was assayed at 40C.  The result indicated in Figure 5.27 that anti-IL-8Rs Abs pre-

incubated cells showed decrease in IL-8 binding with increased concentrations similar to 

oleandrin treated cells indicating anti-IL-8Rs Ab’s inability to protect oleandrin-mediated 

downregulation of IL-8Rs. 

 

5.2.12 Lipid molecules, but not protease inhibitors protect oleandrin-mediated 

downregulation of IL-8Rs.  

As proteases are known to cleave different proteins on the cell surface, it is logical to detect the 

role of proteases on oleandrin-mediated downregulation of IL-8Rs. Macrophages were 

preincubated with different protease inhibitors for 1 h and subsequently treated with oleandrin 

(100 ng/ml) for 3 h. Then 125I-IL-8 binding was assayed. The results indicated in Figure 5.28 

that the binding of IL-8 was not decreased by different protease inhibitors alone in 

macrophages, but also oleandrin-mediated inhibition of IL-8 binding was not protected by pre-

treatment of different proteases suggesting proteases have no role in oleandrin-mediated IL-

8Rs downregulation. As different lipid molecules interact with modulators to inactivate the 

modulator (Manna et al., 1997), we incubated oleandrin with cephalin, cholesterol, lecithin, or 

sphingosine for 3 h and then cells were incubated with those mixtures for 3 h and 125I-IL-8 
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Fig 5.25 IL-8 was unable to protect oleandrin-mediated down-regulation 
of IL-8R. Macrophages, pre-incubated with MDC for 15 min were incubated 
with IL-8 (500 ng/ml) for 1 h at 370C. After washing, the cells were treated 
with different concentrations of oleandrin for 3 h. Cells were washed with 
0.05 M glycine-HCl, pH 3.0 and then assayed for 125I-IL-8 binding. 
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binding was assayed. The result showed that oleandrin-mediated downregulation of IL-8Rs 

was protected by cholesterol, cephalin, lecithin, or shingosine by 11, 40, 41, or 71% 

respectively (Fig.5.29) indicating the role of lipid molecules in oleandrin mediated IL-8R 

downregulation. Oleandrin-mediated downregulation of IL-8Rs and its protection by lipid 

molecules reflected IL-8-induced NF-κB activation (Fig.5.30).  

 

5.2.13 Oleandrin inhibits diphenylhexatriene (DPH) binding in neutrophils. 

DPH is a moderate membrane-perturbing fluorescent probe that is extensively used for 

measurement of fluidity and microviscosity of the membrane. To monitor the fluorescence of 

DPH, cells, treated with different concentrations of oleandrin for 3 h were incubated with DPH 

for 2 h at 37°C. After washing, the fluorescence was measured at 430 nm. Figure 5.31 shows 

that the DPH binding was decreased with increased concentrations of oleandrin suggesting 

alteration of microviscosity. 

 

5.2.14 Oleandrin alters membrane fluidity in neutrophils. 

The lipid fluidity of neutrophil membrane was determined by fluorescence depolarization 

measurement. The data presented in Figure 5.32 show that the microviscosity parameter [(r0/r) 

– 1]-1 was higher in untreated cells. In oleandrin-treated cells the value of the parameter was 

decreased in a dose-dependent manner and 25% decrease in microviscosity parameter was 

shown in 100 ng/ml oleandrin. Under identical conditions, 10 µM amphotericin B showed 40% 

decrease in microviscosity parameter. The results suggest that oleandrin alters membrane 

fluidity and microviscosity, which inturn leads to down modulation of  IL-8Rs. 
 

5.3 Discussion 

IL-8 is an important inflammatory cytokine involved in all forms of neutrophil- and 

macrophage-driven inflammation and tumor progression through angiogenesis, hence the role 

of oleandrin is important on IL-8-mediated neutrophil and macrophage functions. Even though 

some reports indicate that oleandrin downregulates TNF- or ceramide-induced NF-κB 

activation in several tumor cell types, it does not do so in primary cells. Oleandrin induces 

apoptosis in several cancer cells through inhibition of NF-κB (Sreenivasan et al., 2003). The 

purpose of this study was to investigate the effect of oleandrin on different growth factors-
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Fig 5.29 Effect of different lipid molecules on oleandrin-mediated downregulation of IL-8R activation.
Oleandrin (100 ng/ml) was incubated with 500 µg of cholesterol, cephalin, lecithin, or sphingosine for 3 h and then 
macrophages were treated with these mixtures for 3 h. 125I-IL-8 binding was carried out at 40C as triplicate samples 
to detect IL-8 binding
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Fig 5.30 Effect of different lipid molecules on oleandrin-mediated downregulation of  NF-κB activation.
Oleandrin (100 ng/ml) was incubated with 500 µg of cholesterol, cephalin, lecithin, or sphingosine for 3 h 
and then macrophages were treated with these mixtures for 3 h. Nuclear extracts were prepared from same 
treated cells and assayed for NF-κB
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Fig 5.32 Effect of oleandrin on DPH fluorescence and microviscosity in 
neutrophils. Cells were treated with different concentrations of oleandrin for 
3 h at 37°C. After washing, DPH (1 pM) was added to each well, and all tubes 
were kept at 37°C for 2 h with stirring. After washing, the cells were excited 
at 365 nm, and the  fluorescent anisotrophy was measured. The results indicated 
are of values of the microviscosity parameter calculated using the formula 
mentioned in Materials and Methods.
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mediated biological responses. In our experiments, we found that oleandrin blocked IL-8-, 

NGF-, EGF-, or FMLP-, but not IL-1- or TNF-induced NF-κB activation and oxidative burst 

response. Oleandrin’s effect was shown in different cell types. Oleandrin mediated inhibition 

of several biological responses induced by IL-8, FMLP, NGF, or EGF is driven through its 

action on the cell surface resulting in altered microviscosity and fluidity of cell membrane. 

This inhibition by oleandrin is partially protected by different phospholipids. 

TNF is a potent inducer of NF-κB and its dependent genes activation in several tumor cells. 

TNF induces IKKs, which mediates IκBα phosphorylation followed by degradation leading to 

p65-p50 (NF-κB) translocation to the nucleus and thereby activating several genes for cell 

survival and apoptosis. Oleandrin was unable to block TNF-induced NF-κB activation and its 

dependent genes activation in primary cells like macrophages and neutrophils. Although IL-8 

induces NF-κB activation through IRAK-TRAF6 pathway (Manna and Ramesh, 2005), and 

oleandrin inhibited IL-8-induced IKKs activation and IκBα phosphorylation followed by 

degradation of IκBα in macrophages. However, oleandrin did not interfere with the activity of 

IKKs in vitro. These results suggest that oleandrin mediated action lies upstream of IL-8 

signalling. Several of NF-κB-dependent gene products including cyclooxygenase and adhesion 

molecules are involved in tumorigenic and inflammatory responses. Oleandrin inhibited IL-8-, 

but not TNF-induced Cox2 and ICAM1 expressions suggesting inhibition of IL-8-induced NF-

κB activation in macrophages. 

IL-8 interacts with its cell surface receptors to activate several biological responses. These 

include degranulation of several proteolytic enzymes such as myeloperoxidase, alkaline 

phosphatase and β-D-glucuronidase and oxidative burst response for its first line of defence 

(Manna et al., 1997). All these functions are downmodulated by oleandrin in macrophages. 

FMLP is a potent inducer of oxidative burst response (Chen et al., 2003). Oleandrin inhibited 

not only IL-8-induced but also FMLP- and NGF-, but not TNF-induced oxidative burst 

response suggesting that oleandrin might act in a common pathway shared by IL-8, FMLP, and 

NGF. Oleandrin-mediated downregulation of IL-8-mediated NF-κB activation was observed in 

most cell types whereas TNF-induced cell signaling was restricted in tumor cells suggesting 

oleandrin’s action in primay cells may be different to that in tumor cells.  
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Oleandrin decreased IL-8, NGF, or EGF, but not IL-1 or TNF binding (Fig.5.15) suggesting 

specific receptors downregulation by oleandrin. IL-8 and FMLP receptors belong to G-protein 

coupled receptors (GPCRs). Oleandrin downregulated IL-8- and FMLP-induced biological 

responses suggesting downregulation of GPCRs. Though NGF and EGF receptors are 

structurally different than GPCRs, oleandrin downregulates NGFR and EGFR. This provides 

scope for looking into the mode of action mediated by oleandrin in downmodulating NGFR 

and EGFR . Altered fluidity might affect specific receptor conformation for its ligand binding. 

NGF exerts its effect not only in neuronal cells but also in other cell types (Garaci et al., 1999; 

Hikawa et al., 2002; Ricci et al., 2004). Expression of EGFR and NGFR in breast cancer 

(Decamps et al., 2001; El-Rehim et al., 2004; Lev et al., 2004) gives us much attention to 

detect the levels in addition to other receptors. Suprisingly, oleandrin downmodulated NGF 

and EGF binding as well as NGF- and EGF-mediated responses. Oleandrin inhibited labeled 

IL-8 uptake at 370C (Fig.5.20) suggesting the downmodulation of viable IL-8 receptors. 

Receptors, after binding with its corresponding ligands are internalized and recycled back to 

cell surface to follow the same cycle repeatedly at 370C. Oleandrin inhibited this process, 

which may be by interfering with the binding of IL-8 with its receptors. 125I-IL-8 binding was 

not inhibited in macrophages when incubated with oleandrin at 40C (data not shown), 

suggesting oleandrin has no role in the IL-8 binding domain of IL-8Rs. Oleandrin treated 

macrophages showed almost 80% IL-8Rs downregulation as observed by labeled IL-8 binding, 

detected by Scatchard analysis (Fig.5.21) and crosslinkined IL-8-IL-8Rs (Fig.5.20). Oleandrin 

downregulated both types of IL-8Rs as detected by radiolabeld IL-8 crosslinked IL-8Rs 

(Fig.5.22) and competitive binding with MGSA. MGSA specifically binds with IL-8R type 2 

with high affinity, whereas IL-8 binds with both types of IL-8R (Type 1 and 2) with high 

affinity (Jones et al., 1996).  Oleandrin downregulated IL-8Rs in purified macrophage 

membrane, but not in affinity purified IL-8Rs. Ligand or anti-IL-8R antibodies did not protect 

this downregulation of IL-8Rs. Oleandrin-mediated downregulation of IL-8Rs was not due to 

production of IL-8 as detected by ELISA (Fig.5.26). Different protease inhibitors were unable 

to protect IL-8Rs from oleandrin-mediated downregulation indicating proteases are not 

involved in oleandrin’s action.  

DPH is a fluorophore that has been extensively used to monitor the hydrophobicity of the 

membrane microenvironment. DPH itself in aqueous solution shows very weak emission 
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because of its effective quenching of fluorescence. As soon as DPH interacts with the cell 

membrane, the intensity of fluorescence markedly enhances at 430 nm (Fig. 5.31). The 

possible reason for this increased intensity of fluorescence is that the fluorophore (DPH) bound 

to the nonpolar hydrophobic environment of the membrane. The intensity of DPH fluorescence 

was reduced in oleandrin-treated cells in a concentration-dependent manner (Fig.5.31), 

primarily due to disturbed microenvironment for DPH binding with membrane lipids. 

Oleandrin interferes with the fluidity and microviscosity of the membrane possibly by 

interacting with the phospholipids of the membrane. As a result, the non-polar environment 

required for enhanced DPH fluorescence intensity was impaired. The partial protection given 

by some of the phospholipids against the effect of oleandrin suggests a possible effect on 

membrane fluidity, which finally results in the downregulation of the receptors for IL-8, 

FMLP, NGF, and EGF. 

Residential macrophages and migrated neutrophils release proteases not only to clear the 

microbes in case of infection but also to destroy the surrounding tissues in case of 

inflammation. Oleandrin interacts with cells membrane and specifically downregulates specific 

growth and G-protein-coupled receptors including IL-8Rs thus decreasing excessive migration 

and release of several proteases in several inflammatory diseases, which may help to 

ameliorate the distress in these patients. With its ability to downregulate IL-8-mediated 

biological responses in neutrophils, macrophages, and several tumor cells oleandrin may be 

considered as potent anti-inflammatory and anti-angiogenic therapeutic agent. 
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Inhibition of Akt phosphorylation and induction of FasL expression by oleandrin 

6.1 Introduction. 

A  plethora of transcription factors, kinases, phosphatases and other signaling molecules are 

involved in the regulation of apoptosis mediated by chemotherapeutic agents. The 

complex regulatory mechanisms, which govern these factors, play a vital role in the apoptosis 

inducing ability of chemotherapeutic agents. Some of the major protein molecules involved in 

the progression of tumors and apoptosis pertaining relevance to the study are elaborated in this 

prelude. 

 
6.1.1 Akt. 

Akt encodes a serine/theronine kinase that has an amino-terminal PH domain, a central 

catalytic domain and a short carboxy terminal regulatory domain. There are three members of 

the Akt family (Akt 1, Akt 2 and Akt 3), which, in general are broadly expressed. Growth 

factor mediated PI3K activation results in increases in 3’-phosphorylated phosphoinositides, 

which results in both the translocation of Akt to the plasma membrane and a conformational 

change that renders the regulatory phosphorylation sites accessible to PDKs (PI3K dependent 

kinases). Akt is rapidly phosphorylated by PDK1 at two positions, the activation loop (Thr 

308) and the hydrophobic phosphorylation motif (Ser 473). In unstimulated cells, Akt is 

present in the cytosol in a conformation that blocks access of PDK-1 to the activation loop 

specifically, the PH domain masks Thr-308. Mitogen stimulation results in the membrane 

recruitment of Akt, unmasking of the activation loop, and allowing the phosphorylation of Thr-

308 by PDK1. The phosphorylation of PDK1 renders Akt catalytically competent and causes 

the autophosphorylation of Ser-473 of the hydrophobic phosphorylation motif.  

 
6.1.1.1 Significance of Akt activation. 

The activation of Akt has profound biological consequences, which can be catalogued 

into three headings- survival, proliferation (increase in cell number) and growth (increase of 

cell size). 
 

6.1.1.1.1 Cell survival.  

As mentioned in earlier chapters, cancer cells have devised several mechanisms to 

inhibit apoptosis and prolong their survival. Akt functions in an apoptotic pathway, because 

dominant-negative alleles of Akt block survival that is mediated by insulin like growth factor 

 90



 
Inhibition of Akt phosphorylation and induction of FasL expression by oleandrin 

1(IGF 1) and constitutively active Akt rescues. PTEN mediated apoptosis (Dudek et al., 1997; 

Li et al., 1998). Akt directly phosphorylates several components of the cell death machinery. 

For example, BAD is a pro-apoptotic member of the BCl-XL. Phosphorylation of BAD by Akt 

prevents this interaction restoring Bcl-XL’s anti-apoptotic function (Datta et al., 1997). Also, 

phosphorylation of FKHR a member of the forkhead family of transcription factors by Akt 

sequesters it in the cytosol thus inhibiting activation of FKHR gene targets which include BIM 

and Fas ligand (Brunet et al., 1999). Akt can also influence cell survival by means of indirect 

effects on two central regulators of cell death-NF-κB and p53 (Romashkova and Makarov, 

1999). Akt can exert a positive effect on NF-κB function by phosphorylation and activation of 

IκB kinase (IKK). Akt influences the activity of the pro-apoptotic tumor suppressor p53, 

through phosphorylation of the p53 binding protein MDM2. MDM2 is a negative regulator of 

p53 for degradation by the proteasome through its E3 ubiquitin ligase activity.  

 
6.1.1.1.2 Cell proliferation. 

Cyclin D1 levels, which are important in the G1/S phase transition, are regulated at the 

transcriptional, post-transcriptional and post-translational level by distinct mechanisms. The 

cyclin D1 kinase, glycogen synthase kinase-3β (GSK3β) phosphorylates cyclinD1 marking it 

for degradation by the proteasome Akt directly phosphorylates GSK3β and blocks its kinase 

activity thereby allowing cyclin D1 to accumulate (Diehl et al., 1998). 

 
6.1.1.1.3  Cell growth. 

Growth refers to the synthesis of macromolecules which results in increased cell mass 

or size, a process that is enhanced in cancer cells to meet the biosynthetic requirements that are 

imposed by the augmented degree of proliferation. One of the central regulators of cell growth 

is mTOR, a serine/threonine kinase that serves as a molecular sensor that regulates protein 

synthesis on the basis of the availability of nutrients. mTOR is a direct target of Akt and its 

activity can be suppressed by the PI3K inhibitor wortmannin (Nave et al.,1999).  

 
6.1.2 Forkhead transcription factors. 

Recent studies have revealed an evolutionary conserved signaling module in higher 

eukaryotes in which Akt can directly phosphorylate and inactivate a family of Forkhead box 
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class O (FOXO) transcription factor. Members of the forkhead superfamily are characterized 

by the presence of a conserved 110 amino acid DNA binding domain, called the forkhead or 

winged domain (Kaufmann and Knochel, 1996). A new nomenclature for these factors has 

been adopted and they are now denoted Forkhead box (Fox) factors, within this larger family 

of Fox factors lays the subfamily the FOXO factors. Three mammalian proteins belong to this 

family namely, forkhead in rhabdomyosarcoma (FKHR), FKHR-like 1 (FKHRL1) and acute-

lymphocytic leukemia-1 fused gene from chromosome X (AFX). FKHR is now known as 

FOXO1, FKHRL1 as FOXO3a and AFX is known as FOXO4. These FOXO proteins interact 

preferentially with a core consensus recognition motif 5’-TTGTTTAC-3’, although the 

residues flanking this core contribute to the DNA binding specificity. The FOXO factors were 

initially identified at chromosomal break points in several human tumors. These genetic 

alterations of FOXOs in human cancers strongly suggested that they play a role in the 

regulation of proliferation, survival or differentiation in higher organisms. In the presence of 

survival factors, activated Akt phosphorylates forkhead members resulting in their 

sequestration in the cytoplasm. In the absence of Akt activity, forkhead family members 

translocate to the nucleus, where they initiate a program of gene expression including FasL 

gene. FasL, acting in an autocrine or paracrine manner, activates the cell surface Fas protein, 

which in turn, activates a caspase cascade, and causes cell death. Evidence forkhead family 

members can regulate apoptosis stems from the observation that the non-phosphorylatable 

mutant of FKHR or FKHRL1, which are potent transcriptional activation in the nucleus, 

triggering apoptosis in multiple cell types (Brunet et al., 1999; Tang et al., 1999). The finding 

that FKHRL1 binds to sites present in the promoter of the FasL gene, and induces expression 

of a reporter gene driven by the FasL promoter has led to the hypothesis that in the absence of 

survival factors, when Akt is inactive, Forkhead family members may induce endogenous FasL 

gene transcription (Datta et al., 1999). 

 
6.1.3 Nuclear transcription factor of activated T-cells (NFAT). 

 The NFAT family of transcription factors encompasses five proteins evolutionarily related 

to the Rel/NF-κB family (Chytil and Verdine, 1996; Graef et al.,2001). The primodial family 

member is NFAT5, the only NFAT related protein represented in the drosophila genome and is 
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identical to Ton EBP (tonacity element binding protein), a transcription factor crucial for 

cellular responses to hypertonic stress (Lopez Rodriguez et al.,1999; Miyakawa et al.,1999). 

 The NFAT proteins have a conserved N-terminal transactivation domain and a central 

DNA binding domain with homology to the DNA binding domains of Rel/NF-κB factors. 

Between these regions lies a regulatory domain, which contains phosphorylation sites, nuclear 

import and export signals and a binding site for the cellular phosphatases calcineurin (Scott et 

al., 2001). 

 The distinguishing feature of NFAT is its regulation by Ca2+ and the Ca2+/calmodulin 

dependent serine phosphatases calcineurin. NFAT proteins are phosphorylated and reside in 

the cytoplasm in resting cells; upon stimulation, they are dephosphorylated by calcineurin, 

translocate to the nucleus and become transcriptionally active, thus provide a direct link 

between intracellular Ca2+ signaling and gene expression. NFAT activity is further modulated 

by additional inputs from diverse signaling pathways, which affect NFAT kinases and nuclear 

partner proteins. NFAT is capable of stimulating the transcription of target genes containing 

NFAT response elements in their upstream enhancer sequences. Such elements are widely 

distributed (Kel et.al.,1999) and are almost ubiquitous in cytokine promoters. NFAT can 

stimulate transcription alone (Kim et al., 2000; Macian et al., 2000) but shows comparative 

and synergistic binding with a number of other transcription factors with the most widely 

documented being activator protein-1 (AP-1) (Jain et al., 1993; Serfling et al., 2000). NFAT 

nuclear accumulation is rapid, occurring within 5 to 10 minutes of stimulation and reversible 

(Kehlenbach et al., 1998; Shibasaki et al., 1996). Export occurs following rephosphorylation of 

NFAT by kinases, most likely by remasking the NLS and allowing a constitutively active 

nuclear export signal to dominate (Beals et al., 1997; Zhu et al., 2000). Thus, a balance 

between cellular phosphatases and kinase activities determines NFAT localization, with the 

outcome being dependant on levels of intracellular Ca2+. 

 Sequence analysis of the upstream region of fas ligand (FasL) gene has revealed potential 

binding sites for a number of transcription factors. These include NFAT (Latinis et.al.,1997a; 

Holtz-Heppelmann et al., 1998), AP-1 (Kasibhatla et al., 1998; Faris et al., 1998) and NF-κB 

(Kasibhatla et al., 1999; Matsui et al., 1998). The physiological role of NFAT in activation 

induced FasL gene expression has been demonstrated through both biochemical and genetic 

studies (Fleck et al., 1999; Forrester et al., 1992; Kel et al., 1999; Kim et al., 2000). Mutation 
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of the NFAT binding sites in FasL promoter completely blocks the inducible transcription from 

this promoter (Latinis et al., 1997a; Rivera et al., 1998). Also promoter transcription studies 

reveal the removal of the promoter distal region of FasL gene, which contains the binding sites 

for AP-1 and NF-κB, has no effect on the inducibility of the FasL promoter ( Latinis et al., 

1997a; 1997b).  

Pre-clinical studies have demonstrated that the cardiac glycoside, oleandrin has 

excellent activity against a variety of human solid tumor cell lines. However, a thorough 

understanding of the anti-neoplastic activities of oleandrin has not been fully addressed. 

Interestingly, this study was undertaken to decipher the signal transduction pathway(s) 

involved in oleandrin-mediated apoptosis of tumor cell lines. 

 

6.2 Results 

 

6.2.1 Oleandrin induces cell death in human tumor cells. 

 This experiment was done to investigate as to whether oleandrin is able to mediate cell 

death in tumor cells derived from different tissue background. The viability of cells after 72 

hours of incubation with or without oleandrin treatment was analyzed using the formazone 

based MTT dye. It was seen that oleandrin-mediated cell death in a variety of cells, which 

includes HL-60, U937, Jurkat, HuT-78, MCF-7, SKBr3 and Hela as shown is figure 6.1. This 

adds to the earlier shown results that oleandrin mediated cell death is not cell type or lineage 

dependent. 

 

6.2.2 Downregulation of Akt phosphorylation in oleandrin treated cells. 

 In the previous chapter it was shown that oleandrin down regulated several growth receptor 

signaling and since Akt being the downstream kinase activated upon this signaling the 

influence on Akt activity under oleandrin pressure was investigated. The phosphorylation of 

Akt activates it and subsequently mediates other signaling cascades. Upon oleandrin treatment 

there was a marked decrease in Akt phosphorylation (Thr 308) and subsequent degradation of 

Akt protein at further time point as shown in Figure 6.2. Western blot analysis for the structural 

protein tubulin was done which serves as protein loading control. Hence oleandrin mediates 

down regulation of Akt phosphorylation. 
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Fig 6.1 Oleandrin induced cytotoxicity in different human tumor cell 
lines. Different human tumor cell lines were cultured either in the presence 
or absence of oleandrin(0.1µg/ml) for 72 h. The MTT assay was done and 
absorbance taken at 570nm. The result indicated was mean OD of triplicate 
assay.
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6.2.3 Oleandrin mediates nuclear localization of forkhead transcription factor. 

 One of the proteins that are phosphorylated by the kinase, Akt are the members of forkhead 

family of transcription factors. Non-activity of Akt renders the forkhead being not 

phosphorylated allowing it to traverse into the nucleus and drive transcription of dependent 

genes. The forkhead members are known to induce apoptosis primarily by inducing the 

expression of FasL. Experiments were carried out to check the status of forkhead factor upon 

oleandrin treatment. The cytoplasmic and nuclear extracts were partitioned from untreated or 

oleandrin treated U937 cells for various time intervals. Western blot analysis was carried out 

and probed for FKHR in the nuclear and cytoplasmic extracts. As shown in figure 6.3, upon six 

hours post treatment of oleandrin FKHR localizes to the nucleus and a subsequent decrease of 

the same in the cytoplasm was noticed (Fig.6.3). Hence it seems that upon oleandrin treatment 

forkhead factors traverse into the nucleus tracing the downstream signaling effects of 

deregulation of Akt phosphorylation.  

 

6.2.4 Induction of FasL and CD95 in U937 cells treated with oleandrin. 

 Several scientific observations have documented that forkhead transcription factors can 

drive the expression of the death ligand FasL. According to the earlier observations of this 

study it was seen that upon oleandrin treatment forkhead factors translocates into the nucleus. 

Hence the expression pattern of FasL in U937 cells treated with oleandrin was investigated. It 

is seen that six hours post incubation with oleandrin there is an increase in the expression of 

FasL which was analyzed from the whole cell extracts prepared from untreated U937 cells or 

cells treated with oleandrin for various time intervals. Surprisingly, it was seen that there was 

also an increase in the expression levels of CD95 or the Fas death domain receptor. The 

increase in the expression of the Fas receptor level was at a later time point (Fig.6.4) from the 

inception of FasL expression in oleandrin treated U937 cells. Taken together the results show 

that there is an induction of FasL and CD95 expression upon treatment with oleandrin in U937 

cells. 
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pAkt (Thr 308)
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Actin

Fig 6.2 Effect of oleandrin on the phosphorylation and expression of Akt.
U937 cells were incubated with 0.1 µg/ml of oleandrin for various time intervals 
and subsequently the whole cell lyaste was assayed for pAkt(Thr 308) and total 
Akt. The same blot was reprobed with actin.   
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Fig. 6.3 Effect of oleandrin on the nuclear translocation of FKHR. Cells 
Treated  with oleandrin for various time intervals were partitioned for cytoplasmic 
and nuclear extracts. These extracts were separately assayed for FKHR, actin or 
tubulin.
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6.2.5 Oleandrin activates caspase 8 and caspase 3 

 The binding of FasL to its receptor CD95 activates the cytoplasmic death domain of the 

receptor, which then recruits the adaptor molecule FADD. FADD has an N-terminal death 

domain which interacts with the death domain of CD95 and a c-terminal death effector domain 

that recruits the initiator caspase 8 forming a complex called the death inducing signaling 

complex (DISC). Subsequent recruitment of various caspase 8 proteins to the DISC triggers an 

autocatalytic cleavage of the pro-caspase 8, forming the active caspase 8, which is explained 

by the induced proximity model of caspase activation. Tracing the same events the activation 

of caspase 8 was investigated in oleandrin treated U937 cells. Western blot analysis of whole 

cell extract from U937 cells treated with oleandrin for various time intervals showed that 

initially there was only the pro-caspase 8. However upon subsequent time intervals of 

oleandrin treatment there was appearance of activate caspase 8 (Fig.6.5). Oleandrin treated 

cells also showed the activation of effector caspase 3 (Fig.6.6). The active form of caspase 8 

has the ability to process the effector caspase 3 into its active form. Hence in oleandrin treated 

U937 cells activation of both caspase 8 and caspase 3 were observed. 

 

6.2.6 Oleandrin to U937 induces PARP cleavage and apoptosis. 

 Activation of caspase leads to the cleavage of a plethora of cellular proteins. Similarly, the 

poly ADP ribose polymerase (PARP) protein involved in the DNA repair mechanism is a 

direct proteolytic target of active caspase-3. PARP is a 118 kDa protein, which cleaves into 85 

kDa fragment and is well documented as a molecular marker of apoptosis in general and 

activation of caspase 3 in particular. In this regard the total cellular extracts of untreated and 

oleandrin treated cells were subjected to western blot analysis and probed with anti-PARP 

antibody, which recognizes both the 118 kDa and 85 kDa proteins. Results as shown in figure 

6a indicate that upon oleandrin treatment there is gradual disappearance of the 118 kDa protein 

and appearance of the cleaved 85 kDa fragment over a period of time. It is clear from the 

results that upon oleandrin treatment there is onset of the apoptotic programme in U937 cells. 

Further, FACS analysis of the annexin V phycoerythrin stained untreated and oleandrin treated 

(30 hours post) cells revealed that oleandrin treatment induces apoptosis in U937 cells 

(Fig.6.7).  

 

 96



hrs of oleandrin 
(0.1µg/ml)0    3        6      12         24 

CD95/Fas
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β-tubulin

Fig  6.4 Effect of oleandrin on the induction of FasL and CD95 expression. U937 
cells were incubated with 0.1 µg/ml of oleandrin for various time intervals and 
subsequently the whole cell lyaste was assayed for CD95 and FasL. The same blot 
was reprobed with anti tubulin antibodies.
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Pro-casapase 8

Active caspase 8

β-tubulin

Fig 6.5 Activation of caspase-8 upon oleandrin treatment. Whole cell lysates were 
prepared from cells treated with oleandrin for various time intervals and subsequently 
assayed for caspase-8 using antibody that recognizes both the pro-caspase 8 and 
active form of caspase 8. The blot was reprobed with tubulin.
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Caspase 3
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Fig 6.6 Activation of caspase-3 upon oleandrin treatment. Whole cell lysates 
were prepared from cells treated with oleandrin for various time intervals and 
subsequently assayed for caspase-3 using antibody that recognizes both the
pro-caspase 3 and active form of  caspase 3. The blot was reprobed with tubulin.
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Fig 6.7 Effect of oleandrin on PARP cleavage. U937 cells, untreated or treated 
for various time intervals with 0.1 µg/ml oleandrin.  Then cell extracts were 
prepared and 50 µg protein was analyzed by Western blot  using anti-PARP mAb. 
The bands were located at 116 and 85 kDa. The blot was stripped and reprobed 
for actin.
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6.2.7 Oleandrin treatment induces the nuclear localization of NFAT. 

 It was reported that oleandrin treatment to cells induces calcium efflux into the cytosol 

(McConkey et al., 2000). Presence of calcium in the cytosol activates calcineurin, which 

dephosphorylates the transcription factor, NFAT allowing the nuclear localization and 

transcriptional activation of the transcription factor.  Also, sequence analysis of the upstream 

region of FasL gene has revealed potential binding sites for NFAT. Hence it was appropriate to 

elucidate the role of NFAT in oleandrin treated cells. A gel retardation assay or EMSA 

(Fig.6.8) was done, wherein the nuclear extracts of U937 cells untreated or oleandrin treated 

for various time intervals was incubated with 32P labeled NFAT binding oligo. According to 

the results as shown in figure oleandrin mediates the presence and DNA binding ability of 

NFAT in the nucleus from 6 hours post treatment onwards in U937 cells. Also 

immunolocalization experiments shows the presence of NFAT in the nucleus of U937 cells 

treated with oleandrin for 12 hours (Fig.6.8). Hence oleandrin treatment induces the nuclear 

localization of the transcription factor NFAT that could possibly mediate the expression of 

FasL. 

 

6.2.8 Oleandrin treatment induces the activation of Erk and JNK in U937 cells. 

 It is reported that Erk induces the expression of Fas ligand via JNK mediated pathway 

(Suhara et al., 2002). The results from the kinase assay done (Fig.6.9) show that oleandrin 

increases the activity of both Erk and JNK at 6 hours post treatment onwards. Here 

phosphorylation domains of p17 (matrix protein of HIV1) and c-Jun were taken as substrates 

for Erk and JNK kinases respectively. Hence oleandrin treatment induces activity of Erk and 

JNK kinases in U937 cells. 

 

6.3 Discussion. 

 Cancer arises from the stepwise accumulation of genetic changes that confer upon an 

incipient neoplastic cell the properties of unlimited, self sufficient growth and resistance to 

normal homeostatic regulatory mechanisms one among them being apoptosis. Although 

conventional chemotherapies have long been used to reduce the burden of disease in cancer 

patients, their side effects and the development of resistance by various forms of tumor has 

instigated the search for alternative agents that effectively kill cancer cells. Pre-clinical studies 
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Fig 6.8 Oleandrin mediates apoptosis in U937 cells. Cells either untreated 
or treated with oleandrin for 30 h were pelleted and 106 cells were resuspended 
in Iml of annexin binding buffer. The cells were stained with Annexin V-PE 
and subsequently  FACS anaylsis was done as described in Materials and 
Methods 
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Fig 6.9 Effect of oleandrin on the nuclear localization of NF-AT. U937 
cells were treated for various time intervals with oleandrin. After these 
treatments, nuclear extracts were prepared and then assayed for NF-ΑΤ by 
EMSA. Further U937 cells either treated with oleandrin for 12h or untreated 
were stained with FITC conjugated anti-NF-AT antibodies. These were 
further  viewed under fluorescent microscope.
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Fig 6.10  Effect of oleandrin on the activity  of  JNK and Erk2. Whole cell extracts 
were prepared from untreated or oleandrin treated cells for various time 
intervals. From these extracts JNK and Erk2 were immunoprecipated 
separately and kinase assay was done using GST-cJun and p17-GST as 
substrates as described in Materials and Methods.
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have demonstrated that oleandrin has excellent activity against a variety of human solid tumor 

cell lines. But a thorough understanding of the apoptotic activities of oleandrin remains elusive. 

To begin with the ability of oleandrin to induce apoptosis in a variety of human tumor cells 

were checked upon. The results (Fig.6.1) showed that oleandrin was able to mediate apoptosis 

in cells which includes HL-60, U937, Jurkat, HuT-78, MCF-7, SKBr3 and HeLa proving that 

oleandrin mediated cell death cuts across wide array of tissue types. The serine/threonine 

kinase Akt is the major downstream target of growth factor receptor tyrosine kinases that 

signal via the phosphotidylinositol 3 kinase (PI3K) (Testa and Bellacosa, 2001). Among its 

pleiotropic effects, activated Akt is a well-established survival factor, exerting anti-apoptotic 

activity by preventing release of cytochrome C from the mitochondria and inactivating 

forkhead transcription factor known to induce expression of pro-apoptotic factors such as Fas 

ligand. Akt phosphorylates and inactivates the pro-apoptotic factors BAD and pro-caspase 9. 

Moreover, Akt activates IκB kinase, a positive regulator of NF-κB, which results in 

transcription of anti-apoptotic genes (Testa and Bellacosa, 2001). Results obtained previously 

(chapters 3, 4 and 5) show that oleandrin downregulated NF-κB activation and also blocked the 

biological activities mediated by various growth factor receptors like IL-8, NGF and EGF 

receptor. Also results published earlier show that oleandrin inhibits FGF2 signaling (Smith et 

al., 2000). Treatment of oleandrin (6 hours post treatment onwards) down regulated Akt 

phosphorylation (Thr-308) in U937 cells whereas there was no decrease in the expression 

levels of Akt protein (Fig.6.2). The phosphorylation of Thr-308 of Akt by PDK1 renders Akt 

catalytically competent and causes the autophosphorylation of Ser-473 (Toker and Newton, 

1999). Further downstream to Akt signaling is the regulation of the forkhead transcription 

factors. In a resting cell the forkhead transcription factors are phosphorylated by Akt, which 

renders them in the cytoplasm. In lines with the signaling cascade treatment of oleandrin to 

U937 cells activates the localization of the forkhead factor (FKHR) into the nucleus (fig 6.3). 

Dephosphorylation of the forkhead factors leads to the activation of genes like the FasL, which 

bears apoptotic potential. Upon treatment of oleandrin there was an increase in the expression 

of FasL and also its receptor CD95. However, the mechanism by which oleandrin induces the 

expression of CD95 remains elusive. There was induction of caspase 8 and caspase 3 (Fig.6.5 

& 6.6) activation and subsequently PARP cleavage and apoptosis in oleandrin treated U937 

cells (Fig.6.7 & 6.8). The results suggest that oleandrin activates the expression of FasL via the 
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forkhead factors, which leads to the activation of caspase 8, and subsequently triggering an 

apoptotic cascade in U937 cells leading to cell death. However the role of other transcription 

factors in mediating FasL expression was to be checked upon. The transcription factor NFAT 

has been reported to induce the expression of FasL. NFAT is regulated by the calcium induced 

Ca2+/calmodulin dependent serine phosphatases calcineurin. In an earlier report published 

showed that treatment of cardiac glycosides induced the efflux of Ca2+ into the cytosol of cells 

(McConkey et al., 2000). Hence the role of NFAT in oleandrin treated cells was investigated. 

Oleandrin seemed to activate the nuclear translocation of NFAT upon treatment (6 hours post 

treatment onwards) (Fig.6.9). Also there was an increase in the activity of Erk and JNK kinases 

upon oleandrin treatment in U937 cells (Fig.6.10). The activation of Erk kinases is reported to 

induce the expression of FasL via JNK activation (Suhara et al., 2002). 

 Taken together the results from this study highlight the induction of FasL expression and 

subsequent apoptosis mediated via caspase 8 activation. The fact that oleandrin treatment 

inactivates Akt is very promising as Akt plays a central role in tumorigenesis. These data 

presented in this chapter suggest that oleandrin mediates more than one pathway that converges 

upon FasL expression. However the exact quantitative input of each of these pathways 

contributes towards the expression of FasL remains elusive. Whether these pathways 

compliment each other or one of them is thoroughly necessary is not clear. Also the possibility 

that other signaling pathways that bear the ability to drive FasL expression cannot be ruled out. 

The role of oleandrin as an agent that triggers multiple pathway(s) in the mediation of 

apoptosis bears immense potential for anticancer drug therapy especially in the regime of 

combination therapy to counter the chemo resistance phenomenon.  



 
 
 
 
      Summary 
 
 
 
 



 
Summary 

Cells are the structural and functional units of all living things and have a unique 

ability to reproduce them. The division of healthy cells goes in a regulated and 

systematic fashion, however some cells divide rapidly in a haphazard manner 

typically piling up into a non-structured mass or tumor. This mass or tumor becomes cancerous 

when it acquires the ability to spread to other parts of the body and start of new growth. Hence, 

cancer could be defined as a group of diseases characterized by uncontrolled growth and 

spread of normal cells. About 7 million reportedly died due to cancer in the year 2003 and 

12.6% of all death each year is due to cancer. More than 10 million new cases are diagnosed 

each year and from a total of 10.8 million cases in 2002 it is estimated to reach to about 16.5 

million cases by 2020.  

 

Rapid advance since a quarter centaury, cancer research has generated a rich and 

complex body of knowledge, revealing cancer to be a disease involving dynamic changes in 

the genome. However, the search for the origin and treatment of this disease will continue over 

the next quarter centaury adding further layers of complexity to the existing scientific 

literature. On the contrary cancer research is developing into a logical science where the 

complexities of the disease, described in the laboratory and clinic will become understandable 

in terms of a small number of underlying principles that govern the transformation of normal 

cells into malignant cancer (The hallmarks of cancer according to Weinberg and Hanahan). 

The principles are self-sufficiency in growth signals, insensitivity to antigrowth signals, 

evading apoptosis, limitless replicative potential, sustained angiogenesis and tissue invasion 

and metastasis. According to various scientific observations recorded, it is seen that NF-κB has 

a role in most of the above-mentioned principles.   

 

Nuclear factor κB (NF-κB) is a transcription factor belonging to a family (REL family) 

of structurally related eukaryotic transcription factors that promote the expression of genes 

involved in a variety of cellular processes including cell growth and proliferation. The 

members of the family form homo and hetero dimmers, and the most common active form 

being the heterodimer of p50 and p65 (Rel A), which bind to a sequence motif known as the 

κB site found in the promoter region of various genes. It is reported that there is a constitutive 

expression of NF-κB in tumor cells as compared to the normal cells in the body. Constitutive 
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expression of NF-κB has been implicated as one of the causes for drug resistance in tumors. 

Chemotherapy has remained as the mainstay for tumor intervention till date. A 

chemotherapeutic agent interacts with a specific target, causing dysfunction and injury, which 

is interpreted by susceptible cancer cells as an instruction to undergo apoptosis. Apoptosis or 

programmed cell death is a well orchestered morphological phenomenon programmed in most 

of the cells characterized by chromatin condensation and nuclear fragmentation, plasma 

membrane blebbing and cell shrinkage, eventually breaking the cells into small apoptotic 

bodies, which are eaten up by phagocytes without inciting an inflammatory response in the 

vicinity. Of late, a major problem has been encountered that limits the effectiveness of 

chemotherapy called the chemo resistance phenomenon. Invariably a tumor can intrinsically be 

resistant to a chemotherapeutic agent prior to treatment or could be acquired while in treatment 

with the agent. The possible strategy to counter resistance would be to use the information 

regarding the metabolic pathway(s) mediated by a drug(s) in particular tumor type while 

selecting the chemotherapeutic regime. Hence, a thorough understanding of the molecular 

pathway(s) of apoptosis mediated by a particular chemotherapeutic agent is essential. Also 

there is a requirement of new drugs in the market. Of the therapeutic drugs in use today, 70% 

of them are plant derived.  

 

Oleandrin is a polyphenolic cardiac glycoside derived from the leaves of a tropical 

flowering weed Nerium oleander. According to reports, oleandrin was used in treating cardiac 

abnormalities in Russia and China, produced beneficial side effects in patients with Ewings 

sarcoma, prostrate and breast cancer. Pre-clinical studies on oleandrin show excellent activity 

against human tumor cell lines. In this scenario the objectives of the study were to decipher- 

the signal transduction pathway(s) of apoptosis mediated by the cardiac glycoside, oleandrin 

and also the ability of oleandrin in inhibiting any signaling event(s), which mediate as the 

lifeline or hallmark of a tumor cell. 

 

Given the fact that NF-κB mediates a major influence in tumorigenesis, the effect of 

oleandrin on NF-κB activation was investigated. Ceramide, a well-studied second messenger 

was used as an inducer to activate NF-κB. The activity of the transcription factor NF-κB was 

assayed by the use of a radiolabelled oligo bearing the κB consensus sequence and 
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subsequently doing an EMSA (electrophoretic mobility shift assay) with the same. It was seen 

that oleandrin was able to inhibit ceramide induced NF-κB activation in a dose dependent 

manner. Pre-treatment of oleandrin (100ng/ml) for a minimum period of four hours was able to 

shut down ceramide induce NF-κB activation. Also oleandrin was shown to block ceramide 

mediated IkBα degradation and p65 translocation into the nucleus. Oleandrin inhibited 

ceramide induced NF-κB dependent reporter gene expression and the inhibitory effect of 

oleandrin was not shown for NF-κB oligo and protein binding in vitro, indicating oleandrin-

mediated inhibitory effects are result of signaling events.  There was inhibition to the binding 

of NF-κB to the radiolabelled oligo showing that oleandrin mediated inhibitory effects are 

result of signaling events. However oleandrin seemed to potentiate ceramide induced reactive 

oxygen intermediates generation and lipid peroxidation. Since ceramide was able to mediate 

apoptosis in cells the role of oleandrin on the ceramide mediated cell death was studied. 

Oleandrin potentiated ceramide induced cell death as shown by cell viability experiments like 

radiolabelled thymidine incorporation assay and dye based cytotoxicity assay (MTT assay). 

Also oleandrin potentiated ceramide induced PARP cleavage, DNA and nuclear fragmentation. 

The cleavage of PARP and DNA fragmentation is a well-established hallmark of caspase-3 

activation. Hence oleandrin inhibited ceramide induced NF-κB activation but potentiates 

apoptosis. 

 

It is reported that classical inducers of apoptosis like TNFα  and ceramide fail to trigger 

apoptosis in NF-κB expressing cells. The question asked was whether oleandrin is able to 

induce apoptosis in NF-κB expressing cells? The model system used was HuT-78 cells, which 

constitutively activate NF-κB and serum activated LPS treated Jurkat cells (SA-LPS/Jkt), 

which induces NF-κB activation for over 48 hours. Oleandrin down regulated NF-κB 

activation in NF-κB expressing cells (HuT-78 and SA-LPS/Jkt) as shown by EMSA 

experiments and also down regulates NF-κB dependent reporter gene (SEAP) expression. 

Since p65 is the subunit involved in the transactivation of NF-κB heterodimer. Phosphorylation 

on the p65 subunit, signals for the localization of co-activators like p300 and HDACs onto the 

promoter and subsequently the polymerase, thereby transactivating the transcription factor. 

Hence the levels of p65 under oleandrin pressure were examined. Oleandrin down regulated 
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p65 levels in a time dependent manner (minimum of 6 hrs post treatment) but the levels of 

other transcription factors like SP-1 and p53 remained unaltered. Also oleandrin treatment did 

not change the expression levels of other REL members like p50 and Rel B. However c-Rel 

expression was down regulated upon oleandrin treatment but the levels of IkBα remained 

unaltered. The cysteine proteases, caspases are known to be the executioners of apoptosis and 

the effector caspases like caspase 3 mediate degradation of various cellular proteins. The 

activity of caspases 3,8 and 9 were assayed and oleandrin seems to activate all the above-

mentioned caspases in a time dependent manner. However when 32P-labelled p65 was 

incubated with caspases 3,8 and 9 immuno-precipitated from oleandrin treated HuT-78 cells 

for various time intervals, there was no down regulation of p65. Further z-VAD-fmk, a broad-

spectrum caspase inhibitor was unable to block oleandrin mediated p65 degradation. 

Lactacystin, broad-spectrum proteosome inhibitor blocked the p65 degradation in oleandrin 

treated HuT-78 cells, also LMP-7, the inducible subunit of the proteosome was shown to be 

associated with p65. In most of the cases proteosomal degradation is preceded by 

ubiquitination of the target protein, but p65 did not shown any ubiquitination prior to 

degradation by the proteosome. The possibility of oleandrin directly degrading p65 was also 

ruled out by incubating oleandrin with bacterial expressed GST-p65 fusion protein, 

subsequently checking for p65 degradation. Oleandrin induced apoptosis in NF-κB expressing 

cells, but lactacystin alone was unable to fully prevent oleandrin mediated cell killing. 

However, lactacystin in combination with z-VAD-fmk was able to block most of the apoptosis 

in NF-κB expressing cells induced by oleandrin. Hence it was shown that oleandrin is able to 

mediate inhibition of NF-κB activation, degradation of p65 via the activation of proteosome 

and also induction of apoptosis in NF-κB expressing cells. 

 

Interleukin (IL)-8 was first purified and cloned as a neutrophill chemotactic factor from 

LPS-stimulated mononuclear cell supernatants. It belongs to the CXC family of cytokines and 

functions by interactions with IL-8 receptors (IL-8Rs), which are G protein, coupled receptors 

with seven transmembrane domains. After ligand binding, IL-8Rs are internalized and 

subsequently recycled to reappear on the cell surface rapidly within 60 minutes. IL-8 elicits 

multiple effects on tumor growth, angiogenesis and metastasis. Hypoxia, has been shown to 

up-regulate IL-8 expression. IL-8 induces shedding of EGF ligands, which interact with the 
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EGF receptor promoting proliferative signals also IL-8 activates macrophages to produce 

growth factors near the tumor environment aiding in the proliferation of tumors. IL-8 is shown 

to mediate activation of metalloproteases and migration of endothelial cells for neo-

vascularization. Oncogenic Ras, PI3K and MAPK activities in tumor cells promote the 

expression of IL-8. Also reactive oxygen species induces IL-8 expression via NF-κB 

activation. Hence the role of oleandrin in IL-8 mediated signaling was investigated. Our 

laboratory was the first to report that IL-8 mediates NF-κB activation via a TRAF-6 pathway. 

It was seen that oleandrin blocked IL-8, EGF or NGF, but not TNF or IL-21 mediated NF-κB 

activation. Further oleandrin inhibited IL-8, but not TNF induced reporter genes (SEAP driven 

by NF-κB promoter and luciferase driven by COX-2 promoter). Oleandrin mediated blocking 

of IL-8, EGF or NGF but not TNF or IL-1 ligand binding as shown by experiments using 

idonated  (125I) ligands. The effect of oleandrin was not extended to affinity purified IL-8Rs 

however when intact cell membranes of macrophages were isolated and incubated with 

oleandrin there was blocking of  125I IL-8 binding. There are reports that some of the proteases 

pocess the ability to cleave the ligands or its receptors, hence a wide array of protease 

inhibitors was used in an effort to block oleandrin mediated down regulation of ligand binding. 

However, use of protease inhibitors did not revert the action of oleandrin on IL-8 but usage of 

lipid molecules like lecithin and sphingosine rescued the inhibition of IL-8 binding to its 

receptor. The results indicated that oleandrin interacts with lipid constituents of the cell 

membrane. Later it was seen that oleandrin induces reduction in membrane fluidity, as assayed 

by using DPH and checking for total fluorescence and microviscocity parameter for untreated 

and oleandrin treated macrophages for various time intervals. Hence oleandrin blocks IL-8 

mediated signaling via influencing the membrane fluidity. 

The inhibition of growth receptor signaling (EGF, NGF, IL-8, FGF-2) inhibits Akt 

phosphorylation. Akt is a serine/threonine kinase, which is activated upon phosphorylation by 

upstream kinases like PI3K, is reported to be over expressed in tumor cells and is implicated in 

giving the tumor cells a strong proliferative drive. Of the various downstream substrates of Akt 

is the forkhead transcription factor (FKHR). FKHR is phosphorylated by Akt thereby 

sequestering the former in the cytoplasm, upon dephosphorylation of FKHR due to non-

activity of Akt; FKHR translocates to the nucleus and mediates expression of FasL via a JNK 

dependent pathway. According to the results it is seen that oleandrin mediates inhibition of Akt 
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Hypothetical model for oleandrin mediated apoptosis in human tumor cells 
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phosphorylation and at a later time down regulates Akt. Also oleandrin treatment induces 

activation of JNK and translocation of FKHR to the nucleus. There was induction of 

expression of FasL and CD95 in oleandrin treated U937 cells and subsequently apoptosis. 

According to one of the earlier reports cardiac glycosides have the ability to induce calcium 

efflux into the cytosol. Hence the possibility of induction of NF-AT which is one of the 

transcription factors implicated in the expression of FasL, in oleandrin treated U937 cells was 

investigated. It was seen that oleandrin mediates activation of NF-AT as shown by EMSA and 

immunolocalization experiments. Oleandrin like other cardiac glycosides mediate calcium 

efflux into the cytosol thereby activating calcineurin, a calcium dependent protein phosphatase 

and subsequently nuclear translocation of NF-AT. Here it is seen that oleandrin mediates 

induction of FasL expression via the activation of transcription factors like FKHR or NF-AT 

and subsequently triggering apoptosis.  

 

Hence this study for the first time reports the role of various signaling pathways 

mediated by the cardiac glycoside, oleandrin which has the ability to cut the life lines of a 

cancer cell. To be more specific oleandrin cuts the proliferative signals by inhibiting NF-κB 

activation, Akt phosphorylation or inhibition of IL-8, EGF and NGF signaling, is able to 

trigger apoptosis by inducing the expression of FasL/CD95 and also by activating caspase and 

the proteosome. Additionally, oleandrin may also have an inhibitory effect on angiogenesis (as 

oleandrin inhibits IL-8 and FGF-2 signaling) and metastasis (inhibition of IL-8 and NF-κB 

signaling by oleandrin). Finally the cardiac glycoside, oleandrin is able to counter most of the 

earlier mentioned acquired hallmarks of a tumor cell making it a hypothetical drug model, 

implications of which could be used in the course of discovery for effective therapeutic 

intervention of tumors.  
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Mechanism of cytosine arabinoside-mediated apoptosis: role of Rel A (p65)

dephosphorylation

Yashin Sreenivasan1, Abira Sarkar1 and Sunil K Manna*,1

1Laboratory of Immunology, Centre for DNA Fingerprinting & Diagnostics, Nacharam, Hyderabad 500 076, India

Nuclear transcription factor kappa B (NF-jB) has been
shown both to block apoptosis and to promote cell
proliferation, and hence has been considered an important
target for anticancer drug development. The pyrimidine
analogue cytosine arabinoside (araC) is among the most
effective agents used in the treatment of acute leukemia,
and we demonstrate in this study that its chemotherapeu-
tic activity may be mediated by its inhibition of NF-jB.
We found that in Jurkat cells, although tumor necrosis
factor (TNF), araC, or ceramide induced NF-jB, the
induction was only transient in the case of araC. In both
HuT-78 and serum-activated LPS-stimulated Jurkat (SA-
LPS/Jkt) cells that expressed NF-jB, TNF or ceramide
treatments did not affect the NF-jB expression whereas
araC downregulated it. AraC, but not TNF or ceramide
was able to induce apoptosis in these cells as detected by
assays for lipid peroxidation, reactive oxygen intermedi-
ates generation, caspase activation, cytotoxicity, Bcl-2
degradation, and DNA fragmentation. AraC also poten-
tiated apoptosis mediated by cis-platin, etoposide, or taxol
in these cells. AraC was able to induce protein phospha-
tases (PP) 2A and 2B-A, and phosphorylation of p65
subunit of NF-jB in the HuT-78 and SA-LPS/Jkt cells
was downregulated by araC treatment. Furthermore,
calyculin A, a specific phospho-serine/phospho-threonine
phosphatase inhibitor, protected HuT-78 and SA-LPS/
Jkt cells from araC-mediated NF-jB downregulation and
apoptosis. These observations collectively suggest that
araC induces apoptosis in NF-jB-expressing cells by
dephosphorylating the p65 subunit of NF-jB.
Oncogene (2003) 22, 4356–4369. doi:10.1038/sj.onc.1206486

Keywords: NF-kB; araC; apoptosis; phosphatase; p65

Introduction

The major problem in cancer therapy by cytokines and
chemotherapeutic agents is the development of resis-
tance to apoptosis (Baldini, 1997), the mechanisms for
which are not fully understood. Inactivation of p53 and
related proteins, or expression of p-glycoprotein, Bcl-2,
glutathione S-transferase, protein kinase C, transgluta-

minase, and heat shock proteins (e.g. hsp 27) has each
been suggested to play an important role in resistance to
anticancer agents (Bellamy and Dalton, 1994; Harrison,
1995; Reed, 1995). The activated form of NF-kB has
also recently been implicated in the development of
resistance to TNF (Beg and Baltimore, 1996; Van
Antwerp et al., 1996; Wang et al., 1996; Giri and
Aggarwal, 1998; Manna and Aggarwal, 1999).

NF-kB, a nuclear transcription factor, was first
identified by Sen and Baltimore (1986). It regulates the
expression of various gene products such as various
adhesion molecules (ICAM-1, VCAM-1, ELAM-1),
cyclooxygenase-2, and matrix metalloprotease-9, which
play critical roles in inflammation, viral replication,
tumor initiation, tumor promotion, metastasis, and
apoptosis (Collins et al., 1995; Roshak et al., 1996;
Baeuerle and Baichwal, 1997; Baichwal and Baeuerle,
1997; Lee and Burckart, 1998; Wang et al., 1999b;
Waddick and Uckun, 1999). As part of the stress
response, NF-kB is activated in response to various
inflammatory stimuli including cytokines, mitogens,
bacterial products, viral proteins, and apoptosis-indu-
cing agents; consequently, this factor is currently a
target of pharmaceutical interest (Lee and Burckart,
1998). NF-kB is also an ideal target for anticancer drug
development, as it has been shown to block apoptosis
and to promote proliferation (Van Antwerp, 1996;
Wang et al., 1996, 1998). NF-kB activation induces
resistance to chemotherapeutic agents (Wang et al.,
1999a, b) and constitutive expression of NF-kB induces
proliferation of tumor cells (Nakshatri et al., 1997; Giri
and Aggarwal, 1998).

NF-kB is a heterodimer of two subunits p50 (NF-
kB1) and p65 (RelA), that is normally present in the
cytoplasm in an inactive state in complex with an
inhibitory subunit of kappa B (IkBa). Upon phosphor-
ylation and subsequent degradation of IkBa, a nuclear
localization signal on the p50–p65 heterodimer is
exposed, leading to nuclear translocation of NF-kB.
The p50–p65 heterodimer binds with a specific sequence
in DNA, which in turn results in gene transcription.
Phosphorylation of p65 of NF-kB (RelA) is required for
effective NF-kB-dependent gene transcription (Egan
et al., 1999). In this study, time course-dependent
increase or decrease in NF-kB levels in nuclear extracts
has been referred to as upregulation or downregula-
tion of NF-kB, respectively. Interestingly, several
chemotherapeutic agents such as doxorubicin and
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daunorubicin (Boland et al., 1997; Das and White,
1997), taxol, vinblastine and vincristine (Das and White,
1997), camptothecin (Piret and Piette, 1996), and
etoposide (Perez, 1997) also cause NF-kB upregulation.

Constitutive upregulation of NF-kB has recently been
correlated with progression of breast cancer, melanoma,
and juvenile myelomonocytic leukemia (Kochetkova
et al., 1997; Nakshatri et al., 1997; Raziuddin et al.,
1997; Izban et al., 2000). How NF-kB is constitutively
up-regulated in some tumor cells and what role it plays
in acquiring resistance to apoptosis is not clear. It has
been shown that HuT-78, a cutaneous lymphoid T-cell
line that constitutively expresses NF-kB, is resistant to
the apoptotic effects induced by TNF (Manna and
Aggarwal, 1999). In T cells, NF-kB also activates the
expression of Bcl-2, an antiapoptotic factor (Heckman
et al., 2002). On the other hand, in endothelial cells,
Bcl-2 and Bcl-XL have been shown to inhibit NF-kB-
mediated gene transcription, by inhibiting IkBa
degradation (Badrichani et al., 1999).

Resistance to chemotherapy is a major problem in the
treatment of cancers. Combination therapy may be a
useful tool in this regard, and it has been shown that a
combination of thalidomide plus dexamethasone is
effective in myeloma (Rajkumar et al., 2002), while the
combination of dacarbazine, nimustine hydrochloride,
vincristine sulfate, and interferon-b is useful in anorectal
melanoma (Terada et al., 2002).

Cytosine arabinoside (araC) has been shown to
induce apoptosis through various mechanisms. AraC
and its different metabolites contribute to its cytotoxi-
city including incorporation of AraCTP into DNA and
AraUMP into RNA, inhibition of polymerase a and b,
and impairment of repair mechanisms (Braess et al.,
1999). Besides this DNA synthesis impairment, araC
engages an array of signaling events, including activa-
tion of PKC and MAPK (Kharbanda et al., 1994) and
upregulation of AP-1 and NF-kB (Brach et al., 1992a,b).
Simultaneous activation of both pathways for apoptosis
by impairing DNA repair and for survival by inducing
antiapoptotic influence of MAPK mediated by araC are
interesting. In this study, we have examined the effect of
the anticancer agent araC on apoptosis in cells expres-
sing NF-kB.

As NF-kB is currently being used as a target for
cancer therapy, it is important to understand the
possible interplay of NF-kB and drug resistance. In this
study, we demonstrate, for the first time, that araC
mediates apoptosis in NF-kB-expressing cells, HuT-78
and SA-LPS/Jkt cells. In these cells, araC downregulates
NF-kB by activation of phosphatases that dephosphor-
ylate its p65 subunit. We also demonstrate the sensitivity
of araC in NF-kB expressed cells treated with different
anticancer agents.

Results

In the present report, we investigated the role of NF-kB
in apoptosis induced by TNF, araC, or ceramide in two
human T-cell lines, Jurkat and HuT-78. HuT-78 cells

constitutively express the nuclear transcription factor
NF-kB. In Jurkat cells, NF-kB expression was induced
with serum-activated lipopolysaccharide, as described in
Materials and methods.

AraC downregulates NF-kB activation in Jurkat cells

To investigate the effects of TNF, araC, or ceramide on
the levels of NF-kB, Jurkat cells (1� 106/ml) were
incubated with 1 nm TNF, 50 mm araC, or 10 mm
ceramide for different times at 371C. NF-kB activity in
nuclear extracts was determined by electrophoretic
mobility shift assay (EMSA) as indicated in Materials
and methods using 32P-labeled oligonucleotide carrying
NF-kB binding sequence. As shown in Figure 1a, TNF
and ceramide treatments led to persistent induction of
NF-kB activity, whereas araC treatment was associated
with an initial increase in NF-kB activity in 2 h followed
by complete loss of NF-kB activity at and beyond 4 h. In
control experiments, the levels of Oct1, a house-keeping
transcription factor, were assayed and shown to be
roughly the same in all the samples (Figure 1b).

Of the various possible oligomeric combinations of
p50 and p65 (i.e., p50–p50 or p65–p65 homodimer, or
p50–p65 heterodimer) NF-kB is able to bind to specific
sequences in DNA. To show that the retarded band
visualized by EMSA in araC-treated cells was indeed
NF-kB, we incubated the nuclear extracts from cer-
amide-activated cells with antibodies (Abs) to p50 and
p65 alone or in combination, and then conducted
EMSA. Abs to either subunit of NF-kB shifted the
band to a higher m.w. (Figure 1c), thus suggesting that
the araC-activated complex consisted of both p50 and
p65 subunits. Neither preimmune serum nor irrelevant
Abs such as anti-c-Rel or anticyclin D1 had any effect
on the mobility of NF-kB. The complex completely
disappeared in the presence of a 50-fold molar excess of
cold NF-kB indicating its specificity as that of NF-kB.

AraC downregulates IkBa level in Jurkat cells

The translocation of NF-kB to the nucleus is preceded
by the phosphorylation and proteolytic degradation of
IkBa. To test the roles of TNF, araC, or ceramide on
IkBa levels, the cytoplasmic extracts from the experi-
ment described in the previous section were examined by
Western blot analysis. Upon treatment with TNF or
ceramide, the levels of IkBa showed an initial decline
followed by slow recovery up to 24 h; in the case of
TNF, the levels again declined from 12 h. With araC
treatment, the IkBa level showed a sustained decrease
up to 24 h (Figure 1d). We interpret the changes in IkBa
levels as being the consequence (rather than the cause)
of changes in NF-kB. Upon re-probing, all these gels
with anti-p50 antibody, we found that the band
intensities in all the lanes were uniform, indicating equal
loading of extracted protein in the lanes. These results
indicate that in TNF- or ceramide-treated cells, first
there is degradation of IkBa leading to upregulation of
NF-kB, and then resynthesis of IkBa since the latter is
itself an NF-kB-dependent gene product. TNF-induced
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IkBa degradation at later time points may be because of
the availability of TNF in the medium as we stimulated
cells with 1 nm TNF and it is very stable in aqueous
phase. AraC-mediated downregulation of NF-kB corre-
lates with the degradation of IkBa without resynthesis.

AraC inhibits NF-kB activation in SA-LPS/Jkt and
HuT-78 cells

Jurkat, SA-LPS-stimulated Jurkat, or HuT-78 cells
(2� 106/ml each) were incubated with different concen-
trations of TNF, araC, or ceramide for 4 h at 371C.
Nuclear extracts were prepared and assayed for NF-kB
by EMSA. As shown in Figure 2, all these agents
induced NF-kB activation in Jurkat cells. SA-LPS/Jkt
cells showed sustain levels of upregulated NF-kB and

HuT-78 cells showed basal levels of NF-kB upregula-
tion, which were marginally activated by TNF or
ceramide. On the other hand, araC suppressed NF-kB
in SA-LPS/Jkt and HuT-78 cells, as evidenced from the
disappearance of the shifted band in the corresponding
nuclear extracts. All the lanes exhibited equivalent
intensities of Oct1, assayed as the loading control.

AraC, but not TNF or ceramide, inhibits NF-kB reporter
gene expression in SA-LPS/Jkt and HuT-78 cells

Jurkat, SA-LPS/Jkt, and HuT-78 cells were each
transfected with a construct expressing NF-kB-SEAP
(secretory alkaline phosphatase) reporter gene fusion
and dominant-negative IkBa. The cells were aliquoted,
cultured for 24 h, and stimulated with different
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Figure 1 (a, b) Effect of TNF, araC, or ceramide on NF-kB activation in Jurkat cells. Jurkat cells (2� 106/ml) were incubated with
TNF (1 nm), araC (50mm), or ceramide (10mm) for different times as indicated in the figure. After these treatments, cytoplasmic and
nuclear extracts were prepared. Nuclear extracts were assayed for NF-kB (a) and Oct1 (b), as described in Materials and methods. (c)
Nuclear extracts were prepared from untreated or araC-treated Jurkat cells, incubated for 15 min with different Abs and cold NF-kB
oligo, and then assayed for NF-kB, as described in Materials and methods. (d) Effect of TNF, araC, or ceramide on IkBa degradation
in Jurkat cells. Cytoplasmic extracts were assayed for IkBa and p50 by Western blot analysis
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concentrations of TNF, araC, or ceramide for 6 h. The
culture supernatants were then assayed for secretory
alkaline phosphatase (SEAP) activity. Dose-dependent
induction of SEAP activity by TNF or ceramide was
observed in Jurkat cells. HuT-78 and SA-LPS/Jkt cells

showed a high basal activity of SEAP that was not
further induced with TNF (Figure 3, upper panel) or
ceramide (Figure 3, lower panel). With araC, SEAP
activity was induced in a dose-dependent manner in
Jurkat cells, but the high basal activity of SEAP in HuT-
78 and SA-LPS/Jkt cells was progressively reduced with
increasing concentrations of araC (Figure 3, middle
panel). Jurkat cells transfected with dominant-negative
IkBa showed no induction of levels of SEAP activity
upon treatments of TNF, araC, or ceramide. The high
basal levels of SEAP activity were downregulated in
HuT-78 and SA-LPS/Jkt cells, when transfected with
dominant-negative IkBa (data not shown). These results

Ju
rk

at

NF- κB

H
uT

-7
8

NF- κB

 0.1     1.0     50    100      5      10UN
TNF AraC Ceramide

SA
-L

P
S/

Jk
t

NF- κB

Oct-1

Oct-1

Oct-1

 0.1     1.0     50    100      5      10UN
TNF AraC Ceramide

 0.1     1.0     50    100      5      10UN
TNF AraC Ceramide

Figure 2 Effect of TNF, araC, or ceramide on NF-kB activation
in Jurkat, SA-LPS/Jkt, and HuT-78 cells. LPS (1mg) was taken in
200ml of human serum and incubated for 1 h at 371C. A volume of
20ml of this mixture (SA-LPS) was used to make LPS (100 ng/ml)
for activation of Jurkat cells for all experiments. Jurkat, HuT-78,
and SA-LPS/Jkt cells (2� 106/ml) were incubated with different
concentrations of TNF, araC, or ceramide for 4 h. After these
treatments, nuclear extracts were prepared and then assayed for
NF-kB and Oct1 as described in Materials and methods

Figure 3 Effect of TNF, araC, or ceramide on NF-kB reporter
gene expression in Jurkat, SA-LPS/Jkt, and HuT-78 cells. Jurkat,
HuT-78, and SA-LPS/Jkt cells (1� 106/ml) were transiently
transfected with pcDNA vector (2.5mg) and NF-kB-SEAP
(0.5mg) for 12 h, cultured for 24 h and then treated with different
concentrations of TNF, araC, or ceramide indicated in the figure
for 6 h. Cells culture supernatant was assayed for secreted alkaline
phosphatase (SEAP) activity as described in Materials and
methods and mean SEAP activity was indicated as fold of
activation above unstimulated cells
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correlate with the upregulation of NF-kB as detected by
EMSA in the previous experiment. Although araC
downregulates NF-kB activity in Jurkat cells, it shows
upregulation of SEAP activity. As araC induces Jurkat
cells initially, it induces NF-kB-dependent SEAP which
is secreted into the medium.

AraC induces apoptosis in HuT-78 and SA-LPS/Jkt cells

To investigate the effects of TNF, araC, or ceramide on
induction of apoptosis in Jurkat and NF-kB expressed
cells (HuT-78 and SA-LPS/Jkt cells) different markers
of apoptosis (lipid peroxidation, reactive oxygen inter-
mediates (ROIs) generation, PARP and Bcl-2 cleavage,

DNA fragmentation, and nuclear fragmentation) were
assayed.

AraC induces lipid peroxidation and ROI generation in
HuT-78 and SA-LPS/Jkt cells

As lipid peroxidation is a marker of apoptosis, we
examined the effect of TNF, araC, or ceramide on lipid
peroxidation in Jurkat, SA-LPS/Jkt, and HuT-78 cells
through the detection of levels of malondialdehyde
(MDA) production. In Jurkat, but not in HuT-78 or
SA-LPS/Jkt cells, TNF or ceramide induced lipid
peroxidation in a dose-dependent manner (Figure 4a,
left and right panels). AraC induced lipid peroxidation
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Figure 4 (a) Effect of TNF, araC, or ceramide on lipid peroxidation in Jurkat, HuT-78, and SA-LPS/Jkt cells. Jurkat, HuT-78, and
SA-LPS/Jkt cells (5� 106) were incubated with different concentrations of TNF, araC, or ceramide for 6 h. Cell extracts were prepared
by the freeze–thaw method and 500mg proteins were used for TBA-SDS reactionable MDA assay as described in Materials and
methods. The results are indicated as MDA production in percentage above control (0.56270.122 nmol MDA/mg protein). (b) Effect
of TNF, araC, or ceramide on ROI generation in Jurkat, HuT-78 and SA-LPS/Jkt cells. Jurkat, HuT-78, and SA-LPS/Jkt cells
(1� 106) were incubated with dihydrorhodamine for 2 h and then treated with different concentrations of TNF, araC, or ceramide for
6 h. The results shown are representative of two independent experiments
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Figure 5 Effect of TNF, araC, or ceramide on cytotoxicity, PARP and Bcl-2 cleavage, and DNA fragmentation in Jurkat, HuT-78 and SA-
LPS/Jkt cells. (a) Jurkat, HuT-78, and SA-LPS/Jkt cells (104/0.1 ml) were incubated with different concentrations of TNF, araC, or ceramide for
72 h. Cell viability was assayed by MTT dye uptake. The results are indicated as mean OD of triplicate assays. (b) Jurkat, HuT-78, and SA-LPS/
Jkt cells (2� 106) cells were treated with araC (50mm) or TNF (1 nm) for 24 h at 371C in a CO2 incubator. Then cell extracts were prepared and
50mg protein was analysed by 7.5% SDS–PAGE to detect PARP by Western blot using anti-PARP mAb. (c) HuT-78 (2� 106) cells were treated
with araC (50mm) and TNF (1 nm) for different times at 371C in a CO2 incubator. Then cell extracts were prepared and 400mg protein was
immunoprecipitated against anti-Bcl-2 and –CRM1 Ab and analysed by 10% SDS–PAGE to detect Bcl2 by Western blot using anti-Bcl2 Ab.
The level of IgG heavy chain was visualized from the same X-ray film. The same blot was reprobed with anti-CRM1 antibody and the level of
CRM1 was detected by Western blot analysis. (d) Jurkat, HuT-78, and SA-LPS/Jkt cells (5� 106) were treated with araC (50mm) or TNF (1 nm)
for 36 h at 371C in a CO2 incubator. Then cells were washed, DNA was prepared, and 2.0 mg DNA was analysed by 2% agarose gel. (e) Jurkat,
HuT-78, and SA-LPS/Jkt cells (2� 106) were treated with araC (50mm) or TNF (1 nm) for 36 h at 371C in a CO2 incubator. Then cells were
scraped, washed, fixed with methanol and stained with PI. Cells were then taken in a slide and visualized through a fluorescence microscope. The
picture showed the Jurkat, HuT-78, and SA-LPS/Jkt cells of untreated, TNF-treated, or araC-treated in phase contrast as well as in fluorescent
microscope view
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in Jurkat, HuT-78, or SA-LPS/Jkt cells in a dose-
dependent manner (Figure 4a, middle panel),
indicating that araC induces apoptosis in NF-kB
expressed cells.

ROI generation is an intermediate step in apoptosis
induced by different agents. TNF-, araC-, or ceramide-
induced ROI generation in Jurkat, SA-LPS/Jkt,
and HuT-78 cells was examined with dihydrorhodamine
dye conversion to rhodamine as described in Materials
and methods. As shown in Figure 4b left and right
panels, TNF or ceramide induced ROI generation
in a dose-dependent manner in Jurkat cells, but
not in HuT-78 or SA-LPS stimulated Jurkat cells.
AraC induced ROI generation in Jurkat, HuT-78, or
SA-LPS stimulated Jurkat cells in a dose-dependent
manner (Figure 4b, middle panel). These data indicate
that araC induces ROI generation in NF-kB expressed
cells.

AraC induces cytotoxicity, PARP and Bcl-2 cleavage,
and DNA fragmentation in HuT-78 and SA-LPS/Jkt cells

To detect TNF-, araC-, or ceramide-mediated apopto-
sis, Jurkat, SA-LPS/Jkt, and HuT-78 cells (104 cells/
0.1 ml) were incubated with different concentrations of
TNF, araC, or ceramide for 72 h and then cytotoxicity
was assayed by MTT assay. As shown in Figure 5a left
and right panels, TNF or ceramide induced cytotoxicity
in a dose-dependent manner in Jurkat cells but not in
HuT-78 or SA-LPS/Jkt cells. AraC induced cytotoxicity
in Jurkat, HuT-78, or SA-LPS/Jkt cells in a dose-
dependent manner (Figure 5a, middle panel).

Cell viability is reflected in caspase activation, which
cleaves a lot of proteins including PARP, Bcl-2, etc.,
induces DNA fragmentation and nuclear fragmentation.
TNF or ceramide induced PARP cleavage in Jurkat, but
not in HuT-78 or SA-LPS/Jkt cells. AraC induced
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PARP cleavage in Jurkat, HuT-78, or SA-LPS/Jkt cells
(Figure 5b). To detect the level of Bcl-2, HuT-78 cells (2
x106) were treated with araC (50 mm) or TNF (1 nm) for
different times at 371C, extracted proteins were im-
munoprecipitated with anti-Bcl-2 and -CRM1 Ab and
then analysed for Bcl-2 by Western blot. The levels of
Bcl-2 almost did not alter in TNF-treated cells but were
downregulated in araC-treated cells (Figure 5c) indicat-
ing araC-mediated apoptosis in NF-kB expressed cells.
In the same blot, the levels of IgG heavy chain were
equal in all these lanes, indicating equal addition of the
antibody. The same blot was probed with anti-CRM1
Ab and the levels of CRM1 were equal in each lane
indicating loading control. TNF or ceramide enhanced
DNA fragmentation in Jurkat, but not in HuT-78 or
SA-LPS/Jkt cells, whereas araC induced DNA fragmen-
tation in Jurkat, HuT-78, or SA-LPS/Jkt cells as shown
by DNA laddering (Figure 5d). Propidium iodide (PI)-
stained cells also showed nuclear fragmentation
(Figure 5e).

AraC dephosphorylates p65 in SA-LPS/Jkt and HuT-78
cells

As phosphorylation of the p65 subunit of the NF-kB is
required for NF-kB-mediated gene transcription and
araC downregulates NF-kB in HuT-78 or SA-LPS/Jkt
cells, we tested the role of araC in p65 phosphorylation.
Jurkat, HuT-78, or SA-LPS/Jkt cells (5� 106) were
incubated with [32P]orthophosphate and treated with
TNF, araC, or ceramide for 4 h. Extracts were prepared,
immunoprecipitated with anti-p65 antibody and ana-
lysed for p65 as described in Materials and methods. In
Jurkat cells all these agents induced p65 phosphoryla-
tion. The high levels of p65 phosphorylation were shown
in HuT-78 or SA-LPS/Jkt cells that were not further
induced by TNF or ceramide, whereas araC treatment
led to the loss of the p65-phosphorylated band in these
cells (Figure 6a, upper panel). As control for loading
artefacts, aliquots of 50 mg proteins from the same
extracts were analysed by 9% SDS–PAGE, and bands
were shown by chemiluminescence to have equivalent
levels of p65 (Figure 6a, lower panel). The results
indicate that araC suppresses the phospho-p65 band of
HuT-78 or SA-LPS/Jkt cells.

Calyculin A protects araC-induced downregulation of p65
phosphorylation, NF-kB activation, and cytotoxicity

To understand the mechanism of downregulation of
phosphorylated p65, we used calyculin A, a specific
serine/threonine phosphatase inhibitor (Suganuma et al.,
1990), and ZnCl2, a protein-tyrosine phosphatase
inhibitor (Tonks et al., 1991), to investigate the
mechanism of araC-induced signaling (cytotoxicity,
p65 phosphorylation, and NF-kB activation) in NF-
kB expressed cells. HuT-78 or SA-LPS/Jkt cells were
pretreated with calyculin A or ZnCl2 and then treated
with different concentrations of araC for 72 h, following
which cytotoxicity was assayed by MTT. The results
indicate that calyculin A, but not ZnCl2 protects HuT-

78 or SA-LPS/Jkt cells from araC-induced cell killing
(Figure 6b).

HuT-78 or SA-LPS/Jkt cells were incubated with
[32P]orthophosphate and calyculin A (10 nm) for 4 h and
then stimulated with araC (50 mm) for 4 h. The cell
extracts were then immunoprecipitated with anti-p65
antibody and analysed for the labeled p65 band. The
results shown in Figure 6c indicate that araC mediates
the de-phosphorylation of p65 in HuT-78 and SA-LPS/
Jkt cells which in turn is blocked by calyculin A. When
calyculin-A-pretreated HuT-78 or SA-LPS/Jkt cells
were exposed to araC for 4 h and the nuclear extracts
were then assayed for NF-kB, we observed complete
protection conferred by calyculin A on araC-mediated
downregulation of NF-kB activation in these cells
(Figure 6D).

AraC induces protein phosphatases 2A and 2B-A, which
dephosphorylate p65 in vitro

To detect the phosphatase(s) involved in araC-mediated
dephosphorylation of p65, Jurkat cells were stimulated
with araC (50 mm) for 2 and 6 h. The cell extracts were
immunoprecipitated with antibodies against PP1, PP2A,
and PP2B-A and the complexes were incubated with 32P-
p65 for 2 h at 371C as described in Materials and
methods. The intensity of the labeled p65 band was
decreased in PP2A and PP2B-A with time of incubation
but not in the case of PP1 indicating the activation of
PP2A and PP2B-A by araC (Figure 6e). The 80 mg of the
extracted protein from the same extracts was analysed in
9% SDS–PAGE and Western blot performed against
anti-PP1, -PP2A, and -PP2B-A. The bands showed
equal intensity in each case indicating that the level of
expression of those phosphatases is not changed with
the increased time of araC treatment (Figure 6f).

To detect the role of araC in p65 (RelA) and PP2A
interaction in vitro, equal amounts of 32P-p65 proteins
were incubated with araC and PP2A (immunoprecipi-
tated from 500 mg unstimulated Jurkat cells extract)
alone or in combination for 2 h at 371C in microfuge
tubes. Then the levels of labeled p65 proteins were
analysed. The levels of the labeled p65 band showed
equal intensities (Figure 6g), indicating that araC has no
role in the interaction of p65 and PP2A in vitro.

AraC potentiates cis-platin-, etoposide-, or taxol-
mediated cytotoxicity in SA-LPS/Jkt and HuT-78 cells

NF-kB is known as an antiapoptotic factor (Kochetko-
va et al., 1997; Nakshatri et al., 1997; Raziuddin et al.,
1997; Manna and Aggarwal, 1999; Izban et al., 2000). In
order to detect the role of NF-kB on cell viability, HuT-
78 or SA-LPS/Jkt cells were incubated with 10 mm each
of cis-platin, vincristine, doxorubicin, etoposide, adria-
mycin, or taxol and 50 mm of araC for 72 h and MTT-
assayed. As shown in Figure 7a, all those agents
decreased cell viability in Jurkat cells. Cis-platin,
etoposide, taxol, or araC partially blocked cell viability
in HuT-78 or SA-LPS/Jkt cells. We observed that araC
downregulated NF-kB in NF-kB expressed cells.
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To understand the effect of other inducers of
apoptosis in NF-kB downmodulated cells, araC-pre-
treated HuT-78 and SA-LPS/Jkt cells were incubated
with different inducers of apoptosis. Then cell viability

was assayed by MTT dye uptake. AraC-pretreated cells
showed potentiation of cytotoxicity induced by cis-
platin, etoposide, or taxol in HuT-78 (Figure 7b1) and
SA-LPS/Jkt (Figure 7b2) cells.
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Figure 6 (a) Effect of TNF, araC, or ceramide on p65 phosphorylation in SA-LPS/Jkt and HuT-78 cells. Jurkat, HuT-78, and SA-LPS/Jkt cells
(5� 106) were incubated with 2 mCi [32P]orthophosphate for 6 h in phosphate-free medium. Cells were treated with TNF (1 nm), araC (50mm), or
ceramide (10mm) for 4 h and extract was prepared, 500mg of the extract protein was immunoprecipitated using anti-p65 antibody and analysed in
9% SDS–PAGE for p65 radioactive band. Aliquots of 50 mg proteins from the same extracts were analysed for p65 in 9% SDS–PAGE and bands
were detected by Western blot. (b) Effect of calyculin A and ZnCl2 on araC-induced cytotoxicity. SA-LPS/Jkt and HuT-78 (104cells/0.1 ml) cells
were pretreated with calyculin A (10 nm) and ZnCl2 (1 mm) for 4 h and then cells were washed and incubated with different concentrations of
araC for 72 h. Cell viability was assayed by MTT assay. (c) Effect of calyculin A on araC-induced downregulation of p65 phosphorylation. HuT-
78 and SA-LPS/Jkt (2� 106) cells were pretreated with calyculin A (10 nm) for 4 h and then stimulated with araC (50mm) for 4 h. Cell extracts
were prepared, immunoprecipitated (500 mg protein) and analysed in 9% SDS–PAGE for p65 radioactive band. Aliquots of 50 mg proteins from
the same extracts were analysed for p65 in 9% SDS–PAGE and bands were detected by Western blot. (d) Effect of calyculin A on araC-induced
downregulation of NF-kB activation. HuT-78 and SA-LPS/Jkt (2� 106) cells were pretreated with calyculin A (10 nm) for 4 h and then
stimulated with araC (50mm) for 4 h. Nuclear extracts were prepared and analysed for NF-kB. (e) Effect of araC on activation of PP1, PP2A, and
PP2B-A. Jurkat cells were treated with araC (50mm) for different times and cell extracts were prepared. Cell extract proteins were
immunoprecipitated with antibodies against PP1, PP2A, and PP2B-A and then complexes were incubated with 32P-p65 for 2 h at 371C. Then the
samples were analysed in 9% SDS–PAGE and gel was exposed and scanned in a PhosphorImager. (f) Effect of araC on expression of PP1,
PP2A, and PP2B-A. Jurkat cells extract proteins (80mg) obtained from previous experiments were analysed in 9% SDS–PAGE and Western blot
was performed against anti-PP1, -PP2A, and -PP2B-A. (g) Effect of araC on p65 and PP2A interaction in vitro. Unstimulated Jurkat cell extract
immunoprecipitated with anti-PP2A and incubated 32P-p65 proteins in the presence or absence of araC for 2 h at 371C in microfuge tubes. Then
labeled p65 proteins were detected by 9% SDS–PAGE, gel was exposed and scanned in a PhosphorImager
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Discussion

The mechanism coupling araC-induced DNA damage to
the initiation of cell death have not yet been fully
established. Myeloid leukemia cells have been shown to
be treated with araC. The mechanism of araC-mediated
cell death has been shown by inhibition of mitogen-
activated protein kinase (MAPK) and interruption of
protein kinase C (Jarvis et al., 1998). TNF and ceramide
have been shown to induce apoptosis in different
pathways (Manna and Aggarwal, 2000; Manna et al.,
2000a). To dissect the signaling mechanism induced by
different apoptotic inducers, we used TNF, araC, and
ceramide as these inducers act through different
mechanisms and to understand the role of NF-kB on
the mechanism of drug resistance. TNF is a well-known
inducer of apoptosis through death domain activation
and caspase recruitment (Baker and Reddy, 1998).

Ceramide, an intermediate messenger molecule induced
by a variety of apoptotic inducers including TNF
though the mechanism of cell signaling mediated by
ceramide differs from TNF (Manna and Aggarwal,
2000; Manna et al., 2000b). All these inducers follow
NF-kB activation as a downstream signal. However
surprisingly, when we incubated Jurkat cells with TNF,
araC, or ceramide for different time periods it has been
shown that NF-kB activation was maintained till 24 h of
incubation by TNF and ceramide but not by araC
(Figure 1). To understand the mechanism of araC-
mediated downregulation of NF-kB, we used HuT-78,
constitutively expressed NF-kB cells and endotoxin-
stimulated Jurkat cells. Serum-activated LPS stimulates
Jurkat T cells for induction of NF-kB potently and
maintains the level of expression for a long time (Manna
and Aggarwal, 1999). LPS interacts with lipopolysac-
charide binding protein (LBP) of serum and forms

AraC

HuT-78

-       +       -      +
-       -       +        + Calyculin A

AraC

SA-LPS/Jkt

-       +       -      +
-       -       +        +Calyculin A

NF-κB
NF-κB

32P-p65

0         0         2         6         0          2         6          0         2          6 AraC (h)
None PP1 PP2A PP2B-A : IP

0         2          6

PP1

PP2A

PP2B-A

AraC (h)

32P-p65

Non
e

Ara
C

PP2A
Ara

C
+

PP2A

In-vitro

d

e

f

g

Figure 6 Continued

AraC dephosphorylates p65 NF-jB
Y Sreenivasan et al

4365

Oncogene

Sreenu
115



LPS-LBP complex (also known as endotoxin) and it acts
through CD14 cell surface receptors for cell stimulation.
The LPS used for activation in the form of SA-LPS was
100 ng/ml, which is not toxic to cells for a long time as
detected by cell viability.

Our results indicate that TNF, araC, or ceramide
induced NF-kB in Jurkat cells, but araC, downregulates
NF-kB activation after 4 h (Figure 1a). Ceramide- and
TNF-induced NF-kB activation is correlated with IkBa
degradation (Figure 1d). IkBa is an NF-kB-dependent
gene product. As TNF or ceramide induces NF-kB,
IkBa degradation was observed initially but later it is

resynthesized. The TNF-mediated IkBa resynthesis
occurred at 2 h but again it degraded at 12 and 24 h
time points. Possibly the effect of TNF is long-lasting
and presence in the medium exerts its effect further.
AraC has been shown to induce IkBa degradation until
24 h. As araC downregulates NF-kB, IkBa, an NF-kB-
dependent gene, is not resynthesized further. TNF-
mediated apoptosis was not observed in HuT-78 and
serum-activated Jurkat cells, which is consistent with
our earlier report (Manna and Aggarwal, 1999).
Ceramide-induced apoptosis was also not observed in
those NF-kB expressed cells indicating the common

Figure 7 (a) Effect of cis-platin, vincristine, doxorubicin, etoposide, adriamycin, taxol, or araC on cytotoxicity in Jurkat, SA-LPS/Jkt,
and HuT-78 cells. Cells were treated with 10 mm of cis-platin, vincristine, doxorubicin, etoposide, adriamycin, or taxol and 50 mm of
araC for 72 h. Then cytotoxicity was assayed by MTT assay. (b) Effect of cis-platin, vincristine, doxorubicin, etoposide, adriamycin,
and taxol on araC-induced HuT-78 and SA-LPS/Jkt cells. Cells, pre-treated with 50 mm of araC for 4 h, were treated with 10 mm of cis-
platin, vincristine, doxorubicin, etoposide, adriamycin, or taxol for 72 h. Then cytotoxicity was assayed by MTT assay. The results are
presented as mean percentage of viable cells7s.d. of triplicate samples
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pathway followed by TNF and ceramide for apoptosis.
AraC has been shown to downregulate NF-kB, as
indicated by gel retardation assay (Figure 2) and NF-
kB-dependent reporter gene expression in NF-kB
expressed cells (Figure 3) indicating a novel mechanism
followed by araC.

TNF- and ceramide-mediated cell apoptosis was not
observed in NF-kB expressed cells, either HuT-78
(constitutively) or SA-LPS/Jkt (induced) cells, as de-
tected by MTT assay (Figure 5a), PARP cleavage
(Figure 5b), Bcl2 degradation (Figure 5c), DNA
fragmentation (Figure 5d), and visualized by nuclear
fragmentation (Figure 5e). NF-kB expressed cells
showed antiapoptotic activity by inhibiting apoptosis
induced by TNF or ceramide. AraC-induced apoptosis
was shown in NF-kB expressed cells, indicating a
different mechanism of action from that of TNF or
ceramide. In NF-kB expressed cells, TNF or ceramide
was unable to induce lipid peroxidation as detected by
MDA production and ROIs generation as detected by
the conversion of dihydrorhodamine to rhodamine and
analysed in FACScan, further indicating that the cells
are not following the apoptosis pathway. On the other
hand, araC-induced lipid peroxidation and ROI gen-
eration were observed in NF-kB expressed cells
(Figure 4). Bcl-2 has been shown to exert an anti-
apoptotic activity in cells and it is an NF-kB-dependable
gene product (Heckman et al., 2002). Overexpressed Bcl-
2 again downregulates NF-kB and dependent gene
products (Badrichani et al., 1999). In this report we
provide the evidence that araC downregulates Bcl-2 level
in NF-kB expressed cells. As araC downregulates NF-
kB, it may correlate with the downregulation of NF-kB-
mediated synthesis of Bcl-2 (Heckman et al., 2002) or
araC-mediated apoptotic pathways that may degrade
Bcl-2.

As reported previously, araC hypophosphorylated
retinoblastoma protein, phosphorylated by cyclin-de-
pendent kinases and stimulates cell cycle in HL-60 cells
(Dou et al., 1995) and later it was proved that araC
induced tyrosine phosphatase, which dephosphorylates
retinoblastoma protein causing apoptosis (Dou and Lui,
1995; Wang et al., 2001). As NF-kB is an ideal target for
anticancer drug development, it is important to detect its
role on araC-mediated cell signaling. An active NF-kB
dependent gene expression requires the p65 subunit of
NF-kB to be phosphorylated (Egan et al., 1999; Manna
et al., 2000a). We observed that TNF, araC, or ceramide
induced p65 phosphorylation (Figure 6a), which was
correlated with NF-kB activation and dependent gene
expression. Surprisingly, in NF-kB expressed cells, TNF
or ceramide did not interfere with the high level of p65
phosphorylation but araC downregulated the phospho-
p65 protein level in both NF-kB expressed cells (induced
and constitutive) (Figure 6c). Zinc is believed to be an
inhibitor of protein-tyrosine phosphatase inhibitor.
AraC-mediated inhibition of NF-kB or apoptosis was
not modulated by ZnCl2 whereas addition of calyculin
A completely protected araC-induced inhibition of
cytotoxicity (Figure 6b) and downregulation of NF-kB
(Figure 6d). AraC activates phospho-serine/phospho-

threonine phosphatase, which dephosphorylates the p65
subunit of NF-kB and makes cells more apoptotic.
AraC activates PP2A and PP2B-A but not PP1.
Activated PP2A and PP2B-A dephosphorylate basal
phospho-p65 in NF-kB expressed cells (Figure 6e)
without changing the level of those phosphatases
expression (Figure 6f). AraC does not interfere with
the interaction between p65 and PP2A in vitro
(Figure 6g). So, araC has a potential role to make cells
sensitive to cell death which attain resistance to
apoptosis because of NF-kB. This is the first report
that the p65 subunit of NF-kB undergoes dephosphor-
ylation by phosphatases activity induced by araC and
cells become sensitive to apoptosis.

Pretreatment of araC and then stimulation of
different anticancer agents also shows the potentiation
of apoptosis (Figure 7). Combinatorial therapy is an
important aspect in regulating cancer progression and
metastasis. As chemotherapeutic agent-induced resis-
tance is the main problem for cancer, the understanding
of the basic mechanism will be helpful in addressing this
problem. NF-kB expressed cells showed 20–40% cell
survival in cis-platin-, etoposide-, adriamycin-, taxol-, or
araC-mediated cytotoxicity (Figure 7a). These agents
showed potentiation of cell killing in combination with
AraC in NF-kB expressed cells (Figure 7b).

Overall, our results suggest that dephosphorylation of
a key protein, p65, by protein phosphatases may be
crucial for the initiation of apoptosis in NF-kB
expressed cells, and further support the concept of
protein phosphatase serving as a potential target for
anticancer therapy. Our studies suggest that the depho-
sphorylation of the p65 subunit of NF-kB might be an
important strategy for treating drug-resistant cancers.

Materials and methods

Materials

AraC, C2 ceramide (N-acetyl-d-sphingosine), MTT [3-(4,5-
dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide)],
glycine, calyculin A, ZnCl2, doxorubicin, vincristine, taxol,
cis-platin, etoposide, adriamycin, and LPS (Escherichia coli,
055:B5) were obtained from Sigma (St Louis, MO, USA).
Penicillin, streptomycin, RPMI-1640 medium, and fetal bovine
serum (FBS) were obtained from Life Technologies (Grand
Island, NY, USA). TNF was obtained from PeproTech Inc.,
NJ, USA. Dihydrorhodamine was purchased from Molecular
Probe, The Netherlands. Oct1 double-stranded oligonucleotide
and antibodies (Abs) against PP1, PP2A, PP2B-A, IkBa, p50,
p65, cyclin D1, c-Rel, CRM1, and Bcl2 were obtained from
Santa Cruz Biotechnology (Santa Cruz, CA, USA). Poly
ADP-ribose polymerase (PARP) antibody (Ab) was purchased
from PharMingen (San Diego, CA, USA).

Cell lines

Jurkat and HuT-78 (T cells) cells, obtained from American
Type Culture Collection (Manassas, VA, USA), were cultured
in RPMI-1640 medium supplemented with 10% FCS, peni-
cillin (100 U/ml), and streptomycin (100mg/ml) and were
mycoplasma free, as tested by Gen-probe mycoplasma rapid
detection kit (Fisher Scientific, Pittsburgh, PA, USA) as
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described (Giri and Aggarwal, 1998; Manna and Aggarwal,
1999).

HuT-78 cells constitutively express the nuclear transcription
factor NF-kB. In Jurkat cells, NF-kB expression was induced
with serum-activated lipopolysaccharide (100 ng LPS was
incubated with 20ml of rabbit serum for 1 h at 371C to make
SA-LPS and this was used for treatment) for 24 h at 371C to
upregulate NF-kB. The concentration used for LPS activation
did not show any cytotoxicity, as detected by MTT assay, up
to 72 h (cell viability was 98.02 73.24, 96.3473.36,
94.7873.24, 91.4274.48, and 92.2475.52 at 0, 24, 36, 48,
and 72 h of incubation, respectively).

NF-kB activation assay

NF-kB activation was assayed following the method described
(Manna et al., 1998). Nuclear extract (8 mg protein) was
incubated with 4 ng of 32P end-labeled 45-mer double-stranded
NF-kB oligonucleotide from the HIV-LTR, 50-TTG TTA
CAA GGG ACT TTC CGC TGG GGA CTT TCC AGG
GAG GCG TGG-30 (bold indicates NF-kB binding site) and
assayed for NF-kB using 6.6% native PAGE by EMSA.
Similarly, 8mg nuclear extract protein was incubated with 32P-
labeled double-stranded Oct1 oligonucleotide and assayed in
6% native PAGE by gel retardation assay.

Cytotoxicity assay

The cytotoxicity was measured by MTT assay (Manna et al.,
1998). Briefly, cells (1� 104 cells/well of 96-well plate) were
treated with inducers for 72 h and thereafter, 25ml of MTT
solution (5 mg/ml in phosphate buffer saline (PBS)) was added
to each well. After a 2-h incubation at 371C, 0.1 ml of the
extraction buffer (20% SDS, 50% dimethylformamide) was
added. After an overnight incubation at 371C, the absorbance
was read at 570 nm.

Western blot of PARP and Bcl-2

Apoptosis was examined by the proteolytic cleavage of PARP
(Manna et al., 1998). Briefly, cells were treated with different
inducers and whole-cell extracts were prepared. Cell extract
protein (50 mg) was resolved on 7.5% SDS–PAGE, electro-
transferred onto a nitrocellulose membrane, blotted with
mouse anti-PARP Ab, and then detected by chemilumines-
cence (Amersham Pharmacia Biotech, Piscataway, NJ).
Apoptosis was represented by the cleavage of 116-kDa PARP
into an 85-kDa product (Manna et al., 1998; Manna and
Aggarwal, 1999). TNF- and araC-treated HuT-78 cell extracts
were immunoprecipitated with anti-Bcl-2 and -CRM1 (nuclear
export receptor protein) Ab. Then the blot was used to detect
Bcl-2 and CRM1 levels by Western blot analysis.

NF-kB-dependent reporter gene transcription

The effect of different inducers of apoptosis on NF-kB-
dependent reporter gene transcription was measured as
previously described (Darnay et al., 1999). Briefly, cells were
transiently transfected by the calcium phosphate method with
1 ml medium containing 0.5 mg NF-kB promoter DNA linked
to the heat-stable SEAP gene. After 24 h of culture, cells were
stimulated with TNF, araC, and ceramide for 6 h and then the
culture-conditioned medium was harvested, and 25 ml was
analysed for alkaline phosphatase activity using 4-methylum-
belliferyl phosphate as substrate essentially as per the
CLONTECH protocol (Palo Alto, CA, USA). This reporter
system was specific, because ceramide-induced NF-kB SEAP

activity was inhibited by overexpression of IkBa mutants
lacking either Ser32 or Ser36.

Determination of lipid peroxidation and measurement of ROIs

Lipid peroxidation was determined by detection of thiobarbi-
turic acid-reactive MDA, an end product of the peroxidation
of polyunsaturated fatty acids and related esters as described
(Bowie et al., 1997; Manna et al., 2000a). The production of
ROIs was determined by flow cytometry as described (Manna
et al., 1999). Treated or untreated cells were exposed to
dihydrorhodamine 123 and then washed with PBS. Rhoda-
mine 123 fluorescence intensity resulting from dihydrorhoda-
mine 123 oxidation was measured by a FACScan flow
cytometer (Becton Dickinson, Mountain View, CA, USA)
with excitation at 488 nm and was detected between 515 and
550 nm. Data analysis was performed using LYSYSII software
(Becton Dickinson).

Determination of DNA and nuclear fragmentation

DNA was extracted with phenol : chloroform : isoamyl alcohol
(25 : 24 : 1, v/v/v) and precipitated by 100% ethanol at �201C
overnight (Ito et al., 1999) and ran on 1% agarose gel. DNA
fragments were visualized as ladder with ethidium bromide
under UV light.

After treatment, cells were fixed in 80% methanol overnight
at 41C and pellets were suspended in 100 ml of PI mixture for
30 min. Cells were then viewed under a fluorescence micro-
scope to determine nuclear fragmentation (Nutku et al., 2001).

Immunoprecipitation of p65 from orthophosphate-labeled cells

To determine the phosphorylation of the p65 subunit of NF-
kB (Manna et al., 2000a), Jurkat, HuT-78, and SA-LPS
stimulated Jurkat cells (5� 106) were labeled with [32P]ortho-
phosphate (Amersham) in phosphate-free medium for 4 h at
371C, and then the cells were treated with TNF (1 nm), araC
(50mm), and ceramide (10 mm) for 4 h at 371C. Then the cell-
extracted proteins were immunoprecipitated with anti-p65
polyclonal Ab (Santa Cruz Biotechnology) followed by protein
A/G sepharose beads. Washed beads were then boiled with
SDS sample buffer for 5 min, and subjected to SDS–PAGE
(9%). The gel was dried, exposed to PhosphorImager screen,
and analysed by a PhosphorImager (Fuji, Japan). To confirm
equal loading, 50 mg protein was resolved on 10% SDS–
PAGE, electrotransferred to nitrocellulose filters, and probed
with the anti-p65 Ab, and the bands were detected by
chemiluminescence (ECL, Amersham).

In-vitro phosphatases activity assay

Jurkat cells (5� 106), labeled with [32P]orthophosphate (Amer-
sham) in phosphate-free medium for 4 h at 371C, were
stimulated with TNF (1 nm) for 1 h. Cell extract proteins were
incubated with anti-p65 antibody followed by immunopreci-
pitation with protein A/G sepharose beads. To assay the
activities of different phosphatases these beads were used.
Jurkat cells were stimulated with araC for different times and
cell extract was prepared. Cells extracts were incubated with
different antiphosphatase antibodies followed by immunopre-
cipitation by protein A/G sepharose. Then these beads were
incubated with 32P-labeled p65 in 20 mm HEPES, pH 7.4,
10 mm MgCl2, and 1 mm DTT for 2 h at 371C. Reactions were
stopped with the addition of 15 ml of 2� SDS sample buffer,
boiled for 5 min, and subjected to SDS–PAGE (9%). The gel
was dried and 32P-p65 was analysed by a PhosphorImager
(Fuji, Japan).
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