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ABSTRACT 

Prostate cancer (PCa) is the most common cancer among Canadian men and is continuing to be 

the third-leading cause of male cancer death in Canada. PCa is initially androgen-dependent. 

Some patients developed metastasis at diagnosis, and are treated by androgen withdrawal 

therapy. The majority of patients will respond, resulting in tumor growth arrest. However, PCa 

eventually progresses to androgen-independence and no effective treatment is available. Stromal-

epithelial interaction is critical to PCa survival and proliferation. The bone metastasis in PCa 

indicated compatibility between bone stroma cells and PCa epithelial cells in bone 

microenvironment. IGF-I and IGF-II are the most abundant growth factors stored in bone. The 

bioavailability of IGF-I can be modulated by IGFBP-5, the most abundant IGFBP in bone 

stroma. IGFBP-5 is one of few consistently upregulated genes in mice bone stroma after 

castration. The functions of IGFs and IGFBP-5 are implicated in PCa growth and survival. 

The objective of this thesis was to investigate the role of stroma-derived IGFBP-5 in PCa bone 

metastasis and progression to androgen-independence. We generated IGFBP-5 expressing bone 

stroma MG63-BP5 clone, and its vector counterpart MG63-mock clone. We investigated the 

anti-apoptotic effect of MG63-BP5 conditioned medium on LNCaP PCa cells under androgen-

deprived condition through enhancing IGF-I-mediated survival signaling. We observed the 

ability of MG63 cells to support LNCaP tumor formation in nude mice coinoculated with 

LNCaP/MG63 cells. We also observed an increase in growth rate and PSA level in 

LNCaP/MG63-BP5 xenografts compared to LNCaP/MG63-mock xenografts both in intact and 

castrated mice. Immunohistochemical staining of these xenografts showed no difference in 

proliferation, however decreased apoptosis was seen in LNCaP/MG63-BP5 xenografts. 



Our study is the first to demonstrate that bone stroma-produced paracrine IGFBP-5 played a role 

in bone microenvironment that favors PCa cell survival as well as androgen-independent 

progression. We propose that IGFBP-5 can act as a reservoir for IGF-I that allows slowly release 

of IGF-I for receptor interactions, resulting in amplification of downstream signaling pathways, 

which promote cell survival. We concluded that this is an adaptive mechanism for PCa to resist 

undergoing apoptosis and survive under androgen deprivation stress. 
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1 I N T R O D U C T I O N 

1.1 Introduction 

Prostate cancer (PCa) is thet most common cancer among Canadian men and continues to be the 

third-leading cause of male cancer death in Canada [1]. It is not invariably lethal. However, it is 

a heterogeneous disease ranging from asymptomatic to a rapidly fatal systemic malignancy. In 

2007, it is estimated that 22,300 men in Canada will be diagnosed with PCa and 4,300 will die of 

it. One in 8 men will develop PCa during his lifetime, mostly after age 60. One in 27 PCa 

patients will die of it [1]. The goal(s) of the research described in this thesis is to investigate the 

role of bone stroma-derived IGFBP-5 in PCa metastasis and progression in bone. Through such 

work, I hope to reveal details of the mechanism by which bone stroma-produced IGFBP-5 

performs a growth-promoting and anti-apoptotic function in PCa bone metastasis, that will 

directly impact therapeutic options for patients with advanced PCa. 

1.2 The Prostate 

The prostate is a tubuloalveolar exocrine gland of the male reproductive system. It is normally 3 

cm long and located between the base of the urinary bladder and urethra. Normal prostate is as 

big as a large walnut. The main function of the prostate is to produce the seminal fluid, which is 

part of semen. The prostate also contains some smooth muscles that help expel semen during 

ejaculation. 

The prostate gland is composed of an epithelial compartment and a stromal compartment. The 

epithelium forms glandular acini, which are separated from a supporting stroma by a basement 

membrane interface. The epithelium is populated by three cell types: secretory glandular cells, 



nonsecretory basal cells, and neuroendocrine cells [2]. The secretory glandular cells represent the 

major cell type in normal prostate. They are terminally differentiated, express high levels of 

androgen receptors (AR) and secrete prostate specific antigen (PSA) and prostate acid 

phosphatase (PAP) into the glandular lumen [3]. The basal cells are located on the basement 

membrane. They are relatively undifferentiated and are thought to be proliferative precusors to 

secretory glandular cells. They have low or undectable level of AR and have no secretory 

activity [4]. The neuroendocrine cells form a small fraction of the cell population in normal 

prostate gland. They are terminally differentiated and may play a role in regulating the growth 

and function of the secretory cell [5]. The stroma of the prostate is composed of smooth muscle 

cells, fibroblasts, lymphoctyes, and neuromuscular tissue embedded in an extracellular matrix. 

They support the prostatic epithelium and most importantly directly affect differentiation and 

proliferation of epithelial cells. 

1.3 Prostate Cancer 

PCa originates from epithelial cells in the glandular acini of the prostate and is called 

adenocarcinoma. PCa can occur in men as early as 40 years old but the majority takes place in 

men over 60 years of age [6]. PCa is typically detected through screening based on digital rectal 

examination and measurement of serum PSA followed by a prostate biopsy. PCa is often initially 

slow-growing and androgen-dependent (AD). Growth and survival of PCa cells is dependent on 

the presence of androgen. Androgens enable the tumor to grow by stimulating cell proliferation, 

while concurrently preventing apoptosis [7]. The treatment of localized cancers typically 

involves active surveillance, radical prostatectomy and targeted irradiation. However, some 

patients are diagnosed late and have developed metastasis. Lymph nodes and bone are the major 
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metastatic sites of PCa. These patients are treated by androgen withdrawal either through 

medical castration using growth hormone releasing hormone (GHRH) agonists or by 

orchiectomy. The majority of patients will respond to hormone ablation, resulting in an average 

remission of about 24 months [8]. During this stage, PCa can progress from an AD to an 

androgen-independent (Al) phenotype and is typically lethal [7]. Therapeutic alternatives at this 

stage of disease are very limited, with a median survival between 8 and 12 months [8]. 

Understanding the adaptive responses of PCa cells that allow them to becomes Al and to 

metastasize is critical to developing therapeutic stratagies to treat men with advanced and 

metastatic disease. 

1.4 Stromal-Epithelial Interaction in Prostate 

1.4.1 Stromal-Epithelial Interaction in Normal Prostate Development 

The prostate develops from the urogenital sinus in response to testosterone stimulation. 

Embryonically the prostate is composed of a multilayer epithelium and surrounding stroma. 

When ductal budding starts at 10 weeks of gestation, the epithelium bud out to form an elongated 

and branched duct. Postnatally the prostate grows very slowly until puberty when there is an 

increase in androgen. At puberty, the multilayer epithelium differentiates into a double layer 

epithelium of inner-layer cylindrical secretory cells and basal-layer flattened or cubical basal 

cells. 

It is now understood that the stroma is a dynamic environment that directly influences epithelial 

cell behavior. A significant body of evidence has been accumulated demonstrating that stromal-

epithelial interactions play a critical role in the process of normal prostate development [9]. This 
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interaction is a dynamic network of communications between PCa cells and different kinds of 

stromal cells, including fibroblasts, smooth muscle cells and vascular endothelium. 

Stroma and epithelium interactions are critically involved in prostate development and 

differentiation. Cunha et al have studied rodent prostate development and differentiation in detail 

[9, 10]. Using tissue recombination technique and in the presence of androgen, they observed 

that tissue recombinants composed of wild-type urogenital sinus mesenchyme (UGM) + wild-

type epithelium and wild-type + AR-negative epithelium both undergo prostatic development. In 

contrast, tissue recombinants composed of AR-negative UGM + AR-negative epithelium and 

AR-negative UGM + wild-type epithelim fail to undergo prostatic development. The common 

feature of the former is the expression of ARs in the mesenchyma, and is not in the latter [11]. 

Estrogen also has effects on prostate development which is complex and may involve both 

indirect and direct action through estrogen receptor [12]. All these implied that mesenchymal 

AR plays a key role in prostatic development. 

Additional experimental results confirmed the role of androgen in prostatic development through 

stroma-epithelial crosstalk. Association of tissues of embryonic urogenital sinus mesenchyme 

(UGM) and urogenital sinus epithelium can differentiate into prostatic tissue when implanted 

under the renal capsule of experimental animals, but not in the absence of androgen [10]. 

Another investigation showed the necessity for prostatic stroma in the maintenance of adult 

prostatic secretory epithelium as well. Urinary bladder epithelium went through a 

redifferentiation into prostate tissue with the ability to express AR and secreting the prostate-

specific secretory proteins [13, 14]. This clearly indicated that stroma indeed mediates the AD 

growth and development of prostate from embryonic epithelium. On the other hand, the 



epithelium can in turn effect the behavior and function of stromal cells [15]. The prostate 

epithelium guide UGM into smooth muscle by differentiation. When UGM was grafted with 

human prostatic epithelium, it formed thickened smooth muscle layers similar to human prostatic 

smooth muscle phenotype [15]. All these proved that an epithelial-stromal crosstalk is necessary 

to mutually direct differentiation and development of prostatic epithelium and stroma. 

Though epithelial-stromal interactions play a fundamental role in normal prostate development 

triggered by androgens, androgen alone is not sufficient to maintain a homeostasis required for 

normal prostate differentiation and development. In the embryonic and neonatal growth and 

development of prostate, AR is detectable only in stroma and not in epithelium [16]. This 

indicates that androgens have an indirect rather than a direct effect on prostate epithelial cells. 

Furthermore, when combined with wild-type UGM, AR-negative epithelium can undergo AD 

morphological change and form prostate-like glandular epithelium [11]. This result showed that 

androgenic effects on epithelium are independent of AR on the epithelium. This has led to the 

theory that one or more growth factors from stromal cells act in a paracrine fashion to stimulate 

epithelial development, serving as a mediator of androgen function. These hypothesized 

androgen-regulated paracrine mediators have been referred to as andromedins [17]. 

It is now believed that diffused androgens first bind to AR of stromal cells and transactivate 

stroma-derived growth factors, andromedins. These growth factors then interact with their 

receptors on the membrane of ARs-negative epithelial cells and mediate differentiation and 

proliferation of prostate epithelium [18]. An andromedin is defined as a factor that must be 

sufficient to induce prostatic development and its absence must result in the loss of the prostate 

formation. It must be regulated directly or indirectly by androgens, and it has to be secreted from 

the UGM in the same time pattern as prostatic induction. To date, factors including IGF (Insulin-
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like Growth Factor), EGF (Epithelial Growth Factor), TGF-a (Transforming Growth Factor-a), 

TGF-p (Transforming Growth Factor-p), HGF (Hepatocyte Growth Factor), and others has been 

thought to be andromedins [19]. A good example is IGF-II, which is produced by stromal cells 

[20], and functions via the IGF-I receptor (IGF-IR). IGF-II is found to be expressed both in 

epithelial and stromal cells [21, 22]. When added to rodent ventral prostate tissue cultures, it 

mimics the function of androgen of inducing prostate tissue development [21]. Therefore, 

network of communication between cells of different types in the microenvironment of prostate 

is emerging. It is evident that this interaction directing normal prostate development is 

complicated and multidirectional. 

1.4.2 Stromal-Epithelial Interaction in Prostate Carcinogenesis 

Stromal-epithelial crosstalk also plays a critical role in prostate carcinogenesis [23]. Tumor 

stroma is different from the normal stroma. Tumor stroma responds to carcinoma in a similar 

way to wound healing to create a new stromal microenvironment where cancer cells grow and 

survive. Through tissue combining approaches [23], BPH-1 cells, an immortalized but 

nontumorigenic human prostatic epithelial cell line, were combined with rat UGM and 

transplanted under the renal capsule of an adult male nude mouse. The BPH+UGM recombinants 

were grown in the host mice. Both ARs and estrogen receptors are only detectable in UGM, but 

not in BPH-1 cells [12, 24, 25]. BPH-1+UGM grow with relatively normal prostatic glandular 

phenotype in untreated male mice, however, they undergo malignant transformation in 

testosterone plus estradiol (T+E2)-treated mice [15, 26]. It is reported that prostate 

carcinogenesis is induced by paracrine T+E2 mechanism mediated by the stromal 

microenvironment. Smooth muscle cells normally compose the stroma of benign adult human 

prostate. Prostatic smooth muscle cells express AR and respond to androgens to maintain a 
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nonproliferative highly differentiated secretory epithelium via stromal-epithelial interaction [27]. 

However, reactive stromal cells surrounding prostatic cancer cells are fibroblasts or 

myofibroblasts [28, 29]. An additional study used BPH-1 cells and carcinoma associated 

fibroblasts (CAF) isolated from human PCa tissue [30]. Both BPH-1 and CAFs cells were 

nontumorigenic when grafted by themselves in nude male host mice. Large poorly differentiated 

carcinoma occurred when BPH-1 and CAFs cells were combined [29], whereas no carcinomas 

developed when BPH-1 combined with normal prostatic fibroblasts [23]. These suggested that 

stromal-epithelial interaction is not only necessary but indispensable for carcinogenesis and 

development of PCa. 

1.5 Androgen and AR in Prostate Cancer 

Androgen is in no doubt necessary for the growth and survival of cells of normal adult prostate 

or primary PCa. There are mainly two forms of androgen, testosterone and dihydrotestosterone 

(DHT), which specifically bind the AR. Testosterone is the principal circulating androgen. 

Testosterone can be convertd to DHT by 5-reductase within prostate. DHT is 10 times more 

potent than testosterone because of increased affinity for AR, so it is the most active intracellular 

androgen in the prostate [31]. 

The AR is an intracellular steroid receptor of the nuclear receptor super family. After androgen 

binds to an AR, the dimerized and activated receptor complex enters the nucleus and binds to an 

androgen response element (ARE) of DNA. In interaction with other cofactor proteins in the 

nucleus, ARs cause gene transactivation resulting in formation of more messenger RNA to 

produce specific proteins. The best studied AR target gene is PSA [32] and IGF-IR [33, 34]. 
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Others examples include FGF8 (Fibroblast Growth Factor 8) [35], cyclin-dependent protein 

kinases (Cdkl, Cdk2) [36, 37], human kallikrein 2 (hK2) and PAP [38]. 

The mode for androgen and AR regulation of normal prostate development and PCa progression 

is different. In the developing prostate, only the stroma cells express ARs, suggesting the 

androgen regulation of prostate development is through the stroma cells [39, 40]. In normal 

adult prostate, AR expression is found primarily in epithelial cells, but also in the stroma [39, 

40]. In PCa specimens, AR staining in epithelial cells is heterogeneous. Variation and sometimes 

decrease in AR-positive cells can be found in less differentiated tumors, which corresponds with 

the reported insensitivity to androgen observed in advanced PCa [41, 42]. 

1.6 IGF axis 

Androgen plays a key role in PCa development and progression. Andromedins mediate 

biological effects of androgen. One such group of androgen regulated growth factors is the IGF 

axis [43, 44]. The IGF axis consists of two peptide growth factors, IGF-I and IGF-II [45, 46], 

cell-surface IGF-IR and IGF-II receptors (IGF-IIR) [47, 48], six well-characterized soluble IGF-

binding proteins (IGFBP-1-6) [49-54], a family of partially characterized IGFBP proteases and 

several IGFBP-related proteins (IGFBPrPs) [55]. 

The IGF axis plays a crucial role in regulating cellular growth, differentiation and apoptosis 

[56, 57]. These molecules are important in the development and regulation of many tissues. It 

has also been observed under specific circumstances to play a role in the process of 

tumorigenesis [45]. It is possible that increased activation of IGF-I signaling may replace 
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androgen as the primary growth-stimulatory and anti-apoptotic factors in cancer progression 

independent of androgen. 

1.6.1 IGFs and IGF Receptors 

IGFI and IGF-II are polypeptides of approximately 7 KDa and share a structural homology with 

proinsulin [58]. They consist of A and B domains that are homologous to the A and B chains of 

insulin. They are two major members of growth-promoting factor family. They are potent 

mitogens and anti-apoptotic factors for many normal and malignant tissues. IGF-I and IGF-II are 

unique among growth factors because they act both systemically as a hormone in the blood and 

locally as autocrine/paracrine factors, such as in the bone microenvironment. They have multiple 

functions including stimulating survival, promoting proliferation and differentiation. The liver is 

the main source of circulating IGF-I, others being the bone, brain and muscle. IGF-I production 

by liver is mainly controlled by pituitary growth hormone (GH) [59]. Nutritional status like 

fasting [60], protein restriction [61], anorexia nervosa [62] as well as estrogen [63] also impact 

the production of IGF-I. IGF-I and IGF-II are expressed in a wide variety of cells, such as bone, 

brain and muscle cells, and their expression is regulated in a cell and tissue-type dependent 

manner. Therefore, the IGFs are normally not viewed as classical endocrine hormones, but rather 

as paracrine or autocrine growth factors in the local microenvironment, such as bone 

microenvironment. 

There are two types of IGF receptors: IGF-IR and IGF-IIR. Both IGF-I and IGF-II interact with 

IGF-IR. Like insulin receptor (IR), IGF-IR is also a tetrameric receptor comprising two extra­

cellular binding a and two trans-membrane catalytic P subunits (CI2P2). The extra-cellular domain 

of IGF-IR has approximately 50% similarity with IR, and is composed of six structural domains 
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that form a binding pocket. The cytoplamic tyrosine kinase (TK) domain has 84% sequence 

homology between IGF-IR and IR. Upon binding IGF-I, the IGF-IR displays intrinsic tyrosine 

kinase activation and activates intracellular signaling pathways that are similar to those described 

for the IR. IGF-IR responds to ligand binding by auto-phosphorylation and activation of its 

tyrosine kinase domain. Initial phosphorylation of the activation site is Yl 135 and is followed by 

phosphorylation of Yl 131 and Yl 136 [64]. This serial phosphorylation stabilizes this structure 

and further lead to a major conformational change. A gap is opened and docking sites are 

provided to allow ATP and the adaptor proteins to bind. These proteins facilitate protein-protein 

interactions mediating various downstream signaling pathways. Adaptor proteins include Src 

homology 2-containing protein (She) and various isoform proteins of insulin-receptor substrate 

(IRS) family. Both She and the IRS proteins contain SH2 and/or phosphor-tyrosine binding 

domains that bind phosphorylated tyrosine on the IGF-IR. This leads to activation of two major 

downstream signaling cascades, the phosphoinositide 3'-kinase (PI3K)/Akt and the Ras/Raf/ErK 

pathway [65, 66]. 

IGF-II can also bind to IGF-IIR with high affinity. IGF-IIR is also recognized as mannose-6-

phophate (M6P) receptor and perforin receptor, which plays a role in endocytosis and 

intracellular trafficking of M6P-tagged proteins [67]. Unlike IGF-IR or IR, IGF-IIR is a single 

transmembrane protein with no intracellular catalytic domain. IGF-IIR is thought to function as a 

decoy receptor for IGF-II, modulating the extracellular levels of IGF-II [68]. Like IGF-I and 

IGF-II, IGF-IR and IGF-IIR are also found in various types of cells, including prostate, bone, 

brain and muscle. Their expression is controlled in a cell- and tissue-specific fashion. 
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1.6.2 IGF Axis and AR in Prostate Cancer 

IGF signaling system plays an important role in PCa [69, 70]. Increased IGF-I serum levels are 

linked with an increased risk of PCa [69, 71]. A majority of metastatic PCa tissues show an 

increased IGF-IR expression compared with primary lesions [34, 72, 73]. IGF-I has mitogenic 

effect to stimulate proliferation of PCa cells in vitro, while downregulation of IGF-IR expression 

by antisense oligonucleotides against IGF-IR inhibit in vivo tumor growth and prevent PCa cell 

invasion [74]. In vivo progression of human PCa xenograft to Al is associated with increased 

expression of both IGF-IR and IGF-I [44]. Increased IGF-IR expression is correlated with Al 

progression of human PCa [34, 44, 75]. Blockade of IGF-IR signaling using a inhibitory IGF-IR 

antibody can cause a marked enhancement of the castration effect on prostate tumor growth in a 

mouse xenograft model [76]. IGF-I-mediated signaling plays a critical role in PCa growth, 

progression and invasion. 

IGF-I can regulate AR activation in PCa cells. IGF-I is able to activate the AR in transfected 

DU145 human PCa cells [77]. IGF-I enhances androgen-mediated AR transcriptional function in 

DU145 cell but is unable to activate AR in the absence of androgens [78]. In fact the IGF-I effect 

on AR transcriptional activity is more complicated and depends on whether it is localized or 

metastatic PCa [79]. IGF-I enhanced DHT-stimulated, but not basal, AR transcriptional activity 

under probasin promoter in nonmetastatic AR-transfected PCa cells. However, AR activity in 

response to DHT is suppressed in these cancer cell-derived metastatic cells. Nevertheless, the 

activation effect by IGF-IR signaling on the AR transcriptional activity in both localized and 

metastatic tumors seems to be mediated through the PI3K/Akt pathway [79]. The mechanism by 

which IGF-IR signaling could directly affect the function of AR is still not well understood. One 

possible theory is that IGF-IR signaling may change AR phosphorylation status. AR can be 
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phosphorylated at Ser210 and Ser790 by IGF-I mediated activation of PI3K/Akt pathway. This AR 

phosphorylation may inhibit AR-induced apoptosis possibly by disabling the interaction between 

AR and its co-regulators [80]. Moreover, AR phosphorylation by IGF-I mediated activation of 

Ras/MAPK pathway may promotes androgen sensitivity of the AR transcriptional function in 

LNCaP cells [81]. The other assumption is that IGF-IR activation can stimulate AR co-regulators 

that enhance AR signaling. Mohler and Wilson have demonstrated an increase expression of 

TIF-2, a AR co-regulator, in most of the recurrent Al PCas that also have a high levels of AR in 

the nucleus [82]. The mediation of AR activity by IGF-I is in a cell type and location dependent 

manner. 

Conversely, androgen level can also influence IGF-I signaling activation. Our lab demonstrated 

that androgen is necessary for IGF-I-mediated protection from apoptotic stress and enhanced 

mitotic activity in LNCaP cells [34]. This protection is through upregulating IGF-IR expression, 

activation, and signaling to downstream factor IRS-2 and Akt. However, this effect was observed 

in Al lineage-derived C4-2 cells and tumors. C4-2 cells express higher levels of IGF-IR and 

greater activation of downstream proteins in the absence of androgen. This indicates that 

increased IGF-IR expression correlated with Al IGF-IR protection against apoptosis in PCa 

progression. Later, Pandini et al showed similar results that both DHT and the synthetic 

androgen R1881 upregulate IGF-IR expression by up to 6-fold and sensitize LNCaP PCa cells to 

the mitogenic and motogenic biological effects of IGF-I. These effects were inhibited by an IGF-

IR blocking antibody [83]. In contrast, DHT and R1881 did not effect IGF-IR expression in PC3 

cells. These effects on IGF-IR can be restored in AR-transfected PC3 cells. Androgen-induced 

IGF-IR upregulation can be inhibited by the Src inhibitor PP2 and the MEK-1 inhibitor 

PD98059. So it is reasonable to think that a majority of metastatic and Al PCa specimens show 
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an increase in IGF-IR expression compared to primary lesions [43, 75, 84]. This increase in IGF-

IR expression in PCa metastatic cells or tissues implies an adaptive mechanism for PCa cells to 

survive in a new metastatic enviornment. 

It is through stromal-epithelial crosstalk that IGF-I plays a key role in the PCa carcinogenesis 

and development. The theory was confirmed by Kawada's study. He and his colleagues showed 

that human normal prostate stromal cell, but not LNCaP and DU145 cells, secreted significant 

amounts of IGF-I [85]. Coinoculation of normal prostate stromal cell increased the growth of 

human PCa LNCaP and DU145 SCID mice. Coculture with normal prostate stroma increased the 

growth of DU145 cells in vitro, but pretreatment of normal prostate stroma with small interfering 

RNA (siRNA) of IGF-I lost its function to enhance the growth. These indicate that prostate 

stromal IGF-I mediates tumor-stroma cell interaction of PCa to accelerate PCa growth. IGF-I is 

indeed involved in the stroma-epithelial interaction of PCa. The local secretion of IGF-I in PCa 

tissue, in addition to the circulating IGF-I, is thought to play an important role in the prostate 

carcinogenesis. 

1.6.3 I G F B P s 

The biological response of cells to IGFs is regulated by various factors in that microenvironment. 

One important factor is the IGFBPs, which are integral members of the IGF axis [86]. There are 

six IGFBPs (IGFBP-1 to -6) identified so far. These six binding proteins modulate the biological 

function of the IGFs through high-affinity binding interactions that influence the ability of IGFs 

to act as ligands for the IGF-IR (Kd of - IO"10 M for IGFBPs versus Kd of IO"8 ~ IO"9 M for IGF-

IR) [87]. They share a 50% homologous protein sequence overall. After various post-

translational modifications, their molecular size falls in a range of 24 to 44 kDa. They also share 
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distinct structural and functional characteristics, including an ability to bind IGF with high 

affinity. 

Over 95% of circulating IGFs are bound to IGFBP-3. IGFs are also carried by other IGFBPs. 

Less than 1% circulate in the unbound, free form [88]. IGFBPs act to regulate the endocrine 

actions of IGFs by regulating the amount of bioavailable IGF. Similar to IGF-I and IGF-II, 

IGFBPs are also secreted by many cell types in a cell and tissue-type dependent manner. 

Because the affinity of IGFBPs for IGFs is higher than that of cell-surface IGF-IR, IGFBP-

bound IGFs are restricted in accessing cell-surface IGF-IR. However, some IGFBPs can bind to 

extracellular matrix (ECM) glycosaminoglycans (GAGs) and other ECM proteins [89]. In 

addition, the locally produced IGFBPs act as autocrine/paracrine regulators of IGF actions. 

Furthermore, some of the IGFBPs also act by a mechanism independent of IGFs [90]. 

1.6.3.1 I G F B P -1 

IGFBP-1 is produced in liver and kidney. It binds IGF-I and IGF-II with equal affinity. It is 

associated with increased ECM production and kidney hypertrophy. It is upregulated by insulin 

deficiency and downregulated by insulin and steroids [91]. It inhibits metabolic as well as the 

growth-promoting function of IGF-I [92]. 

1.6.3.2 I G F B P -4 

IGFBP-4 can be identified in all biological fluids. It is produced by various types of cells, such 

as hepatic cells, prostatic cells and bone cells [93]. It can bind to IGF-I and is regulated by 

Vitamin D and parathyroid hormone [93]. 
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1.6.3.3 IGFBP-6 

IGFBP-6 is produced in ovary and prostate. IGFBP-6 preferentially binds to IGF-II, inhibiting its 

activity [94]. It is primarily found in serum and cerebrospinal fluid. Its expression is regulated by 

IGF-II. 

1.6.3.4 IGFBP-2, 3, 5 

Unlike the above-mentioned three IGFBPs, IGFBP-3, IGFBP-2 and IGFBP-5 are the three 

IGFBPs that are most extensively investigated in PCa development and progression. Therefore, 

IGFBP-3, IGFBP-2 and IGFBP-5 are introduced and discussed together. 

IGFBP-2 is the second most abundant IGFBP to IGFBP-3 in the circulation. Its concentration 

level is high in seminal plasma and in cerebrospinal fluid. It is associated with central nervous 

system development. Reduced insulin level and protein diet increase IGFBP-2 level [95]. Higher 

serum level of IGFBP-2 has been found in PCa [96]. IGFBP-2 has been shown to have a growth 

inhibitory effect on normal prostate epithelial cells, while having a potent stimulatory effect on 

PCa cells [97]. 

IGFBP-3 has been most extensively studied, compared to other IGFBPs. It has the largest 

carrying capacity and highest affinity for IGF-I. IGF-I is carried in a trimetric 150 KDa complex 

composed of IGFBP-3 and a liver derived glycoprotein called acid labile subunit (ALS), which 

protect the IGFs from proteases and prolong their circulating half-life from about 10 minutes to 

about 15 hours [98]. The remainder of IGF in the circulation is bound to IGFBP-1, 2 or 4, each 

of which forms a 50 KDa complex [99]. IGFBP-3 is synthesized in liver, osteoblasts and bone. 
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IGFBP-5 is found in kidney, placenta and osteosarcoma. Bone matrix contains a considerable 

amount of IGFBP-5. IGFBP-5 is the most abundant IGFBP stored in bone [100]. In addition, 

IGFBP-5 is the most consistently increased gene out of 159 genes in DNA microarray of mouse 

bone marrow after castration and the increase in expression is reversed by testosterone 

administration [101]. It has a high specific binding affinity for hydroxyapatite and ECM proteins 

by which IGFBP-5 and its bound IGFs become fixed within bone [100, 102-104]. It is the only 

IGFBP that has been shown to consistently stimulate osteoblast cell proliferation in vitro [100]. 

IGFBP-5 is distinct from the other IGFBPs to be a key component of the IGF system in bone. 

However, there is not much evidence for a role of IGFBP-5 in normal prostate development. 

Thomas et al investigated the distribution of staining and found that delayed expression of 

IGFBP-5 correlated with initiation of apoptosis [105]. However, there is a lack of association 

between the appearance of apoptotic cells in the prostate and levels of IGFBP-5 expression in the 

tissue [106]. In addition, IGFBP-5 did not co-stain with apoptotic cell markers in histological 

sections of developmental prostate. These findings indicated that the role of IGFBP-5 in 

apoptosis of the normal prostate development is still a controversial issue. 

In contrast with the developing prostate, a number of studies with prostate tumor cells have 

suggested that IGFBP-5 can enhance PCa growth [107-109]. Gleave and his colleagues observed 

that stable transfection of IGFBP-5 in LNCaP PCa cells resulted in faster growth of cell 

compared with vector-transfected controls [109]. Apoptosis was induced by androgen 

withdrawal in both transfected and untransfected cells, but IGF-I prevented only transfected cells 

from apoptosis [109]. Tumors derived from LNCaP cells stably transfected with IGFBP-5 

proceed more rapidly to Al growth following castration of host rats [107]. However, this study 
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could not definitely demonstrate whether these effects were dependent on IGFs or whether they 

were the result of IGF-independent activities of autocrinely produced IGFBP-5. 

IGFBPs level can be rapidly and significantly altered in the PCa progression from androgen 

withdrawal to androgen independence [105, 110-113]. An increase in IGFBP-2 and IGFBP-5 and 

decrease in IGFBP-3 have been observed in human PCa tissues with high Gleason score 

compared to those with low scores or benign tissues [114]. In rat prostate, apoptosis induced by 

castration [115], antiandrogen bicalutamide [116] and vitamin D analogue EB1089 [117] results 

in an increased gene expression of IGFBP-2, 3, 4, 5. Pollak and his group studied IGFBP 

expression during regression of AD Shionogi carcinoma tumors after castration. They observed a 

dramatic increase in IGFBP-5 expression, a slight increase in IGFBP-2 and an immediate 

decrease followed by increase in IGFBP-3 [111]. Moreover, upregulation of IGFBP-5 after 

castration was significantly reduced by calcium channel blocker treatment, suggesting that 

IGFBP-5 is more associated with apoptosis than just a simple androgen repressed gene. Miyake 

et al demonstrated that overexpression of these IGFBP-2 and IGFBP-5 in LNCaP cells 

significantly enhances cells growth after androgen withdrawal [109]. Antisense oligonucleotides 

to IGFBP-2 and IGFBP-5 are able to reduce the stimulatory effects of the IGFBPs on LNCaP 

tumor growth [118]. Treatment of androgen-sensitive Shionogi tumour cells with antisense 

oligonucleotides to IGFBP-5 inhibited the growth of these cells compared with control vector-

transfected cells [107]. All these suggested that not only IGFBP-2 and IGFBP-5 have a 

stimulatory effect on PCa cells, but they can promote recovery from castration-induced apoptosis 

and cell cycle arrest. This protective function is thought to be realized by their binding to ECM 

and maintaining a higher concentration of IGF-I in the neighbourhood of the IGF-IR and 
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resulting in increased IGF-IR signaling [107]. IGFBP-2, -3 and -5 play an important role in PCa 

progression from AD to Al. 

1.6.4 IGFBP Proteases 

In addition to these IGFBPs, it is becoming increasingly appreciated that another important 

component of the IGF axis is a group of IGFBP proteases, which act to hydrolyse IGFBPs, 

resulting in a dramatic reduction in affinity between IGFBPs and IGFs, and potentially frees the 

IGFs to interact with their receptors [119]. The IGFBP proteases fall into three groups: 

extracellular kallikrein-like serine proteases which cleave IGFBP-3 including PSA [120], gamma 

nerve growth factor (y-NGF) [121] and urokinase plasminogen activator (uPA) [122]. PSA also 

cleaves IGFBP-5 in the seminal plasma [120]. Another serine protease is thrombin which 

protelyzes IGFBP-5 [123]. Other kallikreins including human plasma kallikrein (hPK) and 

rennin are relatively poor IGFBP proteases [55]. Matrix metalloproteinases (MMPs) form a 

family of peptide hydrolases that act in tissue modeling by degrading ECM components such as 

collagen and proteoglycans. MMP-1 is presented as the primary IGFBP-2 protease [124]. MMP-

1 to -3 can proteolyze IGFBP-3 to regulate cellular growth and proliferation [125]. Intracellular 

cathepsins is another group of proteases which can cleave IGFBP-1 to -5. Cathepsin D is 

identified as an IGFBP protease in LNCaP and PC3 PCa cell conditioned medium (CM) [126]. 

These IGFBP proteases play an important role in modulating the bioactivity of IGFBPs, thus 

indirectly influence the bioavailability of IGFs. 

IGFBP proteases have unique structures to perform the function of cleaving the IGFBPs. IGFBPs 

contain three distinct domains: the conserved N-terminal domain, the highly variable midregion 

and the conserved C-terminal domain. It is believed that the midregion acts like a hinge between 
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the N- and C-terminal domains. The high affinity binding of IGFs by IGFBPs is assumed to 

involve interactions between the N- and C-terminal domains working like a clip. The binding is 

initiated by IGFs interaction with the N-terminal domain and perhaps part of the midregion. 

However, participation of the C-terminal domain to hold IGFs tightly is required to complete the 

high affinity binding. In certain biological environments, IGFBPs can be proteolyzed by these 

proteases at sites in the midregion, resulting in decreased affinity for IGFs and further 

breakdown of the IGFs-IGFBPs complex [127, 128]. Increased proteolysis of IGFBP-3 has been 

shown in PCa by PSA [129], cathepsin D [130], and uPA [131]. A negative correlation between 

serum IGFBP-3 level and PCa risk suggests a protective role against the effects of systemic IGF-

I [132]. All these indicated that enhancement of IGFs function by PSA and other proteases can 

play a critical role in modulating IGF bioavailability, further carcinogenesis and tumor 

development. 

1.6.5 IGFBPrPs 

Several low-affinity IGF binders, called IGFBP-related peptides, have also been discovered that 

exhibit significant structural homology to high-affinity IGFBPs. IGFBPrPs bind IGFs with low 

affinity and also play important roles in cell growth and differentiation [133]. IGFBPrPl appears 

to be involved in diverse biological functions, including regulation of epithelial cell growth and 

stimulation of fibroblast cell growth. It can associate with type IV collagen [134], and also can 

bind IGFs and insulin [135]. IGFBPrP2 has a role in fibroblast and endothelial systems as well as 

in epithelial growth [136]. IGFBPrP4 has been shown to promote adhesion of fibroblasts and 

epithelial cells, to induce chemotaxis of fibroblasts [137], and to play a role in chondrogenesis 

[138]. IGFBPrP5 mRNA and protein expression are upregulated in osteoarthritis. Other peptides 
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including IGFBPrP3 and IGFBPrP6-10 also show low affinity for binding IGFs, however their 

biological function is still unclear [87, 95, 133, 139-144]. 

1.7 Prostate Cancer Progression from AD to Al 

If primary PCa is not treated properly, PCa patients will eventually develop lymph nodes and 

bone metastasis. For patients with metastatic disease, androgen ablation is still the best palliative 

therapy. Upon androgen withdrawal, more cells undergo apoptosis and fewer cells proliferate so 

that the tumor regresses. Approximately 80% of patients have symptomatic response after 

treatment with antiandrogen or castration. Howeve, PCa will eventually progress to Al. Once 

PCa becomes Al, it indicates that tumor cells adapt to maintain their proliferative capacity and 

lose the apoptotic response to androgen withdrawal [145]. 

Androgen independence of PCa is a major obstacle to the treatment of PCa. How to prevent or 

block PCa progression from AD into Al remains a huge challenge for both urologists and 

medical researchers. Different hypotheses explaining the mechanism of this process have been 

proposed [146]. A number of mechanisms can possibly contribute to this Al [147]. The Al cell 

clones are selected from a heterogeneous population of AD and Al cells by androgen 

withdrawal. The AD stem cells that can adapt to self-renewal in the absence of androgen. Small 

residual amounts of androgen can stimulate androgen sensitive cells. AR is activated by other 

steroids due to AR mutation. AR is phosphorylated by growth factors, such as IGF, EGF, to 

become activated in the absence of androgen [7, 147]. It is also evident that androgen can 

regulate the expression of many prostate-related growth factors through AR [148]. The 

mechanism of androgen-independence in PCa is more complicated than expected, and is still 

unclear. 
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1.8 Prostate Cancer Bone Metastasis 

PCa progression to Al is usually accompanied with cancer metastasis. Most patients with cancer 

die of incurable metastasis rather than the primary tumor. Bone is the most likely metastatic site 

for PCa, and lung or liver may also occasionally become affected. It is estimated that more than 

350,000 people in the United States die with bone metastasis each year [149]. Bone is the third 

most common site of metastasis for all cancer types and is the most frequent metastatic organ for 

certain types of cancers, such as PCa [150]. It is estimated that in terminal patients, 95-100% of 

myelomas, 65-75% of breast and PCas, 60% of thyroid cancers, and 15-45% of bladder, lung, 

and renal cancers and melanomas suffer from bony metastasis. 

It is important to understand how and why PCa cell are so likely to migrate to bone and survive, 

proliferate in the new bony environment. It has been over 100 years since Dr. Stephen Paget in 

1889 published his famous "seed and soil" hypothesis [151]. He predicted that unique factors 

located at the site of metastasis served as fertile soil promoting proliferation of seeded tumor 

cells outside of their original environment. He hypothesized that it was the compatibility between 

the "seed" and the "soil" that determined whether tumors could survive and grow at a distant 

site. After many years of research into genetic deregulation inside the cancer cell, the "seeds", 

scientists and physicians are now focusing more on tumor environment, the "soil". This turn of 

focus is led by the unsatisfactory explanation of tumor development and progression, the 

increased knowledge of tumor microenvironment and therefore the demand to reassess of our 

previous assumption about the nature of cancer and how to control it [152-155]. 

Once regarded to be composed of a homogeneous population of cancer cells, tumors are now 

recognized as heterotypical and complex tissues containing not only malignant cancer cells but 
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also co-evolving normal neighboring cell types [156, 157]. The normal host cells found in the 

tumor microenvironment is a complex system of many cell types including stromal fibroblasts of 

various phenotypes, myofibroblasts, vascular cells (endothelial cells, pericytes, and smooth 

muscles), immune cells (lymphocytes, macrophages, dendritic cells, and mast cells) and their 

embedded ECM. In this complicated system, these different types of cells coexist and actively 

interact with each other with the invading malignant cells initiating and driving a vicious cycle of 

tumor expansion. The neoplastic cells induce the stromal cells to serve as active conspirators so 

that the activated stromal cells can reciprocally induce and maintain the growth of malignant 

cells. The dynamic expression of various genes is influenced by active interactions among these 

cells, surrounding matrix, and their local physical and biochemical microenvironment. The 

biological products encoded by these genes, such as growth factors [158, 159], cytokines [160], 

chemokines, hormone, transmembrane receptors [161, 162], cell adhesion molecules, and other 

proteins produced locally and/or systemically [163, 164], in turn, control the pathophysiological 

characteristics of the tumor. Tumor microenvironment has been implicated in the regulation of 

cell growth, determining metastatic potential and possibly determining location of metastatic 

disease. 

It is assumed that inclination of cancer cells for bone is largely due to rich reticulate vasculature, 

uniquely abundant oxygen, nutrients and survival factors to tumor cells. Bone serves as a rich 

soil for the tumor cells to lodge and grow partly because it is a huge pool for growth regulatory 

factors. Bone accommodates a wide variety of growth factors, such as IGFs [165], TGF-P [166], 

bone morphogenetic proteins (BMPs) [167], FGFs [168, 169] and platelet-derived growth factor 

(PDGF) [170]. 
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1.8.1 Bone Microenvironment 

The factors listed here are responsible for regulation of the natural turnover of bone. This 

continuous remodeling is the result of the coupled and balanced action of bone resorbing 

osteoclasts and bone forming osteoblasts. Osteoblasts are derived from stromal stem cells of the 

bone marrow stroma and are responsible for bone formation by secreting new matrix. Osteoclasts 

are derived from hematopoietic stem cells and account for bone resorption by producing enzyme 

and acid to break down the matrix. Osteoblasts and osteoclasts interact with each other to control 

bone structure under a dynamic balance. This precisely balanced bone hemeostasis is completely 

disrupted when infiltrated by metastastic tumors. 

Most cancer-causing bone metastases are a mixture of osteolytic and osteoblastic. However, 

breast cancer bone metastastic lesion is primarily osteolytic or osteoperotic disease, and PCa 

bone metastasis is dominated by osteoblastic lesion or osteoptropic disease. During a breast 

cancer metastasis development, a classical osteolytic disease, TGF-P is released from the bone 

matrix to stimulated cancer cells to secrete parathyroid hormone related protein (PTHrP). PTHrP 

cause osteoblasts and bone stromal cells to express receptor activator of N F K B ligand (RANKL). 

RANKL then activates its receptor RANK on the surface of osteoclast precursor cells to 

stimulate osteoclast differentiation. Increased number of osteoclasts resorb more bone and more 

TGF-P is released, resulting in a vicious cycle of bone destruction and tumor growth. 

In PCa metastasis pathogenesis, a classical osteoblastic lesion, osteoblasts are overactive, 

producing more bone beyond the capability of break down by osteoclasts. Therefore, PCas are 

associated with profoundly osteoblastic lesions. The determining factors are those that stimulate 

proliferation or differentiation of the osteoblasts as well as osteoclast apoptosis. Numerous 
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factors have been identified that mediate osteoblastic lesions. These includes growth factor 

family (IGF-Is and IGF-IIs [171], FGFs [172] and PDGF [173]), TGF-p family (TGF-p [166], 

BMPs [167]), proteses and their activators (PSA [174] and uPA [175] [176-178]), and 

endothelin-1 [179]. Several TGF-P family members and both FGF1 and FGF2 were proved to 

strongly stimulate new bone formation in vivo [166]. Hydrolysis of IGFBPs by PSA leads to 

IGFs activation and freedom [174, 180]. Cleavage of TGF-P binding protein by uPA could 

activate and free TGF-P [181, 182]. These dynamic actions therefore indirectly result in 

stimulation of osteoblast proliferation and differentiation. Increased circulating concentration of 

endothelin-1 in patients with osteoblastic metastases indicates its stimulatory function in 

osteoblast proliferation and bone metastasis in vivo [179, 183], [184]. All these implied that this 

unbalanced osteoblasts/osteoclasts activity is a consequence of disordered regulatory factor 

homeostasis. 

1.8.2 IGFs, IGF Receptors and Bone 

IGF-I and IGF-II are the most abundant growth factors stored in bone. They are produced and 

secreted by osteoblasts and osteoblasts express IGF-IR and IGF-IIR [185]. The "seed and soil" 

theory has been supported in the case of PCa: tail vein-injected human PCa cells specifically 

metastasized to subcutaneously implanted human adult bone but not to other implanted human 

lung and mouse organs, indicating that human bone have a preferential microenvironment for the 

landing and subsequent growth of PCa cells [186]. Using a novel antibody directed against 

human IGF-I and IGF-II, Goya et al successfully inhibited the development of new bone tumors 

and the progression of established bone tumors in severe combined immunodeficient (SCID) 
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mice implanted with human adult bone [187]. It is obvious that IGFs played a central role in PCa 

bone metastasis. 

1.8.3 Prostate Cancer Epithelium-Bone Stroma Interaction in Bone Metastasis 

The tendency of PCa cells most likely metastasizing to bone and causing an osteoblastic lesion is 

a result of interactions between PCa cells and oesteoblasts. PCa cells can alter the normal 

balance between osteoblast and osteoclast activities, resulting in osteoblastic metastasis by 

means of secreting osteoblastic factors, such as IGF-I, FGF, TGF-P, PDGF, VEGF, PSA and 

uPA. These factors either directly promote activity of osteoblasts or remodel the bone matrix 

microenvironment. On the other hand, osteoblasts also secrete factors that accelerate progression 

of PCa in bone [188, 189]. However these bone-derived factors have not been identified [188]. 

To determine the role of tumor-stromal cell interaction and stoma-specific growth factors in PCa 

growth and metastasis, Gleave et al coinoculated poorly tumorigenic human PCa LNCaP cells 

and various tissue-specific fibroblasts subcutaneously in athymic mice. They found that LNCaP 

tumor induction rate is highest while inoculated with human bone fibroblasts (62%), followed by 

two prostate fibroblast cell lines (31% and 17%), but not with lung, kidney or embryonic 3T3 

fibroblasts [190, 191]. Through mitogenic assays using mutual stimulation of serum-free CM 

from LNCaP and bone or prostate fibroblasts, and selecting several known fibroblast-derived 

growth factors to test, they observed that among them, FGF2 was the most potent mitogen that 

stimulates the LNCaP growth. However, it is difficult to draw a clear conclusion that FGF is the 

driving force for inducing these LNCaP tumors [61]. Identifying the key mediators contributing 

to survive and proliferate of PCa cells in the new environment, bone, becomes a question that 

needs to be immediately addressed in the field of PCa research. 
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1.9 Specific Experimental Objective 

Bone metastatic PCa is an incurable disease. Patients at this stage may suffer from progressive 

severe bone pain, spinal cord compression, urination obstruction and poor general condition. All 

these symptoms lead to deprivation of quality of life from the patients. The bone metastasis of 

PCa definitely requires more attention. The explanation of compatibility between bone stroma 

cells and PCa cells is still unclear. The mechanisms of how bone metastatic PCa cells make their 

establishment in bone and how they further manage to survive androgen-ablation treatment and 

still proliferate are unknown. 

We hypothesize that increased expression of IGFBP-5 in bone stroma in response to androgen 

ablation may be an important factor for promoting establishment of PCa metastatic lesions and 

Al progression in patients undergoing hormone withdrawal therapy through its ability to enhance 

IGF-mediated survival signaling. 
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2 MATERIALS AND METHODS 

2.1 Tissue Culture 

2.1.1 Cell Passage 

LNCaP human PCa cells were obtained from American Type Culture Collection (ATCC), and 

maintained in RPMI supplemented with 10% FBS (Invitrogen Canada Inc. Burlington, Ontario). 

MG63 human osteosarcoma cells and PC3 human PCa cells were obtained from ATCC and 

maintained in DMEM supplemented with 10% FBS (Invitrogen Canada Inc. Burlington, 

Ontario). Cells were passaged at 70% confluency. Cells were cultured in 10 cm tissue culture 

plates (Nalge Nunc International, Rochester, NY) at 37°C and 5% CO2. To passage cells, the 

media was aspirated and cells were washed once in 2 ml of phosphate buffered saline (PBS) and 

1 ml of lx Trypsin-EDTA [10% lOx Trypsin-EDTA (Invitrogen, Burlington, ON) and 90% Fetal 

Bovine Serum (FBS, Invitrogen, Burlington, ON)] was added to the plates and incubated for one 

to three minutes to loosen adherent cells. Cells were triturated from the plates with 5 ml of media 

and added to a larger volume of media for replating. Cells were passed at 1:4 ratio in 10 cm plate 

or from one 10 cm plate into one 6-well plate (Nalge Nunc International, Rochester, NY) for 

transfection. 

2.1.2 Thawing Cells 

Frozen cells stored at liquid nitrogen (-196°C) were thawed rapidly in a 37°C water bath and 

immediately added to 9 ml of media with 5% FBS in a 10 cm plate. 
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2.1.3 Plasmid Stable Transfection and Clone Selection 

2.1.3.1 Plasmid Stable Transfection 

24 hours before transfection, 6 x 105 MG63 were seeded in 6-well plates to make cells 90-95% 

confluent at the time of transfection. The following protocol was followed for each well. 4 u.g of 

purified plasmid pRc/CMV/IGFBP5 or pRc/CMV (as a control) was gently mixed with 250 ul of 

OPTI-MEM I Reduced Serum Medium (clear, Invitrogen, Burlington, ON). 10 ul of 

Lipofectamine 2000 was gently mixed with 250 ul of OPTI-MEM I Reduced Serum Medium 

(clear, Invitrogen, Burlington, ON). Plasmid and Lipofectamine 2000 were gently mixed and 

incubated at room temperature for 20 minutes. The total 500 ul of mixture was then added to 

each well of MG63 cells. After 24 hours of incubation at 37°C, cells were lifted with Trypsin-

EDTA (Invitrogen, Burlington, ON) and passed onto a fresh 6-well plate at ratio of 1:10. After 

24 hours with approximately 15% confluency, 400 u.g/ml of Genetisin (Invitrogen, Burlington, 

ON) was added the cells in each well. Cells were replaced with fresh Geneticin-containing 

medium every 3 to 4 days. 2 to 3 weeks after transfection, colonies were harvested using pipette 

tips onto 24-well plates. Subsequently colonies were transferred onto 12-well plates and 

eventually 6-well plates to expand to cell lines. 

2.1.3.2 Clone Selection 

After establishment of stable transfected cell lines, RNA and protein were extracted for test of 

positive transfection colonies. In all, thirty-one colonies were tested IGFBP-5 RNA and protein 

from concentrated CM by Reverse Transcriptase-Polymerase Chain Reaction (RT-PCR), 

northern blotting and western blotting. Four colonies were confirmed both expressing IGFBP-5 

RNA and protein, however different levels of IGFBP-5 protein had been seen among these four 



IGFBP-5 expression colonies. Based on the amount of IGFBP-5 protein that each IGFBP-5 

expressing colony produced and later secreted into CM, the colony with the highest IGFBP-5 

production was selected and used for the experiments. 70 ui of concentrated CM were 

concentrated from 1ml of CM using UFC800524 (Millipore Corporate, Billerica, MA, USA) 

While CM was concentrated, proteins of each sample were harvested using the same volume of 

RIPA lysis buffer (20 mM of 1 M Tris-HCI/SDS, pH 7.4, 1% Triton-X-100, 0.1% deoxycholic 

acid, 1 mM of 0.5 M EDTA, lx cocktail protease inhibitor (Roche Diagnostics, Mannheim, 

Germany), 1 mM sodium vanadate, 2 uM microcystin), 1ml for each 10 cm plate. BCA assay 

(Pierce, Rockford, IL) was performed. The protein concentration was calculated. 40 ul of each 

sample were loaded on a SDS-PAGE gel. Loading control strategy was used to make sure that 

CM of each sample is from the same amount of whole cell lysate protein for quantification of 

IGFBP-5 production. 

2.2 Cell Stimulation 

2.2.1 Reagents 

Recombinant IGF-I (RDI Research Diagnostics Inc. Flanders, NJ), Recombinant IGFBP-5 

(rBP5) (BioVision Research Products Inc. Mountain View, CA), R1881 (Perkin Elmer Boston, 

Massachusetts), LY294002 (Calbiochem, San Diago, CA) and E3R (Upstate, Tamecula, CA) 

were used in this study. 

2.2.2 Antibodies 

Anti-IGFBP-5 (rabbit, polyclonal, 1:1500), anti-IGFBP-2 (rabbit, polyclonal, 1:1000), 
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anti-IGFBP-3 (rabbit, polyclonal, 1:1000), anti-MAP Kinase2/Erk2 (clone Ib3b9, mouse 

monoclonal, 1:5000) were purchased from Upstate Biotechnology, Lake Placid, New York. 

Anti-Phospho-p44/42 MAP Kinase (Thr202/Tyr204), (rabbit, polyclonal, 1:1000), 

anti-Phospho-Akt (Ser473) (rabbit, polyclonal, 1:1000), anti-Akt (rabbit, polyclonal, 1:1000) 

were purchased from Cell Signaling Technology, Beverly, Massachussets. Anti-IGF-IRp (C-20) 

(rabbit, polyclonal, 1:200), anti-IGF-IR (3B7) (mouse, monoclonal, 1:1000), anti-Phospho-Tyr 

(PY99) (mouse, monoclonal, 1:1000) were purchased from Santa Cruz Biotechnology Santa 

Cruz, CA. Anti-P-actin (AC-15) (mouse, monoclonal, 1:7500) were purchased from Sigma-

Aldrich St. Louis, Missori. Anti-Phospho-p44/42 MAP Kinase (Thr202/Tyr204) (rabbit, 

polyclonal, 1:1000), anti-Phospho-Akt (Ser473) (rabbit, polyclonal, 1:1000) and anti-Akt, 

(rabbit, polyclonal, 1:1000) were purchased from Cell Signaling Technology, Beverly, 

Massachussets, 

2.2.3 Conditioned Medium (CM) 

2.2.3.1 Collection of CM 

2.4 x 106MG63-mock (vector-transfected) and MG63-BP5 (IGFBP-5 transfected) were seeded 

in 10 cm plate. Next day, the cells were washed with PBS and starved in 5 ml serum-free RPMI 

1640 for 48 hours. Conditioned media was collected in 15 ml centrifuge tubes (Newton, NC, 

USA) and centrifuged at 1,500 g for 3 minutes to be clear of cells. 

2.2.3.2 Concentration of CM 

Supernatant was collected from the above centrifuge tubes and transferred into 10K cut-off 

concentrator UFC801024 (Millipore Corporate, Billerica, MA, USA) and centrifuged at 3,650 g 
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for approximately 30 or 12 minutes. 14X or 5X conditioned media were achieved and used for 

quantification and cell treatment, respectively. 

2.2.4 Cellular DNA Content Analysis 

LNCaP cells were cultured for 48 hours in serum-free RPMI 1640 ± 40 uM LY294002, with ± 

100 ng/ml IGF-I, or with ± 100 ng/ml E3R, or with ± 10~9 M R1881, or with ± 100 ng/ml IGF-I 

plus 10"9 M R1881, or with MG63-mock CM, or with MG63-BP5 CM, or with 100 ng/ml IGF-I 

plus MG63-mock CM, or with IGF-I plus MG63-BP5 CM, or with IO"9 M R1881 plus MG63-

BP5 CM, or with 100 ng/ml E3R plus MG63-BP5 CM. Cells were detached in 5 mM EDTA in 

PBS [50 mmol/L sodium phosphate, 150 mmol/L NaCI (pH 7.4)], washed twice with PBS, fixed 

in ice-cold 70% ethanol for 10 minutes and stained in 1 ug/ml RNase A (Sigma) and 5 (ig/ml 

Propidium Iodide (PI) (Sigma) for 20 minutes. The stained cells were analyzed for relative 

cellular DNA content on a flow cytometer (Beckman Coulter epics elite; Beckman, Inc., Miami, 

FL). 

2.3 RNA Extraction and Northern Blotting 

2.3.1 RNA Extraction 

Total RNA was isolated by Trizol reagent (Invitrogen, Burlington, ON). The following protocol 

was followed. In order to lyse cells, 5 ml of Trizol reagent (Invitrogen, Burlington, ON) was 

added to a 10 cm dish (Nalge Nunc International, Rochester, NY). The cell lysate was passed 

through a pipette several times and transfered into a 13 ml centrifuge tube (Aktlengesellschaft & 

Co. Numbrecht Germany). The cell lysate was incubated for 5 minutes at 15 to 30°C to permit 

complete dissociation of nucleoprotein complexes. 0.2 ml of chloroform per 1 ml of Trizol 
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reagent was added. The sample tubes were capped securely and shaken vigorously by hand for 

15 seconds and incubated at 15 to 30°C for 2 to 3 minutes. The samples were centrifuged at 

10,000 g for 15 minutes at 4°C. Aqueous phase was transfered to a fresh centrifuge tube 

(Aktlengesellschaft & Co. Numbrecht Germany). RNA was precipitated from the aqueous phase 

by mixing with isopropyl alcohol (Fisher Scientific, Fair Lawn, NJ). 0.5 ml of isopropyl alcohol 

per 1 ml of Trizol reagent was used for the initial homogenization. The samples were incubated 

at 15 to 30°C for 10 minutes, and centrifuged at 10,000 g for 15 minutes at 4°C. The supernatant 

was removed and the RNA pellets were washed once with 75% ethanol (Fisher Scientific, Fair 

Lawn, NJ). 1 ml of 75% ethanol per 1 ml of Trizol reagent was added for the initial 

homogenization. The samples were mixed by vortexing and centrifuging at 7,000 g for 5 minutes 

at 4°C. The RNA pellets were briefly air-dried for 5 minutes. RNA was dissolved in DEPC 

(Diethyl Pyrocarbonate, Sigma-Aldrich, Oakville, ON)-treated RNase-free water by passing the 

solution a few times through a pipette tip, and incubated for 10 minutes at 60°C. 

2.3.2 Northern Blott ing 

RNA concentration was measured by spectrometer. 15 to 20 u.g of RNA was loaded on a 1.2 % 

gel and electrophoresed at 100V for 1 hour. The gel was then transferred onto a Biodyne B 

membrane (PALL Gelman Laboratory, East Hills, NY) for 20 hours. After the transfer, a picture 

was taken and the membrane was UV-crosslinked. cDNA probes were generated by RT-PCR 

from the total RNA of PC3 cells using primers 5'-TGCGACGAGAAAGCCCTCTCCAT-3' 

(sense) and 5'-AAGGTTTGCACTGCTTTCTCTT-3' (antisense) for IGFBP-5. Following the 

prehybridization using Ultrahyb (Ambion, Austin, TX, USA) at 68°C for 1 hour, 3 (al (ie 25 ng) 

of IGFBP-5 cDNA probe was added to 42 u.1 of 10 mM TE buffer (lOmM Tris-CI, 1 mM EDTA, 

32 



pH 8.0). The probe was denatured at 95°C for 5 minutes and placed on ice for 1 minute. The 

cDNA probe was labeled with 32P-ct-dCTP using the Rediprime™ II Random Primer Labeling 

System (Amersham Biosciences, Priscataway, NJ, USA). 50 u.Ci of a-dCTP P was added to the 

labeling vial and mixed by pipetting up and down. The mixture was then incubated at 37°C for 

10 minutes. 5 ul of 0.2M EDTA was added to the vial. The probe purification column was pre-

spun at 3,000 g for 1 minute in 1.5 ml microcentrifuge tube. The column was transferred to a 

fresh microcentrifuge tube and the radioactive probe was added to the column, spun at 3,000 g 

for 2 minutes, and the elute was transferred to a fresh microcentrifuge tube, denatured at 95°C 

for 5 minutes and placed on ice for 5 minutes. P-actin cDNA probe is generated using primers 5'-

GGCATCCTCACCCTGAAGTA-3' (sense) and 5' -CATCTCTTGCTCGAAGTCC-

3'(antisense). The radioactive cDNA probe was added to the membrane and incubated at 42°C at 

low speed rotation for overnight in the hybridization oven. The membrane was washed at 44°C 

at high-speed rotation with 2X SSC/0.1% SDS solution for 30 minutes twice and 0.1X 

SSC/0.1%SDS solution 30 minutes twice. The membrane was exposed to a phosphor storage 

screen for appropriate length of time and the screen was scanned by the Typhoon scanner. 

Density of RNA band was calculated by the software on the Typhoon scanner (GE Healthcare 

Bio-Sciences Corp, Piscataway, NJ, USA). 

2.4 Protein Extraction, Immunoprecipitation and Western Blotting 

2.4.1 Protein Extraction 

The media was aspirated from the cells and 200 ul of RIP A lysis buffer was added to each well 

and placed on ice for 5 minutes. Cells were scraped down, added to microcentrifuge tubes and 
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placed on ice for 5 minutes. Lysates were cleared by centrifugation at 10,000 g at 4°C and 

supernatant was assayed for protein content using a BCA assay (Pierce, Rockford, IL). 30 u.g of 

protein were prepared for loading. 1/6 volume of 6x SDS sample buffer (35% 1 M Tris-HCI/SDS 

pH 6.8, 30% glycerol, 10% SDS, 9.3% DTT, 0.012% bromophenol blue) was added to each 

sample and boiled for 2 minutes at 100°C. Whole cell lysates were separated by sodium dodecyl 

sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) and transferred to Immobilon™-P 

Transfer Membrane (Millipore Corporate, Billerica, MA, USA) for immunoblotting. 

2.4.2 Immunoprecipitation 

After indicated treatments, IGF-IR was immunoprecipitated from lmg of whole cell lysates 

using the IGF-IR MAb 3B7 (Santa Cruz) and anti-mouse IgG-agarose (Sigma) and western 

blotted with PY99 anti-phosphotyrosine (upper panel) antibody or total anti-(3 subunit IGF-IR 

(lower panel) antibody (Santa Cruz). IRS-2 was coimmunoprecipitated from 500 ug of whole 

cell lysates using a p85 subunit of PI3K polyclonal antibody (UBI) and anti-rabbit IgG agarose 

(Sigma) and western blotted using anti-IRS-2 antibody (upper panel) or anti-p85 (lower panel) 

antibody (Upstate). The immunoprecipitates were separated by SDS-PAGE and transferred to 

Immobilon™-P Transfer Membrane (Millipore Corporate, Billerica, MA, USA) for 

immunoblotting. 

2.4.3 Westen Blotting 

After the membranes were placed in blocking buffer [100 ml of TBST pH 7.6 (2.42% Tris-HCl, 

8% sodium choloride, 0.5% Tween-20) in 1000 ml dHiO containing 5% milk for a minimum of 

1 hour at room temperature or overnight at 4°C, the primary antibody was added to blocking 

buffer at the appropriate working concentration. The membranes were incubated for 1 hour at 
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room temperature or overnight at 4°C. Membranes were washed three times for 10 minutes in lx 

TBST. The primary antibodies were detected with HRP-conjugated anti-rabbit or anti-mouse 

secondary antibodies (DAKO, Glostrup, Denmark). The secondary antibody was added to detect 

the primary antibody at a 1:2000 dilution in lx TBST for 30 minutes at room temperature. 

Membranes were washed again three times for 10 minutes in lx TBST and visualized by 

chemiluminescence (ECL, Amersham Pharmacia, Buckinghamshire, England). 

2.5 Reverse Transcriptase Polymerase Chain Reaction (RT-PCR) 

2.5.1 Preparation of Total RNA 

Total RNA was prepared following the protocol of RNA extraction (see 2.3.1). RNA 

concentration was measured by spectrometer. 

2.5.2 Reverse Transcriptase Reaction (RT) 

2 ug of total RNA from each sample were used to make a corresponding cDNA using First-

Strand cDNA Synthesis System (Invitrogen, Burlington, ON). The following protocol was 

followed to make cDNA. RNA/Primer mixtures were prepared in sterile 0.2 ml tubes (2 jag of 

total RNA, 1 ul of 10 mM dNTP mixture, 1 ul of Hexamer). DEPC-treated water was used to 

bring the volume up to 10 ul for each sample. A sample containing no RNA was used as negative 

control. Each sample was incubated at 65°C for 5 minutes, placed on ice for 1 minute. The 

following reaction mixture was prepared. Each reaction was composed of 2 ul of 1 Ox RT buffer, 

4 ul of 25 mM MgCI2,2 ul of 0.1 M DTT, 1 ul of RNaseOUT Recombinant RNase Inhibitor. 9 

ul of reaction mixture was added to each RNA/Primer mixture, gently mixed, and collected by 

brief centrifugation. The mixtures were then incubated at 42°C for 2 minutes. 1 ul (50 units) of 
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Superscript II RT was added to each tube, mixed, and incubated at 42°C for 50 minutes. The 

reactions were terminated at 70°C for 15 minutes, chilled on ice afterwards with final volume as 

20 ul. 

2.5.3 Polymerase Chain Reaction (PCR) 

For each sample, 2 ul of the above 20 ul cDNA was used. Mixtures were prepared (2 ul of 

cDNA, 0.5 iii of 5'-primer (25uM), 1 ul of 3'-primer (25uM), 22 ul of SuperMix HiFi, 

Invitrogen, Burlington, ON). The following program was run for the reaction: 1. Initial 

Denaturation at 95°C for 2 minutes, 2. Cycling: Denaturation at 95°C for 1 minute, Annealing at 

58°C for 1 minute, Extension at 72°C for 1 minute, totally 35 cycles, 3. Final extension at 72°C 

for 3 minutes, 4. Finish at 4°C. Product samples were run on a 1% Agarose gel for analysis. 

2.6 Mice Xenograft Study 

6-8-week-old male NU/NU mice (Harlan Sprague Dawley, Inc.) were randomly grouped into 

LNCaP/matrigel Matrigel (Collaborative Research, Bedford, MA), LNCaP/MG63-mock and 

LNCaP/MG63-BP-5 groups. They were subcutaneously inoculated with 2xl06 LNCaP cells plus 

matrigel (Becton Dickinson Lab ware, Lincoln Park,NJ), or lxl 06 MG63-mock cells or lxl 06 

MG63-BP5 cells in 0.1 ml through a 16-gauge needle at left front, left rear, right front and right 

rear of flanks. Tumor take rate, tumor volume were measured and tail vein blood was drawn 

once weekly once tumors were palpable 4 to 5 weeks after inoculation. The blood was 

centrifuged and serum was collected for PSA measurement using a PSA enzymatic immunoassay 

(ELISA) kit (ClinPro International Co. LLC, TM-107, Union City, CA). Tumor take rate, tumor 

volume and PSA were plotted. Tumor volumes were calculated using the formula, length x width 
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x depth x 0.5236. In tumor take rate data plotting, nodules that were greater than 150 mm3 (7 mm 

in length, width and depth, respectively) were defined to be active tumor and plotted. 

Comparison of tumor volume and serum PSA among three experimental groups using linear fit 

analysis. In our castrated mice xenograft study, when average serum PSA of a group reaches ~ 

100 ng/ml, surgical castration was performed in all mice in that group. Kaplan-Meier curve was 

performed for serum PSA data using GraphPad Prism software (GraphPad Software, Inc). 

Tumors were considered to be Al once serum PSA reaches precastration level. Once tumor 

volume reached 10% of the body weight or PSA reached precastration level in castration series), 

mice were sacrificed and tumors were harvested and fixed in formalin for making tissue 

microarray (TMA). 

2.6.1 Xenograft Tissue Microarray Preparation 

A TMA was constructed using formalin-fixed, paraffin-embedded mice xenograft specimens. 

Deparaffinized and rehydreated TMA sections were steamed in citrate buffer for 30 minutes to 

enhance antigen retrieval. 

2.6.2 Immunohistochemical (IHC) Studies 

Immnunohistochemical labeling with apo-tag (Chemicon Inc. Billerica, MA), AR (Santa Cruz 

Biotechnology), vimentin (Santa Cruz Biotechnology) and Ki-67 (DAKO, Inc. Mississauga, 

ON) were performed overnight. Slides were washed with PBS and incubated with streptavidin-

horseradish peroxidase-conjugated IgG secondary antibody (DAKO, Inc. Mississauga, ON) for 

10 minutes at room temperature, developed with Nova-red, counterstained with hematoxylin and 

stained with staining blueing reagent. The TMA slides were imaged digitally and eventually 

reviewed by two independent pathologists. Visual scoring was performed using Image Pro Plus 



(IPP), a digitalized immunohistochemistry scoring program (Media Cybernetics, San Diego, 

CA). 

2.7 Data Analysis 

All results of cell cycle analysis, cellular DNA content analysis and immunoblotting of signaling 

activation were from three different biological replicates. Representative immunoblots are 

provided to demonstrate the primary data. Statistical significance of data in cell cycle analysis, 

cellular DNA content analysis and immunoblotting of signaling as well as in tumor take rate 

analysis was assessed by student t test. Specifically, statistical significance of data in 

immunoblotting of signaling was analyzed with one sample test of the difference between two 

treatment with a hypothetical mean set as zero. A linear fit analysis was used to assess difference 

between xenograft growth and PSA kinetics. A logrank test was used to assess difference of 

survival between xenograft groups and a hazard ratio was used to assess difference of relative 

risk of serum PSA relapse between xenograft groups in Kaplan-Meier analysis. 
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3 INVESTIGATING T H E R O L E OF BONE STROMA-

PRODUCED IGFBP-5 IN PROSTATE C A N C E R C E L L 

SIGNALING IN VITRO 

3.1 Introduction 

Epithelial-stromal crosstalk is essential to normal prostate differentiation and development as 

well as PCa carcinogenesis [9, 23]. Androgen is an indispensable factor for stroma-mediated 

prostate epithelial normal and cancer cell growth and survival [192]. PCa with bone or other site 

metastasis is treated with androgen withdrawal therapy. PCa cells undergo apoptosis and reduced 

proliferation at an early stage in response to androgen ablation. However, PCa cells eventually 

lose their response and become AL In parallel to the role of andromedins in normal prostate 

development, Al progression is thought to be at least in part facilitated by increased responses of 

androgen-deprived tumor cells to microenvironment-derived andromedin growth factors, such as 

IGF-I axis [43, 44]. Bone contains a significant portion of IGF-I and IGF-II existing in the local 

microenvironment. IGF-I responsiveness is implicated in promoting androgen-independent 

progression of PCa. 

The biological activity of IGFs is primarily regulated by IGFBPs. IGFBP-2 and IGFBP-5 

upregulate and IGFBP-3 downregulates in less differentiated human PCa tissues versus more 

differentiated or benign tissues [193]. A significant increase in IGFBP-5, a slight increase in 

IGFBP-2 and an immediate decrease followed by increase in IGFBP-3 were observed in AD 

Shionogi tumor after castration [111]. Gleave et al observed that stable transfection of IGFBP-5 

in LNCaP PCa cells resulted in faster growth of cells compared with vector-transfected controls 
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[109]. However this study could not definitely demonstrate whether they were the result of IGF-

independent activities of autocrinely produced IGFBP-5 or IGF-dependent outcome, nor any 

above-mentioned studies investigate alteration of IGFBPs in PCa-invading bone stromal 

microenvironment. 

The fact that PCa mostly metastasize to bone indicated that bone stroma is a favorable 

microenvironment for PCa cell to grow and proliferate. Bone-derived factors that contribute to 

PCa growth and survival have not been identified. IGFBP-5 is a potential candidate that mediates 

interaction of bone stroma and PCa cells. IGFBP-5 is unique to bone microenvironment. IGFBP-

5 is found to be the richest IGFBP in bone [100]. IGFBP-5 binds to a number of ECM proteins 

and has the unique property of binding to hydroxyapatite, a component of the mineralized ECM 

of bone. IGFBP-5 is postulated to help sequester and concentrate IGFs in bone, thereby 

increasing local extracellular IGF concentrations to activate IGF-IR signaling [100, 102-104, 

194]. Most importantly, recent study showed that IGFBP-5 is the most consistently increased 

gene in mouse bone marrow after castration [101]. 

Figure 3.1 A shows possible IGF signaling in normal prostate epithelial cells through epithelial -

stromal interaction. Testosterone enters cells, is converted to DHT by 5-a reductase and binds to 

AR. The DHT-AR complexes go into the nucleus and binds to AREs to transactivate target genes 

with decreases in IGFBPs and increases in IGF-IR and MMPs. Prostate stromal cells also secrete 

low level of IGFBPs and high level of IGFs. IGFs and IGFBPs produced by epithelial cells and 

stromal cells are secreted outside the cells and get into the vicinity of IGF-IR on the membrane 

of prostate epithelial cells, bind to IGF-IRs and initiates IGF-I-mediated survival and 

proliferative signaling. These events might contribute to normal prostate development. 
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Figure 3. IB raised a question: what is the function of increased bone stromal IGFBP-5 in 

response to castration in IGF signaling in bone metastatic PCa through prostate epithelial-bone 

stromal interaction. In response to androgen withdrawal, there is a dramatic increase in IGFBP-5 

in bone stroma, as well as a decrease in IGF-IR and an increase in IGFBPs in PCa cells. 

However, the role of bone stromal increased IGFBP-5 in response to castration in bone stromal-

PCa epithelial interaction, and the mechanism of how bone metastatic PCa cells manage to 

survive androgen-deprived stress and become Al, are still unknown. 

Based on the above observations, and especially inspired by Xu et al's observation that IGFBP-5 

is most consistently increased gene out of 159 genes in mouse bone marrow after castration 

[101], we wanted to investigate the hypothesis that increased expression of IGFBP-5 in bone 

stroma in response to castration maybe an important factor for promoting establishment of PCa 

bone metastatic lesions and Al progression in patients with bone metastasis undergoing hormone 

withdrawal therapy. 
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A. IGF Signaling 
in Normal Prostate Development 

B. IGF/IGFBP-5 signaling 
in Bone Metastatic Prostate Cancer Progression 

Figure 3.1 IGF Signaling in Normal Prostate Development and IGF/IGFBP-5 
Signaling in Bone Metastasis Prostate Cancer Progression. A. In normal prostate 
epithelial cells, IGFs bind to the IGF-IR, which causes receptor auto-phosphorylation through the 
activation of its tyrosine kinase domain. Downstream Akt and MAP Kinase are subsequently 
activated, thereby a number of target genes are transactivated. Expression of IGF-IR, MMPs and 
IGFs are increased. The MMPs, together with IGFBP-binding IGFs from the prostate stromal 
cells, travel towards the epithelial cells surface. IGFBPs are cleaved by proteases such as PSA 
and MMPs, releasing IGFs and enabling them to interact with IGF-IRs. B. In response to 
castration, IGF-IR level decreases and IGFBPs level increase in PCa cells. Meanwhile, bone 
stromal IGFBP-5 is showed to consistantly increase upon castration. However, the answer to 
whether increased IGFBP-5 can provide prostate cancer cells survival signaling and what role(s) 
of bone stromal IGFBP-5 increased post castration might play in bone stromal-PCa epithelial 
interaction and the mechanism of how bone metastatic PCa cells manage to survive androgen-
deprived stress and become Al, is still unknown. 
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3.2 IGFBP-5 is Undetectable in MG63 cells 

Survival mechanisms of PCa cells occur through the interactions between epithelial tumor cells 

and stromal microenvironment of the host tissue. A major mediator of anti-apoptosis is the 

increased IGF-I bioavailability in the bone metastasis microenvironment [195]. 

Among over 100 genes tested in DNA microarray of mouse bone marrow after castration, 

IGFBP-5 is the most consistently increased gene [101]. IGFBP-5 is thought to play a key role in 

regulating IGFs bioavailability, further influencing the biological function of target cells. In 

order to assess how paracrine bone stromal IGFBP-5 might influence Al PCa progression, we 

required a human bone cell line that does not endogenously express IGFBP-5. MG63 is a human 

osteoblastic cell line that does not endogenously produce IGFBP-5. We planned to make a 

MG63 cell line that express IGFBP-5 using a stable transfection technique. By comparing mock-

transfected MG63 cells with IGFBP-5-transfected MG63 cells, we would be able to investigate 

biological effects of bone stroma-derived IGFBP-5 on PCa cell biology. We may also be able to 

determine the mechanism of why bone is almost the first and frequently the only site of PCa 

metastases and why PCa cells can survive, grow and proliferate in the local bone 

microenvironment. 

To determine whether MG63 cells express IGFBP-5, we first checked if there is IGFBP-5 

mRNA expression in MG63 cells. Total RNA was collected from MG63, LNCaP and 

LNCAP/BP5 cells [107] and MG63 messanger RNA was processed from MG63 total RNA. All 

four RNAs were loaded onto a gel for Northern blotting. LNCaP cells are known not to express 

IGFBP-5, and were used as a negative control for IGFBP-5. LNCaP/BP5 is a LNCaP cell line 

transfected with IGFBP-5, and was used as a positive control for IGFBP-5 [107]. As shown in 
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Figure 3.2A, P-actin at 2.1 kb was used as a loading control for RNA. IGFBP-5 was detected in 

LNCaP/BP5 at 1.7 kb. No expression of IGFBP-5 was detected in mRNA or total RNA of MG63 

cells and in LNCaP cells. Second, to determine whether IGFBP-5 protein is produced in in 

MG63 cells, we checked IGFBP-5 protein expression in MG63 cells. As mentioned above, 

LNCaP and LNCaP/BP5 were used as a negative and positive control for IGFBP-5, respectively 

[107]. We have screened a number of types of cell in order to assess IGFBP-5 production. All 

proteins were loaded onto a gel for western blotting. As shown in Figure 3.2B, P-actin at 42 kDa 

is used as a loading control. IGFBP-5 protein at 31 kDa is clearly detected in LNCaP/BP5, 

Shionogi tumor (mouse mammary gland carcinoma) and J82 (human bladder cancer) cell lines. 

IGFBP-5 expression is not detected in LNCaP, SaOS-2 (human osteosarcoma), PC3 (PCa), RT4 

(human bladder cancer) and MSF (human bone fibroblast) cell lines. It is known that PC3 and 

SaOS-2 cells express IGFBP-5. This can be explained by the fact that IGFBP-5 is a secreted 

protein and that these proteins were extracted from whole cell lysates. A limitation of this 

experiment is that it is difficult to detect secreted proteins, such as IGFBP-5, because once 

IGFBP-5 is produced, it is secreted outside the cells. However, this discrepancy was noticed by 

my supervisor Dr. Cox. An idea of testing IGFBP-5 protein expression from CM rather than 

whole cell lysate of MG63 cells was suggested. The IGFBP-5 expression in MG63-BP5 CM will 

be shown and discussed in Section 3.3. These results indicate that MG63 cells might not express 

IGFBP-5, however, confirmed by MG63 CM western blotting in next Section 3.3. 
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A. IGFBP-5 mRNA expression 

MG63 

$ 
< 06 
Z — u -

IGFBP-5 

beta-artin 

al 
98 

u 

1.7kh 

2.1kb 

B. IGFBP-5 protein expression 

(whole cell lysate) 

a. 

3 
Q 
es 
50 

1 
en 

a- a. 

z z h s « 4 - - U 2§ S BB 

31 k D 

42 k D 

Figure 3.2 IGFBP-5 is Undetectable in MG63 cells. A panel of cell lines were 
cultured in 10% FBS DMEM. RNAs and proteins were extracted for Northern blotting and 
westernblotting. A. Total RNA and messenger RNA were loaded on agarose gel, transferred to 
Biodyne B membrane, hybridized with radioactive IGFBP-5 cDNA probe and exposed to a 
phosphor storage screen. The screen was scanned using a Typhoon scanner. RNA expression of 
IGFBP-5 (upper panel) and P-actin (lower panel) was detected. B. Proteins were extracted in 
whole cell lysate from the above cells, loaded on a SDS-PAGE gel, transferred to PVDF 
membrane and blotted with IGFBP-5 antibody. Protein expression of IGFBP-5 (upper panel) and 
P-actin (lower panel) was visualized by chemiluminescence. 
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3.3 Creation of Stable IGFBP-5-Expressing MG63 Cell Lines 

In order to investigate the role of IGFBP-5 in PCa cell survival, proliferation and growth in the 

bone microenvironment, we established MG63 clones that can overexpress IGFBP-5. We thus 

stably transfected MG63 cells with IGFBP-5. pRc/CMV/IGFBP-5 was previously made by Dr. 

Miyake [107]. Plasmid pRc/CMV and pRc/CMV/IGFBP-5 were generously provided by Dr. 

Martin Gleave (Figure 3.3). Following the transfection protocol (Chapter 2, Section 2.1.3.1), we 

were able to create mock-transfected cell line with IGFBP-5-transfected cell line. After clones 

were harvested, RT-PCR, Northern blotting and westernblotting were performed in order to 

determine clones that express IGFBP-5. Again, LNCaP and LNCaP/BP5 were used as a negative 

and positive control for IGFBP-5, respectively. In all, thirty-one clones were first screened by 

RT-PCR. As in Figure 3.4 (top panel), four clones 5-4, 5a, 4-2 and 6-4 expressed IGFBP-5 with 

a product at 609 bp. Clones 5a and 4-2 appeared to have highest expression of IGFBP-5 

compared with clones 5-4 and 6-4. IGFBP-5 was not detected in parental MG63 cells and clone 

2-1, one of the clones that were transfected with empty vector. Second, RNA was collected from 

these clones and checked for IGFBP-5 RNA expression by Northern blotting analysis (Figure 

3.4, middle panel), which showed consistent result with RT-PCR, with most expression of 

IGFBP-5 in clones 5a and 4-2, less expression in clones 5-4 and 6-4, and no expression clone 2-1 

as well as parental MG63 cells. P-actin was used as a loading control for RNA at 2.1 kb Figure 

3.4 (bottom panel). Subsequently, westernblot analysis (Figure 3.5) of CM from these clones 

confirmed that clones 5-4, 5a, 4-2 and 6-4 did produce and secrete IGFBP-5 protein into CM. 

While CM was prepared, proteins of each sample were harvested using the same volume of 

RIPA lysis buffer. BCA assay (Pierce, Rockford, IL) was performed and protein concentration is 

thereby calculated. Forty ul of concentrated CM from each clones was loaded. Calculation was 
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performed to adjust IGFBP-5 production in CM based on same amount of whole cell lysate 

protein from each clones. The IGFBP-5 protein production in CM is placed in the order from 

highest to lowest: clone 4-2 > 5a > 5-4 > 6-4. In the meanwhile, protein production of IGFBP-2 

and IGFBP-3 was also tested in the CM from these clones. It is similar in levels of IGFBP-2 

production, although slightly various in levels of IGFBP-3 production between these clones. 

Since highest IGFBP-5 production was detected in clone 4-2 CM in greatest contrast to its 

counterpart clone 2-1 CM, clone 4-2 was selected as the IGFBP-5-transfected MG63 cell line for 

the future experiments with clone 2-1 chosen as the mock-transfected MG63 cell line. Clone 2-1 

and 4-2 were since referred to as MG63-mock and MG63-BP5. In addition, undetection in 

IGFBP-5 expression in RT-PCR, Northern blotting and CM westernblotting clearly 

demonstrated that MG63 indeed does not express IGFBP-5. 
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NeoR 

Figure 3.3 Schematic Structure of Plasmid pRc-CMV I G F B P 5 . Stable clonal cell 
lines were created from MG63 cells by transfection with a plasmid encoding constitutive IGFBP-
5 expression cassette (pRc-CMV IGFBP5) or empty vector (pRc-CMV). 

48 



MG63 Clones 

i SB 4 3 

fi. 
1 

IGFBP-5 

IGFBP-5 

beta actin 

ca 

PGR product 
(609 bp) 

1.7 kb 

2.1 kb 

Figure 3.4 R T - P C R and Northern Blot Analysis of IGFBP-5 Expression in 
MG63-BP5 Clones. Human IGFBP-5 and P-actin cDNA probes were generated by Reverse 
Transcription (RT) from total RNA of PC3 cells using primers listed in Materials and Methods. 
RT- analysis (top panel). RNAs were extracted from each clones using Trizol extraction method. 
Reverse Transcription (RT) was performed and cDNAs of each clones were obtained. 
Subsequently reaction was performed using the program as described in Materials and Methods. 
Product samples were run on a 1 % Agarose gel and scanned for analysis Northern blot analysis 
(middle and bottom panel): Total RNA from each clone was loaded on agarose gel, transferred to 
Biodyne B membrane, hybridized with radioactive IGFBP-5 cDNA probe and exposed to a 
phosphor storage screen. The screen was scanned using a Typhoon scanner. RNA expression of 
IGFBP-5 (middle panel) and P-actin (bottom panel) was detected. Density of bands for IGFBP-5 
was normalized against that of beta-actin by densitometric analysis. 
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2-1 and 4-2 clones were used as MG63 mock and MG63-BP5 in the 
future experiments, respectively 
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Figure 3.5 Western Blot Analysis of IGFBP-5 Expression In MG63-BP5 C M . 
2.4 X 106 cells were seeded in a 10 cm plate. Next day the plate was rinsed with PBS and cells 
were starved in 5 ml serum-free RPMI 1640 for 48 hours. CM was collected and concentrated up 
to 14X using centrifuge concentrator UFC801024 (Millipore). In the meantime, whole cell lysate 
was harvested using the same amount of RIPA lysis buffer. The protein concentration is 
analyzed by BCA assay. 40 ul concentrated CM from each samples were loaded on a SDS-
PAGE gel and transferred to PVDF membrane for westernblot analysis. The membrane was 
blotted by IGFBP-5 from Upstate (# 06-110 anti-rabbit) at 1:1500. IGFBP-5 expression was 
evaluated by densitometry and adjusted further by protein concentration as loading control. 
IGFBP5 protein production in the above clones in the order from most to least is: 4-2 > 5a > 5-4 
> 6-4. Therefore, clone 4-2 was chosen to use in future experiment and referred to as MG63-
BP5. clone 2-1 was referred to as MG63-mock. 
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3.4 Quantification of IGFBP-5 Produced in MG63-BP5 C M 

To determine how much IGFBP-5 protein there is in MG63-BP5 CM, we quantified the amount 

IGFBP-5 produced and secreted into MG63-BP5 CM. Following the protocol in Chapter 2.2.3.2, 

6x 106 MG63-BP5 cells were seeded and starved in 12 ml serum-free RPMI 1640 for 48 hours. 

CM was concentrated up to 50X. In parallel with 1.5, 3, 6, 12, 25, 50, 100 ng of rBP5, 2.5, 5, 10, 

20, 40ul of concentrated MG63-BP5 CM were loaded for westernblotting analysis. Densitometry 

for each band is calculated. A standard curve of rBP5 in ng versus density in unit was 

established, upon which amount of IGFBP-5 in MG63-BP5 CM is calculated. 10 ul of 50X 

concentrated MG63-BP5 CM or 0.5 ml of MG63-BP5 CM contains approximately 35 ng of 

IGFBP-5. It also indicates the concentration of IGFBP-5 in unconcentrated MG63-BP5 CM is 

70 ng/ml. At the beginning, we used IX CM (ie unconcentrated) for LNCaP cell treatment, we 

did not observe any effect of IGFBP-5. Upon a suggestion from Dr. Duronio, one of my 

committee members, we tried 5X CM for the LNCaP cell treatment and started observing effect 

of IGFBP-5. The IGFBP-5 concentration in 5X concentrated CM is 350 ng/ml. The 

concentration of IGF-I used in our experiment is 100 ng/ml. The concentration ratio of IGFBP-5 

to IGF-I is approximately 1:4. Considering that the molecular weight of IGFBP-5 and IGF-I is 

approximately 30 kDa and 7 kDa (ratio 4:1), respectively, we may easily reason that one IGFBP-

5 molecule is needed to carry one IGF-I molecule in order to observe effect of IGFBP-5 on 

activation of IGF-IR mediated signaling. In fact, our observation is consistent with Jones et al's 

work [196]. They used a concentration of 80ng/ml for IGFBP-5 and 20 ng/ml for IGF-I to 

observe the biological effect of IGFBP-5 in their ECM experiments. 
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Figure 3.6 Quantification of IGFBP-5 produced in MG63-BP5 C M . 6 x 106 

MG63-BP5 cells were seeded for overnight attachment. The cells were starved in 12 ml serum 
free RPMI 1640 for 48 hours. CM was concentrated up to 50X. In parallel with 1.5, 3, 6, 12, 25, 
50,100 ng of rBP5, 2.5, 5,10, 20,40ul of concentrated MG63-BP5 CM were loaded for 
westernblotting analysis in Figure 3.6A. Densitometry for each band is calculated. A standard 
curve of rBP5 in ng versus density in unit was established, upon which amount of IGFBP-5 in 
MG63-BP5 CM is calculated (Figure 3.6B). 
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3.5 IGFBP-5 from MG63-BP5 C M Protects LNCaP Cells from LY294002-

induced Apoptosis 

Several studies indicated that autocrine IGFBP-5 has an anti-apoptotic function in PCa growth 

progression [107-109]. IGF-I prevented only IGFBP-5-transfected cells from apoptosis [109]. To 

determine whether paracrine IGFBP-5 produced by human bone stroma-derived MG63-BP5 

cells has an anti-apoptotic function in LNCaP cells, cellular DNA content analysis was 

performed on cells cultured for 48 hours in MG63-mock, or MG63-BP5 CM (Figure 3.7). 

Because IGFs and IGFBP-5 have a molecular weight of 7 kDa and 30 kDa, so 10K cut-off 

concentrator was used in order to remove any MG63-BP5 produced free IGFs and keep all 

IGFBPs (molecular weight range from 24 to 36 KDa), particularly IGFBP-5. As shown in the 

cell cycle profiling, LNCaP cells treated with MG63-mock or MG63-BP5 CM exhibited 

indistinguishable Go/Gi or S+G2/M cell cycle fractions as well as G0/G1 or S+G2/M ratio, 

indicating no difference in mitotic index. However, we did observe a difference in the sub G0/G1 

fraction (12% in MG63-mock CM vs. 4.4% in MG63-BP5 CM, respectively). These results 

indicate that MG63-BP5 CM alone might confer LNCaP cells a decreased apoptotic index 

fraction under androgen-deprived condition. We went on further to investigate whether MG63-

BP5 CM can modulate IGF-I-mediated signaling. 
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Figure 3.7 Decrease in Apoptotic/Necrotic Fraction in LNCaP cells Treated 
with MG63-BP5 C M under Serum-Free Conditions (n=3). MG63-mock and 
MG63-BP5 cells were seeded and starved in serum-free RPMI 1640 for 48 hours. MG63-mock 
and MG63-BP5 CM were prepared as described in Materials and Methods. LNCaP cells were 
incubated in MG63-mock and MG63-BP5 CM for 48 hours. Apoptosis was measured by cellular 
DNA content of PI stained cells and % apoptosis calculated as the fraction of cells with sub-
G0/G1 DNA content. The sub-GO/Gl fraction in MG63-mock and MG63-BP5 CM was 
compared by student t test (p < 0.05). Data is representative of three independent biological 
replicates. 
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To determine whether paracrine IGFBP5 protects LNCaP cells from LY294002-induced 

apoptosis, PI staining was performed on LNCaP with a series of treatment (Figure 3.8A). 

LNCaP cells in serum-free media had a consistent basal apoptosis index (9%) (lane 1). IGF-I and 

R1881 (a synthetic androgen) slightly reduced basal apoptosis (lane 3 and lane 5). LY294002 

induced an 80% apoptosis (lane 2). Further addition of IGF-I and androgen exhibited 20 to 33% 

protection (lane 4 and lane 6). Dramatic protection (66%) was observed when both IGF-I and 

androgen were added (lane 8). These results indicate that combination of IGF-I and androgen has 

a synergistic effect on anti-apoptotic function against LY294002-induced apoptosis. MG63-

mock CM alone (lane 9), or MG63-mock CM plus IGF-I (lane 13) had no effect on basal 

apoptosis. However, MG63-BP5 CM (lane 11), or MG63-BP5 CM plus IGF-I (lane 15) had 

moderate protection from basal apoptosis. MG63-mock CM (lane 10), MG63-BP5 CM (lane 13) 

and MG63-mock CM plus IGF-I (lane 14) protected LY294002-induced apoptosis by 20 to 30%. 

However, 50% protection from LY294002-induced apoptosis was observed in LNCaP cells 

treated with MG63-BP5 CM plus IGF-I (lane 16). A synergistic function in protection from 

LY294002-induced apoptosis was observed in LNCaP cells treated with combination of IGFBP-

5 containing CM, but not with combination of MG63-mock CM. Recalling that MG63-mock CM 

contains IGFBP-2 and IGFBP-3, as does MG63-BP5 CM, therefore we concluded that IGF-I 

signaling is potentiated by the addition of IGFBP-5 in MG63-BP5 CM. 

In order to determine whether the ability of IGFBPs to bind IGF-I is required to promote anti-

apoptotic signaling, cellular DNA content analysis was performed on LNCaP cells using E3R (a 

mutant IGF-I that does not bind to IGFBPs) instead of IGF-I. Similar to IGF-I, E3R alone (lane 

17), with addition of androgen (lane 19) or MG63-BP5 CM (lane 21) exhibited a slight 

protection from basal apoptosis. E3R alone had a slight protection from LY294002-induced 

55 



apoptosis (lane 18). E3R plus androgen also had a dramatic protection (55%) from LY294002-

induced apoptosis (lane 20). However, E3R plus MG63-BP5 CM (lane 22) exhibited a 20% 

protection from LY294002-induced apoptosis, much less than that of IGF-I plus MG63-BP5 CM 

(50%). These results indicate that interaction, probably binding between IGFBP5 and IGF-I is 

essential to performing anti-apoptotic function against LY294002-induced apoptosis. Our data is 

in accordance with observed consistent increase in IGFBP5 expression in mice bone stroma after 

castration [101]. 

Studies from our lab and others showed that one mechanism of enhancing protection from 

apoptosis is to increase IGF-IR expression and subsequently augment the downstream anti-

apoptotic signaling [34, 83]. To determine whether this anti-apoptotic function is due to elevated 

IGF-IR level, immunoprecipitation and western blotting were performed. LNCaP cells were 

prestarved for 48 hours and were cultured in MG63-mock CM or MG63-BP5 CM, with or 

without R1881 for 15 minutes. Same amount of lysis buffer were added to harvest whole cell 

lysates. Protein concentration were assessed using BCA protein assay kit. IGF-IR was 

immunoprecipitated from 1 mg protein of each sample and western blotted with total IGF-IR 

antibody. P-actin was used as a loading control. Each treatment has three biological replicates 

and was shown in Figure 3.8B. R1881 is dissolved in 100% ethanol, which was used as control 

for R1881. R1881 increased IGF-IR expression both in cells treated with MG63-mock and 

MG63-BP5 CM. However, no difference in IGF-IR expression was observed in LNCaP cells 

treated with MG63-mock and MG63-BP5 CM. These results concur with and confirm the above 

work [34, 83], indicating that MG63-BP5 CM did not alter IGF-IR expression compared with 

MG63-mock CM. 
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The increased anti-apopototic function observed in LNCaP treated with MG63-BP5 CM plus 

IGF-I is not due to increase in IGF-IR expression, but because of IGFBP-5 produced and 

secreted into MG63-BP5 CM. IGFBP-5 might serve in substitute of androgen to perform anti-

apoptotic function against LY294002-induced apoptosis in an androgen-deprived environment. 

This switch of utilization from androgen to IGFBP5 might be an adaptive mechanism for PCa 

cells to survive androgen withdrawal-induced apoptosis. 
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Figure 3.8 MG63-BP5 C M protection of L N C a P cells from LY294002-
Induced Apoptosis under Androgen-Deprived Conditions is IGF-Dependent 
(n=3). (Lane 1 to 22 is from left to right). A. Cellular DNA content analysis. MG63-mock and 
MG63-BP5 CM were prepared as described in Materials and Methods. LNCaP cells were 
incubated for 48 hours with ± 40 uM LY294002, or ± 100 ng/ml IGF-I, or ± 100 ng/ml E3R, or 
± 10"9 M R1881, or MG63-mock and MG63-BP5 CM. Apoptosis was measured by PI stained 
cells and % apoptosis calculated as the fraction of cells with sub-GO/Gl DNA content. Apoptosis 
rates in LNCaP treated with 40 uM LY294002 (lane 2), and 40 uM LY294002 plus 100 ng/ml 
IGF-I plus 10"9 M R1881 (lane 8), or LY294002 plus 100 ng/ml IGF-I plus MG63-BP5 CM (lane 
16), or 40 uM LY294002 plus 100 ng/ml E3R plus 10"9 M R1881 (lane 20) were compared by 
student's t test (* p < 0.05). B. Total IGF-IRs were immunoprecipitated and immunoblotted as 
described in Materials and Methods. P-actin was used as a loading control. Data is representative 
of three independent biological samples per treatment (n = 3). Band densities were calculated 
and compared by student t test (* p < 0.05). 
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3.6 IGFBP-5 Production from MG63-BP-5 C M Promotes Activation of 

IGF-I-mediated Survival Signaling in L N C a P cells 

To determine whether the anti-apoptotic function exhibited by MG63-BP5 CM plus IGF-I is 

through IGF-I-mediated survival signaling, activities of several important nodes of IGF-I-

mediated signaling were investigated by immunoprecipitation and immnoblotting. LNCaP cells 

were prestarved for 48 hours and stimulated with 100 ng/ml IGF-I plus 5X MG63-mock CM or 

5X MG63-BP5 CM, with or without 10"9M R1881 at 0, 20 minutes, 2, 4, 8, 16 hours . Activation 

of IGF-IR, as well as downstream factors IRS-2, Akt and Erk, were detected. IGF-IR activation 

was assessed by immunoprecipitation and anti-phospho-tyrosine immunoblotting of the IGF-IR 

P-subunit (Figure 3.9A and Figure 3.1 OA). IRS-2 activation was assessed by 

immunoprecipitation using anti-PI3K-p85-subunit antibody and immunoblotting using anti-IRS-

2 antibody (Figure 3.10B). Akt (Figure 3.9B and Figure 3.10C) and Erk (Figure 3.9C and Figure 

3.10C) activations were assessed by anti-phospho S473-Akt and anti-phospho p42/p44-Erk 

immunoblotting, respectively. In the absence of androgen, peak activation of IGF-IR in LNCaP 

cells treated with IGF-I plus MG63-BP5 CM is only half of that in LNCaP cells treated with 

IGF-I plus MG63-mock CM. However, peak activation of Akt and Erk in LNCaP cells treated 

with IGF-I plus MG63-BP5 CM is 1.5-fold of that in LNCaP cells treated with IGF-I plus 

MG63-mock CM. Statistically significant difference between treatments of IGF-I plus MG63-

mock CM and IGF-I plus MG63-BP5 CM in the absence of androgen was found for activation of 

IGF-IR and Akt (p < 0.01), but not for Erk activation. In the presence of androgen, peak 

activation of IGF-IR in LNCaP cells treated with IGF-I plus MG63-BP5 CM is also only half of 

that in LNCaP cells treated with IGF-I plus MG63-mock CM. However, peak activation of IRS-

2, Akt and Erk in LNCaP cells treated with IGF-I plus MG63-BP5 CM is also 1.5-fold of that in 
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LNCaP cells treated with IGF-I plus MG63-mock CM. Statistically significant difference 

between treatments of IGF-I plus MG63-mock CM and IGF-I plus MG63-BP5 CM in the 

presence of androgen was found for activation of IGF-IR, IRS-2, Akt and Erk (p < 0.05). Both in 

the presence and absence of androgen, decreased peak activation of IGF-IR and interestingly 

increased peak activation of Akt were observed in LNCaP cells treated with IGF-I plus MG63-

BP5 CM, compared to that treated with IGF-I plus MG63-mock CM. These results indicate that 

the anti-apoptotic function exhibited by IGF-I plus MG63-BP5 CM under androgen-deprived 

condition might be due to increased Akt activation, rather than increased Erk activation in IGF-I-

mediated signaling. 
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Figure 3.9 Kinetics of IGF-I plus MG63-BP5 C M on Activation of IGF-IR, 
IRS-2, Akt and Erk in LNCaP cells in the Absence of R1881. LNCaP cells were 
prestarved in serum-free RPMI 1640 for 48 h and stimulated with 100 ng/ml IGF-I plus MG63-
BP5 or MG63-mock CM for up to 16 h. A. IGF-IR was immunoprecipitated from lmg of whole 
cell lysates using the IGF-IR MAb 3B7 (Santa Cruz) and anti-mouse IgG-agarose (Sigma) and 
westernblotted with PY99 anti-phosphotyrosine (upper panel) antibody or total anti-P subunit 
IGF-IR (lower panel) antibody (Santa Cruz). B. Whole cell lysates were immunoblotted for 
phospho S473 Akt (upper panel) and total Akt (lower panel) antibodies (Cell Signaling). C. Whole 
cell lysates were immunoblotted with phospho p42/p44 Erk (upper panel) and total Erk (lower 
panel) antibodies (Cell Signaling). Quantitation was performed on triplicate experiments by 
densitometry and expressed as the ratio ± SD were performed. Statistical analysis between IGF-I 
plus MG63-mock and IGF-I plus MG63-BP5 groups was performed with student t test. 
Significant difference was found for activation of IGF-IR and Akt (p < 0.01), but not for Erk 
activation. 
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Figure 3.10 Kinetics of IGF-I plus MG63-BP5 C M on activation of IGF-IR, 
Akt and Erk in LNCaP cells in the Presence of R1881. LNCaP cells were prestarved 
in serum-free RPMI 1640 for 48 h and stimulated in addition to 10"9M R1881 with IGF-I plus 
MG63-BP5 or MG63-mock CM for up to 16 h. A. IGF-IR was immunoprecipitated and 
westernblotted using antibodies as described in Figure 3.9. B. IRS-2 was coimmunoprecipitated 
from 500 ug of whole cell lysates using a p85 subunit of PI3K polyclonal antibody (UBI) and 
anti-rabbit IgG agarose (Sigma) and westernblotted using anti-IRS-2 antibody (upper panel) or 
anti-p85 (lower panel) antibody (Upstate). Akt (C.) and Erk (D.) were detected using antibodies 
as described in Figure 3.9. Quantitation was performed on triplicate experiments by 
densitometry. Statistical analysis between IGF-I plus MG63-mock and IGF-I plus MG63-BP5 
groups was performed with student t test. Significant difference was found for activation of IGF-
IR, Akt, Erk (p < 0.01). 
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3.7 Summary 

Both northern blotting and western blotting confirmed that MG63 does not express IGFBP-5. A 

cell line MG63-BP5 that can stably express IGFBP-5 was established by stable transfection with 

pRc-CMV IGFBP5. Northern blotting, and western blotting showed that MG63-BP5 cells 

produce and secrete IGFBP-5 into the conditioned media. Further, IGFBP-5 was quantified by 

western blotting. Cell cycle analysis showed that a difference in the sub Go/Gi fraction of LNCaP 

treated with MG63-mock CM and MG63-BP5 CM, indicating that MG63-BP5 CM reduces 

apoptotic index in LNCaP. Cellular DNA content analysis indicated that IGFBP-5 containing 

CM protects LNCaP cells in the absence of androgen from LY494002-induced apoptosis in an 

IGF-dependent fashion. Binding of IGFBP-5 and IGF-I is essential for IGFBP-5 to exert this 

anti-apoptotic function. Western blotting demonstrated that IGFBP-5 produced in MG63-BP5 

CM reduced the peak activation of IGF-IR, acting in a submaximal fashion. Interestingly, peak 

activation of the downstream targets, IRS-2, Akt were enhanced by IGFBP-5 compared to that 

stimulated by MG63-mock CM. The anti-apoptotic function of IGFBP-5 under androgen-

deprived condition might be mediated through increased Akt activation of IGF-I-mediated 

signaling. This increase in survival signaling is thought to result from slow release of IGF-I for 

receptor interaction by increased concentration of IGFBP-5. All these implied that stroma-

produced paracrine IGFBP-5 played a role in protecing LNCaP cells from apoptosis. 
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4 INVESTIGATING T H E R O L E OF BONE STROMA-

PRODUCED IGFBP-5 IN PROSTATE CANCER X E N O G R A F T IN 

VIVO 

4.1 Introduction 

It has been previously reported that castration-induced apoptosis in the normal rat prostate gland 

is associated with an increased expression of IGFBPs, and that IGFBP-5 expression is directly 

regulated by apoptosis-inducing stimuli rather than androgen [117]. The same phenomenon were 

also found in the Shionogi carcinoma, a well-characterized model of AD neoplasia [108, 197]. 

IGFBP-5 expression changes most substantially among the IGFBPs in prostate tissues after 

androgen withdrawal [105, 110, 112, 113, 117]. IGFBP-5 expression is significantly up­

regulated in the bone stroma of castrated mice [101]. Although various functional roles of 

IGFBP-5 expression have been suggested in different model systems, these data are varying and 

conflicting. For example, IGFBP-5 has been reported to either stimulate or inhibit cell 

proliferation under different experimental conditions [87, 102, 198-202], and these effects are 

exerted dependent and /or independent of its well-characterized actions associated with 

modulation of IGF bioavailability [87, 198]. Up-regulation of IGFBP-5 after castration serves to 

enhance IGF bioactivity by the findings that antisense IGFBP-5 ODN treatment resulted in 

decreased Erk activity and number of cells in the S + G2/M phases of the cell cycle that directly 

correlated with reduced proliferation rate of Shionogi tumor cells. Systemic administration of 

antisense IGFBP-5 oligodeoxynucleotide in mice bearing Shionogi tumors after castration 

significantly delayed time to progression to androgen independence and inhibited growth of Al 

recurrent tumors. However, to date, there has been no data demonstrating the functional 
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significance of IGFBP-5 up-regulation in bone stroma after androgen ablation in PCa 

progression. We showed in Chapter 3 that in vitro MG63-produced IGFBP-5 has a protective 

effect on LNCaP cells undergoing LY294002-induced cytotoxic stress. This protection might be 

due to IGFBP-5's prolonged activation of IGF-I-mediated survival signaling. We are interested 

in assessing whether, in the mouse xenograft model, paracrine IGFBP-5 produced by bone 

stroma cells can also promote LNCaP cell growth. The observation that LNCaP tumor formation 

is supported by human bone fibroblasts (62%), followed by two prostate fibroblasts (31% and 

17%), not by lung, kidney or embryonic fibroblasts, indicated that human bone fibroblast is most 

supportive stromal cells so far tested [203]. However, MG63, a human osteosarcoma cell line 

commonly used for osteoblastic models, has not been tested for the ability to support LNCaP 

tumor formation. In addition, compared to MG63-mock cells, IGFBP-5 produced by MG63-BP5 

cells was shown to have an anti-apoptotic effect on LNCaP cells undergoing LY294002-induced 

apoptosis in our in vitro data. All these led us to examine whether MG63 cells can support 

LNCaP tumor formation and growth, if can, whether MG63-BP5 cell-derived IGFBP-5 can 

enhance this supportive ability. 

4.2 Xenograft Study in Intact Mice Coinoculated with LNCaP Prostate 

Cancer Cells and MG63-mock or MG63-BP5 Cells 

4.2.1 MG63 Produced IGFBP-5 does not Affect Xenograft Tumor Take Rate in Mice 

To determine whether MG63 cells can support LNCaP tumor formation and growth, mice were 

randomly grouped into LNCaP/matrigel, LNCaP/MG63-mock and LNCaP/MG63-BP5 arms and 

subcutaneously inoculated. At week 5 post inoculation, nodules at inoculation sites were 
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observed and palpable. Tumor size and serum PSA were monitored and measured once weekly 

as described in Materials and Methods. At this time, mice skin at inoculation sites just appeared 

as nodules due to inoculation. However, tumors did grow and their sizes increased over time. In 

order to have tumor take rate determined in an accurate fashion, xenografts were defined to be 

active tumors when they achieve a size of greater than or equal to 150 mm3 (7 mm in length, 

width and depth). Tumor take rate was calculated as a ratio of the number of total tumors at a 

certain timepoint to the number of total inoculation sites in each group. From week 7 post 

inoculation, some nodules started to achieve the size of 150 mm3 and data was plotted (Figure 

4.1). The positive control in this experiment was comparison to tumor take rate of matrigel-

inoculated tumors. The tumor take rate is 63% in LNCaP/matrigel group, which is in accordance 

with other's observation of 60% LNCaP tumor take rate [204], indicating that LNCaP cells used 

in the inoculations were capable of establishing xenografts. At week 7 post inoculation, 30% take 

rate was observed in LNCaP/matrigel xenografts compared to 7% in LNCaP/MG63-mock and 

LNCaP/MG63-BP5 xenografts, indicating that matrigel has a function for early tumor formation. 

Increases in tumor take rate in all three groups are similar between week 8 and week 10 post 

inoculation. However, at week 10 post inoculation, a plateau was observed in tumor take rate in 

LNCaP/matrigel xenografts (63%) compared to 37% in LNCaP/MG63-mock and 

LNCaP/MG63-BP5 xenografts, indicating that matrigel has an enhancing effect on tumor take 

rate. At week 11 post inoculation, a saturation was observed in tumor take rate in LNCaP/MG63-

BP5 xenografts (46%) compared to 40% in LNCaP/MG63-mock xenografts, however, with no 

significant difference. Tumor take rate reached 44% at week 12 post inoculation and 46% at 

week 13 post inoculation in LNCaP/MG63-mock xenografts. Tumor take rates in both 

LNCaP/MG63-mock and LNCaP/MG63-BP5 xenografts reached same level (46%). These 
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results indicate that while not as efficient as matrigel, MG63 cells could indeed support LNCaP 

xenografts in nude mice. It was also clear that exogenous IGFBP-5 production by MG63 cells 

did not alter the tumor take rates. It seems that the ability of MG63 cells to support LNCaP 

tumor formation (46%) falls between that of human bone fibroblasts (61%) and two UGM cells 

(31% and 17%) [203]. 
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Figure 4.1 LNCaP/MG63 Xenograft Tumor Take Rate in Intact Mice. 4,14,14 
6-8-week-old male NU/NU mice were randomly grouped into LNCaP/matrigel, LNCaP/MG63-
mock and LNCaP/MG63-BP5 arms and subcutaneously inoculated as described in Materials and 
Methods. Once tumors were palpable 5 weeks after inoculation, tumor size were measured once 
weekly and calculated using the formula, length x width x depth x 0.5236. Xenografts were 
considered to be active tumors when they achieved a size of greater than or equal to 150 mm3. 
The tumor take rates in LNCaP/matrigel, LNCaP/MG63-mock and LNCaP/MG63-BP5 groups 
were plotted and compared by student t test. 
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4.2.2 Tumor Growth Rate in LNCaP/MG63-BP5 Xenografts of Intact Mice is 

Increased Relative to LNCaP/MG63-mock Xenografts 

To determine whether MG63-BP5-produced IGFBP-5 has an effect on tumor growth, xenograft 

growth rates were measured. The above-mentioned tumor volume data was plotted in Figure 4.2. 

Differences in tumor growth were compared by assessing average tumor growth rate for 

experimental arms. For this analysis all inoculation sites were included even if the xenograft size 

was less than 150 mm3. LNCaP/matrigel tumors grew fastest from early stage (week 7) up to 

week 8 post inoculation, then plateaued. Over the course of the experiment, LNCaP/MG63-mock 

tumors grew slowest throughout the experiment and at similar rate to that of LNCaP/matrigel 

tumors at the end. LNCaP/MG63-BP5 tumors grew at a rate of 124.55 mm3/week to an average 

volume of -1000 mm3 by 12 weeks post-inoculation. LNCaP/MG63-mock and LNCaP/matrigel 

tumors grew at distinguishable rates of 72.36 mm /week and 81.29 mm /week, respectively, both 

achieving a final volume of < 700 mm3. The LNCaP/MG63-BP5 tumor growth rate was nearly 

twice that of LNCaP/MG63-mock and LNCaP/matrigel tumors (p < 0.0001). However, 

undistinguishable difference was observed between LNCaP/MG63-mock and LNCaP/matrigel 

groups. These results indicate that paracrine IGFBP-5 production enhances the ability of MG63 

cells to support LNCaP tumor growth over that of matrigel or mock MG63 coinoculations. 
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Figure 4.2 Increase in Growth Rate of LNCaP/MG63-BP5 Xenografts 
Relative to LNCaP/MG63-mock Xenografts in Intact Mice. Tumor volume was 
determined by caliper measurements and calculated with formula 0.5236 (LxWxD). Nodules that 
were greater than 150 mm3 were defined to be active tumors and taken into calculation. Tumor 
volume data was collected and plotted. Tumor growth rates in LNCaP/MG63-BP5 tumors, 
LNCaP/matrigel tumors and LNCaP/MG63-mock tumors were compared by linear fit analysis (p 
< 0.0001) with an order of LNCaP/MG63-BP5 > LNCaP/MG63-mock and LNCaP/matrigel. 
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4.2.3 PSA Rise Rate in LNCaP/MG63-BP5 Xenografts of Intact Mice is Increased 

Relative to LNCaP/MG63-mock Xenografts 

To determine whether MG63-BP5-produced IGFBP-5 has an effect on serum PSA in xenografts, 

tail vein blood was drawn and PSA values were measured as described in Materials and 

Methods. Measurement of PSA levels was not initiated until obvious xenograft growth was 

detected, so assessment of serum PSA levels was performed at week 8 post inoculation. Between 

week 8 and week 9 post inoculations, paralleling the observed differences in tumor growth rates, 

PSA levels increased at higher rate in mice bearing LNCaP/MG63-BP5 tumors compared to 

lower rate in mice bearing LNCaP/matrigel and LNCaP/MG63-mock tumors, indicating that 

LNCaP cells in LNCaP/MG63-BP5 tumors had an early fast growth. Between week 9 and week 

11 post inoculation, PSA in LNCaP/MG63-BP5 tumors continued to increase at a higher rate 

compared to a lower rate in LNCaP/matrigel and LNCaP/MG63-mock tumors. Between week 11 

and week 12 post inoculation, PSA rise at a higher rate in LNCaP/matrigel and LNCaP/MG63-

mock tumors compared to a high rate in LNCaP/MG63-BP5 tumors, indicating a late surge in 

LNCaP cell growth in LNCaP/matrigel and LNCaP/MG63-mock tumors. Throughout the course, 

serum PSA levels increased at a rate of 127.69 ng/ml/week, reaching a maximal concentration of 

~ 700 ng/ml in LNCaP/MG63-BP5 groups, compared to 87.80 ng/ml/week with a maximal 

concentration of < 600 ng/ml in LNCaP/matrigel groups and 51.28 ng/ml/week with a maximal 

concentration of < 400 ng/ml in LNCaP/MG63-mock groups, at 12 weeks post inoculation. 

Serum PSA levels rose as 2.5-fold faster and terminated at a 2-fold higher level in 

LNCaP/MG63-BP5 tumors bearing mice as in LNCaP/MG63-mock tumors bearing mice (p < 

0.0001), indicating more LNCaP cells grew in LNCaP/MG63-BP5 tumors than in 

LNCaP/MG63-mock tumors. This indicates that MG63 cell-derived IGFBP-5 can initiate 
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quicker increase in serum PSA and eventually help PSA reach higher level in LNCaP/MG63-

BP5 xenografts compared to LNCaP/matrigel and LNCaP/MG63-mock xenografts. Knowing 

that secretion of PSA is a characteristic of LNCaP cells, and that PSA level increase pattern was 

in accordance with the above mentioned tumor growth rate, these results indicate that the 

xenografts were indeed LNCaP dominant tumors, however, supported by either MG63 cells or 

matrigel and further confirmed that IGFBP-5 can enhances the ability of MG63 cells to support 

LNCaP tumor growth. 
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Figure 4.3 Increase in Serum PSA of Intact Mice bearing LNCaP/MG63-BP5 
Xenografts Relative to Mice bearing LNCaP/MG63-mock Xenografts. Serum 
PSA was determined as described in Materials and Methods and plotted. PSA increase rates in 
LNCaP/MG63-BP5 group, LNCaP/matrigel and LNCaP/MG63-mock groups were compared by 
linear fit analysis (p < 0.0001) with an order of LNCaP/MG63-BP5 > LNCaP/MG63-mock and 
LNCaP/matrigel. 
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4.2.4 Immunohistochemical Staining in Intact Mice Xenografts 

To evaluate the relative composition of LNCaP and MG63 cells in the xenografts, tumor TMA 

was created from 25 tumors in this experiment and IHC staining of AR, vimentin and Ki-67 was 

performed. Figure 4.4 clearly showed the expression of AR in all xenografts, including 

LNCaP/matrigel tumors, LNCaP/MG63-mock tumors and LNCaP/MG63-BP5 tumors. 

Ubiquitous staining of AR in positive control LNCaP/matrigel tumors, and dominant staining of 

AR in LNCaP/MG63 tumors, indicating that majority of cells were LNCaP cells and these 

xenografts were indeed LNCaP or LNCaP dominant tumors. Though vimentin staining can not 

distinguish between murine and MG63 mesenchyml cells invading the tumor, however, 

vimentin, a mesenchymal marker, was sparsely detected in LNCaP/MG63 tumors, but none in 

LNCaP/matrigel tumors, indicating that these vimentin-positive cells were most likely the 

coinoculated MG63 cells. The observation that vimentin staining density was indistinguishable 

between the LNCaP/MG63-mock tumors and LNCaP/MG63-BP5 tumors suggested that there 

was no difference in the number of MG63 cells inoculated or grown in the MG63-mock or 

MG63-BP5 inoculated xenografts. Ki-67, a cell proliferation marker, was detected with 

indistinguishable expression in all three tumor groups, indicating that change in LNCaP 

proliferation rate was unlikely to contribute to the significant difference of tumor growth 

between LNCaP/MG63-BP5 tumors and LNCaP/MG63-mock tumors. Since no difference in 

proliferation was observed, in combination with our in vitro data indicating that CM from 

MG63-BP5 cells could enhance prosurvival signaling and not proliferative potential of LNCaP 

cells, we suggest that anti-apoptotic function of IGFBP-5 from MG63-BP5 cells most likely 

accounts for faster growth of LNCaP/MG63-BP5 xenografts. 

74 



LNCaP/matrigel LNCaP/MG63-mock LNCaP/MG63-BP5 

AR 

Vimentin 

Ki-67 

* v - . > ' 

i » » «r% * •* • * * 
J * . > . . ; • • . • * « ? . : 

> . » . * € : 
* « 

• v . 
,* . . . m , • 
.*», * # * 

•*>.•* 
* x J *-~ »«» *%. • •« 

. * y**"*.* * 

" " T — 

V , J 

' - » •* *j 
" y * ' 

• „ ^ -- - •> r 

< 

* 

» • 

• • * V 

* r „•«»,« 
* «» f • 

». - «r . . . . . 

Figure 4.4 Immunohistochemical Staining of Xenografts from Intact Mice. 
Tumors were harvested, formalin fixed and used to create a TMA as described in Materials and 
Methods. Representative images of each treatment group with different marker expression are 
shown. AR expression in LNCaP was identified based on AR-positive stained nuclei (top panel). 
Vimentin-positive mesenchymal cells is detected (middle panel). Proliferation marker Ki-67 
staining was restricted to LNCaP nuclei (bottom panel). IHC staining intensity was quantified 
using the BLISS analysis system of the Prostate Centre Pathology Core with help from Dr. 
Ladan Fazli and Dr. Antonio Hurtado-Coll. 
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4.3 Xenograft Study in Castrated Mice with LNCaP/MG63-mock Tumors 

and LNCaP/MG63-BP5 Tumors 

4.3.1 PSA Relapse Rate in LNCaP/MG63-BP5 Xenografts of Castrated Mice is 

Increased Relative to LNCaP/MG63-mock Xenografts 

In its early stages, PCa is AD, relying on androgen to survive and grow. Serum PSA rises 

proportional to tumor growth. Patients are normally treated with androgen withdrawal therapy 

once they developed metastasis. Following castration, PSA drops to a dramatically low or 

undetected level but eventually patients suffer relapse and serum PSA levels begin to rise again. 

In the meanwhile, tumors grow at a slow rate. However, once PSA relapse, tumors start to be 

grow fast and even faster when they become Al. Rising PSA in PCa patients after androgen 

ablation treatment is considered as relapse to Al. However, the threshold of rising PSA to 

precastration levels was just a convention we used in the LNCaP xenograft model. Considering 

our observation that anti-apoptotic function of bone stroma-derived IGFBP5 is likely responsible 

for faster growth of LNCaP/MG63 xenograft in the intact mice study, we are keen to determine 

whether IGFBP-5 has an effect on PSA relapse and LNCaP/MG63 xenografts progression to Al 

in castrated mice. 

6, 18 and 18 mice were inoculated with LNCaP/matrigel, LNCaP/MG63-mock and 

LNCaP/MG63-BP5 groups, respectively. Once tumors were palpable, PSA was measured as 

described in Materials and Methods. Tumors became palpable at week 4 post inoculation. At 

week 5 post inoculation, average PSA was ~ 100 ng/ml in all xenograft groups and castration 

was performed (Figure 4.5A). At week 5 post inoculation, average PSA reached a higher level at 

140 ng/ml in LNCaP/MG63-BP5 groups compared to 80 ng/ml in LNCaP/matrigel or 
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LNCaP/MG63-mock groups in accordance with observation in our intact host xenograft 

experiment. Following castration, average PSA dropped and reached its nadir at week 1.5 post 

castration. PSA nadir was a 70% reduction in LNCaP/MG63-BP5 and LNCaP/matrigel tumors, 

compared to a 90% reduction in LNCaP/MG63-mock tumors. PSA started to relapse at week 2 

post castration at a significantly higher rate of 47.03 ng/ml/week to a maximum of - 350 ng/ml 

in LNCaP/MG63-BP5 tumors than at 36.19 ng/ml/week and < 280 ng/ml in LNCaP/matrigel, 

and 15.76 ng/ml/week and < 120 ng/ml in LNCaP/MG63-mock tumors at week 9 post castration, 

indicating that average serum PSA relapsed faster and accumulated to a higher level in 

LNCaP/MG63-BP5 group than in LNCaP/MG63-mock and LNCaP/matrigel groups. Tumors 

were defined to became Al once serum PSAs reached their precastration levels. As shown in 

Figure 4.5A, it took only 4 to 5 weeks for LNCaP/MG63-BP5 tumors and LNCaP/matrigel 

tumors to become Al, compared to 6-7 weeks for LNCaP/MG63-mock tumors. 

Based on the above PSA data, precent Al was also performed with Kaplan-Meier analysis using 

the defined Al threshold for each group. Once serum PSA reach its precastration level, tumors 

were defined as becoming AL As shown in Figure 4.6A, at week 3 post castration, 23% of total 

mice had become Al in LNCaP/MG63-BP5 group compared to none in LNCaP/MG63-mock 

group, indicating a quicker PSA relapse in LNCaP/MG63-BP5 group. At week 4 post castration, 

already more than half of total mice (62%) had become Al in LNCaP/MG63-BP5 group 

compared to only 23% in LNCaP/MG63-mock group. At week 5, 6 and 7 post castration, 84%, 

89% and 96% of total mice had become Al in LNCaP/MG63-BP5 group compared to 50%, 56% 

and 56% in LNCaP/MG63-mock group, indicating continued increase in becoming Al. At week 

8 post castration, all mice in the LNCaP/MG63-BP5 group had become Al compared to 62% in 

LNCaP/MG63-mock group. At week 9 post castration, 73% of mice had become Al in 
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LNCaP/MG63-mock group. At week 10 post castration, 27% of mice had still not achieved 

precastration PSA levels in the LNCaP/MG63-mock group. Serum PSA in some of these alive 

mice was in fact undetectable, indicating that tumors in these mice might start their growth later 

or never be able to grow. The time to Al progression in the LNCaP/MG63-BP5 group was 

significantly earlier than that in the LNCaP/MG63-mock group (p < 0.0001). The relative risk of 

serum PSA relapse in LNCaP/MG63-BP5 group is 2.5-fold that in LNCaP/MG63-mock group 

(Hazard ratio is 0.39). These results indicate that paracrine IGFBP-5 can promote LNCaP tumor 

progression to Al. 
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B. 

Figure 4.5 Increase in PSA Relapse Rate of Castrated Mice Bearing 
LNCaP/MG63-BP5 Xenografts Relative to Mice Bearing LNCaP/MG63-mock 
Xenografts. A. As described in Materials and Methods, 6, 18 and 18 mice were inoculated 
with LNCaP/matrigel, LNCaP/MG63-mock and LNCaP/MG63-BP5, respectively. Once tumor 
became palpable at week 4 post inoculation, PSA was measured once weekly. When PSA 
reached ~ 100 ng/ml in all xenograft groups at week 5 post inoculation, mice were castrated and 
subsequently tumor were measured. B. Linear trendlines showed difference in PSA relapse rates 
between LNCaP/MG63-BP5 group and LNCaP/MG63-mock group tested by linear fit analysis 
(p < 0.0001) with an order of LNCaP/MG63-BP5 > LNCaP/MG63-mock and LNCaP/matrigel. 
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Figure 4.6 Time for LNCaP/MG63 Xenografts to become A l following 
Castration. Kaplan-Meier survival curve was performed with the PSA data using GraphPad 
Prism software (GraphPad Software, Inc). Once PSA reached its precastration level, xenografts 
were defined as becoming Al. At week 3, 4, 5, 6, 7, 8 post castration, 23%, 62%, 84%, 89%, 
96%, 100% of mice had become Al in LNCaP/MG63-BP5 group compared to 0%, 23%, 50%, 
56%o, 62%, 73% in LNCaP/MG63-mock group. At week 9 post castration, 73% of mice had 
become Al in LNCaP/MG63-mock group. At week 10 post castration, 27% of mice had still not 
achieved precastration PSA levels in the LNCaP/MG63-mock group. Significance of difference 
was assessed by Logrank test (p < 0.001). The relative risk is also tested (Hazard ratio is 0.39). 
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4.3.2 Tumor Growth Rate in LNCaP/MG63-BP5 Xenografts of Castrated Mice is 

Increased Relative to LNCaP/MG63-mock Xenografts 

At week 4 post inoculation, nodules were palpable. According to the serum PSA level, mice 

were castrated and tumor volumes were then measured once weekly from week 5 post 

inoculation. Following castration, tumors grew at a relatively slow rate. However, during the 

week immediately after castration, LNCaP/MG63-BP5 xenografts grew faster than 

LNCaP/MG63-mock xenografts, indicating delayed response to castration-induced apoptosis in 

LNCaP/MG63-BP5 tumors than in LNCaP/MG63-mock tumors. Between week 2 to week 5 post 

castration, LNCaP/MG63-BP5 xenografts grew slightly faster than LNCaP/MG63-mock 

xenografts. In accordance with our above-mentioned PSA data, a dramatic growth increase from 

week 5 post castration in LNCaP/MG63-BP5 xenografts is observed compared to week 7 post 

castration in LNCaP/MG63-mock xenografts, indicating a faster tumor growth when becoming 

Al and an early onset of Al by LNCaP/MG63-BP5 xenografts. Through the course of castration, 

tumors grew at a higher rate of 61.66 mm3/week, achieving a maximal average volume of 900 

mm3 in LNCaP/MG63-BP5 group compared to 36.83 mm3/week and 500 mm3 in 

LNCaP/MG63-mock xenografts (p < 0.0001). These results confirm that MG63-derived IGFBP-

5 can promote LNCaP tumor growth and progression to Al in castrated mice. 
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Figure 4.7 Increase in Grwoth Rate of LNCaP/MG63-BP5 Xenografts 
Relative to LNCaP/MG63-mock Xenografts in Castrated Mice. Tumor volumes 
were monitored and measured once weekly starting at the time of castration. As describe in our 
intact mice xenograft study, tumor volume was determined by caliper measurements as 0.5236 
(Length x Width x Depth). Tumors growth rates in LNCaP/MG63-BP5 and LNCaP/MG63-
mock groups were compared by linear fit analysis (p < 0.0001 with an order of LNCaP/MG63-
BP5 > LNCaP/MG63-mock. 
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4.3.3 Immunohistochemical Staining in Castrated Mice Xenografts 

To assess the relative composition of LNCaP and MG63 cells in the tumors, IHC staining of AR 

and vimentin were performed. These measurements were made at termination from 31 tumors. 

Then we used Ki-67 and Apo-tag staining to measure potential differences in mitotic and/or 

apoptotic activity in the tumors. As in our intact mice xenograft study, the expression of AR was 

detected in all xenografts, including LNCaP/matrigel, LNCaP/MG63-mock and LNCaP/MG63-

BP5, confirming that the vast majority of cells in the xenografts these were indeed LNCaP cells. 

Vimentin expression was again sparsely detected in both LNCaP/MG63 tumors, but not in 

negative control LNCaP/matrigel tumors, indicating that these cells were likely to be the MG63 

cells, rather than murine mesenchymal cells invading the tumor. The observation that vimentin 

density was approximately the same in LNCaP/MG63-mock tumors and LNCaP/MG63-BP5 

tumors suggested no difference in the number of MG63 cells inoculated or grown over the 

course of the experiment and that differences in tumor growth rates were predominantly due to 

changes in LNCaP cell number. Ki-67 staining exhibited indistinguishable expression in all three 

tumor groups, indicating that proliferation unlikely contributes to the significant difference of 

tumor growth between LNCaP/MG63-BP5 tumors and LNCaP/MG63-mock tumors. However, 

expression of Apo-tag, an apoptosis marker, was clearly detected in LNCaP/matrigel and 

LNCaP/MG63-mock tumors, but hardly detected in LNCaP/MG63-BP5 tumors, indicating that 

faster growth of LNCaP/MG63-BP5 tumors most likely was not due to increased proliferation, 

but decreased apoptosis of LNCaP cells. Taken together with our in vitro data and intact mice 

xenograft study, these results further strengthen the conclusion that anti-apoptotic function of 

paracrine MG63-BP5-produced IGFBP-5 is likely responsible for growth increase and earlier 

progression to Al in LNCaP/MG63-BP5 xenografts. 
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Figure 4.8 Immunohistochemical Staining of Xenografts from Castrated Mice. 
TMA was created as described in Materials and Methods. 1st row: AR staining was detected in 
majority of cells in all xenograft groups. 2nd row: Vimentin staining was detected in 
LNCaP/MG63 xenografts, but not in LNCaP/matrigel xenografts. 3rd row: Ki-67 staining was 
detected in all three xenograft groups. Bottom row: Apo-tag staining was detected in 
LNCaP/Matrigel and LNCaP/MG63-BP5 xenografts and hardly detected in LNCaP/MG63-BP5 
xenografts. 
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4.4 Summary 

The intact mice xenograft experiments showed that tumor take rate was indistinguishable 

between LNCaP/MG63-BP5 and LNCaP/MG63-mock groups, indicating IGFBP-5 did not affect 

the ability of MG63 cells to support LNCaP tumor formation. Tumors in LNCaP/MG63-BP5 

group grew twice as fast as those in LNCaP/MG63-mock and LNCaP/matrigel groups, indicating 

paracrine IGFBP-5 enhanced LNCaP cell growth. Serum PSA followed the same pattern as the 

tumor growth among these three groups and was proportional to tumor growth, confirming that 

these xenografts were LNCaP dominant tumors. IHC staining showed no difference in 

proliferation between these xenograft groups, indicating increased growth in LNCaP/MG63-BP5 

tumors was unlikely due to altered proliferation in LNCaP cells in LNCaP/MG63-BP5 tumors . 

The castrated mice xenograft study demonstrated that LNCaP/MG63-BP5 tumors grew twice as 

fast as LNCaP/MG63-mock tumors following castration, indicating MG63 cell-produced 

IGFBP-5 protected LNCaP cells from castration-induced apoptosis in LNCaP/MG63 tumors. 

Serum PSA relapsed earlier and reached precastration level faster in LNCaP/MG63-BP5 group 

than those in LNCaP/MG63-mock group after castration indicating that paracrine IGFBP-5 

promoted tumor growth as well as progression to Al. IHC staining showed no difference in 

proliferation, however, obvious differences in apoptosis, solidified our conclusion that increased 

growth of LNCaP/MG63-BP5 tumors was most likely due to decreased apoptosis in LNCaP cells 

in LNCaP/MG63-BP5 tumors. 

Taken together, the xenograft studies demonstrated that paracrine IGFBP-5 can promote tumor 

growth in LNCaP/MG63 xenografts, delayed castration-induced apoptosis and accelerated 

progression to Al of LNCaP/MG63 xenografts in castrated mice. 
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5 DISCUSSION AND CONCLUSIONS 

5.1 Discussion 

It has long been a tough challenge for the urologists and medical researchers to deal with PCa 

patients at advanced stage with bone metastasis. Approximately 90% of advanced stage PCa 

patients develop bone lesions causing significant morbidity and mortality. Most patients died of 

bone metastasis and incurable androgen-independence of PCa. This phenomenon leads to critical 

questions. How do PCa cells interact with metastatic bone stromal microenvironment? What 

factors in the bone stroma prompt migratory PCa cells to initiate growth and survival in a new 

microenvironment? How PCa becomes Al from AD after androgen withdrawal in the bone local 

microenvironment? All these questions require us to understand the biological processes leading 

to the establishment of clinical relevant bone metastasis. 

Stroma-epithelial interaction plays a critical role in PCa carcinogenesis, progression, metastasis 

and androgen-independence. The widely accepted "seed and soil" theory described distal 

metastases that are organ-specific, explaining that the bone microenvironment provides a rich 

"soil" for the PCa cell "seeds" and PCa cells utilize the "soil" for their survival and growth 

[151]. IGF-I is a major andromedin mediating the transition from androgen-dependence to 

androgen-independence of bone metastatic PCa. The bioavailability of IGF-I in the bone 

microenvironment of PCa metastasis is increased [195]. IGF-I responsiveness is implicated in 

promoting Al progression of PCa [43]. IGFBP-5 and IGF-I are categorized as genes associated 

with invasive PCa [205]. Serum IGFBP-5 concentrations are significantly higher in PCa than in 

benign prostatic hyperplasia [206]. IGFBP-5 expression is significantly up-regulated in the bone 

stroma of castrated mice [101]. It is indicated that IGFBP5 may involve in the bone metastasis of 
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PCa. However, it is not completely understood that how IGFBP-5 regulates IGF-induced PCa 

cell survival and proliferation in bone metastatic microenvironment. We hypothesized that 

increased expression of IGFBP-5 produced by bone stroma may be an important factor for 

promoting establishment of PCa metastatic lesions and Al progression in patients undergoing 

hormone withdrawal therapy. 

In my thesis, we have examined the role of MG63 bone stromal cell-derived IGFBP-5 in PCa 

growth under androgen-deprived condition and progression to Al. LNCaP is an androgen-

responsive PCa cell line derived from a lymph node metastasis [4]. Even under castrated 

condition, LNCaP continues tosecrete a basal level of PSA, which can be used as a surrogate for 

tumor volume. LNCaP was poorly tumorigenic in nude mice unless coinoculated with tissue-

specific mesenchymal or stroma cells [203] or matrigel [207], suggesting that stroma and stroma-

derived growth factors play a role in PCa growth and site-specific metastasis [39]. When injected 

subcutaneously, LNCaP cells form tumors in SCID or nude mice with serum PSA levels 

proportional to tumor volume [208]. Following castration, LNCaP tumors typically undergo a 

period of growth arrest after which there is a return of growth and rise in PSA correlating with 

androgen independence. Prolonged androgen withdrawal leads to Al growth of LNCaP tumors, 

which is presented by PSA rising [44]. MG63 is a human osteosarcoma-derived cell line that is 

easy to proliferate for cell culture study. In addition, MG63 cells have some osteoblastic features, 

such as expression of many osteoblastic proteins, for examples, osteonectin, osteopontin, 

osteoproterin, collagen-III and collagen V, mimicking osteoblastic bone microenvironment in 

PCa [209]. Normal human bone osteoblast can theoretically be an option for this study due to its 

ability of mimicking human normal bone microenvironment. However, as mentioned in the 

introduction, stroma cells can undergo alteration induced by reacting to surrounding prostate 
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cancer cells, indicating these carcinoma associated fibroblasts are no longer normal stromal cells 

[28, 29]. Lastly, MG63 cell was selected for this study because it was screened to be IGFBP-5 

negative, which allowed us to have MG63-mock and MG63-BP5 in parallel in order to compare 

their biological functions. Therefore, bone stromal MG63 cell and PCa LNCaP cell were chosen 

for this IGFBP-5 study. 

First, in order to establish a model to study the role of IGFBP-5 produced by MG63-BP5 cells on 

PCa LNCaP cell growth in vitro and in vivo, both LNCaP and MG63 cells were tested for 

expression of IGFBP-5 by Northern blotting (Figure 3.3 A) and westernblotting (Figure 3.3B). 

Our results showed that neither of them endogenously expresses IGFBP-5. Taking MG63 as an 

IGFBP-5 negative parental cell line, we were able to build a MG63 cell line with IGFBP-5 

expression, MG63-BP5 and its vector transfected counterpart, MG63-mock. IGFBP5 expression 

in MG63-BP5 cells was confirmed by Northern blotting (Figure 3.4) and western blotting 

(Figure 3.5). Quantification of IGFBP-5 secreted into MG63-BP5 CM was also be performed 

(Figure 3.6). This gave us the opportunity to investigate the role IGFBP-5 might play in PCa 

biology. 

The biological function of IGFBP-5 produced by MG63-BP5 bone stromal cells on LNCaP cells 

was investigated by cell cycle profiling analysis (Figure 3.7). We observed a decreased apoptotic 

index in the LNCaP cells treated with MG63-BP5 CM compared to MG63-mock CM under 

androgen-deprived condition. Further we performed cellular DNA content analysis on LNCaP 

cells treated with PI3K inhibitor LY294002, also in various combination with IGF-I, R1881, 

E3R and MG63-BP5 or MG63-mock CM (Figure 3.8A). R1881 plus IGF-I or R1881 plus E3R 

protected LNCaP cells from LY294002-induced apoptosis, which can be explained by the report 

that androgen increases IGF-IR expression, thus increases IGF-I-mediated survival signaling 
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[34]. The observation that MG63-BP5 CM plus IGF-I protected LNCaP from LY294002-

induced apoptosis in the absence of androgen implied that IGFBP-5 might be a substitute 

candidate for androgen in protecting LNCaP from apoptosis. MG63-BP5 CM plus IGF-I, but not 

MG63-BP5 CM plus E3R, has anti-apoptotic function in LNCaP cells, indicating interaction 

between IGFBP-5 and IGF-I is essential for IGFBP-5 to perform this protection. This protection 

against apoptosis by paracrine IGFBP-5 produced MG63-BP5 cells may be due to augmentation 

in activation of key nodes, such as Akt, of IGF-IR signaling pathway. Our result is in agreement 

with Gleave et al's previous work that IGFI-I prevented only IGFBP-5 transfected LNCaP cells 

from androgen ablation induced apoptosis, not mock cells, implying IGFBP-5 has an ability to 

enhance the anti-apoptotic action of IGF-I [109]. Both paracrine and autocrine IGFBP-5 seems to 

function as an anti-apoptotic agent. Regarding the anti-apoptotic mechanism, AR can perform 

IGF-I-dependent protection from apoptotic stress in LNCaP cells by means of increasing IGF-IR 

expression [34]. Our immunoblotting result confirmed that androgen increased IGF-IR in LNCaP 

cells treated with or without R881, and showed that MG63-BP5 CM did not increase IGF-IR 

expression compared to MG63-mock CM (Figure 3.8B), further implying that the protection of 

LNCaP from LY294002-induced apoptosis is not due to increased IGF-IR expression, but 

submaximal stimulation of IGF-IR by slow release of IGF-I from IGFBP-5 and subsequently 

increased activation of downstream targets, such as Akt. However, it needs further investigation 

to confirm. 

To examine whether IGFBP-5 indeed does so, we looked into IGF-I-mediated signaling 

activation in a time-dependent fashion (Figure 3.9). To our surprise, both in presence and 

absence of androgen, an approximate 1.5-fold decrease in peak activation of IGF-IR was 

observed in LNCaP cell treated with MG63-BP5 CM compared to that with MG63-mock CM. 
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However, within our expectation, an approximate 1.5-fold increase in peak activation of IRS-2, 

Akt and Erk downstream IGF-IR was observed in LNCaP cell treated with MG63-BP5 CM 

compared to that with MG63-mock CM. This increased Akt peak activation subsequent to slow 

release of IGF-Is by paracrine IGFBP-5 for IGF-IRs contributed to protection of LNCaP cells 

from apoptosis. Our findings were in accordance with Conover et al's observation that IGFBPs 

can enhance IGF effects by presenting and slowly releasing IGF-I for receptor interactions [210]. 

MG63-BP5 CM contains IGFBP-5, however, both MG63-BP5 CM and MG63-mock CM also 

contains IGFBP2 and IGFBP-3 (Figure 3.5). Apoptosis protection was only observed in LNCaP 

cells treated with IGF-I plus MG63-BP5 CM, but not in LNCaP cells treated with IGF-I plus 

MG63-mock CM (Figure 3.8), suggesting that IGFBP-5, not IGFBP-2 nor IGFBP-3, is the major 

IGFBP to present IGF-Is to IGF-IRs for activation of IGF-I signaling in bone stromal 

microenvironment. This observation is in agreement with report that IGFBP-5 is the most 

abundant IGFBP in bone stroma [100] and that IGFBP5 is the most consistent upregulated gene 

in mice bone stroma following castration [101]. 

The functional role of IGFBP-5 in in vivo study is not fully understood. PCa bone metastasis is 

associated with loss of dynamic balance between osteoblast and orthoclase activities. 

Osteoblastic factors secreted by PCa cells activate osteoblasts to break down bone matrix, release 

growth factors stored and form a favorite microenvironment for PCa cells. In return, unknown 

factors produced by activated osteoblasts can accelerate growth and progression of PCas [189]. 

Gleave's work has shown that LNCaP tumor is most likely induced by coinoculation of LNCaP 

with human bone fibroblasts and rat prostate fibroblasts, not with lung, kidney or embryonic 

fibroblasts [203]. Unfortunately, his group was unable to identify the factor(s) that contribute to 

this phenomenon. 
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Further, we performed xenograft study to examine paracrine IGFBP-5's anti-apoptotic function 

in vivo. We first observed that bone stromal MG63 cells did support LNCaP tumor formation. 

We also observed a tumor take rate of 63% in LNCaP/matrigel group, which is agreement with 

other's work [204]. An indistinguishable tumor take rate of 46% was observed in LNCaP/MG63-

BP5 and LNCaP/MG63-mock groups, which falls between 62% and 31% or 17% of tumor take 

rate in LNCaP tumor supported by human bone fibroblasts and rat prostate fibroblast from 

Gleave's work [203]. Xenografts in LNCaP/MG63-BP5 group grew 1.5-fold as fast as that in 

LNCaP/MG63-mock and LNCaP/matrigel groups, indicating a growth-promotive role for 

MG63-BP5-produced IGFBP-5. Following serum PSA dynamics from the same mice study 

matched the above-mentioned growth rate change, confirming that these xenografts were indeed 

LNCaP tumors, not MG63 sarcomas nor any other types of stromal cell tumors. We inclined to 

contribute this faster growth to primarily an anti-apoptotic function, rather a pro-proliferative 

effect of paracrine IGFBP-5. IHC staining of xenografts further confirmed that these tumors 

were AR positive LNCaP tumors supported by vimentin positive mesenchymal cells. While the 

vimentin staining can not distinguish between murine and MG63 mesenchyml cells invading the 

tumor, the staining of the matrigel co-inoculated xenografts show no sign of vimentin-positive 

invading cells in the xenografts. We therefore conclude that the most likely source for the 

vimentin -positive cells was the co-inoculated MG63 cells. Proliferative difference was not 

observed between LNCaP/MG63-mock group and LNCaP/MG63-BP5 group, strengthening our 

above thought that most likely paracrine IGFBP-5 exerted an anti-apoptotic function. However, 

further experiment need to be performed in order to characterize the function of bone stromal 

cell-dervied IGFBP-5 in this context. 
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In our second xenograft study, we examined change of tumor growth rate, serum PSA level in 

castrated mice and analyzed the rate for PSAs to reach their precastration levels, becoming Al. 

We observed a 2-fold growth rate in LNCaP/MG63-BP5 tumors compared to that in 

LNCaP/MG63-mock tumors in castrated mice (Figure 4.7). Immediately, after castration, the 

average PSAs in mice of all three groups dripped off, reached their nadir between week 1 and 

week 2 post castration and were able to bounce back up to overpass their precastration levels. It 

took 6-7 weeks for serum PSA reach its precastration level in mice bearing LNCaP/MG63-mock 

tumors compared to only 4-5 weeks in mice bearing LNCaP/MG63-BP5 tumors and mice 

bearing LNCaP/matrigel tumors (Figure 4.5A). The average PSA relapsed from its nadir 3-fold 

as fast in mice in LNCaP/MG63-BP5 group as that in LNCaP/MG63-mock group (Figure 4.5B). 

At week 8 post castration, serum PSAs reached their precastration levels in all mice bearing 

LNCaP/MG63-BP5 tumors and most mice bearing LNCaP/MG63-mock. It was within our 

expectation that even at week 10 post castration, serum PSAs still not reached their precastration 

levels in a few mice bearing LNCaP/MG63-mock tumors, indicating that MG63-BP5 cell-

produced IGFBP-5 accelerated PSA relapse from castration-induced apoptosis in LNCaP/MG63-

BP5 group compared to LNCaP/MG63-mock group (Figure 4.6). In correspondence with this 

difference in PSA relapse rate, we observed that xenografts grew almost 2-fold as fast in 

LNCaP/MG63-BP5 group as in LNCaP/MG63-mock group following castration. Considering 

our in vitro data, we thought that paracrine IGFBP5 in these LNCaP tumors contributed their 

faster growth by protecting LNCaP cells from apoptosis post castration. Further IHC staining 

supported our reasoning (Figure 4.8). Difference in expression of proliferation marker, Ki-67, is 

not detected in LNCaP/MG63-mock group and LNCaP/MG63-BP5 group. However, a decreased 

expression of Apo-tag, an apoptotic marker is observed in LNCaP/MG63-BP5 group than in 
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LNCaP/MG63-mock group and LNCaP/matrigel group. The data is in agreement with our in 

vitro data that IGFBP-5 protects LNCaP cells from apoptosis under androgen-deprived condition 

(Figure 4.8). These results indicate stroma-deprived IGFBP-5 indeed perform an anti-apoptotic 

function in LNCaP tumors post castration. 

To our best knowledge, our report is the first to demonstrate that bone stroma-produced 

paracrine IGFBP-5 played a role in bone environment that favors PCa cell survival as well as Al 

progression both in vitro and in vivo. Dramatic up-regulation of IGFBP-5 after castration helps 

potentiate the anti-apoptotic activity of IGF-I. IGFBP-5 protects LNCaP cells from LY294002-

and castration-induced apoptosis both in vitro and in vivo. The anti-apoptotic function performed 

by IGFBP-5 is IGF-I-dependent and thus probably through IGF-I-mediated signaling. IGFBP-5 

has a reductive function towards IGF-IR activation and conversely enhancing effect on IRS-2, 

Akt and Erk activation in IGF-I signaling pathway in PCa cells. It is assumed that increased Akt 

activation may contribute to IGFBP-5's anti-apoptotic function. The mechanism might be that 

paracrine IGFBP-5 in bone stroma presents more IGF-Is for interaction with IGF-IRs in a slow-

releasing and prolonged manner. It might be an adaptive approach for PCa cells to utilize bone-

rich IGFBP-5 in substitute of androgen, survive and maybe still proliferate in an androgen-

deprived microenvironment. Therefore, IGFBP-5 should continue to be a therapeutic target of 

downregulation in treatment of PCa patients with bone metastasis and androgen-independence. 

5.2 Conclusions 

Our in vitro data showed that bone stromal MG63-BP5 cell-produced IGFBP-5 has an IGF-I-

dependent anti-apoptotic function in LNCaP cells under androgen-deprived condition. Paracrine 
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IGFBP-5 decreases peak activation of IGF-IR, however, increases peak activation of 

downstream targets IRS-2, Akt and Erk both in the absence and presence of androgen. 

In our xenograft study, no difference in tumor take rate is observed in mice bearing 

LNCaP/MG63-mock tumors and in mice bearing LNCaP/MG63-BP5 tumors, indicating IGFBP-

5 does not affect the ability of MG63 cells to support LNCaP tumor take rate. However, 

LNCaP/MG63-BP5 tumors grew 1.5-fold as fast as LNCaP/MG63-mock tumors and 

LNCaP/matrigel tumors. In accordance with differences in tumor growth rate, PSA increased at a 

2-fold higher rate in mice in LNCaP/MG63-BP5 group as in LNCaP/MG63-mock group and 

LNCaP/matrigel group. IHC staining confirmed that these xenografts were LNCaP dominant 

tumors supported by MG63 cells. No difference in proliferation was detected between 

LNCaP/MG63-BP5 tumors, LNCaP/MG63-mock tumors and LNCaP/matrigel tumors. 

At early stage of PCa, cancer cells are AD, relying on androgen to survive and grow. Serum PSA 

rises proportional to tumor growth. Following castration, PSA drops to a dramatically low or 

undetected level and relapses. Once PSA reaches its precastration level, PCa cells are defined to 

be Al. In our castrated mice xenograft experiment, no difference was observed in serum PSA 

post castration drop rate in mice bearing LNCaP/MG63-mock tumors, mice bearing 

LNCaP/MG63-BP5 tumors and mice bearing LNCaP/matrigel tumors. Average PSAs dropped to 

its nadir at week 1.5 post castration in all three groups. However, serum average PSA relapse 

from its nadir three-fold as fast in mice in LNCaP/MG63-BP5 group and two-fold as fast in 

LNCaP/matrigel group as in LNCaP/MG63-mock group. In addition, it took 4-5 weeks for 

xenografts to become Al in mice in LNCaP/MG63-BP5 group and in LNCaP/matrigel group 

compared to 6-7 weeks in mice LNCaP/MG63-mock group. At week 8 post castration, all mice 

became Al in LNCaP/MG63-BP5 group compared to 73% of mice in LNCaP/MG63-mock 
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group. At week 9 and week 10 post castration, 27% of mice have not yet reached its 

precastration level in LNCaP/MG63-mock group. In accordance with PSA change, tumors grew 

as 2-fold fast in LNCaP/MG63-BP5 group as in LNCaP/MG63-mock group. Difference in 

proliferation was not observed in LNCaP/MG63-BP5 xenografts and in LNCaP/MG63-mock 

xenografts. However, a decrease in apoptosis was detected in LNCaP/MG63-BP5 xenografts 

compared to LNCaP/MG63-mock xenografts and LNCaP/MG63-matrigel xenografts, indicating 

faster growth in LNCaP/MG63-BP5 xenografts post castration is indeed due to reduced 

apoptosis in LNCaP cells protected by paracrine IGFBP-5. 

All these results indicate that bone stroma-derived IGFBP-5 has an active role in protection of 

PCa LNCaP cells from castration-induced apoptosis . This protective function is primarily an 

anti-apoptotic, rather a pro-proliferative effect. 

5.3 Proposed Model for How IGFBP-5 Producing Bone Stromal Cells can 

Modulate IGF-I Signaling Kinetics in Bone Metastatic Prostate Cancer. 

Bone is a major site of PCa metastasis. In early stage of PCa bone metastasis, AD PCa cells 

primarily utilize androgen, such as functioning through upregulation of IGF-IR [34] or 

transactivation of andromedins [17], to survive and proliferate in a new microenvironment. Upon 

androgen ablation, circulating as well as local androgen concentration, such as in bone, drops to 

a significantly low or maybe zero level. Androgen concentration is not sufficient to survival and 

proliferation of PCa cells. At this time, PCa cell normally undergo castration-induced apoptosis 

or growth arrest. However, some PCa cells can survive androgen withdrawal stress and become 

Al. The mechanism is still unclear. 
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We are here proposing a model that might explain the above-mentioned mechanism. Prior to 

androgen withdrawal, in addition to androgen, PCa cells may also use IGFBPs, especially 

IGFBP-5 in bone, as a supplementation for their growth and survival. However, when androgen 

is withdrawn, IGFBP-5 expression is dramatically increased in bone stroma [101]. High 

concentration of IGFBP-5 and low or zero level of androgen in bone stroma make PCa cells to 

switch to utilization of surrounding IGFBP-5 from androgen. High concentration of IGFBP-5 

can act as a buffer system restricting IGF-Is access to cell surface IGF-IRs in a slow and 

prolonged release fashion. This constant, sub-acute activation of IGF-IR results in amplification 

of downstream signaling pathways mediated by IRS-2 and Akt which promotes cell survival 

(Figure 5.1). This is thought to be an adaptive mechanism for PCa cells to resist undergoing 

apoptosis and survive under androgen deprivation stress. 
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Figure 5.1 Proposed Model for How IGFBP-5 Producing Bone Stromal Cells 
can Modulate IGF-I Signaling Kinetics in Bone Metastatic Prostate Cancer. 
High concentration of IGFBP-5 can act as a sink for IGF-I that allows presentation of IGF-I for 
IGF-IR interactions in a slow and prolonged release fashion. This constant, sub-acute activation 
of IGF-IR results in amplification of downstream signaling pathways mediated by IRS-2 and Akt 
which promotes cell survival. This is thought to be an adaptive mechanism for PCa cells to resist 
undergoing apoptosis and survive under androgen deprivation stress. 
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5.4 Future Directions 

We have determined that stoma-derived IGFBP-5 enhances pro-survival signaling under 

androgen-deprived condition by assessing the ability of MG63-BP5 CM to alter magnitude 

and/or kinetics of IGF-IR activation in LNCaP cells in the absence of R1881. We have also 

shown that MG63-BP5 cells protect LNCaP cells from LY294002 and castration-induced 

apoptosis. 

We will investigate the dependence on IGF-IR for any increased growth or survival signaling 

mediated by IGFBP-5 in MG63-BP5 CM by inhibiting the IGF-IR tyrosine kinase activity with 

the small molecule inhibitor NVP-AEW541(Novartis Pharma AG), or the tyrphostin AG 1024 

(Calbiochem). Alternatively, IGF-IR expression will be suppressed by siRNA transfection 

(Dharmacon) or expression of shRNA constructs. We will also examine whether downregulation 

of bone stroma-derived IGFBP-5 using RNAi or antisense techniques can reverse the difference 

in tumor growth and PSA dynamics we observed in our xenograft mice study. 

All in all, a better understanding of association of IGFBP-5, osteoblasts and androgen 

withdrawal will help clarify the predominant osteoblastic metastasis in PCa and Al progression 

of PCa. 
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