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I .   INTRODUCTION 

The term Multiple Myeloma (MM) was first introduced by O. A. Rustizky in 1873 

to designate the presence of multiple bone tumors he had found in a 47-year old 

patient (as reviewed by [1].) In 1889, Otto Kahler published the first extensive 

description of MM, since then also known as ‘Kahler’s Disease’ [2]. 

Multiple Myeloma is a neoplasm characterized by the uncontrolled 

accumulation of monoclonal plasma cells [3-5]. It accounts for 1% of all malignancies 

in whites and for around twice as many in African-Americans - generally its incidence 

has been rising for the past decades and all over the world. The rate of MM cases 

per year is 43/100,000 [6]. The median age at diagnosis is at 70 years, with hardly 

any cases (2%) diagnosed under the age of 40 [7]. Several risk factors have been 

discussed but not many causal relationships could be established. The best 

established risk factor to date is exposure to ionizing radiation. Especially among 

atomic bomb survivors in Japan, as well as workers in the nuclear weapons industry, 

statistically significant increases in the incidence of MM have been shown [8, 9]. 

Chronic antigenic stimulation is being discussed as another risk factor but has not 

been proven in relevant studies [10]. Furthermore, there seems to be a clear male 

disposition to Multiple Myeloma [7].  

Interestingly, no chromosomal abnormalities can be considered pathognomic in 

MM. Even though the levels of bcl-2, a cell-survival increasing protein, are elevated 

in MM plasma cells, they are increased even without any chromosomal abnormalities 

involving the bcl-2 locus [3]. In other malignancies such as follicular lymphomas, the 

translocation (t14;18) juxtaposes the truncated chromosomes to a hybrid bcl-2/IgH 

fusion gene [11]. This results in higher levels of a bcl-2/IgH hybrid mRNA and of a 

normal bcl-2 protein [12] than in the non-(t14;18) translocation follicular lymphoma 

cell lines. These findings could not be found in MM. The causes of the increased bcl-

2 levels in MM cells are still unclear. However, via interphase cytogenetics 

chromosomal aberrations can be detected in 89% of MM specimens [13]. A deletion 

of the p53 gene has been proposed as a prognostic factor – Drach et al. found in 

1998 that patients with this deletion had a significantly decreased life expectancy. 

The deletion can be found in 33% of MM patients [14]. 

The diagnosis of MM is generally based on the demonstration of monoclonal 

plasma cells in the bone marrow or in other sites, monoclonal gammopathy in serum 

or urine, and bone involvement [15]. In 1975, Durie et al. established a system to 
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stage MM for a risk assessment at diagnosis. They divided the disease into three 

stages based on hemoglobin, serum calcium, monoclonal protein concentrations, C-

reactive protein levels, β2-microglobulin levels and on the characteristics of the bone 

survey. These stages are sub-classified on the basis of renal function [16, 17]. 

Recently this classification has been replaced by the International Staging System 

(ISS) which is more universally applicable. It is solely based upon the beta2-

microglobulin and albumin levels at diagnosis [18]. 

Initial treatment with melphalan/prednisone (MP) was developed more than 

thirty years ago by the Adult Division of the Southwest Cancer Chemotherapy Study 

Group in Houston [19], it remains the standard for patients over 65 years of age [20, 

21]. Recently this regimen has been expanded to include thalidomide an anti-

angiogenic agent. This improved three-year-survival from 64 to 80% [22]. Prednisone 

alone, in contrast to dexamethason [23], is ineffective as a single agent [24, 25], but 

in combination with oral melphalan response rates improve by some 20% and 

survival is extended by about 5 months. 50-60% of patients respond to the treatment 

and their median survival increases from seven months to three years [19]. 

Nevertheless, no more than 5% of the patients achieve a truly complete remission 

under this treatment regime [26]. The treatment is intermittent in comparison to a 

permanent regimen inducing remission sooner and improved response with less 

marrow suppression [27, 28]. In 1997, Oken et al. were able to show that 

combination chemotherapy with additional anthracyclines, nitrosourea, 

cyclophosphamide and/or vincristine (VBMCP) is beneficial to the response of the 

disease when compared to an MP regimen (72% versus 51%, respectively). The five-

year survival rate was 26% with VBMCP – in comparison to MP with 19% [29].  

Under chemotherapy treatment, the tumor burden generally reaches a plateau 

and will not decrease any further despite continued treatment [26, 30]. Normally, the 

remission-free interval after the first treatment lasts for about 18-20 months, after 

which the disease starts to progress again. Unfortunately, no increase in duration of 

remission could be shown, neither with maintenance chemotherapy with or without 

interferon alpha [31]. In respect to the effects of interferon alpha on MM, it seems to 

affect survival in comparison to no maintenance therapy. Ludwig et al. were able to 

show that interferon-alpha has a significant effect on the time until progression when 

compared to patients without maintenance therapy (17.8 with interferon-alpha versus 

8.2 months without) [32]. This was recently confirmed by another study showing 

similar results [33]. In contrast to that, Cooper et al. did not detect any increase in 
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survival rates when patients were treated with melphalan, prednisone and interferon 

alpha in comparison to a control group with only melphalan and prednisone (3.0 

years versus 3.17 years, respectively) [34]. 

1st and 2nd relapse treatment: Salvage treatment for the first relapse is usually 

the same treatment as the initial one, unless the patient fails to respond to initial 

treatment or progresses under treatment. The response rate of patients retreated at 

relapse with initial chemotherapy has been shown by Bladé et al. in 1996 to be 56%, 

whereas with other rescue regimens used for refractory disease or early relapse, 

response rate was only 35% [35]. In the case of progression under treatment or no 

response to treatment, patients should be considered for second-line treatment such 

as vincristin, adriamycin and high-dose dexamethasone [36]. The remission period 

after a second treatment lasts shorter and the tumor reduction is usually less than 

the first time. Ralph et al. were able to show that the first relapse arises from the 

same clone as the initially diagnosed one [37]. This tumor sub-clone is still sensitive 

to the therapy. While the second relapse usually results from an already resistant 

sub-clone and it therefore is advisable to use a different regimen [38]. 

Autologous Transplantation in MM: According to Alexanian et al., patients with 

stable disease who receive intensive treatment, such as autologous bone marrow 

transplantation within one year following diagnosis, showed significantly better 

survival rates than patients treated at a later stage of their disease. Nevertheless, 

this study also showed that intensive treatment has a meaningful benefit in patients 

with primary resistant and stable disease patterns [39]. After initiation of 

chemotherapy, patients usually die of progressive disease within about 3 years [40]. 

By the mid-nineties, conventional chemotherapy median overall-survival was shown 

to be 37.4 months, whereas in a high-dose group with four cycles of chemotherapy 

and autologous transplantation, the median overall survival for five years after 

diagnosis is 52% [41]. In a later study, complete remission was achieved in 32% of 

patients making it the treatment of choice of patients under 65 years of age [42].  

With tandem autlogous transplantation a 10-year event free survival and overall 

survival was achieved of 33% and 15% was achieved [43]. 

Allogenic Transplantation in MM: Autologous peripheral stem cells are most 

likely contaminated with MM-cells, allogenic transplantation has been investigated. In 

1995, Gahrton et al. were able to show that complete remission rates increased 

significantly to 44%, compared to 20-30% in the autologous transplant studies. The 
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overall survival rate was 28% at 7 years – the mortality due to treatment however 

was 40% [44]. This was explained by the considerably more toxic conditioning 

regimen of the allogenic transplantation. It has been proposed by Slavin et al. to use 

non-myelablative conditioning in order to constitute host-versus-graft tolerance, 

reduce toxicity, increase the survival and still establish a graft-versus-myeloma effect 

[45]. A recent study with reduced intensity conditioning and allotransplantation 

showed good results with 100% survival in the first 44 months and 43% being 

progression free [46].Allogenic transplantation is still only experimental and only for 

patients with a matching donor from their family.  

The agent used in treatment for MM as well as for induction prior to 

transplantation is the long known agent melphalan [34, 47, 48]. 

Melphalan 

Melphalan is a bi-functional intercalating agent that is used in treatment of MM. 

In 1962, the Southwest Oncology Group reported that melphalan could induce 

remissions in about one third of myeloma patients [49]. Melphalan or l-phenylalanine 

mustard is rapidly taken up by cells that synthesize protein, a characteristic achieved 

by adding l-phenylalanine to mustine which causes the molecule to be actively 

transported into a metabolically active cell [50].  

Effects on cells: As most intercalating agents, melphalan should be a non-cell-

cycle dependent reagent. Nevertheless, it has been described that cells in G1 are 

more sensitive to the effects of melphalan than cells in late S and G2 [51, 52]. 

Melphalan has a delaying effect on cell-cycle with an accumulation in G2-phase after 

treatment in earlier phases. The block in G2 is fully reversible and lasts proportionally 

to the dose used [53]. Furthermore, it induces cross-links in the DNA which are fully 

removed after 48h of treatment. When induced by melphalan, the removal of the 

interstrand is significantly slower than with nitrogen mustard (of which melphalan is a 

derivative) [54].  

The effect of melphalan on cell cycle of exposed cells is important for 

understanding the protective or sometimes detrimental mechanisms cells have 

developed to affect apoptosis.   

In general, hematological malignancies are caused by two different 

malfunctions of the cell cycle: One, an increased growth rate, and two, the prolonged 
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survival of cells [55-57]. Multiple Myeloma is predominantly caused by the latter, 

even though a very small sub-population with a high growth-fraction exists. This sub-

population has been discussed to be the actual self-renewing neoplastic unit [58] . 

Apoptosis 

Apoptosis is a form of cell suicide in which cells destroy themselves by a 

genetic mechanism, as described by Barinaga and Granville [59, 60]. It is the 

essential physiological mechanism for selective elimination of cells, an active form of 

programmed cell death [61]. Before being called apoptosis, the first name assigned 

to the phenomenon in 1914 was chromatolysis [62, 63] – while another descriptive 

term introduced by Kerr in 1971 was shrinkage necrosis [64]. The word apoptosis 

derives from the Greek, literally ’to drop off‘, like ‘leaves dropping off here and there 

from a tree’. The term was initially proposed by Kerr et al. [65] describing the fact that 

apoptosis normally occurs very discretely, except for embryonic development, and 

not as massively as cell death occurs in an infarct, for example. Rather, it occurs in 

the regular development of the vertebrate and in the negative selection of B- and T-

Lymphocytes in their development. Cells with genetic lesions are eliminated through 

this process [66]. In short, apoptosis plays an integral part in a variety of biological 

events, including morphogenesis – the process of cell turnover and removal of 

harmful cells.  

The process of apoptosis can generally be divided into three phases: a pre-

mitochondrial (or induction) phase; a mitochondrial (or effector) phase; and the post-

mitochondrial (or degradation) phase [67]. The morphological changes are as 

follows.  

Morphological signs: According to Kerr’s description of the emission of 

pseudopodia by the cell undergoing apoptosis, the cells shrink and become denser, 

then the membrane starts to bud [64]. These buds should not be confused with blebs 

as these are blister-like and contain only fluids – while the buds in apoptosis can 

contain any type of organelle [68]. Subsequently, the chromatin condenses, the 

nucleus shrinks, loses its envelope and finally breaks up (karyorrhexis). Interestingly, 

there is little or no swelling of mitochondria or other organelles. 
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normal condensation  

(cell budding) 

fragmentation secondary 

necrosis 

 

The DNA is digested by endonucleases cutting the inter-nucleosomal regions 

into double-stranded DNA fragments that are multiples of 180 to 200 base pairs (bp) 

[69]. The digested DNA can be detected with a DNA-fragmentation assay [70]. 

Eventually, the cell dissolves into apoptotic bodies which are rapidly phagocytosed 

by phagocytes or neighboring tissue cells [66, 71]. Unlike in necrosis, the apoptotic 

cells do not induce an inflammatory  response [71].  

The role of mitochondria: In 1996, mitochondria were discovered to be 

important in apoptosis. Susin et al. showed that a pre-formed 50 kd protein from the 

mitochondria causes isolated nuclei to undergo apoptotic changes when added to 

the cell-free in vitro system. This protein was initially described as being released 

following the collapse of the mitochondrial inner membrane potential [72], the protein 

was later found to be cytochrome c [73]. Bossy-Wetzel et al. found that mitochondrial 

membrane potential collapses after cytochrome c is released [74]. Yet another year 

later, Heiskanen et al. found that the mitochondrial potential was lost before the 

release of cytochrome c confirming Susin’s results [75]. These differing findings 

seem primarily due to different designs of the experiments. Heiskanen et al. 

measured single mitochondria in cells with an indicator that had no effect on cells nor 

mitochondria, whereas Bossy-Wetzel et al. studied cell populations with an indicator 

that had a direct effect on mitochondria. In short, the importance of cytochrome c in 

the apoptosis pathway is established – its exact action or its timing, are not. 

Several other proteins that are normally confined to the inter-membrane space 

of mitochondria, such as apoptosis-inducing factors (AIF), are released during 

apoptosis. However, only cytochrome c seems to be pivotal to the process of 

apoptosis. Li et al. were able to show that a cell line established from ‘Cytochrome c 

Null Mouse’ embryos do not undergo stress-induced apoptosis [76]. Furthermore, 

   Source: Website of Roche Diagnostics 2001, accessed February 2001 

mitochondrial 
structure preserved

nuclear changes

intact membranes 

apoptotic bodies 
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Goldstein et al. demonstrated that all cytochrome c is released from all the 

intracellular mitochondria within 5 minutes following apoptotic stimulus [77]. The 

mechanism of this rapid release remains to be elucidated. Goldstein et al. were able 

to rule out an enzymatic release of cytochrome c. Nevertheless, several other 

explanations have been postulated, such as the formation of cytochrome c 

conducting channels or the rupture of the outer mitochondrial membrane – but none 

have been proven so far. 

Among a number of proteins, the bcl-2 family members are described to both 

inhibit and promote apoptosis [60]. 

bcl-2 

The proto-oncogene bcl-2 is a 26 kilo-Dalton (kDA) large protein, encoding 239 

amino-acid proteins located on the mitochondrial outer membrane [78] and the 

nuclear envelope associated with the nuclear pores [79, 80]. The protein has a half-

life of 10 hours in the cell and the mRNA has a half-life of 2.5 hours [81]. Since the 

discovery of bcl-2, a group of genes with sequence homology to bcl-2 has been 

described and was named the bcl-2 gene family. Within this family, currently 15 

members have been identified in mammals [82]. The most distinctive feature unifying 

the members of this gene family is the characteristic that their expression modulates 

cell death [83].  

Accordingly, genes grouped in this family are generally divided into two 

functionally antagonistic groups:  

(A)  cell death suppressors such as bcl-2, bcl-XL, and MCL-1, and  

(B)  cell death promoters such as bax - the first protein to be discovered as pro-

apoptotic member of this family - bak,  bcl-XS, and bad.  

The overall amino-acid sequence homology in this family is low, except for four 

regions. These four highly conserved domains shared by the protein products of this 

gene family are Bcl-2 homology (BH) domains: BH1, BH2 BH3 and BH4.  

-  The BH1 and BH2 domains are necessary for heterodimerization of bcl-2 and bcl-XL to 

interact with bax and to suppress apoptosis [84].  

-  The BH3 domain of pro-apoptotic proteins such as bax, bak or bad is sufficient but not 

required for their binding to bcl-2 of bcl-XL and to promote apoptosis. Inserted into bcl-2, 
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BH3 will turn bcl-2 into a pro-apoptotic protein [85].  

-  BH4 is a 30 amino-acids stretch [86], found almost exclusively in the N-terminal region of 

anti-apoptotic proteins. The only known exception so far is the pro-apoptotic protein bcl-

XS. If BH4 is lacking in an anti-apoptotic protein, it has been shown to be pro-apoptotic 

[87]. In 1998, Grandgirard et al. demonstrated, that during apoptosis, bcl-2 proteins 

lacking BH4 can be produced through virus-activated caspase, the thereby formed 23kd 

large bcl-2 is not able to prevent apoptosis any longer [88].  

Regulation of cell death by members of the bcl-2 gene family may be achieved 

through competing dimerization as this inhibits the biological activity of their partners 

[89-91].  

In the development of B-cells, bcl-2 is regulated in a biphasic way. It is highly 

expressed in large Cd34
+ 

pro-B-cells and in mature IgM
+

IgD
+

 B-cells, whereas it is 

low or undetectable in pre-B-cells and immature IgM
+

 IgD
-
 B-cells. Furthermore, in 

the development of B-cells, bcl-2 is regulated on a transcriptional level [81]. Bcl-2 is 

an integral membrane protein [92] and the intracellular membranes into which the 

bcl-2 protein post-translationally inserts include predominantly the outer 

mitochondrial membrane [93], nuclear envelope, and parts of the endoplasmic 

reticulum [80]. This intracellular membrane targeting of the protein is felt to be due to 

its c-terminal with an approximately 20-residue hydrophobic domain [94].  

Hsu et al. have found that bax as well as bcl-XL are redistributed during 

apoptosis to the mitochondria [93]. bcl-2 displays channel-forming activity in synthetic 

lipid membranes. In order to form this channel bcl-2 requires a low pH, it has a poor 

ion-selectivity but is slightly more cation-selective [95]. 

Effects of over-expression: Despite broad insights into the primary structure of 

bcl-2 family members, little is known about their mechanism of action. Cells over-

expressing bcl-2 have been shown to survive twice as long after apoptotic stimuli 

[96]. In addition, it was discovered that IL-3-dependent short-term cell cultures 

survived significantly longer when deprived of IL-3 and transfected with bcl-2 – 

compared to the controls which were only deprived of IL-3 [83, 97, 98]. Another 

group found a 2-fold increase in viability in an IL-3 cell-line treated with camptothecin 

and nitrogen mustard after having been transfected to over-express bcl-2 [96]. bcl-2 

has been shown to inhibit progression of the cell division cycle [99] and slows entry 

from G0 into S [100]. It also prolongs G0/G1 phase and thereby protects cells from 



 9

apoptosis [101]. When growth factors are added after the apoptotic stimuli, the cells 

will re-proliferate indicating this effect to be reversible [97, 98]. Anti-apoptotic proteins 

such as bcl-2 have been found to block the release of cytochrome c, which plays a 

pivotal role in apoptosis, from the mitochondria [102]. 

Expression and changes in malignancies: bcl-2 has been described to be 

evenly expressed throughout the cell-cycle and over time in cell cultures [103, 104]. 

Its expression can escape normal control mechanisms by a translocation occurring 

very often in human lymphomas, the t(14;18) (q32;q21) translocation moving the bcl-

2 gene from its normal location on chromosome 18 into juxtaposition with the 

immunoglobin-determining-gene site on chromosome 14 [105]. This translocation 

seems to occur very early in the B-cell development when the cells attempt their first 

immunoglobin re-arrangement [106]. Through this, a bcl-2-immunoglobin RNA is 

generated which has the same half-life of 2.5h as regular bcl-2-RNA. The reason for 

these elevated levels is due to the DNA, encoding the bcl-2-immunoglobin RNA, 

showing a very high rate of transcription. The increased transcription of the DNA is 

regulated by the immunoglobulin-heavy-chain-intron-enhancer that is re-arranged 

along with the immunoglobin genes [105, 107]. Recently, a bcl-2 inhibitor has been 

shown to be effective in vitro in inducing apoptosis in refractory multiple myeloma 

cells [108, 109]. 

But not only members of the bcl-2 family are reported to influence apoptosis. 

Another protein interesting in this context is a growth factor called basic Fibroblast 

Growth Factor (bFGF). 

Family of Fibroblast Growth Factors 

The family of Fibroblast Growth Factors includes numerous proteins, nine of 

them have been further analyzed to date. bFGF or FGF2 was first discovered by 

Gospodarowicz et al. in 1974, then still called FGF. It was observed for its ability to 

cause proliferation without contact-inhibition and phenotypic transformation of 3T3 

fibroblasts [110]. Isolated from bovine brain and pituitary glands [111], it proved to be 

multifunctional: It can initiate proliferation, prompt or delay differentiation [112], and is 

also a potent angiogenic agent [113]. Angiogenesis plays an important factor in 

prognosis of multiple myeloma [114]. Today, there exist several names for bFGF, 

such as prostatic growth factor, tumor angiogenesis factor, macrophage growth 

factor – to name just a few [115].  
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bFGF consists of 155 amino-acids with its gene being located on chromosome 

4, the first nine amino-acids being cleaved with a molecular weight of 17,500 kilo-

Dalton [116] and a pI of 9.6 [117]. There are two introns that interrupt its sequence 

between codon 60 and 62, as well as between codon 95 and 96 [115]. Four 

Fibroblast Growth Factor receptors are known to date [118] that seem to cross-react 

with different members of the FGF-family [119]. These receptors are tyrosine kinases 

related to the CSF-1/PDGF receptor-family [120, 121]. 

The location of bFGF within its synthesizing cells is thought to be in the nuclei 

and in the cytoplasm – but not in any secretory vesicles [122, 123]. Cells whose 

growth depends on exogenous bFGF accumulate bFGF in the nucleoli, bFGF 

induces the transition from G0 to G1 within these cells [124]. Furthermore, bFGF was 

found to bind to heparan sulfate molecules which protect it from proteolytic 

degradation but has no effect on its binding affinity [125].  

In general, bFGF has been described to have a stimulatory effect on human 

bone marrow stromal cells and a delaying effect on their senescence [126]. bFGF is 

a strong inducer of neo-vascularization which plays an important role especially for 

solid tumors [115]. Also in 1987, Schweigerer et al. found that bFGF can act as a 

growth inhibitor of cultured Ewing sarkoma cells and human osteosarkoma cells 

[127]. bFGF has also been found to protect endothelial cells against radiation-

induced apoptosis [128] and has been described to delay apoptosis through an up-

regulation of bcl-2 in chronic lymphocytic leukemia cells in vitro [129]. Wang et al. on 

the other hand, found bFGF to down-regulate bcl-2, increase bax levels, and to 

promote apoptosis in the human breast cancer cell-line MCF-7 [130].  

In this thesis the interplay of bFGF and bcl-2 in MM cells will be assessed 

under apoptosis induction through melphalan.  
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SPECIFIC AIMS – RESEARCH FOCUS  

Aim and research focus of this medical thesis was to analyze specific aspects of 

Multiple Myeloma. For this purpose the two well-established and described cell lines 

U266 (IgE-λ) and NCI H929 (IgA-κ) that are characteristic for this disease were used 

as in vitro targets [140, 141]. 

 

 

 

1. To investigate the in vitro activity of the cytokine bFGF in inhibiting 

programmed cell death in Multiple Myeloma, specifically,  

a. to evaluate the effect of intracellular bFGF on apoptosis 

induction by melphalan; 

b. to evaluate whether exogenous bFGF protects MM cells from 

apoptosis; 

c. to evaluate the effect of increasing the affinity of bFGF to its 

receptor by adding heparin; 

 

2. To determine whether the effect of bFGF on apoptosis is related to bcl-2 

expression in MM cells; 

 

3. To examine the expression of bcl-2 in MM cells over time.   

 

 

 

Specific Aim 1a. To evaluate the effect of intracellular bFGF on apoptosis 

induction by melphalan. 

Several studies have shown that bFGF has an effect on the outcome and reaction of 

cells to anti-cancer treatment. In Chronic Lymphocytic Leukemia (CLL) bFGF content 

of lymphocytes increases with stage of disease. A significant difference was shown 

in viability in relation to intracellular bFGF content when cells from CLL-patients are 

treated with an apoptosis inducing agents – between cells of high (‘better survival’) 

and of low (‘worse survival’) bFGF content. Furthermore, the survival of the low-level 

bFGF cells can be increased through addition of exogenous bFGF [131]. The 

intracellular bFGF content of the cell lines NCI H929 and U266 is determined by 

ELISA and the cells are examined for the presence of bFGF receptors via Northern 

Blot. 
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Specific Aim 1b. To evaluate whether exogenous bFGF protects MM cells 

from apoptosis. 

The two MM cell lines U266 and NCI H929 are examined for their survival rates upon 

apoptotic stimuli with melphalan or dexamethasone by viability assays. This is 

correlated to the different bFGF content of the cell lines. Apoptosis rates are 

compared after adding exogenous bFGF in combination with an apoptosis inducing 

agent. Viability assays are performed and cell numbers assessed by Trypan Blue dye 

exclusion using a Hemocytometer. It is expected that the cell line with lower 

intracellular bFGF content has a higher susceptibility to melphalan and that this will 

be at least partially reversible by exogeneous bFGF.  

 

Specific Aim 1c. To evaluate the effect of increasing the affinity of bFGF 

to its receptor by adding heparin. 

Heparin is a potent binder of bFGF and it increases the affinity to  bFGF cell 

receptors in low concentrations of bFGF [132]. Heparin has also been shown to 

protect bFGF from proteolytic degradation by binding bFGF [133]. Therefore, MM 

cells exposed to both bFGF and heparin should therefore show an increase in effect 

of bFGF. This effect is examined by viability assays. 

 

Specific Aim 2. To determine if the effect of bFGF on apoptosis is 

related to bcl-2 expression in MM cells. 

There have been varying reports on the effects of bFGF on bcl-2: In CLL cells, it has 

been described by König et al. that bFGF has an up-regulating effect on the 

expression of bcl-2 and thereby delaying apoptosis [129]. bFGF has also been 

described to have an apoptosis-promoting effect in breast cancer cells by down-

regulation of bcl-2 [130]. For MM, the effects of bFGF on apoptosis or bcl-2 have not 

been elicited. The two MM cell lines U266 and NCI H929 are analyzed with and 

without exogenous bFGF after treatment with melphalan for their bcl-2 RNA and 

protein expression. The analysis is done by Western and Northern Blot. Expected 

would be for the cells to react in a similar fashion as the CLL cells. Not only as they 

are both hematological cancers but also because angiogenesis, in which bFGF plays 

an important role,  is crucial in the pathogenesis of MM. 
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Specific Aim 3. To examine the expression of bcl-2 in MM cells over 

time.   

The expression of bcl-2 has primarily been investigated in other hematologic 

malignancies than MM. bcl-2 is described to be evenly expressed in lymphoid cell 

lines [103, 104]. In this study, the hypothesis is that the two MM cell lines under 

investigation will express bcl-2 evenly over time and during the entire cell cycle just 

as previously described. This question is thoroughly examined by applying Western 

Blot analysis and cell cycle studies of cell culture MM cells growing in log phase. 
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I I .   MATERIALS USED 

1.  Cell Culture 

CELL CULTURE ACCESSORIES  

Pipettes Falcon, Fisher Scientific (Pittsburgh, PA)  

Flasks Corning (Wexford, PA)  

 

MEDIA 

RPMI 1640 Media Laboratory of Memorial Sloan-Kettering Cancer 
Center (MSKCC, New York, NY) 

 

FBS Heat inactivated at 65°C for 40 min 
(Sigma, St Louis, MO; and Gibco BRL, Grand Island, NY) 

Culture medium Heat inactivated Fetal Bovine Serum (Gibco BRL) 

L-Glutamine (Gibco BRL) 

Penicillin/Streptomycin  
(Gibco BRL; and Sigma) 

Diluted in RPMI 1640 

10% (v/v) 

1% (v/v) 

1% (v/v) 

Freeze-back media 

 

Penicillin/Streptomycin 

FBS 

DMSO (Sigma) 

Diluted in RPMI 1640 

1% (v/v) 

10% (v/v) 

10% (v/v) 

PBS-Buffer NaCl 

KCl 

Na2HPO4 

KH2PO4 

Diluted in H2O pH 7.4 (Media Laboratory of MSKCC) 

147mM 

2.68mM 

12mM 

1.76mM 

 
CELL -L INES  

U-266BI Human multiple myeloma cell line, secreting IgE λ,  
established by Nilsson [141] 

Cells obtained from ATCC (Rockville, Maryland) 

NCI H929 Human IgA κ-producing multiple myeloma cell line,  
established by the National Institute of Cancer, National Institute of 
Health, Bethesda, MD in 1988 [146] 

Cells obtained from ATCC 

 
DRUGS  

Melphalan 

 

(Sigma), diluted in 92% Ethanol, 2% HCl  

Stored at -20°C, made fresh every time before use 

10mg/ml 

Heparin 

 

(Sigma), diluted in PBS 

Stored for not longer than two weeks at 4°C, dilutions 
were made fresh every time  

10mg/ml 

 

Dexamethasone (Sigma), diluted in 100% Ethanol 

Dilutions were made up fresh every time before use  

1 M 
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Quercetin 

 

(Sigma) diluted in DMSO 

Further dilutions made with Cell Medium.  
Stored at –20°C 

70mM 

Aphidicolin 

 

(Sigma) diluted in DMSO 

Further dilutions made in Cell Medium.  
Stored at  -20°C 

1mg/ml 

 

FACTORS AND CYTOKINES  

bFGF (R&D Systems,  
kindly provided by Amgen, Thousand Oaks, CA) 

diluted in culture medium 

Stored at -80°C 

10mg/ml 

2. Viability Assays 

Trypan blue (Gibco BRL)  

Hemocytometer Improved Neubauer  

Hematoxylin Eosin Dye (Baxter, McGaw, IL)  

3. Preparation of Cytospin  

FBS (Sigma)  

4. Western Blot Analysis 

CELL LYSATES  

Lysis Buffer 

(working stock) 

 

Tris HCL (Sigma) pH 7.4 

EGTA (Sigma) 

NaVO4 (Sigma) 

NaF (Sigma) 

pH adjusted to 7.4 and solution stored at 4°C 

20mM 

1mM 

50mM 

50mM 

 

Lysis Buffer  
(fresh) 

 

Apoprotein (Sigma) 

Leupeptin (Sigma) 

PMSF (Sigma), suspended in ethanol absolute 
(AaperAlcohol and Chemical Co., Shelbyville, KY) 

Elastinal (Sigma) 

Pepstatin (Sigma),  
suspended in 75% methanol (Fisher Scientific) 

Above reagents added to Lysis Buffer working stock, 
buffer made fresh every two weeks 

2.5mg/ml 

10mg/ml 

1mM 
 

1mM 

10mg/ml 

 

Acetone (Fisher Scientific) 
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SDS Sample Buffer 

 

 

 

 

 

Stacking Buffer 4x 

100% Glycerol (Fisher Scientific)  

SDS (Sigma) 

Bromphenol Blue (Fisher Scientific) 

Pyronin Y (Sigma) 

In de-mineralized and filtered H2O, filtered through a 
0.45 μm filter, stored at room temperature 

33.33% (v/v) 

13.3% (v/v) 

100mg/ml 

75mg/ml 

500mg/ml 

 

Mercaptoethanol  (Kodak, New York, NY)  

Added each time before use 

1:4 

 

SDS GELELECTROPHORESIS  

Running Buffer 4x 

 

Trisbase (Sigma) 

SDS in H2O 

Filtered and demineralized H2O 

pH adjusted to 8.8 by 35% (v/v) HCL (Sigma)  

Buffer filtered through a 0.2 mm filter,  
stored at room temperature 

1.5 M 

0.8% (v/v) 

Running Gel 10% 

 

Acrylamide 30% (v/v)  
(Boehringer Mannheim, Indianapolis, IN),  

Running Buffer 4x 

APS (Sigma), stock 100mg/ml 

TEMED (BioRad, Melville, NY) 

10% (v/v) 
 

1x 

375mg/ml 

0.38% (v/v) 

Running Gel 12.5% Acrylamide (Boehringer Mannheim) 

Other substances added as above 

12.5% (v/v) 

Running Gel 15% Acrylamide (Boehringer Mannheim) 

Other substances added as above 

15% (v/v) 

Running Gel 7.5 Acrylamide (Boehringer Mannheim) 

Other substances added as above 

7.5% (v/v) 

Saturated n-Butanol n-Butanol (Sigma) layered with H2O  

Stacking Gel Acrylamide (Boehringer Mannheim) 

100mg/ml APS (Sigma) in H2O 

Stacking Buffer 4 x 

TEMED (BioRad) 

5% (v/v) 

50mg/ml 

1x 

0.5% (v/v) 

Agarose Agarose (Sigma)  

diluted in H2O 

1.5% (v/v) 

Protein marker 

 

SDS Low Range Marker (BioRad) 

Rainbow Marker (Amersham, Arlington Heights, IL) 

 

 

 

BLOTTING OF THE GEL ONTO MEMBRANE  

Reservoir Buffer 10x (Amresco, Solon, OH)  

Transfer Buffer 10x 

 

(Amresco)  

Tris (Sigma)  

Glycine (Sigma) 

Methanol (Fisher Scientific) 

 

0.25 M 

1.92 M 

20% (v/v) 

Membrane PVMD Blotting Membrane  (Millipore, Bedford, MA) 
 

 

Gel Blot Paper (Schleicher & Schuell, Keene, NH)  
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BLOCKING MEMBRANE  

Dry-Milk Blocking Buffer Dry Skim Milk (Carnation, Glendale, CA) 

Stored at 4°C 

5% (v/v) 

 

 
STAINING MEMBRANE  

BSA-Blocking Buffer BSA (Boehringer Mannheim) 

Tris (Sigma) 1x 

Na-Azide (Sigma) 

Filtered with 0.45 mm 

6% (w/v) 

25mM 

0.1% (v/v) 

Washing Buffer Tween 20 (Sigma) 

TBS (5’Prime 3’Prime, Boulder, CO) 

0.1% (v/v) 

25mM 

Primary Antibody  

 

bcl-2 (Dako, Carpinteria, CA) 

ß-actin (Sigma) 

TBS (5’Prime 3’Prime) 

Tween 20 (Sigma) 

1:100 

1:1,000 

25mM 

0.1% (v/v) 

Secondary Antibody (Amersham) 

in BSA Blocking Buffer 

Stored at 4°C 

Diluted in TBS (5’Prime 3’Prime) 

Rabbit anti-mouse antibody for bcl-2 anti-peroxidase- 
linked 

1:5,000 

 

 

25mM 

Detection Solutions ECL (Amersham)  

X-ray Film (Dupont NEN, Wilmington, DE) 
 

 

Coomassie Blue Staining 
(stock) 

 

Coomassie Blue (Bio Rad) 

Mercaptoethanol (Bio Rad) 

Acetic Acid 

in H2O, stored at 4°C 

0.2 (w/v) 

30% (v/v) 

10 % (v/v) 

Coomassie Blue Dye Diluted in H2O, stored at 4°C 1:10 

5. DNA-Fragmentation Assay 

Lysis Buffer NaCl (Sigma) 

Tris HCl (pH 8.0) 

EDTA (pH 8.0) 

SDS 

200mM 

10mM 

40mM 

0.5% 

RNAse A (Sigma) in H2O 10mg/ml 

Digestion Buffer NaCl (Sigma) 

Tris-HCl (pH 8.0) 

SDS 

200mM 

10mM 

0.5% 

Proteinase K (Sigma) in H2O 20mg/ml 

Phenol (saturated) (Gibco BRL)  

Chloroform (Sigma)  

Isoamylalcohol (Sigma)  

Chloroformisoamyl-
alcohol 

(Sigma) 49:1 

MgCl2 (Sigma) in H2O 1 M 
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TE 1x Tris-HCl (pH 8.0) 

EDTA (pH 8.0) 

10mM 

1mM 

Loading Buffer 6x 

 

Glycerol 

EDTA (pH 6.5) 

Bromphenol Blue (Fisher Scientific) 

50%  (v/v) 

1mM 

0.4% (w/v) 

TAE-Buffer 10x 

 

Tris-HCl 

Sodium Acetate 

EDTA 

Adjusted to pH 7.2 

400mM 

400mM 

10mM 

Agarose  

 

Agarose (Gibco BRL) 

TAE 

Ethidium Bromide (Sigma) 

1.8% (w/v) 

1x 

0.01mg/ml 

6. Northern Blot Analysis 

PREPARATION OF SAMPLES  

RNAzol (Tel-Test, Friendswood, TX)  

Chloroform (Fisher Scientific)  

Stored at 4°C 

 

Isopropanol (Sigma)  

Ethanol (Aaper Alcohol and Chemical Co.)  

Stored at -20°C  

70% (v/v) 

H2O DEPC DEPC (Sigma) 

24h after adding DEPC, water is autoclaved 
subsequently 

0.1% (v/v) 

 

Running Buffer 10x 

 

MOPS (Boehringer Mannheim) 

NaAcanhydrat (Sigma) 

EDTA (Sigma) 

diluted in H2O DEPC 

Adjusted to pH of 7.0 with 5.0 M NaOH 

200mM 

50mM 

10mM 

Gel 

 

Agarose (Sigma) 

Running Buffer 10x 

Formaldehyde (33%) (Sigma) 

Diluted in 100ml H2O DEPC 

1.2% (w/v) 

12.5% (v/v) 

22.5% (v/v) 

Loading Buffer 6x Glycerol 

EDTA pH 6.5 

Bromphenolblue (Fisher Scientific) 

Xylene Cyanole (Sigma) 

Diluted in 100ml H2O DEPC 

50% (v/v) 

1mM 

0.4% (w/v) 

0.4% (w/v) 

 

Formamide de-ionized (Sigma), treated with  

Analytical Grade Mixed Bed Resin AG‚ 501- X8 20-50 
Mesh (Bio Rad), filtered through a Whatman Filter 1 

100 g/l 

 

Incubation Buffer 

 

Running Buffer 10x 

Formaldehyde 33% (Sigma) 

Formamide de-ionized (Sigma) 

Loading Buffer 6x 

Ethidium bromide (10mg/ml) (Sigma) 

1x 

17.5% (v/v) 

50% (v/v) 

20% (v/v) 

2.5% (v/v) 
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SSC 20x NaCl (Sigma) 

Sodium Citrate (Sigma) 

Adjusted to pH of 7.0 with 10N NaOH 

Add DEPC (Sigma) autoclave 

3 M 

0.3 M 

 

0.1% (v/v) 

10% SDS Electrophoresis grade SDS (Sigma) 

In H2O DEPC, heat the solution to dissolve,  
adjust pH to 7.2 with concentrated HCl 

367mM 

 

 

CDNA PROBE  

bcl-2 TA Cloning™ vector  (Invitrogen, San Diego, CA)  

FGFR-1 Bluescript SKT (Stratagene)  

FGFR-4 (American Type Culture Collection, ATCC)  

Labeling reagents Digoxigenin UTP, Genius System  
(Boehringer Mannheim) 

 

 

HYBRIDIZATION OF F ILTER  

High SDS Hybridization 
Buffer 

SDS 

Formamide, de-ionized 

20x SSC 

Blocking Reagent (Boehringer Mannheim) 

Sodium-Phosphate, pH 7.0 (Sigma) 

N-lauroylsarcosine 

Stored at –20°C, mixed under stirring and heating 

7% (w/v) 

50% (v/v) 

5x 

2% (v/v) 

50mM 

0.1% (v/v) 

 

Nylon Membrane positively charged (Boehringer Mannheim)  

Maleic Acid 

 

Maleic Acid (Sigma) 

NaCl (Sigma) 

dissolved in H2O DEPC autoclaved 

100mM 

150mM 

Blocking Reagent (Boehringer Mannheim)  

dissolved in Maleic Acid 

Mixture heated and stirred until dissolved 

10% (w/v) 

Blocking Reagent 
Solution  

Blocking Reagent diluted in Maleic Acid 1:10 

Anti-digoxigenin Fab 
Fragment 

(Boehringer Mannheim),  

Diluted in Blocking Reagent solution 

1:10,000 

CSPD Diluted in 100mM Tris HCl (pH 9.5)  
and 100mM NaCl 

1: 1,000 

 

PREPARATION OF CDNA PROBE  

Digoxygenin-UTP (Boehringer Mannheim)  

pCRTM II vector TA Cloning™ vector   
(Invitrogen) 

 

FGF receptor type 4 
clone HE6 #65791 

(ATCC)  
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7. Proliferation Assay 

PULSING AGENT  

3H-Thymidine (Dupont NEN) 20 Ci/mM 

 
HARVESTING OF CELLS AND ANALYSIS  

Scintillation Cocktail Biosafe Counting Cocktail 

(Research Products International, Mount Prospect, IL) 

 

 

 

8. Cell-Cycle Analysis 

F IXATION OF CELLS  

Formaldehyde (Sigma) 0.3% (v/v) 

Ethanol (Sigma) 70% (v/v) 

 
DYEING OF CELLS  

Propidium Iodide (Sigma)  
Diluted in sterile, filtered H2O 

1mg/ml 

Propidium Iodide Stain 

 

PBS 

Propidium iodide (Sigma) 

RNAase A (Sigma), re-suspended in H2O  

10mg/ml stock 

Triton X-100 (Sigma) 

85% (v/v) 

50mg/ml 

1mg/ml 

 

0.1% (v/v) 

9. TdT-Assay 

Saline Saturated  
Citrate 4x 

 

NaCl (Sigma) 

Sodium Citrate (Sigma) 

Adjusted to pH of 7.0 with 10 N NaOH (Fisher) 

600mM 

600mM 

Cacodylate Buffer 5x (Boehringer Mannheim) 

Potassium Cacodylate 

Tris-HCl (pH 6.6) 

BSA 

 

0.2 M 

2.5 M 

0.25mg/ml 

TdT-Reaction Buffer Cacodylate Buffer (Boehringer Mannheim) 

CoCl2 (Boehringer Mannheim) 

TdT Enzyme (Boehringer Mannheim) 

Biotin dUTP (Boehringer Mannheim) 

Diluted in H2O 

1x 

2.5mM 

7.5 U 

0.5 nM 

Staining Buffer 

 

Saline Saturated Citrate 4x 

Triton X-100 

Dry Skim Milk (Carnation) 

Filtered through 0.45 μm, stored at 40 C 

Fluorescinated avidin (Boehringer Mannheim) 
added immediately prior to use  

100ml 

0.1% (v/v) 

5% (w/v) 

 

25mg/ml 
 

Formaldehyde (Sigma) 0.3% (v/v) 
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Ethanol (Aaper Alcohol and Chemical Co.) 70% (v/v) 

Propidium Iodide-Stain 

 

 

PBS 

Propidium iodide (Sigma) 

RNAase A (Sigma), re-suspended in H2O  

10mg/ml stock 

Triton X-100 (Sigma) 

85% (v/v) 

50mg/ml 

1mg/ml 

 

0.1% (v/v) 

 

10. ELISA 
All reagents utilized in the ELISA assay are obtained with the ELISA kit from R&D Systems. 

 
 

 

I I I .  METHODS APPLIED 

1. Cell Culture 

MM cell lines U-266 and NCI H929 are grown in cell medium in an incubator (IR 

AutoFlow Nuaire, Plymouth, MN) with 5% CO2. Every four days, the medium is 

changed by replacing 9mL of old with 9mL of new medium. Once a month, the cells 

are transferred into a new 25cm2 vent flask (model 430639, Falcon).  

- Set up of cells for Western Blot and Northern Blot Analysis 

 Cells are grown in 25cm2 vent flasks at a concentration of 1 x 10
6
/mL in cell 

medium. The medium is changed and cells put into flasks 16 hours prior to the 

initiation of the experiment. 

- Set up of cells for DNA-Fragmentation Assay 

 Cells are grown in 25cm2 vent flasks at a concentration of 5 x 106/mL in cell 

medium. The medium is changed and cells put into flasks 16 hours prior to the 

initiation of the experiment. 

- Set up of cells for Cell-Cycle Analysis 

 In order to compare the cell-cycle results with those from the Western Blot 

Analysis, 1 x 106/mL cells are extracted for Western Blot Analysis. The remainder 

is prepared for Cell-Cycle Analysis as described below. 

- Preparation of samples for DNA-Fragmentation and Western Blot Analysis 

 Cells were collected and centrifuged at 4°C (Sorvall‚ RT 6000B, Dupont NEN) in 

15mL conical tubes (model 2099, Falcon) at 1500rpm for 7 minutes. The 
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supernatant is discarded, cells are washed once with PBS and centrifuged again. 

Subsequently, the supernatant is discarded again and cells taken up in 1.5mL 

PBS into siliconized microtubes (model 05-541-13, Fisher Scientific). The 

transferred samples are centrifuged once again, decanted and dried by pipette. 

They are stored at -80°C until further use. 

 

2. Viability Assay 

Cells are centrifuged and diluted to 2 x 10
5
/mL and grown in 24 well plates (model 

3524, Costar). They are left overnight in the incubator to enter log phase. After 16 

hours, the experiment is initiated by the addition of the different reagents. The time 

points for assessment are 0, 24, 48, and 72 hours. The viability is assessed by 

Trypan Blue Exclusion Assays. The samples are re-suspended and added to Trypan 

Blue at a dilution of 1:2. An Improved Neubauer Hemocytometer is used for counting 

after five minutes after incubation. Cell count is assessed through the following 

equation: 

Counted cells / 4 x dilution x 104= amount of cells per mL 

The experiment is done in triplets in parallel and for each time-point different wells 

are taken.  

 

3.  Preparation of Cytospin  

1-1.5 x 105/mL of cells are added to FBS to a total volume of 150µl, the sample is 

pipetted into the sample chamber which is on top of the blotter (Filter Cards, 

Shandon, Pittsburgh, PA) and the slides (Gold Seal
TM

 Rite-on
TM

 Microslide, Gold 

Seal Products, Highland Park, IL), inside the assembler, and then centrifuged at 

500rpm for 7 minutes with Cytospin2 (Shandon). Afterwards, the slides are dried and 

dyed with a Hematoxylin-Eosin dye (DiffQuik Stain Set, Baxter, Miami FL). 

 

4. Western Blot Analysis 

- Preparation of Cell Lysates 

 To each sample, 200µl Lysis Buffer (for composition see chapter II. ) is added and 

the sample is mixed and vortexed thoroughly. Afterwards, the sample is sonicated 

with an Ultrasonic Homogenizer (4710 series, Cole-Parmer instrument Company, 

Chicago, IL) for 5-10s and centrifuged at 7500rpm with a Microspin 24 S (Sorvall, 

DuPont). The supernatant is transferred into new siliconized microtubes. During 

the whole process, the samples are kept at 4°C. The protein content is measured 
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in BioRad assay dye diluted 1:4 diluted with H2O. A 0.5% (v/v) sample is added to 

the assay dye and the concentration is assessed through absorption at 595nm by 

a spectrometer (Du 7500, Beckmann, Fullerton, CA). Finally, the samples are 

equalized at a concentration between 1-2mg/mL of protein. 

- SDS gelelectrophoresis 

 Glass plates are washed in the following order:  

(1) filtered de-mineralized water; (2) Acetone; (3) Ethanol 75% 

 After assembly, the glass plates are leveled and sealed with 1.5% agarose. 32mL 

of Running Gel (see chapter II. for composition) are poured between the glass 

plates; in order to extract trapped air, the top of the gel is layered with saturated n-

Butanol which is discarded after the gel has solidified. 12mL of Stacking Gel (see 

chapter II. for composition) which is already mixed with mercaptoethanol in a 

relation of 4:1 is added on top of the Running Gel and a gel comb is placed into 

the gel. The samples are denatured at 95°C for five minutes and shock-frosted on 

ice for another ten minutes.  

 The probes are loaded with specific markers on each side: The Rainbow Marker 

and the SDS low range marker. The gel is run in a Vertical Gel Electrophoresis 

System (BRL, Bethesda Research Products Laboratories, Gathersburg, MD) on 

50-60 volts with a BioRad Power PAC 300 overnight. 

- Blotting of Gel onto Membrane 

 Following the electrophoresis, the gel is unloaded and washed in Transfer Buffer 

(see chapter II. for composition) for 15-20 minutes. The Membrane is washed in 

methanol for 10s and rinsed thoroughly in de-mineralized H2O. The membrane is 

transferred into the transferring unit (TE Series Transphor Electrophoresis Unit, 

Hoefer Scientific Instruments, San Francisco, CA) which is filled with Transfer 

Buffer and constantly kept at 4°C during the transfer. The membrane is placed on 

top of the gel. In the beginning, the voltage is set at 300 mV for 30-45 minutes, 

later it is increased to 500 mV for at least 6 hours. 

- Blocking the Membrane 

 The membrane is transferred into Dry-Milk Blocking Buffer (see chapter II. for 

composition) and blocked overnight at 4°C under constant movement. 

- Staining the Membrane 

 The membrane is washed several times with Washing Buffer (see chapter II. for 

composition) after the blocking and the primary antibody administered for two 

hours. Afterwards, the membrane is washed several times and blocked with Dry-

Milk Blocking Buffer for 30 minutes. The membrane is washed again and the 
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secondary antibody is administered for 1 hour. Finally, the antibody is washed off 

and the membrane is submerged for 1 minute in the ECL Detection System, which 

is mixed immediately before. The membrane is immediately exposed to an x-ray 

film. 

 

5. DNA-Fragmentation Analysis 

Pellets of 5 x 10
6 

cells are thawed on ice and 50mL of the Lysis Buffer (see chapter 

II. for composition) and 1.0mg/mL RNAse is added. The samples are incubated at 

37°C for 1 hour. 200μl of the Digestion Buffer is added with 625ng/mL proteinase K 

and the samples are incubated at 50°C overnight after having mixed them gently. 

After adding an equal volume of the phenol and chloroform mixture, the contents are 

gently mixed for ten minutes, left to stand for two minutes and then centrifuged at 

7,000rpm with a Microspin 24 S centrifuge (Sorvall, DuPont) for another ten minutes. 

The aqueous phase is then transferred into new microtubes and the extraction 

repeated once with phenol/chloroform and once with chloroform-isoamylalcohol; 

10mM Mg2Cl is added in order to enhance the precipitation of the fragmented DNA. 2 

volumes of ethanol absolute are added to precipitate the DNA and the samples are 

left overnight at -20°C. The precipitated DNA is pelleted by centrifugation with a 

Microspin 24 S Centrifuge (Sorvall, DuPont) for 15 minutes at 12,000rpm. The pellets 

are washed twice with ethanol 70% (v/v) and air-dried. After having totally dried, the 

pellets are dissolved in 1 x TE and stored at 4°C. 

The DNA concentration is assessed by measuring the absorbance at 260nm (dilution 

1:500) with a spectrophotometer (Spectronic 1201, Milton Roy, Fisher Scientific) in 

quartz cuvettes (Fisher Scientific). The exact concentration of DNA is determined by 

the following formula: 

absorption x 50 x dilution-factor x 0.001mL = DNA content per mL 

The samples are diluted at a concentration of 2-10mg/mL with 1x Loading Buffer (see 

chapter II. for composition) and heated to 60°C for three minutes and then shock-

frosted for five minutes. After this, they are loaded on a 1.8% agarose gel in a 

horizontal electrophoresis unit (Wide Mini Sub
TM 

Cell, Bio Rad), run at 4°C in 1x TAE-

Buffer (see chapter II. for composition) at 50 mV for 2-3 hours with the Bio Rad 

Power Pac 300. 

 

6. Northern Blot Analysis 

- Preparation of Samples 

 The samples contain 10 x 10
6
/mL cells and are prepared as follows: The cells are 

centrifuged at 1,000rpm for 5 minutes and washed with ice-cold PBS. The pellets 



 25

are then dissolved in cold RNAzol and transferred into autoclaved microtubes 

(National Scientific Supply Co. Inc., Clairemont, CA). The samples are stored until 

further use at -20°C. 

- Isolation of RNA 

The samples are defrosted on ice and 10% (v/v) chloroform is added. The 

samples are well vortexed, left for 5 minutes on ice and afterwards centrifuged for 

15 minutes at 12,000rpm at 4°C with a Microspin 24 S Centrifuge (Sorvall, 

DuPont). The aqueous phase is transferred into new autoclaved microtubes. The 

equivalent volume of isopropanol is added and the samples are incubated for an 

hour at 4°C after which they are centrifuged for 15 minutes at 12,000rpm with a 

Microspin 24 S Centrifuge (Sorvall, DuPont). The supernatant is discarded and the 

pellets are washed with in ethanol 70% (v/v) -20°C, vortexed and centrifuged. The 

pellets are decanted, air-dried and re-suspended in H2O DEPC. The RNA content 

is measured at 260nm wavelength using a spectrophotometer (Spectronic 1201, 

Milton Roy, Fisher Scientific) in quartz cuvettes (Fisher Scientific). The RNA 

content is calculated through the following equations: 

 

absorption x 40 x dilution factor x volume of the probe = total RNA content 

[RNA]tot : volume of probe = [RNA]/mL 

[RNA]/mL : 2.2 x volume of probe - volume of probe = H
2
O to be added 

 

 10µg RNA of the samples is added to 20µl Incubation Buffer (see chapter II. for 

composition) and heated to 56°C for 15 minutes. Subsequently, the probes are 

loaded on a 1.2% (w/v) Agarose Gel in a Horizontal Electrophoresis System (USA 

Scientific Plastics, Acale , FL) which is covered with 1x Running Buffer (see 

chapter II. for composition) and run at 20 V with an Electrophoresis Constant 

Power Supply ECDS 3000/150 (Pharmacia Fine Chemicals, Pwascataway, NJ) for 

18 hours. The gel is washed for ten minutes in 6x SSC (see chapter II. for 

composition) and transferred overnight to a nylon membrane (positively charged, 

Boehringer Mannheim) by capillary suction with 20 x SSC (see chapter II. for 

composition). The membrane is washed in 6x SSC, then auto-crosslinked by an 

UV Stratalinker 2400 (Stratagene, La Jolla, CA). 

 

- Hybridization  

 The filter is washed at 65°C for one hour in 1x SSC (see chapter II. for 

composition) and 0.1% SDS (see chapter II. for composition). The filter is 

prehybridized in High SDS Hybridization Buffer (see chapter II. for composition) 

which is preheated to 66°C for 1 hour. The digoxigenin-labeled RNA probe is 
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cooked for 5 minutes, immediately afterwards shock-frosted and mixed into 

hybridization fluid so the end-concentration is 2mg/mL. The filter is hybridized 

overnight at 66°C. The detection was accomplished by chemiluminescent reaction 

according to the Genius
TM

 System (Boehringer Mannheim). After hybridizing, the 

membrane is washed in 2x SSC and 0.1% SDS at RT twice for five minutes. 

Following that, the filter is washed twice for 20 minutes at 68°C with 0.1x SSC and 

0.1% SDS (v/v). The membrane is equilibrated with maleic acid for one minute 

and blocked with blocking solution for one hour at RT. The anti-digoxigenin-Fab 

fragment is diluted 1:10,000 in Blocking Solution and the filter is shaken in it for 30 

minutes at RT. The filter is washed in Tween 20 0.2% (see chapter II. for 

composition), diluted in maleic acid twice for 15 minutes, equilibrated in 100mM 

NaCl and 100mM Tris pH 9.5 in H2O, and CSPD is added to the filter which is 

sealed into a sealer bag (504 Kapak Corp. Minneapolis, MN) prior to that. The 

filter is incubated at 37°C in the dark for 30 minutes. All the fluids are eliminated 

without the filter drying and the filter is immediately exposed to an x-ray film. 

 

- Preparation of the cDNA Probe 

 The cDNA probe for bcl-2, a 410 bp EcoR I fragment in pCR
TM

 II vector (TA 

Cloning
TM

 vector, Invitrogen) digested with BamH I, was labeled with Digoxygenin-

UTP (DIG-UTP) (Boehringer Mannheim) by in vitro transcription with respect to T7 

RNA-polymerase. The cDNA probe for FGF receptor type 1 (FGFR-1), a 426 bp 

insert cloned into pCR-Script
TM

 SK+, was digested with Pvu II and labeled with 

DIG-UTP by in vitro transcription with respect to T7 RNA-polymerase. The cDNA 

probe for FGF receptor type 4 (FGFR-4) (ATCC) clone HE6 #65791 a 2.7 kb 

EcoRI fragment in pGEM-3Zf (+) vector. The probe was labeled with digoxygenin-

UTP (DIG-UTP) (Boehringer Mannheim) by in vitro transcription with respect to 

sp6 RNA-polymerase. The cDNA probe for glyceraldehyde-phospate-

dehydrogenase (GAPDH), a 1270 bp insert in pBS KS+ (ATCC), was lineralized 

with EcoR I and labeled with DIG-UTP by in vitro transcription with respect to T7 

RNA-polymerase. 

 

7. Proliferation Assay 

- Preparation of Cells 

 In order to assess the proliferation rate of the cell lines U266 and NCI H929, the 

H3-Thymidine uptake is measured. The cells are taken at a concentration of 1 x 

10
5
/mL in 96 well plates (model 3596, Costar). All the added substances are 

titrated out before adding the cells. 24 hours later, 0.5μCi/3H thymidine is added 

per well.  
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- Harvesting of Cells and Analysis 

 At 24 and 48 hours, the cells are harvested with a Combi Cell Harvester (Skatron, 

Lier, Norway) onto Glasfibermatts (Skatron). After having harvested the cells, they 

are transferred into Scintillation Vials (model 6000252, Packard, Downers Grove, 

IL) and the Scintillation Fluid is added. Later the incorporated 3H-Thymidine is 

measured by a Fluid-Scintillation-b-counter (Beckmann LS6000LL), measuring 

each vial for 30 seconds.  

 

8. Cell-Cycle Analysis 

- Fixation of Cells 

 The experiments are set up with at least 1 x 10
6
/mL cells. At the time-points, the 

cells are washed in ice-cold PBS without Ca
2+

 and Mg
2+

, centrifuged and 0.3% 

(v/v) formaldehyde is added. The samples are incubated on ice for 15 minutes, 

centrifuged, washed, decanted and 70% (v/v) ethanol (at -20°C) is added. The 

samples are stored until further use at -20°C. 

- Dyeing of Cells 

 The samples are centrifuged at 1500rpm with a Beckman CPK Centrifuge (Palo 

Alto, CA), decanted and washed with PBS after which they are centrifuged and all 

the supernatant removed. The pellets are taken up in 50μl PBS, transferred into 

Flow Cytometry Tubes (2052 Falcon, Becton Dickinson) and 500μl Propidium 

Iodide Stain (see chapter II. for composition) is added. The stained samples are 

incubated for at least 24 hours in the dark at RT. Afterwards, they are analyzed by 

flow cytometry or stored at 4°C until further examination. 

 

9. TdT-Assay 

The initial preparation of the samples is exactly as in the cell-cycle analysis. But 

rather than being taken up in PBS, the samples are diluted in 50μl TdT Reaction 

Buffer and incubated for 30 minutes at RT in the dark. 5μl PBS/0.1 % Triton X-100 

are added, the samples are centrifuged for 5 minutes at 1,000rpm in a Beckman CPK 

Centrifuge and washed with PBS/0.1% Tritron X-100 after having been transferred to 

the Flow Cytometry Tubes (2052 Falcon, Becton Dickinson). The pellets are 

centrifuged and the PBS/Triton X-100 is decanted and pipetted off the pellets and 

500μl Propidium Iodide Stain is added (see chapter II. for composition). The samples 

are incubated over 24 hours in the dark at RT and stored at 4°C before examination 

by flow cytometry. 
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10. ELISA 

- Preparation of Cells 

 The cells are collected at a concentration of 1 x 10
6
/mL and stored as pellets at -

80°C. The pellets are thawed and then repeatedly frozen in liquid nitrogen and 

thawed in 37°C in order to lyse the cells. The samples are centrifuged at 7,500rpm 

in a Microspin 24 s Centrifuge (Dupont/Sorvall) and the supernatant transferred 

into the microtiter plates of the ELISA kit.  

- ELISA Assay 

 The ELISA is exactly done as described for bFGF by R&D Systems. In short: All 

reagents are at room temperature before starting the analysis. 20% (v/v) of the 

RD1J Assay Diluent is added to the sample in the monoclonal antibody specific for 

FGF Basic Coated Microtiter Plate and incubated for two hours. The plate is 

repeatedly washed and 200mL of FGF Basic Conjugate, a polyclonal antibody 

against FGF Basic conjugated to horseradish peroxidase, is added and the plate 

is again incubated for two hours. Following this, the plate is repeatedly washed 

and 200μl of the Substrate Solution consisting of the Color-Reagents A and B 

(Hydrogen Peroxide and Chromogen) are mixed at equal amounts not more than 

15 minutes prior to usage, added and incubated for 20 minutes. Then 20% (v/v) of 

2N sulfuric acid as Stop Solution is added. The assay is read at 450nm within 30 

minutes of completion with a correction set to 540nm by an ELISA Reader 

(Molecular Devices E max, Fisher Scientific). 

 

11. Statistics 

For statistical analysis the t-test for independent samples with equal variance was 

chosen. The calculation was done on a Hewlett Packard 21S calculator. Formula as 

follows: 

    [ )( 21 xx −  - (µ1-µ2)] /√Sp (1/n1 +1/ n2) = t df (n1 + n2) - 2  

 

where Sp = [(n1 - 1) s2
1 + (n2 - 1) s2

2]/ (n1 + n2)- 2 
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IV.  RESULTS 

1.  Establishing Basic Growth Data 

The two cell lines NCI H929 and U266 were chosen as exemplary models for 

Multiple Myeloma. Observations of cell growth of the two target cell lines were made 

in order to obtain knowledge about the cells' growth pattern under cell culture 

conditions. Furthermore, cell line specific information was sought on the timing of 

entry and exit into log phase. 

The following growth curves were established by Trypan Blue Exclusion Assays and 

done in triplicate (see figures below). The U266 cell line entered log phase after 8 

hours and exited at 48 hours. The NCI H929 cell line entered log phase at 24 hours 

until 48 hours. The viability in both cell lines was over 90% during the entire duration 

of the experiment (data not shown). 

 

 

 

 

 

 

 

 

 

Figure 1a    Cell growth of the MM cell line U266 in cell culture. Values indicate the 

viability of MM cell line U266 (after growth in a 16 vial plate (Falcon) in cell medium). 0 hours 

is defined as 16 hours after reseeding the cells into a fresh flask. The experiments were done 

in triplicate with the mean value taken (± SD). The data shown is an exemplary experiment of 

various experiments all showing similar results. 
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Figure 1b   Cell growth of the MM cell line NCI H929 in cell culture. Values indicate the 

viability of MM cell line NCI H929 (after growth in a 16 vial plate (Falcon) in cell medium). 0 

hours is defined as 16 hours after reseeding the cells into a fresh flask. The experiments 

were done in triplicate with the mean value taken (± SD). The data shown is an exemplary 

experiment of various experiments all showing similar results. 

 

2.  bFGF-Receptor Expression  

The target cell lines were examined for the presence of bFGF-receptors. Receptor IV 

mRNA expression could be detected (see figure below), with the U266 cell line 

showing a stronger expression of mRNA than NCI H929.  

 
 

 

Figure 2   Detection of bFGF receptor type IV mRNA in MM cell lines. The lower panel 

shows the Northern Blot Analysis of the probes. Ethidium bromide staining of 28s and 18s 

rRNA was done for RNA integrity and equal loading assessment (upper panel). [From left to 

right: NCI H929; U266; SK Hep [134] (positive control)]. 

  

bFGF IV receptor

18s 

28s 
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3.  Intracellular  bFGF-Content 

The two cell lines were examined for their intracellular bFGF content using an ELISA 

Assay (as described in the previous chapters). The mean bFGF content in the NCI 

H929 was 1.97 ± 0.13 pg/5x10
5 cells, the U266 had a mean bFGF content of 435.2 ± 

14.3 pg/5x10
5
 cells. The difference between the two cell lines was statistically 

significant. 

 

Cell Line pg bFGF/5x10
5

 cells⊗ 

NCI H929 1.97 ± 0.13
¶

 

U266 435.2 ± 14.3
¶ ∗

 

 ¶  Numbers represent the mean and standard deviation of bFGF content.  
Each sample was evaluated in triplicate.  

∗   p<0.0005 on 4df 

⊗  intracellular bFGF content was measured by ELISA at 450nm. 
 
Table 1   Intracellular bFGF content of two MM cell lines. Values indicate the intracellular 
content of bFGF in NCI H929 and U266 as measured by ELISA. The samples were taken out 
of three different culture flasks while the cells were in log phase. The experiment was done in 
triplicate with the mean value taken (± SD). 

 

4.  Effect of bFGF on Viability and Cell Growth 

To test the effect of bFGF on growth rate and viability, the two cell lines NCI H929 

and U266 were stimulated with bFGF. Their respective growth rate was established 

by Trypan Blue Exclusion and H3-Thymidine Proliferation Assay with bFGF, and 

compared to cells grown in media alone. After 72 hours, neither of the cell lines 

showed any change in viability or growth (Trypan Blue Exclusion Assay) – with bFGF 

at concentrations of 0.1; 1.0; 10; 100ng/mL when compared to controls (see tables 2; 

figures 4 and 5).  

The H3-Thymidine Proliferation Assay proved to be inconclusive as the two cell lines 

had a very high H3-Thymidine-turnover from the beginning - impeding an accurate 

measurement of proliferation increase. The same experiments done under FBS-

starvation conditions were indeterminate. bFGF is dissolved in FBS and even 

minimal traces of FBS caused a detectable increase in H3-Thymidine turnover. 

 

 

 



 32

Day U266
¶

 bFGF‡,
¶

 

0 2.5 ± 0.38  2.5 ± 0.38  

1 12.0 ± 2.1  8.6 ± 1.7  

2 28.5 ± 7.1  23.0 ± 5.8  

3 16.5 ± 3.6  15.0 ± 4.8  

¶

  The values are the mean value of three different experiments (±SD) and are all 
multiples of 10

5
. The data shown is an exemplary experiment of various 

experiments all showing the same results.   

‡   bFGF at a concentration of 100ng/mL 

 
     

Day NCI H929
¶

 bFGF‡
¶

 

0 2.1 ± 0.43  2.1 ± 0.43 

1 4.8 ± 0.78  3.7 ± 0.5  

2 9.9 ± 2.2  13.8 ± 4.1  

3 19.8 ± 1.7  16.3 ± 3.4  

¶

  The values are the mean value of three different experiments (±SD) and are all 
multiples of 10

5
. The data shown is an exemplary experiment of various 

experiments all showing the same results.   

‡   bFGF at a concentration of 100ng/mL 
 

Tables 2a, 2b   Growth rate of MM cell lines with exogenous bFGF. The cells were fed 

and reseeded 16 hours prior to stimulation at a concentration of 2x10
5
/mL. At stimulation, 

bFGF was added at a concentration of 100ng/mL. bFGF was diluted in cell medium. The 

growth was assessed by Trypan Blue Exclusion Assay (as described in previous chapters) 
and done in triplicate. The growth of the two cell lines was similar in the three groups treated 

with bFGF (0.1; 1.0; 10.0ng/mL), to the group treated with 100ng/mL (data not shown). 

 



 33

 

 

 

 

 

 

 

 

 

 

Figure 4a   Viability of U266 with different concentrations of exogenous bFGF. The cells 

were fed and reseeded 16 hours prior to stimulation at a concentration of 2x10
5
/mL. At 0 

hours, bFGF was added at a concentration of 0.1, 1.0 10.0 or 100ng/mL. The viability was 

assessed by Trypan Blue Exclusion Assay (as described in previous chapters) and done in 

triplicate.  

 

 

 

 

 

 

 

 

 

Figure 4b   Viability of NCI H929 with different concentrations of exogenous bFGF. The 

cells were fed and reseeded 16 hours prior to stimulation at a concentration of 2x10
5
/mL. At 0 

hours, bFGF was added at a concentration of 0.1, 1.0 10.0 or 100ng/mL. The viability was 

assessed by Trypan Blue Exclusion Assay (as described in previous chapters) and done in 

triplicate.  
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Figure 5a   Cell growth of U266 with different concentrations of exogenous bFGF. The 

cells were fed and reseeded 16 hours prior to stimulation at a concentration of 2x10
5
/mL. At 0 

hours, bFGF was added at a concentration of 0.1, 1.0 10.0 or 100ng/mL. The growth was 

assessed by Trypan Blue Exclusion Assay (as described in previous chapters) and done in 

triplicate. As indicated, there was no significant difference in increase of cells between the 

four bFGF treated groups and the untreated control group. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5b   Cell growth of NCI H929 with different concentrations of exogenous bFGF. 

The cells were fed and reseeded 16 hours prior to stimulation at a concentration of 2x10
5
/mL. 

At 0 hours, bFGF was added at a concentration of 0.1, 1.0 10.0 or 100ng/mL. The growth was 

assessed by Trypan Blue Exclusion Assay (as described in previous chapters) and done in 

triplicate. Similar to the previous figure, the NCI H929 cell line did not show a significant 

difference in increase of cells between the four bFGF treated groups and the control group. 
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5.   Effect of Therapeutic Agents on Viability and Cell Growth  

5.1. Dexamethasone 

To explore the potency of dexamethasone – a well established agent in the therapy 

of Multiple Myeloma [135] – on cell growth and viability, U266 and NCI H929 cell 

lines were used as in vitro models.  

Dexamethasone was utilized at concentrations of 10-3, 10-6 and 10-9M, as previously 

described to be effective in vivo, as well as in vitro [136]. Surprisingly, 

dexamethasone did not have any influence – neither on viability, nor on cell growth of 

the U266 cell line (see figure 6a). The NCI H929 cell line also did not show a 

difference in viability but demonstrated an increased cell growth following an initial 

delay of up to 48 hours at concentrations above 10-6M of dexamethasone (see figure 

6b and 6c). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6a   Viability of U266 with different concentrations of dexamethasone. The cells 

were fed and reseeded 16 hours prior to stimulation at a concentration of 2x10
5
/mL. At 0 

hours, dexamethasone was added at a concentration of 10
-3

, 10
-6

, 10
-9

M. Dexamethasone 

was previously diluted in cell medium. The viability was assessed by Trypan Blue Exclusion 
Assay (as described in previous chapters) and done in triplicate.  
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Figure 6b   Viability of NCI H929 with different concentrations of dexamethasone. The 

cells were fed and reseeded 16 hours prior to stimulation at a concentration of 2x10
5
/mL. At 0 

hours, dexamethasone was added at a concentration of 10
-3

, 10
-6

, 10
-9

M. Dexamethasone 

was previously diluted in cell medium. The viability was assessed by Trypan Blue Exclusion 
Assay (as described in previous chapters) and done in triplicate.  

 

 

 

 

 

 

 

 

 

 

Figure 6c   Growth rate of NCI H929 with different concentrations of dexamethasone. 

The cells were fed and reseeded 16 hours prior to stimulation at a concentration of 2x10
5
/mL. 

At 0 hours, dexamethasone was added at a concentration of 10
-3

, 10
-6

, 10
-9

M. 

Dexamethasone was previously diluted in cell medium. The growth was assessed by Trypan 
Blue Exclusion Assay (as described in previous chapters) and done in triplicate. 
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5.2  Melphalan 

To investigate the potential effect of melphalan – a bifunctional intercalating agent 

that is commonly used in the treatment of MM [19, 137] – on cell growth and survival 

of MM cells, the two cell lines U266 and NCI H929 were used as in vitro models. In 

order to establish the respective concentrations of melphalan that induce cell death, 

the target cell lines were treated with different concentrations ranging from 0.5µg/mL 

to 2.0µg/mL (see tables 3 and figures 7), as described in the previous chapters.  

Treatment with melphalan (0.5 to 2.0 µg/mL) over a time period of 72 hours led to a 

marked dose- and time dependent inhibition of cell survival as determined (using 

Trypan Blue Exclusion Assays). Exposure of the two studied cell lines (NCI H929: 

see table 3a and figure 7a; and U266: see table 3b and figure 7b) to 2.0µg/mL 

melphalan over 72 hours, showed a decrease in viability of well under 50% – 

decreasing to 38.9% ± 9.0 and 37.5% ± 5.3 in NCI H929 and U266, respectively.  

The most important results in more detail: At a concentration of 2.0µg/mL melphalan, 

NCI H929's viability decreased already at 48 hours to 46.5% ± 5.3.  In contrast, at the 

concentration of 1.5µg/mL of melphalan, the viability only decreased below 50% at 

72 hours (49.5% ± 6.2) – at 48 hours the viability was still at 67.9% ± 8.9, see table 

3a. On the other hand, cell line U266 showed a decrease below 50% after 72 hours 

in all three concentrations, see table 3a.  
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Day NCI H929¶ Melphalan 

1.0 µg/mL¶ 

Melphalan 1.5 

µg/mL¶ 

Melphalan 2.0 

µg/mL¶ 

0 89.9 ± 3.7 89.9 ± 3.7 89.9 ± 3.7 89.9 ± 3.7 

1 93.7 ± 2.2 80.9 ± 10.2 81.6 ± 8.9 85.7 ± 8.8 

2 94.0 ± 0.7 ∗ 70.4 ± 1.8∗ 67.9 ± 8.9∗ 46.5 ± 5.3∗ 

3 80.6 ± 0.8 76.7 ± 2.9 
NS

 49.5 ± 6.2∗ 38.9 ± 9.0∗ 

 

¶
 the samples are given in viability % 
∗ 
p-value <0.005 on 4df 

    
NS

= Non signficant 

 

 

Day U266
¶

 Melphalan 

1.0 µg/mL
¶

 

Melphalan 

1.5 µg/mL
¶

 

Melphalan 

2.0 µg/mL
¶

 

0 92.8 ± 1.8 92.8 ± 1.8 92.8 ± 1.8 92.8 ± 1.8 

1 93.5 ± 2.5 90.3 ± 1.0 84.3 ± 2.5 84.5 ± 2.5 

2 82.9 ± 0.1 66.7 ± 2.8 ∗ 67.8 ± 2.1 ∗ 64.7 ± 0.9∗ 

3 92.9 ± 2.4 48.9 ± 7.6∗ 36.9 ± 10.7∗ 37.5 ± 5.3∗ 

¶
 the samples are given in viability % 
∗ 
p-value <0.0005 on 4 df 

    
NS

= Non signficant 

Tables 3a, 3b   Analyses of viability in MM cell lines after treatment with melphalan. 

Numbers indicate the viability of MM cell lines NCI H929 and U266 after treatment with three 

different concentrations of melphalan (1.0, 1.5, and 2.0µg/mL) and include the mean and 

standard deviation of one representative experiment done in triplicate. Day 0 is defined as 16 

hours after adding the cells to the vials at a concentration of 2x10
5

/mL, which is also the time 

point when the melphalan was added to the vials. 92% ethanol and 2% HCl, in which 

melphalan was dissolved, were added to the control groups after being diluted in the same 

way as melphalan. Subsequently, three samples were taken out of three separate and new 

vials every 24 hours and stained with Trypan Blue. These cells were exposed to the dye for 

about 5 minutes and then counted in an Improved Neubauer Hemocytometer with a 100x 

magnification under a microscope.  
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Figure 7a   Viability of NCI H929 after treatment with melphalan. Numbers indicate the 

viability of MM cell line NCI H929 after treatment with different concentrations of melphalan 

(0.5; 1.0; 1.5; and 2.0µg/mL) and include the mean and standard deviation of one 

representative experiment done in triplicate. Day 0 is defined as 16 hours after adding the 

cells to the vials at a concentration of 2x10
5
/mL, which is also the time point when the 

melphalan was added to the vials. 92% ethanol and 2% HCl, in which melphalan was 

dissolved, were added to the control groups after being diluted to the equivalent 

concentration as with melphalan. Subsequently, three samples were taken out of three 

separate and new vials every 24 hours and stained with Trypan Blue. These cells were 

exposed to the dye for about 5 minutes and then counted in an Improved Neubauer 
Hemocytometer with a 100x magnification under a microscope.  
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Figure 7b   Viability of U266 after treatment with melphalan. Numbers indicate the 

viability of MM cell line U266 after treatment with different concentrations of melphalan (0.5; 

1.0; 1.5; and 2.0µg/mL) and include the mean and standard deviation of one representative 

experiment done in triplicate. Day 0 is defined as 16 hours after adding the cells to the vials 

at a concentration of 2x10
5

/mL, which is also the time point when the melphalan was added 

to the vials. 92% ethanol and 2% HCl, in which melphalan was dissolved, were added to the 

control groups after being diluted in the same way as melphalan. Subsequently, three 

samples were taken out of three separate and new vials every 24 hours and stained with 

Trypan Blue. These cells were exposed to the dye for about 5 minutes and then counted in 

an Improved Neubauer Hemocytometer with a 100x magnification under a microscope.  

 

6.  Assessment of Apoptosis  

In order to study whether the observed decrease in viability following melphalan 

treatment was due to apoptosis of the cells, the two target cell lines U266 and NCI 

H929 were treated with a concentration of 2.0 µg/mL melphalan and subsequently 

analyzed for changes in morphology and DNA structure.  

 

6.1  Morphologic Examination for Apoptosis Characteristic Changes 

Characteristic changes of apoptosis were clearly detected (see slides below). Among 

the identifiable characteristics are chromatin condensation and fragmentation, 

membrane budding, and formation of apoptotic bodies – 24 hours after treatment 

initiation. 
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Figures 8a, 8b   Histological signs of apoptosis in U266 and NCI H929. The top slide 

shows the U266 cell line, the lower one NCI H929. Depicted are the typical signs of 

apoptosis: Chromatin fragmentation, budding, fragmentation and finally apoptotic bodies. The 

photos were taken through a 100x magnification microscope after treatment with 2.0µg/mL 

melphalan for 24 hours. 
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6.2  Examination for Apoptosis-related DNA Changes 

The previously shown existence of typical morphological changes characteristic for 

apoptosis were further examined by DNA analysis. In fact, the DNA analysis 

confirmed the interpretation of the morphological changes by displaying the typical 

fragmentation of DNA. This was first observed in both cell lines after 4 hours, and 

even stronger after 8 hours (see below).  

 

0h 4h     8h     24h   

      

CTRL CTRL M CTRL M CTRL M Ma  
 

 
 

CTRL  control  
M  melphalan 
Ma  marker 

 

Figure 9a   Apoptosis-related DNA strand breaks in U266 with melphalan. The samples 

were prepared as described in previous chapters. 0 hour control is defined as 16 hours after 

reseeding the cells into a fresh cell medium and vial, immediately after melphalan was added 

at a concentration of 2.0µg/mL. The other time points (4h, 8h, and 24h) indicate the time after 

addition of melphalan. 92% ethanol and 2% HCl, in which melphalan was dissolved, was 

added to the control groups after being diluted in the same way. 
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Ma  marker 

Figure 9b   Apoptosis-related DNA strand breaks in NCI H929 with melphalan. The 

samples were prepared as described in previous chapters. 0 hour control is defined as 16 

hours after reseeding the cells into a fresh cell medium and vial, immediately after melphalan 

was added at a concentration of 2.0µg/mL. The other time points (4h, 8h, and 24h) indicate 

the time after addition of melphalan. 92% ethanol and 2% HCl, in which melphalan was 

dissolved, was added to the control groups after being diluted in the same way. 

 

7.  Combined Effect of bFGF and Melphalan 

The results of the experiments discussed above have demonstrated a sufficient 

induction of apoptosis at a 2.0µg/mL concentration of melphalan. For further 

investigations, the same concentration of melphalan was used. 

To assess the viability of the two cell lines U266 and NCI H929 with bFGF under 

apoptosis-inducing concentrations of melphalan, bFGF was added to respective cell 

cultures (at concentrations of 0.1; 1.0; 10.0; and 100ng/mL) and compared to a 

control group (melphalan-only). Viability decreased significantly in cells that were 

treated with both bFGF and melphalan. At 72 hours, the viability of these cells 

decreased to 14.2% ± 2.5 of the U266 and to 12.4% ± 0.6 of the NCI H929. In 
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contrast, the viability exhibited by the control group treated with melphalan-only, was 

42.7% ± 2.5 and 34.1% ± 1.1 for the U266 and the NCI H929, respectively (see 

tables 4 and figures 10). The decrease in viability when treated with melphalan as 

well as bFGF was statistically significant (p<0.0005) in both cell lines. 

To investigate whether the viability decreasing effect of bFGF was reversible by 

removing the previously added exogenous bFGF 24 hours after initial exposure, the 

treated cells were washed in PBS after 24 hours and reseeded in cell media. 

Nevertheless, the viability rates remained the same. By ending the exposure of bFGF 

in combination with melphalan at this early phase of treatment, it was proven that the 

apoptosis-promoting effect occurs already within 24 hours of exposure, even though 

phenotypically the full extent of 'damage' only reveals itself another 48 hours later. 

This finding is consistent with the DNA fragmentation assays showing a maximal 

DNA strand breakage at 8 hours post-exposure. 

 

Day Control
¶

 bFGF
‡,¶

 Melphalan
†,¶

 Melphalan
†

 + bFGF
‡,¶

 

0 86.6 ± 3.5 82.3 ± 3.5  82.1 ± 3.3 81.2 ± 6.3 

1 81.9 ± 11.4 85.6 ± 4.9 74.4 ± 0.4 78.6 ± 5.0 

2 92.2 ± 2.2 96.8 ± 2.0
 NS

 53.5 ± 7.4
 

 45.4 ± 8.0
 NS

 

3 91.3 ± 3.2 92.1 ± 3.9
 NS

 42.7 ± 2.5 14.2 ± 2.5∗ 

 
‡
   bFGF at a concentration of 100ng/mL 

†
   Melphalan at a concentration of 2.0µg/mL 

¶
   samples are given in viability % 

∗   
p-value <0.005 on 4df incomparison to melphalan only 

NS
  non significant difference 

 

Table 4a   Viability of U266 with melphalan, in combination with or without bFGF. 

Values indicate the viability of the cell line U266 in cell medium with melphalan-only 

(2.0µg/mL), or with bFGF/melphalan (bFGF at 100ng/mL). The cells were seeded at a 

concentration of 2x10
5

/mL into the vials 16 hours prior to the addition of first bFGF, and 

melphalan. The viability was assessed by Trypan Blue Exclusion Assay and done in 

triplicate. The values given are the mean value of three parallel experiments (±SD). The data 

shown is an exemplary experiment of various experiments all showing the same results. The 

results of the above mentioned reversibility test were identical and are therefore not included.  
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Day Control
¶

 bFGF
‡,¶

 Melphalan
†,¶

 Melphalan
†

 + bFGF
‡,¶

 

0 92.5 ± 0.5 93.0 ± 2.3  92.2 ± 3.2 91.6 ± 2.4 

1 97.8 ± 1.6 94.8 ± 4.1 89.6 ± 2.9 88.6 ± 5.5 

2 92.8 ± 4.0 89.0 ± 3.8
 NS

 39.4 ± 10.7 40.7 ± 7.9
 NS

 

3 80.4 ± 4.2 80.5 ± 8.7
 NS

 34.1 ± 1.1 12.4 ± 0.6∗ 

 
‡
   bFGF at a concentration of 100ng/mL 

†
   Melphalan at a concentration of 2.0µg/mL 

¶
   samples are given in viability % 

∗   
p-value <0.005 on 4df incomparison to melphalan only 

NS
  non significant difference 

 

Table 4b   Viability of NCI H929 with melphalan, in combination with or without bFGF. 

Values indicate the viability of the cell line NCI H929 in cell medium with melphalan-only 

(2.0µg/mL), or with bFGF/melphalan (bFGF at 100ng/mL). The cells were seeded at a 

concentration of 2x10
5

/mL into the vials 16 hours prior to the addition of first bFGF, and 

melphalan. The viability was assessed by Trypan Blue Exclusion Assay and done in 

triplicate. The values given are the mean value of three parallel experiments (±SD). The data 

shown is an exemplary experiment of various experiments all showing the same results. The 

results of the above mentioned reversibility test were identical and are therefore not included. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10a   Viability of U266 with melphalan, in combination with or without bFGF. 

Values indicate the viability of the cell line U266 in cell medium with melphalan-only 

(2.0µg/mL), or with bFGF/melphalan (bFGF at 0.1; 1.0; 10.0; and 100ng/mL). The cells were 

seeded at a concentration of 2x10
5
/mL into the vials 16 hours prior to the addition of first 

bFGF, and then melphalan. The viability was assessed by Trypan Blue Exclusion Assay and 

done in triplicate. The values given are the mean value of three parallel experiments (±SD). 

The data shown is an exemplary experiment of various experiments all showing the same 

results. The results of the above mentioned reversibility test were identical and are therefore 

not included. 
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Figure 10b   Viability of NCI H929 with melphalan, in combination with or without 

bFGF. Values indicate the viability of the cell line NCI H929 in cell medium with melphalan-

only (2.0µg/mL), or with bFGF/melphalan (bFGF at 0.1; 1.0; 10.0; and 100ng/mL). The cells 

were seeded at a concentration of 2x10
5
/mL into the vials 16 hours prior to the addition of 

first bFGF, and then melphalan. The viability was assessed by Trypan Blue Exclusion Assay 

and done in triplicate. The values given are the mean value of three parallel experiments 

(±SD). The data shown is an exemplary experiment of various experiments all showing the 

same results. The results of the above mentioned reversibility test were identical and are 

therefore not included. 

 

8.   Effect of Heparin on bFGF Activity 

To assess the potential influence of heparin on bFGF activity in MM cell lines, the 

previous experiments with melphalan and bFGF were repeated with heparin as a 

bFGF-stabilizing factor. The goal was to establish whether an increased half-life of 

bFGF (normally 24 hours [138]) can be achieved by the addition of 20mg/mL heparin 

– thereby, potentiating bFGF's effect (in the combination with melphalan) on the 

viability of the target cell lines. 

 

8.1. Combined Effect of bFGF and Heparin on MM Cell Lines 

At first, exogenous heparin and bFGF were added to the cell cultures and the growth 

rate and the viability of the two cell lines were established by using a Trypan Blue 

Exclusion Assay. The growth rate of both cell lines treated with heparin and bFGF 

was not different from the other test groups (see below). Similarly, the viability 

remained above 90% in both cell lines at 72 hours (data not shown).  
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Figure 11a   Cell growth of NCI H929 with heparin and bFGF. This figure shows the cell 

growth of NCI H929, after the addition of heparin (20mg/mL), prior to bFGF (100ng/mL). The 

growth was assessed by Trypan Blue Exclusion Assay and done in triplicate. The data shown 

is an exemplary experiment of various experiments all showing the same results.   

 

 

 

 

 

 

 

 

 

Figure 11b   Cell growth of U266 with heparin and bFGF. This figure shows the cell growth 

of U266, after the addition of heparin (20mg/mL), prior to bFGF (100ng/mL). The growth was 

assessed by Trypan Blue Exclusion Assay and done in triplicate. The data shown is an 

exemplary experiment of various experiments all showing the same results.   
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8.2  Combined Effect of bFGF and Heparin with Melphalan on MM Cell Lines 

Both cell lines in question were treated with heparin (20mg/mL); bFGF (100ng/mL) 

and melphalan (2.0µg/mL) were added subsequently. As the results for the cell line 

NCI H929 demonstrate, the viability of the test group containing melphalan, bFGF 

and heparin showed neither a significant increase, nor a decrease in viability 

compared to the data of the group containing bFGF/melphalan (see table 5a and 

figure 12a). At 72 hours, the viability of cells in the test groups treated with 

bFGF/melphalan showed a decrease well below 20%, whether treated with heparin 

or not. In contrast, viability of cells treated with melphalan-only stayed above 25%.  

Similar observations could be made with the U266 cell line (see table 5b, figure 12b); 

The viability of cells in the group with melphalan-only was 34.1% ± 10.5 at 72 hours, 

whereas the cells treated with bFGF/melphalan showed a viability of 11.6% ± 5.5, a 

viability of 11.4% ± 5.0 for the group with additional heparin (see figure 12b).  

In both cell lines, a statistically significant (p<0.005) decrease in viability was 

observed in the group containing melphalan, bFGF and heparin, as well as in the one 

without heparin – compared to the group containing melphalan-only. 

 

Day C O N T R O L
¶

 bFGF
¶

 Heparin
¶

 bFGF   

+ Heparin
¶

  

Melphalan†,
¶

 Melphalan†  

+ 

Heparin§,
¶

 

Melphalan†  

+ bFGF‡,
¶
  

Melphalan† 

+ bFGF‡  

+ Heparin§,
¶

 

0 90.7 ± 2.0 93.0 ± 2.3 92.5 ± 0.4 84.7 ± 4.9 90.7 ± 2.0 90.7 ± 2.0 90.7 ± 2.0 90.7 ± 2.0 

1 93.1 ± 8.1 94.4 ± 4.1 93.2 ± 3.2 93.0 ± 2.7 91.9 ± 1.9 93.4 ± 5.0 82.9 ± 2.5 86.3 ± 9.3 

2 87.1 ± 13.3 89.0 ± 3.8 86.0 ± 3.6 96.4 ± 1.7 46.7 ± 8.8 50.1 ± 2.8
 NS

 39.5 ± 7.1
 NS

 36.9 ± 5.1
 NS

 

3 84.3 ± 7.3 80.5 ± 8.7 83.1 ± 3.1 97.6 ± 1.4 26.6 ± 5.5 15.5 ± 2.8∗ 11.4 ± 2.0∗ 11.7 ± 2.7∗ 

†
  Melphalan at a concentration of 2.0µg/mL 

§
  Heparin at a concentration of 20.0mg/mL 

‡
  bFGF at a concentration of 100ng/mL 

¶

  samples are given in viability % 

∗ statistically significant decrease in viability p<0.005 
      NS 

non significant difference 

 

Table 5a   Viability of NCI H929 with bFGF and heparin, in combination with melphalan. 

The cells were fed and reseeded 16 hours prior to stimulation at a concentration of 2x10
5

/mL. 

At stimulation, the substances were added as follows: first, heparin (20mg/mL), second, 

bFGF (100ng/mL), then melphalan (2.0µg/mL). After each addition, the vials were thoroughly 

mixed. The viability was assessed by Trypan Blue Exclusion Assay and done in triplicate. 

The data shown is an exemplary experiment of various experiments all showing similar 

results.   
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Day Control
¶

 bFGF
¶

 Heparin
¶

 bFGF + 

Heparin
¶

 

Melphalan†,
¶

 Melphalan† 

+ Heparin§,
¶

Melphalan†  

+ bFGF‡,
¶

 

Melphalan† + 

bFGF‡  

+ Heparin§,
¶

 

0 87.5 ± 4.2 85.8 ± 3.6 85.8 ± 3.6 85.6 ± 3.6 87.5 ± 4.2 85.8 ± 3.6 85.8 ± 3.6 85.8 ± 3.6 

1 97.2 ± 1.7 95.6 ± 3.8 95.0 ± 1.3 96.1 ± 0.5 76.5 ± 6.9 91.0 ± 3.8 93.8 ± 1.8 91.5 ± 1.3 

2 94.7 ± 2.5 96.6 ± 2.8 96.6 ± 1.7 95.6 ± 2.2 61.3 ± 0.1 61.9 ± 8.4
 NS

 60.2 ± 4.5
 NS

 52.8 ± 12.9
 NS

 

3 90.0 ± 3.4 90.6 ± 3.9 86.8 ± 3.6 75.9 ± 10.4 34.1 ± 10.5 12.5 ± 3.2∗ 11.6 ± 5.5∗ 11.4 ± 5.0∗ 

†
  Melphalan at a concentration of 2.0µg/mL 

§
  Heparin at a concentration of 20.0mg/mL 

‡
  bFGF at a concentration of 100ng/mL 

¶

  samples are given in viability % 

∗ statistically significant decrease in viability p<0.005 
NS 

non significant difference 

Table 5b   Viability of U266 with bFGF and heparin, in combination with melphalan. The 

cells were fed and reseeded 16 hours prior to stimulation at a concentration of 2x10
5
/mL. At 

stimulation, the substances were added as follows: first, heparin (20mg/mL), second, bFGF 

(100ng/mL), then melphalan (2.0µg/mL). After each addition, the vials were thoroughly 

mixed. The viability was assessed by Trypan Blue Exclusion Assay and done in triplicate. 

The data shown is an exemplary experiment of various experiments all showing similar 

results.   

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 12a  Viability of NCI H929 with bFGF and heparin, in combination with 

melphalan. The cells were fed and reseeded 16 hours prior to stimulation at a concentration 

of 2x10
5
/mL. At stimulation, the substances were added as follows: first, heparin (20mg/mL), 

second, bFGF (100ng/mL), then melphalan (2.0µg/mL). After each addition, the vials were 

thoroughly mixed. The viability was assessed by Trypan Blue Exclusion Assay and done in 

triplicate. The data shown is an exemplary experiment of various experiments all showing 

similar results.   
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Figure 12b   Viability of U266 with bFGF and heparin, in combination with melphalan. 

The cells were fed and reseeded 16 hours prior to stimulation at a concentration of 2x10
5
/mL. 

At stimulation, the substances were added as follows: first, heparin (20 mg/mL), second, 

bFGF (100ng/mL), then melphalan (2.0µg/mL). After each addition, the vials were thoroughly 

mixed. The viability was assessed by Trypan Blue Exclusion Assay and done in triplicate. 

The data shown is an exemplary experiment of various experiments all showing similar 

results.   

 

To assess whether the applied concentration of 100ng/mL of bFGF in the cell 

cultures over-saturated the receptors – and by that impeded the facilitating effect 

of heparin on bFGF activity – the experiments were redone with lower 

concentrations of bFGF. Therefore, bFGF was administered in different dosages 

of 0.1; 1.0; 10; 100ng/mL along with melphalan (with or without 20mg/mL of 

heparin).  

In the NCI H929 cell line, none of the test groups showed a variance in viability 

when compared to the group treated with a 100ng/mL concentration of bFGF 

along with melphalan. On the other hand, U266 cells treated with bFGF 

(0.1ng/mL), melphalan and heparin, demonstrated a greater variance at 72 hours 

than the other groups – this effect, however, was not significant. All other test 

groups showed no differences to the high dose of bFGF (see figures below). 
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Figure 13a   Viability of NCI H929 with bFGF (at different concentrations), melphalan 

and heparin. The cells were fed and reseeded 16 hours prior to stimulation at a 

concentration of 2x10
5
/mL. At stimulation, the substances were added as follows: first, 

heparin (20mg/mL), second, bFGF (0.1; 1.0; 10.0; 100ng/mL), then melphalan (2.0µg/mL). 

After each addition, the vials were thoroughly mixed. The viability was assessed by Trypan 
Blue Exclusion Assay and done in triplicate. The data shown is an exemplary experiment of 

various experiments all showing similar results. 

 

 

 

 

 

 

 

 

 

Figure 13b   Viability of U266 with bFGF (at different concentrations), melphalan and 

heparin. The cells were fed and reseeded 16 hours prior to stimulation at a concentration of 

2x10
5
/mL. At stimulation, the substances were added as follows: first, heparin (20mg/mL), 

second, bFGF (0.1; 1.0; 10.0; 100ng/mL), then melphalan (2.0µg/mL). After each addition, the 

vials were thoroughly mixed. The viability was assessed by Trypan Blue Exclusion Assay and 

done in triplicate. The data shown is an exemplary experiment of various experiments all 

showing similar results. 
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After examining the combined effect of bFGF and heparin on melphalan's influence 

on the viability of the two target cell lines, the effect on cell growth was analyzed. 

This analysis is of interest as melphalan is more potent in cell cultures with a high 

mitotic ratio. As the results of the tests show, neither of the growth rates differ from 

the one of the melphalan-only group (see figures below). 

 

 

 

 

 

 

 

 

 

 

Figure 14a   Cell growth of NCI H929 with various agents and melphalan. The cells were 

fed and reseeded 16 hours prior to stimulation at a concentration of 2x10
5
/mL. At stimulation, 

the substances were added as follows: first, heparin (20mg/mL), second, bFGF (100ng/mL), 

then melphalan (2.0µg/mL). After each addition, the vials were thoroughly mixed. The viability 

was assessed by Trypan Blue Exclusion Assay and done in triplicate. The data shown is an 

exemplary experiment of various experiments all showing similar results. 
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Figure 14b   Cell growth of U266 with various agents and melphalan. The cells were fed 

and reseeded 16 hours prior to stimulation at a concentration of 2x10
5
/mL. At stimulation, the 

substances were added as follows: first, heparin (20mg/mL), second, bFGF (100ng/mL), then 

melphalan (2.0µg/mL). After each addition, the vials were thoroughly mixed. The viability was 

assessed by Trypan Blue Exclusion Assay and done in triplicate. The data shown is an 

exemplary experiment of various experiments all showing similar results. 

 

 

9.   Effect of bFGF on bcl-2 mRNA and Protein Expression 

In order to investigate the effect of bFGF on bcl-2 expression in MM, the two 

exemplary cell lines U266 and NCI H929 were treated with exogenous bFGF and 

analyzed for mRNA and protein expression of bcl-2.  

 

9.1. bcl-2 mRNA Expression under the Influence of bFGF 

Exogenous bFGF was added to cells that had been reseeded and fed 16 hours prior 

at a concentration of 100ng/mL. Experiments were done as described in previous 

chapters. The U266, as well as the NCI H929 cell line displayed a decreased level of 

bcl-2 mRNA expression in the bFGF treated cells at 4 and 8 hours. At 24 hours, 

however, the expression of bcl-2 mRNA in NCI H929 and U266 was similar to the 

controls.  
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Oh  4h  8h  24h  

CTRL CTRL bFGF CTRL bFGF CTRL bFGF
       

 
 

 

Figure 15a   bcl-2 mRNA expression in U266 with bFGF. The upper panel shows the 

ethidium bromide staining of the ribosomal RNA to assure integrity of the RNA and to assess 

loading. The lower panel shows the Northern Blot analysis for bcl-2 messenger RNA 

expression over 24 hours. The time-points chosen are 0, 4, 8 and 24 hours after addition of 

bFGF (100ng/mL). The cells were fed and reseeded 16 hours prior to stimulation at a 

concentration of 2x10
5
/mL. The samples were obtained and prepared as described in 

previous chapters. This Blot is an exemplary blot of various done. 
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Figure 15b   bcl-2 mRNA expression in NCI H929 with bFGF. The upper panel shows the 

ethidium bromide staining of the ribosomal RNA to assure integrity of the RNA and to assess 

loading. The lower panel shows the Northern Blot analysis for bcl-2 messenger RNA 

expression over 24 hours. The time points chosen are 0, 4, 8 and 24 hours after addition of 

bFGF (100ng/mL). The cells were fed and reseeded 16 hours prior to stimulation at a 

concentration of 2x10
5
/mL. The samples were obtained and prepared as described in 

previous chapters. This Blot is an exemplary blot of various done. 
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9.2. bcl-2 Protein Expression under the Influence of bFGF 

Following the analysis of bcl-2 mRNA, transcription of bcl-2 mRNA into protein is 

evaluated. The intracellular bcl-2 protein levels are analyzed in the two cell lines 

U266 and NCI H929 when treated with exogenous bFGF at a concentration of 

100ng/mL and compared to controls. At 48 and 72 hours, the bFGF treated cells had 

a comparable bcl-2 protein expression to the control cells. At 48 hours, these cells 

show a higher expression rate of bcl-2 than the controls. At 72 hours, this evened out 

to a similar expression. Both cell lines showed decreased levels of bcl-2 protein of 4, 

8 and 24 hours after being exposed to exogenous bFGF. At 48 hours the U266 cell 

line showed an increased protein expression which normalized at 72 hours. The NCI 

cell line’s bcl-2 protein levels normalized slightly earlier at 48 hours.  

 

 
 

 

Oh  4h  8h  24h  48h 72h 

CTRL CTRL bFGF CTRL bFGF CTRL bFGF CTRL bFGF CTRL bFGF 

 

 

 

Figure 16a   bcl-2 protein expression in NCI H929 with bFGF. The MM cell line NCI H929 

was treated with bFGF at 100ng/mL. The cells were fed and reseeded 16 hours prior to 

stimulation at a concentration of 2x10
5
/mL. They were taken as described in previous 

chapters at certain time points and analyzed for their bcl-2 protein content – this is shown in 

the lower panel. The time points chosen were 0, 4, 8, 24, 48 and 72 hours. For the 

assessment of loading, the previously exposed membrane was re-exposed with ß-actin 

antibodies – this is shown in the upper panel of the figure. The Blot shown is an exemplary 

blot of various done. 

30 kd 

46 kd 
β actin

bcl-2
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Oh  4h  8h  24h  48h 72h 

CTRL CTRL bFGF CTRL bFGF CTRL bFGF CTRL bFGF CTRL bFGF 

 

 

 

Figure 16b   bcl-2 protein expression in U266 with bFGF. The MM cell line U266 was 

treated with bFGF at 100ng/mL. The cells were fed and reseeded 16 hours prior to 

stimulation at a concentration of 2x10
5

/mL. They were taken as described in previous 

chapters at certain time points and analyzed for their bcl-2 protein content – this is shown in 

the lower panel. The time points chosen were 0, 4, 8, 24, 48 and 72 hours. For the 

assessment of loading, the transferred gel was dyed with Coomassie Blue – this is shown in 

the upper panel of the figure. The Blot shown is an exemplary blot of various done. 

 

10. Effect of bFGF and Melphalan on bcl-2 Protein Expression 

As it was observed in the previous experiments that bFGF alone leads to a 

decreased expression of bcl-2, the goal of the following tests is to analyze whether 

this effect on bcl-2 is a potential explanation of the viability data obtained earlier.  

Both cell lines NCI H929 and U266 were treated with bFGF (100ng/mL) in 

combination with melphalan (2.0µg/mL), and the protein expression of bcl-2 was 

analyzed at 0, 8, 24, 48, 72 hours.   

In the NCI H929, bcl-2 protein expression of the group containing bFGF/melphalan is 

at the lowest level at 24 hours.  

- At 8 hours, the expression of bcl-2 protein in the melphalan-only group is up-

regulated in comparison to the controls, as well as to bFGF/melphalan. At the 

same time, the latter has a similar expression as the controls. 

- At 24 hours, bcl-2 expression of the group containing bFGF/melphalan is 

severely decreased compared to the melphalan-only group. 

- At 48 and 72 hours, the bcl-2 expression in all groups is lower than in the control 

Coomassie Blue dye

30 kd 

kd

bcl-2
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cells but the bFGF/melphalan group has a slightly higher bcl-2 protein 

expression than the melphalan-only group (see figure 17a). 

In the U266, bcl-2 protein expression of the group containing bFGF/melphalan is 

consistently lower than that of the melphalan-only group until 24 hours.  

- At 8 hours, the levels of bcl-2 of the cells treated with melphalan-only was 

slightly higher than in those treated with bFGF/melphalan. The bcl-2 expression 

of bFGF/melphalan was similar to the control group without any apoptotic 

stimulus. Interestingly, the group containing melphalan and heparin showed the 

weakest bcl-2 expression. 

- At 24 hours, the protein expression of bcl-2 of the cells treated with 

bFGF/melphalan increased less than in the melphalan-only and in the control 

group.  

- At 48 hours, the bcl-2 level in the bFGF/melphalan group increased in 

comparison to the cells treated with melphalan-only. The cells treated with 

melphalan-only showed a decrease in expression of bcl-2 in comparison to the 

controls at the same time point.  

- At 72 hours, in the group treated with bFGF/melphalan, the bcl-2 level is slightly 

higher than the one treated with melphalan-only, but in both the expression is 

lower than in the controls, and at their absolute low (see figure 17b). 
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Figure 17a   Expression of bcl-2 protein in NCI H929 with melphalan (M), melphalan and 

heparin (M+H), and melphalan and bFGF (M+bFGF). The MM cell line NCI H929 was 

treated with bFGF (100ng/mL), heparin (20 mg/mL), and melphalan (2.0 µg/mL). The cells 

were fed and reseeded 16 hours prior to stimulation at a concentration of 2x10
5

/mL. They 

were taken as described in previous chapters at certain time points and analyzed for their bcl-

2 protein content – this is shown in the lower panel. The time points chosen were 0, 8, 24, 48 

and 72 hours. For the assessment of loading, the Western Blot gel was taken after protein 

transfer to the membrane and dyed with Coomassie Blue – this is shown in the upper panel of 

the figure. The Blot shown is an exemplary blot of various done. 
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Figure 17b   Expression of bcl-2 protein in U266 with melphalan (M), melphalan and 

heparin (M+H), and melphalan and bFGF (M+bFGF). The MM cell line U266 was treated 

with bFGF (100ng/mL), heparin (20mg/mL), and melphalan (2.0µg/mL). The cells were fed 

and reseeded 16 hours prior to stimulation at a concentration of 2x10
5

/mL. They were taken 

as described in previous chapters at certain time points and analyzed for their bcl-2 protein 

content – this is shown in the lower panel. The time points chosen were 0, 8, 24, 48 and 72 

hours. For the assessment of loading, the previously exposed membrane was re-exposed 

with ß-actin antibodies – this is shown in the upper panel of the figure. The Blot shown is an 

exemplary blot of various done. 

 

11. Expression of bcl-2 Protein over Time 

In the previously shown experiments, it became obvious that despite an even loading 

of the samples, bcl-2 protein is not evenly expressed in the two cell lines NCI H929 

and U266. In order to further investigate this observation, bcl-2 protein levels were 

analyzed every 2 hours over 24 hours in the two un-stimulated cell lines while in log 

phase. The Western Blot analysis shows a reproducible shift in the levels of bcl-2 

protein expression (see figures 18).  

In the U266 cell line, the lowest bcl-2 expression is at 2 hours, generally increasing 

over 24 hours, with its highest level at 20 hours (see figure 18a). In the NCI H929 cell 

line, the lowest expression of bcl-2 is at 2 hours and generally increases in an erratic 

pattern over 24 hours (see figure 18b).  
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Figure 18a   Bcl-2 protein expression in U266 over 24 hours. This figure shows the 

expression of bcl-2 protein over 24 hours while in cell medium. The upper panel shows the ß-

actin antibody hybridization of the bcl-2 hybridized filter (lower panel). This was done to 

assure even loading of the protein samples. The time points chosen were at every 2 hours to 

evaluate the expression of bcl-2 over the first 24 hours of the cell line. The samples were 

taken after having been reseeded 16 hours prior into a fresh flask at a concentration of 2x10
5
 

cells. The Blot shown is one of several blots done with similar results. 
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Figure 18b   Bcl-2 protein expression in NCI H929 over 24 hours. This figure shows the 

expression of bcl-2 protein over 24 hours while in cell medium. The upper panel shows the ß-

actin antibody hybridization of the bcl-2 hybridized filter (lower panel). This was done to 

assure even loading of the protein samples. The time points chosen were at every 2 hours to 

evaluate the expression of bcl-2 over the first 24 hours of the cell line. The samples were 

taken after having been reseeded 16 hours prior into a fresh flask at a concentration of 2x10
5
 

cells. The Blot shown is one of several blots done with similar results. 

 

In the cell cycle analyses performed in the course of this study, the U266 cells 

showed the following pattern: Starting at 0 hours with a high level of cells in S-phase 

(48.8%), reaching its maximum at 4 hours (52.6%), and then almost steadily 

decreasing over the next 24 hours (38.1%). The pattern of the G1-phase was 

inversely proportional: With a low starting point at 0 hours (37.1%), and a minimum at 

6 hours (31.0%), and then almost steadily increasing (47.6%). The bcl-2 protein 

expression in the Western Blot showed a wave-like increase that reached its 

maximum at 24 hours.  
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The NCI H929 cells behave similar in their shifts in cell-cycle: S-phase starting at a 

high level (49.4%), further increasing until 4 hours (52.0%), and then decreasing 

again (40.1%). Whereas G1-phase started off at a low level (37.2%), reaching its 

nadir at 4 hours (32.4%), and then steadily increasing until 24 hours (45.3%) (see 

figures below). 

 

 

 

 

 

 

 

Figure 19a   Cell cycle phases and bcl-2 expression in U266 over 24 hours. This figure 

shows the expression of bcl-2 protein over 24 hours while in cell medium. The cell cycle 

analysis samples were harvested at the same time out of the same flasks as the samples for 

the protein analyses. This was done to assure complete comparability of the data. The time 

points chosen were at every 2 hours to evaluate the expression of bcl-2 and cell cycle 

progression over the first 24 hours of the cell line. The samples were taken after having been 

reseeded 16 hours prior into a fresh flask at a concentration of 2x10
5
 cells. The cell-cycle 

analyses was done by FACS analysis for which the samples were prepared as described in 

previous chapters. 
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Figure 19b   Cell cycle phases and bcl-2 expression in NCI H929 over 24 hours. This 

figure shows the expression of bcl-2 protein over 24 hours while in cell medium. The cell 

cycle analysis samples were harvested at the same time out of the same flasks as the 

samples for the protein analyses. This was done to assure complete comparability of the 

data. The time points chosen were at every 2 hours to evaluate the expression of bcl-2 and 

cell cycle progression over the first 24 hours of the cell line. The samples were taken after 

having been reseeded 16 hours prior into a fresh flask at a concentration of 2x10
5
 cells. The 

cell-cycle analyses was done by FACS analysis for which the samples were prepared as 

described in previous chapters.  
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V.  DISCUSSION 

Since its discovery, the role of the cytokine bFGF has been studied for various 

oncological diseases. Despite extensive research, the findings remain largely 

ambivalent and incomplete. While in hematological diseases, such as chronic 

lymphocytic leukemia (CLL), and in endothelial cells, bFGF has been shown to 

protect cells from apoptosis, there are reports demonstrating bFGF actually promotes 

apoptosis in breast cancer. bFGF is an angiogenesis-enhancing factor playing an 

important role in most tumors. The nature of the effect that bFGF might have on 

Multiple Myeloma (MM) cells and bcl-2 expression has not been sufficiently studied 

and elucidated. This interesting gap regarding an important aspect of lymphoma 

research was the focus of this medical thesis.   

Previous studies of bcl-2 expression over cell-cycle have yielded different 

results, i.e. stable expression over time and cell-cycle [104], from the ones described 

in this thesis. Several explanations come to mind: one, bcl-2 might be expressed 

differently in different cell types; two, the previous study did not sufficiently show a 

loading evaluation; three, the blots generated might have had too high protein 

content to show potential differences sufficiently well. The findings of this thesis are 

reproducible and thus consistent: MM cells are shown to have varying bcl-2 

expressions over time and cell-cycle. The link of bcl-2 expression to cell cycle stage 

remains to be shown with further experiments. The results were immediately acted 

upon by including non-treated control groups for all time points and loading controls 

in all its experiments as a safeguard against general distortion of results. 

Surprisingly, dexamethasone had no effect on the U266 cell line and a 

stimulating effect on the proliferation of NCI H929 at higher concentrations (instead 

of the expected apoptosis inducing effect). This effect was expected as 

dexamethasone is a mainstay in treatment for MM at all stages. A possible 

explanation was given by research of Hardin et al. who treated four different IL-6 

producing human MM cell lines with different concentrations of dexamethasone. In 

two cell lines, ARP-1 and LES, the IL-6 expression was completely inhibited by 10-7 

dexamethasone and cell growth was significantly decreased. The effects of 

dexamethasone could be fully reversed by the addition of IL-6 [136]. Based on these 

results, literature on the dependence of the two cell lines on IL-6 was reviewed. The 

literature yielded the following results: The U266 cell line does not express IL-6 

receptors, nor is the cell line dependent of IL-6 [139]. The NCI H929 cell line grows 

independently of exogenous IL-6 and it has not been described to secrete IL-6.  
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Therefore, it can be assumed that the NCI H929 is IL-6 independent. Both cell lines 

were established from patients at a late stage during progression of disease after 

standard treatment, which included steroids for both. This seems to be the 

explanation of the loss of IL-6 dependence and the subsequent ineffectiveness of 

dexamethasone.  

Melphalan is one of the primary chemotherapeutic agents in the treatment of 

MM. As expected, the cell lines had a high rate of apopotosis induction after 

exposure to melphalan. Due to both cell lines having different intracellular levels of 

bFGF, they were expected to also respond differently to treatment with melphalan. 

Based on previous studies it was expected that the cell line with the high intracellular 

content of bFGF (U266) would be more resistant to melphalan [131]. In the 

experiments the NCI H929 with the lower bFGF content was more resistant at low 

concentrations of melphalan (1.0µg/ml). Only at a higher concentrations of melphalan 

(2.0µg/ml) and at 72 hours of exposure, the viability in both cell lines was similar. 

Based on these results, endogenous bFGF content seemed to be correlated with 

apoptosis enhancement in MM cells. Another possible explanation of the increased 

melphalan resistance is again the history of the cell lines. The cell line NCI H929 was 

established from a patient in relapse that had been treated with melphalan initially 

(amongst other chemotherapeutic agents) [140]. It is very likely that the established 

cell line has developed some resistance to melphalan. The U266 cell line on the 

other hand was established from a patient that had never been treated with 

melphalan before [141].  

Exploring the effects of bFGF a bit further: not only endogenous bFGF but also 

exogenous bFGF increased apopotosis rates after melphalan treatment. There were 

highly significant decreases in viability in both cell lines after addition of bFGF to 

melphalan. These results stand in contrast to other hematologic malignancies, such 

as CLL where exogenous as well as endogenous bFGF acts as a protector from 

apoptosis by up-regulation of bcl-2 [129, 131]. In solid tumors, however, bFGF was 

found to down-regulate bcl-2 [130, 142]. The relationship between apoptosis, 

melphalan and bcl-2 expression has been previously investigated. In 1993, Walton et 

al. described that bcl-2 transfected prolymphoid progenitor cell lines were twice as 

resistant to nitrogen mustard induced apoptosis than non-bcl-2 transfected cells [96].  

Based on these reports there was need to investigate whether bFGF had the 

opposite effect on bcl-2 expression and thereby melphalan-induced apoptosis in MM 

cells: bFGF has a clear effect on bcl-2 expression on transcriptional as well the 

translational level. bFGF causes a clear down-regulation of bcl-2 encoding RNA as 



 65

well as bcl-2 protein, explaining the unexpected rate of apoptosis with increased 

bFGF levels. Research by others has shown that bFGF affects bcl-2 levels negatively 

through a caspase dependent pathway that may be mediated through a death 

receptor pathway [143]. The exact pathway remains to be elucidated.  

With bFGF being an angiogenesis-promoting factor these results do not stand in 

contrast to recent successes in MM treatment with anti-angiogenesis agents such as 

thalidomide [22, 144]. In fact, they are supported by in vivo studies. The effect of 

thalidomide on angiogenesis seems to be independent of bFGF. Researchers were 

able to show in vivo that serum bFGF levels are even increasing after successful 

treatment with thalidomide [145]. This could explain the efficacy of the combination 

therapy of thalidomide and melphalan. If bFGF has an enhancing effect on 

melphalan-induced apoptosis but is produced by MM cells at increased levels when 

angiogenesis is blocked by thalidomide, bFGF in combination with melphalan will 

become a harming substance to MM cells. 

Work undertaken in the context of this study confirms a number of relevant 

aspects regarding the pathogenesis of multiple myeloma. These include the finding 

(i) that bcl-2 levels are not stable as previously postulated; (ii) that their expression 

varies over time while cells are in log growth phase; and (iii) that exogenous bFGF in 

combination with melphalan down-regulates bcl-2, resulting in significantly increased 

apoptosis. This study confirms that bFGF has pro-apoptotic properties in MM. 

Within the broader context of cancer research and the quest for more effective 

and sustainable treatments for the millions of people affected by a range of 

[oncological] diseases, it is hoped that research and findings like those presented in 

this thesis can fill small but nevertheless important gaps in knowledge. Without a 

doubt, much more research will be required in order to better understand the role of 

bFGF in MM cells, the relationship between a number of processes and agents, and 

the exact signaling pathway by which bFGF affects bcl-2 and apoptosis. 

 

_____________ 

_____ 
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Abstract 
 
Multiple Myeloma (MM) is a hematological malignancy associated with poor 
response rates to current treatments, the median survival of MM patients after 
diagnosis is around 3 years. Angiogenic factors such as bFGF (basic Fibroblast 
Growth Factor) have been found to play an important role in MM pathogenesis and 
are detected endogenously in MM cells. Findings like these explain the success of 
newer treatments for MM with anti-angiogenesis properties. Another important aspect 
in understanding multiple myeloma is the anti-apoptotic protein bcl-2, which is 
expressed at higher levels in MM cells than in plasma cells. This up-regulation is a 
key factor shown to increase survival of MM cells, therefore inhibiting the efficacy of 
chemotherapeutic agents.  
  
Objective: To study the interaction of bFGF and bcl-2 expression, and its effects on 
apoptosis in multiple myeloma.  
 
Methods: Experiments with representative MM cell lines U266 and NCI H929. 
Assessment of viability, apoptosis rates and bcl-2 expression under optimal as well 
as apoptotic stimuli, namely dexamethasone, melphalan and bFGF.    
 
Results: The two cell lines show no negative response to dexamethasone, but a 
good apoptotic reaction to 2.0 micrograms of melphalan. This latter effect could be 
detected by DNA assays after 8 hours, and significantly by viability assays after 48 
hours (p<0.005). After verifying the expression of FGF-receptor 4, exogenous bFGF 
was added to the experiments with melphalan.  Viability of cells treated with 100 
ng/mL bFGF in combination with melphalan was significantly lower than with 
melphalan only (p<0.0005). This finding was correlated to bcl-2 RNA and protein 
expression. Compared to melphalan-only exposure, bcl-2 expression in both cell 
lines was decreased after exposure with melphalan and bFGF.  
 
Conclusions: This study confirms that bFGF has pro-apoptotic properties in MM. 
Furthermore it provides evidence that this effect is caused by down-regulation of bcl-
2 on both transcriptional and translational levels. Additional studies will be needed in 
order to better understand this relationship and the exact signaling pathway. 
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Zusammenfassung 
 
Das Plasmozytom, oder Multiples Myelom, ist eine haematologische Erkrankung, für 
die es bis heute keine langfristig wirksame Therapie gibt. Die durchschnittliche 
Überlebensdauer nach Diagnosestellung liegt bei rund drei Jahren. Angiogene 
Faktoren wie der bFGF (Basic Fibroblast Growth Factor) spielen eine wichtige Rolle 
bei der Entstehung von Plasmozytomen und können in deren Zellen nachgewiesen 
werden. Erkenntnisse wie diese erklären den Erfolg von anti-angiogenen Substanzen 
in der Behandlung von Plasmozytomen. Ein weiterer wichtiger Faktor zum 
Verständnis der Entstehung von Plasmazytomen ist bcl-2, ein Apoptose-
blockierendes Protein, das dort höher exprimiert wird als in normalen Plasmazellen. 
Diese Hochregulation ist ein entscheidender Aspekt in der erhöhten Überlebensrate 
von Plasmazytomzellen, und damit auch für die verringerte Wirksamkeit 
chemotherapeutischer Behandlungen. 
  
Forschungsziel: Die Untersuchung der Interaktion von bFGF und bcl-2, sowie der 
Effekte dieser Interaktion auf Apoptoseraten im Plasmozytom. 
 
Forschungsmethoden: Experimente mit zwei für das Plasmozytom repräsentativen 
Zellkultur-Zellinien U266 und NCI H929. Überlebens- und Apoptoseraten, sowie bcl-2 
Expression werden unter optimalen und unter Apoptose-induzierenden 
Zellkulturbedingungen (Dexamethason, Melphalan und bFGF) untersucht.  
 
Ergebnisse: Dexamethason zeigt keine negativen Auswirkungen auf die zwei 
Zelllinien während Melphalan in einer Dosierung von 2.0 microgram gute 
Apoptoseraten hervorrief. Diese können nach 8 Stunden im DNS 
Fragmentationsassay, und in der Zellkultur nach 48 Stunden nachgewiesen werden 
(p<0.005). Nachdem bestätigt wurde dass die untersuchten Zellen FGF Rezeptortyp 
4 exprimieren, wurde die Melphalan-Experimentreihe unter Beifügung von bFGF 
wiederholt. Das Überleben von Plasmozytomzellen nach Behandlung mit 100 ng/mL 
bFGF in Kombination mit Melphalan wurde signifikant verringert (p<0.0005) im 
Vergleich zu nur mit Melphalan-behandelten Zellen. Diese Ergebnisse wurden 
korelliert mit der bcl-2 RNS und Protein Expression. Im Vergleich zu Zellen, die nur 
mit Melphalan behandelt wurden, kann eine verringerte Produktion von bcl-2 RNS 
und Protein festgestellt werden.  
 
Schlussfolgerungen: Diese Studie bestätigt, dass bFGF eine Apoptose-fördernde 
Wirkung auf Plasmozytome hat. Ausserdem wird gezeigt, dass die Ursache für diese 
Wirkung in der Runter-Regulierung von bcl-2 – sowohl transkriptional als auch 
translational – liegt. Weiter Studien sind notwendig, um diese Zusammenhänge und 
die spezifischen Signalwege zu verstehen. 
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