CHAPTER 2
THE ACIDIC DOMAIN I OF SPARC/ BM40/ OSTEONECTIN DOWN-
REGULATES EXTRACELLULAR TIMP-2 INDEPENDENT OF MMP-2

ACTIVATION

Summary - %‘ , , //
SPARC (secreted pro& ans n@me) is a matricellular protein
—— )

revious study [36] showed

preparations used in conditioned medium,

however this was no ompanied by cell lysates. By using

domain mutants, we detJmned that the amino terminal d : ain I was responsible for

extracellular Tlhﬁ-ﬂﬁia W EJ ﬁwmﬂﬂd induce activation

of MMP-2, howeur and those that cguld were effectlve to dlffere&’degrees When
e vsd P bl bl A ) b v
actlvatlon was slightly increased with addition of 0.5-5 pg/ml of antibody, but that
activation was inhibited with 10 pg/ml. We concluded that reduction of extracellular
TIMP-2 by SPARC did not appear to be a consequence of MMP-2 activation, and did
not always cause MMP-2 activation. The discordant effects of SPARC on TIMP-2

reduction and MMP-2 activation may be due to altered local concentrations of TIMP-
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2. These data emphasise the complex nature of SPARC effects on MMP-2 activation,
but strongly implicate the amino terminal domain of SPARC in this process. The

actual mechanism of this reduction remains elusive.

Introduction
Tissue remodelling and extracellular matrix (ECM) degradation is important

for many normal biological proqesik‘w for tumour progression. Matrix

metalloproteinases (MMPs). ily o ic enzymes involved in these

processes [100]. Amon; e A), and also MMP-9

(gelatinase B) are closely li ression, and tumour cell invasion and

metastasis, since they sp degra n type. IV, a major component of

metastasizing tumours [«Q9—1 12]. ﬂ

In comﬁﬁﬁﬁ%ﬁ%%“ﬁ ieTTTdﬁs a latent proenzyme

and requires protéolytic activation. 6MMP -2 actlvatlon pnmarlly occurs at the cell
ot R TN TR WA b s
inhibitor of metalloproteinases-2 (TIMP-2) and proMMP-2 [99]. TIMPs are a family
of MMP inhibitors with 4 members known as TIMP-1, 2, 3 and 4 [187]. All TIMPs
can bind the active site of MMP-2, but MT-MMPs are not inhibited by TIMP-1 [188].
TIMP-2 is somewhat specific for MMP-2, since it can also bind to proMMP-2

through the MMP-2 carboxy terminal hemopexin domain. Since TIMP-2 can act as



34

both inhibitor and activator of MMP-2, its optimal level is required for normal
function. The balance between TIMPs and MMPs precisely regulates the degradation
or accumulation of extracellular matrix [189].

Eventhough many breast cancer cell lines expressed both MT1-MMP and
TIMP-2, they are unable to activate exogenous MMP-2 constitutively and require

additional stimulation. Con A [126], a plant lectin, can increase MT1-MMP mRNA

and protein level and also reg MTI1-MMP to induce MMP-2

activation in vitro. Slmllarly,‘fhucol ‘igens&may represent a physiological

counterpart to Con A, als f MT1-MMP, and MMP-2

activation in a variety of ¢ dothelial cell (reviewed in

[136]). Similar effects hay, t seem specific to HT1080
cells [190]. SPARC

also known as osteonecti protein capable of inducing

MMP-2 activation in bre . SPARC is classified as a

..-l'...-"a‘ ..-'f'
matricellular protein, %ﬂce it binds ¢ is ;ot part of ECM structure
itself. It is composed:of 3 domains un ature [4]: an acidic N-

like (FS) domain II a(m an extracellular calcium

binding (EC) dﬁﬂlﬁtﬁ%ﬂlﬂﬂ%\lw lEi W biological effects in

various cell typ% but its principle functions zn vitro are tladhesmn and

i il ) ABI LRI R Eléilsa AJof SPARC in

many cancers including melanoma [28], hepatocellular carcinoma [29], esophageal

) e
terminal domain I, a f;ahstatln-

carcinoma [30], prostate cancer [31] and breast cancer [32, 33].
Our previous study showed that recombinant human SPARC produced in
Escherichia coli [191] could induce MMP-2 activation in breast cancer cell lines [36].

This process, although MT1-MMP dependent, did not involve upregulation of MT1-
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MMP mRNA or protein, but was associated with a reduction of TIMP-2 in the
conditioned medium. Here we have looked more closely at the interplay between
levels of soluble TIMP-2 and MMP-2 activation in the BT-549 breast cancer cell line.
SPARC preparations from different species were all able to reduce TIMP-2 but
variably induced MMP-2 activation. Also, neutralization of TIMP-2 with two
different monoclonal antibodies caused biphasic effects on MMP-2 activation.

Domain mutants of human recom %}howed an important role of the

acidic amino terminal dom M 2 and a lack of concordance
A—

between TIMP-2 and M uggest that MMP-2 activation

may occur as a conseque

Experimental procedur

Cell culture and reagents

BT-549 and MDA-MB-23 reast eancer cells, originally from ATCC
e J-",-*’f' L 3

(Rockville, MD, USAZawete cultivated }f ologies, Grand Island,

NY, USA) suppleme -FCS) (CSL Limited

I
Biosciences, Parkville, Jl(;toria, Australia). Cultures were maintained at 37°C in 5%

COy. Recombirﬁl u@}ﬁ W&}W‘%JW E.J ’]vﬂﬁa virus expression

system [192] wasq(mdly provided by'Dr. Rafael Exidman, WaynegState University,
percit, S sl Blonbddat it Q@Mﬂ%&i 58] was kindly
provided by Dr. Christopher Overall, University of British Columbia, Vancouver,
Canada and the clone no. 67-4H11 monoclonal anti-TIMP-2 antibody was purchased
from Fuji Chemical Industries, LTD, Toyoma, Japan. Collagen type I (Vitrogen100)

was from Cohesion, CA, USA.
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SPARC and mutants

The production of recombinant human SPARC [72], the deletion mutants delta
I and delta I-II [4], and recombinant mouse SPARC [194] in mammalian cells have
been described, as has extraction of mouse SPARC from Engelbreth-Holm-Swarm
(EHS) tumour [2]. In addition, we tested a reduced and alkylated form of full length

SPARC which disrupts domain II and III (RA), kindly provided by Prof. Rupert

Timpl, Max-Plank-Institut FiirR ‘ 1 any. Purified human platelet

osteonectin and bovine b i &i‘chased from Haematologic
- e —

Technologies Inc, VT, A Meu ‘-.Mn mouse parietal yolk sac

Glu-Ala-Leu-Pro-Asp-Gl :“ : --Val-Ala-Glu-Val-Thr-Glu-
Val-NH2) was synthesized by pep, Patkville, Australia, to approximately 91%
purity. It was confirmed by/mifo acid compo ition analysis (Beckman 6300 Amino

Acid Analyser, Beckman Coulter/{ne- €A, USA)in our institute.

Culture conditions

o ()
For all experimerll, cells were plated overnight in BDMEM-FCS. The next day,

‘o Q/
wells were waslﬂ ﬂnﬁj qWﬁWﬂW supplemented with

0.1% BSA (DM&/I -BSA) with 25%serum free edla from 72 ngrs cultured of
e W BICET L b4 b o ’}Jﬂoﬁl MMPLaC At tha time,
SPARC, 1ts peptide, or various mutants were added to the cells with or without
rTIMP-2 or collagen type 1. After 72-96 hours, conditioned media were collected for
zymography and/or Western analysis.

For anti-TIMP-2 antibody treatment, different concentrations of antibody were

added to the cells in DMEM-BSA/MMP-2 for 72 hours. Before conditioned medium
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collection, the antibody was pulled down with washed protein A Sepharose slurry (15
pl/100 pl of media: Pharmacia Biotech, Uppsala, Sweden). The samples were
incubated with the beads under rotation at 4°C for 1 hour, and the beads removed by

centrifugation (2000 RPM, 2 minutes). The supernatant was collected and subjected

to zymogram and TIMP-2 Western analysis.

For protein lysate and RNA collection, wells were washed with PBS after

P-2. Total protein lysates were

obtained in RIPA buffer ( -HCl, l@l, ImM EDTA, 1% NP-40,

0.25% Na-deoxycholate) co

incubations with SPARC etc. i

g/ul Leupeptin, 1mM / M NaP and 1mM Na3VO,. Protein

concentrations were me BEA protein assay reagent as per manufacturer’s

@mmm%Mﬂﬁﬂﬂﬂ§Wﬂﬁﬂi

Gelatin mﬁaphy was usedto monitor thie.degree of MMIP-2 activation in
the conﬂoﬂ e ﬂtljbmﬂ g;lnlige lEJl:l]ﬁras of MMP-2

activity were seen as clear bands against a blue background of stained gelatin and

identified on the basis of co-migration with known standards.



38

RT-PCR for MT1-MMP & TIMP-2

The RNA was first DNase-treated in a 20 pl reaction containing 10 pg RNA, 2
pul PCR buffer (Roche, Germany), 10 U DNase (Roche), 40 U RNase inhibitor
(Promega, Madison, WI, USA) and diethylpyrocarbonate (DEPC)-treated water. The
mixture was incubated at 37°C for 30 minutes and then heated to 100°C for 10
minutes. First-strand cDNA was synthesized by RT. In a typical 25 pl reaction, 2 pg
of DNase-treated RNA, 0.5 pg @ .‘»

USA) and DEPC-treated T
ice. First strand buffer (j/

mM dNTP (New En

)Gibco/BRL, Gaithersburg, MD,

heatéd t@lo minutes then chilled on
1% NTT (Gibco), 2.5 ul of 5

U of RNase inhibitor

(Promega) and 200 U co) were added and the

mixture incubated at 42°

synthesized by GeneWe ..;..;.i.r..,;..i.._....‘m:;z:. Gbes were synthesized by
e i \.
PE Applied Biosystems.ghe sequer nd proﬁs are as follows: for MT1-

MMP: forward (MMP14E5) AGTAAECAGGCAAAGCTGATGCA; reverse

— N1 Al e
AC%W&C«TﬂWu WG TTETRE

CCTGAACCACAGGTACCAGATG,; reverse (Timp2R3)
AGGAGATGTAGCACGGGATCA; probe CTGCGAGTGCAAGATCACGCGC.

The PCR reaction was performed in 25 pl of TagMan universal PCR master mix (PE
Applied Biosystems) containing 25 pmole of each primer, 200 nM of the TagMan
probe and 0.8 ng of sample DNA. The PCR conditions were initially 50°C for 2

minutes followed by 95°C for 10 minutes, followed by 50 cycles of 95°C for 15
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seconds and anneal/extension at 60°C for 1 minute. The ribosomal protein L-32 was

used as an internal control.

Western analysis

Conditioned media or protein lysates were separated under reducing

conditions by 10% SDS-PAGE. Loading was standardized by amount of total protein

in cell lysate: The proteins werexh‘ /) PVDF membrane (Immobilon,
Millipore Corp., Bedford, : ; !ﬁ%g Transfer was monitored by
reversible staining with Pﬂ:——’ blots were blocked for 2 hours
with blocking solution (5% 0.in PBS pH 7.5) and then
incubated with primary tion overnight at 4°C. The
membrane was then w ith blocking solution and
incubated for 1.5 hours orseradish peroxidase (HRP)-
conjugated secondary antibo s- Signals were developed with an
enhanced chemllunnqgg:ence (ECL) Ht nufacturer’s instructions

(Pierce).

I
mg(clone no.67-4H11: Fuji

Chemical Indusﬂ w v{% Wﬁ WWW H%seradlsh peroxidase

(HRP)—con]ugate(l?"| goat anti-mouse IgG antibody (Rierce, IL, USA)dilution 1:20,000

s 5y s ek b A dechb, d o3 pryciona

antiserum against human SPARC [72] was used as a primary antibody and

For TIMP-2 detectlon anti-hTIMP- 2 1.25 pg/

horseradish peroxidase (HRP)-conjugated goat anti-rabbit IgG antibody (Dako,
Denmark) dilution 1: 10,000 was used as the secondary antibody. In some cases

(where indicated) we also used the monoclonal mouse anti-SPARC (Anti-osteonectin,
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Haematologic Technologies Inc.) followed by HRP-conjugated goat anti-mouse IgG

antibody.

Results

Characterization of BT-549 and MDA-MB-231 cells

It was previously found that both BT-549 and MDA-MB-231 human breast

cancer cell lines responded to § uction of MMP-2 activation and

m'sdiu{é'BT-Sw cells showed better
31 ‘me first compared the levels

using Western analysis of

reduction of TIMP-2 in ¢
responses to SPARC than
of endogenous TIMP-2
conditioned media. As sh
of endogenous TIMP-2
activation of MMP-2 after day ,eu 4 i itional treatment, as seen in

zymography as three bands; , some intermediate (64 kDa)

"::..l."l“:l-"r‘l.k _':J‘

and some fully active ﬁrm (62 KDa) (fig ontrast, the MDA-MB-231
L

cells showed mostly pro<h -2,and a v ediate form.

|
-2 (10, 20 and 50 ng/pl)alas added to the cultures,

constitutive (unﬂnildtﬁ Wﬁﬂ%ﬂ E}@rﬂ:egs was immediately

inhibited after ad&ltion of the lowest goncentration (10 ng/ul) of rEIMP-2 and at all
higher c%ma:lﬁ(ﬁrmdimmma lllew tEJ lrlt@mEJ constitutive

MMP-2 activation, and this was not affected by the added TIMP-2. Both BT-549 and

I
When exogenou;TIMP

the MDA-MB-231 are known to respond to collagen with induction of MMP-2
activation [135]. When treated with both collagen and increasing concentrations of
exogenous rTIMP-2, again activation of MMP-2 by BT-549 cells was immediately

inhibited by the lowest concentration of exogenous rTIMP-2, and by all higher
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21 kDa

TMP2 MDA-MB-231

rTIMP-2 0 10 20 50 ng/ul

Sy,

TP

— > i R T

L IS
- tns ‘,’ 4’

Figure 2.1: Compar1§r,qh of TIMP-2 levels and ]\mgﬁr’on ability between BT-

)

A. Cells (8,000) were pI%ted in a 96-well plate let attach overnight and changed to

— ﬂou@@wm WEIARG: were collcted and
W AT Inengs, ..

DMEM-BSA (300 pl/well). Different concentrations of rTIMP-2 were added to the

culture either alone (B) or in combination with 50 pg/ml of collagen type I (C). After

72 hours, conditioned media were collected and subjected to zymography.
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concentrations. In contrast, MDA-MB-231 cells, which have a lower level of
endogenous TIMP-2, were able to tolerate concentrations of added rTIMP-2 up to 75
ng/pl before MMP-2 activation was inhibited (figure 2.1C).

Many studies have shown that optimal levels of TIMP-2 are important for
MMP-2 activation and that too much or too little TIMP-2 could inhibit the activation
process [123, 195]. Our results showed that BT-549 cells already have high levels of

endogenous TIMP-2 compared to \ %}l cells. For this reason, we chose

BT-549 for studying further t o&SP ch can reduce TIMP-2 levels

and potentially lead to M]('

22

Effects of full length SPAR activation and seluble TIMP-2 reduction

& (X 4
In this study, we compared the gffects of different eparations of SPARC. For
“ J{t- -.Ilr g ,d'
full length SPARC, we testeg recombm mt human SPARC (thSPARC), SPARC

purified from human platelets (ﬁﬁﬁ&? RC) or from bovine bone (bovSPARC),

recombinant mouse SPARC (rmSPARC) \R€ purified from the EHS

I
6+ rabbit pgyclonal antiserum against

human SPARC ﬁu‘ﬂ)ﬁ@%ﬁ M%xﬂﬂsﬂoﬁed a discrete 43 kDa

band for hu. plSP.H{C bovSPARC and thSPARC (figure 2.2). Thisantibody was also
it bahte bkl 30 o) ﬂ’lﬁlﬂna) and the

RA preparatlon, which had a slower electrophoretic mobility (~50 kDa). With the

tumour (LN81). Wester;analyms using the 99

monoclonal mouse anti-human SPARC, we were also able to detect full length human
and bovine SPARC preparations (mouse SPARC not tested), but not deletion mutants
Del I and Del I-II, indicating that this antibody recognizes an epitope in the N-

terminal domain I of the SPARC molecule (data not shown).
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Domain I Domain II Domain III

20.1 -
143 —

oj |

9 ﬂ \\' 9
ﬁusﬁw%swmm ¢
o2 RINTUURIINYAY

A. A d1agram showing SPARC and the deletion mutants used.

B. Western analysis of SPARC and mutants; 50 ng of protein were loaded in each

lane.
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Previous studies have reported that platelet SPARC ran slightly (around 3
kDa) slower than bone SPARC when analyzed by SDS-PAGE, due to the presence of
N-glycosylation, which also reduces the binding capacity of platelet SPARC to
collagen type V [13, 15, 16]. However, those differences could not be seen in this
study.

We treated BT-549 cells with the SPARC preparations for 72 hours and

examined levels of MMP- ﬁ‘”/ﬂw -2 in the conditioned medium.

SPARC induction of MMP- g as that seen by collagen or

Con A treatment (data n 1-MMP levels [135, 158].

Also, MMP-2 activation eparations that we used. As

activation while rmSPARC h ﬁff Q sli inhibition could be seen with

TIMP-2 (figure 2.3 p B). The pmS hich had no detectable

effect on MMP-2 activﬂon, showed potent TIMP-2 redvﬂion to a similar degree as

the other prepafﬁﬂ Ejrfj ty] EJ w %th EJ f] ﬂ ‘j

Figure 2. $also demonstrates t}&e surprising ﬁndmg that clon 0.67-4H11 Fuji
o TV 0 SO T %L&léﬂu‘éln&aln tanes as a
major band around 43 kDa. In other experiments (data not shown), this TIMP-2
antibody did not cross-react with Del I or Del I-II, but did cross-react with RA,
indicating the cross-reaction was with domain I of the SPARC molecule (figure 2.4).
Interestingly, this cross-reaction also occurred with mouse SPARC, which has a

different sequence in domain I to human and bovine.
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Effects of SPARC peptide and deletion mutants on MMP-2 activation and TIMP-2

levels

Different SPARC deletion mutants were used to further characterize these
effects. We also synthesized the 24 residue human SPARC peptide 1.1 [71], which
represents part of the acidic amino terminal domain I shown previously to bind

hydroxyapatite [69] and to stimulate MMP-2 activation [36]. Mutant delta I (Del I)
olli FS) and the EC domain (residues

-I%la&omam I and II, and contains
: \sé\We also tested thSPARC

ctures and sizes of these

lacks domain I but contains both t \
53-286), while mutant delta i
only the calcium binding

which has been reduced

mutants. The RA preparati omain [ is expected to be

functional. Shown in figur d sizes of these mutants
Human peptide 1.1 S 19_@ : '% activation and TIMP-2 reduction in

the conditioned medium, in ca@- it e of domain I (figure 2.4), and

confirming our prev1ox5report of"bdhﬁe 3 I is effect [36]. Furthermore,

Del I and Del I-1I had. “effect on MM P-2 reduction and the

RA preparation, in whig only domain [ 1s functional, stﬂulated MMP-2 activation

and caused reduﬁii ﬂvgjﬁ’lfj\w El“l?]d%lIIr w ﬂlﬂTﬂ jtheir implication of

domain I in the rediction of TIMP-2

aw’]a\aﬂm UANINYAY

Effects of SPARC on MT1-MMP and TIMP-2 mRNA

By Northern analysis, our previous study [36] showed that SPARC had no
effect of MT1-MMP and TIMP-2 levels. Here, we confirmed those results using real-
time quantitative RT-PCR. With this method, the PCR cycle at which logarithmic

growth in the amount of the product is detected (CT value) is directly proportional to
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MTI-MMP | TIMP-2 L32
r—— 33.89/33.81 | 31.95/32.06 | 23.62/24.16

thSPARC Tx 34.05/33.84  [32.79/32.17 | 23.50/ 24.00
Control 3329/3339 | 37.71/37.73 | 29.59/ 29 81

SPARC mutants, [Del T 32.99/32.96 | 37.48/37.90 | 29.18/29.06
Del LI 31.88/33.27 | 37.45/37.80 | 29.08/28.62

Table 1: Real-time PCR results for MT1-MMP, TIMP-2 and L-32

The data is shown as CT value. These results are from one representative of 3

AULINENINYINT
RINNTUUNIININY
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the amount of target present [196, 197]. As shown in Table 1, treatment with
rthSPARC, Del I or Del I-II at 50 pg/ml had no effect on the CT value detected for
both MT1-MMP and TIMP-2. In contrast, HEK293 cells transiently transfected with
with TIMP-2 showed a pronounced reduction in CT value compared to vector alone
(data not shown). This confirmed that SPARC had no effect on MT1-MMP or TIMP-

2 mRNA levels.

i
Effects of anti-TIMP-2 ;tibodv on MMP-2 activation

Given uﬂnﬁrﬁ; ?ﬁrﬂtﬁ ﬂ»ﬁ?ﬂﬁd}eﬂﬁ TIMP-2 and MMP-

2 activities, we t%d to neutralise segreted TIMP-2.using two diffgrent anti-TIMP-2
antibodié!aﬁegraﬁjalﬁimtﬂrmag m&ﬂoaeﬂtions of 0.5,

1, 5 and 10 pg/ml bound TIMP-2 in the culture medium in a concentration-dependent

manner, as indicated by the reduction in TIMP-2 levels after the antibodies were
removed on protein A Sepharose beads (figure 2.6B). Addition of 1 and 5 pg/ml of
each antibody slightly increased MMP-2 activation. Again, MMP-2 activation

induced by antibody neutralization of TIMP-2 was not as strong as that seen with
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collagen or Con A (data not shown). The level of activation was not stimulated by
addition of 10 pg/ml of either antibody presumably because the free TIMP-2
concentrations became too low to support the tri-molecular complex. We also
compared the MMP-2 activation pattern in the conditioned medium before and after
removal of the anti-TIMP-2 :TIMP-2 complexes by protein A Sepharose, and saw no

difference by zymogram (data not shown).

BT-549 cells produce en@# # 36] and since we found that the

Fuji anti-TIMP-2 antibody ss—gsac RC in Western analysis, we

wanted to make sure tha e SPARC in these studies.

Neither TIMP-2 antibody “endogenous SPARC in the

conditioned media when r (figure 2.6C).

Discussion

SPARC was first p dg,;ﬁ"_ ajor- nontco agenous component of bovine

_,,.-l' ,ﬂ‘*‘i‘l",-‘)‘a»" =
bone [3], and its bloljcjlcal significance i m?ed on the regulation of

bone mineralization. Lafer studies 0 present in many non-

| .
mineralized tissues andq\ platelets [18-20]. The SPARC gene is highly conserved

among veﬂebraﬁﬁi}%%ﬂﬂ%%iﬂﬁ]ﬂﬁonant physiological

role [6]. Our partlullar interest here is its effect on %TIMP-Z: MMR‘-’?_ axis.

Vb Rk Aol b o 9N i -2
activation. TIMP-2 binds MMP-2 in a 1:1 ratio, associating with either the catalytic
site of the mature enzyme or with the carboxy terminal domain of proMMP-2 [105].
Therefore TIMP-2 can prevent both the activation of the zymogen and the catalytic
function of the mature enzyme. However, TIMP-2 is required in the MMP-2

activation process to tether MMP-2 to MT1-MMP at the cell surface [99, 198]. This
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delicate balance of TIMP-2 activities regulates net activity of MMP-2, and the
simplistic expectation that malignant tumours would have increased MMP expression
accompanied by decreased TIMP is not often met [106].

Our previous study [36] using thSPARC produced in Escherichia coli [191]
and the synthetic bovine amino-terminal peptide 1.1 showed that each could induce
exogenous MMP-2 activation by BT-549 and MDA-MB-231 breast cancer cell lines.

A reduction in the level of TIMP%W ditioned medium was also seen. The
N\

question still remained as r thes cts were interdependent, and
| — e ——

. .-.Mt of the observed MMP-2

whether the TIMP-2 re

‘activation.

In the present s s of human, bovine and
murine SPARC. Human ino acid sequence identity
[9], while human and mo r difference between human
and mouse SPARC is in the ecifically between amino acid
residues 5-23 [9], so * j. considerable divergence
exists in this region, the ch o i‘“ s not change substantially

with the substituted 'no acids ‘being primarily acicgl in nature [9]. We also

LK L1 AL —

previous study ng automated Edlea.n degradatlon showed 1dent1ty between the
e 48 0 P AR BTV o v
reported to be structurally distinct in a region of the molecule at a distance from the
amino terminus, and functionally distinct in terms of glycosylation and collagen
binding capacity [15].

All of the intact (full length) SPARC preparations used in this study were able

to reduce soluble TIMP-2 levels indicating that the requirements for this are
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conserved between species. We went on to examine further the domains responsible
for both TIMP-2 reduction and MMP-2 activation with deletion mutants of human
SPARC produced in mammalian cells (HEK293). The lack of TIMP-2 reduction with
forms of SPARC lacking domain I was well supported by the ability of RA, which has
an intact domain 1 but disrupted domains II and III, to cause TIMP-2 reduction. These

are also consistent with our previous and current observations that peptide 1.1 caused

TIMP-2 reduction, and collectw§\§‘#’ﬂ/u port an important role for the

peptide 1.1 region in this p is Som sidered one of two putative

ig %d inhibits attachment of

hydroxyapatite-binding r

‘endothelial cells and fibro

—rl" I'"’.".‘Jl"'

detect changes in Tlidf-z levels by Wé

the cell lysates, the que;‘ion could arise as to whether technique was sensitive

enough to detecﬁ.uﬁ}ﬁwﬂrﬂlﬂ %Wﬂqﬁﬁ of media to lysate,

any reduction in ‘Media should cause a more dramatlc increase 1Mell lysate by a
neoref®) Y NTI I TN URINYIAY

Reduced levels of TIMP-2 have been associated with enhanced MMP-2
activation in a number of systems. Ailenberg and Silverman [131] showed that the
cytochalasin D enhanced MT1-MMP mRNA and MMP-2 activation of mesangial
cells was accompanied by a reduction of soluble TIMP-2 but no change in TIMP-2

mRNA levels. They suggested that soluble TIMP-2 was being reduced by



55

sequestration to the MT1-MMP on the plasma membrane, forming a trimolecular
complex. Similar observations were made in a study in which MT1-MMP was
transfected into MCF-7 breast carcinoma, HT-1080 fibrosarcoma and U251.3 glioma
cell lines, which resulted in reduction of soluble TIMP-2 and increased in binding to
the cell surface [125]. This appears not to be the case here in our studies with SPARC,

as we did not detect any effects of SPARC on MT1-MMP levels by RT-PCR in this

study, or by Northern analysis %Wff study [36] and also did not see

increased cell-associated TI estern TIMP 2 could be lost from the

culture medium through 1

reduction in soluble TIPm)-Z was not a consequence of QMPQ activation in these

scenarios. FurthFTﬁ ﬁfgmﬁﬁw Ejubiﬂ]ﬂ?2 had a biphasic

effect on MMP-2! activation, with s?mulatlon only at 1ntermed1ate levels. Since
o QR B B IR B B B tvet i
required for the MMP-2 activation process to proceed, consistent with our results.

In this study using the BT-549 breast cancer cell line, we adjusted the levels of
TIMP-2 both by adding exogenous protein, and also neutralization with antibody. We
found that this cell already had relatively high levels of TIMP-2 and that reduction

through antibody addition helped the MMP-2 activation to proceed, and that addition
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of further TIMP-2 immediately inhibited this process. We generally found that MMP-
2 activation induced by adjustment of TIMP-2 levels was not as strong as that induced
by other means that also affect MT1-MMP levels, such as treatment with collagen or
Con A [135, 158]. However, these treatments both stimulate the expression of MT1-
MMP and regulate the activity of pre-existing MT1-MMP whereas SPARC appears

only to affect the latter. This, and the delicate balance required in TIMP-2 levels may

explain the inconsistencies betwe N #/1 ation effects of SPARC and their

ability to reduce soluble TI a jo at the SPARC effects on the

TIMP-2 reduction and M vents, and that the latter is

ng preparations. Given the

“w‘:h

ivation seen with anti-TIMP-2
B

tion we do see with different

SPARC preparations is dueto fl , i ed. T1 we have no proof for this.

Furthermore, the consistent r ul@éTiﬁ'o 1 b th TIMP-2 and MMP-2 activation with
peptide 1.1 would loc 22 areglon of SPARC

In conclusion _——‘i». and mouse SPARC from
a variety of sources are ﬂe to reduce solub -2 levéu Domain I of the SPARC

molecule is reﬁﬂﬁﬁlﬂ ﬁ%%ﬂpﬁm’fﬂ Ride L1 TIMP2

reduction by SPARC is not due to chg,nges in TIMP 2 mRNA or blndmg to the cell
ot 4 YU T 5 BRI s s
due to 1ncreased degradation. Not all SPARC preparations could induce MMP-2
activation, despite pronounced reduction in TIMP-2; perhaps they reduce TIMP-2 to a
suboptimal level. Further study is required on how SPARC reduces soluble TIMP-2,
and the relationship between reduction of soluble TIMP-2 by SPARC and SPARC-

induced MMP-2 activation.
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