CHAPTER 4
GENERAL DISCUSSIONS AND FUTURE STUDIES
SPARC
The extracellular matrix (ECM) .is composed of structural proteins,
proteoglycans, growth factors and matricellular proteins [53]. Collectively, the ECM

provides both important structural cues to the cells its supports, but also potent

“’// idic and rich in cysteine, belongs

the ECM but are not part of

‘ mtablhty. Instead, SPARC

functional signals [53]. SPARC, seg¢
to a group of matricellular p

the structural ECM, and

including melanoma [28],']epatocellu ar carcinoma [29], eﬂphageal carcinoma [30],

prostate cancer [ﬁ am ﬁﬁcﬂﬁﬁzﬁ’ wrﬂqaﬁ;ﬁpmc tends to be

associated with podt/prognosis. The onlg; exception so far is in ovarian cancers where
v R VAT R Ao e
their ability to form tumours in nude mice [75]. In general, it appears that the cancer
systems in which SPARC is associated with aggressiveness are predominantly
mesenchymal in nature. Indeed, SPARC is primarily expressed by mesenchymal cells
[2b], and is usually expressed by stromal cells surrounding epithelial tumours rather

than by the tumour cells per se. Mesenchymal tumours, such as glioma and
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melanoma, show expression of SPARC by the cancer cells [28, 82], and it is these
tumours that show positive correlations between SPARC levels, aggressive behaviour,
and poorer outcomes. In these cases, SPARC may assist individual cell interactions
with the ECM. Cancer cells metastasize by invading through basement membranes,
crossing underlying ECM, penetrating the vascular and/or lymphatic circulation,

extravasating, and growing at a secondary site. At each step, the interaction between

cancer cells and the ECM moleculx%\u/yog the final outcome of the disease.

As an important link betweel&nd ths E C could potentially influence

—

any or all of these steps in

Breast cancer is a DI n. Studies of SPARC in breast

a"..#-‘ A
and this has also bee&reported ALV

would be well positi to help cancel CM, but in most cases

" J
this SPARC would be dgived from the stromal cells. On& caveat to this, however, is

¢ o Q/
the unexpected ﬁﬂﬂsﬁj ’(3 W %qfﬁﬁt cancer cell lines,

especially those q"lvhlch are invasiye, metastat1 and dlsplayw mesenchymal
propem;ﬂ Sw rt]'na ﬂlﬂxj mu zia:r] lgbmm a (%Jesswn these
cells may be expected to behave somewhat like glioma or melanoma cells. Indeed,
SPARC was shown as induce migration of MDA-MB-231 breast cancer cells through
collagen type IV or Matrigel coated membranes [73].

The interest of our laboratory in SPARC was initiated with the study by Gilles

et al. [36], where SPARC was found to induce MMP-2 activation by the breast cancer
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cell lines BT-549 and MDA-MB-231. The MMP-2 activation mechanism as currently
understood occurs on the cell surface through a tri-molecular complex of MT-MMP,
TIMP-2 and MMP-2 [99]. Being both inhibitor and activator of MMP-2, an optimal
level of TIMP-2 is required for the MMP-2 activation process to proceed. Gilles ez al.
could not detect any alterations in the levels of MTI-MMP mRNA or protein, or

TIMP-2 mRNA, but showed a reduction in the TIMP-2 levels in the culture medium

activation was not clear, ho ' 131] have reported paralell
findings. The question alsﬂ——'—' ; ' caused reduced TIMP-2
levels, and whether the M .‘ A 1 cause or an effect of TIMP-
2 reduction. The initial pri this st vas to extend our understanding of

this process

Cell lines
..-""_ o
.—--J-"‘f*'f' by
Two human breﬁ cancer c"'l}'ﬁﬁe A-MB-231, were used in

the present study. Both ‘i them are ceptor negative (ER-),

vimentin positive (VIM+;Jines, and it is this subset of invgive human breast cancer

cell lines which ﬁﬁﬁ}% ﬁﬁ}ﬂﬁgw ﬂ:ﬁﬂaﬁpz in response to

certain stimuli (i1) y{press MTI-MMP and upregula’gMTl -MMP i ) response to the
st i s VN b 13 )| @ﬂ&cﬂ’lﬁl £parc [36)
and (iv) respond to SPARC with increased MMP-2 activation [36]. Although similar
in these regards, the BT-549 and MDA-MB-231 cell lines differ in a few aspects
relevant to my studies. BT-549 cells express quite high levels of endogenous SPARC
compared to MDA-MB-231 cells. This may explain the better response to lower

concentrations of exogenous SPARC treatment than the MDA-MB-231, as seen both
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in the studies described herein and in the previous study [36]. This line is thus
amenable for studies of exogenous SPARC treatment, as it requires lower
concentrations of added SPARC to stimulate MMP-2 activation. BT-549 cells also
perform better in MMP-2 activation in general, as shown by their ability to activate
some of the exogenous MMP-2 to a fully active form after 72 hours culture without
additional treatment. The MDA-MB-231 lacks endogenous SPARC to the extent that
it could not be seen by Northern revious study [36], and was also not
detected in large-scale gene SlS ZI&w this reason, I chose this line

for a transfection study o

dy, I found low levels of
1s of the culture media after

\h\
Ny
R‘W low when compared to

SPARC expression by M
72 hours culture, howeve

BT-549 and other invasive

Effect of exogenous SPARC on QK-&‘IQ < A

SPARC could induce

MMP-2 activation and, fgduce TIMP-2 level [ ttempt to further characterize

this response, I looked A-Jthe effects of different preparatiums of SPARC on MMP-2

activation and Wﬁ gﬂmﬁm%ﬂfwﬂ iﬂTﬁﬂecombinam human

SPARC, SPARdeurlﬁed from hu?an platelets or bovine bone and different
e AT PRI G crenc
among vertebrates [6], with only a few differences existing between species and
tissues of origin (bone and platelet), as described in Chapter 1. For this reason, it was
surprising to find that all the preparations of SPARC used showed different effect on
MMP-2 activation, from a strong activation to a slight inhibition. However, all full-

length SPARC preparations tested were able to reduce TIMP-2 levels. No changes
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were detected in the mRNA levels of TIMP-2 or MT1-MMP, nor in the levels of cell-
associated TIMP-2, leading us to conclude that the TIMP-2 reduction by SPARC is
not a consequence of its effect on MMP-2 activation, but possibly causal. The
interesting mechanism of how SPARC reduces TIMP-2 is still unclear. It appears not
to be through binding to the cell surface, as no change in cell-associated TIMP-2 was

detected, and this also rules out reduced secretion into the media since that would also

lead to an accumulation inside was not seen. Other possible
explanations for our observ anslatlon rate, since mRNA
levels are not decreased o{-— rmer it has been reported
that TIMP-2 mRNA levels ount of protein produced
[213] , whereas for the la eported internalization and
degradation of 125 I-rTIM P-mediated activation of
MMP-2. However, since t ot always accompanied by
increased MMP-2 activation, deg less likely explanation for our
results.

Although full v‘cm— ires/ her work, we have

] 4
made progress in 1dent1;1ng the important domams of 'SPARC required for this

effect. Using a sﬂhﬁ meﬂﬂﬁﬁwﬁq‘ﬁ ?letion mutants, we

found that peptide 1".1, from domain I, yvas capable gcausing this eg;ct on TIMP-2.
Domain Iglswg«} a&njm um;}g mﬂafat%ﬂ Peptide
1.1 was reported to bind hydroxyapatite [69], and also to inhibit the spreading of
newly plated endothelial cells and fibroblasts [71].

The putative role of peptide 1.1 is supported by observations that mutants
lacking domain I (Del I, Del I-II) were incapable of inhibiting TIMP-2, and further

that reduced/alkylated SPARC, which has an intact domain I but disrupted secondary
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structure in domains II and III, was capable of reducing TIMP-2. The exact attributes
of peptide 1.1 which are required were not explored further, largely because peptide
1.1 is very difficult to prepare, and consequently very expensive. Mutation analysis of
peptide 1.1 would otherwise have been a possible means to further explore the actual
features required. MMP-2 activity is dependent on calcium for structural integrity,

and it is possible that this could be involved. Interestingly, peptide 1.2 [71] which also

binds hydroxyapatite, was lew y/ewous study (Gilles, personal

communication). It is notabl ffeg 0 reductlon is due to this small

segment of SPARC pro ects do not require the

multivalent potential of ayers together, and may

suggest a cell surface rece PARC molecule

The lack of coneo and MMP-2 activation is
puzzling, but instructive to: f tionship between these two
events. Previous workers s owﬁi&'_ﬂi rt TIMP-2 and increased MMP-2

_",u I_',:‘,'l',.,u % o

activation have suggeﬁd that the re'&ucﬁonm Vi ue to sequestration of

TIMP-2 to MT1-MMR.after the levels o se on the cell surface.
l
However, our data sug;st that these two events may b€ unrelated. One possible

reason is that Tlﬁ-ﬁaﬁ bfghw E]%W-B@ﬁfjmth inhibition seen

with either too llgde or too much TIMP-2. This was also evident i dn, our cells with
neutrahzﬁowt:c]l@ ﬁlﬁllﬁrgulu w’-t])IlV'}I&I”—] a &Jhes showed
either of two different effects on MMP-2 activation; It stimulated MMP-2 activation
at low concentrations, but inhibited this at higher concentrations. Thus, the disparate
effects of each SPARC preparation may be due to the delicate balance required for the

appropriate amount of TIMP-2 to support the activation process. Nonetheless we were
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never able to find more permissive concentrations of SPARC preparations which did

not stimulate MMP-2 activation.

Transfecticn of SPARC into MDA-MB-231 cells

Studies employing exogenous SPARC are subject to limitations with respect

to the source, purity and preservation of the protein. Another approach to analysis of

yﬂ/msfection of the specific cDNA, in

r gain of function or loss of

the function of a given protein is
function consequences. Although-aniis / eXperime be more definitive, it is

sense transfection. The bgst-cg ed “transfecti udies are those in inducible

2 (=0 40N
P‘?\HE to A-MB-231 cells using the Tet-On

systems. To this end, I trangfected RC int
rede ¥

transfection system [203, 214]. 1tﬁ&§§l lem, the transfected gene is expressed in
= -“I- d

the presence of doxycyclin, b siléntin its ab . When examined in the presence

AT T
= by A S - o8
and absence of doxycyeiin, the'sarfie cell can t its own control, avoiding the

-

problem of clonal variation. Xpitssion is dependent on
the concentrations of do@cyclin used (as shown in Chapﬂ 2, figure 2.1), allowing

the possibility oﬁﬁﬁﬁnﬂwﬁwgﬂﬂ:ﬁessm was highly

induced by doxycy inin a concentran@n dependent manner. HoweU I was unable
o seeamNE Gkl bl W e DY Tt T

A potentlal explanation for this could be in the levels of SPARC we are able to
achieve with transfection. In comparison to exogenous SPARC standards on Western
blot, we estimated the concentrations of SPARC secreted by MDA-MB-231 after 72-
hoer culture in the presence of maximal doxycyclin to be approximately 5 pg/ml. In

contrast, the concentrations of exogenous SPARC required to stimulate MMP-2
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activation, as shown both in this work and in a previous study [36], was around 50-
100 pg/ml. Thus, despite potent induction in our trasfected cells, we may simply have
insufficient SPARC to effect TIMP-2 reduction and/or MMP-2 activation. One may
then question the physiological relevance of such high concentrations required for
these SPARC effects. However, such concentrations might be possibly to achieved in

vivo through binding to hydroxyapatite or other ECM component, especially in bone.

Moreover, since I was also un ® u/y -2 activation or TIMP-2 reduction

effects with exogenous SP 3 lm pOSSlblllty could be due to the

difference of the MD W Jing 1 nt labolatories. The MDA-

"MB-231 from different ] - iy lifferent. For example, some
study show endogenous DAL -231 [215], while others
including the one that I }@ s/ Bas no'‘ent pous MMP-2. Thus it would
appear that the MDA- ine 15@1_’ tudy is not as responsive to
SPARC as the one used prev 10@. ortunity for important differences is

AN

the endogenous levelzyf TlMP-f e shﬁwn n o ure 2.1, my MDA-MB-

231 cells already ha a low level of en id were able to tolerate a

' §
number of concentratlo'Q of added rTIMP- 2 before M 2 activation was inhibited.

If SPARC snnﬂa!uﬂvé}%fﬂ% @Wﬂ@ ﬂ@-z levels, which are

already too hlgh it is not likely fop SPARC to A:.:we this effectyon this cell line.
What Bl el € sl ik 2o LBk 2 reccion
responses to SPARC in this transfected cell system.

Nonetheless, the transfection system did provide an opportunity to further
examine other implications of SPARC in the breast cancer context, with
concentrations that are likely to be similar to those achieved in the primary tumour

environment, produced there by peritumoural stromal cells [29, 32]. Thus other
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biological effects of SPARC on the MDA-MB-231 cells were examined. Since
SPARC is known to have prominent anti-adhesive and anti-proliferative effects [54],
we first looked at these. We did not observe any changes in cell shape, either with the
transfected SPARC in these cells or with even higher levels of exogenous SPARC,

suggesting that SPARC has no anti-adhesive effect on this cell line. We also found

that cells pretreated either with or without DOX (with or without SPARC) showed no
difference in adhesion to a varie /vhen harvested and tested in cell
1s not appropriate for these

produce and accumulate

SPARC to a sufficient co _ ion. Since the cells were

reported to inhibit growih in ovarian “, he transfected MDA-
Lo i
MB-231 cells were subjeaed to standard monolayer gro analysis using 96-well

plate assays. Repﬂﬂli}ﬁiwﬁﬁmfﬁtmfﬂﬂs of SPARC were

seen both in the 963l proliferation agsay and also i in the monolaye vound healing
sy} Wi | b b i % %ﬂ’l@ Ehacea. i
activity is a combmatlon of both migration and proliferation, since the wound closure
is measured over a 4-day period. SPARC has been shown to promote the migration of
breast and prostate cancer cell lines through a chemotactic mechanism whereby cells
migrate towards the source of SPARC, and this is potentially imbortant for bone

metastasis [73]. To examine migration in isolation, we included 10 mM thymidine,
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and saw that this abrogated the inhibitory effect of SPARC on wound closure. Thus,
by inference, we concluded that the effects of SPARC are primarily due to delayed
proliferation rather than reduced migration. In support of this conclusion, DOX-
treated cells showed no difference in cell migration assays in 48-well
microchemotaxis chambers, even when their conditioned media were carried through

into the assay.

The effects on cell proliferati

@)analyzed at the cell cycle level,

where cells were grown in t@ or ﬁbse OX for 48 hours before being

SRS SPARC was found to inhibit

collected and stained for

T

progression of cell cycle t this is co t with its anti-proliferative

radial outgrowth assay; > of which s o SPARC/DOX. Thus,

|
cgs, as modelled in MDA-

MB-231, appear ﬁfﬁné @ %xﬂﬁff%f%ﬂﬂﬁ gij)blastoma [84] and

melanoma [35] sygflems. Since SPARCshas been sh(En by in situ h@p’dization to be
expresse%ym%@ﬂa nlﬁ mmqg m &I);:lcau%:l carcinomas

[29], it is possible that it is part of the host mechanism to suppress the growth of

||
the biological consequengs of SPARC on breast cancer

tumour cells. This might implicate a more conservative role of SPARC in breast
cancers, similar to that found in ovarian cancer cell lines, where SPARC also
inhibited growth [75]. These tumours are similar by being epithelial origin, and

further work is required to compare the actions of SPARC in epithelial versus
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mesenchymal tumours. My studies, however, do serve an important role in defining
that SPARC would be inhibitory to breast carcinoma since this is against the current

dogma.

Concluding Remarks

The ability of breast cancer cells to invade and metastasize depends on many

factors, among which interaction component are very important.

&

roles in all tissue rearrang(— srende."How , the study of SPARC in

d thought 1o play important

originally planned to focus ff SPARC on MMP-2 activation in this

It is interesting to find th only a small portion of the SP:ﬂC molecule, in this case

peptide 1.1, is reﬁﬁlﬁqﬂﬂm‘ﬂ geE} ﬂﬁ‘ull implications of

this effect require fitrther work and the gontext of this effect may be ﬁned to bone
where rela@ w;’l axﬁ'nﬂt ﬁmm’-}a %ﬂm %Jnd instance,
use of the well controlled Tet-On system allowed us to identify an anti-proliferative
effect of SPARC and also explore other biological effects of SPARC in vivo
(ongoing). It is likely that the concentration requirements of SPARC for growth-
inhibition reflect the consequences of SPARC in the primary tumours since the

amounts induced appear similar to that secreted by cultured fibroblasts. The
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abundance of SPARC production by the relative stroma around breast cancers [32]
and increased levels associated with more aggressive tumours [53] has always been
interpreted to suggest that it may promote tumour aggressiveness. This is a natural
assumption because it has been well documented to potentiate invasion in melanoma
and glioblastoma [84]. The combined data from this thesis, however, would suggest a

rather minor role of SPARC in breast cancer in general. SPARC remains, however, a

W}tor, and the further elucidation of

chers in the future.

fascinating molecule with an unc

its various functions will conti

Future studies

Although outside t f new directions arise, as
follows:

1. The mechanism by whic ?AR}; ‘ ‘ racellular TIMP-2. Reduced

ent complex appear possible

A £ (el

candidates. Pulse-chastﬂabehng s W T
i i

altered translation/secretion of TIMP-: nent.'®I-rTIMP-2 could be

2 liﬁqt on the possibility of

I Q
used to examine bindinglnd degradation of TIMP-2, as : scribed by Maquoi et al.

e B 11 TN T

2. Explore roles oi'lpeptide 1.1 in terms of its recepgr, critical amin&c‘)’ acids and also
cxamine il 1. e ihish i of-h ittt Aorbl1 g shares the
hydroxyapaqtite-binding capacity of peptide 1.1 [69]. Since calcium is known to be
important for SPARC structure and function [48], it would be interesting to look at
effect of calcium on SPARC-reduced TIMP-2 function.

3.Confirm the anti-proliferative effect and study other biological effects of SPARC in

vivo. The Tet-On system allows us to explore this by adding doxycyclin in drinking



91

water. MDA-MB-231 cells grow well in the mammary fat pads of
immunocompromised mice [169] and spread to the lymph nodes and lungs [172]. 1
have performed the Dox-inducible transfection in MDA-MB-231-BAG cells, which
are genetically tagged with bacterial B-galactosidase, enabling their tracking after
metastasis in niude mice. I also have participated in the development of a “Real Time

PCR (TagMan) method for measuring these cells [216]. Thus, the potential effects of

LRI
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