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Chronic lymphocytic leukemia (CLL) is a rnalignant disorder characterized by the 

proliferation and accumulation of mature appearing. though dysfunctional lymphocytes. 

The malignant lymphocytes infiltrate the bone manow. lymph nodes. liver and spleen. 

resulting in enlargement of these organs and in bone marrow failure. Bener understanding 

of specific defects that contribute to the clond expansion of this neoplasm may lead to 

improved treatment of this disease. Growing evidence suggests that programmed cell- 

death (apoptosis) plays a key role in the selection and diflerentiation of lymphoid cells. 

Since CLL lymphocytes accumulate rather than poli ferate. this disease may involvr 

defects in apoptosis. The molecular and biochemical basis for decreased susceptibility of 

CLL cells to drug-induced apoptosis remains largely unknown. Recently. protein tyrosine 

kinase activation has been shown to provide an early and requisite signal for Fas-induced 

apoptosis in Jurkat (human T ceil leukemia). U937 (human histiocystic Iynphoma). and 

K562 (human myelogenous leukemia) ce11 lines. Ln the present study. we investigated 

the role of tyrosine phosphorylation in CLL ce11 apoptosis. A cell line (WSU-CLL) 

derived from a CLL patient and the lymphocytes fiom several CLL patients and healthy 

volunteers were used to explore the role of protein tyrosine phosphorylation and its 

related s i g n a h g  Since tyrosine phosphorylation is important in lymphocyte s i g n a h g  

including ce11 proliferation differentiation and apoptosis. defects in tyrosine 

phosphorylation may contribute to the clonai expansion of this neoplasm. Tyrosine 

phosphorylation is maintained by a balance between the activities of the protein tyrosine 



kinases and phosphatases. We hypothesized that the inhibition of protein tyrosine 

phosphatase by vanadate would increase protein tyrosine phosphorylation and apoptosis 

in CLL cells. Lndeed, vanadate treatment of WSU-CLL cells increased the tyrosine 

phosphorylation in conjunction with enhanced cytotoxicity and ce11 death, as rneasured by 

m a n  blue dye exclusion. soft agar clonogenic assay. and apoptosis assay. Vanadate- 

induced apoptosis in WSU-CLL cells was associated with the activation of c-jun N- 

terminal kinase/stress-activated protein kinase (JNWSAPK). release of cytochrome c 

From mitochondria and cleavage/activation of effector caspases. In WSU-CLL cells. 

vanadate also attenuated the activities of Akt and PI 3-kinase responsible for providing 

survival signais. Thus. vanadate-induced protein tyrosine phosphorylation t r i q e n  

apoptosis in WSU-CLL cells at several levels involving cytochrome c release from 

mitochondria activation of caspases. and removal of ce11 survival signals. Preliminary 

studies with a limited number of patient samples showed that WSU-CLL cells and the 

cells from CLL patients exhibited lower levels of protein tyrosine phosphorylation as 

compared to normal lymphocytes and the cells less sensitive to a commonly used dnig 

chlorambucil (CLB) had lower levels of tyrosine phosphorylation. These studies 

suggested that protein tyrosine phosphorylation plays an important role in determining the 

sensitivity of CLL cells to hg-induced apoptosis. Taken together. protein tyrosine 

phosphorylation appears to be an intrinsic part of the vanadate-induced apoptotic process 

in CLL cells. 
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INTRODUCTION 

V.1 Chronic Lvmohocvtic Leukemia (CLQ: CLL is the most common type of 

leukemia in western countries (O'Brien et al.. 1995; Rozman & Montserrat. 1995; 

Zwiebel & Cheson. 1998). accounting for 2530% of the total leukemias. This disease is 

rare in Asian countries (Hoffinan et al.. 1991). The cause of CLL is not known (Roman 

& Montserrat. 1995). In general. the average survival time of patients with CLL is about 

nine years (Rozman & Montserrat. 1995). Most of the CLL patients are over 55 years. 

and there are more male than fernale patients (Hoffman et al.. 199 1 ). A recent increase in 

CLL in younger patients has also been reported (HotTman et al.. 1991). The clinical 

characteristics of CLL vary from patient to patient (Zwiebel & Cheson. 1998). While 

some patients c m  have the disease for many years without apparent clinical syrnptoms. 

othets die within a few pears of diagnosis (Zwiebel & Cheson. 1998). 

The various symptoms of CLL include tiredness. weight loss and infections 

(Hoffman et al.. 199 1 : O'Brien et al.. 1995: Zwiebel & Cheson. 1998). Since the disease 

is characterized by gradual accumulation of mature-looking but ~immunologically 

incompetent" lymphocytes (Rozman & Montserrat. 1995: Zwiebel & Cheson. 1998). CLL 

can be suspected if the peripherai lymphocytes are over 5 x 1 0 9 L  About 95% of CLL are 

B-lymphocytic (Hoffman et ai.. 1991). Clinical diagnosis of CLL depends on the 

morpholo~ and surface characteristics of the lymphocytes of CLL cells (Hoffman et al.. 

1991: Zwiebel & Cheson. 1998). Morphologicaily, the B-lymphocytes in CLL are 

mature-looking. small lymphocytes with strong staining of basophilie chromatin of the 



nucleus (Hamblin & Oscier. 1997). The ceIl is fragile so "smudge" cells can be seen on 

the slides (Hamblin & Oscier. 1997). The cells resembie fetai B cells since they have 

very low surface immunoglobulin M (SIgM) and respond poorly to in vitro stimulation 

such as cross-linking or lectin treatrnent (Reed. 1998; Schroeder & Diaero .  1994: 

Hamblin & Oscier. 1997). They express some B ce11 markers such as CD19. CD20. 

CD23 and CD4O. but lack germinal center B ce11 marker CD10 (Reed. 19%). The rnost 

striking feature is the CO-expression of the T cell marker CDS (O'Brien et al.. 1995: 

Hamblin & Oscier. 1997: Reed. 1998) and FCE receptor CD23 (Hamblin & Oscier. 1997: 

DiGiuseppe & Borowitz. 1998: Reed. 1998). The commoniy accepted clinical staging of 

CLL (Zwiebel & Cheson. 1998) iç rnainly dependent on the extent of ce11 growth and 

infiltration of the abnormal lymphocytes (lymphocytosis) in the body and the final 

consequence of complications caused by lymphocyte infiltration. such as rnahnction of 

the bone marrow (anemia low platelet count). and enlargement of l p p h  nodes. spleen 

and liver (HotTman et al.. 1991 : O'Brien et al.. 1995: Zwiebef & Cheson. 1998). From 

low risk to hi& risk. there are 5 Rai stages. stage O to stage N. or 3 Binet stages. stage A 

to C (Zwiebel & Cheson. 1998). The staging does not reflect the complete pattern of the 

disease because of the heteropneity of the disease but does have a significant bearing on 

prognosis. 

V.2 Cenetic Abnornralities in CLL: CLL is a complex disease involving many 

cytogenetic abnormalities of the lymphocytes. and the reason for most of the genetic 

changes and the effects related to these changes are largely unknown (O'Brien et ai.. 

1995: Crossen. 1997: Hamblin & Oscier. 1997: Juliusson & Merup. 1998: Reed. 1998). 

Studies in this area are hampered by the difficuity in getting metaphase cells because of 



the poor response of CLL cells to mitogens (Crossen, 1997). Chrornosomal abnormalities 

can be found in half of the patient samples (Juliusson & Merup, 1998). The most 

cornmon change is the deletion a d o r  translocation of chromosome l3q14 region, 

accounting for about 1 5 2 5 %  of patients and 65-75% of the patients with genetic 

abnormalities (O'Brien et al.. 1995; Crossen, 1997; Harnblin & Oscier, 1997: Juliusson 

& Memp. 1998: Reed. 1998). There is about a 280 kb nucleotide loss (Crossen. 1997) or 

a 550 kb nucleotide loss (Zwiebel & Cheson. 1998) after chromosome 13ql-l deletion 

and/or translocation. and this area is confined between genetic markrr D l3S25 and the 

turnor suppressor retinoblastoma RB 1 gene. Crossen ( 1997) suspected that RB 1 may be 

lost in CLL cells. Further studies using restriction fragment length polyrnorphism 

(RFLP). single strand conformation polymorphism ( SSC P) and fluorescence in siru 

hybridization (FISH) confirmed that CLL cells do express RB1 and this tumor suppressor 

gene may not be involved in the pathological changes observed in CLL (Crossen. 1997: 

Juliusson & Merup. 1998: Reed. 1998). Recent efforts are focused on identification of 

other tumor suppressor. or pro-apoptotic gene loss in this area (Reed. 1998). Some have 

dready named this gene as DBM (deleted in B ce11 malignancy) (Zwiebel & Cheson. 

1998). 

Another cornmon chromosome abnormality tnsomy 12 accounts for 1040% of B 

ce11 CLL (O'Brien et al.. 1995) and one-third of CLL patients with chromosome 

abnormalities (Juliusson & Merup. 1998). Polymerase chah reaction (PCR) and FISH 

identified a higher rate of tnsomy 13 than traditional cytogenetic analysis (Juliusson & 

Merup. 1998). Recent studies confirmed that trisomy 12 is not the result of triplication of 

one homolog chromosome. but the duplication of one homolog chromosome (Crossea 



1997). Since most of CLL patients with trisomy 12 show poor prognosis. rapid disease 

progression and atypical morphology of CLL cells. it is believed that this chromosome 

may encode an oncogene. an anti-apoptotic gene, or a ce11 cycle-related gene (Reed. 

1998). At present no CLL-related gene has been reported on this chromosome (Crossen. 

1997). The appearance of trisomy 12 accornpanird by deletion or translocation of 

chromosome l3q 14 is rare (Crossen. 1997; Hamblin & Oscier. 1997: Juliusson & Memp. 

1998: Reed. 1998). so the two chromosome abnormalities may retlect two diffèrent 

pathologic pathways of the disease (Hamblin & Oscier. 1997). 

A number of CLL patients also have translocations involving chromosome 14. 

such as t[l l:lJ]. t[l4:18]. and t[14:19] (Crossen. 1997: Hamblin & Oscier. 1997: Reed. 

1998). Chromosome 14 encodes the immunoglobulin heaw chain (IgH) (Reed. 1998). 

Translocation of chromosorne 1 lq14 and IgH locus 14qX involves the BCL-1 (PIWD-1) 

gene that encodes cyclin D 1 (Reed. 1998). an important factor in the ceIl cycle. In normal 

cells. the cyclin Dl gene is only transiently activated in G1 and cyclin Dl intencts with 

cyclin-dependent kinases (CDK) to cause the phosphorylation of the RB gene product. 

The phosphorylation of RB protein releases the transcription factor E2F and moves the 

ce11 into ce11 cycle (Reed. 1998). It is known that cells involved in the BCL-1 gene 

translocation represent a more agressive disease than CLL-made ce11 lymphorna 

(MCL). The MCL cells are negative for CD23 compared with CDX-positive CLL cells 

(Crossen. 1997: DiGiuseppe & Borowitz. 1998: Reed. 1998). This translocation also 

causes the constitutive activation of the cyclin Dl gene by transcriptional enhancer 

elements in the IgH gene (Reed. 1998). Cyclin D2 mRNA level was also found to be 

higher in CLL patient cells. It was mapped on chromosome 12p13 and the hi& 



expression of cyclin D2 may contribute to the longer survival of CLL cells (Delmer, et 

al.. 1995). @7"'~. an inhibitor of the ce11 cycle, was also found to be more expressed in 

CLL patient cells. especially patients with poor prognosis (Vrhovac. et al.. 1998). 

The translocation of chromosome 14 and 18 also causes the activation of the Bcl- 

2 gene (on 18q21) by IgH enhancer elements (Reed. 1998). Bcl-2 is an apoptosis- 

suppressing gene. This translocation is more common in non-Hodgkins lymphoma 

(Crossen. 1997: Rred. 1998). a disease with similarities to CLL (Reed. 1998). The 

translocation of Bcl-2 Bene in CLL is between chromosome 18 and chromosome 2 or 12. 

which cncodes immunoglobin light chahs (Crossen. 1997). Bcl-2 overexpression 

increases ceil survival of CLL cells and lymphoma cells (Reed. 1998). Translocation 

betwern chromosome 14 and 19 causes the juxtaposition of Bcl-3 gene and the IgH locus 

(Crossen. 1997). Bcl-3 is a member of IKB fmily. which inhibits transcription factor 

NF& (Baeuerle & Baltimore. 1996). 

P53 is a tumor-suppressor gene located on chromosome 17p 13. The product of 

p53 gene promotes apoptosis or gene repair (Milner. 1997: Evan & Littlewood. 1998: 

Kirsch & Kastan. 1998). Mutations of p53 in CLL patients have recently been shown to 

correlate with advanced stages of the disease and h g  resistance (Zwiebel & Cheson. 

1998). 

V 3  Abnormal Immune Function in CLL: B-ceIl CLL patients manifest man- 

immunologie abnormaiities (Bartik et al.. 1998: Pritsch et al.. 1998). Low levels of 

surface immunoglobulin (SI@ have been reported in malipant B cells as compared with 

normal B-lymphocytes (Hamblin & Oscier. 1997: Bartik et al.. 1998: Pritsch et al.. 1998). 

In addition. malipant B cells exhibit poor response to exogenous stimuli. such as 



Epstein-Barr virus (EBV), B-ceIl receptor ligation, and other mitogenic stimuli (Pritsch et 

al.. 1998). This may in part be responsible for the dysfûnction of the immune system of 

CLL patients (Bartik et al., 1998). CLL patients also show a higher incidence of 

autoirnrnune phenomenon, retlected mainiy as hemolytic anemia (Pritsch et al.. 1998). 

Although higher expression of CD5 surface antigen which is norrnally expressed on T 

cells. may contribute to autoimmune phenomenon. this hypothesis still remains 

controversial (Harnblin & Oscirr. 1997). Furthemore. CLL cells express hi& Ievels of 

surface antigen CD23 (Hamblin & Oscier. 1997). Reed (1998) speculated that CLL 

might be caused by a defect in differentiation. 

VA Signalhg D&cts in CLL: It is rstablished that most of the CLL cells stay in GO of 

the ce11 cycle and also live longer than normal lymphocytes (Hamblin & Oscier. 1997: 

Reed. 1998). This may cause gradua1 accumulation of CLL cells and lyrnphocytosis 

observed in the blood. bone marrow and other organs of patients (Harnblin & Oscier. 

1997). A smdl number of CLL cells are also found in G 1 of the ceil cycle. These cells 

c m  be stimulated by mitogens and cytokines to divide and secrete immunoglobulin 

(Hamblin & Oscier. 1997). Based on these observations, Lankester et al. ( t 995) divided 

CLL cells into two types. non-responsive and responsive cells. These investigaton 

reported that although the expression of B-ce11 receptor (BCR) in responsive and non- 

responsive CLL cells is not aitered. non-responsive cells exhibit significant reduction in 

the protein tyrosine kinase activity related to BCR ligation (Lankester et al.. 1995). The 

non-responsive cells have also been shown to exhibit defective association of BCR with 

adaptor proteins Shc and Grb-2 (Lankester et al.. 1993). Furthemore. the level of protein 

tyrosine kinase Syk. an important kinase of BCR-mediated ce11 signaling (Pani & 



Siminovitch, 1997), is also found to be lower in non-responsive cells. A defect in the 

calcium response was also observed when CLL cells were stimulated (Michel et al.. 1993: 

Lankester et al.. 1996). On the other hand, expression of the Src family T-cell receptor 

kinase Lck and/or Fgr was found to be elevated in CLL cells (Abts et al.. 1991: Knethen 

et al.. 1997: Majolini et al.. 1998). It is reasonable to speculate that higher expression of 

Src family tyrosine kinases rnay contribute to the transformation of CLL cells. Frank et ai 

(1997) reported that signal transducrr and activator of transcription (STAT) farnily 

mrmben STATl and STAT3 are constitutively phosphorylated on senne residues in CLL 

cells. Interleukin-1 O can also cause STATl and STAT3 senne phosphorylation. resulting 

in differentiation but not apoptosis (Jurlander et al.. 1997). High expression of cytokine 

genes on CLL cells suggests their role in the long survival of CLL cells via an autocrine 

or paracrine pathway (Hamblin & Oscier. 1997). 

The defect in B ce11 development may also contribute to CLL. B ceIl 

development requires cell-ce11 and cell-mauix interactions in bone marrow and l p p h  

nodes (De Rossi et al.. 1994: Lagneaux et al.. 1998). It has been reported that the 

adhesion properties and ce11 behavior of CLL cells can be modified in vitro (Lapeaux et 

al.. 1998). but the role of cell adhesion in CLL pathopnesis requires Further 

investigation. 

V.5 Defective Programmed CeIl-Death Pnih wavs in CL L: Apoptos is (pro grammed 

cell-death) is an essential and evolutionary conserved mode of cell-death important for 

morphogenesis during embryonic development. tissue homeostasis in adult organisms. 

host defense. and suppression of oncogenesis (Kerr et al.. 1972: Thompson. 1995: 

Jacobson et al.. 1997). in general this fonn of death process is morphological1y different 



from necrosis (Kerr et al. 1972; Jacobson et al. 1997). Cells undergohg apoptosis shrïnk. 

the plasma membrane forms blebs. the nucleus condenses and nuclear DNA is degraded 

into oiigonucleosomai fragments (Thompson. 1995). Recently. CLL cells have been 

shown to exhibit defects in cell-death pathways (Adams & Cory. 1998; Green & Reed. 

1998: Reed. 1998). These studies suggest that apoptosis may be one of the rnechanism(s) 

responsible for gradua1 accumulation of CLL cells in patients. Better understanding of 

the signaling events that vigger or contribute to apoptosis in CLL cells may help in 

identification of cellular targets that could modulate the response of CLL cells to cherno- 

and radiotherapy. 

In recent years. major efforts have Focused on identification of novel molecules 

that positively or negatively influence ce11 sunival. Genetic and rnolecular studies of 

Caenorhabditis elegans (C. elegans) indicated that the apoptosis-regulating nematode 

genes. ced-3. ced-l. and ced-9. are highly conserved among other species (Hortvitz et al.. 

1994: Vau .  1997). The rnammalian homologues of ced-3 g n e  are the ICE family of 

cysteine proteases: the closest marnmalian homologue being caspase-3 or C PP3 2 

(Alnemri et al.. 1996). The Bcl-2 farnily of proteins that include both repressors and 

promoters of apoptosis are identified as rnamrnalian homologues of the ced-9 gene (Vaux 

et ai.. 1992: Hengartner et al.. 1994). A recently discovered human protein. apoptosis 

inducing Factor 1 (Apaf-1). is a CED-4 homologue and participates in the activation of the 

mamrnalian CED-3 homologue (Zou et al.. 1997). Apoptosis pathways in C. elegans 

involve CED-3 and CED-4 proteins as inducers of ce11 death during the development of 

the worm (Yuan & H o M a  1990: Hengartner et ai.. 1992). CED-9 has been s h o w  to 

prevent ce11 death by inhibithg CED-4 (Shaham & Homitz. 1996). Based on curent 



literature, two distinctly different pathways of caspase activation and apoptosis cari be 

delineated in mammals. In the fmt pathway. ligation of death recepton such as Fas (the 

ce11 surface polypeptide also known as CD95 or Apo-1) or the type 1 tumor necrosis 

factor-a (TNF-a) induces binding of adapter molecules. which in tum recruit pro- 

caspases-2. 8. and 10 to the membrane-associated sipaling complex. This results in 

proximity-induced activation of some of these caspases. Activation of these upstream 

caspases is suffcient to directly cleave/activate precursors of effector caspases such as 

caspase-3. -6. and -7. In the second pathway. various forms of cellular stress triggers 

mitochondrial release of cytochrome c. which interac ts with cposolic docking protein 

ApaC-1. leading to the activation of pro-caspase-9. Activated caspase-9 proteoiyticaiiy 

activates effector caspases. caspase-3 and possibly caspase-7. Additionally. the caspases 

can dso be activated by ganzyrne B. a major serine protease in cytotoxic lymphocye 

granules (Shi et al.. 1992). Once the effector caspases are activated. these enzymes cleave 

a number of cellular polypeptides leading to disassembly of key structural components of 

the nucleus and cytoskeleton: inhibition of DNA repair. replication and transcription: and 

activation of endonucleases that irreversibly darnage the genome (Guchelaar et al.. 1997: 

Meyn et al.. 1997). 

Role oj' rnitochondria: Recently. mitochondria have been s h o w  to play an 

important role in inducing apoptosis by releasing holocytochrome c (referred to hereafter 

as cytochrome c) (Liu et al.. 1996) and apoptosis-inducing factor (NF). an apoptotic 

protease (Kroerner et al.. 1997). Apocytochrome c is translocated to mitochondria by 

cytoplasmic ribosomes where it binds covalently to a heme group to form 

holocytochrome c. Cytochrome c is localized to the intermembrane space and to the 



surface of the imer mitochondrial membrane. Several studies demonstrated the release of 

cytochrome c in the cytosol of cells in response to a variety of DNA damaging agents and 

this signaled the ce11 to undergo apoptosis (Liu et al.. 1996: Kharbanda et al. 1997: 

Kharbanda et al.. 2000). Using immunoblotting and electroon microscopy. it was 

demonstrated that rxposure of U937 cells to ionizing radiation (IR). cisplatin. 

methy lmethanesulphonate (MMS) and 1 -û-D-arabinofuranosy Icytosine (Ara-c) cause 

accumulation of cytochrome c in the cytosol (Kharbanda et al.. 1997). Cytochrome c is 

releasrd into the cytoplasm in concert with the induction of caspase-3. cleavage of poly 

(ADP-ribose) polymerase (PARP) into charactenstic apoptotic fragments. and induction 

of intemucleosomal DNA hgmentation. The finding that IR-induced cytochrome c 

release remains unaffected by overexpression of p35. a cysteine protease inhibitor (Burnp 

et al.. 1995). suggests that cytochrome c release is upstream to activation of cysteine 

proteases. By contnst. cytochrome c was not an obligatory step in Dex- and Fas-induced 

apoptosis in certain ceIl Npes (Chauhan et al.. 1997). Thus. release of cytochrome c 

appears to be inducrd by only certain Forms and cellular stress. Cai et al. (1998) 

summarized that some chemical agents and drugs such as staurosporine. etoposide. k a -  

C. paclitauel. antinomycin D. hydrogen peroxide. cisplatin. in vitro treatment of cells with 

ultraviolet light and ionizing radiation. and I L 4  withdrawal in many ce11 types (HL 60. 

U937. Jurkat. FL 5.12. CEM). can induce cytochrome c release h m  mitochondria. 

Chauhan et ai. (1997) reported that dexamethasone (Dex), anti-Fas monocIona1 antibody 

(rnAb) will not induce cytochrome c release fiom mitochondria but can niIl activate 

caspase-3 and induce apoptosis in myeloma cells. Further studies in cell-fiee systerns 

demonstrated that the addition of cytochrome c. dATP. or ATP to cytosolic preparations 



fiom growing cells activates caspase-3. an enzyme responsible for the cleavage of PARP 

(Kaufmann et al.. 1993) and protein kinase C-delta (PKCG) (Emoto et al.. 1995). 

Cytochrome c also induced DNA fragmentation in isolated nuclei incubated with 

cytosolic lysates (Liu et al.. 1996). The finding that intact cells undergo apoptosis 

following release of cytochrome c into the cytosol has further supported a critical role of 

cytochrome c release in cell-death pathways. The release of cytochrome c is independent 

of the rnitochondrial permeabiliy transition (MPT) but the accompanying cellular redox 

change cm also trigger the MPT. Since N F  is relrased by changes in MPT (Kroemer et 

al.. 1997). the nvo separate pathways may provide redundancy that ensures effective 

execution of the ce11 death program. 

The mechanisms underlying cytochrome c-dependent regulation of apoptosis are 

largely unknown. The available evidence indicates that cytochrome c interaction with 

Apaf-1 results in the activation of procaspase-9 (Li  et al.. 1997: Zou et al.. 1997: 

Srinivasula et al.. 1998). The mechanism of Apaf-1 action is unclear but mag involve 

clustering of procaspase-9 molecules. thcreby hcilitating autoprocessing of adjacent 

zymogens (Srinivasula et al.. 1 998). The crystal structures of the caspase-recruitment 

domain ( C A M )  of Apaf-1 by itself and in cornplex with the prodomain of çaspase-9 

revealed that the molecule of ApaM interacts w i h  the rnolecule of procaspase-9 through 

two highly charged and complernentary surfaces formed by non-conserved residues (Qin 

et al.. 1999). ApaF-1 requires UTP/ATP hydrolysis to interact with cytochrome c. self- 

associate. and bind to procaspase-9. A recent study using highly purified cytochrome c. 

recombinant Apaf-1. and procaspase-9 indicated that Apaf-l binds and hydrolyzes ATP 

or dATP to ADP or dADP, respectively (Zou et al.. 1 999). The hydrolysis of ATP/dATP 



and the binding of cytochrome c promote Apaf-I oligomenzation, forming a large 

multimenc Apiif-1-cytochrome c complex that by itself is suficient to recruit and activate 

procaspased (Hu et al.. 1999). Once activated, caspase-9 dissociates fiom the cornplex 

and becomes available to cleave and activate downstrearn caspases. such as caspase-3. 

Recent studies demonstrated that homozygous embryonic fibroblasts fiom ~ ~ a f - 1 - "  mice 

exhibit reduced response to various apoptotic stimuli (Cecconi et al.. 1998: Yoshida et al.. 

1998). Moreover. the absence of the Apaf-1 protein prevents the activation of caspase-3 

in vivo and the phenotvpe c m  be correlated with a defect in apoptosis. Caspase-9 and its 

cofactor Apaf-1 are essential downstrearn components of p53 in My-induced apoptosis 

(Soengas et al.. 1999). Like p53 nul1 cells. mouse embryo fibroblast cells deficient in 

Apaf-1 and caspase-9. but expressing c-Myc. are resistant to apoptotic stimuli that mimic 

conditions in devrloping tumors. Inactivation of Apaf-1 or caspase-9 substitutes for the 

p53 loss and promotes the oncogenic transformation of Myc-expressing cells. Taken 

together. these studies indicate that Apaf-1 is a cntical component of cytochrome c- 

mediated apopptsis and may play a crucial role in controlling turnor development. 

Role of' Bcl-2 fàmi(v members: The Bcl-2 family of proteins includes both 

represson (Bcl-2. Bcl-xL. Bcl-W. Bfl-1. Brag-1. Mch-1. and A l )  and promotes (Bau. 

Bad. Bak. Bid. Bik. and Bcl-xs) of apoptosis (Thompson. 1995: Yang et al.. 1996). The 

variable amounts of Bcl-2 h o m o l o ~  (BH) regions (BHI. BH2. BH3. and BH4) in Bcl-2 

family memben determine their capacity to interact with each other or with other 

unrelated proteins (Vaux et al.. 1992: Boise et al.. 1993: Oltvai et al.. 1993: Hengartner & 

1995). The ratio of pro- and 

part. the response to death 

Horvitz. 1994: Sato et al.. 1 994: Yin et al.. 1994: Yang et al.. 

anti-apo ptotic members of the Bcl-2 family determines. in 



signals. The presence of a carboxy-terminal transmembrane (TM) domain in most. but 

not all. e.g.. Bid and Bad influences their subcellular distribution (Monaghan et al.. 1992: 

Krajewski et al., 1993; de Jong et al.. 1994). While many proteins encoded by the Bcl-2 

gene Farnily predominantly localize to mitochondria (BafQ et al.. 1993). Bcl-2 is also 

found in the nuclear membrane and endoplasmic reticulum (Lam et al.. 1994: Ryan et al.. 

t 994). 

Growing evidence suggests that anti-apoptotic members of the Bcl-3 family can 

prevent or delay apoptosis induced by a variety of stresses. including radiation. anti-tumor 

dnigs. viral agents. heat shock. oxygen Free radicals. and depletion of trophic factors 

(Kharbanda et al.. 1997: Kim et al.. 1997: Kluck et ai.. 1997: Yang et al.. 1997). It is 

believed that hydrophobic C-terminus of Bcl-2 and Bcl-xL help in anchoring these 

protrins to the outer membranes of mitochondria. where they tom a cation-srlective ion 

channel. block the release of cpochrome c. and attract cytosolic adaptor molecules. The 

predicted three-dimensional structure of Bcl-xL supports an arrangement of u-helices that 

mimics the membrane-translocation domain of bacterial toxins. such as the diphtheria 

toxin. and a membrane pore-forming domain N-terminal to the transmembrane domain 

(Parker & Pattus. 1993: Muchmore et al.. 1996). Other pro-apoptotic family members. 

such as Bad and Ba.. interfere with the activity of Bcl-2 or Bcl-xL by binding to them and 

forming non-functional heterodimen (Manfredini et al.. 1998). The interaction of Bc1-x~ 

with caspase-9 and Apaf-1 results in the inhibition of caspase-9 activation (Pan et al.. 

1998). Clem et al. ( 1998) reported direct interaction between Bcl-xL and caspases. The 

caspase-mediated cleavage of Bcl-.uL loop domain converts Bcl-xL fiom a protective to a 

lethal protein (Clem et al.. 1998). Recent snidies demonstrated that overexpression of 



Bcl-2 and B ~ 1 - x ~  prevents mitochondnal release of both cytochrome c and NF, and 

activation of caspase-3 (Kharbanda et al., 1997). It was also observed that cytochrome c 

interacts with Bci-x, but not Bcl-x, and addition of excess B ~ 1 - x ~  inhibits the binding of 

cytochrome c to B ~ 1 - x ~  (Kharbanda et al., 1997). These studies suggest Bcl-2 and B ~ 1 - x ~  

act upstream of cytochrome c. and their anti-apoptotic effects may. in part. be rnediated 

by interfering with the cytochrome c-triggered ce11 death cascade. 

CLL cells have recently been s h o w  express high levels of Bcl-2 (Adams & Cory. 

1998: Green & Reed. 1998). This rnay be one of the mechanisms responsible for reduced 

cell-death in CLL (Reed. 1998). The complicated actions of al1 the Bcl-2 members in 

CLL are not tùlly known (Hamblin & Oscier. 1997). To date it is not clear whether the 

proportion of anti-apoptotic and pro-apoptotic Bcl-2 fmily protein expression in CLL 

cells is different From normal cells. or there is hypomethylation of Bcl-2 grne in CLL 

cells to make this gene more active (Hanada et ai.. 1993: O'Brien et al.. 1995). 

Translocation-caused Bcl-2 overexpression only accounts for 10% of CLL patients 

(O'Brien et al.. 1995) or fewer (Reed. 1998). but the overall overexpression of Bcl-2 

protein is much higher (O'Brien et al.. 1993). Douglas et al. (1997) reported that CLL 

cells are resistant to transforming growth factor (TGF)-P-induced apoptosis. CLL cells 

have been s h o w  to express caspases but the role of caspases on CLL ce11 behavior 

remains unclear (Reed. 1998). 

Regdation of Bcl-2 gene f m i l y  by phosphorylarion: Studies have shown that 

partnering between Bcl-2 family proteins may be dependent on the phosphorylation state 

of the different members. The function of the pro-apoptotic molecde Bad is reguiated by 

phosphorylation of two sites. serine4 12 (Ser-112) and senne- 136 (Ser-136) (Zha et ai.. 



1996). Phosphorylation at either site results in loss of the ability of Bad to heterodimerize 

with the survival proteins Bcl-xL or Bcl-2. Phosphorylated Bad binds to 14-3-3 and is 

sequestered in the cytoplasm. Phosphorylation of Bad at Ser-136 is mediated by the 

senne/threonine protein kinase Akt-l/PKB. which is downstrearn of phosphatidylinositol 

3-kinase (PI 3-kinase) (Datta et al.. 1997). Fang et al. ( 1999) reported that activated Ras 

and Raf stimulate selective phosphorylation of Bad at Ser-112. A recent study 

demonstrated that p2 1 -activated kinase 1 (PAK-1) phosphorylates Bad NI vitro and in 

vivo on Ser-112 and Ser-136 (Schunnann et al.. 2000). 

The Ioop regions of Bcl-2 and B ~ 1 - x ~  contain several phosphorylation sites. and 

phosphorylation in this region modulates the anti-apoptotic eflect of these proteins (Ito et 

al.. 1997: Maundrell et al.. 1997). This phosphorylation interferes with the dimerization 

of Bcl-2 and Bcl-xL with Bau. thus driving the cells toward death (Haldar et al.. 1995: 

Haldar et al.. 1996). Phosphorylation of Bcl-2 protein is necessary for its anti-apoptotic 

cffect in some models (May et al.. 1994: Poommipanit et al.. 1997). Since deletion of the 

'-variable region". which lies between BH4 and BH3. potentiates the protective effect of 

Bcl-2. Bcl-2 phosphorylation may be involved in disabling its anti-apoptotic function. 

The apoptotic responses to many dmgs. including paclitaxel. vincristine vinblastine. 

nocodazole. and dolastatin. have been shown to be mediated by BCLZ/BCI-X~ 

phosphorylation (Ling et al.. 1998: Ruvolo et al.. 1998: Scatena et al.. 1998: Rodi et al.. 

1999: Snvastava et al.. 1999). Taken together. these studies highlight the importance of 

Bcl-2/ B ~ 1 - x ~  in apoptosis. 

JVWSAPK phosphorylates Bcl-2/Bcl-xL: The kinases involved in Bcl-2 

phosphorylation include paclitaxel-activated Raf-l (Blagosklonny et al.. 1997): 



bryostatin-1 -induced rnitochondrion-localized PKCa (Ruvoh et al.. 1998), and paclitael 

or vincristine-induced PKA (Srivastava et al., 1998). Recently. a novel role for c-jun N- 

terminal kinase/stress-activated protein kinase (JNWSAPK) in apoptosis was uncovered 

(Maundrell et ai.. 1997; Srivastava et al.. 1999; Kharbanda et al.. 3000). JNK was s h o w  

to phosphorylate Bcl-7 and Bcl-xL (Maundrell et al.. 1997: Poruchysky et al.. 1998: 

Srivastava et al.. 1999: Kharbanda et al.. 7000). IR exposure of U937 cells was s h o w  to 

induce translocation of .iNK to mitochondria. SNK associates with B ~ 1 - x ~  and 

phosphorylates this protein on threonine-47 (T-47) and threonine- 1 15 (T- 115) in r.irro and 

i~ vivo (Kharbanda et ai.. 2000). In contrast to wild-type Bcl-x,. a mutant Bcl-x, with the 

two threonines substituted by alanines (A-47. -1 15) was found to be a more potent 

inhibitor of IR-induced apoptosis (Kharbanda et al.. 2000). In addition. inhibition of 

JNKl activity. either by overexpression of mitogen-activated protein kinase phosphatase 

1 (MKP-1) or by a dominant negative SAPWERK kinase 1 (SEK-1). block Ser-70 

phosphorylation of Bcl-2 and apoptosis in parallei (Srivastava et al.. 1999). The 

translocation of JNK to rnitochondria rnay be hnctionally important for interactions with 

B ~ 1 - x ~  in the apoptotic response to genotoxic stress. The INK-mediated phosphorylation 

rnay be responsible for disabling the mi-apoptotic function of Bcl-2 and Bcl-xL. 

INKs are a family of pWp46 serine-threonine kinases encoded by three genes 

generating 10 protein kinase polypeptides (Denjard et al.. 1995: Woodgen et al.. 1996). 

These kinases are related to. but distinct fiorn. the mitogen-activated protein kinases 

(MAPKs) and are regulated by SEK-I (MKK4) (Kyriakis et al.. 1994: Nishina et al.. 

1998). SNK sipaling pathways have been implicated in ceIl proliferation and apoptosis, 

but its function seems to be dependent on the ce11 type and inducing signal. SNK- 



mediated phosphorylation of cJun stimulates the msactivating potency of AP-1 (e.g.. c- 

Junk-Fos; c-JudATF-2), thereby increasing the expression of AP-l target genes 

(Kyriakis et al.. 1994: Kallunki et al., 1994; Gupta et al.. 1993). The activation of JNKl 

is an early response of many cells exposed to diverse stimuli including DNA darnage. 

heat shoc k. interleukin- 1 (IL- 1 ). TNF-a. paclitaxel. and Fas ligation (Macgregor et al.. 

1990: Hibi et al.. 1993: Derijard et al.. 1994: Sluss et al.. 1994: Adler et al.. 1993: Osbom 

et al.. 1996: Smith et al.. 1997: Potapova et al.. 1997). Some antineoplastic dmgs. such 

as mafosf'ide. mitomycin C. N-hydroxyethyl-N-chloroethylnitrosourea. and treosulfan. 

fàil to induce JNK (Fritz & Kaina 1999). The observation that defects in INK signaling 

(e.g.. in c-ab1 deficient fibroblasts) leads to a state of relative resistmce to genotoxic 

stress supports the likelihood that abnormalities in JNK expression andor function may 

play a role in the development of clinical drug resistance. 

V.6 Present Treatment of CLL: The traditional dmg used for many Kars for CLL 

treatment is the nitrogen rnusrard alkylating agent chlonmbucil (CLB). with or without 

combination with prednisone (Begleiter et al.. 1996a). CLB enten the cells through 

passive diffusion and is generally thought to cross-link with DNA to cause inhibition of 

DNA replication (Begleiter et al.. 1994: Begleiter et al.. 1996a). CLB cm also bind to 

RNA. proteins and the membranes of cells. and thus affect protein synthesis. enzyme 

activities and signal transduction of CLL cells (Begleiter et al.. l996a). Since CLL cells 

do divide liale and most of them stay in GO. CLB may also affect other pathways 

involved in ce11 cycle control (Hambin & Oscier. 1997: Cory & Adams. 1998). CLB has 

also been shown to induce apoptosis of CLL cells (Begleiter et al.. 1994). The clinical 

response rate to CLB is fiom 38-87% (O'Brien et al.. 1995). and the survival of patients 



has changed little since its inception (O'Brien et al.. 1995). This dnig rarely causes 

complete remission of the disease and clinical dmg resistance is reported (O'Brien et al.. 

1995; Begleiter et al.. 1996a). The mechanism of drug resistance is not clear but may 

involve the induction of glutathione S-transferase (GST) activity to metabolize the drug, 

increased DNA repair. and the induction of the multiple dmg resistance (MDR) gene 

(O'Brien et al.. 1995: Begleiter et al.. 1994; Begleiter et al.. 1 996a; Byrd et al.. 1998). 

The combination of CLB with prednisone is used to treat complicating autoimmune 

phenomena (Byrd et al.. 1998). 

Nucleoside analogues. such as fludarabine and 2-chorodeoxyadenosine (2-CDA). 

were introduced into clinical t&ls in the mid-80s and the most prornising one is 

tludarabine. Fludarabine is a purine analogue (O'Brien et al.. 1995). It enters the cells by 

carrier-mediated transport and is then changed to F-ara-adeninr triphosphate (F-ara-ATP). 

F-ara-ATP is not easily metabolized. stays in the cells to inhibit ribonuclrotide reductase 

and DNA polymerase. and promote apoptosis (Byrd et al.. 1998: O'Brien et al.. 1995). In 

normal cells. it is more potent for CD4' cells than For CD8- cells. This may enplain the 

autoimmune phenornenon observed in tludarabine-treated patients (Pritsch et al.. 1998). 

Compared with CLB. fludarabine gives a higher cornplete remission rate and disease-tiee 

survival (Byrd et al.. 1998). Some patients are refmctory to tludarabine ueatment and 

myelosupression and hemolytic anemia is also obsened in some fludarabine-treated 

patients (Byrd et al.. 1998). The combination of purine analogue and alkylator yields a 

synergic effect (Johnston et al.. 1994). but it is too early to draw a conclusion about the 

benefit of this combination. 



Recently. some biological agents, such as PKC inhibitor UCN-01. protein kinase 

activator bryostatin, topoisornerase I inhibitors, CDK inhibiton and anti-C DS? antibody 

Carnpath-l H have also been tried both in vino and in vivo (Byrd et al.. 1998). None of 

these therapies are curative. In addition, de novo drug resistance or the development of 

cellular resistance during drug therapy are major obstacles encountered to cure this 

disease. Newer modalities of therapy such as allogenic bone rnarrow transplantation may 

have the potentid of cure (Flim & Vogelsang. 1998). However. most of the patients are 

not eligible due to advanced age. and the unavailability of suitable donors limits the 

potential of this modality to younger patients. Therefore. the searc h for nrw therapies to 

treat CLL patients remains an elusive goal. 



MATERIAL AND METHODS 

VI.1 Antibodks and Rea~ents: The protein assay kit was bought from Pierce Chernical 

Company (Rockford. IL). Mouse anti-phosphotyrosine (4G 10). mouse mti-Src. mouse 

anti-PLC-y. rabbit anti-p85. rabbit anti-MAP kinase and rabbit anti-Lyn antibodies were 

purchased t'rom Upstate Biotechnology (Lake Placid. NY). goat anti-Akt. goat-anti- 

CPP3Z. goat and nbbit anti-stress-activated protein kinase (SAPK). nbbit anti-focal 

adhesion kinase (FAK). rabbit anti-Src antibodies. donkey anti-goat IgG and donkey anti- 

mouse IgG conjugated fluorescein isothiocyanate (FITC). and donky anti-pat IgG 

conjugated with honeradish peroxidase (HRP) were from Santa Cruz Biotechnology. inc. 

(Santa Cruz. CA). mouse anti-Grb-2. anti-Shc and anti-paxillin antibodies were from 

Transduction Labontories (Lexington. KY). goat anti-mouse IgGl and goat anti-rabbit 

IgGl conjugated with Texas Red were from Southem Biotechnolo~ Associates. Inc. 

(Birmingham. AL). Goat anti-mouse IgG conjugated HRP and goat anti-rabbit IgG 

conjugated with HRP were from Bio-Rad Laboratories Ltd. (Mississauga. ONT). Rabbit 

anti-cytochrome c. rabbit anti-Bcl-xL antibodies and purified c-lun protein were kindly 

provided by Dr. S. Kharbanda (Dana-Farber Cancer Institute. Boston. MA). 

Mitochondria-specific probe ~ i t o ~ r a c k e r ~ '  Green FM was purchased from Molecular 

Probes. Inc. (Eugene. OR). Protein A Sepharose CL4B beads were purchased from 

Ameeham-Pharmacia Biotech Inc. (Baie d'Urfel. Quebec), p-nitrophenyl phosphate (p- 

NPP) and poly-amino acid mixtures [Poly (Glu. Tyr) 4:l. Poly (Glu. Tyr) 1:1 and Poly 

(Glu. Ala. Tyr) 6:3:1] were fiom Sigma-Aldrich Canada Ltd. (Oakville. ONT). sodium 



dodecyl sulfate (SDS) and tris (hydroxpetyl) aminomethane (Tris) were fiom Bio-Rad 

Laboratories Ltd. (Mississauga, ONT), acrylamide and acrylamidelBis were fiom Fisher 

Scientific Ltd. (Nepean. ONT). 4,6-diamidino-Lphenylindole (DAPI), Mowiol 40-88. 

l,J diazabicyclo[2.2.2]octane (Dabco), tludarabine, genistein and other chemicais and 

reagents were From Sigma-Aldrich Canada Ltd. Adenosine 5' triphosphate (ATP. 100 

pM solution) was purchased fiom Arnersharn Pharmacia Biotech Inc. ~ h o s ~ h o n i s - ~ ' - ~ ~ ~  

(y-ATP) was purchased from N E N ~ "  Life Science Products. Inc. (Boston. MA). 

VI.2 C d  Lines and Lvmphocvtes from Normal Donors and CLL Patienh: Human 

C L L  ce11 line WSU-CLL was kindly provided by Wayne State University School of 

Medicine (Detroit. MI). This ce11 line is a B-CLL line established fiom the peripheral 

blood of a 66-year-old male with CLL without EBV infection or growth factor 

stimulation. The ce11 line grows in liquid culture. soft agar and SCID mice. WSU-CLL 

cells were maintained in RPMI 1640 containing 10% fetal calf s e m  (FCS) (Gibco BRL 

Products. Life Technologies. Gaithersburg. MD). 100 unitdm1 penicillin G and 200 

pg/ml streptomycin (Sigma-Aldrich Canada Ltd.. Oakville. ONT) at a density of 2 x 10' 

/ml at 37OC with 5% CO2. Human monoblastoid ce11 line U937 and its stable Bcl-xL- 

transfected counterpart U937/Bcl-.uL (provided by Dr. S. Kharbanda Dana Farber Cancer 

institute. Boston. MA) were maintained under conditions described above for the WSU- 

CLL cells. Human acute myloid leukemia ce11 line HL60 was fiom American Type 

Culture Collection (ATCC. Rockville MD) and  vas maintained in the same condition as 

U937. Blood samples fiom normal donors and CLL patients were collected according to 

the guidelines of the University of 

following method: heparinized bIood 

Manitoba. Lymphocytes were collected by the 

was centrifuged at 250 g for 10 min. The plasma 



layer was aspirated and the buffy coat was then aspirated and resuspended in 5 ml 

phosphate buffer saline (PBS). pH 7.2. The cells were then layered ont0 5 ml Ficoll- 

Hypaque (Lyrnphoprep Nyegaard, Oslo) and centrifuged for 30 min at 800 g. The 

lymphocytes at the interphase were aspirated and resuspended in 5 ml solution containing 

10 mM Tris-HCI. 140 m M  N&CL pH 7.4. Incubating the ce11 suspension at 37°C for 5 

min destroyed red blood cells. Findly. the lymphocytes were pelleted in PBS and 

counted by a Coulter Counter. Normal lymphocytes are total peripheral blood 

lymphocytes (PBL) of the mixture of total B and T cells. For culturing the cells. the cells 

were suspended in RPMI 1640 containing 10% FCS at the density of 5 x 1o5/ml and 

cultured at 37'C in 5% CO1 with 100% humidity. 

VI.3 Prwaration o f  Sodirtm Orthovanadate: To rnake sodium orthovanadate active 

and hnctional as a phosphotyrosine phosphatase inhibitor. it was prepared according to 

the protocol from the manufacture (Sigma-Aldrich Canada). Briefly. sodium 

orthovanadate was diluted with water and adjusted to a pH of 10 by sodium hydroxide 

and then boiled until the yeIlow color disappeared. The pH was readjusted to 10 and the 

solution was boiled until it becarne clear. The stock solution (100 mM) was aliquoted 

and stored at -20°C. 

VI.4 Vunadate Treatment o f  Cells and Preparation o f  C d  Lvsates: Freshly prepared 

normal lymphocytes. patient lymphocytes and sub-confiuent ce11 lines were put into Fresh 

media at a concentration of 2 x 10'/ml and different concentrations of sodium 

onhovanadate were added. The cells were cultured at 37°C in 5% COr with 100% 

humidity and collected at various tirne points. For immunoprecipitation. western blotting 

and in vitro kinase assays. treated and control cells collected at different time points were 





condition rqual and bicinchoninic acid (BCA) reagents were added and incubated with 

the testing sarnple for 30 min at 37'C. The absorption of the sarnples was tested at 562 

nm and the protein amount was calculated and obtained by Sigma plot. 

Immunoprcipitation was done according to Sambrook. et al. (1989) and the protocols 

from Transduction Laboratones. Briefly. 500 pg of cell extract equilibrated in 500 pl 

Iysis buffer was mixed with 2 pg antibody. To test the non-specific binding. a control 

immunoglobulin or semm matching the isotype of the antibody was also added in a 

sepante tube. Afier ovemight incubation at JUC. the antigen-antibody complexes were 

recovered on protein A-sepharose beads. For another checking of the non-specific 

binding of the ce11 lysates to the beads. the ce11 lysate was also incubated with beads alone 

for 2 hr. The beads collected after 2-hr incubation were washed twice with lysis butTer 

and once with 0.5 M L U ?  in 0.1 M Tris-HCl. pH 7.4. For western blotting after 

immunoprecipitation or direct western blooting. 30 pl l x  sarnple buffer (62.5 m M  Tris- 

HCl. pH 6.8. 10% glycerol. 2% SDS. 100 mM DTT. 1 m M  sodium orthovanadate. 0.02% 

bromophenol blue) was added ont0 the beads or certain amount ( 1  0 pg protein for mini 

gel and 30 pg for large gel) of ce11 extract and the mixtures were immediately boiled for 5 

min. The supernatant collected after centrifugation (5 min at 10.000 p) was subjected to 

SDS-polyacrylamide gel electrophoresis (SDS-PAGE). The concentration and the type of 

the gel used were dependent on the molecular weight of the protein of interest. Most 

proteins were resolved by regular SDS-PAGE (Sambrook et al.. 1989). but caspase 3 and 

cytochrome c were resolved in tricine SDS-PAGE (Schagger and Von Jagow. 1987). The 

proteins were ~ f e r r e d  ont0 the nitrocelluIose membrane (Bio-Rad) at J°C for 8 hr in a 

wet systrm according to the instrument manufacture ( Amersham-Pharnacia). After 



protein transfer. the membrane was stained with ponceau S to double check the equal 

loading of protein and equal transfer. The membrane was washed with Tris buffer saline- 

hveen-20 (TBST) ( 10 mM Tris-HCl. pH 8.0. 150 rnM NaCl. O. 1% Tween 10) for 5 min 

and then blockrd with 2% bovine serum albumin (BSA) in TBST for for 2 hr. The 

membrane was then washed 2 times (10 min each) with TBST. and incubated overnight 

with appropriate primary antibody overnight in the cold room. Afier two 30-min washes 

with TBST the membrane was incubated for 1 hr (at room temperature) with appropriate 

secondary antibody conjugated with HRP. The membrane was washed thoroughly in Tris 

buffer saline (TBS) buffer and proteins were visualized by enhanced chemiluminescence 

(ECL. Amersham-Pharnacia) with ECL specific Hypertilm (hersham-Phamacia). 

VI.6 Protein Tvrosine Phosphntuse Assav: The experimental method was used 

according to the previously reported (Kremerskothen and Barnekow. 1993). Bnetly. 30 

pp of sonicated cell lysate in 50 mM Tris-HCI: pH 7.5 was transferred to a 96-well plate 

(total volume 100 pl per well) in triplicate. To each well. 100 pl of 10 mM p-NPP in 50 

mh.1 Tris-HCI. pH 7.5 was added (the tind concentration of p-NPP was 5 PM) The 

release of p-nitrophenyl (yellow color) by tyrosine phosphatases in the ce11 lysate was 

measured at 405 nm using a Titertek ~ u l t i s k d  MCC/340 ELISA reader (LabSystems. 

Finland). 

VI.? In Vitro Kinase Assav: Kinase assay was done according to the protocol kom 

Transduction Laboratoties. The total kinase activity in the sarnple was detertermined by 

incubating 25 pg of sonicated ce11 lysate with 0.1 - 100 @ml poly-arnino acid mixture. 1 

pCi .{-ATP. 50 @I ATP in 50 pM Tris-HCI in a total volume of 20 pl. The incubations 

were conducted for IS min at 30°C and reactions stopped by the addition of j x  SDS 



sample buffer ( 5  pl). To quanti@ the kinase reaction, a fraction of the reaction mixture 

was spotted ont0 filter papers. M e r  air-drying, the filter paper was washed in 1% 

phosphoric acid buffer for 40 min with the change of wash every 10 min. The 

radioactivity in air-dried filten was counted by a Beckman LS 9800 liquid scintillation 

counter (~eckman' Insuuments Inc.. Irvine. CA). ho the r  fraction of the reaction 

mixture was also analyzed by SDS-PAGE and radioactivity in the band of interest was 

analyzed by autoradiography with Kodak film. 

To determine the kinase activity of Akt and SAPK. 500 pg of ce11 lysate was used 

for immunoprecipitation as descnbed abovr. The beads with immune complexes were 

washed 2 times with lysis bufFer and once with 0.5 m M  LiCI2 in 0.1 mM Tris-HCl. pH 

7.4. The beads were finally washed three times with kinase butEr (20 m M  HEPES- 

KOH. pH 7.5. 10 mM MgC12. 0.1 rnM sodium onhovanadate and 2 m M  DTT) and the 

appropriate substrate (total histone for Akt and c-Jun protein for SAPK) was added 

together with 50 pM ATP and 5 pCi yATP in 30 pl kinase buffer. The mixture was 

incubated at 30°C for 15 min and reaction was stopped by the addition of 5x SDS sample 

buffer. After the removal of beads by centrifugation at 10.000 g for 5 min. the 

supernatant was analyzed by either regular SDS-PAGE or tricine SDS-PAGE. The 

incorporation of radioactivity in the substrate was determined by a phosphoimager 

(Molecular Dynamics. Sunnyvale. CA). 

The phosphotyosine associated PI 3-kinase activity was determined by in vitro 

kinase assay performed on anti-phosphotyrosine immune complexes on protein A 

Sepharose beads. The protocol was from Dr Saxena's laboratory in Manitoba Institute of 

Ce11 Biology. Briefly. 500 pg protein was used to immunoprecipitate phosphotyrosine- 



containing proteins using 2 pg anti-phosphotyrosine antibody 4G 10 (Upstate 

Biotechnology). The immune-complexes on beads were washed 2 times with lysis b a e r  

and 3 times with 10 rnM Tris-HCI. pH 7.4. 10 pg of phosphatidylinositol (Pi) was then 

added in a total volume of 10 pl. After 10-min incubation on ice, 40 pl of kinase buffer 

(30 mM HEPES-KOH. pH 7.4.30 mM MgCl?. 50 ATP. 10 pCi y-ATP) was added to 

start the reaction. The incubations were perfomed at room temperature for 15 min and 

the reaction was stopped by the addition of 100 pl HCI followed by chloro tom: rnethanol 

(5050. v h ) .  The mixture was vortexed for 30 s and layers were separated by 

centritiigation ( 10000 g for 5 min at 4°C). The lower organic layer was removed carehlly 

and stored at -20°C. TLC plate was prepared by drying at 80°C for 1 hr. Lipids (PI) 

were thrn separated on TLC plate by spotting the organic Iayer fraction (20 pl) on plates 

and air-dry. The plate was put in a g las  container with an organic buffer containing 50% 

chloroform. 40% methanol. 3% ammonium hydroxide. The plate was taken out rvhen the 

buffer moved to the top end of ihe plate and air-dried. The radioactivity was visualized 

by exposing the Kodak film at -80°C and autoradiography. 

M.8 Ce11 Growrli and Clonopenic Assav: The method was used according to the 

previously reponed (Kennedy et al.. 1997: Uckun et al.. 1998) and the protocol from Dr 

Johnston's laboratory on Manitoba hstitute of Ce11 Biology. The viable and dead cells 

were counted at JO-hr vanadate treatment with trypan blue dye exclusion under a light 

microscope (Nikon-TMS. Japan). About 30% of ce11 died in 10 pM vanadate-teated cells. 

The viable cells (250-5.000) from vanadate-treated and connol expenments were 

transferred to 12-well plates contairing f?esh media with 15% FCS and 0.3% agir. Afier 

the solidification of agar on ice. the plates were kept in an incubator for 10- L4 days and 



the ce11 colonies were counted under a light microscope. A colony is defined here as a ce11 

colony with more than 20 cells. The percentage of the ce11 clones formed out of the cells 

originally put in the well at the beginning of the experiment was calculatrd. 

VI.9 Apoptosis Assay: The method was adopted fiom the previous reports (Uckun et 

al., 1995: Uckun et al.. 1998). Cells (1 x IO') collected at each time point were washed 

with cold PBS and resuspended in 500 pl buffer containing 5 mM Tris-HCl. pH 7 .405% 

Triton-1 00. 5 mM EDTA. After 20-min incubation on ice. the supematant was collected 

y centrifugation at 1000 g. RNAase A added (final concentration of 50 pg/mI). and 

mixture was incubated at 37*C for 2 hr. Proteinase K was then added to a final 

concentration of 20 ngml and the supematant was incubated at 6jUC for 15 min Foilowed 

by overnight incubation at 37°C. Afer ovemight incubation. 1/10 volume (50 pl) of 

sodium acetate. pH 7.4 was added. Afier thorough mixing an cqual volume (550 pl) of 

chloroform: isoamyl alcohol: phen01 (24: 125)  was added. The Iayen were separated by 

centrifugation at 10.000 g for 20 min. The aqueous Iqer was transferred to a 2-ml tube 

and 1.5 volume (around 1.3 ml) of absolute ethanol was added. The mixture was kept at - 

80°C for 15 min and then crntrifuged at 10.000g For 20 min at 4°C. The pellet was 

drained. air d k d  and resuspended in 50 pl TE ( I O  m M  Tris-HCl. pH 7.4. 1 mh.I EDTA). 

Al1 the DNA samples collected were then run on a 2% agarose gel with 0.5 pgml 

ethidium bromide and DNA was observed under ultraviolet light. 

VI.10 Imrnunofluorescence Staining: The protocol was From Dr Mai's laborato. in 

Manitoba inaitute of Ce11 B i o l o ~ .  Cells at desired time points were washed with PBS 

and collected ont0 glass slides by centrifugation. The slides were fixed with 3.7% 

fomaldehyde in PBS for 10 min. washed twice with PBS. and cells permeabilized with 



0.2% Triton-1 00 in deionized water for 12 min. The cells were washed 3 times with PBS 

pnor to blocking with 2% BSA in PBS for 5 min. The cells were then incubated for 45 

min with the anti-phosphotyrosine antibody 4G10 (5  pglml). n i e  slides were washed 

three times with PBS and blocked again with 2% FCS for 5 min. The cells were finally 

incubated with Texas Red-conjugated goat anti-rnouse IgGl (1:100 dilution). in a few 

studies. cells were incubated with MitoTraker. a rnitochondria specific probe at 

concentrations of 1000 nM. Mter incubation for 30 min. the slides were washed 3 times 

with PBS and incubated with DAPI (1 @ml) for 5 min to get nuclear staining. Finally. 

anti-bleach was added and cover slips were put ont0 the slides. hti-bleach was prepared 

by mixing 6 g glycerol. 3.4 g Mowiol 40-88. and 6 ml deionized water. The mixture was 

stirred for 2 hr at room temperature and 1-2 hr at 50°C and then aliquoted. 2.5% Dabco 

was added before use. The immunotluorescence was analyzed with a Zeiss Axiophot 

microscope (Car1 Zeiss Canada Don Mills. ONT). 



RESULTS 

MI. 1 WSU-CLL Cell Line is Sensitive to Vanadate Treafment: To study the role of 

tyrosine phosphorylation on CLL ce11 death. CLL ce11 line WSU-CLL and three other 

leukemia ce11 lines were first treated with different concentrations of vanadate and the 

viable ce11 numbers were checked at different time points with the -pan blue dye 

exclusion method. As show in figure IA. WSU-CLL cells were most sensitive to 

vanadate treatment compared to HL60 (acute myloid leukemia). U937 (rnonoblastoid 

leukemia) and even BclxL-tmsfected U937 cells. Further studirs from 3 separate 

rxperiments shown in figure 1 B confirmed that ceIl growth of WSU-CLL cells was more 

inhibited as the time of incubation and the dose of vanadate were increased. At 48 hr. the 

number of viable cells decreased to about 50% in vanadate (10 PM) -treated cells. This 

indicates that WSU-CLL cells are casily killed by vanadate treatment. The dead cells 

were about 40% of the total number of cells after 10 ph4 vanadate treatment for 48 hr 

(data not show-n). 

V1I.2 Vanadate Inhibits Colonv Formation of WSU-CLL Cells: To fùrther explore the 

role of vanadate on WSU-CLL cells. The cytotoxicity of vanadate was detemined by soft 

agar colony formation assay as described in Material and Methods. The rxperiment was 

repeated three times. WSLr-CLL cells were treated with vanadate ( 1 0 pM) or tludarabine 

(as a positive control, Johnston et al.. 1994). Viable WSU-CLL ceIls were cultured for 14 

days in semi-solid media and the ce11 colonies are counted under microscope. As shown 

in Fig. 2. vanadate and fludarabine treatment of WSU-CLL cells dramatically inhibited 



colony formation. In vanadate-treated crlls, the colony formation was inhibited by 68% 

compared with the non-treated cells. The CO-treatment of celIs with vanadate and 

fludarabine did not produce a synergistic effect on the inhibition of colony formation. 
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Fig. 1B Vaoadate inhibits WSU-CLL ce11 growth. WSU-CLL cells 
were incubated with different concentrations of vanadate (Van) and ce11 
nurnber were counted by trypan blue dye exclusion. The results were fiom 
three separate experhents and expressed as meansSE. 
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Fig. 2 Vanadate inhibits colony formation of WSU-CLL cells. The cytotoxicity of 
vanadate was determined by soft agar clonogenic assay as described in the Material and 
Method section. Cells were treated with vanadate (1 0 PM) and fludarabine (2 FM) alone 
or in combination. Viable cells (250-5000 cells per well of 6-well culture plates) were cultured 
for 14 days in semi-solid media and the ce11 colonies (maximum 150-300 colonies in untreated 
well of 500 cells originally put) were counted under light microscope. The values are from 3 
standard expenments and expressed as r n e ~ S E .  



VII. 3. Vanadate-induced Gro wth In hibition was Accompanied b v Incremed Tvrosine 

Phosphorvlation. To examine whether protein tyrosine phosphorylation can be 

modulated by vanadate treatment. Tyrosine phosphorylation was checked by western 

blotting with phosphotyrosine specific antibody. As shown in Fig. 3. incubation of WSU- 

CLL cells with increasing concentrations of vanadate greatly increased the tyrosine 

phosphorylation of several proteins. These include proteins of apparent Mr 150-1 70. 120- 

130.97-100.80-85. 70-72. 55-60.4045. and 32-35 kDa. Since 1 pM vanadate caused a 

minimal eiTect on protein tyrosine phosphorylation. 10 pM and 100 FM vanadate was 

used in subsequent experiments. 

VI 1 A. Vanadate-induced Increase in Tvrosine Phosph ordation rS Th ro u ~ h  the 

Inh ibi'tion of Tvrosine Ph os pltatase A ctivity, but not the Increme of Total Tvrosine 

Kinase Activitr. To  confirm whether vanadate-induced tyrosine phosphorylation in WSU- 

CLL cells is specifically due to inhibition of protein tyrosine phosphatase activity. cells 

were treated with vanadate (10 and 100 FM) for JO hr and protein tyrosine phosphatase 

activity was measured. As shown in Fig. 4A. vandate treatment dramatically inhibited 

(55% d e r  10 pM and 70% after 100 PM) the protein tyrosine phosphatase activity in 

WSU-CLL cells in parallel with increased tyrosine phosphorylation shown in Fig. 3. 

The total tyrosine kinase activity was also measwd in the ceIl lysate following 

48-hr vanadate ( 10 PM) treatment. As s h o w  in Fig. JB. vanadate treatment enhanced 

the total phosphotyrosine kinase activity by o d y  9%. Because this rxperiment was only 

done once. statistics was not done in this experiment. 



+ 
1. Control 

4- 
2. 1 FM vanadate 

+ 3. 10 pM vanadate 

4. 100 pM vanadate 

Fig. 3 Vanadate induces tyrosine phosphorylation in WSU-CLL ce11 line. 
WSU-CLL cells were ~ e a t e d  with 1 FM (lane 2). 10 FM (lane 3) and 100 pM 
(lane 4) vanadate and ce11 lyastes were resolved on 10% SDS-PAGE. transferred ont0 
nitrocellulose membrane. aained with ponceau S to confimi equal loading of protein 
and then imrnunoblotted with anti-phosphotyrosine antibody 4G10. The position of 
the tyrosine phosphorylated proteins exhibiting changes and molecula. weight 
are indicated. Similar experiment was done 3 times. 
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Fig. 4A Vanadate-induced tyrosine phosphorylation in WSU-CLL cells 
is specifically due to inhibition of protein tyrosine phosphatase aetivity. 
WSU-CLL cells were treated with 10 and 100 pM vanadate and cells harvested 
40 hrs after treatment. 30 pg of sonicated ce11 lysate in 50 m M  Tris-HCI: pH 7.5 
was used for protein tyrosine phosphatase assays using p-NPP as a substrate. 
The release of p-nitrophenyl (yellow color) by tyrosine phosphatases in the ce11 
lysates was measured at 403 nrn using an ELISA reader. The values are meaneSE 
of the resuits of three standard experiments. 
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Fig. 4B Effect of vanadate treatment on total tyrosine kinase activity in 
WSU-CLL cells. WSU-CLL crlls were treated with 10 pM vanadate and 
cells were harvested after 48 hn. The total tyrosine kinase activiry in çontrol 
(lane 1 and 3) and vanadote treated (lane 2 and 4) cells was measured as 
describèd in the Materid and blsthods section. The rextions were terminrited rit 
15 (lane 1 and 2) and 30 min (Iane 3 and 1) after the addition of kinase butfer. 

fraction of the reaction misture wvs annlysed by SDS-PAGE and riutoradiography (A).  
To quanti- the kinase reaction. reaction mixture was also sponed onto 
tilter papers and the radioactivity in fdter papers (triplicatr) was measured by a 
scintillation counter ( BI. The result is from one standard esperimcnt atirr preiiminary 
titration of the substrats amount and reaction time. 



VII. 5 DNA Fragmentation Anpeared in WSU-CLL Cells Followinp Treatment with 

Vanadate: To determine if the decrease in ce11 viability and the increase of tyrosine 

phosphorylation and ce11 death of WSU-CLL cells was through programmed cell-death 

(apoptosis). vanadate-treated WSU-CLL cells were stained with DAPI and anti- 

phosphotyrosine antibody and examined through fluorescence microscopy. As shown in 

Fig. 5A. the dead cells exhibited the characteristics of apoptotic cells: ce11 membrane 

blebbing. nuclear condensation and apoptotic body formation. The vanadate-induced 

apoptosis in WSU-CLL cells is accompanied by high levels of tyrosine phosphorylation 

in these cells as confirmed with the CO-staining with anti-phosphotyrosine antibody. The 

effect of vanadate on apoptosis was further conhned by apoptosis assay. As s h o w  in 

Fig. 5B. even though total amount of DNA in each lane was not titrated. vanadate and 

fludarabine (as a positive control) treatment detinitely induced the DNA ladder formation 

in WSU-CLL cells. 
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Fig. SA Vanadate-induced apoptosis in WSU- CLL cells is accompanied by increased 
protein tyrosine phosphorylation. Cells were treated with 10 ph4 vanadate and harvested 
after 24 hr. After washing the cells with PBS. cells were immobolized on slides. fixed and 
incubated with anti-phosphotyrosine antibody JGl O followd by Texas Red-conjugated secondary 
antibody. Nuclei were stained with 4.6-daimidino-2-phenylindole (DAPI). The slides were 
visualized using a Zeiss kviophot fluorescence microscope (Car1 Zeiss Canada Ltd.) coupled 
to a high sensitivity Photometrics Series 200 CCD canera and Mage analyzer (Power Macintosh 
8 100/100 cornputer and IPLab SpectmmM software version 3.1 fiom Scanalytics). The pictures 
were taken at an equd exposw t h e .  The arrows indicate the characteristics of some apoptotic 
cells (cell membrane blebbing. nuclear condensation and fragmentation). 



Vanadate - + - + + - + 
Fludarabine - - + + - + + 

Fig. SB Vanadate-induced apoptosis in WSU-CLL cells. 1x10' WSU-CLL cells treated 
with media alone (Iane 1).  10 pM vanadate (lane 2 and 5). 2 pM fludarabine (lane 5). 4 pM 
fludarabine (Iane 6). 10 ph4 vanadate plus 2 pM fludarabine (Iane 4). 10 pM vanadate plus 
4 fludarabine lane 7) were harvested after 48 hr. DNA extraction and apoptosis assay 
was porformed as descnbed in Materials and Methods section. The amount of DNA in each 
lane was not titrated. 



VIL6 Vanadate-induced A~optosis iî Mediated bv Activation of  Cmpase-3 in W S G  

CLL CelLs: Proteins of the caspase family are involved in various fonns of apoptosis. To 

investigate whether vanadate-induced apoptosis was mediated by activation of caspase 

cascade. we monitored the activation of procaspase CPP32 (caspase-3). As s h o w  in Fig. 

6. following treatment of WSU-CLL cells with vanadate. cleaved caspase-3 fmgments 

(Mr 20.000 and 17.000) began to appear 12-hr after vanadate treatment. At 48-hr 

treatment. more cleavage/activation of caspase-3 was evident even though not al1 caspase- 

3 was cleaved. 



Vanadate - + + + + 

hours 

Fig. 6 Vanadate-induced apoptosis in WSU-CLL cells is mediated by activation of 
caspase-3. Cells treated with 10 pM vanadate were harvested at indicated t h e  points. 
Proteins (1 0 pg per lane) from total ce11 lysates of untreated and vanadate-treated cells were 
separated by 10% nicine SDS-PAGE. msferred to nitroceilulose. stained with ponseau S to 
c o n f i  the equal loading and analyzed by immunoblorting with anti-caspase-3 antibody. 
Arrows indicate the position of total caspase-3 and cleaved 17 kDa and 12 kDa fragments. 



V.7 Vanodate-induced A ~ o ~ t o s k  in WSU-CLL Celk is Accornoanied bv Release of 

Cvtoclirome c from Mitochondria: The activation of the effector caspase-3 is catalyzed 

by the initiator caspase-9. Activation of pro-caspase-9 requires the release of cytochrome 

c into the cytoplasm, where it foms a complex with procaspase-9. Apaf-1. and MTP. 

We assessed whether vanadate induced the release of cytochrome c in WSU-CLL cells. 

The results shom in Fig. 7 demonstrate minimal levels of cytochrome c in the cytoplasm 

of untreated WSU-CLL cells. Following treatment with vanadate for 24 hr. a drarnatic 

increae in cytoplasmic cytochrome c was detected in these cells. 
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Fig. 7 Vanadate-induced apoptosis in WSU-CLL ceils is accompanied by release of 
eytochrome c from mitochondria. WSU-CLL cells were treated with 10 pM vanadate 
and harvested at indicated time points. Proteins (IO pg per lane) from cytosolic fraction 
(prepared as indicated in Material and Methods section) were separated by 10% tricine 
SDS-PAGE. transferred ont0 nitrocellulose membrane. stained with ponseau S to confimi 
the equal loading. and blotted with anti-cytochrome c antibody. Similar results were aiso 
obtained from other two experiments. 



VII. 8 Vanadate Induces the Activation of JnWSAPK in WSU-CLL Ceiis: Recentiy, 

a novel role for JNWSAPK in apoptosis was described (Maundrell et al.. 1997; 

Srivastava et ai.. 1999; Kharbanda et al.. 2000). MK was shown to phosphorylate Bcl-2 

and Bcl-xL (Maundrell et al.. 1997: Pomchynsky et ai., 1998: Srivastava et al.. 1999; 

Kharbanda et al.. 2000) and this posttranslational modification disables the anti-apoptotic 

function of these proteins. Since Bcl-2 membrn and INWSAPK are involved in the 

regulation of cytochrome c release (Kharbanda et al. 1997). we monitored the vanadate- 

induced activation of JNWSAPK in WSU-CLL cells. As shown in Fig. 8. vanadate 

treatment enhanced the activity of JN W S M K .  as measured by bindinglprotein kinase 

assay. The increase in INWSAPK activity was obsrrved after 12-hr vanadate trratment. 
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Fig. 8 Vanadate induces the JNKISAPK activition in WSU-CLL cells. Cells were 
treated with 10 pM vanadate at indicated time points and then harvested. Whole ce11 
lysate (500 pg protein in each sample) was incubated with rabbit anti-SAPK antibody (2 
pg) overnight at 4 OC and the Unmunocornplexes were collected with protein A sepharose. 
Rabbit senim was used to check the non-specific binding (data not shown). The kinase 
activity was determïned by using GST-c-jun as a substrate. The kinase reaction mixture 
was resolved in 10% tricine SDS-PAGE and the acrylamide gel was dryed and exposed to 
Kodak X-ray film. GST-c-jun-P. phsphorylated GST-c-jun. This figure represents 1 of 3 
separate experirnents. 



VIL 9 PI 3-Kinase Activitv and Akt Kinase Activity wus Decreased Afier Vunadute 

Treatment in WSU-CU Cells: We ne= determined whether ce11 survival signals are 

decreased in vanadate-treated WSU-CLL cells. PI 3-kinase and Akt kinase activity were 

measured at different tirne points following vanadate treatment. As shown in Fig. 9A. 

Akt kinase activity, as measured by the phosphorylaiion of histone H 1 .  decreased as early 

as 6-hr after vanadate treatment and liale activity was observed d e r  12-hr treatment with 

vanadate. A similar trend was observed when anti-phosphotyrosine precipitable PI 3- 

kinase activity was measured by in virro kinase assays using phosphatidylinositol (PI) as a 

substrate ;Fig. 9B). 
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Fig. 9A Vanadate treatment decreases the activity of Akt in WSU-CLL 
cells. Cells treated with 10 pM vanadate were harvested at indicated rime 
points. Akt was immunoprecitated from ceIl lysates (500 pg per sarnple) and 
activity determined by using total histone as substrate as descrïbed in the Meterials 
and Methods section. The proteins were separated by 10% tricine SDS-PAGE 
and phosphory M o n  of linker histone H 1 was quantitated by autoradiography . 
Core histone was a mixture of histone H2A. H2B. H3 and H4 (Tordera et al.. 1993). 
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Fig. 9B Vanadate treatment attenuates the anti-phosphotyrosine precipitable PI 3-kinase 
activity in WSU-CLL cells. Cells treated with 10 pM vanadate were harvested at indicated 
time points. PI 3-kinase activity in anti-phosphotyrosine immunoprecipitates of vanadate-treated 
and control WSU-CLL cells was measured by in vitro kinase assays using phosphatidylinositol 
(PI) as a substrate. The position of PI 3-P, phosphorylated product of PI 3-kinase and origin of 
TLC separation is show. 



VII.10 Different Proiein Tvrosine Phostlhorylaiion in WSU-CLL Cells and 

Lvmrihocvtes fiom CLL Patients: To compare the protein tyrosine phosphorylation in B- 

CLL patient cells, WSU-CLL cells and normal lymphocytes. ce11 lysates from WSU-CLL 

cells. two CLL Rai O patients and normal lymphocytes from a healthy volunteer were 

analyzed by immunoblotting using phosphotyrosine specific antibody 4G10. Although 

BCA protein assay and ponceau S staining were done to control the equal protein loading. 

non-specific Ioading control. tested by probing with a house-keeping protein antibody. 

was not done in this expenment. As shown in Fig. 10. both WSU-CLL and patient cells 

exhibited rnuch lower levels of protein tyrosine phosphorylation as compared to normal 

lymphocytes. A major change in tyrosine phosphorylation of proteins of apparent Mr 

150-1 70. 120-1 30, 97- 100. 80-85. 70-73. 55-60.4045. 32-35. and 24 kDa \vas observed. 

The pattern of protein tyrosine phosphorylation among normal lymphocytes. WSU-CLL 

cells. and patient cells (most of them are CD5 positive lymphocytes) are different. The 

two patients have different CLB sensitivity. as expressed by CLB ICjo. the concentration 

(PM) of CLB required to kill 50% of CLL cell in vitro (Silber, et al. 1994: Begleiter et al.. 

1996b). The CLB ICjo data of the CLL patients tested in this paper were previously 

obtained by Dr. Begleiter's lab in the Manitoba Institute of Ce11 Biology and was used 

with his permission. The cells fiom patient L (CLB ICso 4.0) exhibited higher tyrosine 

phosphorylation as compared to cells from patient H with relatively lower CLB 

sensitivity (1C50=8. 1). although both patients were in Rai O stage and in a CLB sensitive 

category (Silber et ai. 1994). This result indicates that the pattern and extent of tyrosine 

phosphorylation of CLL cells are different from normal lymphocytes. and different CLL 

patient cells may have different tyrosine phosphorylation status that related to the clinical 



condition of the disease. Due to sarnple limitation, this experiment was only done once 

and needs to be repeated. 
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Fig.10 Tyrosine phosphorylation of normal lymphocytes, CLL patient celis and the 
WSU-CLL ce11 line. Proteins (30 pg) from whole ce11 lysates of lymphocytes fiom 
a normal volunteer (lane l ) ,  two Rai O patients (lane 2 and 3). and WSU-CLL cell line 
(lane 4) were resolved on 10% SDS-PAGE. transferred to nitrocellulose membrane. stained 
with ponceau S to double-check equal loading and then imrnuno blotted with anti-phosphotyrosine 
antibody 4G10. The molecular weight is also indicated on the left side and the major changes 
in tyrosine phosphorylated proteins are indicated on the right side. 



VIT. 11 CLL Patient Cells Have Different Sensitivities to Vanadate: To confirm whether 

CLL patient cells also respond to vanadate treatment. we analyzed protein tyrosine 

phosphorylation in lymphocytes of 4 more patients with different CLB ICjo and Rai 

stages. The lymphocytes of these four patients had been studied in vitro previously in the 

labontory of Dr Begleiter to determine the sensitivity of the cells to chorambucil and the 

IC jo data of these patients were kindly provided for my study. These studies are quoted in 

my results (4 patients). The tCzo in the patients ranged from 4.5 to 28.7. 1 am indebted to 

Dr Begleiter for permission to use these cells and the results obtained in his labontory 

These patients are al1 in a CLB sensitive category according to Silber. et al. (1994). As 

shown in Fig. 11. without any in vitro treatment. the cells from patients with the lowest 

CLB sensitivity (iCso=28.7) had very low levels of tyrosine phosphorylation as compared 

to cells from patients with greater CLB sensitivity (ICso from 4.5 to 10) and normal 

lymphocytes. Although in vifro culture (48 hr) was found to increase tyrosine 

phosphorylation in ail CLL celis. the cells with lower CLB sensitivity exhibited lower 

levels of tyrosine phosphorylation. Furthemore. exposure of cells to vanadate failed to 

hlly induce the tyosine phosphorylation in cells with lower CLB sensitivity. 

Interestingly. no correlation was found between the clinical Rai stage and level of tyrosine 

phosphory lation. 



Vanadate - - + - - + - - + - - + - - +  

1 - 

CLB ICSO (pM) 
Rai stage 

Fig. 11 Cornparison of protein tyrosine phosphorylation in lymphocytes of normal volunteer 
and CLL patients with different degrees of resistance to CLB. Untreated Fresh lymphocytes 
(lanes 1.4.7. 10 and 13) fkom CLL patients (A. B. C. D) and a normal volunteer (E) were cdtured 
for 48 hr in the absence (lanes 2.5,8. 1 1: and 14) or presence of 50 pM vanadate (lanes 3.6.9. 12. 
and 15). 30 pg lysates of lymphocytes were nin on SDS-PAGE. transferred to nitrocellulose 
membrane. stained with ponseau Sto double-check the equal loadmg and then bloned with anti- 
phosphotyrosine antibody. The results were observed by ECL. The experiment was ody done once 
and normal lymphocytes were control cells. 



VII.12 Effect of Vanadate on the Survival of Lvmphocvtes of CLL Patients in Ktro: 

The effect of vanadate on cell-death of CLL patient cells was also examined. It is known 

that the lymphocytes from CLL patients die of spontaneous cell-death when cultured in 

vitro (Collins. et al.. 1989). The lymphocytes collected from patient L and patient H 

show in Fig.10 were cultured in virro with or without vanadate (50 FM). The viability 

of cells was checked at 48 hr by trypan blue dye exclusion under light microscopy. Due 

to sarnple limitation. this cxperiment was only done once. As s h o w  in Fig. 12. the cells 

with higher CLB sensitivity rxhibited about 40% spontaneous apoptosis at 48 hr 

compared to only 11% in cells tiom CLB resistant cells. Vanadate treatment enhanced 

the cell-death in both patient samples but was less in cells with a relatively higher CLB 

ICro (patient H). 



A. Patient L sarnple (IC50 J.O. Rai O) B. Patient H sample (ICjO 8.1. Rai O) 

1. Time O 2.48 h .  control 3.48 hr Vanadate 

Fig. 12 Effect of vaoadate on the survival of lymphocytes of CLL patients in vitro. 
The newly-separated lymphocytes fiom hvo CLL patients were cultured in v i m  wirh 
(column 3 and 6) and without (column 2 and 5) vanadate (50 PM). The viable cells were 
counted at 48 hr by trypan blue dye exclusion under light microscopy. Due to sample 
limitation. this experiment was only done once. 



VII. 13 Protein Tvrosine Phosphatase Activitv was also Decreased in CLL Patient Cells 

After Vanadate Treaiment: The effect of vanadate on protein tyrosine phosphatase 

activity was monitored in lymphocytes of the two Rai stage O patients shown in Fig 10, 

patient H (CLB ICjo4.0) and patient L (CLB ICso=8.1). The two patient samples have 

some differences in protein tyrosine phosphorylation (Fig. 10). Crlls treated with 

vanadate (50 FM) were harvested at 12 and 36 hr and protein tyrosine phosphatase 

activity was measured. As s h o w  in Fig. l3 .  although protein tyrosine phosphatase 

activity was inhibited in both samples. some differences were observed in the extent of 

vanadate inhibitable protein tyrosine phosphatase activity. While vanadate treatrnent 

markedly inhibited protein tyrosine phosphatase activity in cells with higher CLB 

sensitivity. a srnaller decrease in phosphatase activity was observed in crlls with 

relatively lower CLB sensitivity. Due to sample limitation. this rxperiment was only 

done once. 



A. Patient L snniplc (IC-O-4.0. Rai O)  B. Patient H stirnple (ICjO-S. 1. Rai O )  

1.5. Timc O 2.6. 36 tir control 3.7. 12 hr vanadate -1.8. 36 hr vanadate 

Fin,. 13. Diffcrcnt protein tyrosine phosphutnse nctiuity in CLL patient lymphocytes 
with differcnt CLB scnsitivity. Freshly prepared Iyrnphoçytrs tiom two CLL patients w r e  
treoted witli 50 ph 1 vanndatc and cells harvested at 1 2 (lane 3 and 7) and 36 hrs ( lane 4 and 
8). Cdls nithout üny treatment w r e  also hwested at tirne O (lane i and 5 )  and 36 hrs (lane 
2 and 6). 30 ;cg ofsoniclitrd iysatr in 50 rnM Tris-HCl. pH73  !vas ussd for protein tyrosine 
phospliatasr rissri>- using p-XPP as a subsrrate. The release of p-nitrophsnyl (yellow color) 
w s  mt.;isurr.d at 405 nm using an ELISA reader. The samples were tested in triplkate and 
the rrsults are rhc msnns =SE of absorption values. Due to sample limitation. only one 
ssperirncnt u s  dont.. 



DISCUSSION 

CLL is a malignant disorder characterized by the proliferation and accumulation 

of mature looking, though dysfunctional lymphocytes (Foon et al. 1990: TeReri & 

Phyliky. 1992). The malignant lymphocytes infiltrate the bone marrow. lymph nodes. 

liver and spleen. resulting in enlargement of these orgms and in bone marrow failure 

(Hot'fman et al.. 1991: O'Brien et al.. 1993: Zwiebel & Cheson. 1998). Better 

understanding of specific defects that contribute to the clonal expansion of these 

neoplasms may lead to improved treatment of this disease. Growing evidence suggests 

that propmmed cell-death (apoptosis) plays a key role in the selection and 

differentiation of lymphoid cells (Smith et al.. 1989: Nieman et al.. 199 1). Since CLL 

lymphocytes accumulate (Reed. 1998) rather than proliferate (O'Brien et al.. 1995). this 

disease may involve defects in apoptosis. Consistent with this notion. defective 

apoptosis has been shown to contribute to the onset of several malignancies. including 

those of the hematopoietic B-cell system (Williams. 1991 : Vaux et al.. 1988). CLL cells 

are more resistant to chemotherapy-induced cytotoxicity and apoptosis compared Mth 

many other cancers (Zwiebel and Cheson. 1998). This may be related to enhanced Bcl-2 

Function (Pepper. et al.. 1999). p53 mutation. or other genetic changes (Begleiter. et ai.. 

1996a). 

Studies on the transduction of ce11 surface signals From growth factors. cytokines. 

hormones. and ce11 adhesion molecules have shown that protein tyrosine phosphorylation 

events are essential for proliferation and differentiation. Under physiological conditions. 



the protein ~ ~ o s i n e  phosphorylation levels in a ce11 are maintained by protein tyrosine 

kinases (PTKs) and protein tyrosine phosphatases (PTPs). The relative abundance of 

distinct PTKs in both T- and B-lymphocytes from mouse. rat and human leukemic ce11 

lines suggests their involvement in cellular activation (Harrison et al. 1984; Earp et al. 

1981). Studies have s h o w  that CLL cells also overexpress Src family kinases (Abts et 

al.. 1991; Majolini et al.. 1998). BCR aggregation by antigens activates several Src- 

family kinases such as L y .  Fyn. Lck and Fgr. These kinases then activate non-receptor 

kinases such as Syk and ZAP-70 and cause downstream activation of several grnes 

through PI MinaselAkt pathway or Ras/MAP kinase pathway. leading to ce11 

differentiation. proliferation or apoptosis (Tamir & Cambier. 1998). Recently. PTK 

activation has been shown to provide an early and requisite signal for Fas-induced 

apoptosis in Jurkat (human T cell leukemia). U937 (hurnan histiocystic lymphoma). and 

Kj62 (hurnan myelogenous leukemia) ce11 lines (Eischen et al. 1994). In the light of 

these tindings. we evaluated the regulatory role O t' protein tyrosine phosphory lation in B- 

CLL apoptosis. 

To understand the role of protein-tyrosine phosphorylation on CLL cells. we use 

sodium onhovanadate (vanadate) as an agent and check its eRect on CLL cells. Sodium 

onhovanadate (Na3V04) is a common tyrosine phosphatase inhibitor in biological 

research (Gordon. 1991). It will form vanadate (VO?? in solution (Gordon. 1991). 

Interest in vanadate began more than twenty years ago and it has been proved that 

vanadate has widespread effects to cells (Huyer et al.. 1997: Simons. 1979). Before 

molecular biology methods were widely used in biological research it had already been 

found that vanadate had some inhibitory effect on N~'-K* ATPase and other ATPases 



(Simos. 1979). Now it has been found that vanadate has a lot of biological effects, one of 

which being inhibition of protein tyrosine phosphatase activity and enhancement of 

tyrosine phosphorylation in cells (Huyer et al., 1997). Vanadate has very similar spacial 

structure with phosphate (PO:-), so it cm rnimic phosphate as the substrate of protein 

tyrosine phosphatases. This will generate inhibitory effects of protein tyrosine 

phosphatase activity by blocking phosphate hydrolysis (Huyer et al.. 1 997) because the 

basic function of protein tyrosine phosphatases is taking the phosphate out from the 

phosphorylated substrates and leading to dephosphorylation of the cells (Denu et al.. 

1996: Fauman & Saper. 1996: Zhang, 1997). Tyrosine phosphorylation in cells is 

maintained by a balance between tyrosine phosphatases and kinases (Zhang. 1997). 

Inhibition of tyrosine phosphatase will relatively enhance the e ffects of tyrosine protein 

kinases and result in çnhanced tyrosine phosphorylation. Recent studies demonstratrd 

that vanadate/H202 (pewanadate) induces insulin secretion (Kadota et al.. 1987: Molero 

et al.. 1998: Ruff et al.. 1997) and reverse the multi-drug resistance of lymphoblastic 

leukemia cells (Colin et al.. 1994). 

The ce11 growth of WSU-CLL cells and other two leukemia ce11 lines (U937 and 

HL60) was first checked (Fig. 1A and IB). Ce11 growth of WSU-CLL cells was more 

rasily to be inhibited by vanadate treatment compared with other ce11 lines. The growth 

inhibition was also accompanied by some ce11 death. This result shows that WSU-CLL 

cells are very sensitive to vanadate treatment. To fùrther prove the effect of vanadate on 

the ce11 growth of WSU-CLL cells. clonogenic assay was done. Fludarabine was used as 

a positive control in these studies because this h g  induces apoptosis in CLL cells (Byrd 

et al.. 1998: O'Brien et al.. 1995). The studies showed that vanadate dramatically 



inhibited colony formation of WSU-CLL cells (Fig. 2) and suggested that vanadate has 

cytotoxic effect on WSU-CLL cells. 

To explore the mechanism of growth inhibition and ce11 death of WSU-CLL cells 

after vanadate treatment. tyrosine phosphorylation was then checked and proved that the 

ce11 growth inhibition and death was accornpanied by enhanced tyrosine phosphorylation 

(Fig.3). and this enhanced tyrosine phosphorylation was caused by the dramatic inhibition 

of protein tyrosine phosphatase activity. not much enhancement of total protein kinase 

activity (Fig 4A and 48). Further study needs to be done to check which specific proteins 

are tyrosine phosphorylatrd and which tyrosine phasphatases are inhibited. More 

expenments are also needed to confirm the result of total kinase activity after vanadate 

treatment. Other studies have s h o w  that vanadate (Elberg et al.. 1997) or pervanadate 

(Fantus et al.. 1989) mirnics insulin action through activation of non-receptor protein 

kinase (Elberg et al.. 1997: Fantus et al.. 1989) or insulin receptor protein kinase (Fantus 

et al.. 1989) in rat adipocytes. Since we observed that the total protein tyrosine kinase 

activity in vanadate-treated CLL cells remain unaltered. the effect of vanadate on posine  

phosphorylation in CLL cells may mainly be due to the unbalance between the inhibited 

protein phosphatase and unaltered tyrosine kinases. 

We then checked whether vanadate could induce apoptosis and its relationship 

with enhanced tyrosine phosphorylation. In other studies. vanadate was s h o w  to induce 

or enhance apoptosis in many ce11 lines. Schieven et al. (1995) treated human B and T 

ce11 Iines with bis(maltolato)oxavanadium(N) (BMLOV) and found that there was a 

similar pattern of tyrosine phosphorylation in BMLOV-treated cells and B cells after 

antigen receptor stimulation. The author found that BMLOV selectively induces 



apoptosis in B lymphoma and myeloid leukemia ce11 lines. but not T ce11 leukemia or 

colon cancer ce11 lines. ùi promyelocytic leukemia ce11 line HL60. Chang and Yung 

(1996) found that vanadate enhanced the apoptosis induced by sodium butyrate (BuONa). 

an agent that cm induce ce11 differentiation and inhibit ce11 growth. Heat shock induced 

apoptosis of HL60 cells was also enhanced by vanadate (He & Fox. 1997). Uckun et al. 

( 1992) proved that ionizing radiation-induced apoptosis of human fetal liver pro-B ce11 

line FLI 12 was also enhanced by vanadate. and some unidentified proteins were 

phosphorylated. Sit et al. (1 997) found that M-phase cells were induced into apoptosis 

afier 30-min ueaûnrnt with 100 pM vanadyl. Fas ligation (Ruiz-Ruiz et al.. 1997) or 

surface antigen C D 4  ligation (Brown et al.. 1996) of hurnan T-lyrnphoblastoid crll lines 

causes tyrosine phosphorylation of the cells accornpanied by the apoptosis of the cells. 

This effect becomes more apparent after vanadate-related cornponds are added (Bro~vn et 

al.. 1996: Ruiz-Ruiz et al.. 1997). Cisplatin is a commonly used dnig in cancer therapy. 

and cisplatin-induced apoptosis has bren proven to be accompanied by increased tyrosine 

phosphorylation (Sanchez-Perez et al.. 1998: Shishodia et al.. 1997). Enhanced tyrosine 

phosphorylation by vanadate increased TNF and nitric oxide (NO) production and 

apoptosis (Shishodia et al.. 1997). Recently. Dawson (2000) found that a vanadate 

compound. Bis(maltolato)oxovanadiurn (IV) (BMOV) also induced apoptosis of'a neuron 

ce11 line. E7CH. 

Through irnmunotluorescence staining with antiphosphotyrosine antibody and 

DNA staining with DAPI (Fig. 5A). we did find that vanadate induced apoptosis (cd1 

membrane blebbing. nuclear condensation and DNA fragmentation). This apoptosis wras 

accompanied by enhanced tyrosine phosphorylation. We also found that WSU-CLL cells 



did not go to apoptosis at the sarne tirne. As shown in Fig 5 ,  at 24 hr treatment with 

vanadate. oniy some of the cells went into apoptosis. This may be related to the growb 

phase and the tyrosine phosphorylation status of the cells. Fig. 5A showed that even 

WSU-CLL cells were treated at the same time with the same concentration of vanadate 

the tyrosine phosphorylation status is different among the cells. Apoptosis assay (DNA 

laddering) shown in Fig 5B proved that vanadate could induce DNA fragmentation in 

WSU-CLL cells. More experiments needs to be done to have an equal amount of DNA 

loading in the apoptosis assay for each condition of the treatment of WSU-CLL cells. 

We then checked the pathways involved in vanadate-induced apoptosis in WSU- 

CLL cells. Activation of caspase fmily of proteases has been detected in nurnerous ce11 

systems and appears to function as a cornmon pathway through which apoptotic 

mechanisms may operate (Kerr et al.. 1972: Thompson. 1995: Jacobson et al.. 1997). 

Caspases are synthesized as precunors (pro-caspases) and are converted into mature 

enzymes by apoptotic signals (Li et al.. 1997: Zou et al.. 1997: Snnivasula et al.. 1998). 

Based on current litentue. two distinctly different pathways of caspase activation and 

apoptosis can be delineated in mammals. In the tirst pathway. ligation of death receptors 

such as Fas (the ce11 surface polypeptide also known as CD95 or Apo-1) or the type 1 

R J F - a  induces binding of adapter molecules. which in tum recruit pro-caspases-7. 8. and 

10 to membrane associated sigaling cornplex. This results in proximity-induced 

activation of some of these caspases. Activation of these upstrearn caspases is suficient 

to directly cleave/activate precursors of effector caspases such as caspase-3. -6. and -7. A 

special case in this pathway is in cytotoxic ce11 killing in which gmzyme B. a protease 

released by granules fiom cytotoxic cells. can directly activate ICUCED-3 family 



protease CPP32 (caspase-3) (Martin et al.. 1996). In the second pathway, various forms 

of cellular stress triggers mitochondnal release of cytochrome c. which interacts with 

cytosolic docking protein Apaf-1. leading to the activation of pro-caspase-9. Activated 

caspase-9 proteolytically activates efTector caspases, caspase-3 and possibly caspase-7. 

Once the effector caspases are activated, these enzymes cleave a number of cellular 

polypeptides leading to disassembly of key structural components of the nucleus and 

cytoskeleton: inhibition of DNA repair. replication and transcription: and activation of 

endonucleases that irreversibly darnage the genome (Gucheiaar et al.. 1997: Meyn et al.. 

1997). Hehner et al. (1999) found that pervanadate could induce Jurkat T ce11 line into 

apoptosis through activation of caspase-3. caspase-8 and cleavage of poIp(ADP ribose) 

polyrnerase (PARP). CPP32 exists in the cytosolic fraction as an inactive 37-kDa 

precursor that is protcolytically cleaved in apoptotic cells to active 17-Da and 12-kDa 

subunits. The involvernent of the activation of CPP32 was checked in vanadate-induciid 

apoptotic pathways in this investigation. 

In our rxpenment. treatment of WSU-CLL cells ivith vanadate activated CPP32 

as evident from cleaved caspase-3 fragments ('4 20.000 and 17.000) (Fig 6). These 

studies suggested that vanadate-induced apoptosis in WSU-CLL cells correlates with a 

selective activation of caspase cascade. At 48 hr vanadate treatment. not al1 caspase-3 

were cleaved (activated). This may be related :O the growth phase and tyrosine 

phosphorylation status of the individuai WSU cells because not al1 cells were highiy 

phosphorylated accompanied by apoptotic ce11 death. More caspases need to be checked. 

Growing evidence suggests that the activation of the effector caspase-3 is 

catalyzed by the initiator caspase-9 (Li et al.. 1997: Zou et al.. 1997: Srinivasula et al.. 



1998). Activation of pro-caspase-9 requires the release of cytochrome c into the 

cytoplasm. where it foms a complex with procaspase-9. Apaf-1, and (Hu et al., 

1999: Zou et al.. 1999). Consistent with these findings. a variety of apoptotic stimuli 

have been shown to induce the release of cytochrome c From the mitochondnal 

intermembrane space (Liu et al.. 1996: Kharbanda et al. 1997: Kharbanda et al.. 2000). 

Cytochrome c release from mitochondria was found from pervanadate-induced apoptosis 

in Jurkat T cells (Hehner et al.. 1999). 

In our study. WSU-CLL cells were exposrd to vanadate to determine whether 

cytosolic cytochrome c levels change during vanadate-induced initiation of apoptosis. 

The kvels of cytochrome c in the cytosol increased dmatically at 24 hr alier vanadate 

treatment (Fig. 7). These studies suggest the involvement of cytochrome c in vanadate- 

induced apoptotic pathways in WSU-CLL cells. Direct testing of mitochondria tùnction 

needs to be done to prove the malfunction of mitochondria afier vanadate treatment. 

The initial signal that triggers mitochondnal changes in response to apoptotic 

stimuli is presently not known. A lot of studies have found that whether the apoptosis is 

induced by T N F  receptor or Fas receptor ligation (Guo et al.. 1998a: Guo et al.. 1998b: 

Okamoto et al.. 1996: Suhara et al.. 1998). ionization or UV stimulation (Verheij et al.. 

1 996). hyperoxide stress (Suhara et al.. 1 998). or treatment with cisplatin (Sanc hez-Perez. 

Murguia & Perona 1997). stress activated protein kinase (SAPK) or c-jun N-terminal 

kinase (JNK) is activated. This activation is enhanced by vanadate (Guo et al.. 1998a: 

Guo et al.. 1998b: Okamoto et al.. 1996: Sanchez-Perez et al.. 1997: Suhara et ai.. 1998:). 

Recently. a novel role for JNWSAPK in apoptosis was uncovered (Maundrell et al.. 

1997: Srivastava et al.. 1999: Kharbanda et ai.. 2000). JNK was shown to translocate to 



mitochondna and phosphorylate Bcl-2 and Bcl-xL (Mauncireil et al., 1997; Pomchynsky et 

al.. 1998; Srivastava et al., 1999: Kharbanda et al., 2000). This posttmslational 

modification disables the anti-apoptotic Function of these proteins (Kharbanda et al.. 

2000). Since CLL cells overexpress Bcl-2 (Adams & Cory. 1998: Reed. 1998) and Bcl-2 

members are involved in the regulation of cytochrome c release (Kharbanda et al. 1997). 

activation of SNK will attenuate anti-apoptotic function of Bcl-2 in CLL cells. 

The kinase activity of JNK/SAPK in vanadate-induced apoptosis in WSU-CLL 

cells was assessed in our study. Vanadate neatment enhanced the activity of JNWSAPK 

in WSU-CLL cells (Fig. 8). These findings provide a potentid link between JNWSAPK 

activation and mitochondrial release of cytochrome c in vanadate treated WSU-CLL cells. 

We did not test the relation between JNWSAPK activity and Bcl-2 farnily protein 

b c t i o n  in this project. 

We nrxt determined whether cell suwival sipals are decreased in vanadate- 

treated WSU-CLL cells. PI 3-kinases. responsible for the formation of novel 3- 

phosp horylated phosphoinositides (3-PPI). are now recognized as critical components of 

signai transduction cascades initiated by receptor tyrosine kinases. non-receptor tyrosine 

kinases. cytokine recepton. integins. chemokines. and oncogene products (Downes & 

Carter. 1991: Soltoff et al.. 1992: Stephens et al.. 1993: Varticovski et al.. 1994). 

Activation of PI 3-kinase commonly involves localization of the enzyme to the plasma 

membrane (Stephens et al.. 1993: Varticovski et al.. 1994) where it phosphorylates PI. PI 

Cphosphate (PI 4-P). and PI 4.5-bisphosphate (PI 4.5-Pz) to produce PI 3-phosphate (PI 

3-P). PI 3.4-bisphosphate (PI 3.4-Pz). and PI 3.4.5-trisphosphate (PI 3.4.5P3). 

respectively. Unlike the products of PI kinases in the classical PI cycle (PI 4-P and PI 4.5 



-P2), 3-PPI are not the substrates of any known phospholipases, and may themselves act 

as second messengers (Downes & Carter. 1991; Soltoff et al.. 1992). PI 3-kinase and its 

products are now recognized as one of the most promising regdators of apoptotic 

pathways (Burgerling & Coffer, 1995; Datta et al.. 1997; Cardone et al.. 1998). Studies 

have shown that direct binding of 3-phosphorylated lipids to pleckstrin homology (PH) 

domain of Akt. a serine threonine kinase. results in the induction of activating 

phosphorylation at residues Thr308 and SerJ75 by upstream kinases such as 

phosphoinositide-dependent protein kinase-1 (PDK-1) (Burgerling & Coffer. 1995: Dana 

et al.. 1997: Cardone et al.. 1998). Activated Akt has been s h o w  to protect cells from 

apoptosis by phosphorylating/deactivating Bcl-2 h i l y  member Bad (Datta et al.. 1997) 

and the protease caspase 9 (Cardone et al.. 1998). Recent studies by Brunet et a1 (1999) 

implicate Akt mediated phosphorylation of transcription factor FKHRL-I to the 

suppression of pro-apoptotic genes. such as the Fas ligand gene. thereby highl ighting 

potent effect of PI j-kinase/at pathways on ce11 swival. 

In WSU-CLL cells. vanadate veaunent significantly attenuated the activities of PI 

3-kinase and Akt in parallel (Figures 9A and 9B). These studies suggest that the effect of 

vanadate on WSU-CLL ce11 apoptosis may be mediated. in part. by dowmegulating the 

ceil swival  signals. The relationship behveen reduced PI 3-kinaselAkt Function and Bcl- 

2 family function needs to be studied. 

Taken together. vanadate-induced protein tyrosine phosphorylation seems to 

trigger apoptosis in WSU-CLL cells at several levels involving cytochrome c release from 

rnitochondria activation of caspases. and removal of ce11 survival signals. 



To compare the result From WSU-CLL ce11 line with CLL patient cells, we then 

did some preliminary studies with limited patient sarnples. We fint compared the levels 

and patterns of tyrosine phosphorylation in WSU-CLL cells. two Rai O patients and a 

normal healthy volunteer. The cells from both the WSU ce11 line and the patients 

exhibited lower levels of protein tyrosine phosphorylation as compared to normal 

lymphocytes. and the patterns of protein tyrosine phosphorylation of CLL cells are also 

different from normal lymphocytes (Fig. 10). The result may partly be due to the 

lymphocyte subtype differences since most WSU-CLL cells and patient cclls are CDS 

positive cells. and normal lymphocytes include many subtypes of lymphocytes. Earlirr 

studies showed lack of tyrosine phosphorylation in non-proliferating CLL crlls with 

reduced expression of Syk (Lankester et al.. 19%) and antigen receptors (Hambin & 

Oscirr. 1997). Pure CD5 positive cells were not available to us. Since tyrosine 

phosphorylation is important in lymphocyte signaling. including ce11 differentiation. 

proliferation and clonal selection (Weiss & Littman. 1994: Lavin et al.. 1996). drfects in 

tyrosine phosphorylation may contribute to the clonal expansion of these neoplasm. 

More experiment needs to be repeated to compare the protein tyrosine phosphorylation 

status of pure CDS positive cells and patient cells. 

B-CLL apoptosis may occur spontaneously (Collins et al. 1989). or rnay be 

induced by stimuli such as a calcium ionophore. specific antibodies binding to membrane 

associated I g i i .  steroids (McConkey et al, 199 1). purine nucleosides (fludarabine and 2- 

CDA). and the aikylating agents. Cytokines (IL-1 O. IL-5) can induce or prevent (1L-J. 

interferon y and a) apoptosis of B-CLL cells. suggesting that these molecules modulate 

this process in vivo. Further studies on four patients confirmed that when cells were 



maintained for 48 hr in vitro, an Uicrease in tyrosine phosphorylation was observed 

compared with normal lymphocytes (Fig.11). This correlated with the occurrence of 

spontaneous cell death of the patient cells in in vitro culture (Fig. 12). The viability of the 

two patient cells was decreased after 48-hr in vin0 culture without treatment or with 

vanadate (50 FM). The cells with lower CLB ICso exhibited about JO% spontaneous 

apoptosis at 48 hr cornpared to only 11% in cells with relatively higher CLB ICjo. Both 

patients were clinical Rai O stage and belong to the CLB-sensitive group. These studies 

indicate that protein tyrosine phosphorylation may play an important role in the process of 

CLL cell apoptosis. These results do not correlate with the clinical Rai stage of these 

patients. but may have some relevance to CLB ICjo. More experiments are needed to 

conîïrm the result of patient cells and compare with normal CD5-positive cells. 

We then chrcked protein tyrosine phosphatase activity on CLL patient cells after 

vanadate treatment. In two patient samples. vanadate (50 FM) also inhibited total protein 

tyrosine phosphatase activity. although some differences existed between these two 

samples. While 50 pM vanadate treatment rnarkedly inhibited protein tyrosine 

phosphatase activity cells with lower CLB ICsos. a smaller decrease in phosphatase 

activity was observed in cells wiîh higher CLB IC jo (Fig. 13). These differences may be 

due to higher protein tyrosine phosphatase activity in cells with a higher CLB ICro. or the 

existence of heterogeneity of the disease since both patients are categorized as CLB 

sensitive. More clinical samples are needed to confïrm the clinical sample results. and 

compare the tyrosine phosphatase stanis of normal CD5 positive cells and patient cells. It 

will be also be very interesthg to have a deeper study to see which specific phosphatase 

is inhibited in CLL patient cells after vanadate treatment. 



In summary. we have observed the protein tyrosine phosphorylation and apoptosis 

in CLL ce11 line WSU-CLL and CLL patient cells and explored the mechanism of 

vanadate-induced apoptosis. The WSU-CLL ce11 line is a good mode1 for studyhg CLL 

although there are differences between WSU-CLL cells and patient cells due to the 

heterogeneity of clinical CLL. Protein tyrosine phosphorylation has been shown to be 

very important in CLL ce11 apoptosis. and it is possible that there is a defect in protein 

tyrosine phosphorylation signaling pathways in CLL. This may contribute to the defect in 

apoptosis and gradua1 accumulation of cells in CLL patients. Vanadate was shown to 

induce WSU-CLL apoptosis and enhance clinical CLL ce11 death. The pathways involved 

in this apoptotic ce11 death include inhibiting protein tyrosine phosphatases and ceIl 

sumival signais such as PI Minase and Akt kinase. as well as activation of the apoptotic 

cascade including SAPK activation. caspase-3 (CPP32) cleavage. and cytochrome c 

release fiom mitochondria. Due to the limited number of patient samples in this study. 

and the heterogeneity of CLL. more patient samples are nreded to extend the conclusion 

of this interesting observation to clinical CLL. 
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