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Proprotein coimrrues have ken proposcd to k criticai -es importani in the 

progression of bmst cancery b d  on th& unique property of s e n d g  biologically 

active growth rad nceptar m o l d e s  fiom th& inactive pr;ccusors. In order to 

understand the b i o l o ~  action of proprotein comrertuas in the humin b m s t  cancer cell 

he, MCF-7 was stabiy tmsktec i  with a CMV-mPCl / neo constnict. Eight 6418 

resistant clones wae testcd by northem blot MC! Southem blot; ody clone 2 and clone 6 

were found to express mPCl mRNA Clone 6, as a higher expnssor of mPCl mRNA 

lm1 c o m p d  to clone 2. was labeled with 3s~~ystcinee Twc~~fy-four houn der 

labeling, ôoth cdl iysate and medium wae collected. Inmnuiopncipitation with rabbit 

polyclonal anti-PC1 r a t i  foliowed ôy one- and twodimensional SDS-polyacrylamide 

gel electrophorrsis was carried out, to confinn that an elevated level ofmPCl protein was 

produd Li the stable d è c t e d  ceii line. In orda to i d e  potentiai PC1 target 

proteins in buman bmst  cancery twodimensional gel anaiysis was used to compare 

ceiiulu proteins between clone 6 and clone 7; the latter was a G418 nsistant clone but did 

not contain an integrated mPCl coash~ct. After four separate acpaiments, four 

consistent and reproduciie proteins were idmtined which différai between clone 7 and 

clone 6. ûne or more of these proteins may be a candidate for PC1 cleavage in human 

breast cancer. Further malysis ofthese protein spots is neceSSary to gah h@ts into the 

identity and potcntial dationship between these proteins. 
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INTRODUCTION 

1. CURRENT VIEW OF HUMAN BREAST CANCER 

It is wdl b w n  tbet tumor suppasa genes and oncogenes m two ciasses of gmu 

that are critical in the molecular grnetics of cancer (Bishop. 1991). Cancer is a procem 

invohripg not oaly actRgtion of oacogenes but ais0 los of tumor suppressor genes. Previous 

studies found that genetic changes during m o r  progression involve the interaction of 

oncogenes and hUWr suppressor genes with growth-regdatory factors. A common linL 

between the actions ofgrowth-promoting steroids and growth Won in diverse tissues is 

expression of the nuclear oncogenes. Several signal transduction pathways of growth- 

reguiatory stimuli are involveci during nuclear oacogenesis. They include the growth Wor- 

induced MAP kinase pathway, the phospholipase C-PCK pathway, and the cytokineinduad 

JAK-STAT pathways Wberts. 1992; Silvennoinen, Schindler, SchIessioger, & Levy. 1993; 

Audial&& Miaphy- 1992). The products of three nuckar protommgenes c-myc, c-fos, and 

cjun are found to be induced by both estrogen and progesterone in breast cancer @ubk & 

Shiu. 1988; van der Burg, de Gmot, Mrucker, Kmijer, & de Laat. 199 1; Ailchal&& Miuphy. 

1992). Recent studies also find that ~ m o r  suppressor genes such as p53, Rb-1, BRCA-I are 

important in familial inherited breast cancer (Dickson & Lippman. 1995). In summary, the 

function of growth &ors, hormones and their relatioashp with otlcogenes and nuiior 

suppressor genes needs to be defiaed betta m order to advance our howledge in the growth 

regdation of breast cancer. 



( 1 ) Hormonal mgdation of prddtmtion and difftmntiation in noriinai breast 

development 

Homonai factors inchide the endocrine steroids, peptides, and other znoiecdes 

produced by the semetory ceils of the ovary, pituitary, endocrine panaeas, thyroid, and 

adrenal cortex They regulate ccIWar bctions through interacfions with nuclear or cdl 

surfkce  ors. Homomi fkctors can be fbrther divided hto four types accorcüng to th& 

reguiatory hction. The firsi are paracrine hormones, synthesized by one di type a d  which 

modulate the same or dinerent celi type. The second a r e m e  fkctors which exist on a 

ceii surfgce and c o d c a t e  with adjacent ceils by contact- The third are autocrine homo~~es 

which are reieased by one ceii type and act back on the sarne ce11 type through mrfàce or 

intracellular receptors such as steroid receptors. The fourth are endocrine hormones which 

are synthesized by many endocrine orgeas and released through the blood Stream to act on 

target organs (Dickson & Lippmaa 1995). A similar hierarchy of growth-regdatory 

moides  exists in both breast and prostate gland and theu cancers (Murphy. 1994). Figure 

1 shows the hierarchy of growth-regdatory molecuies (Dickson & Lippmaa 1995). 

The breast originates fiom the embryoaic epithelium- It is Mixent nom other 

exocrine glands which form an e&e secmory system long More bllth in that the immciairr 

manmiary gland develops oniy a duct systern and keeps this form tiii puberty. N o d y  there 

are three distinct stages with ciramatic structurai changes in breast differentiation and 

proliferation. 



A. Prepubertal B m t  

The Brst O p  ofmammwy &rd, m tht nfth wcek of humin f d  ddopmeaî, b tbc 

ectodermai primitive nDUr meak of thickened epithelium mund the veatral micidie with 

extensions h m  the axiai to the groin (Vorhar. 1974). By 12 to 14 wccks, the nipple and 

areolar are fonned by the smooth musde fiba of the d i f f i e d  meseachymrl ceUs. 

The epithelium buds, then branches out into the subaitraanu tissue ad fom the 

duaal systan and the secretory d v d  (Hughes. 1950). At 20 weeks, fkt and nsnilirizsd 

connective~inaessaaadleads to a f o u r - f b I d m a e W o f ~ g L n d g r o w t h ~ 3 2  

to 40 weeks. The embryologicai stage ends with pigment deveiopment in the mpplarnoiar 

compla From the neoaatal to the prépubed paiod, oiily slight iongitudllul growth d 

branching of the primuy ducts are obmed. Studies in rodcnts hm &ed that the 

d y  dimorphic pattern of mamxuy gtowth in dents are detaniiaed by feul gonadal 

secretions; in humans tbis process is lesr weilu11derstood (hperato McGintey, B i i a d q  

Gedney, & Vaughan, Ir. 1986). 

B. Puberty 

hiring pubaty, the f d e  breast is rapidiy e d q e d  with ductai dongation a d  

branching due to estrogen and progestaone, the owian hormones wbich are reguiated by 

pituitary honnones (Monaghan, Pausinghe, Cowen, & Gustason 1990). Parenchymi anci 

stroma are the two maja demen& of mabxe fèmaie breast tissue. The pareachymil structure 

h just like a tree with extensive tmmched duas smamded by colhgai fiben which commge 

to the nipple. The rrlativdy large lactiférais Smus U the main cornpuent of the ductal man 
which fimctions as 22 coliecting duct dong the main conducting lactiferow duct ( or inter 



lobular ducts ) to the nipple. Each terminal intralobuk duct drains a lobe and coasisis of 20 

to 40 lobules made up of grape-fike clustcn of 10 to 100 alvdi  (PPrlrs. 1959). Stroma U 

made up ofadipose and cormecth thme. hniqg tbe meiutnisl cycle, d u d  growth h d a  

positive reguiation by owiaa estrogen, whereas proliferation and regmsion ofsccrctory 

budding h m  tbe temüuis of introIobilor duc& are due to the cyclic levds ofovuisn 

progesterone (Longacre & Bartow. 1986; Fanga. Ree. 1974). 

C. Pregnancy-Irrctation 

TnU h the nnal stage in d i n i t i o n  of lobuioaiveolar development ami it 

is dependent on many docrine homws: prolactin, Ipowth hormone (and its local modiator 

IGF-I ), iasulin. gIucococticoids, estrogen and progesterone @un, Newrnan, & Kiebkg. 

1992). When lobuloahteolar growth is completed the gland is d y  for lactation Du@ the 

last trimester of pregnancy and pst- lactation, both wlostnxm ( the first miik secretdod by 

a Mimmai after pamintion ) and müL are hown to be rich sources of polypeptide growth 

Eictors and growth fàct~~bindirig proteinS. These may be important not oaly in the regdation 

of growth and SecTetory functions of mamaq giand in the mother, but Jso in ~~e~nata l  

Unmunocornpetence, endoaine fbnction, and metabolism (Grosvenor, Picciano, & 

Baumnicker. 1993). Chce b m - f d g  has stopped, programmed death ( apoptosis ) 

occras in diffkenthted hmPnat edls with withbawal of the staoid hormones, growth fhctors 

and other hormones of pregnancy (Strange, Li, Saurs, Burkhardt, & Fiüs. 1992). 



( 2 ) Hormonal and growth faHom conbd of brtut cancer 

BreastauiceraEects 1 h9womeninNorthAmaicimthalpsttw~afyy~.~~ 

risk factors in breast cancer inciude flumEy history, a profonged reproductive puîod, b e  

pregnancy, excessive co11swtiption of alcohol, high nt die& and cigarette smoking (Diclwoa 

& Lippman. 1995). Breast cancer is p r h d y  a postmenopausai discase with possii'bk 

mechanisms involving prolonged arposurr ofthe bnest to ovarian hormones, DNA damage, 

dereguiated growth m o r s  synthesis, o~cogenic adkation, ad d e m g u b â  cd cycle 

mciated gens in the breast @ickson & Lippman. 1995; D i c b  & Lippman. 1992). 

A. Hormonai control of brcwt aacer 

Recent studia have show that bosb ovarb estmgen and progestwne m nccasuy 

to support initial -or formation and d y  -or growth in rodent models of ambmgm- 

induced and sponranaRis mammacy cancer (Robinson & Jordan 1987). It is believed tbat in 

bot& the malignant rodent and human breast, estmgen, acting tbrough its receptors ( ER ), 

induces expression of the progesterone receptor ( PR ). Both hormones, interacting 

concordanlly, then modefate other gents, Juch as growth -ors, oncogenes and cdl cycle- 

associateci genes (Clarke & Sutherland. 1990). 

In aü tissue, a single ER subunit is enwded by a single gene; the cornpletc ER is 

formed through homodimerkation and complu formotion with additional proteins, such as 

heat shock proteins idaitiêd in breast cpaca cdls and dso other ceils (Smith & Tofh 1993). 

PR in mamm~ry tissue is formed by both homo-and heterodimaization of three diffbent PR 

subunits e n d e d  by a singie gene (Wei & Miner. 1994). The hetaogcncity of PR piitaas 

in b m s t  cancer seems to pemit a signiûcaat variation in dimeridon pattans .ad rrsuhr in 

recoBnying specifjc ligands with respect to agonis& W. antago& ( T u a  Mohrimed, H d k ,  



Takunoto. & Horwitz 1993). Becawe of the important fhctions of ER ad PR. 

measurewms of th& levds are aurentiy uscd to p d c t  prognosis of patients wab ôrast 

cancer and as an indication of kaeM h m  antihatmonal thecapy. But th m u b  are not 

absolutely p&; more than 60 % ofhuman breast cancer are ER pooitiy but oaly two- 

thirds ofthese ER-positive tumors are expected to respond to endocrine th- (Osbomc, 

Yochmowitz 1980). Mditiody, 5-10 % ofthe patients designated ER-negative rrspond 

to endoaine therapy (Edwards, Chmess .  1979). A prewious shidy also foimd tht ody 70 

% of and 25-30 % of PR-wgatk tumors fespond to hormone therapy @ickson 

& Lipprnan. 1995). PR expression is lmowa to be positivdy reguiated by estrogen in both 

cancerceUaneSandaodcndoaietiiatiSaie~Kabaidlenbog~~~ 1981).Oncamaii 

active area of research is to study whether the dtemativeiy spliced or mutant ERS am 

activateci in breast cancer (pfeffi, Fecarotta, Castagnétta, & Vidali. 1993). 

OiherrrsearchbcusesonhowthcemilaraizymePKC actsindown-moduiationof 

ER mRNA and nmction 1t bas bem dmwn tbt stbdahn of ER-positive breast cancer d s  

with an activator of PKC leads to dom-rcguiation of ER coincident with los of its mRNA, 

and to phospboryiatioa of residuai ER coincident with loss of its fùnction. PKC is exprrssed 

to an elevated extent m E R - n w e  and hg-&t breast cancer dative to ER positive 

breast cancer (Saceda, Knabbe, DicLsoq et ai. 1991). ûther studies suggest tbat severai 

fàctors such as IGF-I, CAMP, dopamine agonis@ d otba hormones not only phospho-e 

ER and PR but dso phosphorylate steroid recepton (Aronica 8t Katzendeabo8eu. 1993). 

in addition, by fbnnisg hacnxhea or by moblstmg chromath Uderactions of ER l PR, ER 

/ PR îùnction may be regulated by recepton for otber steroids ( 9 retmoids, vitamin D ) 

(Segars, mks, Hirschfeld, et aL 1993). 



B. Growth fKton and theh recepton h tumor gmwth and progression 

One active research area is the imrobent  of growth regdatory m o l d e s  

(oncug- or p r o t o o ~ ~ )  rad l@y acting polypeptide hormones mwth fàctors) in 

steroid action. Four manbar of the Epidamil growth -or teceptor ( EGFR ) Eimüy a d  

ai i  of the EGF-nlaad growth fkctofs have been detected in bnsst cancer (DicLson & 

Lippman 1995). The EGF p w t h  @or hniily inchides: TGF a; EGF and ampbhgub ( 

a heperinaùdiog factor) @icLson & Lippman 1995). The EGFR-reiated receptors include 

cabBa c-erbe , ab@ @g&&ama, Abraham, Miller, Fiddes, & Kiagsbrun. 1991; 

Plowxnan, Green, Culouscou, Cariton, Rothwell, & BucLley. 1993; Plowmsa, Culouscoy 

Whitney, et al. 1993). Additiody at lead fwe otba fiunilies of growth k t o m  ruch as 

insulia-like gcowth &on ( IGF-1 and IGF-II ), plateiet-derived gcowth flirctors ( PDGF ) A 

and B. and fiûroblast growth mors ( FGF ) are found to be expresseci in brcast cancer 

(Goustin, Le04 Shipleys & Moses. 1986; Heldin & Wesiamak 19% Rao, Steck, Moham, 

Stetler Stevenson, Liotta, & Sawaya. 1993). A more recent sbidy also f d  that vascuk 

endothelid growth nidor ( VEGF ), a tyrosine Linsse receptor-bhdkg -or of a sepamte 

class, is produceci in breast cancer (Fertara, Houck Jskeman, & Leung. 1992). Mammary- 

derived growth fkctor 1 ( MDGF-1 ) rcceritly has been fouad in both human mülr ind 

conditioned medium h m  human breast cancer ceii lims (Bano, Lupu, Kidweiî, Lippmaa, & 

Dicksoa 1992). 

TGFa famiiy of growth facton 

TGFa has the same biologica effects as EGF in both dtured humen and wniae 

mammaq epithelial ceii lines and thw amy duc to its structurai siniilanty to EGF (Saloumg 

Perroteau, Kidweii, Tam, & Derynck. 1987). By In  situ hybridization shidia in both rodent 



and humen breast tissue, TGFu mRNA has been detected d a  the p m l i f i ,  

1obulodveoIar developrnent stage in mammary epithdium (Liscia, Merio, Ciardidlo, et ai. 

1990). F m t k  immtmohi9tachaiicnl s&xdks in the mouse glsnd f d  that TGFa arprrraion 

ocain in the b d  epitheliai, and bud csp cd, d e  EGF expression is in scatterd ductai 

lurimial saxetory cdis (Saaddar, Brown, & DiAugustinc. 1991). In v&o studiu rlso fOuod 

that TGFa dW.& amphireguiin protein, a d  EGFR are aprrrred in p r o ü f i i g  bumin 

manmiary epitheüai alls mates, VahraEy Ennis, et al. 1990). Here TGFa aud amphimg& 

act as autocrine growth factors in either normal or innnortalhed human rmmmary epithelùl 

ceiis in mass culture, and th& ptoliferation bction can be reversli1y mbibited by m anti- 

EGFR body or heparin vates, Vaiverius, Ennis, et ai. 1990). 

Gene transfecton @es in human breast cancer ceU lines and rodent fibroblasts d 

lines have generated severai ciiffirent reSuhS. Overexpcession of TGFa in an immartal but 

nontumorigenic mouse mammary epithelial cdl lin+ NOG-8, ody induao anchorage- 

independent growtb, but not ftll tumorigenicity (Sbankar, CiatdieUo, Kim, et al. 1989). 

Overexpression of TGFa m malignant bmst cancer MCF-7 celis, which have low levels 

of E m  eitha in vitm or h W in nude mice @es no sign8cant growth hantage to the 

ceU (Clarke, Brumer, Kay et al. 1989). In contras& when TGFcr wu overexpfessed in 

immortalized rodent fibroblasts, a transfodon to ni1l tumorigenicity was .c&ieved 

@osenthai, Lindquist, Bringrnaa. Goeddei, & Derynck 1986). One possiile atplrnition is 

that the l e 4  of secretion ofTGFa in breast cancer and rodent fibroblasts is codated with 

ocpression ofotha protooncogenes. A direct usoclltion krwcea TGFor production, c - r d  

protooncogene expression, and maü- transfocmatioa hm bao CO* in 

(Ciardieiio, McGeady, Kim, a al. 1990). Thae are stül many unknown d d s  about the 



oncogene-like fùnction of TGFa and othr himty membcrs and their relatioasbips to the 

expression ofprotooll~~gaes and onmgenes @ickson & Lippmisa 1995). 

Transgenic mouse JhiditJ with TGFa overexpression ( with MhnN or 

metaiiothionhe promoters ) in the mmmary gland h v e  fiiuad h y p a p m ~  

induced by TGFa, o h  rrsultiqe in mamwy cancer offa d t i p k  ptegnancies (Cofféy, Jr., 

Meise, Uatsui, Hogaq Dempsey, & Haher. 1994). 

TGW fmily of grciwth factors 

TGFP is found in normal and maiignant rnammaq epithelium and in human mük 

(MKme, MuIlin. Ffaaders, Jafnirq M e n ,  & Spom 1992). T m  has ttine isohrms ad 

once produad, they are ody found in the stroma1 msrtrix-surrouuding ducts and mt in the 

matrix ofgrowing end buds and laterai branches (Mieth, Boebmer, Bal, Groner, & Grosse. 

1990). hinag midpregnancy and tactation, TGFP production is deaeased anci TGFP 

accumcIfafes m the stroma arounâ ahrieoli. This suggests that T w  may fiinctioa to supprars 

M o n  (mappes Geisa, Kordon, et rl. 1993). An enhaaced production of TGFP in btast 

cancer with its accumulation in the stroma1 mMBr may be important in tumor angiogenesis 

(Stampfer. Y- Albadeff, & Hosada 1993). Overexprdon of TGFB also may iadicate 

an aberrant tumor-host interaction in breast cancer, dthough TGFP serves as a growth- 

inbibitory fhctor in the normai giand (Travers, Bamtt La. B- et ai. 1988). In via0 

studies in some ceii lines also suggcst that TGFP may induce cdl invasion of an artificial 

basement membrane banier (Welch, Fabra, a Nakajima. 1990). Some tnasgenic mouse 

studies with TGW targetd to the pregnant rnarnmary epitheliunr with the MMTV promoter 



have found that Tep can inhibit both h l a r  development and lactation (-pan, &im, 

Kordon, et al. 1993). 

Recent studies have show thot TGFa, amphireg&, rnd TGF& ue uida 

transcription coutrol by estrogea and antiestmgen, ôut M e  ir imown about encctr of 

progestins and antïprogestins (Saelci, Cristiano, Lynch, et al. 1991; M&bcz L a c d  & 

Dickson. 1996). In * studies colibirm thas in speciai cd aJMe conditions in plastic &sbes. 

estrogen can stimulate profiferaion of homone-responsive breast cancer celi liaes whik 

progestias have opposite effécts. On th other h a d  ia anchorage-independent colony 

formation in sofi agar cuiture, both estrogen and pmgestaone have the same g~owth 

stimulatory fhcti011, Unda the aôon c d  ailture conditions, atmgen- and progesterone- 

induced TGFa plays at least a regdatory d e  in staoid coatrol of growth (Red*, Ya, 

Hiisenbeck, Coffey, & Osborne. 1994; Kenney, Saeki, Gottardis, et al. 1993). 

Insuiin-likt growth factors 

Studies of insulin - iike growth fiictors ( IGFs ) have conhned tht IGF-II, is 

stimulated by estrogen in some hormone-dependent breast cancer ceil hes b nbo, whüe 

ardiestrogens bave an inhii~ory &kt. Estrogms and antiestmgens can ais0 reguiatc cdhilar 

responsiveness through altaed expression of type 1 IGF receptor, IGF-'nding protein-3 ( 

both of &ch are estrogm induad ), and IGF bimdmg protein4 ( estrogen inh'btded ) (Prritt 

& Pollak. 1993; Stewart, Johnson, May, & Westley- 1990; Huyah, Tetenes, Waüace, & 

POU& 1993). 

Gene tran&don studies hm found thit with overexpression of atha IGF-II or 

erbB, W e  growth-enhancement was noted. But upon tmdkction of FGF-4 or FGF-1 into 

MCF-7 cells, strong enhancement of -or growth and mctasiasis O C C U r S ( M ~ ~ ,  



Kurebayashi, Honig, et al. 1993). 

In vhu sbdies in nude mice bove shown a d d i t i d  characteristic rdes of growth won 

in breast cancer proliferafiotl When mde mice are infùsed with TGFP, in orda to blodc 

prolifion ofthe MDA-MB-23 1 bmst anca cdl lhe, the tumot growth was u d k t c d  

in vivo, but the anhais ahiibited admis, multiple organ firosis, ad spleen regrusion 

(Zugmaier, Pa& Wdding, et al. 199 1). 

Thus the fbnctions of growth ficton can & divideci into two groups dependent on 

their different dects on ce1 prolifdon, witb TGFa, IGF and W y  membar stbmhhg 

proliferation, and TGFh heregulins ( TGFa-relatai ligand subfàmiiy ), and other inbiiory 

factors inhiiiting prolifdon. In cancer an abemnt c&ct ofgmwth fiutors moy bc dw to 

growth fàctor overexpression, paturbetion of  the signai transduction rnechdsm, or loss of 

tissue wmpartmesf2iiiz8fi01~ In addition, these above actions may be important in tumor 

growth and metasta& ( TGFP, FGF ), desmoplasia and coiiagen deposition ( MDGF-1, 

TGFa, TGFP ), and immune suppressl*on ( TGFP ) @icLson & Lippman. 1995). 

C. EGF Receptor ( EGER ) Fuiiiiy 

Clinid studies show that the absence of  estrogen receptor ( ER ) b o h  cornSIteci 

with hi& expression of EGFR in both hormone-dependent and hormone-independent breast 

cancer c e U  liues and primary tumors wjn, Bems, Schmitz, & Foekens. 1992). This 

obseivation suggests a mechaaistic ünL between upregulation of EGFR aad hormone 

independence (Fiitzpatricic, Brightweü, Wrttliffl Barrows, & ScIniltz. 1984; K1ijn, Bcrns, 

Schmitq & Fockens 1992). Simikr muits wa obtaMed with studies uskg a panel ofbrcast 

cancer ce1 lines, with EGFR expression levels Varymg by more thaa 2-fold when ER+ and 

ER- ceüs are compareci (Davidson, Geimann, Lipptnan, & Dickson 1987). Tbis obsavrtion 



may be due to a tmscription-enhaacing dement, which Y located in the 6rst intron of tba 

EGFR gene and U sdedivdy ahdated m ER n e p h  breast canca celis (Segatto, LoIIUdo, 

Wexier, et al 1991). An opposite affect ofER and EGFR c a ~  be obsaved w h a  honaones 

and drugs such as estrogen and phorbol esters are used to aiter the expression of the two 

receptors (Hdson, Saaton, & GS. 1989; Liqham, Stancel, & Loos Mitcheu. 1988; M&ku 

& Stancel. 1985; Saceda, Lippman, Chambon, et ai 1988). 

T b e E G F R i s a 1 7 0 I d ) a ~ g l y c o p r o t e i n w i t h a a ~ c t y r o s i w k m u e  

actMty. Intraceilular imanrlizaton and down-regdation of the receptor ocain whcn EGF 

binds to EGFl& and the binding cornplex m e r  leads to Liarse advation, 

autophosphorylation of EGFR, and phosphorykion of other substntes (Cohen. 1982; 

Hunter, Cooper. 1981). 

One function ofEGFR may be to modulate the prolifastion of tissues during fbai 

development. In the aciult, EGFR may act to modulate tissue proüférrton during prrgauicy 

(Fier & I a k h m m  1990). Al1 maiikrs ofthe EGFR have a tbree characteristic &suEde 

iïnkages in the sxondary structure, which may contribute to the threedimensionai sûuctwe 

ofthe receptom and to growth -or action (Todaro, Rose, Spooner, Shoyab, & Plowman, 

1990). Polypeptide factors that bind to the EGFR are synthesized âom 

preairson that an cleaved by proteolytic enzymes to yidd fuUy active fonn. Sevml ofthe 

receptor kinase substrates are imrolved in signai transduction Those reported include: 

phospboiipase C, pbwphoiipase D, phospboinositol-3 kinase, GRBJ SOS. RAS/ GAP. RAF 

kinase, mitogen activated kinase ( MAP ) kinase, the nisoumi S-6 kinase -, 

Siegel, Dankort, Webster, & M'der. 1994; Roberts. 1992). 

The MAP ( mitrogen activateci kinase ) kinase M y  is an important mitogdc 



phosphorylation signal. It U .ctivited by diverse phosphotyrosiae, pbospho&nq 

phosphottuw,nine lrinw pathways, and somc G protein-mediateci pathways. W MAP is 

also involves in a ooordinated series of mats leadhg to mitosis (Niisbida & -oh 

1993)MA.P khse pho~pholyhte~ at kut oudm P~tûOIICû~eacS CI-, d 

c4t9 anci it is one reguiator o f t k  transcriptional retivity @nWin. Uaiap, AdIcf, & Kraft. 

1993; Kato & Dang. 1992). Receptors with tyrosine kinase achity such as EGFR rad c- 

erbB, ( an EGFR-related protein ) a r ~  lmown to*ngulpte growth via a complex signai 

transduction cascade involving sequentiai phosphoryiations and activation of the RAS and 

RAF oncogene products, MAP kinase Ioasse, MAP kinase, and induction of trmSapti0~- 

regdatory Mors (Sadowdà, Shuai, Dameli, Jr., & û h a n .  1993). Recent studies have 

s h o w  that CAMP ciin inhibit RAS .ctivrtion of RAF through iahiition of phosphoryktion, 

thus produchg a Pahwl inhibitory pathway in the tyrosine kinase signal traasduction cascade 

and blocking plitérative s t b î ï  (Cook & McCotmick 1993; Wu, Dent, Jelinek, W o l f h ~ ,  

Weber, & Sturgili. 1993). Some of the most common g d c  altefations in hast cancer 

involve the amplification of the &,B, -or gene, the c-myc gene, and the genes 

enwdïng cyclins D and E (Hunter & Piaes. 1991; Lewin 1991). 

Previour studies have sàown that about 10-30 % of breast, stomach, rad owiui 

cancers ovempms the c-erbB2 gene product; amilar results have betn rrported in cancers 

âom other organs includkg adenocarcinomas ofthe lung @Cern, Sc- Nordbers et d. 

199O),pancfeas (Hail, Hughes, Staddon, Richan, GulIick, & Lemoine. 1990). ad 

endometrium (Berchuck, Rodriguez, Kinney, et al. 1991). A recent transgdc wwsc 3budy 

has shown that c d B ,  gene expression stimulates m d c  breast tumon (Guy. S c & k  

1992). The co-exp-on of the c-sfc protooncogene product with the c d % ,  gaie p d u c t  



in this aansgenic modd appean to be criticai in the tumorigenic pothwriy -, 

Siegel, Daakort, Webster, & Wer. 1994). arprrsrion has been comlrted with poar 

prognosis in cancer patients (Gusterson, Gdber, Goldbirsch, et ai. 1992; Wn& C a b ,  

Cauhdl, et d. 1992; Mu y Thor, Bary, et al. 1994). Cumnt nseuch now foaisa on the 

potentiai contriibution of c-erbh to tumor mcmtash and dnrg TCSiSf8I1a. 

D. Oncogencr And Tumor Sappnrror Genes . 

A number of nudear omqems phy important d e s  in bremt cancer. In ER positive 

and hormone dependent breast cancer di hes, c-myc is directly reguiated by estroea, 

@ubik & Shiu. 1992; Dubk & Shiu 1988). The c-myc owoprotein is a h  aecaslry fbr 

estrogen hduction ofpoüf îon ofbnsst cancer (Watson, Pon, & Shiu 1991). The c-myc 

protwncogene may be important in breast cancers of older women, as c-myc is isdy to be 

amplined, especiaUy in postmeaopausal women (Escot, Met, Lidaeau, et ai. 1986). Ih 

addition c-myc and TGF a may play a rok in epïthelial transfoRntltion wheri t h q  are 

overexpressed (Lee, Raymond, Tsao, Lee, Earp, Bt Grisham. 1991; McCune, Mullin. 

Flanden, Jafnirs, Muiien, & Spom. 1992). 

Tumor suppressor genes mch as p53 and Rb-1 are important in breast canar aud 

mutations in these genes occurs in approximately 40 % and 20 % of breast cancer cases, 

respectively (Dickson & Lippmaa. 1995). Recentiy, two tumor suppressor gmes d e d  

BRCA-1 and BRCA-2 have been fouad to be important in the inherited fora of brcast and 

ovarïan cancers. BRCAl gene was &st localized to chromosome 17q (Hdl, Lee, Newman, 

et al. 1990) and has been cloned (Milci, Swensea, SbsMick Eideas, et al. 1994). 1t is 

composed of 22 codllig exons distributecl over roughiy 100 Id> of genomic DNA Mutatioll~ 



inBRCAl haveôeenGaLedtom~ctban45%ofsit~c, iu&critinbaitedbrrutancad 80 

% of -CS with bnast md 0VMIll ClIlCef (EaJton, BiSbopS Fonl, & C W O ~  1993). 

BRCAl mutations are uot ofim f o d  in spondic breast ctncm and ody about 10 96 of 

sporadic Oivuian- bave been i9uad to bavt BRCAl amtatiom (Futreai, Liu, Shtrudc 

Eidens, et al. 1994; Hosking, Trowdale, Nicoiai, a aL 1995). BRCA2 is composcd of 27 

exons disaibutcd over roughly 70 kb ofgenodc DNA (Twtigian, Sirnard, Rommau, et al. 

1996). Mutations in BRCA2 are neqUedy found & the haeditsty form of hmirn kcrrt 

cancers(Tavtigian, Sirnad, Rommens, et oL 19%)- 

BRCAl complementary DNA aicodes a 1863-amui0 M d  protein whose p d c t e d  

structure includes two conserveci zinc hger domains near the  terminus and an acidic 

COOH-tedd domain, sugscstmg thaî BRCAl protein ir a trailsaiption hictor(Vogdstcin 

& m e r .  1994; Mîki, Swemen, Shataick Eidens, a ai. 1994). S m r a l  lines of evi- 

suggest thaî BRCAl is a tumor suppnssor gene mainiy nindioning in breast, O& d 

prostate cancer. An in vitro study has show that ovcrrxpnssion of the dd-type BRCAl 

gene inhiibits growth ofali bnast and owlln cancer d iines, but not d o n  or hmg cancer 

ceils or fibroblasts, and mutant BRCAl showed no c&ct on growth of breast cancer odls 

(Holt, Thoapsoq Szabo, et al. 1996); other sîudies on elucidating the role of BRCAl in the 

reguiation ofgrowth and dinaentiation ofthe breast have found that BRCAl was acprrssed 

rapiâîy during mouse embryomc deveiopment ad in aduit mouse tismes, and during postnatd 

mammary gknd development @diuquis, Rajan, Wynshaw Bons, et al. 1995). Further 

investigation has also found that BRCAl expression in the mammary g h d  w l ~  stimulatad 

during puôerty, pregnancy, and foliowiag treatmeat ofowKctomized dxd~ Mth 17p 

estradio1 and progesterone (Marquis, Rajaq Wynshaw Boris, et al. 1995). This r d t s  



support the notion that BRCAl plpys an important role in the ovorina homne nspoium 

regdation ofbreost growth and ditiénahailoa L .  Ra@, Wylldhaw Boris, et al. 1995). 

III addition, epidedological and genetic snidies have impüated BRCAl as a nimor 

suppressot genc in prostate cancer (ANoq Barkatdottir, & Eghso1~1993; Ford, M o n ,  

Bishop, Narod, & Goldgar. 1994). An in viM study on rmde mice with MCF-7 tumm has 

s h o w  that owrexptessi*oa of wild-type BRCAl inhiMd both MCF-7 ails ad tumor 

growth in d e  mice resultiqg in an increaseâ aiMval (croit, Thompson, Szabo, a aL 1996). 

Another studing using transgenic mice bas shown that a mutation in one BRCAl alide cm 

produce abnormal mmepihW development resuhing ia emiy embryonic leuulity (Goum, 

Johnson, Latour, Su& & Kdla. 1996). Iri order to characterizc the regdation and fimcton 

of the BRCAl geae. a micr~sco~direded methocf was d to canpare H A  h m  normai 

and neoplastic tissues h m  patients with non-heredhy ( sporadic ) breast cancer (Jensm, 

Page, & Holt. 1994). In situ hybri-on results showed that BRCAl mRNA levds are 

dfamatidy reduced during the transition fkom carcinoma to invasive cancer* In genaal, 

BRCAI sava as a negak regulator of mmnury epithelial dl growth, wbich is apsssed 

at diminished leveis in the invarive forms of rporadic b m s t  cancer (Thompsoa, J&asm, 

O b d e r ,  Page, & Holt. 1995). 

The fùnctional rehtionship between sar steroids, growth mors, oncogeaes, and 

tumor suppnssor genes in the ceil cycle is shown in Figure 2 ( D i c b n  & Lippman 1995). 

E. Aagiogenais and Metwtwù in Brrut Cancer 

Cancer metastasis is a consequence of an interaction betweea Nmor cells rad host 

factoa. Cancer metamsis is multi-step, and is believed to oeair by the foilowing p-: 



the initiai transforming event o c c a ~ ~ ,  tumor odls lgow p m ~ c i y .  When the tumor mus 

becornes excessive, the local d e n t  mpply tbroug& diEusion W not enough, thus a 

neovasailrr network f?om the mounAing host tissue is established. Loul imrasion of tbe 

host stroma by himor ceiis acanr thiough lymphdc circulation and other mec- 

ailowing the tumor ceüs into the blocxi circulation. Those alls ttut Survive the chudation 

must aggregate and amest in the capülrry bais of distant orgins wben sewad.ry W o n  

begios. 

Ln brearit cancer, the d-ceii adhesion a d d e  Ecadbain is considerd to M o n  

like a huwr suppressor gene. studies have show11 tbat loss of Eadhain 

expression is coneiated with increased motüity, firoblastic morphology, d h c m a d  

invasion (Somma$ Thompsoq Tor& Kmila, &haun, & Byas. 1991). In addition, 1- 

of ER and PR expression in brclist cancer is thought to c o m k  with mvrnivc propcariry. 

These mecbisms may be explained by dysttnctional desrnosod and cytoske1etai proteins 

(Thompson, Pa&, B~nwr, et ai. 1992; Boyer, Tucker, Valles, F d e ,  & Thiery. 1989). 

Metastases usuaily implies an abiiity to break loose, mter the bloodstmm or 

lymphatic vessels, and form sewadary tumors. Ovetatpression of nonintegin, a 67-kDa 

receptor for laminin-binding protek, bas ken reporteci in progression of brcast and coloa 

cancer @riedrichs, Ri& Franke, GiUe, Terpe, & Imhof 1995; Liotta, Steeg & St& 

Stevenson. 1991). M e r  studies shows that the heterodimeric integrins are important in 

cancer metsta& (Schwartz & Ingber. 1994). A tyrosine kinase d e d  FAK ( f d  adhesioa 

kinase ) may k hvolved in di adhesion and is upregulated in hasîve b n u i  cuita 

(Weiner, LN, Craven, & Cance. 1993). 

Previous hidies bave found that several local proteolytic enzymes play an imp0f'm 



role in cancer metasta& They include a 92 kDa matrix mdopmtease-9 ( MMP-9 ), 

coiiagen N-dective degmbg anymes. urolonue ( the ba~or ceü-secrcted pbmimgm 

activator ), cathepsin D, an 80-kDa brod subaratm nmixdegcading m e t a l l o p n , t ~  

cathepsin B. and cathepsin L (Castigüoni, M a  Elmer, Lah, Sloane, & Emmat Buck. 

1994; Seidah, Day, Hawlin, Gmpar, Coiid, & Chretim 1992; Rao, S t e  Mobamm, 

S t d a  Steviensog Liotîa, & Sawrys 1993; Shi, Torii, Yieb, WeUstch, Lippcnim, & Dickson. 

1993). aImi t~por ts  r h o w t h a t M M P - 9 P d t y p c I V c 0 ~ ~ m e t U t . t i ~ r a M t y  

i n b u m a n b n a a c a a c a d l i n a ~  Gmdiy,&Rwe. I9%), butthat cathepsinsB,D, ind 

L seem to have no influence in humian bmst cancer d Iines (Castigiioni, Merho, Eher, 

Lah, Sloane, & Emmert Buck 1994). It is W i e d  that local M o n  ofthe cmar across 

the basement membrane to the stromai area is the fint step ofmemimis. Local protdoiysis 

and tumor cdl morility a tbught to amtdmte to this process @idrson & Lipprrm~~ 1995). 

Maük metdoproteases ( MMPs ) are believed to be important local proteoiytic 

enzymes invoived in metastases. NormaUy MMPs are active in tissue remodeling, repair and 

destruction (Woesmer, Jr. 1991; MatriSian, 1992). The eazymes can hydrotyze proteins of . 

the amaceiiular ma* pnanror protehs, proteinase inhibiton and growth fktorb'inding 

p r o t h .  Human MMPs inchide intastibjJ ~~Uageaase, neutrophil wihgenasc, c o I l r i g ~ 3 ,  

gelatinases A and B, stromelysin-l, stromelyPn-2. strometysin-3, matrilysin. and 

metalloeIastase (Will& Hinmiaan 1995). The aaMty of MMPs requires Znh and Cah d 

inhibïted by tissue speafic mhibiton (WOCSSII~~, Jr. 1991; Matfisian. 1992). Norrmlly 

synthesis, actidon end nihibitioa of MMPs are strictiy watrolled. Abnonnal change8 of tbe 

above balance are found to be involveci in tumor al1 invasion (Stdlcr Stevenson, Liotta, & 

Kleiner, Jr. 1993). 



Urokinase and its inhibitor P M  ( piasninogen activator inhiitor-1) are secreted ôy 

stroma1 ceiis adjacent to imrasive breast cancer; they are bath ôelieved to k an important 

indicaton o f  poor prognosis in b m s t  cancer (Crowigt, Cohen, Lucas, Liu, Shmiui, & 

Levinso1~1993; Stack, Gray, & PiaoPiao 1993). 

Recent research suggests that smnl growth fiictors plso imrohrcd in cancer 

metasta&. These fhctors include the FGF M y  members @ouanneau, Gawilovic, Cuuelle, 

et al 1991), hepetocyte gtowth fàctor ( HGF ), IGF-II and KGF4 It bas b e e ~  suggested that 

IGF-II is e x p r d  by breast tumorderived fibmblrioiq and 1-1 is apressed by 110d 

breast fibrobiasts (Cuîlen, Lippman, Chow, Hill, Rom & ZwiebeL 1992; So- 

Meyer, Weidner, & Biïhmeier. 1993). 

It is also beiieved that neovascuIBCiz8fion ( blood vesse1 imraSion into the tumor arcs 

) is a key step in cancer metastasis (Fidler. 1990). Several growth fkctors,aich as the FGFs, 

EGF-related fktors, TGF-Ps, HGF, and v a s a k  endothehl p w t h  -or ( VEGF ) arc 

coasidered to be involveci in an~iogenesis (Folkman & Shing. 1992; Millau=, Wigmann 

Voos, Schnurch, a al. 1993). Accordiag to some m vivo models of hurnan b n u t  cancer 

metastasis, honaoae-indepadent bisast ciiaa œiis are more Wrely to  be imrasive in the nide 

mouse than hormone-dependenî ceüs (Thompson, Paür, B m e r ,  et ai. 1992). Oat of the 

hormone-independent ceii lines, MDA-MB-435, bas beea deveioped into a h-ogtneic 

metastasis mode1 in the nude mouse. This ceii line can produce m i c r o m m  in 6 9  

montbs at the imaJation site (price, Polps ,  Zbang, & Daniels. 1990; Meschter, ConnoUy, 

& Rose. 1992; Noguchi, Ohta, Kitagawa, et al. 1992). 

2. Proprotein Convertua 

It is weii known that many aihryotic proteins such as hormoaes, neuropeptides, 



cellular secreted protebu, growth factors, and tbar membrane recepton do mt hve 

biological activity unies pst-translation amduhion ocanr. One gmap of cazyws 

responsi'b1e for pst-translational p d g  arc calied proprotein comertasa. l k m d i a a  

proprotein convertascs @orm cadopmtwiytic cleavage of proproteins on the C-tammJ 

side of &basic amino acid motifk of several types: type 1 site cl- the motif Arg-X-Lys / 

Arg-Arg ( R-X-K / R-R ), type ILA site cleaves the motifX-X-Arg / Lys-Arg ( X-X-K / R-R 

), and type IIB site deaves the motif Lys I Arg-X-X+bg ( K I R-X-X-R ) (Mbikay, SQdah, 

& Chretien, 1993). The fht adcaryotic proprotein-processhg cazyme famd was die KeiQ 

protease of the yeast ~&oonyces cet&&be. The yeast Kas protein ad wnmufim 

proprotein convertases comain a bacterial subtilisiiElike catalytic domain (Sei- Day, & 

Chretien. 1993; Seiûah, Day, Marcinkiewiiq & Chretien. 1993; Fuller, Braice, & Thorner. 

1989; Fulier, Brake, & Thom. 1989). The mahg ofyeast hapioki c d  types a and a to n>rm 

a I a diploids in the yeast &ccbomyces cwevîe* r e q y h  Kcd to clme pro-u--or at 

four L* Argiube pain ofbasic residucs. A &c carboxypeptidase, Kexl, d e ~ s  pro- 

=factor at the C-termiael. A n o k  eazyme imrohred in this procw hown as dipeptidyl 

aminopeptidase 4 further cleaves the protein to a seaffable fona Previous studies have 

shown that Kex2 is a Ca2+dependent saine protehase belonging to the subtilisin protein 

W. Kex2 exhiibits a &ed se1ectMty of c 1 e a . e  C-taminnl to Lys-Ar& Arg-Arg, and 

pro-Arg- ~eqlletlce~. Also Kex2 is involved in prooessùig ofa-mating fâctor and küier toxin 

precursors at &'basic sites (Fuller, Steme, & Thorner. 1988; h*w, Bralrc, Blair, Kunisawa, 

& Thonier. 1984). 

To date, seven d a n  proprotein convertases m e m h  have beea reportcd A 

summary of the structures of these mammrlian proprotein conveztasa is shown ia Fi- 3- 



( 1 ) Furia 

Furin, the f h t  human gene product homologau to KaQ was discovcrcd through 

cornputer alipnent of the amino acid se~uences smmunding the activa stcr Sa. Etis, rad 

Asn @cyan, Pantoliano, Qui& HSao, & Poulos. 1986). The human fiirin gene lies upsmun 

of the tymsine kinase @s I fes onwgene (Roebroek, SchnlLen, Lemben, OmdDnL, 

Bloemers, & Van de Ven. 1986). Furin is to date, the best characterizeâ enzyme of th 

mnmrmi;nn mbtükbke3cki like proprotein comemms Nofthem blot anotysis his shown thtt 

a 4.4 kb Lb &pt Y ubiquiîousiy ~ ~ e d  in aummary tissues ad di b.(Sâdsh, 

Chretien, & Day. 1994). Furin, like the ycast kcxin, is the only memk ofthe manminUr 

proprotein corneftases that has a traasraembrane domah Qulier, Braice, & Thom. 1989). 

Thus the subceilular location offbrin oniy exjas between the a4m~401gi network ( TGN ) 

and ceîi membrane (Vey, Scbafer, Baghofer, Ki& & 8tm 1994; M O ~ ~ O Y ~  Thornu. 

VanSiyke, Stenberg & Thomss. 1994). Two signais f d  in the cytoplrpmic domain ofthe 

enzyme play a role in its suô-celiular d d o n  (Schafkr. Stroh, Berghof~, et ai. 1995). 

The f h t  is the CPSDEEDEG se~uenœ ( &dues 771-780 ). wbïch contains a Casem h a s e  

II phospboryiation motif( S I T-D / E-D / E-D / E ); this may W o n  to phosphorylrtt the 

S e p  and Sam &dues (Bossbart, Humphrcy, Deignaa, et al. 1994). The phosphoryiaîion 

I dephosphorylation changes may be correiated with the TGN. The second is a YKQ 

sequence ( residues 757-760 ). TbU SeQuence in routeing ftrin to the dosornes 

(Schafer, Stroh, Berghofer, et al. 1995). The actuai physiologicai ftnction of the above 

subceliular traaslocation is unknown accept ~t nuin is believed to be Uiv01ved in the 

processing of proteins secreted via the constitutive secretion pathway (Seid& Day. & 

Chretien 1993; Seidab, Day, Marciniciewicz, & Chretien, 1993). 



The human airin gene, located et chromosome 1 Sq2Sq26 (Seidah, Chrctien, & Dry. 

1994) was cloneci in 1990 h m  a bumrn lim ceil ( H m 2  ) cDNA l'brazy ( W i i  Barr, 

Woag, Kiffs, Brake, & Kaufhaa 1990). According to the &mm Gria @NA s a p e  

a 794 anmio acids translation pcoduct is psdictcd The characteristics of the various domaias 

of this Ca2+dependent proteme inchdes: ( i ) a signal peptide rrkted to the m o r y  

( ii ) a pro-region; ( üi ) a catalytic domain simülu to subtilisin-Uct -es; ( iv ) 

a P-domain n e œ s a ~ ~  in aizymitic d v i t y  with a cysteinerich region; ( v ) a hydrophabic 

tmmm&me spaming domaia; (vi ) a cytopiasmic ta& involveci in subcelhilar transldon 

(Jean, Boudneulî, Bas& Seidab, & LiPrn. 1995). 

When recombinam vaccinia virus expression system was useû to introduce humaa 

Grin cDNA h o  BSC40 cells ( Afrcan gr&n rnonkey Iéday ceJi liae ). a doub1d of proteins 

w i t h t h e ~ s i z e s o f 9 û d % k D ~  wapdctecteci. ûnlythc%kDaformunâergoesan 

intramolecuiar autocatalytic actBration by mmovai of the pro-region of ftria in the 

endopiasmic retïcuium (Bresnabaq Leduc, Thomas, a al- 1990; Leduc, Molloy, Thorne, & 

Thomas. 1992; Vey, S c W s  Berghofer. Kieak, â Garten. 1994). It is interesthg to nnd tbat 

fiirin ain cleave more than 25 proteins when co-expressed with substrate precursors m vnio 

(Jean, Boudreauit, Ba* Seidab, & Lazurc. 1995).( Table 1 ). 

RecemtstudieshavesbowntbattheRRgaie hasthree distinct promoters (Pl ,  P1A 

and PIB ). This may Wp to explain why multiple mRNA ioofonas exist mghg in size bom 

4.0,4.5,6.8 and 8.4 Kb WoIfgang, Forte, & Thom. 1992). Howwer, the 4-4 Kb 

fùrin transcript is the @or fOrm -le in nmst tissues. Whai synovial tells and NIH-3T3 

ceils an treated with TGF-P, a signifiant incnue in n>rin tnnsaipt lml~ are obsaved. 

Furin is the major enzyme imrolving in TGF-P prrainor processing ( B h h C t t ~  DayX 



ScMJ inhiibitnrs of fiirin have bcm uad to study the pst-tnmshional process. ûne 

in YiHD study showed the inhiiition offûrhdctivcd processin8 of MV-1 gp ( glyooprotein 

) 160 to the ml20 protein, by chloromethyikctone (Hdldxxgcr, Bosch, Angüku, Shiw. 

Klenk, & Garten. 1992). hotha smiihr utperiment f m d  that decanoyi-Val-Lys Acg- 

chloromebiyllretone cm i nh i i  fiirin pmwsshg of proendothelin-1 in vivo (Desault. Ch& 

IYOrleans haste, et al 1995). In adâkq a,-dûj@n Portland ( AT-PDX ), a p r o t e b b e d  

serine protease inhiiior has ban used to abolish fiuin aaMty (Ly Zhng. Moilay. a ai. 

1993). AT-PDX is now known to be a potent inhi'bitor of 1 the membcra of the propmteh 

cornertases. 

Based on the klieftbat the sequace around the active sites ofSenne proteinascs is 

coaserved, poiymeme chsm d o n  (PCR) anis used to search for KeaQ homologues. This 

led to the discovery of a second prohomone convertase, PCl (Seidah, Gupu, Mîon, 

Uarciniciewicq Mbikay, & Chretien. 1% Smeekq  Amch, LaMendoia, Cban, & Steiner. 

199 1). In si& hybidization siudies w&ed that PC1 was ody found in alls of endoah 

and nam>eadoerine ongin, inchidiqg the islets of Langerhans, pituitary, adrenal medulla, and 

brain (Seidah, bkchkiewiq Benjannet, et ai. 1991; Seidab, Gaspar, Mion, hhdnkiewicz, 

Mbikay, & Chretien. 1990). PC1 is respomiôle for cleaviag pro-proteins secteteci in the 

regulated secretory pathway (Seidab, Day, & Chtetien, 1993; Seidah. Day, Mhkkiewiq 

& Chretien. 1993). Mouse PCI and human PC1 share about 87 % arnino acid squence 

similarity. The complete cDNA sequence ofmPC1, copsists of 25 16 nucleotides, with a 2259 



bp open readhg f'rame- The p r d  protein coasists of 726 amino acids, with thrœ 

potential N-giycosylation des. ïfeach glycosyiation chah contrikites a p p r o ~ e  2000 

daltons, the predict rnolecuk weight of mPCl U about 87 kDi (Seidah, MarcuikitWicq 

Benjanneâ, a rL 1991). Northern blot rnilysir of AT-20 cclk shows two m P C 1 - h y b n ~  

bands ( 3 0  and 4.8 kb ) (Seidab, Gaspar, Mion, Marcïnkiewicz, Mbikay, & Cbretien. 1990). 

The mPCl is located on mouse chromosome 13 (Seidah, Marcinkiewicz, Benjamct, et ai. 

199 1). 

A substantiai body of worL h v e  km doae in order to derstand further the 

biosynthesis and biochemid properties ofPC1. One interesthg nsult dernomtmtes thit 

when recombinant PCI was overexpresseti in Cbinese hamster ovary d s  ( CHO ), PC1 is 

first syntbesized in a precusor fom, then quickiy undergoes an amino-terminal deange 

ment at a very eariy stage of biosynthesis to generate an 87kDa form Another study shows 

that the 87 kDa PCl protan is caiQMi-depeadmt aad has eqmatic activay betwecil pH 5.0 

and 6.5. The 87 kDa PC1 can k airthcr cornratcd to 74 kDa and 66 kIh foms by urboxyî- 

taminalcieavsges.Compareût0 the87Id)aPCl form, the74/66kDaPC1 aremoreactive 

but less stable, and seaned more sensitive to certain pmte~se inbibiton than 87 LDii PC1. 

These forms have more aanow pH optima (ôetweea 5.0 and 5.5 ) and are activateci by higba 

concentratiolls ofcalciuli, The above d t s  suaest that an a u t d y s i s  mecâanism may 

be involved in carboxyi-terminal cleavages of PCI, and may play an important role in 

proprotein proceshg (Zhou & Lindberg. 1994; Zhou & Lindbeq. 1993). 

Another report focuseû on how the biosynthetic processing pathway of endo~amus 

PC1 Ui AtT-20 ceiis ( ACTH-producing mouse pituitary -or ceii üne ) was pos- 



translationally regdateci. The fint PC1 mudationai produa U a 94 kDa protain tht U 

quickly converted to an 84 kDa form The 84 kDa protein is then comrerted to an 

endogiycosidase H-kstant Eorm ofthe 97 kDa protein, aad M y  to the 74 LDa ad 66 kDa 

species. The pst-tndationsl prOCeSSi11g of PCl ocws in two steps: ( i ) the 94 B a  

precursor is quickiy cormerteci to the 84 kDa protein by a ckavcige of the amino-tcmbus 

prosegment; thh proccss -y ocan in the doplumic retiaihim; ( ii ) the 87 kD. pot& 

is converted to the 74 LDa and the 66 ma prote@ this proass may Edn plice in cdhilu 
t 

compartments nich as the lianr-Golgi network or secretory Lpiimiles and imrohre aequentbd 

cleavages at the dmytemhus. These data h t  show the subceIkilar trsnslOCSIfjon of PCl 

during proprotein processing (Vidroia, Mayer, C o i  Spitzer, & Espinoza. 1994). 

The cleavage specificity of the PCI bas ken anaiyzd by mepression with a nurnber 

of prohomones, such as POMC @@amet, Rondeau, Day, Chretien, & Seidah 1991; 

Thorne, Vms, 8r Thomas. 1991), pmrenin (Nakapma, Watanabe, NaLagawa, et ai. 1992), 

p r d e p h a h  (Kom* Gasc, Villard. et a. 19a0, prodyao'ph @ u p w  Lindberg, Zboy 

et al. 1994), prorelaxin (MMott, Gillece Castro, & Gotman. 1992). pro-neurotcnsin 

(Rovere, Bsrbero, & Kitabgi. 1996), secretogmb II to sectetoneurin (Hoflehncr, Eâa, 

Ladop, Seidah, Fischer Colbrie. & Wder. 1995). and rabbit pro-LPH (Kelier, Zecca, 

Boukamei, Zwicker, Gloor, & Semenza. 1995). and proneuropeptide Y (Paq~et, Mawie, & 

Mains. 1996). In addition, studies on pancreatic hormones suggest PCI is involved in the 

processing of innilin (Smeekcns, Moatag, Thomas, et ai. 1992). proglucagoh-derived 

peptides Qothenberg, Eiiertson, Klein, Mackin, & Noc 19%). and sorrmtostatin 

(Gala~,poulou, Kent, RabbanÏ, Sddah, & Patel. 1993). In the fbture, then may be mon ad 

more proteins identified as substrates for PC 1. 



5.0 kb h y b x i a  band in mRNA âom insahomas (Smeekens & Steiner. 1990). The #ana 

was locgted onhumancbn,m0~0mes20p11.1-11.2 (Sudah, hhmhkiewicz, Benjarmet, et ai. 

1991). The 638 amino acïd ~e~uence of- begins w& a 25 amino acid sigrml peptide* PC2 

is gathesued as a 75 kDa ppoiyj@de wIiich is aut01cleaved to a 68 kDa mature enzyme. 

It is also believed thai PC2 is involveci in a mgdatory sectetory prUiwriy. Further 3hidics 

h a M s b o w n t b a t P C 2 l i L c P C l , c l a s t r i n ~ t i s s u c ( S ~ & S t ~ .  199Q.Receat 

reports foud that ïB2, a neuroead- chapemne protein bdonghg to the gmnia f b d y  

(Huttner, Gerdes, & Rwa 1991). U intimately imrolved in pmPC2 matudon & 

Sherwood. 1989; Keiîy. 1985). In addition, P was f0imd thet during UitrsceUuiar transfocation 

ofPC2, pro7B2 can biid both proPC2 and PC2 (Braks & MIirtens. 1994). PC2 U iavohmd 

in the prenusor processing of: pro-POMC (Benjannet, Rondeau, Day, Chretien, & Seidah. 

199 1), proinsuiin (Baiiycs S h- Seal, ct ai. 1992). pro-iskt amyloid polypeptide ( IAPP 

) (Baciman, Sherman, Jermaay, Dochcrtyy & Cl& 1- proneuropeptide Y (Paquet, 

Massie, & M;rins. 1996). and pro-ghicagon (Rothenberg, Eiiertson, Klein, Mac& & Noe. 

1996). 

Human PACE4 W structurally simüar to furin (Kiefer, Tucker, 104 Landsberg, Sdtmum, 

& Barr. 199 1). Previous studies show that the cataiytic domain of PACE4 exhiiits a 70 % 



identiîy to that of PCS; in addition, it has a Cystehe-rich domain (Lusson, Vieau, H&m&, 

Day, Chretien, & Sei& 1993). Northern Mot anaipis shows thnt only a 4.4 kb form of 

PACE4 mRNA hi expressed @oa& b&rcinkiewicz, Veau, Chretien, Seidah, & Day. 1995). 

PACE4 bas ben demonstrateci to c1tbvt pro-von Willtbrand h o r  (Cramas, Kmndbk, 

Roebroelg Nal<nysma. & Van de Ven 1993; Rehemtuk, Barr, Rhodes, & Kauban. 1993). 

Rat PACE4 has a tissue and ceii Iuic distniution unWre human PACE4 and other nported 

proprotein convertass, with hi@ expression in the aaterior pituitary. The prevaleact of 

PACE4 in the entaior pibiaary d tht süiking e f k t  of thyroid stahu, on PACE4 o t p d o n  

suggest a specinc role for PACE4 in p d g  neuroeadocrinc peptides (Johnson, 

Darlington, Hand, Bloomquist, & Mains. 1994). 

PC4, located on human chromosome 21, shows a 2.8 kb major and a 1.9 kb minor 

PC4 transcrÎpt . This proprotein COSV~~UR has only been fouad in testicuiar germ cells 

(JMbikay, Rafnn Sans09 Tadros, Sirois, Seidah, & Cbretien, 1994; Seidab, Day, Hameh, 

Gaspar, CoUard, & Chretien, 1992). 

PC5, located on human chromosome 9, contains a C-taomial Cysteine-nch do& which 

is similar to nuin and PACE4 (Seidah, Chrrricn, & Day. 1994). It can be detected in mrny 

endocrincandnoned~thucs,aadthePCSmRNA (3.8kb)isapnssedathighlmls 

in the rat adrend gland and gut. PCS PsasCript is found increased in the ACTH-stinwlated 

adrenocortical Y, ce11 liw, suggesting an upregulation by CAMP (Lusson, Vieau, Hiun&, 

Day, Chretien, & Seidah. 1993; Nakagawa, Hoseka, Torii, Watanabe, Mdcad,  & 



Nakayama. 1993). Previow midies report tht PC5, togetha with PCl and PC2, mry k 

important in cleaving gastrointtstinal peptides to tbcir mature fom. The conversion of 

prorcain to nain is a good example (Nakagawa, Hosaira, Torii, Wata~&~, Mucakd, & 

Nakayama. 1993). It is rrcnitly been connmied that PCS phys an important rob in 

p m x s h g  protein tyrosine pbosphataPe g m bumin umbilical vein endothelial cdlr ( ENVEC 

@adman. Shemian, J-, mbaty, & Clark. 19%)- 

'Ille latest member of the proprotein conva tk~  M y  U LPC ( PC7 ) which bas hem 

found at a human chromosome traaslocation breakpoint t ( 11; 14 ) ( q 23; q 32 ) is 

asmkted with a high grade iympho~iia N o m  blot analysis b show a 3.5 kb &pt 

is present in human tissues, md a simîlrr sin is expressecl in muse tissues- A minor mRNA 

transcript of4.S kb ocaus in testis and hmg (Meerabux, Y-, Roebroek, Van de V- 

Lister, & Young. 19%). In addition, a rat PC7 was recently found which showcd Iiigh 

expression levels in the colon and lymphoid tissues (Seidah, Hamelin, h h d ~ & ,  et d 

1996). As yet, linle is known about the abstrate specitïcity and Speànc physiologid 

fùnctions of PC7. 

3. Possible Rditionsbip betwen Proprotein Convertases ind Brrut Cancer 

Proprotein wtxe fust discovasd in the late nineteen eighties, and to daîe, 

seven mammah proprotein comatases have been identifid ( PC1 I PC3, PC2, PC4. PCS 

/ PC6, PC7, PACE4 anci ûuin). Tbe c D N h  for six human proprotein convertases hnn a h  

been subsequently cloned ( PCI, PC2, PCS, PC7, furin and PACE4 ). Early shidies bave 

concentrated on characterization of proprotein convertases moleailar strucnirr, tissue 
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distribution, subcellular t r a a s l d o 4  and substrate spaificity of proprotein convertuc 

members. Link U hown about theh physiologid funciions- To date, no reports hnn 

addressed the biologicai hctions of proprotein commtases in breast cancer. 

Th- is com*defable &dencc tbat both nonnal brrast tissue and breast trmiors arc 

reguiated by autocrine ami pariame hormone fhctors, such as endocrine staoiâs, peptides 

s y n t h d  by the secretory d s  of the o d e s ,  piaùtuy, endocrine prncnrr. thyroiâ, 

aQenal cortex, and locally acting hormone-like shtamxs produad by n o d  and maiignmt 

mammy tissues (Dichon & Lippmm 1995). Dam suggests that abttonnai expression l d s  

of autocrine or paracrine growth firctom , together with onmgenes, play a mjor rok in 

human breast cancer progression @ub& & S b  1988; Dubk Dernbidi, & Shiu. 1987; 

Musgrove, Lee, & Suîhedad 1991). nit major biologid bdion of proprotein c o ~  

is to couvert biologidy inactive pmproteias kt0 th& biologidy active fonns. Severai 

proprotein convertases have been confirmed to be ixwolved in the proccsSng of a variety of 

preairsor growth factors, including aavt growth fiaor ( NGF ), IGF-1 and IGF-II, TGF-P,, 

endotheh-I, EGF, neurotrophui, PDGF, and several growth fiictor receptors (Mbikay, 

Seidah, & Chretien. 1993; Jim, Boudreauit, Basak Seidah, & Luun. 1995). A portMe 

relationship d s t s  between proprotan couvertases and breast cancer development (Cheng, 

Watson, Paterson, Seidah, CMen ,  Bt Sbiu 1997). Owapnssion of proprotein co~wertases 

may be invoiveû in the aeoplasric process of the breast epithelium by whie of th& abüity to 

produce biologically active growth regdatory &ors ad I or theif recepton. It is tlso 

possible, that ovetexpression of proprotein convertases may, through pst-traaslatiouai 

processin& inactivate biologidy octnte Rmior suppressor proteins. Aberrant expression of 

proprotein convertases may dter the activities of important cellular regdatory p r o t h  that 



in turn influence the progression of breast caacer- 

A direct W g e  between proprotein convertases and cancer is su~ested by r new 

member of observations. PC7, the smPth and newai membef of the proprotein comrertrues 

fimiiy, is locaîed at a chromosome bmlrpoim in a -set of lympbomu with a chromosod 

bransl~ca~l*ont(U; i4)(q23; q32)(Meerabux, Yscpo,Roebm VaadeVcqLister,& 

Young. 1996). A s&udy bar shown that nirin mRNA is acpressed at a high 1 4  in n o n - d  

ceUhiag~~(NSCU:)butY~1ehsmaltalllmg~~(SCU:)rnd 

normal lung tissues (Schallcen, Roebrodq Oornen, et 1 1987). SimiMy*  an elwatd PC1 

M A  l d  has dso been f& in edhotha gioup of h g  carciaomas Mirent fkom SCLC 

and NSCLC, seldorn in S m ,  a d  undetectable in NSCLCs (Crremem, R o e b r e  & Van 

de Ven. 1992). 

In our labonitory, a ikst step towards elucidating the biological role that proprotein 

cornertases piay in gmwth regulation of breast cancer was to compare mRNA expression of 

iùrin, PACE4, PCl, PCZ, PCS and PC7 in 30 primary hunan b r u  cancer specimeaq 6 

human bresrt caaoa d liaes, and 10 specmKns ofhisto10gi~ normal human breast tissues 

Speamens. The~showedtbatmRNAS~rf i ir in ,  PACE* PCI mdPC7waeapnsscd 

in aU the tumor tissues and cancer d lines whereas mRNA ofPCS was apressed in oniy 

a small penemage ( 2 1 30 ) of tumor tissues and not in breast cancer ceii Iines. PC2 mRNA 

was aot detectable in caber  am^ tissues or cancer cdl Illies. Proprotein convertase mRNAs 

was not detectable in hktologïcliiy w d  humui bmut tissues. in addition, ui m si& 

hybridizatioa study has localized fwn mRNA to the breast carcinoma -or cells; adjacent 

fibrous stroma and blood vesse1 elemeats wae  negative for furui gene exprtssion ( C h &  



Watson, Paterson, Sadsh, Chretien, & Sbiu. 1997). A second study aiso bas shown tht PCI 

protein, asdeiaomwdbyimmiiri6tiistocbemrtryIwrraevltcdinbrrrst~mawhiîePCZ 

protein was undctectaôlc (SCOP& MO, R i k ,  Ihh, & Steiacr. 1995). 

Our results s h o d  that s e v d  proprotein converme mRN& are detectabk ia 30 

primary humm breast tumon. Howevcr, mRNA expression lmls  betweea coa~t r rcs  and 

beiween samples are d i f f i .  ûne possi'ble ocplmation for this o b d o n  is that diaaait 

proportions ofamior cdls t o  non tuma dema*s exkt in different turnor spechens. kiotha 

imerestiag observation is that no sigdfieant comlation exists between the levcls ofPCl or 

furin gene expression and staoid hormone ( estrogm and pmgesterone ) receptor statu in 

human breast tumors. How- a signifiant correlation aria between PACE4 gaie 

expression and estrogen receptor content. The signiîicance of these obsesdotw rrmrin to 

be studied (Cheng, Watson, Paterson, Seidab, Chretien, & S k  1997). 

The recent d i s c o q  of two breast cancer susceptî%Üity genes, BRCAl and BRCA2 

may provide a direct ünk between proprotein convertases srpression and breast cancer 

phenotype. Brais& cancer occurs in both bPcdaary and sporadic forms. The BRCAl geat has 

been shown to be mutated in a subset of kindreds wîth the hacditary form of breast cancer 

(Castiiia, Couch, Erdos, a ai. 1994; M&î, Swensen, Shattuck Eidens, et al. 1994). The 

BRCAl gene produa is a negative reguhor ( tuw>r suppressor ) of msmmy, celi 

prolifdon (Thompson, Jensen, O b d e r ,  Page, & EIolt. 1995). Further study has f d  

that BRCAl and BRCA2 contain a sapence rnotifbomologous to members of the gnii9i 

family of secretory proteins (Jensm, Thompson, Jetton, et ai. 1996). The g d n  hniüy of 

proteins include cbromogtarims and which have a widespread nairandOCrjll(: 



distri'bution (Simon & Aunis. 1989). Shidies on the structural and biochemid propeaits of 

granins show tbat they aii contain multiple adjacent basic rcsidues tht a poteattl 

propmtein amertase cleavage sites. Somc memôers of gmhs an confirmai to be memkn 

of Cah b i i  pratcms Meved to k important for protein secretion (Pimpîikar & Huttmr. 

1992; Huttner, Gerdes, & Rosa 1991). Possi'bte biologieai hctions of gnnmS inchide: ( i 

) precursors to bioIogicaiiy active peptides such as C& a peptide that iahibi gbrcoso 

induced insului nzlease nom the isolateci panaas (riicruigelo, Fiïher Colbrie, Keller, 

Brownstein, & Eidea, 1988); ( ii) pa&& ofpeptides iido sœmûuy grades (Rosa, Hille, 

Lee, Z a e  De Camüü, & Huttner. 1985); ( iü ) protein sohg and secretofy grade 

biogenesk (Gerdes, Rosq Phillips, et ai. 1989). Taken together, it is beîieved tht the grrPn 

proteins are natural targets of most proprotein convertases such as X I ,  *ch is loalizcd 

in the SecTetory granules and is rrsponsiiMe for the cleamge of proteins secreted by the 

regdateci secretory pathway. Recent studies have shown that some of the BRCAl protein 

molecules are fond in secretory grades (Jensen, Thompson, Jetton, et aL 19%). ad this 

is consistent with the concept that BRCA1, as a homologue to granin proteins, mry be 

targeted by proprotein comriertases m sarr<oty granuies. In addition, BRCAl c o n t h  35 d 

BRCA2 contaias 56 potcntiaOy adive dibasic awivertase cleavage sites (Stag. 1996), fiirtba 

supportkg the notion that these breast amar suscepibb geue prducts are stroag candidates 

for proprotein convemse targets in breast cancer. 

Recent shidies have shown that stromelysin-3 ( ST, ), a m e d m  of the MMPs, is 

overexpressed in fibmblastic cdls ofimmsk breast carcinomas (Basset, Bellocq, WoE et al. 

1990). ST, is also involveci in ammmary gland involution (Laivre, Wolf; Limacher, et l 

1992). ST, piays a role in stromai.epahelinl interadono during breest carcinoma prolpasion. 



Si', protein has four domains, these indude an N-terminal signai peptide fouowed by a 

propeptide, a d y t i c  domain containhg tbe tmobmding site, and a C-taniinrl )larnia+ 

iike domain (Baset, Beûocq, Wolf. a al. 1990). Furthr riudies have found tht a amch of 

10 amino aci& located at the m o n  between the ST, pro-and ataiytic domriar cornitu 

an active ftrin deavage site. Fiirin is the 6rst proprotein corwcrtase that U ~sponsible fw 

processing pros& to S'&. the active fom Ia contrast to other MMPs, ST U the ody 

memba to be targeted by proprotein convertases (Sautavicca, Nod, Angiïker, et al. 1996). 

Thus, overexpression of proprotein comrertases in breast tumor cdls miy enhance the 

extraceiiuiar processiag ofproST, to ST, and f.urther enhance the m d c  proccss. 

4. Research Objectives 

It is weii lcnown that one of the hellmahP of maiignancy is an abnormaî autocrine or 

paracrine growth factor regulatos, mechamsm (Spom & Roberts. 1985). In human breast 

~,itis~evedthat1lude8fo~rndovarianhomonesve~guimportrnt 

mediaton and modulators of autocrine and psnallre growth mors  (Dicbn & Lippnaa 

1992; DubiL & Shiu 1988; Dubdc, Dembhki, & Sbiu. 1987). Eximination of d e f i  or 

o v e r e x p d  growth-ngukry geaes (onagems ), growth fhctors, and ovarian hormones 

is a very active area of breast cancer investigation. Proprotein coavertrws , bucd on th& 

unique property ofgcnerating biologicrlly active growth d receptor molecuies h m  thdr 

inacrRre procur~~rs,  may bave an imporCaa rde in the progression of brcast cancer. To date, 

breast cancer research has not oufnciaitly imiestigated an interplay between proprotd 
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CO- and growth factors. In our Ipboratory, as an initial approach toamdr ehia'wg 

the role that proprotein convertases may piay in groanh cephion of bnvt -, 30 

primary humm bnart amer spcimens. 10 specimcns of histolo@criiy n o r d  huma brercr 

tissues, iad6humanbrrast~~Iina~aeuscdtocompatsthearpressionofsixlmown 

proprotein comertases members. Proprotein CO- PC4, which is tcshis specitic, wu 

not iacbided in the snidy. The nsults have sbown tk PCI, fhb, PACE4 and PC7 mRNAs 

were detected in bot& the tunior tissues and bmst cancer dl liaar. PCS was ody detected 

i n a d - ( 2 1 3 0 )  oftumortissues, wbilePC2wasaot daectadincahrhmior 

tissues or cancer cdl iines. M-RNAs for ail the proprotein cornrailue membas werc 

not d e t d  in histol JciiUy d himrm brrisr tissues (Cheng, Watson, Paterson, Sa&&, 

Cbretieg & Shiu 1997). Thuq an importaut question to be asked U: what are the biological 

targets of proprotein cornertases in human bseast cancer? 

To address this question, my work d e s c r i i  in thU thesis had two aims. A h  one 

was to deveiop a ceii d e l  Lr proprotein comrertases overexpression in a bumrn bnrcr 

cancer cd line. Aim two was to acanime the cell mode1 and a control ceil Line for differeaces 

in proteh patterns. My projact foçused on the biological &ectS of PCl on MCF-7 human 

breast cancer ce11 lines. nie foilowing imrestigations have been pafbrmed. 

( 1 ) The m o n  ofa MCF-7 ce11 liue capable of elevated expression of mwse 

PC 1. A CMV-mPC1/ Neo plasmid was stably transfected into the MCF-7 di line, G418 

regStam cloaes selected and tested by northern blot and Southern blot analyses for hte& 

of the plasmid, and PCI expression. fmmunoprecipitation with rabbit polyclonaî anti-PC1 

antibody, folIowed by SDS-polyacrylamide and two dimensional SDS- 

po1yacryIamide gel electrophoresis were c h e d  out, to confirm an elevaîed levei ofmPCl 



protein was produced in the transfccted c d  Ikie. 

(2 )  Aco~nofproteiapaîtemsbetwee~~themPCl o v e r e x p r ~ c d l t u w .  

and a control G418 rrsistant MCF-f cdl üae on twOldimdonai SDS-poiyrcrylamick gd 

was macie. Four Werences in pmtcias wac noted. Some of the .hd proteins miy k 

n a d  PC1 target proteins in human breast cancer. 



MATERIALS AND METHODS 

1JREPARATION OF CO- TGU BAL'TERIA AND TRANSFORMATION 

TGl~wacùioculatcd in5dLB~( l  ütreLBbroth: 1Ogbretotryptone, Sgyeast 

ei<traa, 10 g NaCi, pH 7.0 ) d was grown ovemight in a shaking incubator (250 rpm) a 

37'~.  The foilowing moming, 5 ml culture wuas added to MO mi LB borth in a Luge s t d e  

fi& and once agaiu iandosted tS OD, U 0.6. Bacterial @et wris spun dom with a JA-IO 

roter, 5000 rpm, 10 minutes, 4°C . Pend was reswpended in 200 ml of solution A ( 20 ml 

lMCaC~,lml2MT~IlC1 p H 7 . 5 , 1 7 9 m l ~ ) r n d i a ~ ~ b a t c d 4 h o c n o n i œ . A t t a  

centdùgation with the same conditions as above, the pdkt wu resqmded in 20 ml 

Sohrtion B ( 10 ml 1 M CaC4,0.5 ml 2 M Tris-RCl pH 7.5,14 ml GiycemL ,75.5 ml ddfi20 

) and kept at 4'C ovemi@. The next morning saanples were aliquoteci into Eppcidorftubes 

and at -70 OC in 200 pl aliquots. 

Tdormation was perfonned by adding 10-50 ag of CMV-mPC1 1 ne0 plasmid to 

200 pi competent TGlA bacteria d set on ice fw 40 mimites. CMV-mPCI I neo wu Lmdty 

provided by Dr. Nabil Sedah ( Clinid Research IiPstitute ofMontnal ). Bacteria were then 

heat shocked at 42°C fbr 1 mimdc, then 200 pl of wann LB was added and ceils wae p w n  

at37°Cfor30mima*,.Arangeof5~200 pl w a e s p r e a d o n L B ~ p k a s ( 1 . 2 g h 1 0 0  

ml LB broth) containhg 25 m g l d  arnpiciiiin stock solution and aiiowed to absorb for 30 

minutes, then inverteci at 37OC incubateci overnight. The foilowing monhg transformeci 

bacterial colonies were picked with a stede loop, inocuiated into 5 ml LB containhg 9 ul 

ampiciliin stock ( 25 mgl m&) and inaibaîed t 37°C. st 250 rpm for 4-6 houn. Stocks wae 

obtained by aliquoting 500 ul of bacteria with 500 A sterilc glycaol and rtored at -70 OC. 



2. PLASMID DNA AMPLIFICA'ITON AND PURIFICATïON 

FoUowing bibaiil amplifi:don, phnids wac Udad h m  transfod bacteria 

andpinsedbyCaCldaisitygndientcentrifiigationasdesaibedôynIrairtis et J(Minirtiq 

Fritch. 1982). A 5 - d  LB co- 9 pl Ampidiin stock ( 25 mg / ml ) wu incubateci with 

transformed bacterial stock for The fdovhg monmig piasmid wae isalated wiqe 

the Magic Mhipreps ( Promega ). The piasxnid DNA was digested with the appmpsiate 

restriction enzyme and dcc trophod  on a 1 % agarose gd. Upn identayiag the correct 

p W d ,  t h e m n a i r i m g b s c t e M l ~ w a r a d â e d t o a 2 û û û m l ~ c o ~ S o O L B w i t h  

9OûplAmpicillinstock(25mgl ml)aadmaibatedina~erinCubator.Atta4~tbt  

ailhae~~tQOD~isO.6.Atthu~tbeplasiilidwae.mpünedby~g200 

pl cldorampheaicol stock (34 mg / mi in 100 % ethanol ). Anow the ceJls to lpow ~~CtI l jght .  

Theb8~terialculturewucentri f i igdUiaU)OmlBcc~~haJA-lOrota 

for 10 mimaes at 8000 rpm a d  4 ' ~ .  The pdlets were m d e d  in 9 ml of cold lysis kdFQ 

(25mMTris-HCIpH8.0,10mMED'ï&50mM~cose). As~nastntosferrexltoqOml 

Oakridge tubes, I d  of fieshiy prepueâ cbicken egg white lysozyme ( 20 mg I ml in lysis 

b s e r  ) was added and c d s  were shaken on ice for 30 minutes. Then 10 ml 0.2 M NaOH I 

0.2 % SDS soiution was added and rdia were s&aicea on ice fOr 30 minutes. Ten mi 3 M KAC 

solution ( pH 5 ) was added and celis were again shakea on ice for 30 niinutes. Bacterial 

debris was removed by centrifbgation at 18,000 rpm ( 4' C) for 30 minutes and su- 

was then tramfiand to 50 ml centnfiige t u b .  The aipernotaat wu cxtfacted with p h 1  

for 10-15 minutes. The DNA pdlet was resuspendeû by vortexhg in a Ti75 centdÙge tube- 

Ethidium Bromide ( EtBr ) ( 0.2 ml of a 1 mg / ml solution) was overiaid and the - 



vohimtwarhUedwithminenloiL'Ibatube~waebrhnced.~dcd.rad~~h 

a Beckman Ti75 rotor at 55.000 ~pm for 16 houn. then at 45,000 rpm for 45 min. ( both 

spadswa1t25'~).~btpWt#idanridentifiedwahUV~&rad~atdiilly 

with an 18 - gpuge n d e  arid 3 ml Jyringe without dishirbing the uppa bacterhi geaoniic 

DNA. The EtBr was moved by 2 - 3 d o n s  with 5 ml isoamyi JcohoL F i  the 

piasmid DNA was precipitated with 2 2  vohmia ofabaM,I .ad 1 / 15 vol 3 MN& (pH 

5.2, -20' C ), d g e d  fbr 20 m h  at 10,000 rpm in a JA-20 rotor, vacuum drid ad then 

redissolved in d-O. DNA was qyanthted rpactrophometriadly by m a a d n g  the 

absorbency at 260 nm, 

3.TRANSFECTlON AND CELL CULTURE 

Transitnt trrnJfdoa 

The MCF-7 humaa breast cancer ceil line was maintaineed at 37' C in a humidiîied 

atmospheof5%CO,m&.CellswaepeEdedritad~of1 x 106cellsper 10cmtisaie 

aiitUre in Duibecco's rnodified Eagie's medium (GIBCO ) supplemented with 10 % ( 

V N )  f*aiboviw~~u~0~t(3.5gIlitrr)dP~QUici(100uI ml).FUnlength 

mPCl in the expression vector pRC-CMV ( Lmritn,gea ) contaking a gene for mniycin 

mistance was lrindly provided by Dr.Nabil Seidah ( Clinical Research IWhte of Montrd 

), and was purified as desaibed in the pdau d o n .  Tradktion was performed 24 hom 

&er MCF-7 was imcdaed Cells were wasbed 10 ml of 5 % FBS medium instead of normal 

10% FBS bâore2.5 MCaci,co~pitationwirh~-mPC1(20 pg/  I s h )  and 2xBBS 

( pH 6.95 ). Plasmid DNA pSV-Neo ( 20 pg / di& ) wu used u a contd. RNA ans 

isolated 36 hours after &éction. 



Stable trrnsfcction 

ThetranSfionstepswereessait irl lythcrime~thosedii i the tronsienî 

tranSfion, with oniy one âBhxc-both CMV-mPC 1 / Nco ud pSV-NE0 wae ünaiffd 

with restn9ction enzyme S d  Twen~y-ff~ur haur der transi'èction , ceiîs were rinsed with 

PBS twice, thai 10 % FBS fîesh media were added for d e r  24 hours. The foiiow& day 

cells were split at (MO) and incubatecl an additionai 24 h a i n  befiorc applyhg sdection f9r 

stable transfdon . Ceils wah stable plasmid imegration wem selected in 10 % FBS 

containhg 1 mg I ml of a neomycin anaiog G418. AAa approximately tbne waLs single 

clones were isolateci with cloaing rings, and passaged Lsto % weii plates, thm bto 24 weii 

plates, then 6 weil plates , then into 10 cm phte. Clones SUCYiVib8 the initiai seledon d 

pansage into 6 well plate u d y  SuNiveci the entire cdoning procesS. AU clona positive for 

mPCl mRNA were preserved with 10 % DMSO in 10 % FBS in liquid N, . 

4. RNA ISOLATION AND NOR- BLOT ANALYSIS 

Celkilat RNA was eidnrtai by homogenipag in a gmmidinium thiocy~nste solution 

( GuSCN 4 M guanidine thiocymate, 17 mM N-lauroyl sarcosine, 0.007 % 2- 

mercaptoethanoi, and 25 m M  sodium Qtnne pH 7.0 ), aspirateci through a 18 gauge n d e  

in order to toMy break up the cells, laid over a 5 ml cesium cbloride cushion ( 5.7 M cesium 

chioride, 0.1 M EDTA pK 7.5 ) in Bedamn Quicicd centfige tubes, and then mntdùged 

at 35,000 rpm for 20 hours in a TilS rota as d e s a i i  by Qirswin et ai (Chirgwin, Przybyia 

1979). Afta centfigation, tâe RNA peliet was muspendcd in ddH20, precipitated with 

sodium acetate-ahanol( 0.2 M NaAc, pH 5.2.2.2 vol ethano1 ) at -70' C and once 



pelleteci, dried and redessiolved in d-O. RNA was quantitateci spectrophotomctticaüy at 

a wave length of 260 nm. Thirty pg o f t d  RNA per sample ( in a - 9 pl simple vohrme ) 

was denaamd by adding 20 pl formamide, 7 pI foddehyde, 4 pl 5 x gei mmhg kinar ( 

GRB : 0.2 M MOPS, M mM radium acetate pH 5.25 m M  EDTA pH 7.5 ), total dume 

was 40 A and incubateci at 65' C for 15 minutes* The daiahirrd RNA was electrophod 

on a 1 % agarose-2.2 M fominldehyàe deri9hiriag gel wnîaining ethiditun bromide ( 0.5 ~ y l  

/ml) in 1 xCiRBasoutüntdin~etal(MaalltiqFnich. 1982). andsetot20-ZSvolts 

overnight. The following monhg the gei was t t a n s f d  to a Nitn,Phrs 2 0  ( Micron 

Seperation Inc.) membrane in 20 x SSC ( 3 M NaCl, 0.3 M sodium citrate pH 7 ) solution 

overnight. The next rnoming the nitrocellulose membrane was put h a 80.C OVQL t01 two 

hours in order to immobiüze the RNA A f k  prrhybridization for 2 houni in H) % 

Fofmamide/SSPE ( 20 x SSPE: 3 M NaCi, O f  M NaHPO,, 0.025 M EDT4 pH 7.4 ) 

prehybrization solution ( 50 % formamide, 25 % 2Ox SSPE, 10 % Sûx Denbardt's, 3.5 mM 

SDS, S&eared Sahaon SpamDNA 10 mg/ml) the membIanewas hybtidized overai@ with 

labeled C'hW-WC1 probe prepared by Ni& Traaslation @?RLanger, and D.C.Ward. 

1981). Blots were washed b m  2 x SSC ( 1 x SSC: 0.0 15 M Sodium Citrate, 0.15 M NaCl, 

pH 7.0 ) at rwcn temperature fw 15 mbteq twioe, to a final stringency ofO.1 x SSC at 65% 

for 10-20 mimites., and exposed to Kodak X AR X-ray film at -7o.C. 

5. DNA ISOLATION AND SOUTHERN BLOT ANALYSIS 

MCF-7 ceUs were washed with phosphate buffered dine  ( PBS: 8.0 g NaCi, 0.2 g 

KCl , 1 .5gNat tpoIr0 .2g~ ,paütno f~Iu t ion ) ,~pedf ioma  1Scxncdlcultun 



piatesusiagadberpoliceman, tbenMsbed~withPBSbeîonbQaepeîletaldrtorad 

at -iO0C. ûcnomic DNA was isolatecl UPpg EU~-DNA= Kit ( Invitmgen ) h m  Îroleci di 

pellets. Fdy DNA war CCdiSSOhd in d-O. 

Southem anal@ wa, perfbrmcd on 0.8 % agarose gds following digestion of 

genomic DNA with PST1 festrictioa ~11donuc1ease U d y  10 bg of DNA wu digested 

overnight with 30 unïts of PST& tben bseparated by eiectropbresis on a 0.8 % agarose 

gel ( in 1 x TBE ) overnight a 2û-30 vohs. Southcm transfi of gmomic DNA wu as 

descrikd by Ahiath et al (Mi&& Fritch. 1982). B&tt traasfcf the gd was dmmmd in 

a 0.5 M NaOE 1.5 M NaCl solution for 30 minutes îwice with gentîe agitation md 

neutralued in 1 M =Ac-20 m M  NaOH for another 30 minutes twice HybriMon wu 

Camed out with the same p a r y l  as Norüw, but the --probe was the puriscd mPCl iarcrt 

insread of the whole pîasmid. 

6. C E I L  IABELING, ~ O P R E C I P L T A T I O N ,  AND ONE AND TWOI 

DIMENSIONAL S D P - P O L Y A ~ ~ E  GEL ELECIROPHORESIS 

A chosen c d  iine ans taken fiom N, iiqyid and cultured in a 10 cm culture dis& for 

2-3 days before labeüng. Atta washïng th- times in cysteiae-fkee DuIbacco's amWed 

Eagie's medium with 2 mMGGhitamine, PeniciUm 1 0  u / ml and 3.5 g / Mer glucose, the 

ceUs were labeled with 100 pCi / ml Lcysteint ( ICN, 800 Ci / mmd ) for 24 hours at 

37%, 5 % CO, mnibator. The medium wu coiiected and centrifiiged at 800 rpm, 5 minutes, 

room temperature to remove ceüuiar debris. Cells were washed three timJ with cold 

phosphate-buffered saline and removeâ nom the dish with a rubber poli- A f k  

centrfiged at 800 rpm, 5 minutes, room temperatufe cdl pellets were stored at -20%. 



Conditioned medium was dialyzed for 24 houn in a S m r  m d m e  tubhg ( nmiber 

3,15mmx5Ort,16~cutoE3MO, S p e c r n m i M ~ c a l ~ S t r i e s , L N C ) a n â i y o p ~ .  

LyophiliUcd conditioned rnediuxn wu dksolvcd in 50 tolûû pl PB containhg 1 ./. 

Triton X-100 and 1 % Trasyiol ( Aprotinin ) ( l0,ûûû KLUJ ml, Miles Pharmacaiticals ). 

Cd iysate was aspirateci thmugh a 21 gauge neexlie in 50-100 ~1 ofthe above roiution od 

centrifiiged at 35.000 rpm, 4 ' ~  for 2 minutes to set rid of cellular debris. In order to 

immunoprecipitate mPCl protein, 1 pl &bit anti-pCl ( C taminal ) ( pmvided by Dr. 

NabilG. Sei&& iaboratory of Biochciilal Nanoendoaiiidogy of Cliaicai Research Institute 

ofMonid) wm added to 50 fil ofeither dl lyJate and medium Normal nbba serum wu 

used as control. Afta inaibation at 4% ovemight, 10 pi of washed Pansorbia durry (hed 

S. aureas co&nbgProtein A, diom Caibiocbem) was sdd fmrmtrinprecipitates wete anrbtd 

successiVely with 1 ml IPB . 1 mi IPB plus 3M urea, and 1 ml IPB. Wuhcd 

i m u n x n ~ ~ p i t a t e s  wera soiubized in SDS PAGE samplc buffkr ( 25 mM phosphate bu&r, 

pH7.0, 2%SDS, 1 0 % ( v / v ) e i y c a o ~ 5 % 2 - ~ t n i c e o f b m m o p h c M , l b h i e  

) at 100% for 5 m b t e q  @ets were nmDvtd by ccntriniged at 35,000 rpm. 4%. 5 rninutcs. 

Samples were subjected to SDS-PAGE ( 3 % stacking gel ; 10 % resolving gd ), d gds 

were soaked in siaimag soiution 30 niin. (7 % d c  rid, 20 % methonai, 0.05 % oommasie 

blue ), by destaining for 30 minutes ( 7 % rcetic acid, 10 % mctbaaol), fluorognphy wrr 

done by soakhg the gel in DMSO 1.5 hours ( dirnethyl d o x i d e  ). 20 % PPû in DMSO 3.5 

hours, and 1 lits ddH200. The impregnated gel was dned under vacuum rad 

autoradiographed on pretlasbed Kodak X-Omat AR X-ny film 

To pedorm two- dimensional gei electrophoresis ûoth d lysate and lyop- 

medium were dissolved in 50-100 pl lysh b&cr ( 9.5 M urea, 2 % ( w l v ) NPm, 2 % 



Aniphob p H  3.5-IOy 5 % / r - m a c a p t ~ o ~  ). Isodecîric foauiag in the fh t  dmimpon 

was perfonned in the prrseace of urea 8-25 g, d e 0  6 ml, 30 % Acrylamidc 1 1.8 36 Bii 2 

mi, Ampholine(pH3.5-10)750~NP403ûûCcl. EMED 1 0 ~ 4  7Opiof 1OY.APSas 

d e s c r i i  by O' F d  ( O ' F d .  1975). ad samples wae loaded with e q d  rsdiaethity 

according to TCA precipitation. Fresh 2.5 hours degasseù 0.02 M NaOH wae m upper 

buffer, and the total voltage and time ( in houn ) were around 10,000 volt houn ( vub x 

hours ). Gels were soaked in SDS samplc bda ( 10 % w / v glyced, 5 % v / v p- 

mercaptoehami, 2.3 % w l v  SDS, d 0.0025 M Tris-HCl, (pH 6.8 ) and stored in - 20%. 

SDS-Poipqknide gel dectrophorrsis in the second dimension was d e d  out on 

a slab Mth 3 % stacking gel and 15 % resolving gel. The conditions were identical to those 

used fkom onedimensiod SDS-gel e1ectrophoresîs.The ùmminoprecipited protemi ara 

ais0 analymd by two- dimensionai polyaqdamide gel dectrophoresis aAa redissoivui in 20 

mM Tris-HC1( pH 7.4 ), 8 M m  5 % Trftor1X-100~1% 2-mercaptoethanol, 2 m M  EDTA 

insîead of in SDS-PAGE or lysis b U n k  



1. THE EXPRESSION OF M O U S  CONVERT" MPCl IN affMAN BREAST 

CANCER MCF-7 CElJlS 



mRNA (Fig.5 ). One prominent 2.5 kb RNA @CS wu sem m dcme 6, whm 30 pg of total 

RNA from each clone was hybndilPA with a 9-CMV-mPC1 p m k  on r northern blot. T b  

2.5 kb band is in agreement with the sire h m  the CMV-mPC1 apression vector 

detected in the transient transfkction d t s  and haï ken previoudy determineâ for mPCl 

(Fig 5 )(Seidab, Gaspar, Mion, MBrcinkiewiq MbilrPy, & Chretiea 1990). The endogemus 

humanPC1trrrucriphthtwildtypcMCF-lmdtherrmriniiig60418~doacswu 

not detected, 

Genoniic Southem hybMmi0n acperimeias were pati>med in order to d e t d e  

whaher the expression difference between clone 2 and 6 were due to the iatrict or the 

rearrangement of mPCl DNA in the chromosome. Genomic DNA was U o W  h m  dl 

estabiished clones and digesteci with the restriction mdonuclease PstI which can gbe a 

distinctpattembetweenmPC1 inscrtandCMVvector(Fig. 6).An.~pected2kbud400 

bp band, were present m done 6 (Fis 7 ). Houmer, a major unexpected 1.5 kb band as well 

as the expected 2.0 kb band which was present in ody a minor amout, were deteded in 

clone 2, the low expression clone. It appears that the 1.5 kb may represeat a truncaîed fwm 

ofthemsectconsûuctwhichwasuuableto~themPCl epasaipts, whiletheminor2.0 

kb band may help to explain the low level ofmPCl transcnpts. The Southetll blot suggests 

there are multiple copies of the tnincated form present. 

The morphoiogy of clone 6 cornpanxi to wüd type MCF-7 was different. Wüd type 

MCF-7 celis seemed more Iüce epithelium ce& and clone 6 seemed différent with lots of 

bmches out ofthe c e U  bodies( Fig 8 ). 



2. IMMUNOPRECIPITATION OF CEJUIULAR EXLaACITS AND CONDITtONm 

MEDIA 

InordatovaifythatthemPClmRNAwutranslatedrnd~iMeto producethe 

active protein producf imnuwpdpWon was M i e d  out on cloae 6, wbich nprrsra 

higher &Cl mRNA leveis cornparcd to clone 2. Clone 6 was labcfed with 3SS-Cyrteine 

and ceUW cxtmcts and conditioned media wae wilectd a f k  24 hours as d c m i i  in 

Merhods. Tnwnmaprrcipitntionwar patprmedwhgrabb'n anti-mPC1 mtkmm, anâ no& 

rabbit s e m  as an comL Staptryiococcai Protein A ( Pamotb,m ) descrkd by K d e r  

QeSSIer. 1975) was used as the a n t i i  adsorbent Inuniuia@pitates wac dilPMlved in 

SDESemple bufk and wae dectmphoresed on a diseootinuous gd with a 3 96 stadchg and 

a 15 % msolving pi. An- mPCl tmnd of appron'mntely 120 ldls wu observed both 

incione6 œlllysateandmcdiumwheaImiisaumwiu used (Fis9  ). Th* cocrdatedwiththe 

reported PCI protein Sue (Seidah, h&mbkiewi~ Benjarmet, et al. 1991). 

In order to d e t h  the degree ofglycosyiation of the mPCl expression in clone 6, 

two-dimensional electmphoresis gd wu pedonned on the immunoprecipitated protein. 

-1 proteins were resolved into four @es with p h  fiom 5.58 to 6.17; these ükely Uisc 

fkom dinerent degrees of glycosylatioa ( Fig.10 ). N o d y ,  the mature mPCl protein 

consists of 726 sniiao aédg with three glywsyttion sites (Seidah, Marcinkiewicz, 

et al. 1991)- 



3. TWCLDIMENSIONAL GEL COMPPARlclnN OF CLONE PROTEINS 

EXPRESSED IN mPCl-6 AND CONTROC CELt LYSATES 

Ona an mPCl stable aarisfècted Ma-? cdl line was Uoiated ( Aim 1 ), tbe -ad 

sep (ah 2) was to id@ potentg PCI m e t  proteias in himui bnist cancer cdîq tbis 

was the main a i -  ofmy project. Aithough there wae several ways to appmach the rbave 

go& 1 selectd tw-onal gd d c c b o p h o ~  fOr this rnaiysis. T ~ o d  

electrophoresis W the combiltlzttion of two higbreSoiution electrophoretic pmcabu, ( 

isodectric focushg and SDS-poiyaaylamide gei dectcophoresis ) to provide an cxtmndy 

powanil enalyhical tool fbr rthe cbaracterization of cornplex protein mixtures nOm whde cd 

1- (OTarrell. 1975). Since charge and molenJar weight are monitored ! hmhmdy ,  

dalterasi011~inp~csnbcdcbdedNootber~amre~0Ive~mtnyprOtanr 

in a single operation. Thedore, tw o-dimensioaal efcctrophortsis is one ofthe bcst ways to 

sramine protein changes between controi and e;.p&d samples. With very few 

exceptions, each spot on a t w ~ o n a l  gel contains only one protein, whereas a banci on 

a one-dimensional gel may contain more than one protein Single proteins cari, however, yield 

nailtiple spots on ~ o n a l g e l d u c  to variaôüity in giycosyltion as seen in my raaihs 

in Figure 10. In addition to dyt ica i  applications, twO-dimCL1Sional gel electraphottsis can 

provide a means of colifftmg small amounts of txtrcmely pure proteiu for amhm ocid 

sequene anaîysis ( H . o .  1989) or anti'body production (B.ScDuabar. 1987). 

Two-dimensionai gel analysis was used to compare cellular pmteins arprased in 

clone 6 and clone 7; this latter clone wu gmerated as a Neomycin-rcsistaat clone but dots 

not contain an integrated mPCl constnict ( Fig.5 ). In addition, clone 6 wu oompuad to 

clone-Neo, a neomycin-resistant MCF-7 generatcd three ycan igo by anothcr *te 



snident ( A& Ashique ) in this labaratocy- 

One arperiwnt cornparhg clone 6 anà clone-NCO ( Fig 1 1-12 ), and tlma rspprte 

ertpamients comphgdoae6anddar7 (Kg 13-18)waepdiodinordato i d e  

potentiel Mèrences ktweai the a<pnssed proteins in the p- or abseaœ of mPC1. 

~dlswerplabeldwith~yrtcmaudgaibtd;pf~teinsw~iiiitllllycoUected~ 1 2 h  

and 24 houn, and both c e U  Iysate and ceIl media proteins were i d e d  on twoldimensionaî 

gels. The main of my project was to id- any wasistant a d  repmducibie differc~lce~ 

i n p r o t a n p a t t a ~ s i n ~ ~ a p e r i m c a t ; I ~ ~ t h a s w ~ n ~ d i a c n n c c m p . o t Q a  

PatternSm modhemionat gd bemeen protein samples c o i i d  a 12 hours and 24 batrs; 

the data reporteci are tw only 24 hein hm tht foiiowhg espbmts .  In addition, thas wu 

no reproducible protein patterns differences in twodhensional gel betaneD cd mcdt as 

wmpared to cdl lysate; tkefbrc iU the resuhs shown arc O@ ccll lysitt. 

Four reproduciile differences in protein spots ( a, b, c, d ) were i d d e d  ( Figues 

i 1 to 18 ). The mol& weigbt and PI of each protein spot were as foUows: a, 17 ma, PI 

4.8; b, 12 kDa, pI 5.3; c, 20 kDa, pI 5.8; 4 12 kDa, pI 6.4. In the four independ- 

scperimentS ~~~nsistent d i f f m  between mPCl-6 traasfktant and .rdntr01 tells were scen 

as foliows: proteia c was consistdy d d  wMe protek a and b wac consisiemly 

elevated in expression. Protein d was elevated in the mPCl-6 traasfbctmî in two of the 

expaimeatseatS Changes ofthese four proteins in the four experiments are Pnalysed in Tabk 2. 



DISCUSSION 

In the present study 1 have stabiy traasfected a CMV-@Cl/ Neo constnact into 

MCF-7 human breast caucer tells. 1 have co&med that one clone, clone 6, a p d  mt 

ody mPCl mRNA but dm the authentic protein. Anouin G418 resistant cdl line, clone 7, 

has been obtaiaed which did not express PCI mRNA or protein. Thus, any S e f e a c e ~  

between these taro dosely teIaîed cdl lines are Wrely due to the consequence of PCl actioa 

In order to compare biologicai Merences between PCl transfected and untransfcc~od cdl 

lines proteins from ceU lysates, or conditioaed media were by twOdimCIlSional 

SDS-polyacrylamide gel af'ter clone 6 and clone 7 were lsbded with 3s~~ysteineeine Thae 



were four reproduciile protein spots b t  were digerent betweea these clones. Out prcsait 

hypothesis ofhow the f i  proteins ai@ bPvr kcn gawntrd is depicted in F g  19. This was 

based on the molenilar weights of adi of the protein spots rnd on whtba  the am- of 

the spots inaeased or decreased. These proteins appear to be targets of iuhirsl proprotein 

convertase PC1, a d  t h y  may dec t  a direct linkage bawcen proprotein coa*rtua md 

huma breast cancer. To àatc, th- are no reports to c h d a t e  the relatioasbip betwccn 

proprotein convertases and human b n u t  cancer. Ody when these pr~teuis an 

microsequenad cari we begin to understand the r d  biologÏd target of PCl in a human 

breast cancer ceii line. However, thexe are s e v d  possi'bIe PC1 target candidates we un 

thülk about. 

Two possible PC1 target proteins are EGF and TGF-0, two growth hormones tbaî 

are important in human breast cancer progression @ c b n  & Lippman. 1995; DuWi 

Laprise, Blanchette, Genîry, & Leduc. 1995). Sequace andysis of EGF has shom sevaril 

proprotein cornertase cfeavage sites; the molecular weight of EGF protb is 6 kDa, 

compared to the the molecuiar weights ofthe four pmtein spots ( 12 ma, 17 -20 kDa 

) which were identifiecl in this study. EGF thediore does not appear to be a PCI Urge& 

candidate in these celis. 

Experiments have confirmed that human nuin plays a major role in c o h g  the 

55kDa pro-TGF-P, to its biologic-ally activate tom @bois, Laph,  Bhchette, Gentry, & 

Leduc. 1995). The moleailar weigbt of biologidy activate form of TGF-P, ù 12.5 ma, 

simiiar to that of the protein spots b and d ( 12 kDa ) (Dubois, Laprise, Blanchett~ Gaiay, 

& Leduc. 1995). TGF-P, is therefan a possible PCI target in MCF-7 dl ha. Ta-& 



anti'body can be used to immunoprccipitate and dctm on a t w ~ e n s i o n a i  gd to tut this 

possiiilïty fimher. 

BRCAl, a human bmst  cancer supptGSSOr gme, which bar 35 potdal pmprotcin 

convertase cleavage sites, Y a possible PCI target. In a prrluninry cirpaima* in w 

iaboratory, we havc ken aùk to usc C-20 ( C-taminrl adibody of BRCAl ) successfuny to 

immunoprecipitate BRCAl as a 220 kDa protein âom 3sS-Cysieine labeled MDA-MB48 

c d  iysate d medium ( data not shown ). MDA-MB-468 is a hormone idependent hmrin 

breast cancer cdl Im; thu cefi line bas bœn fcported to express tbe highcst 1 4  of BRCAI 

among the many human breast cancer ceii lines tested Qensen, Thompson, Jetton, et ai. 

1996). In addition to the intact 220 kDa BRCAl band, one k g e r  band a d  sevenl d 

peptides wae aiso specinciaüy precipitated ôy C-20, suggesting that some of tbe d a  

peptides may be cleavage ptoducts of BRCAl ( daED wt shom ). In my arperinient 1 bave 

tried severai times to use C-20 to immunoprecipitate BRCAl in PC1 overexpressing MCF-7 

cdl1Ms;oolyammof22OkDaWwarobacMdThis~withaprcVio~~nporttht 

endogenous PCI in the MC'F-7 di fine was less as compareci to MDA-MB-468 ceil line 

@oit, Thompson, Szabo, et ai. 19%). The d t s  with clone 6 do not suggest that BRCAl 

is among the proteins identifiecl in this study. A BRCAl antiiibody cru, be used to detect on 

two-dimemionai gel to f ider  answer the above question. 

A recem report shows that stromtlysin-3, an enzyme wbidi belongs to the Mtm 

metalioproteinase M y ,  is expresscd in most invuive human cs~~cinomas, and mammary 

giand invoiution. One ofthe proprotein commtasq hr c o h e d  to play a mrjor 

role in converting pro-stromelysin-3 to its biologically activate fonn in the MCF-7 c e U  line 



(SanSavicq Nd, Angbq, et aL 1996). The m1ecuk WCight of biologicaily u t i w e  form 

of stromelysin-3 protein ir 47 ma, which is larger thaD the m o l e a k  wQght of the fku 

protein spots. Thus, s t r o m ~ 3  U Wtdy not a PCI target in these celis. 

In the t w ~ e n s i o n d  gei arpaiment~, thae r r ~  di rom p o t d  pitfhb. Fht, 

not ail proteins are sohible in urri, and those proteins mt sohible in um w d d  not bc 

detectd Second, many higher molecular wcigût protek were not weii resolved, and these 

proteins would bave caiipariscn TbM, the cab wa Iaùeled with "S-Cydeine 

for 24 ho- anâ this procedure may bnn niused pfoteias with low Cysteine composition. 

Methionine is another amino acid 1 codd have used for lrbding pmteins. 

Bycomparingprotcinspoaia twoldimensionai SDS-poiyaqdde gd betwccn clone 

6 and clone 7, and kcwsea done 6 and clone-Neo, four consistent and reproducible changes 

in protein spots were observed. Thus, ovefexpression ofPC1 in MCF-7 ceii üDe appears to 

have altered the host ceil protein patterns. One important aspect of the future work wül be 

to perform micro~e~uencing of these protein spots to estabiish the identity of these proteins 

and if these proteins are daîed as hypotbesized in Fi- 19. Atta d c r o s e ~ u ~ ~ @ ,  the 

known amiao m d  ~ e ~ u c n c a  caiM be used to d e  synthetic oügonucleotide probes fôr the 

eventuai clonhg of these mRNAs. 

due to integration ofthe CMV-mPC1 or to advation of host gcnes by the trandectcd mPC 1. 

An ovempression of a proprotein co- m y  change the miapemRrorncnt of the nuc1a~~ 

by either activating or inhibithg some &ors such as tnnsaiption mors, and this mry 

indirdy Poed the synthesis of the four protein spots. One way to addtess this question Y 



to CO-tnnrlecr clone 6 with an inhiidor of proprotein comrertases, such as a,-PDX ifthe 

proteias(a, b, c, andd)werePCl tqcts, thentbysbwldnotbeptOduccdinclone 6 

trsiasfeeted wah q-PDX (AngWcr, WiLstrom, Shaw, Bramer, & Fuller. 1993). In addition, 

1 could look at other transféctcd clones to natha w&m tk protein spots. 

aiter cdhk functions enaigh to proQa disCernable changes in di cuitwe study, but clone 

6 and clone 7 may be uscfiil wâen we study th growth in virro of traasféaed MCF-7 d i s  

heterotransplaated into nmininadeficient rdryniic mide mice. The growth in ottiyniic nude 

mice of MCF-7 cells with altered expcation of convcctua could k compareci to control 

d i s  s~ccording to the published proCCdures (Lamg C.A,Shiu, RPC. 1981). Tbare sbidies 

may lead to novel insights iuto the biologicai W o n  of proprotein CO- ia humaa 

breast cancer- 



Tabk 1 Propmtcin Rccumon Cieaved By FMM 
V i i  giycopmteiu and proteins 
H m  cytomegaiovinis glycopmteui B 
Measles v i ~ ~  glycoprotein Fa 
N e w d e  disease vinis glycoproteei F,, 
Ehunan immunod&ciency Wus giycoprotein 160 ( gp 160 ) 
Fowl piague(m8uauaA)vhs hemigghitunn 

O .  

Sindbis virus gpE, 
Mouse mammary tumor vinis-7 supersntign 
Humaa paraiduenza virus type 3 gScopmtein F, 
Torins 
ShigeIlir esenteria type 1 shiga t o h  subunit A 
Cmbacrerium d&pkbfoe diphthai. toxin 
Bacillis anthrcis piotective antigen ( PA ) 
Psetl&rntnam aertrghmz atotoxïn A 
Recepton 
Human inwilin pro-receptor 
Hepatocyte growth fàctor / scatter factor receptor ( HGF I SF ) 
Plasma proteins 
Human proalbumin 
Human complement pro-C3 
Human pro-von Wiiiebrand fktor 
Human pro-Wor DC 
Human vitamin Kdependent pro-bar X 
Honnoncr and growth factors 
Human pro-pdyroid related peptide 
Human pro-pmthyroid hormone 
Mouse pro-P-nerve growth nidor 
Human pro-transfodg growth &or typeP 
Human proendothelin-1 ( PET-1 ) 
Others 
Human pro-fûh 
Human stromelysin-3 



Table 2 

Exp. \ protein spots 

Exp. .1 
Clone 6 W. Clone-Ne0 

(F"ljgR 11 + 12) 
Exp. 2 

Clone 6 W. Clone 7 
(Fig. 13 + 14) 

Exp. 3 
Clone 6 W. Clone 7 
(Fia 15 + 16) 

Exp. -4 
Clone 6 vs. Clone 7 

(Fifi- 17 + 18) 

The four consistant and nproducib1e protein spots in four experimtats were d y s e d  
according to the changes of protQn expressions, and ? mtra, inntrse; 4 meam decrease; 
and t, means no change. 



Figure 1. Hiermhy of W h - r s p L t o t y  moIeeuia. (29) 
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Figure 3. A rummary of the structure of the s u  mammJiin proprotein convertases. 

[ 124) 
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Figure S. Nortbeir Mot mdysis of -1 mRNA upmsioa in MCF-7 dona TR 
(trriarieat t m a d i t s ) ,  SR (rtrMt t n d i n t s ) .  

Eight G418 mbtaa dones (hum markcd 1, 2, 3, 6, 7, 9, 13, and 14 ) SUNiVed the 

sclccîion procar wben thc linariztd CMV-mPC1 plumid wu ttarwfCcted into MCF-7 

cell Inn. 30 pg total RNA brom ach doae wu d c c f r o p h o d  on an agarose 

foddehyde gel, blotted onto a aitroallulo- rad lrybiiditrA with an 3 % C h N - ~ ~ 1  

probe. ûne band ot2.5 kb which wu much m m  pbminest in doae 6 thn clone 2. 





Figure 6. Map of PstI digdon rite in phrmid CMV-mPC1. 

PstI rcstridoa amymt digests twice in both mPCl EDNA mSat and CMV vector. Scal 

restriction mqmc wu used to linarite CMV-mPCI ktOn stable tratwfection. Upon 

integration into the host gamme, ud PSU digestion of genomic cDN& the 400 and 2000 

bp bands are expected to Iiybridize to %rnpCl inrat an the Soutbmi blot show in 

Figure7.Ifnorearr~1llgmcntshwocairal 



Scal Pst1 Pst1 Pst1 Pst1 



Figure 7. Sorthem bkt udy& of mPC1 DNA in dom 2 and dont 6. 

Southern uiisps wu perfbrmed with 10 OC PstI d i g d  genomic DNA fiont ali 

MCF-7 clona rad hybidbd with r %labded mPCl M A  probe As prcdictd h m  

the d c t i o n  eayme of CMV-mPC1, expected 2 kb and 400 bp band wac prrsait in 

clone 6.8 high exprusing clone. A @or 1.5 kb lad a minor 2 kb band wefe prrseat in 

clone 2, a low e c p m h g  clone. The 1.5 kb brnd rmy k due to a tmmaf tom of the 

iaSen rnPCI. The prrrenoe ofthe minor 2kô band rmy heip to a p b  the bw mRNA 

a c p d o n  l d  of meCl in cione 2. 





Figure 8. MorphoI.Ocri dWcfci~ccr between dow 6 ( A ) and wiid type MCF-7 (B) 

Ceh wae ptatcd with 1 x 10' per 10 ml duh and mwn for thrre days More the pictures 

wcre uLca Wdd type MCF-7 b more Iüct epithelium cellr and clone 6 shows more 

branches out ofthe cd bodies. 





Figure 9. ïmmwprecipitrtioi of cdl iylite and caoditiooed medium of dont 6. 

Clone 6 was labeied with 3s~-Cysteine a d  ûoth ceU iysate and conditioncd medium were 

coiiectcd rfta 24 hours. lmmuno~pitation wu pdormed usine tabbœrt anti-PC1 

u i t i ~ d m d R b b i t s a u m u w m d . A a a r p a d c d m P C l b r n d o f i p ~ ~  

120 kDa was obsemd both in cd iysate and medium. precipitated with anti PC-1. 

cn(cdliysitewithmnnal~rtsaum) 

nm(fnediUmwithn0dnWasa~i) 

ca(cdllygteWithfabbit8nti-Pclrntisaum) 

~(mcdium~ithnbbad-ml-) 





Figure 10. IamonoptCCipitattâ protein of doae 6 on two dimensiouai 
dectrophomu @. 

Anti-PC1 immuaoprecipitated pmteins bai clone 6 were tcs01vcd into four species with 

p h  bctwea~ 558 and 6.17. 



clone 6 - antiserum 

clone 6 - normal serum 
0 



F i y n  Il. Cornparhan of c d  iysatt proteins patterns in 2 D gei betweeo clone 6 and 
cloneNeo. 



clone 6 

pH 3 ------m pH 7 

clone ne0 



Figure 12. Cornpubon o f  forr c d  m t e  protcbr patterns in 2D gd betweea clone 6 
rad don+Neo. 

Clone 6 wu comprrrd with clone Nm, u a wntroi, and obxmd dinerctlces wem as 

foilow p r o t h :  a ad b inaeucd; c, demas& d not changeci. 



clone 6 

clone neo 



Figure 13. Compuiroi of c d  W t e  proteia p a m s  h 2D gd bctweea donc 6 and 
dooe7, the f i  apcrimtnk 



clone 6 

clone 7 



Figure 14. C o m p a ~ n  of four di m t e  proteh patterns in 2D gd betwen clone 6 
and dooe7, the fint amment, 

Clone 6 wu cornpucd with donc 7, as a control, rad obsavcd diffiences in clone 6 

were as foîlow pmtcins: a, b, d d maeucd; c, d d .  



clone 6 
. . . 



Figure 15. Compuiron of c d  lymte protein pattern in 2D gd bctwccn doae 6 and 
donef, the recoad aperimeat 



clone 6 

clone 7 



Figure 16. Compuiron of four dl mte protein patterns in 2D gd betwca dont 6 
and cionel, tLe ucood apa&ent. 

Clone 6 was cornpucd with clone 7, u a conmi, a d  obscmd digermces wem as Wow 

pmteias: a, b, and d maarcd; c, d d .  





Figure 17. Cornpubon of  cd l  pmtein pattern in 2D gd bttwccr dont 6 and 
dooe7, the third aperiment 



clone 7 



Figure 18. Cornputon of lotir c d  iysate protein patterns in 2D gel betwccn donc 6 
rad donel, the third aperiment. 

Clone 6 wu c o m p d  with clone 7, u a comr~i, and o b d  difkenccs wen as fouow 

proteias: a and b daaewd;  c, in- d, not changed. 



* m 
clone 6 -1) , c . rl)l ,- 

b e 



Clone 6 was CMV-mPC1 stable transfhcd MCF-7 cd be, clone 7 wu mock stable 

transfectcdMCT-Iedlliae.adraMd~a~contro1~~iafour~~c 

arpaiments, a, b, c, ami d fPur tcptOdIlCi'b1e protein spots on t w ~ e n s i o d  g d s  in 

clone 6 wcm obsaved. Protein a and b may be the produc& of PC1 targct protein c, and 

protein d may be the p d u c t  of PC1 targct protein a 



clone 7 
7 

clone 6 
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