CHAPTER 1

INTRODUCTION

SPARC

SPARC structure and expression

SPARC (secreted protein acidic and rich in cysteine) is a 43 kDa glycoprotein

that is secreted by many different ty Wls. The various names given to the
protein have reflected the @1], tissue source in basement
-‘
emica 1

membrane (BM-40) [2], | c ics, such as affinity for bone

matrices (osteonectin) major non-collagenous

component of bovine b patite and collagen I [3].
Human SPARC consist§ of i “whi , Ul ent classification [4], is

divided into 3 domains; 1 C, 2 nino-termina & n, the follistatin-like (FS)

o

lomain. As such, SPARC is a

member of the FS-EC family of P . 3

2) is highly agidic and binds several
h

[ 'nsmhe major immunological

(1). N-terminal '
calcium ions with 10‘»@\ Tty

epitopes of SPARC. It alsorexhibits the most divergent sequence among the family of

SPARC-like pr@lnuﬂéaen\ﬂmimtg;lﬂﬁe not been found to

~ AR In 8
(iih‘ﬂistatm-likeﬁﬁomwnﬁr{mdues 53-137) contains 10 cysteins and is

homologous to a repeated domain in follistatin, an inhibitor of the TGF-B-like

cytokines activin and inhibin, and agrin, which induces aggregation of nicotinic

acetylcholine receptors [6].



(iii). Extracellular calcium binding (EC) domain (residues 138-286). This
domain contains two EF-hand motifs, which consists of an a-helix-loop-a-helix
conformation, each with a high affinity calcium binding site.

Before this classification, Engel ef al [7] proposed that the protein contained 4
distinct domains. Evidence was later provided for a close interaction between domain
III and 1V, and indicated that these 2 domains are not independent but represent one
domain, for which Maurer et al. - y e EC domain [4]. More recently,

Busch et al. [8] have shownﬁmble‘jnte i tween the FS and EC domains
— . e —

with respect to calciumW T

SPARC occurs as : b BB ‘human genome. There are 2
species of SPARC mRN 2.3 and 3.0 kb. The larger
species of message is co ib bly arises from alternative
poly A+ attachment site fonr _F  the major SPARC mRNA
encodes a 32 kDa protein, the s‘@ ates at 43 kDa on SDS-PAGE, in

EAES T T

The SPARC rate species, suggesting

lman and bovine SPARC

exhibit 99% ldﬂ urﬁajnfﬂo ﬁﬁeﬂﬁ W%Jﬁ]lﬂﬁbetween human and

mouse SPARC [ 10]. The major dlxergence was g)sewed in the @uno terminus of

e ol AT e il bl el b 2, ca

peptide 1.1. However, while considerable divergence exists in this region, the

I — \
that the protein has important physwloglcal role. ]&

character of the amino acids does not change substantially with the substituted amino
acids being primarily acidic in nature [9]. Purification of SPARC from fetal porcine

bone has also been reported [11]. Unlike bovine bone SPARC, porcine SPARC is



reported to have no affinity for either native or denatured collagen, nor does it
selectively bind hydroxyapatite.

Platelets treated with varying concentrations of collagen and thrombin release
SPARC in a concentration-dependent manner [12, 13]. Using automated Edman
degradation, the amino terminal sequence of platelet SPARC is shown to be identical

to the sequence of human bone SPARC. However, some structural differences were

found between bone and platelet SPAR V// al antibodies have been produced
that distinguish bone and platelet SPA SPARC has a greater apparent
molecular weight than bo ‘ _ . n " S-polyacrylamide gel due
to the presence of N-gly inding capacity of platelet
SPARC to collagen type , F 3 15] showed that bone and
l ctures, with bone SPARC
possessing a high mannos d,plael ¢ S omplex-type structure. They

are also different in sensitivi _ olycosidases. Bone SPARC was susceptible
= |-:)',.'l‘ ..-"f'l .f E
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to cleavage by endo l-’l:fut not

l?:SPARC was susceptible

to neuraminidase but to endo H. Als d specifically to bone

Boc y
SPARC but not platelergPARC, while Lens culinaris agéi tinin bound to platelet but

¢ o Y
not bone SPARﬂ lﬂﬂ'ﬂef,}dﬁ W?WW collagen type I, III

and V, whereas yatelet SPARC had.no apparent gﬁnity for theae,collagen types,

suagesind bkl o e b idnd ik 11

SPARC expression in normal tissues

Since SPARC was firstly purified from bone, its biological significance was
initially linked to the regulation of bone mineralization. High levels of SPARC

mRNA and protein are associated with developing bones and teeth, principally



osteoblasts, odontoblasts and perichondrial fibroblasts of murine, bovine and human
embryos [17]. Later studies showed that SPARC is also present in many non-
mineralized tissues and platelets. It is found in gut, bone marrow, tendon, lens, skin,
liver, cornea, pulp, and also in vascular smooth muscle and endothelial cells [18-20].
SPARC levels can be regulated by several growth factors and the response

varies in different cell types. SPARC mRNA levels are increased by PDGF or bFGF

k | ance both mRNA and protein

levels in fibroblasts by a n é'mechanism [22]. Basic FGF
decreased SPARC SYHV i N’fy of SPARC mRNA in

osteoblasts [23]. In hum _ GF own to increase SPARC

in cultured mesangial cells [21 .

T
L s i ey
repair or remodelling due to wodm,Eﬁea 1sease, or natural processes. Normal

transiently expressed by 1nterst1t1al ﬁbroblasts at sites of tubulointerstitial injury and

s, w4 o8 FHY L 0 o s

Immunohlstochemlstry showed enhahcement of .SPARC in synovial cells of
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SPARC expression in neoplasia

Cancer formation and metastasis is a process that involves tissue remodeling,

and upregulation of SPARC was also found in many types of cancer including



melanoma [28], hepatocellular carcinoma [29], esophageal carcinoma [30], prostate
cancer [31] and breast cancer [32, 33].

- Invitro, SPARC is expressed in many cancer cell lines including glioblastoma
[34], melanoma [35], ostosarcoma [5], HT1080 fibrosarcoma [5] and prostate cancer
cell lines [31]. Among breast cancer cell lines, SPARC is not expressed by better-
differentiated lines like T47D and MCF-7, but expressed in cell lines that have
acquired mesenchymal features s / A-MB-435 and Hs578T [36]. In

the course of our studies, wé'fabat tty 1n¢éDA MB-231 breast cancer cell

. Expression of SPARC is

line also expresses low

usually increased when placed in culture. This

phenomenon, referred t larly evident in cultured

fibroblasts and endotheli alogous to the enhanced

synthesis of certain protei s:upon ti '
also diminishes after neoplastic tfd,ﬁs‘ﬁfnétr’e%
LTMIA T
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SPARC-related protei

ption. Expression of SPARC

|
lilt exhibit a similar basic

¢ o / ,
structure. Theseﬁoﬁﬁf?%%ﬁcwiﬁmg an overall acid plI,

a follistatin-like “glon that is cysteine-rich, and a high affinit alc1um-b1nd1ng

eon el b 8 fahis %%ﬂ&l%&lﬂ@&l (0 s FS-EC

proteins mcludes the rat brain protein SC1 [39] and its human homologue hevin [40],

h
SPARC is a maxber of a family of proteins

the quail retina protein QR1 [41], the TGF-B-induced protein TSC-36/glioma-secreted
follistatin-related protein (FRP) [42, 43] and the human testicular proteoglycan
testican [44]. This group of proteins contains a follistatin-like module followed by the

EC domain. However, the N-terminal domain I of each protein exhibits considerably



less homology, although all are acidic. With regards to functional similarities, hevin
has been shown to inhibit the attachment and spreading of human endothelial cells
[45] and is lost with malignancy in the prostate [46]. Both QR1 and TSC-36 are

associated with cell cycle inhibition [42, 47].

SPARC and calcium

The EF-hand is a highl

/yf -binding motif found in a large

number of intracellular prote‘lﬁtlii in al oponin C, and calcineurin. It

is responsible for medlatmg caler target p otems of a variety of functions.

The discovery of EF-h : lular lti-domain proteins such as

are 2 calcium-binding sites of _ inity in SPARC [8, 48]. The low
LTINS =3
affinity site (Kd>10 113‘1) belongs to the N-ter agl:-l and the high affinity

of SPARC suﬂauﬁg%h Qﬁdﬂ Wg%-’%ﬁﬂﬁcalcium binding is

important for sta%{llzatlon folding and secretion during biosynthesis. Depletion of
calcium mrm qa&nfﬁ myam;-] g MI'EJW ﬁp ies o

4 the protein dramatically. It causes a change in o-helicity, intrinsic
fluorescence and rate of cleavage by a-chymotrypsin [48]. Binding of SPARC to
collagen type III was only observed above 10 mM calcium [49], while calcium
requirement for collagen type IV binding was found to be 0.02 mM or less [50].

Calcium concentrations in the range of 3 mM are considered to be characteristic for



the extracellular space [51]. Pottgiesser et al [52] studied mutant human SPARC with
deletions including the N-terminal acidic domain, a central a-helical domain and the
C-terminal EF hand domain. The results showed that only elimination of the whole
EF hand domain or its single disulfide bond decreased production and secretion,
indicating that the C-terminal region is essential for correct folding. Also, deletions in

the o-helical domain caused a dramatic_reduction in calcium binding and abolished

calcium-dependent binding of S

SPARC and the ECM

SPARC, along T € : cromolecules such as
pontin, are classified as
M but are not part of the

, they seem to share similar

antiadhesive effects, which lead;‘l'fi—:c‘ell g and finally disrupts cell-matrix
.-""...-"'-"-"f" ;"r. T :
interactions. Mauicelll‘ij}r proteins are ifferent itional ECM proteins such

~proteins and contribute to.the structural stab111ty of the ECM [38, 53].

SPARC ﬂnunﬁj ’g ﬂlﬁxj ?ﬂ ﬁ}r%ﬂa’q\ﬂ ‘%}ponems including

thrombospondin 1 vitronectin, entactin/ nidogen, fibsillar collagen (gypes I, 11, III and
V) and ’%lljgﬂ)@ ﬁ’r]hj[ﬂilu ulla]elr] iﬂbﬂaﬁnﬂbrme [54].
Therefore, SPARC has the potential to contribute to the organization of matrix in
interstitial connective tissue as well as basement membrane. Binding of SPARC to
collagen depends on moderate calcium concentration [48].

Some studies have shown specific interactions between SPARC and collagen.

Mov-13 mice, which are deficient in collagen type I, do not retain SPARC in the



extracellular matrix, even though they are able to transcribe and translate SPARC
mRNA in vitro [55]. Furthermore Sasaki et al. [56] showed that SPARC could be
cleaved by a number of matrix metalloproteinases (MMPs) including collagenase 3,
gelatinases A and B, matrilysin, stromelysin I, and that this was accompanied by an
increase in collagen-binding affinity.

Exogenous SPARC moderately inhibited collagen type I synthesis in the

MG63 osteosarcoma cell line, a creased fibronectin and laminin

. | /
synthesis in HT1080 fibros G6$ osé’a and T-24 bladder carcinoma

E— W e—

cell lines [5]. In contras(

-

at SPARC-null mesangial cells

displayed diminished exp gén tyy e 1-andiFGF-B1 mRNA and protein.
Addition of rSPARC re at SPARC regulates the
expression of collagen ty ial cells [57]

SPARC modifies M, probably in part through
the induction of proteases an | It increases the expression of
collagenase (MMP-l?’,:?tromel*};‘i'n' IV ?:e B (MMP-9) in rabbit
synovial fibroblasts. icated that a region in the

|
neutral a-helical domain III was involved in the regu‘pation of collagenase [58].

o v
SPARC and syﬂeu S}G} Wﬂeﬂgﬁg%ﬂ{]jﬂal [1I, stimulated the
production of gglatinase B (MMP-9), interstitial collagenase.s (MMP-1) and
prostagl%iﬁy;lna Q’QS‘;ZW I&ngjn’(}yﬂ] Eil]r]Aaltal\ of purified
SPARC, or an N-terminal synthetic peptide, to bovine aortic endothelial cells
undergoing angiogenesis in vitro results in a decrease in the synthesis of fibronectin
and thrombospondin-1, and an increase in the synthesis of type-1 plasminogen

activator inhibitor [60].



Biological functions of SPARC

SPARC is an abundant glycoprotein and has been suggested to participate in
the modulation of cell-matrix interactions, bone mineralization, wound repair and
angiogenesis [6]. SPARC has a role in branching morphogenesis of developmental
fetal rat lung [61]. Its mRNA and protein are abundant in epithelial cells of the
developing airways in early gestation lung, and in the blood vessels associated with

these structures at later stages&%w&)ﬁeatmem of the explants with

synthetic SPARC peptide ﬁll‘l:&‘.a an&SP:ﬁnoclonal antibody markedly
| — -

attenuated airway branc role of SPARC in this process.

SPARC is also involve 'he expression of SPARC

mRNA was markedly up e treatment with an anti-
SPARC antibody almoét tiation of myoblasts [61]

In nematodes, dev ced by over- expression or
suppression of SPARC [62 f SPARC RNA, protein, peptides, or
antibodies interferes ’ﬂlth X ?t [64, 65]. In contrast
deletion of the SPAR 1€ in mice resu ild phenotype. SPARC-

I ' |
deficient mice appearjnormal and fertile but deveﬂ; severe eye pathology

characterized bﬁaﬂﬁ(ﬁ%ﬁmﬁlﬂ ﬁ ETﬁﬁﬂe [66]. A study by

electrommcrosco%& and 1mmunoh1stgchemlstry showed modlﬁca n of the basal
st o4 R el o bbb 1l A% m@ﬂn (capsle)
interface [67]. Additional potential defects, such as decreased bone formation leading
to profound osteopenia, are under investigation [68]. It is suspected that homologous
proteins, such as SCI, QRI, testican-1 or testican-2 (see above section) may
compensate for several SPARC functions during embryonic development of SPARC-

deficient mice.
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Although SPARC expression is high in bone, it is known to be a potent
inhibitor of hydroxyapatite formation and may play a role in preventing excessive
mineralization in bone [69]. The ability of SPARC to initiate the precipitation of
calcium and phosphate from stable solution in the presence of collagen, along with the
ability of SPARC to interact with hydroxyapatite, collagen and calcium, suggest an
important role in bone formation and the regulation of bone growth [3, 69]. In adults,
SPARC is highly expressed in @\ a role in maintenance of ocular
4 _._ﬂ'

f ‘\ﬁ'esenchymal cells are anti-

physiological functions [38]

In vitro, the 2.
adhesion and anti-proli

thrombospondin (TSP), i ' i operties that lead to cell

muscle cells, fibroblasts éndothelial cells. also maintained the round

= ,,x..ﬂ.a'

morphology of newly’ilated (tryﬁsl’ﬁ!iedf :

study with SPARC pepiides showed that the N-terminal, and peptide

d their spreading [49]. A

-

A ‘ : m
4.2 from the C-termina;,] can each inhibit endothelial ceil and fibroblast spreading

[71]. This ﬁndiﬂ tﬂ é%aﬂﬁﬁ]ﬂﬁﬁfﬂx to its anti-spreading

activity suggestsq!hat multiple reglolks of the proteln act in conc% to regulate the
mteractla w q a.h\axn ;muu %rﬂ @mg%i r]la %]SPARC null
mice exhlblted a flat morphology and an altered actin cytoskeleton. SPARC-null
fibroblasts did not display any overt differences in cell morphology, but they

responded to exogenous SPARC by rounding up in a manner similar to wild-type

fibroblasts.
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The effects of SPARC on cell proliferation are cell type-specific. SPARC does
not effect proliferation of melanoma [35], fibrosarcoma [72] or prostate cancer cell
lines [73], but inhibits the growth of fibroblasts, endothelial cells [74], mesangial cells
[21] and ovarian cancer cell lines [75]. In the course of our studies, we also found it to
inhibit human breast cancer cell proliferation. SPARC-null mesangial cells,

fibroblasts and aortic smooth muscle cells were shown to proliferate faster than their

respective wild-type counterparts [@" ///

SPARC can also associate witl ce&améactors and modify their effect
on cells. It can bind to v. 2 \ac(’?r (VEGF), inhibits VEGF-

stimulated proliferation culi thelial cells [77], and
counteracts the proliferati asiC_ ) factor on smooth muscle
| PDGF-induced mesangial
cell DNA synthesis in vitr 'SPA ‘ ; )JGF-AB, PDGF-BB, but not

PDGF-AA, and inhibits their m"dgg-_ sell surfdce receptors on human fibroblasts

_,....-l ,.»"-“,.JJ L34

[78]. Hasselaar and Sa}i showed'ﬂmf’exoé ‘ c;:ld inhibit the migration

of BAE cells induced by GF. ithout b of endothelial cells was

« .
unaffected by SPARC. A"molecular interaction between SPARC and bFGF was not

detected, and swﬁﬁ 1%%%1%{%%@ ﬂnﬁ}F to high affinity

receptors on endoﬂellal cells [79]. SPARC also m ulated the mltagemc activity of
VEGE o B b dridbebd wnmma adrect binding
interaction and reduced the association of VEGF with its cell-surface receptor [77].
An effect of SPARC on cell cycle has been reported. Exogenous SPARC or
synthetic peptide 2.1 repressed DNA synthesis and delayed the entry of bovine aortic
endothelial (BAE) cells into S-phase [74]. Similar effects of SPARC and peptide 2.1

on DNA synthesis were also shown for human umbilical vein endothelial (HUVEC)
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cells, for a transformed fetal BAE cell line, and for bovine capillary endothelial cells
[80]. Interestingly, human foreskin fibroblasts and fetal bovine ligament fibroblasts
exhibited a biphasic response to peptide 2.1. Whereas lower concentrations of peptide
2.1 increased [3H]-thymidine incorporation, inhibition was observed at concentrations

in excess of 0.4 mM [80].

SPARC and cancer g\')\\;: a‘ , ,///
Evidences show 1 as1

ant tumours, with either

es on of SPARC. SPARC is

where it may promote diffuse tur&%él{ﬂ%m o0 adjacent brain and may serve
- l-',..-*".-i AT,
as a cellular marker ﬁ the invasive _“.[ . In primary colorectal

cancers and their I metastases, Sl atrix metalloproteinase
1 éﬂ
stromelysin were fomfg to be overexpressed, and wer€ localized in fibroblasts

S rEniN;
adjacent to theﬁ% {%iﬁ ) Wﬁl 6?] ﬂAﬁC was also seen in

esophageal carcx&genesm [30]. Imm*mohlstochemlcal staining of ilyman mammary
amours a8 ol | AR VAL cuinoms
compared to benign lesions and adjacent normal breast tissue [33]. The SPARC gene
was found to be expressed in all invasive breast carcinomas, metastatic lymph nodes
and mouse mammary tumors. Its transcripts were specifically detected in fibroblast
cells in the stroma surrounding cancer cell islands [32]. In breast tumor biopsies, an

inverse correlation was seen between SPARC mRNA expression and estrogen
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receptor levels, but not with SPARC protein [83]. Thomas et al. showed low to
moderate levels of SPARC mRNA and protein in glandular epithelial cells of normal
tissue as well as a few primary prostate cancers. However, high level of expression
was seen in most of the prostate cancer metastatic foci, both osseous and nonosseous
[31].
In vitro, SPARC effects on several cancer cell lines tend to associate with
increase aggressiveness. SPARC -%\ induce activation of MMP-2, an
Al :&n and progression, in invasive
\?17

3]. U87 glioblastoma cells

transfected with SPAR ine-indu ene expression (Tet-Off)
84]. In a melanoma cell line,

A significantly decreased in

vitro adhesive and invasiv paoities, mpletely abolished in vivo

SPARC can a ,_ect cell migratio al[73] showed that SPARC
oy i
could induce prostate ;]ncer and breast cancer cell line migration and invasion

through couageﬂﬂﬁﬁ%ﬁ%%fwﬂﬂ ﬁﬂ’wely. Also, SPARC

mcrease the mxgﬂtlon of human regal carcinoma cells through &gllagen type IV
coned frifnc 0] S dake bt PRI Bl oo
activity when noncoated filters were used. These results suggest an important
interaction between SPARC and collagen type IV for cell migration.

However, a positive role of SPARC for the host has also been reported in
some tumour types. Transfection of SPARC into an ovarian carcinoma cell line

reduced the growth rate in culture and reduced the cells ability to form tumours in
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nude mice [75]. We also found that the induction of SPARC in MDA-MB-231 human
breast cancer cells reduced their proliferation (chapter 3). In vitro transformation of
primary cultures of chick embryo fibroblasts by the oncoprotein, vSrc or vJun is
correlated with a downregulation of SPARC expression. This low level of SPARC
facilitates in vivo tumourigenesis. It has been proposed that SPARC downregulation

and upregulation might contribute to distinct stages in carcinogenesis [87].

MMPs _— =
MMPs family, structures a‘.!r—'_,

Matrix metallopr comprise a family of
endopeptidases that are a and basement membrane
under physiological coﬁdl ¢ are at least 26 members of this
enzyme groups in vertebrat

MMPs have been milies based on their substrate
specificity and domax:;i homofsﬂg"):({"lﬁé? £ _ r c s?:gelatinase, stromelysin,

membrane type (MT ' comprising interstitial

neutrophil ﬂollagenase (MMP-8 or

collagenase?), oﬁaﬁaﬁ ﬁhﬂ@ﬁw %lja@:ﬂej’ (MMP-18) are the

major enzymes f&l degradation of ﬁl:glllar collagen the major typalbemg I, 11, III.

heselablodl bbb T Bt YA Y TR,

denatured collagens (gelatin) as well as type IV collagen, which is the major structural

I '
collagenase (MMP-1 “or collagenasel),

component of the basement membrane, and hence their historical name, type IV
collagenases. The stromelysins, made up of stomelysin-1 (MMP-3), stromelysin-2
(MMP-10), matrilysin (MMP-7) and matrilysin-2 (MMP-26) have the widest range of

substrate specificities, which include proteoglycans, gelatin, laminin, fibronectin,
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Minimal domain MMPs
(MMP7/matrilysin, MMP26/endometase)

?H
|Pre|Pro ICatalytic Zn]

Hemopexin/vitronectin domain MMPs

a) Simple

MMP1/collagenase-1, MMP8/collagenase-2, MMP 13/collagenase-3,
MMP18/collagenase-4, MMP3/stromelysin-1, MMP10/stromelysin-2,
MMP12/metalloelastase, MMP19/RAS-1, MMP20/enamelysin, MMP22/CMMP

SH

1
]Pre lPro | Catalytic  Zn

b) Gelatin-binding
(MMP2/Gelatinase A, MMP9/Gelatis

?H
[Pre[Pro | Catalytic (]I

¢) Furin-activated
(MMP11/Stromelysin-3,

?H
|Pre|Pro gCatalytic Zn

d) Membrane-anchored-furin-activated ;
(MMP14/MT1-MMP, MMP15/MT2-2 P16/} P17/ MT4-MMP,
MMP24/MT5-MMP, S/

SH

1 v
IPre Pro %}4 Catalytic 1\ . K ( fﬂ

N

o VBN

C/P-rich IL-1R-like

]

MIINYIRE

Figure 1.1: MMPs family and structure (adapted from Sternlicht & Bergers

[881)
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elastin and a variety of collagens. The membrane type MMPs are a subgroup of
MMPs that are not secreted, but instead stay on the surface of certain cells. Up to
present there are 6 members of this supgroup. They are MT1-MMP (MMP-14) [90],
MT2-MMP (MMP-15) [91], MT3-MMP (MMP-16) [92], MT4-MMP (MMP-17)
[93], MT5-MMP (MMP-24) [94] and MT6-MMP (MMP-25) [89]. Other members of

the MMP family for which substrate specificity has been examined include

macrophage metalloelastase (Ml\%\ yy age enzyme that degrades elastin

[95], stromelysin-3 (MMP- h&s re&eak catalytic activity against

matrix substrates but dew

Their structures, ia'ge

can be found in almost rc.pre-domair Womain, catalytic domain,
hinge region and hemo
terminal signal sequence e endoplasmic reticulum. The

e -..1.
pro-domain has a highly consery C otif, containing a cysteine residue,
e .#,:‘4

which is critical for mmtalmng enz'}mJ latw ic domain has the zinc

binding sites and reg

ecting the catalytic and

I

hemopexin-like domain” 1s a prohne rich hlnge region, the actual function of which has

not been fully ﬁfum W% i WMﬂ 1§ the hemopexin-like

domain, except in MMP 7 and MMP#28. The hemepexin domain has been shown to
play a & ﬁ];-l] 1@:\1 E]bﬁ mm;ﬂ:lg fmg&l’lﬁ. Eﬁlnere it rather
shows mteractlon with the tissue inhibitor of matrix metalloproteinases (TIMPs), a
family of specific MMP inhibitors [97]. This hemopexin-like domain in MMP-2 is
also required for cell surface activation by MT-MMPs [98, 99]. The exceptions are for
the matrilysins (MMP-7, MMP-26) which lack both the hinge region and hemopexin-

like domain, MT-MMPs which contain a transmembrane domain and short
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cytoplasmic tail, gelatinases which contain 3 fibronectin-like repeats in a gelatin-
binding domain, and stromelysin 3 and MT-MMP which have a 10 amino acid, furin-
cleavable insert between the pro and catalytic domains.

With the exception of the MT-MMPs and stromelysin 3, MMPs are secreted
as proenzymes and require the proteolytic removal of the propeptide for their
activation. Thus, the net activity of MMP can be regulated at 3 major levels [100,

101]. The first is gene transcrip‘@!‘ux&MMPs is regulated principally at

this level, with the exceg‘m‘:;H ne@ophﬁ!genase (MMP-8), which is

; _h\;;?-'%ranules. MMPs expression

- promotors, growth factors

additionally controlled at the
can be modulated by a n
and oncogene products. ; D 2 i eukin-1 (IL-1), epidermal
growth factor (EGF), plate ﬁ h factor (PDGF), transforming growth
factor alpha (TGF-a) fieCic . ha (TNF-a), and can be

downregulated by transforming g'fmﬁ—f 'v

= |-'I_..l"...‘*,-'fl " .f-"r __I'-I""

steroid hormones, incliiding glucocomcoxds s and retinoids

growth factors, compo

0, 101]. In addition to

een shown to modulate

synthesis of MMP. The RGD peptide sequence in fibronectin can stimulate

s i LB BHYLS P AT oo e 1

and 9 productlon in human peripherdl blood monecytes [59], MMP 1, 3 and 9 in

e AT N

The second mode of regulation is proenzyme activation. Latency of proMMPs
is maintained by the interaction of an unpaired cysteine in the propeptide domain with
a zinc atom in the catalytic domain. The mechanism of MMP-activation, referred to as
the "cystein switch" [103], is to interrupt this bond which will initiate a cascade of

events that alters the conformation of the protein, allowing the protein to unfold and
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exposing the active site to its ligand. In vitro, latent MMPs can be artificially activated
by a number of agents including organic mercurials like the 4-aminophenylmercuric
acetate (APMA), detergent, oxidants, and cleavage by trypsin and other proteinases.
All of these agents destabilize the cysteine-zinc non-covalent bonding. In vivo,
proteolytic cleavage of the pro-domain represents the most likely physiological

activation mechanism. These proteinases include serine proteinases and also

activation cascade by MMP famil W MT-MMP and stromelysin have
been found [100]. ‘& é
M i MMPS by specific inhibitors

referred as tissue inhibit

The last level of

TIMPs have been isolate
bound TIMP-3, are foun
types. In contrast, TIMP-4 100110 NOT 1 seems to be restricted to the

heart. TIMP synthesis is re level by a variety of cytokines

g TS

and growth factors §§h as TGF-E'&i‘ld" a 1:1 stoichiometric

otease inhibition. In addition,
TIMP-1 and 2 are also able to bind pro-MMP-9 and pro-MMP-2 respectively [105],

— casﬁfuhéﬁqq@m%wﬂnq £)fGon So the balanc

between TIMPs and MMPs precisely regulates the, pattern of ECM; degradation or

wemitled| | NNTIIELAWTIVIE TR E

Roles of MMPs

MMPs are key enzymes involved in the remodelling of extracellular matrix.
They are involved many normal and pathological tissue-remodelling processes such

as implantation, embryonic development, wound repair, inflammation, angiogenesis
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and also tumour formation, invasion and metastasis [100]. Several MMPs were
initially cloned as cancer-related genes and most have been detected in one cancer cell
line or another [88]. MMPs are almost always present in higher amounts and activated
more often in and around malignant cancers than in matched normal tissues [88].
Initially, it was believed that MMPs played a major structural role in metastasis by
facilitating the breakdown of physical barriers, thus promoting tissue invasion and

passage into -and out of blood E%luw)els (intravasation, extravasation).
Later studies showed that have,

m lex roles, particularly in the
— -

\ors.'l'hus, they can contribute to
e .

“have been closely linked to tumour

cleavage of cytokines, gro
many aspects of cancer, initial stages of tumour

development in both pri

MMP-2

Among the MMPs,

e L
L AW LA

rogression since theysare-able fo degrade collage , a major constituent of
prog o j

basement membrane | thus can our cell invasion and

| ' |
metastasis [107, 108]. We have focussed on MMP-2, the 72 kDa gelatinase/ type IV

collagenase. Mlﬁ-% %l%&j% {nﬁﬂﬂﬂﬁ (mainly fibroblasts)

during developmqént and tissue regeneration. It Was originally,isolated from a

mangmﬁl W AN £ 351 34 7 ) &Ll i) roma cens

surrounding the invading front of metastasizing tumours [109-112]. Many evidences
have shown an involvement of MMP-2 in cancer. MMP-2 mRNA has been detected
in colorectal neoplasia [111], squamous and basal cell carcinoma [112], pancreatic
carcinoma [113] and mammary carcinoma [101]. In primary breast carcinomas,

MMP-2 was more often expressed at high levels in carcinomatous than in normal
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breast tissues. High levels of MMP-2 mRNA were inversely associated with survival
[114]. In epithelial cancers, most MMPs are expressed by the surrounding stromal
cells rather than by the carcinoma cells themselves. Still, MMPs are generally
upregulated in and around malignant cancers and their overexpression often correlates
with more aggressive pathologic behaviour and a poor clinical outcome [88, 100]. But
since there is abundance of this latent proenzyme in normal tissues and fluids, an
important role of MMPs ac’u@ /1 MMPs production has been
emphasized, especially fo ml g‘p eﬁles of MMP-2 was found in
 —

ung [116], breast [117, 118],

many human carcinomas in

MMP-2 activation

MMP-2 activation is a“{é{ip cess. ProMMP-2 is 72 kDa. Through
AR
-

e

proteolytic activation 313 first converted to the 64 i ediate form, and after

further autocatalytic ion, nes t tive form. Unlike many
|
other MMPs, proMMP- ;does not appear to be actlvateg)y plasmin or stromelysin

[122]. Numeroﬂ ﬁﬂii&sj 6'g %Wafj Wﬁﬂhﬁ?own that MMP-2

activation occurs at the cell surfacg. It has become well-accepted that MMP-2
actlvatloa mr:]lﬁ %aﬁ mPu m Q l!g) n EJ Ifl ﬁ)t&l‘ both MMP-
2 and MT-MMP (figure 1.2). First, cell surface MT-MMP forms a complex with free
TIMP-2. This complex acts as a receptor for the C-terminus of proMMP-2, which
then can be cleaved within the pro-domain by adjacent free MT-MMP [99, 123, 124]
to yield a 64 kDa intermediate form. The second cleavage generates the mature active

MMP-2 (62 kDa), which lacks the entire pro-domain. This second step is an
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autocatalytic process by another MMP-2 molecule, and depends on the MMP-2
concentration at the cell surface [124]. Some studies showed that it might involve
another cell surface receptor, such as o3 integrin [125]. TIMP-2 concentration is
also very important to the MMP-2 activation process. If there was excess TIMP-2 in
the environment, it would bind to all MT-MMP molecules and leave no free MT-
MMP to activate MMP-2. On the other hand, without TIMP-2, the complex cannot be

formed, and no activation will oc® V///

Eventhough many er 'se ess MT1-MMP, they are not

able to activate MMP- 2 110nal stimulation. /7 vitro

MMP-2 activation c in A (Con A), 12-o-

e l',..-*".-" ..-"f" & .': rh
fibrosarcoma, A2058 Belanoma cé.

Cytochalasin D upregulétes

cells [131].

Fibrillarﬁ)%eﬁ‘ % ﬂcﬁﬁﬂ t%J W%J Mfﬂﬁctivaﬁon and may

represent a phymglloglcal counterpart to Con A. Cu e of ﬁbrobla om normal and
ncoptasiiniin b Ve e il ﬁ@%ﬂ&ﬂ’l@a&lmso cel
lines on three- dimensional gels of type I collagen resulted in activation of
endogenous MMP-2 [132]. In human breast cancer cell lines, collagen I-induced
MMP-2 activation is restricted to highly invasive estrogen receptor negative, vimentin
positive lines and is associated with metastatic potential [130, 133, 134]. Like Con A,

this process involves upregulation of MT1-MMP mRNA and protein and a non-
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transcriptional component [135]. Collagen-induced activation has also been reported
by others in fibroblast [132, 135, 136], other cancer cells, endothelial cells, and

platelets [133, 135, 137, 138].

TIMP-2

TIMP-2 is expressed in neluding melanoma, fibrosarcoma,

breast cancer [36] and a fe

rogastﬁllw 140]. In melanoma cell

lines, production of TI

compared with high invasiy ), the MMP-2:TIMP-2 expression ratio was
found to correlate well wi of renal cell carcinoma cells
[141]. In vivo, high lev oth shortened disease-free
interval and overall survi owever, in primary breast
cancer, TIMP-2 levels show: n‘I {sign ionship with either tumour size or
axillary node status bt:hcg, ‘ ptor (ER) levels [142]

In murine melanomsa - -*1‘1.:' down-regulation of

] i
metastasis and angiogelgls but a possible 1nvolvement tumour cell survival was

indicated. Two ﬁ;ﬁﬁuﬂ}ﬁﬂm Wﬁ ’a}ﬂeﬁ mice were normal,

viable and fertlleq'l)ut failed to actlva;e MMP-2 in vo This can estored in vitro

by saaioblendid NI (0 s W]’J nen ﬂ d

MTI1-MMP
MT1-MMP is the first member of the MT-MMPs, a cell surface associated
MMP subfamily identified recently [90-94, 145]. Up to present, there are 6 members

of this subfamily, 4 of which (MT-MMP-1-3 and 5) contain an approximately 25
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amino acid transmembrane domain. MT4- and MT6-MMP are cell surface associated
but anchored through a glycoprotein linkage instead [89, 94].

The mechanism of MT1-MMP activation, intracellularly or extracellularly, is
still controversial. In contrast to other MMPs, all MT-MMPs and stromelysin-3 [146]
have an insertion of 11 amino acids between the pro-domain and the catalytic
domains. The conserved Arg-Arg-Lys-Arg sequence precedes the potential processing

sites of thess MMPs. This seq; “‘ ,// 1§ed by furin-like, a proprotein

convertases present in the Golgi.ap atls able to activate recombinant
——-' e —

MT1-MMP [147], and préﬁ——-’ MCessing of pro-MT1-MMP

intracellularly. On the oth o activate pro-MT 1-MMP

[148], suggesting that pr to the plasma membrane

before being activated by ermore the prodomain of

MT1-MMP has been sho ular chaperone, facilitating

protein folding and trafficki ]. Studies using COS-1 cells

|-I_..l"..l‘,-"fl-.f ' « s

transfected with MT1- ﬂMP indicated t ound MT1- MMP does

unknown biologﬁl ﬁéﬁeﬁﬂiﬂ%@ﬁ%ﬂ?duced by the latent

form of MTI-M%P so that furin ;nduced proc:,g.s‘sing of MTWMP is not a
prerequidtt 101 PYOVIME-S heivilh 45011 Tha ebpiborkrok e report by
Maquoi et“al.. [152], which supports the concept in which the pro-MMP-2 activation
process requires the mature form of MT1-MMP processed via a furin-dependent
mechanism. Later on, Cao ef al. [153] demonstrated the requirement of the propeptide
domain of MT1-MMP in maintaining the biological function of the enzyme in the

activation of proMMP-2 on the cell surface. In addition the C-terminal domain of
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MT-1 MMP, a hydrophobic amino acid sequence, which acts as a transmembrane
domain, has been considered as a functional domain required for pro-MMP-2
activation [154].

MT1-MMP is expressed on the surface of various tumour cells. It is found in
human gastric carcinoma [155] and stromal cells of human colon, breast, and head

and neck carcinomas [156]. Co-localization of MTI-MMP and MMP-2 have also

been correlated with melanoma ] In breast cancer cell lines, MT1-

en p&vaslve lines and thus may play

a key role in the invasive of breas noma [126, 133, 158].

MMP expression was restrl

In addition to its r AMP-2, MT1-MMP can also act as an

extracellular matrix-degr e of this is emerging. A
study with transmembran MMP (soluble form) showed
that it is able to express prote ytlc : acellular matrix components
such as gelatin, fibronectin, thd;@& ronectin and dermatan sulfate
proteoglycan [159] Shose i 2 ‘ t?& and native MT1-MMP

secreted from breast caucer cell line, MD e without any treatment
for activation and dlgegtype I (guinea plg) Il (bovme)all (human) collagens into

characteristic %ﬂcﬂlﬂ Wﬂlﬂ]ﬂﬁ WI EjMT ‘ﬂ)ﬁs to play a dual role

in ECM remodelﬂmg through direct ¢leavage of E M components‘g)d activation of

wner-2 il ppetbsald 8 VI VIE 16 E

Breast cancer
Breast cancer is one of the most common forms of cancer in women. The
major cause of death in patients is the development of multiple metastatic lesions,

which are resistant to therapy [161]. If breast tumours did not metastasize, a high
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proportion of all patients could be cured by local therapies. Cancer invasion is a
multistep process [162], and can be delineated into attachment to the extracellular
matrix (ECM), degradation of the structural components, and migration through the
ECM. Metastatic process includes the following: escape of cells from the primary
tumour, intravasation (entry of cells into the lymphatic or blood circulation), survival

and transport in the circulation, arrest in distant organs, extravasation (escape of cells

from the circulation), and growth “’&f\%‘ W/ondary tumours in the new organ

environment. Angiogenesis, ﬂhntmqst 0 d vessels, is required for the

primary and metastatic t ize, and evasion of immune

destruction is necessary at ut the process [106]. Metastasis can

H\"\ .
thus be considered a mult tﬂ,]‘&e in each aspect is critical
for successful metastasis of metastasis is the specific

such target organs coxﬁm appropn retention, growth and
survival of cells from-th termed the “Seed and
[ f
Soil” hypothesis over 10!‘9j years ago u
[}

ﬂuaimameBWﬂﬁ

Human breast canu:r cell lines

e 4k LT Tata T TP XTI

utilization of these cells for in vitro assays as well as growing as tumours in athymic

nude mice have proved a powerful model for the study of human tumour biology.
Breast cancer cell lines are generally considered in terms of their ER content- that is,
whether they are estrogen receptor-positive (ER+) or estrogen receptor-negative (ER-

). This classification largely reflects the clinical value of steroid hormone receptor
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expression in predicting response to endocrine therapy. The ER+ cell lines are
characterized by a dependence on estrogens for growth in vitro or in vivo and by
sensitivity to the growth-inhibitory effects of antiestrogenic and progestational drugs.
In general, steroid-dependent cell lines are poorly invasive and nonmetastatic in
athymic nude mice [164]. The majority of human breast cancer cell lines are ER-.
These ER- cell lines will form proliferating tumours in the presence or absence oi

estrogen supplementation, and %*, ,}/}d to estrogenic stimulation or
antiestrogenic inhibition [16& ﬁm

ar's g ore rapidly growing, more

aggressive, and exhibit a = cell lines tend to produce

rapidly growing tumours i ' ich are highly invasive and some

N
of which can produce dis e\ﬁsence of the intermediate
filament glycoprotein vim ‘ognostic significance in some

epithelial cell phenotypes, h‘.gs"_ “found t6 a ociate with lack of ER, high
St -
growth fraction, and Eﬁor nucfeﬁ%réde in human breast eancer [166-168]. When

inoculated into nudetudice, local invasivene

el

4 : i, .|
apparent over a 60-day J’ne period only in the v1ment1nLJosmve subset of ER- cell

lines [169]. ﬂﬂﬁiﬂﬂﬂ{“ﬂqﬂj

Both of the human breast cancer cell lines used here in thlsq)udy, the MDA-
v 251 ahd B S i A B} Do sz
1s among the most widely used and is frequently used as a negative control in many
laboratories studying the endocrine regulation of breast cancer cell growth. The cells
were established from a 51-year-old woman with stage IV breast cancer by pleural
effusion [170]. The MDA-MB-231 cells are highly tumourigenic and can produce

lung metastases from mammary fat pad tumours in nude mice [171, 172]. The BT-549
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is also a highly invasive line and was established from a 71-year-old woman who
developed stage II breast cancer. It does not grow in vivo, but if stimulated to do so,

show signs of invasiveness and metastasis [173].

In vitro study of breast cancer

Basement membranes are thin sheets of extracellular matrix, which surround

W/ing both physical support and

epithelial tissues, nerves and

morphogenic signals to the verse basement membranes,

e —

which limit the passage o rged as a critical aspect of

the metastatic phenotype. can be examined in vitro

using a reconstituted bas el) obtained from murine

Engelbreth-Holm-Swarm iques include the Boyden

chamber chemoinvasion as 751 and- th ¢ outgrowth assay [175, 176].

IRIA Y -
expressing vimentin (Sl of w’ﬁtéﬁ"'zfré ER‘nega

different morphﬁﬂlﬁs;jnﬂ EJ%!%JMN E.Ior h assay. While all

VIM+ cell lines form stellate, mva%we colonies m Matrigel, cel lines from the

sV R Qi g b %%%Jsﬁe‘élaﬂrganom ke

morphology, or grow as non-invasive clusters of rounded cells [177].

MMPs & Breast cancer

Metastatic breast cancer cells encounter and traverse numerous basement

membranes as they exit the primary tumour, intravasate into the lymphatics or
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vasculature, and disseminate into the preferred sites of lung, liver, bone and brain
[178]. Extracellular matrix degrading enzymes, especially basement membrane
degrading MMP-2, are required to break down these structural barriers. /n vitro study
has showed that Matrigel invasion by tumour cells is regulated by optimal levels of
active MMP-2 [107]. MMP-2 appears to be expressed very early in breast cancer but

not in normal, resting breast tissue [179]. MMP-2 can be detected in some

”’y/ is also found in most mammary

omes more consistent with

fibroadenomas and benign tumou

gland carcinomas [180, 18
| —

increased tumour grade “showed that MMP-2 is

‘synthesized by stromal fib S i  surroundi g the clusters of tumour

cells [179, 180].

Recent studies sho _ lex roles than facilitating
the breakdown of physical i ? * }p; hey also contribute to other
aspects of cancer, including gw@- itial stages of tumour development
[88]. Studies using mtﬁwtal 3;'” We s othe stadies in which levels of

MMPs and their inhibitors were manipulate MPs are key regulators of
M . e eD o
the growth of tumours, 1JDoth primary and metastatic sit F. It is believed that MMPs

are important foﬂﬂuéxﬁnﬂﬂﬁrﬁﬂﬂtﬁﬂppms the initiation

and maintenance of growth of pnmarygmd metastatic tumours [1 06]
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Problem and Hypothesis

SPARC has been shown to play important roles in many cancers, where in
most cases it is associated with poor prognosis. However, the study of SPARC in
breast cancer is still limited. Previous study showed that recombinant human SPARC
could induce MMP-2-activation in BT-549 and MDA-MB-231 breast cancer cell

lines. This process was not associated with any changes in MT1-MMP mRNA or

protein levels. Reduction of TIM itioned media was detected without

changes in its mRNA levels.
—

from the acidic amino mnair

question remained as to hoywSF u'/- ce

it was found that peptide 1.1,
le for those effects. The
~‘ whether TIMP-2 reduction
is a cause or a consequenee o UCE ] MM activation. Also, since the

role of SPARC in breast ¢z tudy would explore other

- That reduction;ﬂf TIMP=2"in the media after SPARC treatment is critical for

its induction of thie MMP-2-act ')

- SPARC producemendogenously by the MDA- M£31 cell line should cause

constltuﬁ ﬂﬂoﬂ}%ﬁrﬁ%ﬂﬂoﬁn of TIMP-2 in the

culture m&mm
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Specific Aims

The specific aims of this study were:

1. To study the potential role of TIMP-2 in the SPARC-induced MMP-2

activation process.
2. To investigate the effect of SPARC transfection on MMP-2 activation in the

MDA-MB-231 breast cancer cell line.

The overall analysis of SPARC ef] ec&t cancer was performed with
L ——

two distinct approaches:

cell line was treated with
various preparations and mouse, and MMP-2

activation and TIMP- RC.d eletion mutants were also

used to confirm the i PARC was transfected into

\\ ducible Tet-On transfection

gical consequences were studied in

the MDA-MB-231 bre
system. Apart from

this transfected cell line
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