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Abstract 

Approximately 70% of patients with prostatic cancer devolop bono motastases. 

Metastatic prostate adenocarcinomas are assocla/ed wlth hlgh mortallty rates and 

represent a leadlng cause of cancer-related deaths among malos. Ta study tho host­

tumor interactions underlying the predilection of prostate cancer cclls for skclotal 

bone, an experimental model was doveloped using rat Dunnlrlg carclnoma Mat-LyLu 

cells. Inoculations of these cells Into the left ventnclo of the hoart lod to ttl0 

developement of spinal metastases ln 100% of Inoculatcd animais A subllnc of Mat­

LyLu (Mat-LyLu-B5) was subsequently selectcd through sequentlallnoculi1tlon of banc 

marrow derived carcinoma cells mto the left ventricle of the 110art and was found la 

have an increased metastatic potentlal compared ta the parental IIne 1 he posslblc 

raie of tumor eell adhesion ta hast cells in the proeess of banc marrow colonlzation 

was then mvestigatod in vitro uSlng the metastatie IIne and pnmary cultures of rat 

bone marrow-derived stromal cells It was found that the adhcslon of the mctastatlc 

Mat-LyLu cells ta a bone marrow stromal cell culture hlghly cnnched for cndothehal 

ce Ils (BMEC) was signlficantly hig"er than the adhcslon ta other bone-dcnvcd cclls 

includmg non-endothellal SM stromal cells (3x) alld ostcoblasls (1 4x). Il was also 

signiflcantly higher th an the adhesion ta rat flbroblasls (5 5x) and ta hepatlc 

endothelial cells (7x) The results suggest that the adheslon of prostate carcinoma 

cells ta the bone marrow endothellum may play a raie in their metastasis to bone . 

i 



• 

• 

Résumé 

Les patients porteur d'un cancer de la prostate développent des métastases osseuses dans 

70% des cas Les adénocarCinomes de la prostate métastasique sont associés à des taux 

élevés de mortalité et représentent la principale cause de décés dus au cancer chez les mâles 

Pour l'étude des interac.tlons hôte-tumeur en tenant compte de la prédeliction des cellules du 

cancer de la prostate pour l'os squelettique, un modèle éxpérimental a été développé en 

utilisant des ce"ules du carcinome du rat Dunmng Mat-LyLu L'moculatlon de ces cellules dans 

le ventncule cardl3c gaucne entralne le développement de la métastase de la colonne vertebrale 

chez 100% des animaux Inoculés Une SOLIS lignée des cellules Mat-LyLu (~F1t-LyLu-B5) a été 

sélectionnée suivant des innoculatlon répétées, dans le ventncule gauche cardiac, de cellules 

cancéreuses, dénvant de la moêle osseuse Elle a été de montrée possédant un potentiel 

métastaslque plus important que sa lignée parentale Le rôle possible de l'adhesion de la cellule 

tuméreuse aux cellules hôtes dans le processus de la colonnisation de la moêle osseuse a été 

exploré ln vItro en utilisant une lignée métastaslque ainsi que de cultures prrmaires de 

cellules stromales dérrvées de la moêle osseuse Il a été démontré que l'adhesion 

des cellules métastaslques Mat-Lylu aux cellules stromales de la moêle osseuse, 

mise en culture enrichie pour les cellul~s endothéliales (BMEC), était significativement 

plus élevée que l'adtleslon à d'autres cellules dérivées de l'os y compris les cellules 

SM stromales non-endothéliales (3x) et les ostéoblastes (1.4x). L'adhesion est 

également plus élevée que celle aux fibroblastes du rat (5.5x) et aux cellules 

endothehales hépatiques (7x) Ces résultats laissent suggérer que l'adhesion des 

cellules cancéreuses de la prostate à l'endothelrum de la moêle osseuse doit jouer 

un rôle dans leur métastase à l'os . 
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• Contributions to the Original Knowledge ... 

1. A rat model of prostate carclnoma metastasis ta bone was developed using the 

Dunning carcinoma cell IIne and lntra-cardiac injections. 

2. The prostate carcinoma cells were significantly more adherent ta Bone Marrow 

endothehal cells than ta primary cultures of flbroblasts, hepatic endothelial cells 

and osteoblasts. 

3. Prostate carcinoma cells selected through 5 consecutive Intra-cardiac 

injections of bone metastasizing cells we(e significantly more metastatic and 

more adherent to the Bone Marrow endothelial cells than the parent line. 

4. A significant increase in adhesion ta fibronectin and vitronectin was also 

observed compared ta laminin, osteopontin, collagen type 1 & collagen type IV . 
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CHAPTER 1 

Prostate Cancer : A Review of 

Clinical Aspects 
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1.1 Introduction 

The alarming rate of increase of prostate cancer each year is a se nous medlcal 

problem (Carter, H.B., and Coffey, 0 S , 1990). It has alrcady surpassed lung cancer 

as the m~st prevalent malignancy in North American males (Chiarodo, A, 1991) and 

is the second major cause 01 cancer related deaths ln men (Carter, B S., Carter, H B., 

and Isaac, J.T., 1990). In the US, prostate cancer reqUires 250,000 hospi!altzatlons, 

costs more th an $ 1 billion and results ln over 28,000 deûths annually (Amcllcan 

Cancer Society, 1989, Silverg, E., et al 1990 and Chlarodo, A. 1991) ln Canûda, the 

numbers are equally staggenng with over 10,000 cases belng dlagnoscd III 1990, the 

Canadian male has an 8% chance of develaplilg prostate cancer and 3.2% chance 

of dying fram It (Canadian Cancer Statlstlcs, 1990). 

1.2 Epidemiological Aspects 

The wide range of incidence of prostate cancer among racial or ethnie groups 

reflects one of the striking features of the epldemiology of thls dlseaso US black 

males mortality, due to prostate cancer, IS twi\:;e that of white males and thcy have 

the highest mcidence in the world (Ross, R K , et al , 1988). The rcasons for thls are 

unknown, though one study found a 15% hlghor testasterone lovel in young ~~ult 

black men (Ross, R.K., et aL, 1986). Nonetheless, these dlffercnces cannot be 

explained only by genetic predisposition, since prostate cancer rates Increase 

substantially in migrants to the US from low ris\< countricc:, such as Japan 

Perhaps it should be more important to study tumar promoting influences in 
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determining the malignant potential of prostate cancer rather than the malignant 

transformation Itself. 

The death rates from prostate cancer also vary widely around the world. The 

highest death rates occur in men in northwest Europe, namely in countries such as 

Sweden, Norway, and Switzerland, while the lowest rates occur in far Eastern 

countries, such as Hong Kong and Japan (Page and Asire, 1985). 

1.3 Risk Factors 

One thlrd of ail males over the age of 50 years carry prostate cancer in its hidden 

or latent farm. Presently, over 10 million US males harbor this form. This is a unique 

feature of prostate cancer and it is uncertain how or when this form is activated to the 

more aggresslve form (Franks, L.M., 1954). Autopsy data show that histologically 

apparent adenocarcinoma IS found with increasing frequency trom age 40 years 

onward (Dhom, G , 1983). As the life expectancy of US males increase, so will the 

risk for prostate cancer (Chlarodo, A., 1991). 

1.4 Clinicat Presentation 

Sufferings from prostate cancer is also of great concern since it is associated with 

long period of infirmity and bone metastasis which usually produces severe pain that 

is difficult to control. A :0ng, unpleasant, and expensive medical course is a result of 

this type of cancer as, 10% of the patients can live up to 10 years, white 80% survive 

2-5 years. Many older patients may die of other causes while still burdened with 

3 
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prostate cancer . 

1.5 Metastasis 

The high mortality trom prostate cancer results trom the tact that 80% ot patients 

have metastatic disease, and 30% of them have distant metastascs at the time of 

initial presentation (Scardino, P.T., 1989 and Chiarodo, A , 1991). Morcover, 10% of 

these patients will die wlthin a year. Prostate cancer cclls dlsscmlnate tl1rough 

Iymphatic and hematogenous routes to the Iymph nodes, IIver, lungs, and skcletal 

bone. Up to 70% of prostate cancer patients will develop bone metastasls, the 

vertebral column being the most commonly affected (Boland, P.J , ct al , 1982, B05, 

G.D., et al., 1988). Bone metastasis is not only an indicator of bad prognoSIS, but also 

a major cause of suffering in the patients causing severe pain, vertebral instability, 

disruption of neural function with loss of unnary or rectal sphincter control, and, in 

extreme cases, even complete paraplegia (Harnngton, K D, 1988, Bos, GD, et al, 

1988). 

The factors which underlie the predilection of prostate cancer to bene are 

unknown, and have become the focus of recent investigation ln scvcrallaboratorres 

A serious drawback in understandlng the blology of prostate metastasis has bccn the 

absence of appropiate animal models. This IS malnly because skeletal metastasls was 

rare in animais inoculated with eXlsting prostate carClnoma ccII linos. The é1vailabllity 

of such models could aid in the study of the blology of thls phonomcnon and in the 

development of diagnostic and prognostic methods currently unavailable . 

4 
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1.6 Diagnosis 

1.6.1 Screening and Early Detection 

Early diagnosis is the only available method that allows us to treat the disease 

at a stage for which current therapies are effective. The goal of a screening or early 

detection program is to detect the clinically important cancers. Several diagnostic 

tools, includmg digital rectal examination (DRE), transrectal ultrasound, serum 

prostate-speclflc antigen (PSA), serum prostatic acid phosphatase, and flow 

cytometric analysls are used to deter.t and monitor this disease (Orago, J.R., 1989). 

Unfortunately, none of these tests, is adequately sensetive and specifie for screening 

purposes when used alone (Thompson, I.M., and Fair, W.R., 1989). ORE, for 

example, which is the most widely used screening method for prostate cancer 

detectlon offers IImlted sensltivlty because the physician can palpate only the 

posterior and lateral aspects of the gland, whereas tUrJ'ors also may occur in portions 

that are inaccessible to the examiner (American Cancer Society, 1988; McNeal, J.E., 

1969), and various benign lesions initially may be misinterpreted as carcinoma 

(Thompson, I.M , et al., 1984). 

1.6.2 Cellular Markers 

For understanding and managing prostate cancer, cellular markers offer unique 

opportunitles. Initial/y, prostatic acid phosphatase, an organ-specific protein, and now 

PSA have been the best tumor markers (8ilhartz, D.L., et al., 1991; Catalona, W.J., 
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et aL, 1991). An elevated serum PSA level is present in many prostate cancer patients 

however it may also be raised in non-mahgnant conditions ~uch as benlgn prostatic 

hyperplasia (BPH) and prostâtitis ( Stamey, T.A., et al. 1987, Hudson, MA, ct aL, 

1989; Guillet, J., et aL, 1988). Men with serum PSA less than 4 J!gjL represent the 

patients with the lowest incidence of prostate cancer (Cooner, W.H , et al , 1990) but 

a PSA value greater than 50 J!g/L probably indicates carC:lnoma of the prostate and 

seldom prostatltis (Thomso'1, R.D., 1992). Moreover a more sensitive PSA assay 

could help in assessing new therapeutlc strategies (Bazlllet, M, ct al, 1988). 

However, presently, the PSA has false-negative rate with respect to Initiai dlagnosls 

and also when used to monitor progression in slgniflcant number of cases (Chlarodo, 

A.,1991). 

1.6.3 Imaging 

ln the past, imaging was not that useful in the dlagnosls of prostate cancer But 

the recent development of many imaging tools such as endorectal ultrasound has 

helped to identify many prostate cancers (Lee, F , et aL, 1989) Howcver cndoroctal 

ultrasound, des pite marked improvement ln resolutlon, doos not adeq~atoly 

differentiate mahgnant from nonmahgnant leslons and Ils positive predictive value also 

varies depending upon the clinical findmgs. Moreover, aval/able ultrasound 

technology fails to detect many chnically important cancers . 
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1.6.4 Staging 

Accurate staging of prostate cancer is essential in arder ta determine its malignant 

potential before administrating any therapy. The treatment approach usually varies, 

depending on the size of the cancer, local spread, Iymph node involvement, and/ or 

distant metastatic deposits. At present staging is based on cfinical determinations 

which include imaging. But imaging presentry can only identify gross, i.e. 

macroscopic pathology (Chlarodo, A., 1991). 

1.6.5 Needle Biopsy 

Needle biopsy of the prostate is also one of the important common methods of 

detectlng a SUSplCIOUS lesion. Needle biopsy under ultrasound guidance is rapidly 

gaining popularity now-a-days. However only 50% of biopsy specimens collected tram 

pros ta tic abnormalities reveal adenocarcinoma and signiflcant false negative needle 

biopsy specimens have also been reported in a number of patients (Bissada, N.k., 

et al., 1977). 

1.7 Treatment 

1.7.1 Hormone Therapy 

The growth of prostate cancer in adults is thought ta be androgen dependent and 

a tumar often regresses if androgens are withdrawn. However, in most of cases the 
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tumor recurs even in the absence of androgens. The underlying mechanism(s) by 

which androgens regulate prostate cells is not yet clear. The currcnt treatment of 

choice for metastatic prostate cancer is androgcn deprivation, such as orchidectomy, 

estrogen therapy, or luteinlzing hormone-releasing hormone (LHRH) agonists and/ 

or antiandrogens. Treatment usually retards the progression of cancer growth with 

relietot symptoms (Tolis, G., et al., 1984; Carpentier, P.J., et aL, 1984; Spirnack, J.P., 

et al; 1984; Watanable, H., 1986). But unfortunately, a significant number of patients 

do relapse as androgen-independent cancer ce Ils which are hlghly resistant ta 

therapy survive. Although bilateral orchidectomy rapldly removes the major source of 

circulating androgen such as testosterone, many patients find castration 

psychologically unacceptable because of subsequent loss of libido and Impotence 

(Rioja, L.A., and Sanz, J., 1991). Administration of therapeutic estragens reduce the 

pituitary release of luteinizing hormone (LH), thereby removing the stimulation of 

testes for the synthesis of testosterone. Although this mode of troatment is simple, 

the side effects are serious such as gynecomastia and adverse cardlovascular cvents 

(Altwein, J.E., 1983). 

1.7.2 Chemotherapy 

Chemotherapy is not effective against prostate cancer. This might be due to 

presence of low proliferative fraction of prostate cancer cell populaf,ion or specifie 

mechanisms of drug resistance yet to be discovcred. Thcrefore, cancer 

chemotherapy has provided disappointing and debatable success rates sa far 

(Chiarodo, A., 1991) . 
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1.7.3 Radiotherapy 

Radiotherapy is an alternative to prostatectomy in the treatment of localized 

disease. Those in favour of this therapy claim that it is a safe, non-invasive technique 

and can help patIent avoid incontinence. However resistance to radiotherapy is 

common and complications include chronic symptomatic cystitis, urethral stricture, 

urinary incontinence and impotence. 

1.7.4 Surgical Treatment 

Radical prostatectomy is the c.dmmon mode of surgical therapy but it may also 

fail due to the presence of undetectable metastatic disease. Therefore, in order ta 

improve fhe survival rate it requires detection before spread, combined with total 

radical prostatectomy or complete sterilization of the localized tumor by radiotherapy 

(Chiarodo, A., 1991) . 
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2.1 Introduction 

Bone is a highly vascular, mineralized special connective tissue. It is remarkable 

for its hardness, characteristic growth mechanisms and its regenerative capacity. Ali 

bone tissue conslsts of cells embedded in an organic ma'l.rix with inorganic salts. 

Bone may be developed elther dlrectly from mesenchymal tissue or from 

cartllagenous tissue replaced by bone later on (Simmons, D.J., 1990). 

2.2 Cellular Aspect 

Bone cells are responsible for ail active processes of bone formation and 

resorption throughout lite. There are two main groups of bone cells; osteoblasts 

responsible for bone formation, and osteocl:lsts for resorption. The osteocyte is an 

inactive osteoblast entombed within the growlng bone. 

Osteoblastic cells are belleved to be derived from the mesenchymal tissue that 

also glves ri sc to chondrocytlc and myoblastie cells of connective tissue (Grigmiadis, 

1988; Stein, et al, 1990). The r,haracteristlcs of osteoblasts are to produce Type 1 

eollagen, alkaltne phosphatase, osteocalcin, osteonectln, osteopontin, specific growth 

factors. Other phenotyplc qualltles tnclude cAMP-responsiveness to PTH (parathyroid 

hormone), CT (caleltonln), PGE2 (prostaglandlns ~ and the stimulation or 

expression of receptors for PTH and 1,25(OH)2 03 (Wrana. et aL. 1988; McCarthy, 

1988. Owen. et aL. 1990; Stein. et aL, 1990; Friedenstein. 1990; Weinreb. 1990). 

Osteoclasts are consldered to be deriveci fram the haemopoietic stem cell 

(Yamashita. T • et aL. 1990). They are multinucleated eells with a specialized ruffled 
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border and a high content of tartate-resistant aCld phosphatase (TRAP) expresslng 

calcitonin receptors (Yamashita, T., et aL, 1990). Furthermoro, they are thought to be 

derived from fusion of mononuclear precursors (Holtrop, M.E., 1990). 

2.3 Composition of the Bone Matrix 

The bone matrix is composed of an organic matrix and inorganic salts (Table 1. 

Simmons et al, 1990). The organic matrix is made up of collagenous fibres 

embedded in ground substances which conslst of sialo-protcins and protcoglycans 

mainly chondrointin sulfate and hyaluronic acid. The 1I10rganic salts Incorporatcd II1to 

the matrix are calcium phosphate in crystalllnE' form with magncsium, potassium, 

sodium carbonate and citrate ion. 

While mature bone consists entirely of Type 1 collagon, ostcoblast-Ilkc colis 

derived trom neonatal mouse calvanae (MC3T3-EI cciI. Hata et al , 1984; Kumogawa 

et aL, 1983; Scott et aL, 1980) or fetal rat calvaria (Aubin et aL, 1982, Scllows ct al., 

1986) were also found to produce small quantltlCs of type III collagcn in Vitro. 

2.4 Bone Marrow and Stromal CeUs 

The bone marrow consists of two hlstologically distinct compartmcnts' the 

vascular compartment, comprised chiefly of a system of vascular sinusolds; and, a 

hemopoietic compartment (Fig. 1), whlch f')rms irregular columns bctwecn the 

vessels (Tavassoh, M., and Yottrey, J.M., 1983). The haemopolctic compartment 

consists of precursor blood cells whlch differentiate to give rise to lymphocytes, 
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Table 1. Approximate Composition of Mineralized Bone 

Proteln Composition of Cellular Fraction 

Soluble Collagen 

8lood-derived Proteins 
Albumin 
ribronectin 

Cellular Components 
Nucleic acids 
Glycogen 
Cell Protein 

MatnxjCeli Components 
Proteoglycans 
Protein core (38 kD) 

Alpha2 HS-Glycoprotein 
Osteocalcin (57 kD) 
Osteonectln (32 kD) 

Phosphoprotein 

Sialoprotein (70-80 kD) 
Unidentified 
Glycoproteln (ex. 8MP) 

Composition of Mlneralized Fraction 

Phosphoglycoproteln (62 kD) 
Proteoglycans 
Alphét2 rlS-Glycoproteln 
Osteocalcin (57 kD) 
Osteonectln (32 kD) 
Phosphoprotein (24 kD) 
sialoproteln (25 kD) 
Unidentlfled 

(Adapted trom Simmons, D.J., 1990) . 
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Fig. 1. Schematic drawing of a cross section of bone marrow showing its subdivision 

into a hemopoietic and vascular compartment. (Reproduced from Simmons, O. J., 

1990) . 
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erythrocytes, grat'1ulocytes. mcgakaryocytes and monocytes (Owen, 1978; 1980) . 

The hemopoletlc cells are transie nt in the marrow and move into the blood stream 

upon maturation. The stromal component which consists of a highly vascular 

connective tissue, however, remalns and helps to dlfferentiate and mature the 

hematopoletlc cells. Studles wlth long-term in vitro cultures of human bone marrow 

revealed that the stromal adherent layer was composed of 60%-70% fibroblastic cells, 

10%-20% endothehal cells, 10%-20% monocyte/macrophages and 5%-10% fat-Iaden 

adhorent cells (Strobel et aL, 1986). A number of hematopoietic growth factois 

(HGFs) are known to be produced by the stromal cells. Some of them have already 

been purifled, sequenced and cloned (Klncade et aL, 1989). 

Although stromal cells establish the architecture of bone marrow and organize 

hemopolesls, the interrelationships among the various stromal cell types such as 

macrophage, fibroblastlc, endothelial, and adipocyte-hke components are poorly 

undorstood. Using monoclonal antibodies it has been observed that the fibroblastic 

cells denved from rat bone marrow culture dlffered from those of non-he:nopoietic 

organs and expressed a unique antigen identifled by mAb ST3, whereas !ung, 

diapharagm, and epldidymal fat pad flbroblasts expressed more ST4 than ST3 

(Sullivan et al , 1989). 

2.5 Bone Formation and Resorption 

The process of bone formation and resorption during bone growth in early life is 

considered "modelllng". This is replaced in adulthood by "remodelllng". a continuos 

process necessary for the maintenance of normal bone structure . 
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A remodelling site is initiated by the activated osteoclasts following humoral or 

local stimuli for resorption (Fig. 2). The osteoclasts proceed to resorb an am ou nt of 

bone producing a sm ail resorptlon pit (Howshlp's lacuna, or longitudinal cutting cane 

in cortical bone). The actively motlle osteoclast moves to 3notl1ar site after havlng 

resorbed a certain amount of bone. This resorptive phase IS followed by an active 

revel sai phase when the cement line is deposited (Baron et al, 1980) Ouring the 

subsequent formative phase, active cuboidal osteoblasts appear and begln to deposlt 

uncalcified matnx (osteoid) which IS later mtneralized This process of bonc resorptlon 

followed by an equal amount of formation has been termed "a basIc multlcellular unit 

of bone turnover" (Frost, 1984). It IS beheved ta be regulated by locally produced 

chemical signais. 

2.5.1 Osteoblastic Metastases 

The bone is a common site of metastasis for several mallgnancles, such as 

carcinomas of the prostate, breast, thyroid, lung and kldney (Mundy and Splro, 1981). 

Although skeletal resorption is most commonly observed ln aSsociation Wltt1 

secondary metastases ta the bone, prostatlc cardnolna, frcqucntly glves fiSC to 

osteoblastic leslon (Franks, L.M., 1973) These leslons are sean ln neôrly cvery cases 

of prostatic bone metastasis suggestlng a paracnne regulatlon (Falasko, C S B. t 

1976). The flndlng that the growth of osteoblastlc cells IS stlmulated ln Vitro by the 

extracts of prostatic tissue Inltlated the investigation Into the pathogenesis of 

osteoblastic metastases of prostatlc carclnoma (Jacobs, SC., 1979, 1980). 

Subsequently, mRNA from the prostatic cancer cell IIne, PC-3, InJected Inte Xenopus 
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Fig. 2. • Bone remodelling unit • in the Haversion envelope. (Reproduced from 

Remagen, W., 1989) . 
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oocytes lead to the secretion of a protein which was found to be mitogenic for 

osteoblastic cells (Simpson, E., 1985). Later studies revealed the presence of growth 

factors in prostatic tissue which appear to be speclflc for the osteoblastic cells 

(Koutsilieries, m., et aL, 1986, 1987). Very recently a 15 KDa protein with mitogenic 

activity for osteoblastic cells has been isolated from the conditioned media of a 

human prostatic cancer cell line, PC-3, and chemically recognized as an amino­

terminal fragment (ATF) of the uroklnase plasminogen activator (uPA) ,Rabbani, S.A. 

et al., 1990; Rabbani, S.A., et aL, 1992). The involvement of uPA in the production of 

both osteoblastic and osteolytic skeletallesions of prostatic cancer may be duo to the 

presence of both growth factor actlvity and proteolytlc activity in its two dis crete 

molecular domains (Goltzman, D., 1992). Thus it is possible that the catabolic actlvity 

of uPA helps in breaking down the extracellular skeletal matrix and ln causing the 

osteolytic le3ions. In addition, it may work along wlth other factors, such as 

parathyroid hormone related peptide (PTHRP), and cytokines whlch activate 

osteoclastic bone lesion (Goltzman, D., et al, 1989; Mundy, G N, 1988, and as 

shown in Fig. 3). The ATF, on the other hand, might be involved ln osteoblastic 

proliferation. The increased frequency of osteoblastic metastases associated with 

prostatic carcinoma could be due to overproduction of ATF or to nculra"zalion 01 

proteolytic activity by plasminogen activator inhibitors released by the tumor itself 

(Goltzman, D., 1992). 

2.5.2 Osteolytic Metastases 

ln addition to the potential action of uPA discussed above, tumor cells could 

22 



• 

• 

Humoral Factors Released by 
Osteolytic and Osteoblastic Cancers 

Osteolytic Osteoblastic 
Cancers ~ Cancers 

~ ~/ 
u PA ' 

//\ 
PLP Cytoldnes 
\.---------. y 

HMW LMW 
uPA uPA) 

Lytic Lesions 

ATF GF's 
'-- 1 ------y~--~ 

Blastic Lesions 

Fig. 3. Model for the potential role of uPA and other peptide factors in the 

pathogenesis of osteoblastic and osteolytic lesions. (Reproduced trom Goltzman, D., 

et al., 1992). uPA = Urokinase plasminogen activator; HMW = High molecular 

weight; LMW = Low molecular weight; PLP = Parathyroid hormC"i le related peptide; 

ATF = Amino terminal fragment; GF = Growth factors . 
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cause bone resorption by a direct effect on bone. The mechanism is believed to be 

due to release of Iysosomal enzymes and collagenase (Ellon anc! Mundy, 1979). In 

general, activated osteoclasts in metastatic disease are larger and have more nuclei 

(Fig. 4). 

ln metastatic bone lesions, either more osteoelasts are formed or the sUNival of the 

existing ones is prolonged under the influence of continuous activation from tumor 

cells (Galasko, 1981; Bonucci, 1981). One of the possible mechanisms of bon'9 

destruction might be due to the direct or indirect effects of tumor cells on the 

vasculature leading to necrosis (Cramer, S., et al.,1981) Furthermore, il may result 

from tumor products (Eilon, G., et al., 1983; MeDonald, 0 F., et aL, 1983) or trom 

osteoclastic stimulation by prostaglandin E;, (Gebhardt, M. C , et al., 1985). Several 

osteoelast activating factors (Du rie, B.G.M., et al., 1981) whlch probably are a variety 

of cytokines including interleukins and tumor necrosis factor (Sertolini, D.R , et aL, 

1986), transforming growth factor Cl: (Ibbotson, K.J., et al., 1985), parathyroid hormone 

like substances (Rabbani, S.A., et al.,1986; Surtis, W.J., et al.,et al.,1987; Stewart, 

A.F., et al., 1987; Moseley, J.M., et al., 1987), and perhaps other as-yet unldentified 

agents, (Canalis, E., 1985) as illustrated in Fig. 4., might be involved ln the genesis 

of osteolytic lesion . 
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Fig. 4. Schematic drawing of proposed interaction between tumor cells, host 

mononuclear cells, lymphokines, bone resorption and formation. PG~ = 
~ 

Prostaglandin ~, OAF = osteoclast-activating factor, TGF-a = transforming growth 

factor alpha, IL-1 = interleukin-1, TNF = tumor necrosis factor. (Reproduced from 

Scher, H.!., and Yagoda, A., 1987) . 
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3.1 Introduction 

The ability to metastasize may be considered the most harmful characteristic of 

malignant tumors. Local control of a primary tumor can be accomphshed now-a-days 

by the use of surgery and radiation but tumors that spread, causlng distant 

metastases, are almost invariably fatal (Posner, 1990). 

Bone metastasis is usually selectIve in terms of the site of origin and of 

distribution. Eighty percent of cancers that spread to bone are those arising from 

breast, prostate, thyroid and kidney carclnomas(Cadman, E., and Bertlno. J R., 1976) 

Metastatic foci in ail bones are situated malnly ln red bone marrow (Wllhs. R.A., 1973), 

with the spine being mostly Involved. Wlthin the spine, vertebral bodies of the lumbar 

region are affected most often (Bhalla, S K., 1970; Willis, RA, 1973; Drew, M., 

Dickson, R.B., 1980; and Enneking, W.F., 1983). 

3.2 Organ-Specific Metastasis 

It has been frequently observed that some tumors preferentially mctastasize to 

specifie organs of the body (paget, 1889; Zetter, 1990) Different theorics have becn 

put forward to explain this phenomenon. 

The most popular, "seed and sOli" hypothesis of Paget (~889) suggcsts that 

metastatic ceUs, like the seeds of a plant, can only survive or grow If they fJnd a 

favourable organ ("sOli"). In support of this hypothesis, a number of tumor cell lines 

that have an increased abihty to colonize a partlcular organ have been obtamed by 

in vivo selections (Nicoson, 1983) . 
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"Mechanical theory", proposed by Ewing (1928), suggested that special vascular 

channels draining the primary tumor determine the ultimate route and site of 

dissemlnatlon of the metastatlc cells leading to incre;;\se metastases in one organ 

over another. In S'Jpport of Ewing's proposaI, several investigators have been able to 

demonstrate that the organ patterns of experimental metastasis is frequently 

determlned by the vascular route of tumor cell injection, as shown with non­

Iymphohematopoietlc tumors in animal models (Murphy et at., 1986; Arguello et aL, 

1988). 

3.3 The Raie of the Vertebral Circulation 

The vertebral venous channel or Batson's plexus is a special valveless venous 

communication that runs parallel to the vertebral column and form anastomoses with 

the venous system of the vertebrae, pelvis, thorax, and brain (Batson, a.v., 1940). 

Vertebral venous system has been thought ta be the main route through which 

metastatlc cells get access to the vertebral column (Lemort, M. et aL, 1986; 

Harnngton, K O., 1988). Batson suggesï.ed that metastatic cells in circulation might 

spread to the vertebral column as a re:'llit of venous reflex during raised intrathoracic 

or intraabdomlnal pressure, such as in coughing, straining, and sneezlng (Batson, 

a.v., 1940). Several investigators have demonstrated that raising the intraabdominal 

pressure or IIgating the inferior venacava while inoculating tumor cells through the tai! 

vein induced vertebral metastasls in animal models (Shevrin, D.H.,et al., 1988; Geldof, 

A.A., 1990), wh"e Injection of the cells from the parent line subcutaneously or via the 

tail vein wlthout cavai occlusion dld not result in bone les ions (Shevrin, D.H., et aL, 
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1986). Although, these experiments can induce bone metastasis to the lumbar spine, 

wide spread bone metastasis, commonly encountered in the c1mical cxperionce, is 

not reproduced by this method (Kamby, C. et aL, 1987). Morcover, venous 

obstruction is rarely seen in prostate cancer patients. Neverthelcss, the motastatlc 

focus in these animaI madels began tram emboli in the antenor vertebral vein of the 

spinal canal and spread tram there to compress the spinal cord or invade the 

vertebrai body (Arguello, F., et aL, 1990). In contrast, as seon in human autopsy 

studies, tu mors compressing the spinal cord mastly arise from vertebral bodies 

(Fornasier, V.L., 1975). Thus, the importance of venous reflux of cancer cells in the 

development of vertebral metastases is still debatable in cllnical cancer. 

3.4 Seed and Soil Hypothesis 

Within the vertebral bone hematopoietic bone marrow is the target tissue and 

primary soil for proliferation of the metastasizing cancer cells. Hlgh volume of bone 

marrow in the lumbar spine migh~ be 'esponsible for the highcr Incidence of 

rr.etastasis in that part of the skeleton (Thrall, J.H., and Ellis, B 1., 1987). The presence 

of hematopoietic bone 1"" arrow seems to be essential for the formation of bone 

metastasis in humans (WIllies, R.A., 1973). In addition, the rate of porfusslon of bone 

marrow is significantly higher (510 ml/kg per minute)(Johnston, AD, 1970) than that 

of bone (only 11 ml/kg per min) facd1tating the Increased accessiblllty of cancer cells 

to bane marrow. 

The increased frequency of metastatic deposits ln the marrow may be explained 

to some extent on the basis of special structural and hemodynamlc factors 
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associated with bone marrow (Arguello, F., et aL, 1988; Berrettoni, B.A., and Carter, 

J. R., 1986). Moreover, several growth factors produced in the marrow were found to 

stlmulate the growth of many cancer cells in vitro (Berbel, W.E., et aL, 1989). Thus, 

bone marrow appears to be a fertile soil for metastatic cells. 

A thorough review of positive bone scintigrams from different cancers including 

breast and prostate revealed no dlfference in overall distribution among the various 

cancers (Dodds et aL, 1981) . The authors of this study concluded that systemic 

circulation might be primarily responsible for the dissemination of malignant cells to 

different target organs. 

Several investigators intact recently demonstrated that inoculations of tumor cetls 

into the systemic circulation of syngeneic or nude mice results in the development of 

bone metastasis which simulate the human pathology of prostate carcinoma 

(Arguello, F., et aL, 1388, 1990, 1991; Kjonniksen, L, et aL, 1990). 

3.5 Growth Factors 

One of the most important factors which renders a ·soil" of an organ congenial 

ta tumor growth is probably the presence of speciflc cytokines that promote cell 

division. A variety of growth factors are known to stimulate the growth of normal and 

neoplastic cells in culture (Deuel, T.F., 1987). Sorne are more abundant in one organ 

than in others. For example, there is more of the acidic form of fibroblast growth 

factor in neural tissue such as the brain, hypothalamus, pituitary and retina. Similarly, 

transforming growth factor beta is found in platelets, cartilage and bone. Likewise, 

bone marrow contains numerous hematopoietic growth factors . 
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Bone metastasis of prostate eareinoma may also be regulatad by specifie growth 

factors. This beeame more apparent when the condltioned media harvested trom 

bone marrow stromal cells was found ta be mitogenic ta human prostate carcinoma 

celfs (Chackal-Roy, M., et al., 1989). This may also explain the increased growth rate 

of prostate cancer cells in this secondary site. 

3.6 Cell·Cell Adhesion / 

Interaction with the Parenehymal Cells 

The majority of tumor eells are arrested in the tirst organ, but metastatie foci are 

often found in other organs. This has led many investigators to speculate that a 

specifie cellular adhesive interaction might be necessary for the initiation of 

metastases at their target organs. 

Evidence now confirms this hypothesis and demonstrates that metastatlc tumor 

cells preferentially adhere ta organ-speclfic adhesion molecules. The initiai 

experiments show that metastalic lumor cells adhere preferentldlly to disaggregated 

cells (Nicolson, G L., el aL, 1975) or ta histologic sections (Netland, P.A , and Zetter, 

B.A., 1984) prepared ttom secondary organs. In addition, tumar colis seleetcd for 

their increased adheslon ta lung tissue in vitro were found ta have enhanced 

metastais to lung sites in vivo (Idem, 1985). There is also evidencc of adhesion of 

tumer cells to parenchymal cells of the target organ (Otto, P., et al, 1985, Brodt, P., 

et aL, 1989, 1992) which might be necessary for J11etastasls to procccd (Zettor, B.A., 

1990). These experiments coflrm that cell adhesion is a critical dctcrmlnant ot site-
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speciflc tumor metastasis. 

3.6.1 Endothelial Cells 

Tumor cells in the circulation first come in contact with the surface of the 

endothelium and occasionally with exposed basement membrane, where they might 

adhel e to speciflc adhesion molecules. Several endothelial adhesion molecules have 

S0 far been isolated such as ELAM-1, ICAM-1, ICAM-2, VCAM, GMP-140, and PECAM 

(Bevllacqua, M.P. et al , 1989; Simons, D.L., et aL, 1988, 1990; and Staunton, O.E., 

et al, 1989). Several types of blood cells such as neutrophils, monocytes and 

lymphocytes in circulation to adhere to the vessel walls through these receptors. 

SinGe this reprcsents the tlrst stage by which cells migrate through the vessel wall to 

the surroundlng tissue, these molecules play a crucial raie in the pro cess of 

inflammation and are also thought to be important in tumor metastasis (Staunton, et 

aL, 1989). 

Greene and Harvey were the first to propose that organ specifie colonization of 

metastatlc cells might depend on the formation of initial bonds between tumor cells 

and the adhesion molecules on the surface of endothelium lining the vessels of that 

organ (Greene, H.S.N., and Harvey, E K., 1964). Auerbach and coworkers have 

subsequenlly confirmed this theory in a series of experiments (Auerbach, R., et aL, 

1987). The tnetastatic cells, in most ot the cases, adhered preferentially to the 

endothellal cells derived trom the secondary site. These results suggested that the 

circulatlng tumor cells could specifically recognize unique éldhesion molecules 

expressed on the surface of the vascular endotllelium of the target organ. It has been 
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shawn that adherent cells are protected from cytotoxic T cell in jury and therefore 

survive longer in the circulation (Karninski, M., and Auerbach, R., 1988) ln addition, 

cell adhesion might enhance cell motlllty thereby facliitatmg invasion of tumor cells 

into the organ parenchyma (McCarthy, J 8., et aL, 1985 and Nlcolson, G.l., 1991). 

3.6..2 The Extracellular Matrix 

Tumor cells can also trigger endothelial cell retraction (Zetter, B.R., 1990), and 

adhere to molecules of the subendothelial rnatrix (extracellular matnx). Metastatic 

tumor cells can bind ta components of the extracellular matnx (ECM), such as 

fibronectin, laminin, and Types IV and V collagen (Mc Carthy, J B, et al. 1985; 

Juliana, R.L., 1987). These ECM proteins may vary trom organ to orqan Metastatlc 

tumor cells grow preferentlally on ECM extracted trom the preferred organ site as 

shawn by Doerr and coworkers (1989). Adhesion molecules expressed on the surface 

of endothelial ceUs can also be modulated by ECM components derlved from speciflc 

organs. It has been demonstrated by Pauli and Lee in 1988 that turnor cells that 

selectively colonize one organ preferentially bind to the aortlc endothcllal cells grown 

on ECM extracted from that partlcular organ Thus, It appears that o.<prcsslon of 

organ specifie adhesion molecules on the vascular endothelium may not be an 

intrinsic feature of the endothelial ceUs of that organ, rather regulated by the clements 

of the ECM on whieh they grow . 
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3.7 Raüonale and Purpose of Present Study 

The raie of tumor cell adhesion to the target organ microenvironment in the 

process of site-specifie metastasis has been established by many investigators as 

mcntloned above Although this has been Vvell documented for liver and lung 

metastasis, little is known about the raie of cell-cell or cell-matrix adhûsion in prosta,jc 

carclnoma metastasis ta bone. This is partly due ta the lack of appropriate animal 

models. 

The objectives of the present work were therefore as follows: 

(1) To develop an animal model for the study of bone metastasis of prostate 

carcinoma. 

(2) Ta study the rele of cell-cell and cell matrix adhesion in tumor-host interactions 

in bone metastasis. 

(3) To Identlfy the cellular components of the hest bene and/ or bone-marrow which 

are involved in the adhesien . 
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4.1 Introduuction 

The incidence of, and mortahty trom prostate cancer are increasing yearly and 

carcinoma of the prostate is now the second major cause of cancer deaths in males 

in the USA. One out of 11 men in the USA is expected to be dlagnosed with 

carcinoma of the prostate and of these a third are expected to die from their cancer 

(Chl8rodo, A , 1991). Wlth an increasingly aglng population, the mortallty rate could 

increase agam by 50% in the next 15 years (Chlarodo, A., 1991). 

The skeleton IS the major site of metastasis for prostate carclnoma. Approximately 

70% of patients wlth prostate cancer will develop bone metastases (Chiarodo, A., 

1991). These metastases, whlch are situ'lted predominently in red bone-marrow, 

most commonly ln the spine are genera"y associated with poor prognosis. The 

development of new and effective therapeutic regimens for the management of 

prostate carclnoma depends therefore on a better understanding of the mechanisms 

which underly the predilection of thls mallgnancy to bone. 

ln recent years, it has become clear that the selective patterns of secondary organ 

colonlzatlon, charactenstlc of many types of cancers, cannot be entirely explained 

by anatomical and mechanical trapping theones of tumor cell dissemination 

(Nicolson, G L , 1988, and Sugarbaker, E.V., 1981). Several speciflc factors have been 

shown to regulate thls process known as site-speciflc metastasis (Zetter, B.R, 1990). 

Among them the preferentlal adhesion of cancer cells to the organ extracellular 

matnx protelns, parenchymal cells, and in partlcular organ-specifie receptors 

expressed on the luminal slde of the vascular endothelium have ail been shown to 

play important roles (Brodt. P., 1989; Auerbach, R, et aL, 1987; and Pauli, B.U., et 
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aL, 1988). These adhesive interactions are thought to trigger tumor cell invasion and 

promote cellular proliferation (Zetter, B.R., 1990). 

To understand the mechanisms underlying the predilection of prostate cancer to 

bone, we developed an animal model uSlng Dunnlng prosta1e carcinoma ccII line 

R3327-Mat-LyLu. The intra-cardlac inoculation ot these cells into the left vcntncle of 

syngeneic rats resulted in the development of bone marrow mctastasos. Bane­

marrow denved carcinoma cells as weil as the parentalline wcre then uscd ta analyse 

the role of cell-cell adhesion in this metastatlc process. 

4.2 Material Melhods 

4.2.1 Animais 

Inbred male Copenhagen rats weighing 150-200 gr were obtaincd from Harlan 

Sprague-Oawley Ine. (Indianapolis, IN). Female Wistar Rats weighlng 100-150 gr were 

obtained trom Charles River, (Montreal, Canada). 

4.2.2 Turnor Cells 

The Dunning R3327-Mat-LyLu cell li ne (Isaacs, J.T., et aL, 1986) was obtalned 

eourtesy of Dr. J.T. Isaacs (John Hopkins School of Medicine). It was mamtalncd in 

vivo in Copenhagen rats by s c. inoculation of 106 cclls. The animais usually 

developed Iymph node and lung metastases wlthm 3 wks but bone metastascs were 

not observed (Isaaes, J, T. et al, 1981). The tumors wcre resected when their 
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dlameter reached approx. 3 cm and the tumor cells enzymatically dispersed in a 

solution of 005% trypsin (Gibco). In vitro the cells were maintained in RPMI 1640 

supplemented wlth 2 mM L-glutamlne (MA Bioproducts), 10% fetal bovine serum 

(FBS), 100 Ulml of penlcillin-streptomycln sulfate (GIBCO, Burllngton, Canada), 250 

nM dexamethé'lsone and 0.2% gentamycin (Sigma). 

TMT-081, a metastatlc rat mammary carcinoma line was obtained from Dr. U. Kim 

(The Rosewell Park Memonallnstltute, Buffalo, New York). The maintenance and the 

tumongenlc and metastatlc propertles of these tumor ce Ils were described in detail 

elsewhcre (Brod t, P. et al., 19Ç}0). 

4.2.3 Bone Metastasis Assay 

Lumbar bone metastases of the Dunning tumor were obtained tollowing the 

injection of Copenhagen male rats with 5 X 103 or more Mat-LyLu cells into the left 

ventricle (I.c. Injection) as descnbed elsewhere (Stackpole, C.W., et al., 1985). The 

animaIs developed hind leg paralysis wlthin 2-3 wks (depending on inoculum size) 

due to spinal cord compression by tumor cells extending trom the vertebral body, as 

conflrmed by hlstopathology (see below in Results section). Tumor cells were 

harvested from the lumbar reglon and maintained in culture for 2-3 wks at which tlme 

some of the cells were used in the adhesion assays. The remainrng cells were 

reinjected Lc. into new rats to obtain the next generation of bone-metastasizing cells. 

This procedure was repeated 6 times. 

4.2.4 Osteoblasts 

51 



• 

• 

The isolation of primary ostaoblasts trom rat fetal calvariae was carriod out as 

previously described by Bernier et al (Bernier, SB, et aL, 1990). Cell viabihty was 

assessed with trypan blue exclusion dye and the cells were plated in 24 weil plates 

at a density of 1.5 X 105 cells/well ln RPMi containing 10% FBS and cullured for 72 

hrs prior \') use in the adhesion assays. 

4.2.5 Fibroblasts 

Primary cultures of rat fibroblasts were prepared trom thlrd trimester feluses using 

established procedures (Freshney, R.I., 1987). The cells were cultured in RPMI-FBS 

at a density of 1.5 x 105 cells/weliln 24-well plates. 

4.2.6 Bone-marrow Stromal Cells 

Bone-marrow cells were obtaaned trom the femoral bone of Wistar rats by flushing 

the marrow cavity with 10 ml RPMI·FBS through a 23-gauge nccdlc The marrow 

suspension was tiltered through a 100 J,lm mesh sieve, centnfuged at 1200 rpm for 

10 minutes, resuspended and plated at a density of 106 cells /woll in 24-well plates 

(Nunc) or 4 X 106 cells/well in 6-well plates (Nunc) Culture medium was Dulbecco's 

modif/ed Eagle's medium (DMEM, from GIBCO) supplemented w/th 20% FSS, 

antibiotics (as described for RPMI) and 0 1 mg/ml hepann (Orgnanon, Toronto, Ont). 

To enrich SM endothellal cells, some of the cultures were supplementcd wlth 200 

1!9/ml endothelial cell growth factor (ECGF-Vec Tee, NY, U.S.A) on the day of plating 
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and thereafter on alternate days for a total period of 3 weeks. 

4.2.7 Endothelial Cens 

Cultures of bovine aortlc endothelial cell (BAE) were prepared using the 

procedure described by Gospodarowicz et al.,1976. The cells were maintained as 

described for BM stromal cells in medium supplemented with ECGF. 

Human umbillcal vein derived endothelial cells (HUVE), obtained as described 

elsewhere (Glmbrone, M. A, et al., 1974) were kindly provided by Dr.J.Gordon 

(Dcpartment of Surgery, McGill University). The cells were cultured in McCoy's SA 

medium (Flow Laboratories) contalning 20% FBS. Rat hepatic endothelial cells 

were isolated and cultured as described in detail elsewhere (De Leeuw, A. M., et al., 

1982). 

4.2.8 FACS Analysis 

4.2.8.1 Uptake of Ac-LDL 

Bone-marrow stromal cells (BMSC) cultured for 2-4 weeks with or without ECGF 

were labelad by incubation wlth 10 pgjml DII-Ac-LDL (Acetylated Low Density 

Llpoprotein labeled wlth 1, 1'-dioctadecyl 1-1-3,3,3',3' -tetramethyl-indo-carbocyanine 

perchlorate, tram Biomedical Technologies Inc. MA) for 4 hours al 37° C. The labeled 

cells were dispersed wlth PBSjEDTA, centrifuged and resuspended ln RPMI-FBS 

containlng 10 mM HEPES (N-2-Hydroxyethylpiperazlne-N'-2-ethane sultonic acid) . 
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Fluorescent cells were analysed by FACS (Becton-Dickinson FACSTAR) at an 

excitation wavelength of 514 nm. A total of 104 cells from each sample were 

analysed. Fibroblasts and BAE cells, the latter previously shown ta expresss receptors 

for Ac-LOL (Voyta, J.C , et aL, 1984) were used as negatlve and positive con trois 

respectively. 

4.2.8.2 von-Willebrand Factor (vWF) 

BMSC were also analysed for expression of von-Willebrand factor. Three weeks 

old culture were dispersed with PBS-[DTA, centrifuged and resuspended ln culture 

medium containing rabblt antlserum to vWF (Dakopatts, Glostrup, Denmark) at a 

dilution of 1 :100 (normal rabbit serum was used as control) Incubation was at room 

temperature (RT) for 60 min The eells were washed three limes and Incubated wlth 

10% normal swine serum (NSS) in PBS for 30 min to block non-specifie blndlng The 

second antibody namely, trimethyl-rhodamlne-isothiocyanate {TRITC)-conJugated 

swine-anti-rabbit antiserum (NordlC, Caplstrano Beach, CA) was addùd at a dilution 

of 1 :20 (80th prrmary and secondary antlbodics were dllutcd ln PBS contalnlng 3% 

NSS) for a 30 min incubation at RT. The unbound antlbody was washed wlth PBS 

and cells were resuspended in DMEM Fluorescent cells were analysed by FACS. 

Fibroblasts and HUVE cel/s, the latter prevlously reported to express vWF (Wagner, 

0.0., et aL, 1982) were used as negatlve and positive contrais respectlvely. 

4.2.9 Adhesion Assays 
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4.2.9.1 Adhesion to Cell Culttures 

Mat-LyLu cells in log phase were labeled with Na51Cr. Ta monolayers of primary 

rat cell cultures in 24-well plates, 105 labeled tumor cells were added for a 60 min 

incubation at 37° C. Non·adherent cells were removed by repeated washing with P8S 

and adherent cclls Iysed with 1 N NaOH. Radioactlvity associated with the Iysate was 

monitored ln a gamma counter. 

The numbcr of stromal cells/well at the time of the assay was determined by 

dispersing and countJng the cells tram three wells. The average number of cells/well 

was calcuJated and used to standarize the results which are expressed as the 

proportion of prostate carcinoma cells which adhered per 150,000 stromal cells. 

4.2.9.2 Adhesion to Extracellular Matrix Proteins 

The procedure of the adhesion assay has recently been described elsewhere 

(Nip, J., et aL, 1992). Briefly, the microtJtre plates were coated with different 

extracellular matrix proteins such as osteopontin (Glft from Dr. Charles Prince, 

University of Alabama, AL, USA), laminln, flbronectln, type l, & type IV collagen (ail 

trom Collaboratlve Research Inc , Bedford, MA) or vitronectJn (Sigma Chemical Co., 

St. LOUIS, MO) Chromium labeled tumer cells were added to each weil, and 

incubated at 37°C for up to 90 min. The non-adherent cells were removed by 

aspiration and repeated washing with PBS. Adherent cells were Iysed with 1 N NaOH 

and radioactlvity in the Iysate was measured in a gamma counter . 
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4.3 Statistics 

The Student's Hest and the Mann-Whitney U test were used for the statlstical 

analyses. 

4.4 Resutts 

Ouring the course of tl1is study Copenhagen rats were inoeulated with Mat-LyLu 

cel/s by the i.e., Lv. or s c. routes. The inocula rangcd trom 5 X 103 to 2 X 10" tumor 

cel/s. The results obtained following these Injections are shown ln table 1 Ali ammals 

which received Lc. inoculations developed hlnd leg paralysis (Fig. 1) followcd by 

death 4-5 days later. No animais Inoculated i.v ar s e wlth the tumar colis dcvûlopod 

hind leg paralysis and metastases were observed ln the lungs and Iympll nodûs only 

(table-I). In animais inoeulated I.e with 2 X 104 
- 5 X 10~ cells, paralysls was apparent 

by days 12-14 ln autopsies, a dlstended bladder due to tallure of ûvacuatlon was 

usually found (Fig 2). No macroscopic metastases could bo dotectod ln any of the 

major organs except occaslonally in the adrenal glands and kldncys Hlstologlcal 

exammation conflrmed that there were metastatlc losions in the bonc marrow of 

lumbar and lower thoraclc vertebrae of these animais. A tumor mass was also found 

in the spinal canal extendlng from the bone-marrow and compresslng the spinal eord 

Typical hlstologlcal flndings are shawn Fig. 3. As is frequently the case for BM 

metastases of human prostatic carclnoma both osteoblastlc and ostcolytlc losions of 

the tumor were observed (Fig 4) Mlcrometastases were also observod ln the adrenal 

glands and kidneys but were not detected in the prostate gland, seminal vesleles, 
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Fig. 1. Photograph of a male Copenhagen rat 2 wks following I.C. injection of Mat· 
LyLu cells showing the signs of hind leg paralysis . 
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TABLE 1. Selective Metastasis to BM of Mat-LyLu CeUs 
Inoculated I.C. into the Left Ventricle. 

Type of No. of cells 
cells inoculated 

Mat-LyLu-pa 
5 X 104 

Mat-LyLu-Bb 

Mat-LyLu-P 
2 X 104 

Mat-LyLu-B4 

Mat-LyLu-P 
5 X 103 

Mat-LyLu-B5 

Mat-LyLu-B6 5 X 103 

Mat-LyLu-B5 
5 X 103 

Mat-LyLu-B5 

TMT-081 5 X 104 

NS: Not Seen 

BM: Bone Marrow 

LN: Lymph Node 

aparental Mat-LyLu Line 

Route of # of days 
inoculation prier to 

Hind leg 
paralyslsC 

I.C. 14 (13-14) 

I.C. 12(11-12) 

I.C. 13(12-14) 

I.C. 12(11-13) 

I.C. 19(18-21)<1 

I.C. 12(11-14) 

I.C. 12(12-14) 

I.V. N.S. 

S.C. N.S. 

I.C. N.S 

bBone Metastasis-derived Mat-LyLu Line. 

cMedian & range. 

Incidence of 
Metastasis 

BM Lung LN 

5/5 0/5 0/5 

5/5 0/5 0/5 

5/5 0/5 0/5 

5/5 0/5 0/5 

0/5 5/5 0/5 

0/5 5/5 5/5 

0/6 0/6 0/6 

dStatistically sigmficant delay (P < 0.008) in onset of hind le9 

paralysis as compared to Mat·LyLu-B5 or Mat-LyLu-B6 as 

determlned by the Mann Whitney test. 
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Fig. 2. Dissection findings of the male Copenhagen rat after the development of hind 
leg paralysis showing distended bladder (arrow) . 
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Fig. 3. Light microscopy analysis of a bone metastasJs of carClnoma Mal-LyLu 
Shown in (a) are the histology findlngs seen ln a paraffm section of a lumbar 
vertebral bone denved tram a rat Inoculated 1 c. wlth Mat-LyLu colis whore bone 
marrow was totally replaced by tumor (T) A section of a banc denvcd tram a normal 
animal is seen in (b). In (c) a longitudinal section through the lumbar vertebrae & 
spinal cord is shown with the tumor mass (T) infiltratlng the vertebral canal (VC) and 
compresslng the spinal cord (SC) The vertebrae was removed 2 wks followlng I.C 

inoculation of tumor cells when hlnd leg paralysis was evident. The sections were 
stained with Hematoxyllnejeosin (HE) Magnlficatlon: (a) & (b) x 100, (c) x 40 
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Fig. 4. Characterization of the metastatlc lesions of Mat-LyLu in the bone. Shown is 
a paraffin section of a lumbar vertebrae obtained 2 wks following Le. inoculation of 
the tumor cells. In (a) an osteoblastic region is seen with osteoblasts (2rrow) and 
new bone (NB) formation at the interface between tumor mass (T) and old bone (OB). 
ln addition as secn in (b), multinucleated osteoclasts (arrow) with osteolytic lesions 
were also observed in the tumor mass (f) invading the old bone (OB). H.E. staining. 
Magnificatlon x 400 . 
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sternum or femurs nor in the lungs, Iymph nodes, liver and spleen. 

To test whether tumor cells derived through repeatcd sequentlal isolation and 

rein je ct ion of BM-metastases had an increased bone metastasizlng potentlal, the 

ability of such cells to form BM metastases following i.c Inoculation was comparcd 

to that of the parental line. As shawn in table l, no slgnlflcant dlfference ln incidence 

or in thG time interval preceding onset of the paralysis was observcd when the 

animaIs were inoculated I.C. with 2 X 104 ~ 5 X 105 parental (Mat-LyLu-P) or metastatlc 

(Mat-LyLu-B) cells. However when the tumor cell Inoculum was reduccd ta 5 X 10'\ 

cells per animal a signiflcant acceleratlon ln onset of paralysls was noted ln animais 

inoculated wilh tha metastases-derived tumor cells. While rats Inoculatcd wlth Mllt­

LyLu-P cells developed paralysis by da) 19, rats Inoculated wlth Mat-LyLu-B5 or Mat­

LyLu-B6 cells developed paralysis by days 12-14, approxlmatcly one week carlier 

(table 1). As a control the metastatic rat mammary carcinoma IIne TMT -081 was used 

When 5 x 104 cells of Ulis tumor were injected Lc. Into six syngenelc rats they falled 

to give rise to bune metastases for up to 8 wks followlng the inoculation (table 1), 

Ta study the role of cell-cell adheslon ln BM colonlzatlon by Mat-LyLu cells, 

cultures of BMSC were prepared and characterized by ccII surface markcr analysls 

Uptake of Ac-LDL has been widcly used ta distinguish vascular endothollal cells from 

fibroblasts and mesenchymal colis (Voyta, J,C , et al , 1984) The proportion of Ac­

LDL( +) cells ln the BM cultures was therefore determined The rcsults shown 111 Fig 5 

and summarized in Table Il revealed that there was a signlflcant ennchrnont of Ac­

LDL( +) cells in cultures of BMSC grown in the presence of ECGF 

Similarly, when the cells were analyzed for expression of vWF, a slgnlflcant 

increase in the proportion of vWF + cells was noted, as shawn in Fig 6 and Table II. 
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F!g. 5. FACS analysis of rat bone-marrow stromal cells labeled with Dil-Ac-LDL: Cells 
were labeled with rhodamine conjugated Ac-LOL. The cells on the nght of the vertical 
bar were considered positive. Shown are results of one FACS analysis which were 
typlcal of 6 !=,crformed (a) flbroblasts. (b) bOVine aortlc endothellal cells (BAE). 
(c) bone-mé,rrow stromal cells (BMSC)-unlabeled. (d) bone-marrow stromal cells 
enriched fer endoltlellal cells (BMEC)-unlabeled. (e) 8MSC labeled with Oil-Ac-LOL. 
(f) BMEC labcled with DII-Ac-LDL. 
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TABLE Il. Results of FACS Analysis Using Two Different 
Markers for Endothelial Celt . 

Cells DII-Ac- MIFIl % of tve TRITe-anti MIFIl % oftve 
LOL cellsb anti vWF cel/sb 
added added 

FIBRO. + 167 0.1 ±0.5 t 130 0.410.2 

BAEjHUVE + 335 78±4 t 1509 80.13 

BMSC 74 0.3±0.2 117 1.0.104 

BMEC 137 0.5±0.3 119 2L1 

BMSC + 215 12±3 t 580 30t6 

BMEC + 1200 70±5c t 1209 65t4S 

FIBRO = Primary culture of flbroblasts. 

BAE = Bovine aortlc endothelial cells were uscd as a positive control for Ac-LOL 
expression. 

HUVE = Human umbllical veln endothelial cells were used as a positive control for 
vWF expression 

BMSC = Bane marrow stromal cells cultured without ECGF. 

BMEC = Bone marrow stromal cells cultured in presence of ECGF to 
enrich the endothellal cell subpopulation 

8MIF = Mean Intenslty of Fluorescence Results of experimcnts dcscnbcd in Fig. 5 
& 6 are shawn. 

bResults are expressed as mean and S.D. of 6 experiments with DII-Ac-LDL and 4 
experiments with antibody to vWF. 

CStatlstically signlficant difference (P < 0.005) compared to BMSC . 
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Fig. 6. Immunofluorescence analysls of rat bone-marrow stromal cells with antibodies 
to vWF. The flrst antlbody was rab bit antibody to vWF and the second TRITC­
conjugated swine·anti rabbit antlserum. The profile shown is representative of 4 
profiles obtalncd from FACS analyses. (a) Flbroblasts. (b) human umbilical vein 
denved endothehal cells (HUVE) (c) BMSC incubated with the second antibody only. 
(d) BMEC incubatcd wlth the second antibody only. (e) BMSC labeled with antibodies 
to vWF. (D BMEC labeled with antlbodies to vWF . 
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ln phase contrast microscopy lhese cells exhlblted a cobble stone morphology 

typical of endothelial cells, while SM stromal cells grown in tlle absence of ECGF 

were mainly fibroblast IJke ln appearnce (FIg 7 ). 

Adhesion of Mat-LyLu cells to primary cultures of SM stromal cclls and to 

osteoblasts, flbroblasts and ilver-dcnved endothelJal cells was subsequontly 

measured. The results shown ln Fig 8 demonstrate that the adheslon ta BM cultures 

enriched for endothellal cells (BMEC) was signlflcanlly hlger Itlan Hw adhosion to 

primary cultures of flbroblasts (5.5x), non-ennctled, SM-denved stromal colis (3x) and 

ta a lesser extent osteoblasts (1.4x). Il was also slgnlflcantly hlghcr than ttle adhcsion 

ta rat liver sinusoidai endothellal cells (7x) 

To determlne, whether adheslon to SMEC correlatcd wlth mclastatlc potentialln 

the Mat-LyLu model, the adheslon of Mat- LyLu-B5 cclls was measured and c.ompared 

to the adheslon of the parentalline We found Ihat the adtleslon of Mat-LyLu-B5 cclls 

to SMEC but not to hepatic EC, flbrob/asfs or osteoblasls was slgnJflcanlly increased 

compared to the parent IIne (Fig. 8). 

Finally, to check whether subendothehal matnx proteins playlng any rolo in 

adhesion of BMEC, we thon compared the adheslon of Mat-LyLu-P and Mat-LyLu-B 

cells to several ECM protelns. The resulls shown in Fig. 9 demonslraicd Ihat Mat­

LyLu-B was signlflcantly more adherenl than Mat-LyLu-P to flbroncctin and vltronoctln 

but not to other ECM protelns lested. 

4.5 Discussion 

Despile the prevalence of SM metastases in the pathology of human prostate 
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Fig. 7. Phase contrast microscopie view of 3 wks old bone marrow stromal cells 
cultured with or without the ECGF supplement. (a); Cells cultured without the 
supplement were flbroblast-like in appearance. (b); Cells cultured in the presence of 
ECGF had a cobblestone morphclogy typlcal of endothelial cells. Magniiication x 200 . 
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Fiq.8. Adhesion of Mat-LyLu cells to cuitures of bone marrow stroma highly enriched 
r .. r endothelial cells corre/ates with the metastatlc potential Results are expressed as 
mean & S.D. of 3-4 experiments. Adhesion of Mat-LyLu-B5 colis to bane marrow 
derived endothellal cells (BMEC) but not ta hepatlc endothelial cells (HEC), flbroblasts 
(Fibro), osteoblasts (Osteo) anJ nan-enriched stromal cells (BMSC) was significantly 
Increased compared to the parent line (P < 0.05). The adheslon of Mat-LyLu-P and 
Mat-LyLu -B5 cells to BMEC was slgniflcantly hlgher than the adhesion to ail other 
cells tested (p < 0 05 for osteoblasts and < 0 005 for other cells) . 
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carcinoma, little progress has been made in understandJng the hosl-Iumor 

interactions underlying this metastatic process. This is due in large measure ta the 

lack of an animal model in whlch the patterns of dissemlnallon of l1uman prostatlc 

carcmoma can be repro:luced. 

Prostate carcinoma metastasls to bone has recently been descnbed in two animal 

models where the Intravenous route of inoculation was used in combinatlon wlth 

ligation of the inferior vena cava ln order 10 d/vert the tumor cells ta the vertebral 

venous plexus and away tram the lung capillary bed (Shevnn, O.H., et aL, 1988; and 

Geldof, A.A_, et al, 1990) Although these models l10lped ta domonstrato that animal 

prostate carcinoma cells, similarly ta the human carClnoma can produce osseous 

metastases when access to the microcirculallon of the bone marrow IS providod, they 

are limlted by several drawbacks; (a) the mettlod of Inoculation is cumbcrsomo and 

requires an invaSive procedure and (b) the lurnbar vertebrao metastasos whlch arc 

produced do not mimic the patterns of bone metastasis seen ln t1uman cancer 

(Arguello, F _, el al., 1990). 

ln the present study metastases were found almest excluslvely ln Ihe SM 

following the inoculation of the tumor cells mto the left ventncle ThiS occurod dosplte 

the tact that the talai skeletal blood flow represents less th an 10% of the cardlac 

output (Ray, RD, 1976). The patterns of bone colonlzatlon, namcly the Initiai ÇJrowth 

of the tumor cells ln the bone-marrow of the vertebral bodies wlth subsequent 

invasion into the spinal canal, closely re:,ombled the pathologlcal plcture normally 

associated wlth the metastasis of hurnan prostate carclnoma to vertebral bone. It 

appears therefore that the intra-cardlac route of inoculation provldes a mcans for 

reproduclng more closely the pattern of organ-site speclflc rnetastasis charactensllc 
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of metastatic prostate carclnoma. 

The reasons for the fallure of Mat-LyLu cells ta metastasize to bone following s.c. 

or Lv. inoculation are unelear. It IS possible that in the rat, tumor cell arrest in the lung 

capillanes may bnng about death of the majority of cancer cells (Weiss, L., et aL, 

1986) and/or blockdge of thclr reclrculatlon into the arterial blood flow Alternatively 

it may lead to alteratlons 111 the surface molecules reqUired for adhesion to osseous 

tissues and BM metastases formation. SiriCe the LC.inoculation allows the tumor cells 

to bypôss the lung capillary bed, It may result in the relcase of sufficlent numbers of 

metastatlc cancer ce"s in.ù the circulation and subsequently into the BM vasculature. 

Therefore, cell acecss ta the target organ vascular bed as weil as specifie interactions 

with the organ microenvironment appear to play a raie in the patterns of 

dlsseminatlon ln the present model. When a similar expenment was carried out with 

the highly metastatlc rat breast carcinoma line TMT-081 (Brodt, p., et al, 1990), no 

bone metastases were detected 8 weeks after the iîoculation of 5 x 104 cells. These 

findings as weil as studies reported by others (Argu '''0, F., et al, 1991) conflrm that 

vascular access although required IS not sufficient for the establishment of SM 

metastases 

The sclectlve adhesion of tumor cells ta microvessel endothelial cells derived trom 

the preferr0d target organ of metaslasis has been demonstrated in various tumor 

systems. USlng the 816 melanoma model, Nicolson et al have shawn for example, 

that braln colonizlI1g tumor cells are significantly more adherent ta brain derived 

endothelial cells than lung colonizmg 816 cells (Nicolson, G.L., 1982). Auerbach et 

al. (1987) demonstratec! selective attachment between hepatoma cells and Iiver­

derived vascular ondothellunl, between glJoma cells and brall1 derived endothelial 
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ceUs and between teratoma cells and ovary-denved endothelium_ Our flndmgs 

suggest that simllarly to vascular endothellum, SM endotholial cclls may sorve as a 

site of speciflc adheslon for bone-hon1lng prostate carclnoma cells 

Positive characterizatlon of SM endothehal cells ln the prescnt study was on the 

basis of the two malkers Ac-LDL and vWF Although DII-Ac-LDL uptako is also 

characteristlc of macrophages (Goldstein, J L, 1979j, results of latox partlcfo 

ingestion studles (not shown) indlcatcd that only approxllnatcly 3% of the cclls in 

the 3 wk oid SMEC cultures were phagocytlc, suggestlng that the grcat majonty of 

the Ac-LDL( +) cells were endotheltaL 

Our results suggest that BM-denved endothellal cells express ndhcsion ligands 

for prostatic cancer cells which are not expressod on hepatic endothellal colis or on 

non-endothelial cell of the bone marrow. This is in accordancc wlth other studlcs in 

which the expression of organ-specIfie ligands on the vascular cndothcllum has bccn 

documented (Auerbach, R_, et al., 1987). Exlracellular matrix protelns underlying tho 

endothelium have been implicated in the regulatlon of expression of suCtl ligands 

(Pauli, B.U., et aL, 1988), but the mcchantsms involved are not prescntly clenr. 

To test whethp.r attachment to the subendothellal matrix protctns IS Involved ln tho 

adhesion ta BMEC we recently compared the adheslon of Mat-LyLu-P and Mat-LyLu­

B cells to various isolated ECM protOtnS Results (Fig 9) of these adheslon assays 

revealed that Mal-LyLu-B ce Ifs were signlffcantly more adhcrent than Mat-LyLu-P colis 

to FJbronectin (FN) and vitronectm (VN) but not ta lammln, osteopontln, and typos 1 

and IV collagen However the proportions of cells whlch adhcrcd to FN and VN at 90 

min incubation were 15% and 18% respectively. As adhcsion to BMEC rcactlod 43'1'0 

during the same tlme Interval, It appears that cell-cell rather than cell-matnx 
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interactions medlated the adhesion to SMEC. It shou'd be noted in this context that 

a relatively high level of adneslon of Mat-LyLu cells was also seen on cultured 

osteoblasts (26% adhesion as compared to 44% on BM EC) This suggests that the 

adhesion ligands recognlzed by the carcinoma cells on BM andothelium may 

represont organ-speclflc determinents also expressed on other bone cells. The 

osteoblastlc rosponse seen in SM colonized by tlle Mat-LyLu cells and similar 

osteoblastlc metastases assoclated wlth human prostate carclnoma metastases also 

imply a close Interaction between these tumor cells and osteoblasts (Koutsilleris, M., 

et al , 1986). 

Adhesion of hematopoletic stem cells to SM stromal cells, including stromal cells 

expressing endothelial cell markers has been shown to play a central role in 

hemopoiesis, leadlng to proliferation and dlfferentlatlon of the stem cells (Kincade, 

P.W., et al, 1989). The Iymphoid cell surface receptor CD4<1 which appears ta 

mediate adhesion ta the proteoglycan hyaluronate, as weil ar EGF receptors 

assoclated with the stromal cells have been impllcated in th,s adhesive Interaction 

(Mlyake, 1<', et aL, 1990) Studies wlth other tumor models have already shown that 

adheslon receptors of biood cells rnay be expressed on tumor eells of diverse origin 

and medlate tumor cell adhes:on and metastasis (Edgar, R. G., et aL, and Roosslen, 

F.F., et al, 1989) Recent reports have ln fact Il11pllcated a vanant of the CD44 

receptor in tumor metastasls (Gunthert, U., et al., 1991). Consequently the possibility 

eXlsts that adhesion of prostatlc cancer cells to bane marrow stomal cells may involve 

adheslon ligands for hematopaletic cells. We are currently exploring this possibility. 

Whlle proState carClnoma cells are generally slow growmg in the primary site, their 

growth rate is olten enhanced in the bane marrow les ions (Berrettom, B.A., et aL, 
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1986 and Jacobs, s.e., 1983). This suggests that the microenvironment of the bone 

marrow may be a rich source of growth promoting factors for the prostatlc cells. In 

a recent study, Zetter et al have shown that the growth of hurnan prostate 

carcinoma PC-3 cells can be stimulated by conditioned medium donved tram 

cultured stromal cells of bovine, rat or human SM (Zet1er, SA., et al., 1989). The 

source of the growth stlmulating factor(s) is not as yet known. In IIght of our present 

results and in view of the studies which hnk adheslon and proliferation dunng 

hemopoiesis in the bone marrow, it is concelvable that prostate carcinoma coll 

adhesion to the SM endothellum may serve to augment tho mloase of, and rosponse 

ta, growth promoting cytokines secreted by endothellal and\or other stromal colis of 

the bone marraw (Kincade, P.W, et aL, 1989). ThiS hypothesis is the subJoct of our 

current investigations . 
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CHAPTER V 

Summary, Conclusions and 

Suggestions For Future Studies 
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5.1 Summary and Conclusions 

An experimental model for skeletal metastasis of prostate carcinoma has boon 

developed using the rat Dunning carcinoma line R3327-Mat-LyLu The madel conSlsts 

of two cell lines with divergent patentlals ta farm lumbar vorlebrae metastases 

following the intracardiac injection of the tumor cells mta the left ventnde of syngeneic 

rats. Adhesion studles have shown that the Mat-LyLu cells adhered ta cultures of 

bone marraw (SM)-derived endotheliaf cells slgnlflcantry botter th an to non-ondothellal 

SM stromal cells, osteoblasts or primary cultures of flbrablasts. Moreovor, adheslon 

to the SM endothelium was Slte-speciflc as attachment ta rat IIver-denvod endothehal 

cells was relatively poor. Mat-LyLu cells selectod through 5 consecutive Intra-cardlélC 

injections of bone metastaslzmg cells (Mat-LyLu-B5) were slgnlflcantly more 

metastatlc to bone than the parent line (Mat-LyLu-P). They wcre al 50 found to bc 

more adherent to SM endothelial cells A signiflcant Increase ln éldhesion ta 

flbronectin and vltronectin compared to laminm, osteopontrn, callagcn type 1 and typo 

IV was alsa observed. 

Although the predilection of prostatic carcinoma for the bone provldcs a unlquo 

system for analysis of host and tumor-assoclated factors whlch regulate the sito­

specificity of metastasis, progress in the understanding of the blalogy of th,s 

phenomenon has been slow. This is due malnly ta the lack of af)propnate animai 

models. While se\'eral prostate carcinoma cell hnes are avallablc for study thcy are 

not optimal models a:> they elther do not torm bane mctastases in vivo (Isaa(;s, J.T., 

et aL, 1986) or require cumbersome methods of inoculation for production of bono 

metastases (Shevrin, D.H., et aL, 1988 and Geldof, A A., et aL, 1990) Nude mlce 
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have been used by severalmvestlgators to obtain bone metastasis of human prostate 

carClnoma cells One of the major limitations of this approach has been that the 

carcinoma cells do not accui ately mimlc the patterr.s of metastasis of human 

carcinoma ln nude mlce (Shevrrn, D.H , et aL, 1988). Moreover, Xenogenic models 

are not Ideal for the study of host-dependent factors which may be species specifie. 

The rat model of bone metastasis by Geldof, A.A., ~t aL, (1990) also lacks in 

reproduclng the exact patterns of bone metastasis seen in the human counterpart 

(Arguello, F., et aL, 1990). Ideally, an experimental model for the study of skeletal 

metôstaslS of prostatic carclnoma should consist of a histocompatlble tumor-host 

system where the tumor reproducibly gives rise to skeletal metastases in the host, 

where these metastases reproduce the patterns :>f growth of human osseous 

metastascs and where sublines wlth divergent but stable metastatic phenotypes are 

available for comparative studles. 

The metastases observed in our model mimicked closely the patterns seen in the 

pathology of dlsseminating human prostatlc carcinoma, namely both osteoblastic and 

osteolytle-type les ions could be seen. Therefore, our model provides an opportunity 

for in depth analysls of the factors involved in the predilection of prostate carcinoma 

for bone. 

The reasons for the failure of Mat-LyLu cells to metastasizE' to bone following s.c. 

or Lv. inoculation are not clear. It is possible that in the rat, tumor cell arrest in the 

lung capillaries may bnng about death of the majorrty of cancer celfs (Weiss, L., and 

Dimitrov, D S., 1986) and lor blockage of their recirculation into the arterial blood 

f1ow. Alternatlvely, it may lead to alterations in the surface molecules required for 

adhesion to osseous tissues and SM metastases formation. Since the Le. inoculation 
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aHows the tumor ceHs to bypass the lung capillary bed, it may result in tl1e rolease of 

sufficient n" n'Jers of metastatlc cancer cells mto the circulation and sub.::.cqucntly into 

the BM vasculature. When a simllar experimcnt was carned out witl1 the higl1ly 

metastatic rat breast carcinoma IIne TMT-081 (Brodt, P., et al, 1990), no bono 

metastases were detected These ftndmg, ar) weil as studles rcported by others 

(Arguello, F., et aL, 1991), conflrm that vascular access, althou~lh requlred, 's not 

sufficient for the establishment of SM metastases. 

ln summary, it appears therefore that in the present model ccII access 

(Mechanical theory) to the target organ vascular bed, as weil as speclflc Interactions 

between the tumor cells and the organ microenvlronment (" Seed and SOli" theory) 

play a role in tumor cell metastasis ta bone. 

5.2 Suggestions for Flrture Studies 

1. Several adhesion receptors have been described which are involvcd in the 

attachment of blood cells tCl the endothehum and some have also been 

implicated in cancer dissemlnatlon They Include ELAM-l, ICAM, VCAM-4, 

GMP-140, AND PECAM (Slmons, D.L, et al, 1990) Thelr role in prostate 

carcinoma adhesion could be investlgated UStng the appropri 9te ncutralizing 

antibodles. 

2. If the SM endothelial cells adhesion receptor appears ta be a new receptar, 
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mouse monoclonal anlbodil:ls could be generated ta the bone marrow 

endotheilal cells as means of identlfying unique adhesion receptors. 

Hybridomas produced followmg Immunization with the endothelial cells can 

be screened on the basls of Ihe:r ablhty to block the adhesion. 

3. Urinary plasmlnogen actlvator uroklnase (uPA) has been associated with 

malignancies and is beheved to play a major role in tumer invasion and 

rnetastasls. Ils synthesls in prostatic tissue is weil documented. 

The role of uPA and uPA receptor ln the increased metastatlc potential of 

Mat-LyLu-B~ should be investigated in the present model SlmiJarly, the 

roJe of uPA in the Induction of osteobJastic lesions in VIVO can be studied. 

Cell transfect,on wlth uPA cDNA can be used as a too! to generate high 

producer colis and the abliity of these cells ta trom bone metastases and 

to induce an osteoblastlc res;Jonse can then be assessed. 

4. The efficacy of anti-uPA therapy in the inhibition of osseous metastasis 

in the present model shoulçl be of great interest. 

These future studles should provide new information on the possible link between 

adhesion, proteolysis and growth promotion in prcstatic carcinoma metastasis to 

bone. A better understandlng of these mechanisms is essential for the development 

of ..Jotter prognostlc cnteria for dlsseminated prostate carcinoma. More importantly 

they are expected ta form the basls for the development of new therapeutic 

approachcs to the treatment of metastatlc prostate carcinoma . 
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