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strateqi es, offerl ng varying degrees of success. One known approach is to
i ncrease the sensitivi ty of cancer cells to i mune-nediated |ysis. The
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| BACKGROUND OF THE INVENTION

TIMPs in Cancer Research

20 The treatment of cancer remains a demanding task and employs different therapeutic
approaches and strategies, offering varying degrees of success. One known approach is to
increase the sensitivity of cancer cells to immune-mediated lysis. The sensitivity of tumors to
immune-mediated lysis has been linked to the biology of matrix metalloproteinases (MMPs),
and specifically, to the cell surface expression of MMPs by the tumor target cell. Matrix

25  metalloproteinases (MMPs) degrade components of the extracellular matrix (ECM) and have
been implicated in tissue rerﬁodeling, tumor invasion and metastasis (Egeblad & Werb, 2002;
Itoh & Nagase, 2002). MMP activity has also béen associated with the efficiency of both
perforin/granzyme- and FAS-mediated apoptosis (reviewed in Egeblad & Werb, 2002). It was
shown that MMP activity is regulated at many levels including four endogenous inhibitors,

30°  the tissue inhibitor of matrix metalloproteinases (TIMP-I, -2, -3 and 4 (Bode & Maskos,
2003). The in vivo balance between MMPs and TIMPs determines whether matrix resorption

or deposition occurs (Nagase & Woessner, 1999).



apoptosis. These diverse biologic activities of TIMPs have been linked in
part to the 5 stochionetry of TIM/ MW/ cell surface protein interactions.
The recruiting of cytotoxic |ynphocytes represents one potential pathway
in the defense against tunors. Although cytotoxic T |ynphocytes (CTL) and
natural killer (NK) cells that infilt2ate and recogni ze tunor cells are
identified, an effective anti-tunor immunity often fails to efficiently
devel op. This inefficacy is one reason that prevents the conplete
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t he cytwmMaasm c death donmmi n of FAS. Many tunors have been found to be

resistant to apoptosis nedi ated through the FAS pathway (Frost et al.,
2003; reviewed in Igney & Kra/rinmer, 2002). As a nodel systemto test the
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20 receptor (325 amino acids, 45-48 kDa). The FAS ligand (FAS ligand, FASL, CD95L) is an

integral membrane protein and is a type II transmembrane glycoprotein. FASL is a member of

the TNF family, which includes TNFa, a- and B-chains of lymphotoxin (I.T), CD40 ligand

and CD30 ligand. The action of FAS is mediated via FADD (FAS-associated death

domain)/MORT]1, an adapter protein that has a death domain at its C-terminus and binds to

25  the cytoplasmic death domain of FAS. Many tumors have been found to be resistant to
apoptosis mediated through the FAS pathway (Frost ef al, 2003; reviewed in Igney &
Krammer, 2002).

As a model system to test the TIMP-GPI constructs of the present invention, cell lines of renal
30  cell carcinoma have been used as an example. Renal cell carcinoma (RCC) is fhe seventh
leading cause of cancer. Approximately one-third of patients with RCC have metastatic disease
at presentation and up to 50% relapse following nephrectomy (Vogelzang & Stadler, 1998).
RCC 1s difficult to treat and immunological therapies such as interferon-alpha and interleukin- -
2 are generally more effective than chemotherapy or radiation (Vogelzang & Stadler, 1998).



One nenber of the TIMP famly, TIMP-1, is a broadly acting MVP inhibitor
(Bode & 5 Maskos, 2003). It is a soluble protein that can be detected on
the cell surface only through its association with surface bound proteins
(Brew et alL, 2000; Klier et aL, 2001). The overall role of TIMP-1 in
cancer biol ogy remains the subject of3 conflicting reports (Brand, 2002).
To date, it is accepted that TIMP-1 plays a role in angi ogenesis, cell
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is furyhepgmre useful in the field of regenerative nedicine.
signifiéant “area in the field of regenerative medicine is concerned with
t he wound healing 30 process. Wund healing relates to a natural
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20 The present invention therefore providés an effective anti-cancer agent and strategy in order
to reduce or alleviate the proliferation of tumor cells in an individual, in particular in a patient
that was subjected to an incomplete surgical resection of a primary tumor. The anti-cancer
agents of the present invention are useful for killing tumor cells both in cell lines in vitro and
in tissues in vivo.

25

The Role of TIMPs in Regenerative Medicine

The present invention is furthermore useful in the field of regenerative medicine. One
significant area in the field of regenerative medicine is concerned with the wound healing
30  process. Wound healing relates to a natural restorative response to tissue injury and involves a
complex cascade of cellular events that ultimately generates the resurfacing, reconstitution,
and restoration of the tensile strength of injured tissue. This process generally engages the
recruitment and proliferation of different cell types, an elaboration of the cellular matrix, and

an increase in immune surveillance.



t he wound heal i ng process is regulated by special signal transduction ‘
pat hways. During 5 wound healing, an increase in the expression of growth
factors and cytol cines occurs; in particular, increases in the |evels of
INF, IL-1, and IL-6, have been described. During the initial inflamrmation
phase, which involves the effector préteins IL-1, TNF-a and CSF, both

macr ophages and neutrophils are recruited to forma fibrin clot. During
the granul ati on phase, the fibroblasts proliferate, mgrate to the wound,

and secrete ECM The effector proteins 10 involved in this latter phase
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such as abnormal wound healing may result, for exanple, chronic wounds,
exdessive scarri ng or kel oid scarring. Therefore, there exists a need

to contil ieleffelhbl BARGEsHOREIbRIMS HRLOCHHEAL oPALARERRRYE WRARE FbRILMIBASR
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(E'II\F/)IP—E}, MMP-10, MMP-11), gelatinases (MMP-2, MMP-9), matrilysin (MMP-7),
metalloelastase (MMP-12} and a series of membrane-bound matrix metalloproteinases (MT-
MMPs). As the function of MMPs is to proteolytically break down the swrrounding ECM, a

-30  balance between this protease activity: and ECM deposition during wound healing, i.e. re- -

building of the injured tissue, needs to be optimally maintained. The control of MMP activity
is modulated by the TIMP proteins, which are produced by most cells, and act to inhibit the
. MMPs in a 1:1 ratio. Where this delicate balance between the proteolytic breakdown and



6 SUVMARY OF THE | NVENTI ON The present invention provides novel anti-tunor
agents and nethods for the treatnent of cancer. The present invention is
based on the surprising finding that GPl-anchored TIMP effectively reduces
or alleviates cancer cell proliferation, and pronotes the killing of
cancer cells in cell lines both in vifro and in vivo. The structural and
functional determ nants of TIMP have been conbined with a
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10 order to generate a high y effective chenot herapy age hi's approach
expl oi exammlisehpnie wonsdsaersiseniedschiyingloy keleid sshwisghat | dyl i nositol (GPl) to
be incorporated into surface nmenbranes when purified and added to cancer
cells. The fusion of TIMP-GPI with a nmucin dormain further enhances the

pr esentatieture, ofheil stpraobidnto ontidlersiufitare melphysdelbicanbaland batkes t he
fu on construct nDr effective in rendering the cancer cells sensitive to

nePToleessacHvalY @nd HEM Aerasition duripg theaveuwd salingpraseabpl es, the present
|nvent|on denonstrates that TIMP has the potential for the inhibition of
growth of tunor cells and reduction of tunor devel opnent both in cel
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pr ot ei mitngzs dslimokié theSermationad scirs guridghRe oamthguliofybFcBssand dramatical |y
altered the cell surface association of diverse MWs. Mst significantly,
the normal |y FAS-apoptosis resistant tunor cell |ines were rendered
sensitive to FAS/ CD95- nediated killing. GPI-TIMP treatnment results in a
down regul ation of anti-apoptotic BCL2 30 protein and a correspondi ng
increase in pro-apoptotic BAX protein. This shift towards a hi gher
concentration of pro-apoptotic proteins may be one reason for the
increased sensitivity of FAS-nedi ated apoptosis of TIMP surface engi neered
cancer cells. Using the above approach, the GPl-anchored TIMP proteins or
pol ypepti des of the present invention have been proved to be particularly
useful in therapeutic applications in the treatnent of residual cancer
after inconplete surgical resection of the primary tunor |ike in advanced
breast cancer, osteosarcoma, renal cell carcinoma or in malignant brain
tunmors, e.g.



5gl i obl astoma. Moreover, since tunor cells, including renal cell carcinom
(RCC), are intrinsically resistant to FAS-nediated killing, the present

i nvention provides an effective nmeans to render the tunor cells
susceptible to FAS-nedi ated apoptosis. 10 In a first aspect, the present
invention therefore relates to a fusifen construct (TIMP-GPl or

- Tl MP- muci n- GPI) conprising an am no acid sequence of a tissue inhibitor of
nmet al | ReTHE MRE iologically active fragnent thereof,
mherei%gsal T MP d?i%.o|d§F§? ly active fragnment thereof is linked to an
am no acid sequence of a mucin domain 15 followed by an am no acid

sequen of a hati dyl | rred
enbodi ?rﬁehpres?rﬁgh ﬁdjo % f\lkye? 3‘3‘8 géern %% 81'385 &f ﬁfel n%hﬁé&séefguence
and doemcérot contain a nucin domain. 20 The ternl"HUC|n" relates to a

famly of large, heavily glycosylated proteins. One class of nucins are
menbr ane- bound due to the presence of a hydr ophobi ¢ nenbr ane- spanni ng

d I
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of nmucins are secreted on nucosal ci n genes encode nucin
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are l'i ghtl ycosyl ated, but rich in cysteine residues, which are | i kely -
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of 1 o 80 resi el n over the amno acid 3
_resi duesbmnes wheri puifind ardr asidd te carivbicéalis. ”éfﬁeeﬁagene:féﬂ IMP- sBI: mﬂheadmazsm

massi v ate oteln havi | e s _of u 1.to 10
T AP R EhpPreernt Resa M S e SR R B e g
anot hehalseskd fusioy coBNEO widre Bffedti’iffeﬁﬁ a&ideﬂﬁgs theaiah&w gells schbieii et Bamuad-
di sul fide bonds may also play a 8 role in this process. At |east 19 hunan
miei n Pehiusd Aesictiien di stingui shed including MUIC1, 2, 3A 3B, 4, 5AC, 5B,
6-9, 11-13, and 15-19. The nucin as used in the present invention is

preferably a menbrane-bound muci n domain
In the following examples, the present invention demonstrates that TIMP has the potential for

the inhibition of growth of tumor cells and reduction of tumor development both in cell lines
I vitr¢ and in tissues in vivo. The linking of TIMP to a GPl-anchor and exogenous
20 ad;ﬁinistration of GPI-anchored TIMP results in an efficient insertion of TIMP protein into
the cell membranes of cancer cells. The GPI-anchored TIMP-1 surface expression induced &
variety of biological effects in cancer cell lines with potential therapeutic relevance such as
inducing the FAS-mediated apopiotic pathway in cancer cells. As shown in the following
examples, the suppression of cancer cell proliferation was observed to be dose-dependent.
25
' GPl-anchored TIMP-1 protein also blocked secretion of proMMP-2 and proMMP-9 and
dramatically altered the cell surface association of diverse MMPs. Most significantly, the
normally FAS-apoptosis resistant tumor cell lines were rendered sensitive to FAS/CD93-
mediated killing. GPI-TIMP treatment results in a down regulation of anti-apoptotic BCL2
30 protein and a corresponding increase in pro-apoptotic BAX protein. This shift towards a
higher concentration of pro-apoptotic proteins may be one reason for the increased sensitivity

of FAS-mediated apoptosis of TIMP surface engineered cancer cells.



5 and conprises preferably an am no acid sequence selected fromthe group
consi sting of MJCL, MJC3A, MJC3B, MJC4, MJCll, MJC1l2, MJC16, and MJICL7, or
a variant or portion thereof (the above mucins are reviewed in Mniaux N a
al., 2004). In another preferred enbodinent, a nucin-stalk is used that is
i sol ated fromthe surface-associ ated.thenoki ne CXCL16 or fractal ki ne
(CX3CL1). 10 Fractallcine is a nenber of the | arge and conpl ex chenoki ne
gene SUQﬁEftﬁﬂ‘abé/ve %&&Bh COBSG B ahcREA TR pbieis &eﬁdlﬁseeadespépﬂhefﬂrés@mt ory
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fand | i gdobiasiembeen j dentified based on the observation that chenokine
pepti des can be distingui shed by the organi zati on of the cysteine residues
| ocated near the N-terminus of the nolecule. Fractallcine itself defines
one of Mo veh sinsk itungorf caiis,| indudingmenal selllcgrrinoyai(BREY, 20 intripsieallyrrgbiktantf r om
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i ncludes a nmucin-like domain, or a mucin-like stalk. Thus, the nucin and
frHtt al ki ne domai ns contained within the fusion constructs of the present

I nvent °f 2 Eagﬁé(%ftﬁphge n%lﬁrm@&m?ﬁ‘e’thél}gfo@@ rdl A0 RVE fusARCOREIRG (@iMPhePRS TI WP

protein rane IMP as used in the present is
pr ef er BMP-ndwisi-GEY) fcromrrpratmnaml amimor eicjgr efeguangdl Dﬁ a men iphibgor oefr
TIMPs are.rev evved F et al 001 ot ei ns
t hat clé‘ﬁtaﬂgprﬂ ST Tg%/ﬁﬁ oazfn 18P%1ctaﬁytaﬁ%\’fe &3@% tﬂimﬁ gp fvf‘grr?l ?)an%rl <6 T vp-1
T MP- 21»1015@{&}1% 363, fraimehk Merdofdl Qinkétﬁtdarﬁﬂﬁﬁlﬁﬁﬁml%qﬁ@cv @f iaafthcn idomainher
organi snms such as pouse, rabbit, dog, cat, sh ee&. and cow. .9 The

Qs

anoleved 8y G%é’é}lqorﬁctdrﬁﬁ%?%@ﬁ? ghyvosiehasphatidybpostiel (GHyansbp.ved from t he

-l ynphocyte function-associated antigen (LFA-3), or a portion thereof, and
i ncludes a GPI-signal sequence that nedi ates nenbrane association. 5 The
pr esenin a pregertadoembzidinentpthet ¥send of T TMR Isciusedadiragtlngd e (@Rlelintdug: bequen®@NA or

Ising a nucl ei ¢ |d sequence t hat encodes for the GPl-anchored

TI VP CWSC{OFiIE? pitap g mugiD In a further aspect of the present

i nvention, the nuclerc aci d nDIecuIe of the invention is 10 contained in
an expressron plagsmd, a ve st cel | forgﬁxpressro of the

nudd ei Eheatery “mIcEr Lﬂe@tqffwt%gamlmg%r%ﬁa cavilyglyqas¥laterProsiRent P clars e
rel at eg,tigs bhe {dbﬁ?q[ e bdted TadP1dFlle pRientk N AUSURpEBYic fH&hBRANEQPaningct S Of

the invention he treatnent of cancer par ti cuI arly residua ancer
af t er ddnaimithtciaiors eptentidn af the plasmnyemlum while another class of mucins are

secreted on mucosal surfaces. Mucin genes encode mucin monomers that are typically
synthesized as rod-shape apomucin cores that are post-transiationally modified by
25  exceptionally abundant glycosylation. Two distinctly different regions are found in mature
mucins. One region includes the amino- and carboxy-terminal regions, which are lightly
glycosylated, but rich in cysteine residues, which are likely involved in establishing disulfide
linkages within and among mucin monomers. The second ceniral region is formed of
multiple tandem repeats of 10 to 80 residue sequences, wherein over half of the amino acid

30 residues are serine or threonine. -

Mucins are generally secreted as massive aggregates of proteins having molecular masses of
roughly 1 to 10 million Daltons. Within these aggregates, monomers are linked to one another

mostly by non-covalent interactions, although intermolecular disulfide bonds may also play a



In a further aspect of the present invention, the TIMP-GPl or
Tl MP-muci n- GPl fusion constructs of the invention are contained in a
pharmaceutical conposition or nedicanent. In a further enbodi nent, the
TIMP-GPlI or TIMP-nucin-GPl fusion constructs of the invention 20 are
suitably used as anti-cancer agents of drugs. In a preferred enbodi nent,
the anti-cancer drugs of the invention are adm ni stered_and applied
| ocal | y1¢ Gy tu?@ ﬁ%&@iofmt B85t OB AR Sucire 36es | 1R IRl dinkiisied! #ORIding
patients wt igh risk of residual cancer cells and increased incidence
of a | MI&T1,2eBAp3R, 4, 4AF, PR, ¢-Rotelpamddit!d. havi ng an obvi ous residual tunor
due to advanced stage disease or |ocal inoperability. Preferably, the
fusion construct is adm nistered 25 by spraying into the wound and/ or
i nj ect Th muBinOasl @@t @i $hel frasendirvenidn Rvgtleaddlyea nfymisatederyd nllgn dosaant
invention also relates, to an.in-vjtro nethogpfor i nhi bition of cancgé'cell
o]

prol i f EaEPBRrEs Mesiemblygan REing ep spquenes; setactedgiramcthip GEPUR &P1SITHREe0k 0 an

ef f ect i ATMLEE ACMUEME- VR0 MERE 1 DM MTICYR: ﬁﬂcféf%h@ﬂd@t?ﬂﬁtd’r‘écﬁaﬁaﬁpﬁr In a

further enbodi nent, the present invention providés novel agents and
met hodporfion théreoft {teatbeet mutins omelireviowsd deMomab)N e di.s20Mpeth badtherce

bet ween por nal si ol oqi cal .protease .acti Vi and E deposi tion,
o o PreBRfel iRt @St N PLOLEBRF i€ Fololed ofl e T EERSR LI
I nvent ¢iRmhokiR\IXIEE ] Agefictaliing (OEBODUp suitable for the treatment of 10

kel oid or hypertrophic scarring and chronic wounds commonly associ at ed
W i ncreased MWP |l evels. Furthernore, the present invention al so

provi dg ' t d I SRR odleNdy¥hdl Olyhi
i bi FE R e B Raar T il U Rokplex BRUCKR gl 1RbALR iy
DEFI NI Gin€isg phiricipatlp eoftseemted TpviRilaasnatondmiobceien iThertpping ame strdugenous

tissue,inhibitar of .netalloproteinase ich is known to involved in
physi HISEAEE? OF oFSERIDArH IRBER o CEO 95 PO n g REY IR R PoSCBert | ve
mat ri XeydRim! deSifENt Bormsasof dhegtekinkipepti@ds, BFaniiP s@ediirdpéHaedtrerBet lis greowt h,
and the npdul atjon of angi ogenesis. The human "TIMP fam |y" contains four
meftberdstripntign of fopr gpsteines) wihiy, the meplaquigsie. a ondeips siggrPEdmABI e CuStd in
the prggea! whipenid Q%Hstlihypaha’x'i§ afly SRESFLGS r&'itﬁfe.e' Fouk et H sl Ct ed
on the cell surface through its interaction wth surface proteins (Bode &
Mask osfam#iix33have 1Been identified based on the observation that chemokine peptides can be
distinguished by the organization of the cysteine residues located near the N-terminus of the
molecule. Fractalkine itself defines one of the chemokine families, and is distinguished
20  structurally from other chemokine families as the N-terminal cysteines of fractalkine are
separated by three residues (i.e. a CX3C motif) as well as being tethered to the cell membrane
by an extended C-terminus transmembrane anchor that includes a mucin-like domain, or a
mugcin-like stalk. Thus, the mucin and fractalkine domains contained within the fusion
constructs of the present invention are suitable for achieving an improved anchoring of the

25  TIMP protein in the cell membrane.

The TIMP as used in the present is preferably derived from a mammal; more preferred is a
human (the four TIMPs are reviewed in Mannello F et al., 2001). Examples of TIMP proteins
that can be used in accordance with the present invention comprise TIMP-1, TIMP-2, TIMP-
30 3, or TIMP-4 and their corresponding variants in other organisms such as mouse, rabbit, dog,

cat, sheep, and cow.



The term "fusion construct” or "TIMP fusion construct” as used herein
refer to both the nucleic acid nolecule and the am no acid nol ecul e
encoded thereby. The invention specifically relates to nucleic acids
cont ai ning a nucl eoti de sequence including 20 the sequence defined by SEQ
I D NOS: 1-5, or a honol og thereof, or 2nique fragnents thereof. In the
present invention, the sequence of a nucleic acid nolecul e that encodes

the resyl GPMANEHR LS ued f B0 PeésefY iBFeriONTb QELFLEbIV Qedvar HFOMGhE WahFhdeyRei d
nmol ecul e i f the nucleotide sequence of the first nucleic acid nolecule is

at | eaBmchpatsodiand peigsndgE4s3), pr epetanherenf, anddngludes e ePIgugrah sraentfous,
and ”Dﬁl?it%E&Qé%ﬂﬁh%r&teékseoﬁfatﬁoﬁbom 90% honol ogous to the 25 sequence of
no

t he second nucl el c aci ecul e. Honol ogy between two nucleic acid
sequences may be readily determ ned using the known BLASTN al gorithm

Al |, et at, 1990) with default settings. As a furth
ot oo RBRR eI AsS a1 AR RSHOTISISE Stdth VS o TV Ay
sequengdfpdstngMRidIaE a&ih%}éctldaseé it &RoHEIRE tROGPRinchMeA MUl Paidnsfuct @R ehe i ONS,

preferably under stringent hybridization conditions 30 Gven the nucleic
aci d swyemtwe di scl osed herein, the skilled person can readily design
nucleic acid structures having particular functions in various types of
applications. For exanmple, the artisan can construct oligonucl eotides or
pol ynulyd £ Gluitlehe aspeak ofiskes ases@iti iredrsionNtheundchdic aadimbolacydd iof itleainvention is

procedures, such as the | ynerase chain reaction (PCR), ligase . 11, chain
P elE (| SRS A BT R RS TR OB T ¢ 96?15@Re>81§?95dw|t%%w gerafifat i on
assay fbleRiPefhe itdtibie |1 ke. Aigonucl eotides useful as probes in

hybridi zati on studies, such as in situ hybridization, can be constructed.

Nuner ous net hods for |abeling such probes with radi oi sotopes, fluorescent

t ags, . bi ndi i.eties (e ~hOEbN) < . .0 the
pr obesﬁgefzy %ﬁ%’t iuﬁ[\}gﬂﬁ gfr%b 2 gl% et(?&ﬁeea%iel 0;? tg% ggg%ﬁékgrm:igg@ﬂ(%g%c?%gﬁﬁ@y.

A i gonsombiemdts d€ shee fveatian flretidestaynest afh darvar) Ylaaularlgdrebidualotdneer pfieposes.
For. exampl e, the inpvention enables the design of antisense
m#%ynﬂggﬁgf?ﬁﬁﬁﬂOE%HHF?ﬂﬁW€¥¢forning ol i gonucl eotides for use in the
study of structure/function rel ationships. Honol ogous 10 reconbi nati on can
be inpl enented by adaptation of the presently described nucleic acid for

use asinaa tiurtbest sspectnefaths. prepnt ppvansion, e dHME-GRI ehdIMBcnwsie-GRi firsivh t he

Consi QEPE S i BidSls HEFRHATH L HBrka0RLa) RMIA o Al ShiE o
_further embodiment, the TIMP-GPI or TIMP-mucin-GPI fusion constructs of the invention

20  are suitably used as anti-cancer agents or drugs. In a preferred embodiment, the anti-cancer
drugs of the invention are administered.and applied locally to the side of the tumor mass
resection in high-risk tumor patients with a high risk of residual cancer cells and increased
incidence of a local relapse, and in those patients having an obvious residual tumor due to
advanced stage disease or local inoperability. Preferably, the fusion construct is administered

25 by spraying into the wound and/or injection into regions that are not available for surgery.

The present invention also relates to an in-vitro method for inhibition of cancer cell
proliferation comprising the steps of subjecting a cancer cell line to an effective amount of
TIMP-mucin-GPI or TIMP-GPI fusion construct.

30 - -
In a further embodiment, the present invention provides novel agents and methods for the
treatment of conditions defined by a disturbed balance between normal physiological MMP
protease activity and ECM deposition, which result in abnormal wound healing. In one

embodiment, the present invention provides agents and methods suitable for the treatment of



15 function, as described below, if the honolog has the sane function as
the other protein. The honol og can be, for exanple, a fragnent of the
protein, or a substitution, addition, or deletion nmutant of the protein.
Det erm nati on of whether two am no acid sequences are substantially -

honol ogous is, for the 20 purpose of 18he present invention, based on PASTA
searches according to Pearson & Li pman (1988). For exanple, the amno acid
seque -af ' r kN, | We! hQh cond
pr otepge??@ (%rhe}dgm gﬁa%aﬁh%e%%de%%gﬁ%f %E) ﬁgisfl rs'tl&gfgtgsec{c%tidggﬁtg? Bf%g%t% about
70% anViMP dovield. Feghennoee,itbe ptesent inypmebe aksb Ipyovades|efastiveadgouts a80 %dthiadst i ty,
and note eterably at |east ..apout, 95% i denti.t Lth the se ce. of the
secon Obrrg‘ﬁlg’f‘rfgf %}/I‘T*ﬁﬁlgp%rséq%b lﬁﬁ yhefo gFi‘lfl%P‘i%%‘HW@ E‘ﬁﬁ%‘ﬂggﬂﬁﬁ}% a
sequenggcdkt h an equivalent amno acid is well-known. Goups of am no

aci ds 'known to be equivalent include: (a) Ala(A), Ser(S), Thr(T), Pro(P),
AWQ; 30 (b) Asn(N), Asp(D), Gu(E), An(Q; (c) Hs(H, Arg(R, Lys(K);
(d) HONS) . le(l), Val(V); and (e) Phe(F), Tyr(Y), Trp(W. 12
Subslviq?%ﬁ%lns, aéd_ditions, and/ or deletions in the am no acid sequences can
be made as long as the protein encoded by the nucleic acid of the

I nvent | onti nues..ta,satisfy . the functignal criteria descr. herei n.
an 2 Waha B B cMUE” s aird, Rt Mnieat 90  fdoedinn® SR GPRERoT dfvence,
but t hastalbrb®inssds! WRid e RhHCH 6 S eRGERYinNBRR ol SicAIBR 16 icdIDfufictions
substitutions, 5additions, and/or deletions, 1s considered to be_an

ed@i vanending eige Hbibitign e petiiiey matres snetalleprolginasasp regubtione ohprg MME t han
10% Il St r.abl t 9 -t DunRe el l.nn~aci d
resi dﬁajeagv%ldnacg% encé%ggetﬁgs)u Qs#?atiﬁ)tneﬁagno@,@eggg édﬁt%o, or dgﬁ\geg # om t he
pr ot eicontisddecmbybekeT MR eTIVIBQ, d1MP-3, hed THMEAL Ko prdferred member used

in the present invention, TIMP-1, is a secreted protein that can be detected on the cell surface

- through its interaction with surface proteins (Bode & Maskos, 2003).
15
The term “fusion construct” or “TIMP fusion construct” as used herein refer to both the

nucleic acid molecule and the amino acid molecule encoded thereby.

The invention specifically relates to nucleic acids containing a nucleotide sequence including

20 the sequence defined by SEQ ID NOS:1-5, or a homolog thereof] or unique fragments thereof.
In the present invention, the sequence of a nucleic acid molecule that encodes the resulting
protein is considered homologous to a second nucleic acid molecule if the nucleotide
sequence of the first nucleic acid molecule is at least about 70% homologous, preferably at
least about 80% homologous, and more preferaﬁly at least about 90% homoldgous to the

25 sequence of the second nucleic acid molecule. Homology between two nucleic acid
sequences may be readily determined using the known BLASTN algorithm (Altschul, ef al.,
1990) with defaunlt settings. As a further example, another known test for ascertaining the
homology of two nucleic acid sequences is whether they hybridize under normal
hybridization conditions, preferably under stringent hybridization conditiess:-

30
Given the nucleic acid sequence disclosed herein, the skilled person can readily design
nucleic acid structures having particular functions in various types of applications. For
example, the artisan can construct oligonucleotides or polynucleotides for use as primers in

nucleic acid amplification procedures, such as the polymerase chain reaction (PCR), ligase



Wth the term"WM" as used herein is neant a matri x netall oprotei nase
that belongs to the MW superfam |y as represented by at |east 26
extracel lul ar matri x-degradi ng netal | oendopepti dases that are acting
during tissue devel opnent and differentiation, cellular infiltration,
wound heal i ng, and as noderators of the i mune response. 15 Wth the term
"GPI" as used herein is neant glycoinositol phospholipids, in particular,

gl ycosylaphesihiad i(DER), "Reiai0Chas Resasn PRAR),NPORASHzoRbcI& tide UBRGon HResE
phOSphO|H€Id-|Ike anchors have a comon structure faor, nmenbrane attachnent

i rr espRER-(EA97 ansh the dker Pligeryclretidesyseiy anprobpyinbidizalicn tehipbsth 3 a
l'inear ;. gl.yc -al nd gﬁ)&& 1 r : i dues,
and a W?é}r%%a%r@%ﬁ%mgaﬁ %ggcsoglr ni négpﬁ%g&?%‘egﬁﬁdsl ﬁ%slﬁ%é@ggﬁgggﬁ%ﬁ? gﬁ% . The
GPl semdmmmépesnfiwiressenttiagss egryales, arbbinding exdict@Bl(c.gn divsin) ate. kngvwrh thse term

"mucin® or ."mugin.donmgi n" as us erei,n i s -nean .menbrane bound or non-
e raﬂ?ﬁP&WEB&%P@W%%W@WJW‘%’L@B@W&re %ﬁil?f%g’?lbt%nd muci ns exhi bi t
hydr ophobi ¢ 25 sequences or transnenbrane donai ns responsible for their

anchoring in the lipid bilayer and, optionall >£Iﬁ{ contai n one_or several von
W | | ebPhgemuclegtidesrcaniatse brofesiensd andireanufaghied &1 othertvepases-gBReEI3 @ RIon of

muci n n 0.t p i s S s MEeS| . h m
et rPSoRERTf Mhabile A8 BESEER" Rnbinl SABCEAALAEHE Ml Prbilers or
muci n- dligoaudestiaien sfor susehirash¢ heudyu of nstatcairk/§meyign aalatiynshigpandemelepeusCXCL16

ch ki nes .or.in 30 fractal ki X3CL1) . "TI MR- GPlL " _fysion. construct as
B PSR e ARt By STAPALpELS e pRapty JescribelaieRic g g
sequeng@ as 3 i@odild¥iRedE] fusion construct is designed by substituting the
3'-nmRNA or ¢ end sequence of naturally GPl-anchored proteins (i.e., a

sequence that contains the 13 signals that direct GPlI anchoring) for the
endog u - A S TlNR: e "

"TI I\/P??rlu%c-réﬁr’k\@%c;bdﬁse tée){l%ﬁqn rgﬁ;k& etgg? %b%é}ﬁfl?_?@ ?T];at |es gl‘%[eect : ycngh?lused

t o a nhensioghomaiprotéial ik @oadddryd a fBRttidrah homnnpgsefoametiee prottia BF MPsproidficn- GPI
fusi on, construct i, esi gny descri bed for TINP-GPI. Db i ncl udi t he
o, TP BY B DRI e SorBFIRE b Giaaatih FERRIOR F 5 ePePOtchBes of
TI VP o dY carfe, Brakagple, a bdiEkdFtal frbRar, 6P4 sultitulibh MddfdoaCo@ictione! at es
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GPI - | i mKiapigfdpretede.

Detenﬁination .of whether two amino acid sequences are substantially homologous is, for the
20  purpose of the present invention, based on FASTA searches according to Pearson & Lipman
(1988). For example, the amino acid sequence of a first protein is considered homologous to |
that of a second protein if the amino acid sequence of the first protein has at least about 70%
amino acid sequence identity, preferably at least about 80% identity, and more preferably at
least about 95% identity, with the sequence of the second protein.
25 '
The possibility of substituting one amino acid in a sequence with an equivalent amino acid is

well-known. GTéups of amino acids known to be equivalent include:

(2) Ala(A), Ser(S), Thr(T), Pro(P), Gly(G);
30 (b) Asn(N), AspD), Glu(E), GIn{Q);
" (o) His(HD, Arg(R), Lys(K);
(d) Met(M), Leu(L), Tle(T), Val(V); and
(¢) Phe(F), Tyr(Y), Trp(W).



10 Wth the term"RCC' is neant renal cancer carcinoma which is considered
to be a progressive tunor with limted therapeutic options due to tunor
resi stance to current chenotherapeutic agents and radi ati on. RCC serves as
a nodel systemin the present invention to show the antitunor activity of
GPl -anchored TIMP. The nodel cell |ihgs used in the present invention are
15 the RCC-26 and RCC-53 cell lines that were established frompatients

with Sgtﬁﬁﬁpﬁioﬂs“%&fﬁ@ﬂs‘;‘ ahof BLILHGRNS RS o acid sWieficdshtan bemilde BARngd & Meant
a menber of thé tunor necrosis factor/nerve growth factor receptor famly
t hat i thdycetsinagropdasbys thenutmdndeidtofahe iNEntion Quitispesalobsativlydhe dwrctierdhwn i n
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t r aumaddgatte ObutOhhedifiefsefrbrin] the @ther Iss@itdee Bhinteahe bfnoaaor imet walsstitidns,
processes of wound healing, tissue repair, and other types of restorative
actd vi addiionscandfaridalgtians, 15renpigerst fOPe HheeranbiRi8F¥ogi cal insult and 25
ensui ng tissue damage has occurred. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
30 The TIMP Fam |y and Protein Engineering of Cellular Surfaces Tissue

i nhi bi Pefesabdy, lesstthid 2096 ometenprefesablyTlehstinn 4 0%, kndvitll xora prefonetjly kess éhanul ar

|0 P 3 Bl DS LORGR! 6 R330hi0 T BR800 0

di f f er @dMted r&SUBe HIORAEESI0ABd PRtHeaTl Rl ltlemveiitionl4 regul ation. The
TIMPs typically nodulate the activity of soluble, matrix bound and cell
askbciated MWPs. Al four manmalian TIMPs have nany broad sinilarities,

but exfihlthe il VAP U8 8L B 18 nchRAL HERS mOLIRGAAEIER! (B RRRIES 1@ theand
expressi on patterns, I ch suggests that each TI has a particular in-:
vivo TMDMR i eaperfanillye dFl Meprespriot ebn &b lchg rAfstexmiadedlware xpriassegraging'

nmber of the TINP fanily O b he TTMP f amily.incl ude TIMP-2,
T S e S R R R s

f eat uriggitratiog] Welindthealife bh@&s MbdGradssMBIingyeieaks@niesi dues that form
di sul fi de bonds essential for the native protein conformation (Brew a al .,

200), but _
With the term “GPI” as used herein is meant glycoinositol phospholipids, in particular,

glycosylphosphatidlyinositol as described in Medof ef al., 1996. These phospholipid-like
anchors have a common structure for membrane attachment irrespective of protein function.
GPI anchoring units are composed of a linear glycan containing a phosphoethanolamine, three
20 mannose residues, and a non-acetylated glucosamine linked to an inositol phospholipid. The

GPI sequence contains the signals that direct GPI anchoring.

With the term “mucin” or “mucin domain” as used herein is meant a membrane bound or non-

membrane glycoprotein component. Usually, membrane-bound mucins exhibit hydrophobic
25  sequences or transmembrane domains responsible for their anchoring in the lipid bilayer and,

optionally, contain one or several von Willebrandt factor-like domains, which function in the

oligomerization of mucin monomers and in the packaging into secretory vesicles. The term

“mucin” or “mucin domain” as used herein also encompasses mucin-stalks or mucin-like

domains, such as the mucin-stalks typically found in the CXCL16 chemokines or in
30  fractalkine (CX3CIL1).

A “TIMP-GPI” fusion construct as used herein relates to TIMP that is fused directly to a GPI-
linkage sequence. The TIMP-GPI fusion construct is designed by substituting the 3'-mRNA or

¢DNA end sequence of naturally GPI-anchored proteins (i.e., a sequence that contains the



10 they al so have w dely overl apping biological activities. The conserved
N-term nal region of the TIMP proteins is necessary for functional
inhibitory activities, while the divergent Ctermnal regions are thought
to nodul ate the selectivity of inhibition and binding efficiency of agents
to the MWs (Maskos & Bode, 2003). Hagever, apart fromtheir ability to
act as MW inhibitors, the various TIMP fam |y nenbers nmay al so exhi bit

addi ti gnal,_ hi ql @qi 1 LVid | i ! g hal)
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and i nidgaemmt ory responses. TIMP-1 has been found to inhibit nost Mws
(except MWP-2 and -14), and preferentially inhibits MW-8. TIMP-1is
produced and secreted in soluble formby a variety of cell types 20 and is

Wi del y AdH3RAE. BERAGHTN R YoM mbO&PPO MY usell thefetn AflatexioeN FIMP | tatgh Mol at ed
protein wth a nol ecular mass of 28.5 kDa. TIMP-1 inhibits the_active
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T MP- 23 5h2W8018vHdtfyef @PLRniRL séalihdi tion of MWP-2. 30 TIMP-3 is typically

bound to the ECM and inhibits the activity of MWP-1, -2, -3, -9, and 13.
TINP-3 shows 30% ami no acid honology with TIMP-1 and 38% honol ogy with

TIMP-2_..TIMP-3 h een _shown .t o pr ] .de s fi tr ced
el s PP EIrany s o meati e Bnls PR Pl hifhh BETRR B be i A0RLR
cel |t fuaivs fvaieHTHinited therdfeufti@ptions & foi Wwhoatdsistinty (b cmekin ghtmothhep&E
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mor pholagi Gatvib NGRS ASRAI M THe bibdePédll e8RSO RE pfBent ThiRtidn 6Nt ai NS
a gl ucosam nogl'ycan (GAG bindi ng domain conprising six amno acids

( Lifs 30the IRKI2B6 abd Ry¥ 253 celf dings that wee established fromapatignis witlostage I ansl sege
respo 'bllfe for an association with the - cell surface. TIMP-3 is the only
CTIMP that* nGTHRITS™ i nhi bits TACE (TNF-a-converting enzyme), anot her

met al | opr ot ease that rel eases soluble TNF and is responsible for the

procesgi.ng. of the -6 receptor to thus play a central part in.the wound
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51 % honol ogy wth TIMP2 and TIMP3. TIMP4 is secreted extracellularly,
pr¥donthaaritfoyFAR ateespal Eriipontesinmdyargproti DaandddP®.t o function in a

ti ssue specific fashion with respect to extracellular matrix (ECM

honmeostasis. 15 Protein engineering of cell surfaces is a potentially
power f The fefrs frpkagytidniipgengrallyhéfeds o hatosing tleciatagriot & travomtipeb ot otbervase cel | s
‘can be manj pul at ed. wi t hout. e transfer. .By substituting the derived
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possible to generate a fusion construct that encodes a GPI'-linked protein.
2@ 5Thi ensuippitissusilapfagehas epghredl e advant ages over nore traditional gene
transfer approaches. For exanple, the nmethod is applicable to cells that
are difficult or inpossible to transfect (e.g. primary tnicrovascul ar
endot helium primary target cells, etc). The anount of protein added to

t he Cﬁ#h@@ﬁé@iﬁﬁ@@&?ﬁlﬁ&nbﬂﬁﬁq%%“ tated (by PACS or

i nmun

30  The TIMP Family and Protein Engineering of Cellular Surfaces

Tissue inhibitors of metalloproteinases (TIMPs) are known as the major cellular inhibitors of
the matrix metalloproteinase (MMP) sub-family, exhibiting varying degrees of efficacy

against different MMP members, as well as different tissue expression patterns and modes of



25 addition, multiple GPl-anchored proteins can be sequentially or
concurrently inserted into the sane cells. Through nol ecul ar engi neering
it is possible to express an additional epitope tag that assists in
protein purification as well as nonitoring of reagent during experinents.
The agent can be injected directly iA#o the tumor or peritunorial area and
the effect of selective |eukocyte recruitnent on tunor growth or
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to-be a critical parameter for the presence of residual cancer, which
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TIMP, which can be appiied 1ocally into the resection margins_to attract
i munetepeinkkregings frodamighhte medulate éhe selesiyitsefriphibition saé bindingficienexelal

cancer cells r I\/P i

o, vt E e P s BERE 2000} B AL, MRe RGP RRHEY B oS
surf acmm&faﬁam the Fafibds TIN/Inyai&:ilyoﬁembmk maRyalsubdiibit utdditignd’ bmﬂagmalend
sequences, of nat rally GPl -anc or r:ﬂgm eins (i

coit ai ¥EVites inslyding thegrrgylation REAB APORIYSL Iaﬁd?ﬁ@ﬂg%ﬁﬁd‘&ﬂ %ﬂ%‘* MRNA

end segug ghﬁ&h&ﬁ%@&*r &dck) VI P protein can be expressed as a
GPI -ancho?&’gerﬁerl vative. tg%g present invention, the incorporation of

purified GPI-TIMP protein into the surface rrenbranes of turmr cell lines
SRR BRI bk DS S DY L,
inhibits MMP-8. TIMP-1 is produced and secreted in soluble form by a variety of cell types
20  and is widely distributed throughout the body. It is an extensively glycosylated protein with a
molecular mass of 28.5 kDa. TIMP-1 inhibits the active forms of MMPs, and complexes with
the proform of MMP9. Like MMP9, TIMP-1 expression is sensitive to many factors.
Increased synthesis of TIMP-1 is caused by a wide variety of reagents that include: TGF beta,
EGF, PDGF, FGFb, PMA, alltransretinoic acid (RA), IL1 and IL11.
25
TIMP-2 is a 21 kDa glycoprotein that is expressed by a variety of cell types. It forms a non-
covalent, stoichiometric complex with both latent and aqtive MMPs. TIMP-2 shows a
preference for inhibition of MMP-2. | |

30  TIMP-3 is typically bound to the ECM and inhibits the activity of MMP-1, -2, -3, -9, and 13.
TIMP-3 shows 30% amino acid homology with TIMP-1 and 38% homology with TIMP-2.
TIMP-3 has been shown to promote the detachment of transformed cells from ECM and to

_accelerate morphological changes associated with cell transformation.



30 detail ed below, surface expression with GPl-anchored TIMP-1 resulted in

a strong surface signal for TIMP-1. 17 conponents of the cell, such as
nucl eic acid or pol ypeptides, so that-it can be sequenced, replicated,

and/ or expressed. For exanpl e, "isoliéed GPl linking sequence” is RNA or
DNA containing greater than 9, preferably 36, and nore preferably 45 or

nore, sequential nucleotide bases that encode at |east a portion of a
|'i nki nBus egite high- afﬁmt;abindhigantthet BEMOFIMBS imubigRNAmong DRATIM R | EldR3ar y
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e g., c&ilecmﬁmenc‘fﬂthD\l&% Qequﬂnc’EIM]P ahatr sortmallp mlu.lbiteﬂ‘ek(‘az:l(mNFex gonvertngNA
t hat has been derived i sol ated from an te tissu e t hat
ol riglP gpd Blco dRle

may beCZYBESqRRater g ?ﬁre%?ney%trs BYS i §9 t1f AESROPS! i s

~not 15,3t gl ¥heQE CaHebdibh to WusGsy £eR@AMSart 1B th bRl NXliRE frokédsNY
sequences that are not positioned as they would be positioned in a genone

Whl ch has not been transformed with exogenous DNA. An exanple of DNA
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ragnent n a gl ven organism -an ichi’s eém ca
synt hesw Zeahing aeﬁiaééﬂtitﬁkwh& MR 4r@dr Sh Yedonetagypivieh IMBRahd DRAP3] SaMEtded”

from a, sourc woul au eful sequence that, is excised.or. renoved
T om Siseteied e lte fian Ry SSTRSR gle 100 agpeata Pianig o

endon%ésﬁéafe&ﬁcq&h&mlm Pesﬁé’éﬂ t@&ﬁfauém&rmﬁwm@ beheoRasts,, anmplified, for
use in theinvention, known mnet hodol ogy of genetic engi neering.

unl i ke conventi onal poI ypeptl de anchors, which have d| fferent

fr r.ane..se . i,f o si ons,
{ hoe TR R E N 23 Aty 35 S UAGahe pSREH LGN IRLRRE Sl A
mechangusficé ﬁrotdaieamﬁmﬁmaxtdfa:emtbel mmpnneueﬁ wrthowtf gepe ﬁm&‘lfdfr By nchstiutingCGPI
anchoring unit osed of _.a |i can.cqnt ai ni a .
hospr b8 PHANGI e o cORHY Sestirastnfsan & BEFiobe) Piafin foh GrmaBe s GPb gienal

gl ucos@mAis f&ﬂ ﬂﬁg%ﬁrbbseylatenhﬁaﬂergmn FOSIRRSA lopludereaihﬁxs oL & abidraataed in
the endopl asm c reficul um (ER) "and are added to primary translation 30

pr oduchusioaconsyact tharenpddes G RI-linkgd pradeiat i on across the ER menbrane. The
GRJ- nodi fied products then are glycosylated in the ER and Gol gi, and '
subsequently transported to the cell surface. 18

This approach offers multiple advantages over more traditional gene transfer approaches. For

example, the method is applicable to cells that are difficult or impossible to transfect (e.g.
primary microvascular endothelium, primary target cells, etc). The amount of protein added to
the cell surface can be controlled and gquantitated (by FACS or immuncfluorescence). In
25  addition, multiple GPI-anchored proteins can be sequentially or concurrently inserted into the
same cells. Through molecular engineering it is possible to express an additional epitope tag
| that assists in protein purification as well as monitoring of reagent during experiments. The
agent can be injected directly into the tumor or peritumorial area and the effect of selective
leukocyte recruitment on tumor growth or FAS-induced apoptosis determined.
30 -
TIMP Fusivii Constructs for the Treatment of Cancer

The prognosis of malignant tumors is mostly dependent on their clinical and pathological

stage. While most carcinomas (e.g. primary and secondary tumors) can be completely



Preferred GPl-1inking sequences that can be used in the present invention
are derived from GPl-anchors that are isolated from for exanple, enzynes
such as al kal i ne phosphat ase, acetyl cholinesterase, 5 nucl eotidase
(C073); adhesion nol ecul es such as | ynphocyte function-associ ated anti gen
(LFA-3; CD58), neural cell adhesion fBl ecule (NCAM; 5 conpl enent

regul atory proteins such as decay accel erating factor (DAF or CD55), or
ot her sg# @mlz)aﬁnﬁda@d heYnosemeahas, thsRe-rédebtidh (fFsdviindddlstagd fcakdat @hdfterT Ayt 1
(CDRO0), %h- , Ly-6A, Menbrane inhibitor of reactive |ysis_ (MPRL or CD59).
For t heossirtepansieassiciaterd with egdn requirgaen lothe disgese| apdsmdagressed discase-related
functjgﬁﬁg@ﬁociated antigen (LFA-3) is preferred. The skilled person wll
recogni ze that also any other of the known GPl-anchors can be used for the
10practice of the present invention. For the construction of TIMP-GPI

either _the full-lLength sequence of TI can he used in-the.fusign . .

corit r EAOgRT it BIER GG JIROCT, EBbAFOR YHbFEGRSed e, S8 a1 780} fe

acti vi idodibted WY tHel b@MEReAbS QistinD YidthsPRisOhnd Honitel| subeeHleACRr&A ke Used
as long as the portion allows for the 15 jncorporation of the TIM protein
i nto tvRlumeisasecansideregderbe avatien] paeametsr Terethp preseneetof gesicypl eaRFerg Which

pl ural j f i r [ i t

Gescri e g 20h TR LEITRR 48 e robtioh 4P e ALBARE BB B rent
of canrein mnorasichgabs glichladiem4 i(astrdcyibma ggatecN\gtis waotherdicnieieablé targetf i r st
enpodi t, the TIMR nolecule is 20 selected fromthe group consistjng of
T b 1107 e SIS sPrplsoe, MBSO mPIS B e (iYLl P RGP RSBl
sequenggy Joddd rdfRt BeCurPIneS 84 besll SXBO AR Yne yﬁﬂ%f%h-la_ﬁlfﬂiﬂ@?ﬁe is 36 anino
acids in length. 25 In yet another enbodinent, the TIMP nolecule is -
selected fromthe group consisting of TIMP-1, TIMP-2, TIMP-3 and Tl MP-4,

dis f ¢ . . : : _ ot
cequerBStafitospR A BbiP Rl b ke Bl PoE T, JesE 3 (T om
t he grmwpl canositbéramgoifon3Bat T8 prtidylarly Mehd fomhd/Rednentof TbdPial camdr fised t o

tg% GPl sequence, or fused to a nucin domain or fractal ki ne domain
f O oviBEPTRR S FRr eS8t TSS8d¥Bnce, is truncated at the C-terminal. In

As a solution, the present invention provides GPI-anchored TIMP, which can be applied
locally into the resection margins to attract immune cells and focus the residual tumor
surveillance on the residual cancer cells.
20

For this purpose, TIMP proteins are anchored by GPIs, and, when purified and added to
cancer cells incorporate into their surface membranes and are fully functional. By substitliting
3-mRNA end sequences of naturally GPl-anchored proteins (i.e., a sequence that contains the
signals that direct GPI anchoring) for the endogenous 3-mRNA end sequence, virtually any

25  TiIMP protein can be expressed as a GPI-anchored derivative.

In the present invention, the incorporation of purified GPI-TIMP protein into the surface
membranes of tumor cell lines is demonstrated by incubation of the cell lines with purified
TIMP-1-GPI, TIMP-1-mucin-GP! or recombinant human (th)TIMP-1 control protein. As

30  detailed below, surface expression with GPI-anchored TIMP-1 resulted in a strong surface
signal for TEIMP-1.

As used herein, the terms “isolated and/or purified” refer to the in vitro isolation of a DNA or

polypeptide molecule from its natural cellular environment, and from association with other



a preferred enbodi ment, said TIMP nolecule is truncated to the first 50,
50-100 or 50-152 N termnal am no acid residues. Mrre preferably, the
TIMP nolecule is truncated to the first 152 N-term nal am no acid residues
and is the TIMP-1 nolecule. The term"truncated” refers 19 to a TIM
nucl ei ¢ acid or am no acid sequence tlhat contains |less that the full _
nunmber of nucleic acid bases or amno acid residues found in a native TIM
nucl ei eorﬂﬁddén EHURD CEl, Muck QR Rickcid @r PolpepiRics, /It RN caRBeNRq@&idd,
sequence has been del eted of non-desired sequences. 5 In yet a further
enbodi rephicated, mad/or kipresssd. dior caawplen Gsolited ddililinkthgngquenseadiiid asdPMét ed

fromthe group consisting of. S 1, 2, 3.4 d S. Th L;ned
const rﬁ%?tt'ﬁ?&ﬁ FRANRT egp rpé%f?@g@i h Q’ar%% B Fa qeger%bg I ﬁ]iaﬁem%r-rg’ %%tﬁi%ggl | to
obt ai nniidientiie bhécaehat efdlde it MastRoporiapsf LEnkihe RE@ERieNor Sadriahhihereplrqase,
any_ of the suitable known vectors_or, plasm ds can be used to express the

GPI 3 anBR6Y BtDNAVROTBPlsmEntALy ﬁrrqt%éhﬁrlégélﬁplemw@m PHRYbrdizcaereERacEEdY 19 mor e
et Fﬁ\?\}l t%}’}“grﬂ%{%%@%iﬁ%’lﬁ@ﬁin%@ SequERR! & Wﬂ%&l{%ﬁ%un@rlﬁﬁ@ Qer{oRBst as

contro rot el r'e recogni ze e protein constructs
and, asordgivmspseiefined ki mbhdddwell kooans: theditatla, te RiVAer ENALB "iselaed”

f nbodi f I .one. J . f
Ccpr ot BRE B ke i Bnednet tven SRR aSos g St SR 36 < Bhoats e

pr onot gkodigted hikBRatetd Baakd 6Mthé RN 6r DN fidds pridrabie dubdtandalivudréd of gy
cloning site and an_internal ribosomal binding site which allows

bi ¥ st ¢Bex maptoghEsBRNAPrdiNAhe construct and di hydrofol ate reduct ase (DHFR)
used as a 20 selection marker (Mack, et at, P.N.A S. USA 92:7021, 1995).
The 3' end (carboxyl termnal) of the TIMP protein is fused either

di r ect Ay uted hard@Rlthd ferk dgeombipastieelfeacd” cgr TvemtifinatDNApdgoeydes refers
Fom CRALSEIR prete P Re (oakder Dbt plperiorsl™ apggnate g% *

i ndi cadomebed By Gnayt B@%ﬁbé@‘?ﬁézﬂﬂyr SHaslyadlerddR g oo, 6 NRASEHS s@fuence is not
serine/threonine/glycine/proline residues shown to 25 facilitate cell-cell
i nkder oRANTaIS OCCIENG: BE CATTARPNAS I8 NaMradlyPSEHTIAE Seqtiencas gk areatat gasitipnesl as

di hydr 1. 8SEn( HAefibici | Q¥ ~cells
0 1 BP0 dsturbese BB aiUg el SlegR T o Sl 8, 0
92: 7024n g0a2bple DO DBYA. "demived pfrefer somcceewboldi reenDN A fequencattst ecidemtifsedoasn be
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i ncorporation of TIMP-OPT proteins, Micins are nenbrane-bound or

nott- melbAasraueicq s b exaised s FpBREst Somatd suree by chomica) siens ity Pnthe

secret, &sg )?E'Ik'ﬁ‘:f?ctiloh RhichutREsel Wd @SR cf bOhAMEHahipRRIduNEL] amplYRaRENEsbound
in the invention, by the known methodology of genetic engineering. :

Unlike conventional polypeptide anchors, which have different transmembrane sequences and

25  connect to specific cytoplasmic extensions, these phospholipid-like anchors use a common
structure as a general mechanism for membrane attachment irrespective of protein function.
GPI anchoring units are composed of a linear glycan containing a phosphoethénolamine, three
mannose residues, and a non-acetylated glucosamine linked to an inositol phospholipid. They
are prefabﬁcated in the endoplasmic reticulum (ER) and are added to primary translation

30 products at the time of their translocation across the ER membrane. The GPI-modified
products then are glycosylated in the ER and Golgi, and subsequently transported to the cell
surface.



20 hydrophobi ¢ sequences or transnmenbrane donmai ns responsible for their
anchoring in the lipid bilayer. At present, a total of 21 genes have

recei ved the appellation MJC. MJCl-2, MJC3A, MJC3B, MJC4, MUC5AC, MUICSB,
MUC6- 13, MJCI 5-20 (Moniaux N, et al., 2004). The five comon features of a
mucin are: (1) secretion into the muédis layer, (2) high 5 nol ecul ar wei ght
0-gl ycoprotein, (3) presence of a tandemrepeat array encoded by a uni que

and Peﬁ%f@%ehmmﬁikﬁﬂgg&adedceé @Rt Q%P Be b indthe genen: Rbemionresiaied Hept i de
dormai n contai ning a high percentage of serine and thregnine residues, and

(5) a GBHphaberspthet erenisofatadRitamefpr exammle. enymss sheh ax alipe Phpsberse: t he
t ' , B . |
vor o Rt R0 00 G Rhcpies ol s e

von W omai'ns, ‘tysterne-ric eptid whi ch
f unct i fuaclioh-ideeciabd gmngen z@HAR; IDFR)C ineunab nmhie adheaivd mwitdule NEKVEdIng

e USSR e OO A Heca) FETran e e dR AR e PRt RO REus.

and di §phay fe 5 ikipidtypX ANEB SIFe-PAE bEITD b, hTHY-1 HED9oNEa-RoUy-6 A he
four secretory nucins, also referred to as the gel-form ng nucins, have a

commonMembrdne cishibiter wf treacsivii lyis |(MIBL of CHI%. Hen the pepesseobihs: prrsent

W | ebrand. f act or. Th . ri fl d i ecause
of ey oisHo oy eEHts BBl Risa Pl Aleb (CEh s P TR A8
menbr apesdrowill retoghins tigit elsoaposther of tHdUGiowVKKEZAnciCash biviused fanJbel,
MJUC12, MUCL6, and MJUCL7. Menbrane-anchored nucins contain a SEA (Sea

urkhi npreefics o the REFSSRIGPRENYERt er oki nase and Agrin) nodule, with the
exception of MJC4. MUC3A-B, MJUC4, MUC1ll-12, and MJUCL7 contain two to three
epi dermal growth factor SDEGF -1i ke domai ns. Exanpl es _of nenbrane-bqund

nuci nsFarthe cowmbipned ddMPGPheitherabe fitll-lepgth sequsncae el IME) ean bavsed in fhscy

and 12. In.a preferred i.rent. of I 1.an, : L k of
the surrapeoBulistpss McRRalloRi BbiofndPst WRIHTHELAR of AP L O
25 CXQLikBwiss ako giviun ¢ffthé PTG fuendrermn| beiused sulvhgmas the. podidn dbvotiethe

menbers of this SﬂL_Jlb roup, CXCL16 is tru%Lurall diff_erentl and has four
di St i iacorgeRErmet the TIME HrigHEHOhE FHTace £ F’éﬁ‘bf%‘etoﬁga%’g tISurface via a

muci n-1i ke stalk, which in turn is attached to transnmenbrane and

cytopl asm ¢ domains. Fractal kine (CX3CLI) has a similar structure to that
of Cxdol e BHowhet b dxGLinG ofrentodaeend Klgingater thes TRERJusion RBTBEE 8§ when

30 exp e I Ag , ; s f.acsd dshe

sol ubléee%cgzrr%bee(r%b |?1rg§y glgtsc 'dé;s c%e%@gg’{ﬁgéha%@w%% %ﬁ?gﬁ%dt%he obt ai n_esd

TI MP- nageh3-iftithe fielsli afivegarsdtiveahedi¢ing. hén arfirsterioniimant, thee AIMbR moleqwdd sct ed
and expressed in_any suitable kn Y or. cel e skilled
peils orselficiad %8@08‘% g@“?h%ﬂns gomei%?’ rﬁlgﬁfé ﬁﬁaﬁﬂ‘é‘% e‘mﬂllsf1 ul’t abl e
for theecfuuhpPhiRedl 4GB RGasRRL I nvention. 5 In a preferred embodi ment, the
fractalldne Tused to the TIM nolecule conprises anmno acids 100-342 of

CX3CL1 followed by the GPI sequence. In an even nore preferred enbodi nent,
the Tl | | X PLaGUlce id §6RG80Sidk 0 gl 1 rst 152
e Bk OBi i LGk i eaRmh s g
25 In yet another embodiment, the TIMP molecule is selected from the group comsisting of
TIMP-1, TEMP-2, TIMP-3 and TIMP-4, and is fused to a mucin domain or fractalkine domain
followed by the GPI sequence.

In a further embodiment, the TIMP protein that is selected from the group consisting of
30  TIMP-1, TIMP-2, TIMP-3 and TIMP-4 and fused to the GPI sequence, or fused to a mucin
domain or fractalkine domain followed by the GPI sequence, is truncated at the C-terminal. In
a preferred embodiment, said TIMP molecule is truncated to the first 50, 50-100 or 50-152 N-
terminal amino acid residues. More preferably, the TIMP molecule is truncated to the first

152 N-terminal amino acid residues and is the TIMP-1 molecule. The term "truncated" refers



10 Although the use of TIMP-1 (Bode & Maskos, 2003) for the preparation of
GPl -anchored TIMP protein is preferred in the present invention, the
skilled person will recognize that also other TIM proteins nmay be used
for the practice of the present invention. Further exanples of human TI MPs
that are useful are TIMP-2, TIMP-3, &Rd TI1'.,4TP-4 (Mannello F, et al.,
2001). 15 The used TIMPs are derived from human sources and adm ni stered
to tregty FTEIW? cPiC %ldQﬁldrﬁmoTa}aﬁ:l %&héﬂc@%ﬂe&o%%s“!ey that 'ﬂ:féV\fuﬂemﬁﬁI%?%F ze
that al so ogs of MP, in particular TEMP-1, in other_ organisns than
human micldic hadéaascssnrmlm aeidfrggitiugsrfolind in mgativenbMR ah¢leic aeish seanennsl @, in

dog, cABeHhatas.® s SAUCHT Bt cehl S VA pig BREReSY MB-apigd =

const r4éghémes.of a TIMP-GPl 20 fusion construct of the present invention.
The TIMP-GPlI chimera will subsequently be applied to the site of tunor in
sim|ar fashion as described for a human individual. Tunmors and cancer
cel'ls h_fét IR¥hPeehbERLES, Whd N euGhl caneher eddefhéé’byracéeéqen&%lefcehl owi ng
but not mting cancers: breast cancer, renal cancer;] prostate cancer,

| euk enfrars th2grosp mnsstnag of BEQIPANES:, 1, Qeidﬁmﬂés, Iynphonas neuroblastonas,
gliomas, rectal cancer, endonetrial cancer, kidney cancer, adrenal cancer,
thyroid cancer, blood cancer, skin cancer, cancer of the brain, cervical

cancerThd dHiflfdd dakir€dB&ethen bk \eRpreSsed @siny suihisle celphgetr, host wlrm beanter ,

i nt estine cancer, gastrojntestinal_cancer, |ynph node ca r, eso hagus
c aft erfunetisngl EBYIR polyaaptide, orgrateite £T HiHBWPOsCeaRy ohthe sutk Q5 VEIRART)
cancer,, ﬁg e b tlEEd i &L rﬂl‘és's ROGPY.8AdnBIRAC rofoid dfl{ﬂQR/Pfé@élﬁ Svenon.t he
met astAses t hereo or eat ment of residual ‘cancer can be

admi ni A% desedbahial ragp Idiceil Hetmza,l thiget @ant;ehef*l% tj&t@:f withd. TMFRGPI protesin (adesst i on
in high-risk tu tients.wth a hi res dual gancer eIIs and
| nor estdatiol it enenBh Foinl W apielRizi P Yoo 0gRlefh Hoa iRy

obvi OL&ngfﬁtﬁbﬁﬂéabne@&ue folFAS-nfbdextddupapiesieced st age di sease or I ocal
inoperability. Preferably, the fusion construct is admnistered at a

cdicentration of 0.5 to 5 pg/ i proteln nore preferred at 0.5 to 1 I.tg,

or 1t azgﬂe@){eﬁﬂmn‘ﬁ%dﬁﬁé‘ﬁ ée}%cf ﬂ% H:t ohe Jvé':%ﬂ%sezlfw effizbss@n of the

TI MP- muci i s nmost pr The p fein can admnistered to the
i ndi vifdsiah constracty oé el presaid igvertivhrrbstaima theqromotst &% hutraniebongaiprrefagtor éd t hat

the treat t is,.carried o dur sur. uch_that ..t he. fusi struct
o s praeroltwe b & e St B kSl R hebR il HRIA B

avai | gutisrdrd expresty .of FhE édhs&uaumnbﬁl&lydidfela@fedaﬂﬁiwmﬁm MReflusi an
construct of the &éesent i nventiqn_can

pi#8r nese gt mprkebiek: ¢ dn PN -%&%%ﬁ%ﬂ%M% fSTEW@heP& Wgegn%@ or
more qff hbere@nNyeNih NAlkY SROMEEAY b &PI-Hhkdse egudRd (€3 CHARA! Fom10

lymphocyte function-associated antigen-3 (LFA-3)) or the mucin-like domain isolated from
CXCL16 or fractalkine (CX3CL1) followed by the GPI signal. As indicated above, these
mucin regions are largely composed of serine/threonine/glycine/proline residues shown to
25 facilitate cell-cell interactions. The resultant fusion constructs are transfected into
dihydrofolate reductase (DHFR)-deficient Chinese hamster ovary (CHO) cells and the
selection is performed as described (Mack, et al.,, PN.A.S. USA 92:7021-7025, 1995). In a
preferred embodiment, the transfectants can be exposed to methotrexate to increase the
expression rate by gene amplification.
30 | R
In a further embodiment, the TIMP-GPI construct can further be fused to a mucin domain to
increase the efficiency of membrane incorporation of TIMP-GPI proteins. Mucins are
membrane-bound or non-membrane glycoprotein components that were first identified in

secreted mucus lining the surfaces of glandular epithelia. Membrane-bound mucins exhibit



As concl uded fromthe exanpl es bel ow, (Pl-anchored TIMP appears to induce
its anti-tunor activity, i.e. the killing of tunor cells, not by CTL- and
NK cel | -i nduced apoptosis (perforin/granzyne-nedi ated |ytic pathway) but
rat her by the second pat hway, which involves FAS/ CDO5-nedi at ed apopt osi s
(for further detail's see exanples 5 @fd 6; figures 5 15 and 6).
Furthernore, while many tunor cells are resistant to FAS-nedi at ed

apopt oayd‘ro igbeaseqeiceyb thanfin¥Rblaneomalligrespotsilsle lfdrrt@élr mh:]ib ih the ¢ipier ed
t he cel Itnes sensitive to FAS—nedlated apopt osi s. so_found that
TI MP- 1bdgier-pAbiEssant dokialedh 21 ot daprreerisd thﬁ@a)e%&a@@ﬂéﬂ% 20MH et n
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the control of apoptosi's. Some ne this as BCLZ “and
BCL- XL)ZOléi#)eTImﬁve cpupom faatyresabil 4 muomhﬁc 5(11 sagtﬂuoasntBaht muaBAKyerd?é high

pr oz ap n5|t|V|t of cel 0 totic stinmu depends on

Phes oriiebiaf welBEGEP ety i it FelBRRS R el it Y PSR

addi ti g cdnheuyabbﬁﬁ&neeflar’g& WMRod,- @Ere&ér&atoﬁﬁ Hredddted Peptids oaHE emtaithinBGL2 and
BAX was, 25 determ ned and it is shown that treatnent of cancer cells wth

T1 VP- 1bigh) Peresntags sefuseainp randsthespnisie prsislugh oidotd) @ pemples npptigat PE JBRYA

ex res | t he
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r es pecand/MlyCGB@ross@$ ione g psavatal | vony Vbﬂebrhmﬁefamt-hkmlckmaum cysteirfeates of
I V, an_effective tool. for. the treat of .cancer
Tl 71 poiBoed, it et o KBt Pt oS BT e Rec B or o,
t he f ugdciiorg OvesicldsC TTSyphlly,h eedpétes efhicihd ueN ek SBssad Gexslisival By f PleckBeed N
regenerative nedicine, particularly in the area of wound healing. As

descr i agcBH seds. arg Rﬁﬂré‘;s@d)tnemqsmv%{ al gisplay adesricted cmressiont patigiewithiopl  or
fract apk 'hﬂ%ﬂa@gbdf‘rﬁe il GLR %d&}%OfJJB@ ratsd ﬂo%%e{]%bg f8§ﬁ1|ng Ll Uﬁéxﬁece

menbr ane ere they focus ctional domains on t e ce sur éces
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von Willebrand factor.

The membrane-bound mucins are composed of MUC1, MUC3A, MUC3B, MUC4, MUCI11,

- MUCI2, MUCI16, and MUC17. Membrane-anchored mucins contain a SEA. (Sea urchin
20  sperm protein, Enterokinase and Agrin) module, with the exception of MUC4. MUC3A-B,
MUC4, MUC11-12, and MUC17 contain two to three epidermal growth factor (EGF)-like
domains. Examples of membrane-bound mucins that can be used in the present invention are
MUC1, MUC3, MUC4, and MUCI12. In a preferred embodiment of the invention, the mucin--
stalk of the surface-associated chemokine CXCL16 or fractalkine (CX3CL1) is used.
CXCL16 is a member of the CXC chemokine subfamily. Unlike other members of this
subgroup, CXCL16 is structurally different and has four distinct domains: a chemokine

[
wh

domain tethered to the cell surface via a mucin-like stalk, which in turn is attached to
transmembrane and cytoplasmic domains. Fractalkine (CX3CL1) has a similar structure to
that of CXCLI16, and both CXCL16 and fractalkine act as adhesion molecules when
30  expressed on cell surface, and upon cleavage from cell surface, the soluble chemokines act as

chemoattractants.

Preferably, the mucin domain is fused between the 3'-end of the TIMP sequence and the

5’end of the GPI anchor sequence by any of the known conventional genetic engineering



10 As descri bed above, both MWs and TACE play a crucial role in the
process of wound healing. Increased MV | evel s are associated with various
wound heal i ng disorders, inter alia chronic wound occurrence. Because the
"TIMPs are natural inhibitors of MWs, the fusion constructs of the present
i nvention can al so be enployed as efkctive therapeutic agents for
controlling the process of wound healing, for exanple, in regenerative

medi ci pemand AL o@égugtmﬂ@rn~epﬁ%éim BhHREHOF Thé MNeAGSE caF Glled)bean

increase In MVP | ev _Thus, the present invention provides agents_ and
met hodsarsfctedising ekpressed én any swigbledmavinvell disgioe bess calhdihsrskilledinersgn will

di d h ized b ' = I I
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treat @kemiogvent 20 excessive scarring, and abnormal wound healing
i ncluding kel oid or hypertrophic scarring and/or chronic wounds. In a
furt her preferred enbodi ment, the fusion constructs of the present
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cytoki$?§?nmpmygye necessary for the influx of connective tissue cells and
ot her healing factors. The term "wound" neans a disruption of normal.
physi ol ogi cal structure and function. Thus, the wound heal i ng process

ref er SaffulGne QP LETIARC EORLOVIBINCINR) Tbr #ISHERIRIoH i OPLBhéhored

resulting 1™n the restoration of physi91og|ca[ conti'nuity and function. 25
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cont r odfl HehRYT TV tBA Sra TRz R AtsSTIBB-2] TIMPG, agt TRVIR-4t(Manselid Btdr ah, 2001).
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met al | opr ot eases a nown to have €l evated |levels in chronic wounds and
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process.’ ltiple cell..type i_ncl udi | br.
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synt hesizes and deposits protein conponents of tissue. 15

‘Tumors and cancer cells that may be treated with the GPI-anchored TIMP include the
following but not limiting cancers: breast cancer, renal cancer, prostate cancer, leukemias,

25  seminomas, melanomas, teratomas, lymphomas, neuroblastomas, gliomas, rectal cancer,
endometrial cancer, kidney cancer, adrenal cancer, thyroid cancer, blood cancer, skin cancer,
cancer of the brain, cervical cancer, intestinal cancer, liver cancer, colon cancer, stomach
cancer, intestine cancer, gastrointestinal cancer, lymph node cancer, esophagus cancer,

- colorectal cancer, pancreas cancer, ear, nose and throat (ENT) cancer, cancer of the uterus,

30  ovarian cancer and lung cancer and the metastases thereof,

For treatment of residual cancer, TIMP-GPI can be administered and applied locally to the
side of the tumor mass resection in high-risk tumor patients with a high risk of residual cancer

cells and increased incidence of a local relapse and in those patients with an obvious residual



Figure 8 provides an overview of the tissue renodeling process, fibrosis
and those factors involved in nodulating this process. Upon an acute and
chronic inflamatory reaction to a particular insult, a parasitic
infection, or an autoi nmune response, fibrogenic factors are expressed and
secreted thus leading to the activatizn of fibroblasts and keratinocytes.
These 20 fibrogenic factors include, inter alia, TGP, IL-113, IL-Ia,

MOB, T¢E-a,q LL- - -Q - BB.. Rer t he t st
i mportan &oq‘ue{t %égveaklgiﬂléﬂ%é;@ga g? éﬁaﬁ#ﬂ%@% i Ereﬁgrng%&ﬁ?@mpgpop%cﬁ% asts
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T | ynphocytes; and TGF-a, which is mtogenic for keratinocytes and
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proliferation and differentiation processes is an overall increase in

col | ageanstifupiyy ¢free pharmaceptivalreompoiition oagnegdidament which dnrtiR@Mopipoises orss omhi ch

| eads I ncr i Egl\/l r ti.on and.,a decrease in ECM turnover. 26
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di B&l osed fusion constructs, i.e. TIMP proteins or nutants .thereof, fused

to a GPl-anchor, a nucin-GPl-anchgr _or a fractal ki ne-GPl -anchor can be
used ads So?fgW@Pff{ﬂm ra%éﬁﬁlnp s pplopy SfLanghoseds LM appears tp avdice dhaptinurpes i vity
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wound heali’ng. Thus, t%e present invention offers egf ective rezgﬂé%erat'l ve
agent s(parferinfgranagee-fsdiatesh tytid Ipathyrayheupriethes byotthensemmddhpathway (i t o

i nfl ueng | ARk r prevent the forymation of scar tissue nd for

treat | RGP ERSRR s FBbpins RSBty b Bamp Sobiabe ACGerg S
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characterized hy an accunul ati on of excess coll agen_and_are .

di st i EERFROYE! YR bRELbI1ed copoli AP Hyendesnd thp sell linge eensisbtentokel oi d
and hypesif-apidcappmtk. are wounds that heal overzeal ously external to the
skin surface. A keloid 15 scar typically continues to enlarge beyond the
si ze and shape of the wound, while a hypertrophic scar enlarges within the

physi Ggal,,.co '%E;o l?‘ﬁi?[.-. I pertr hEa SCar.ring i
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el U BORBTE SR BEFRES Gl b Bmgn 5:ch o SLCL BT k) Bh ni-Eparints
SUr gerwhileObthémf(ischi fMBad P HAXPRRI fro-apsptsidNthekehalitisy 6200k RBtotic
descri bed _as variations of the typical 'wound
stimuli depends on the balance between pro- and anti-apoptotic BCL2 family members. In
addition, the effect of TIMP-1-GPI treatment on the expression of BCL2 and BAX was
25  determined and it is shown that treatment of cancer cells with TIMP-1-GPI increased

expression of pro-apoptotic BAX, and decreased expression of anti-apoptotic BCL2.

Stmilar results were obtained for the TIMP fusion constructs encoded by SEQ ID NOs:1, 2, 3,
4 and 5, respectively.

30 -
In summary, the availability of the methodology to produce microgram to milligram

quantities of recombinant GPl-anchored TIMP proteins in conjunction with the



heal i ng process. In a typical wound, anabolic and catabolic processes

achi eve equilibriumapproximately 6-8 weeks after the original injury.
During maturation of the scar, the tensile 25 strength of the skin

i nproves as collagen fibers are progﬁgssively cross-linked. At this point,
the scar is usually hyperem c and may be thickened. However, initial scar
tissue tends to subside gradually over a period of nonths yielding to nore
mat ur einsemorabiliy of shesg piodesiulep intogsurfacn iof eancer f:%lbmqwém@feﬁlm ;nog f@Tet ched
i n appgar. re there is an inbal ance between the anabolic and '
cataboﬁ?&ﬁ%ﬁgggs %?E?he wound heal i ng process, nore collagen is produced
“than 30i s degraded, and the scar can therefore growin all directions. 27
In summary, cytokines and specific enzynes, including the MWs and TI MPs,
play a crucial role in the process of wound healing and in the formation
of scar tissue. Furthernore, an abnormal expression in the |evels of MWs
and cytokines are often associated wth abnormal wound healing. 5 Thus,
the present invention offers effective regenerative agents and net hods for
controlling the process of wound healing and/or to treat dysfunctions
commonl y associ ated wi th wound healing. Specifically, the fusion
constructs of the present invention can be utilized to effectively
control, alter, inhibit or even prevent these undesirable processes. The
fusion 10 constructs of the present invention can be formulated as a

phar maceuti cal and administered at the site of injury. In one enbodi nent,
the site of injury is created by surgery, a burn, an injection, a bite, a
vacci nation, a trauma, surgery, or infection. |In another enbodinment, the
fusion construct used for the preparation of the nmedi canent to be applied
to the site of injury is selected fromthe group consisting of TIM-1-GPI
TIMP-2-GPlI, TIMP-3-GPl, TIMP-4- 15 GPI, TIIVIP-1-nuc-GPl, TIMP-2-nuc-GPl,
TI MP- 3-muc- GPl - and Tl MP-4-nmuc-GPl or nutants thereof. Fornulation of the
TIMP constructs and nodes of admi nistration 20 Pharnmaceutical conpositions
based on the TIMP constructs of the present invention may be fornulated in
a conventional manner using one or nore physiologically acceptable
carriers or excipients. Techniques and formul ati ons generally may be found
in Renrnington's Pharmaceutical Sciences, Meade Publishing Co., Easton,

Pa. For the purposes of injection, the conpounds of the invention can be
formulated in a liquid solution, preferably in a 25 physiologically
conpati bl e buffer such as Hank's solution or Ringer's solution. In
addition, the conpounds may be fornulated in solid formand redi ssol ved,

or suspended inmmediately prior to use. Lyophilized forns are al so
suitable. In addition to these fornul ati ons, the conpounds may al so be
formul ated as a depot 30 preparation. These |long acting depot fornulations
may be adm ni stered by inplantation (for



exanpl e, subcutaneously or intranuscularly) or by injection. Thus, the
conpounds nmay be fornulated with suitable polyneric or hydrophobic
materials (for exanple, as an enulsion in an acceptable oil) or as an ion
exchange resin, or as a sparingly soluble derivative, such as a sparingly
soluble salt. Clher sui tabl e deliver¥4 systens include m crospheres, which
offer the 28 possibility of a |ocal and noninvasive delivery of drugs

over %H@ﬁ%ﬁoﬂ@dn@ﬂ‘u@fs thi Be in'REgenPAitivie MEdEInk €Chnol ogy utilizes

m cr os U a precapifrary size that can be injected via a
coLonary catheter into any selected part of a tissue, e.g. the heart or
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or cancerous cells). For to
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be used locally to treat an injury or inflammtion or to generally

accel amdtwnﬂmlyhﬁapmrﬁgn-pmjws mtergutionst| e dBYEt fuien scopstruckie op thes prsent
I nventi on n n i hat the
resul t xlnxant}?g&a]re %?b% o%psg%lgsigg‘n(%r@%{ J?I{Hﬁh%eﬁg%qﬁlr g%r%?%b 1?/18'?%/\0 and 15 even

nDrF Pre;erably three different TIMP constructs. Wth this approach, the
anplified and novel biogactivities of the differen ers of he TI.MP
Fa | Amsoa@e%rabm Beih BANS coror o rios vl Toeruowst of Sidce,
whi ch gafhn, qlgc % e@l\’ﬁ\\ﬁiqg:%1§ biCabdifed mﬂﬁ%ar%iﬁé‘%hﬁd hedlehg TdiNZddrs | igdron
constructs~in its nost M MPs, except MVP-2 and MVPl4. Therefore, any of
the TI&/R thooiesvoundt eccrayndse Bopsisndet RINRs areynaspral rbitiioob MMPH - 4

constructs 20 .which.,both ef erenti al | _ nmeans
of thi @Bﬁﬁ?%ﬁs 8 Ethef r?%gélng%nthne‘:?% afs% Ftl)lla % ti”lplﬁj n %%\@T tew?\jg)%fa?g&ﬁ(fa cén be
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t herefore caonprise a TI MP- . .
15  suitable for treating disorders characterized by an increase in MMP levels.

Thus, the present invention provides agents and methods suitable for use in regenerative
miedicine and/or to treat disorders characterized by an increase in MMP levels. In a preferred
embodiment, the fusion constructs of the present invention are used to treat or prevent
20  excessive scarring, and abnormal wound healing including keloid or hypertrophic scarring
and/or lchronic wounds. In a further preferred embodiment, the fusion constructs of the

present invention are used to inhibit or prevent the formation of scar tissue.

A typical wound healing response is characterized by the movement of specialized cells into
25  the wound site. Platelets and inflammatory cells are generally the first cells to arrive at the
place of injury and these molecules provide important functions and chemical signals,
including cytokines that are necessary for the influx of connective tissue cells and other
healing factors. The term “wound” means a disruption of normal physiological structure and
function. Thus, the wound healing process refers to the complex and dynamic sequence of

30  events ultimately resulting in the restoration of physiological continuity and funetion. R

When a wound heals, a scar usually develops in its place. During the course of normal wound

healing, simple tissues such as fat, connective tissue, and epithelium are regenerated.



construct, or a TIMP-2 and/or a TIMP-4 construct. In a preferred

enbodi nent, the 25 fornulation conprises a TIMP-1 construct selected from
the group consisting of a truncated TIMP-1-GPl as encoded by SEQ ID NO 1,
a truncated TIMP-1-frac-GPl as encoded by SEQ ID NO 5, and a truncated

TI MP- 1- muc- GPl as encoded by SEQ ID R&x 2, and a TIMP-2 and/or a TI MP-4
construct. Preferably, the TIMP-2 construct is encoded by SEQ I D NO 3. 30

In a fushBed: seEhadith®itin if HedkOEfiplek ioBinGRATHS da®a&ddioth M geohgersyétt of
the present 1nvention, preferably that encoded by SEQ I D NO 4, which
i nhi bi healsTictbetfomeativn of apradorminangy Sbressdissie. Yhe? ¥AWVP constructs sel ected
fromthe group consisting of a truncated TIMP-1- GPI as encoded by SEQ ID
- NO 1, atruncated TIMP-1-frac-GPl, a truncated TIMP-1-nmuc- 29 GPl, a

Tl MP- 2Inamatmil Whurt kaaiisg, rthe MMPmedteolghit wctivityds Tomplled by dramivwsmechapisstsr uct s

are encoded by SEQ ID NOs: 1, 2, 3.and 5, respectively.. 30.BR EF
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ng/m of TINP-1-CGPl or TIMP-1, cells wer eated, with 60 ng/m. RLC and
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protein released 15 from TIMP-1-GPl -treated RCC cells (as shown in B)

f ol | owilthgf PheCcoainpgensntsodl _the extracellular matrix, which challenges the required balance
between the protein degrading activities of MMPs and other cellular activity that synthesizes

and deposits protein components of tissue.

Figure 8 provides an overview of the tissue remodeling process, fibrosis and those factors
involved in modulating this process. Upon an acute and chronic inflammatory reaction to a
particular insult, a parasitic infection, or an autoimmune response, fibrogenic factors are
expressed and secreted thus leading to the activation of fibroblasts and keratinocytes. These
20  fibrogenic factors include, inter alia, TGF-B, IL-18, IL-10, MOB, TGF-¢, IL-4, 1L.-13, bFGF,
TNF-a and PDGF-BB. Perhaps the two most important of these cytokines are: TNF, which
is mitogenic for fibroblasts and promotes angiogenesis and is secreted by macrophages, mast
cells, and T lymphocytes; and TGF-u, which is mitogenic for keratinocytes and fibroblasts,
stimulates keratinocyte migration, and is secreted by macrophages, T lymphocytes, and
25  keratinocytes. The stage involving TNF and TGF secretion marks the transition from the
inflammatory phase of the wound healing process into the process of tissue reconstruction,

i.e., the proliferative phase.

Upon activation, fibroblasts secrete IL-6 which, in combination with TGF-B, leads to a
30  proliferation of the fibroblasts. TGF-P also promotes fibroblast differentiation. The result of
these proliferation and differentiation processes is an overall increase in collagen, fibronectin,
TIMPs, MMPs, as well as other ECM proteins, which leads to an increase in ECM production

and a decrease in ECM turnover.



Figure 2. TIMP-1-GPl inhibits release of proMVIP-2 and prolVIIVIP-9 from
RCC-53 cel | s. Zynography was used to study the secretion of MW-2 and
MWP-9 proteins fromRCC-53. 20 The cells were treated with increasing
anmounts of TIMP-1-GPl, or control rhTIMP-1, and after 48 h the serumfree
cul ture supernatant was renoved and &@al yzed by gel ati nase zynography.
Figure 3.Surface expression of MWs after treatment with TIM-1-GPl. 25
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seques foemahgi off schMiBsua)ranRGE- tE@ting vtst kmpvrhdys figietiensMasacsaggs] Wtib&@l winansle ment
rrenbr was assessed. Optimal mgration of the RCC-53 cells to VEG- (4
ng/ m) ?ﬁéggglécfce%s baseline or "zero" and the 100 % inhibition value set to
m gration value seen for untreated RCC-53 cells with no VEGF signal. The

RCC-53 cells were pretreated with 350 nem or 700 ng/m - of either rhTIMP-1

or 10| m@hqz:@i_wﬂ.%éa&wo 18%e hr the cells were 10 washed and applied to the

m gration chanber. The effect on mgration was then assessed. Data

presented represent an average fromfour wells and two experiments. Figure

4. Ef f eKtlogd andiiffpkfrophiascarihyRrelch@Rictepized b an angubliatipn of ¢xcessatollegencdndt he

| Igre distinguishable from one another by their physical appearance. Both keloid and
hypertrophic scars are wounds that heal overzealously external to the skin surface. A keloid

15 scar typically confinues to enlarge beyond the size and shape of the wound, while a
hypertrophic scar enlarges within the physical confines of the original wound. Hypertrophic
scarring is generally observable soon afier tissue injury, whereas keloid scars can form as late
as one year following the time of injury. However, almost all instances of abnormal scarring
are associated with physiological insults including tattoos, burns, Injections, bates,

20 vaccinations, trawma, surgery, or infection.

Hypertrophic scars and keloids can both be described as variations of the typical wound
healing process. In a typical wound, anabolic and catabolic processes achieve equilib'rium
approximately 6-8 weeks after the original injury. During maturation of the scar, the tensile
25  strength of the skin improves as collagen fibers are progressively cross-linked. At this point,
the scar is usually hyperemic and may be thickened. However, initial scar tissue tends to
subside gradually over a period of months yielding to more mature scar that is typically flat,
white, pliable, and possibly stretched in appearance. Where there is an imbalance between the
anabolic and catabolic phases of the wound healing process, more collagen is produced than

30  isdegraded, and the scar can therefore grow in all directions. .-

A single, optimal method for treating hypertrophic and keloid scar tissue has not yet been

developed, thus the recurrence rate of these abnormal scars is significant.



15 The effect of increasing |levels of TIW1-GPl or rhTIMP-1 control
protein on the proliferation of RCC-53 (A, A498 (B) and RCC-26 (C) was
nmeasured using an mm assay. MIT was added after 24 h, 48 h or 72 h as

i ndicated. Figure 5. TIMP-1-GPl does not influence RCC susceptibility to
perforin nedi ated 20apoptosis. RCC céFfls were left untreated (.), treated
with 700 ng/m TIMP-1-GPI (0) or rhTIMP-1 protein (o) for 24 h and
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not ingrease FAS expression, b ders ] | | 1] F ' ed
Apopt GLnena, oxprazsahin Beevgls MR iy pEinsEnd SPh bisbalel ACBEHESLS
700 nokBhndMddind- GPl or rhTI'MP-1 for 24 h, and were stained with

anti-human FAS (L-958) and anal yzed for FAS 30 surface expression by flow
cytometry. Monocl onal antibody isotype control stains are shown as grey
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apoptosis by_flo tometry. 5 The | ow L.evel of apo SIS, | -53
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with increasing |evels of TIMP-1-GPl- but not rhTIMP;1 Fjgure, 7. BCL-2 and
BAN exesnetsuitonf the PR invmtignicaybe faumulisdas Rharmacrpsical ml‘i)gdgﬂusﬁe at

rhTl NPﬂl%;sitgrB?l-iXﬁJ?}q Inyoxlienérx?l;(;ﬁBelﬁ',A‘% ﬁfeaéfnfnﬂﬂy 3D ere et Surdrfl a burn, an
injection, a‘bite, a vaccination, a trauma, surgery, or infection. In another embodiment, the

fusion construct used for the preparation of the medicament to be applied to the site of injury

is selected from the group consisting of TIMP-1-GPI, TIMP-2-GP1, TIMP-3-GPI, TIMP-4-

15 GPL TIMP-1-muc-GPl, TIMP-2-muc-GPI, TIMP-3-muc-GPI and TIMP-4-muc-GPI or

mutants thereof.
Formulation of the TIMP constructs and modes of administration

20  Pharmaceutical compositions based on the TIMP constructs of the present invention may be
formulated in a conventional manner using one or more physiologically acceptable carriers or
excipients. Techniques and formulations generally may be found in Remrningion's -
Pharmaceutical Sciences, Meade Publishing Co., Easton, Pa. For the purposes of injection,
the compounds of the invention can be formulated in a liquid solution, preferably n a

25 . physiologically compatible buffer such as Hank's solution or Ringer's solution. In addition,
the compounds may be formulated in solid form and redissolved, or suspended immediately

prior to use. Lyophilized forms are also suitable.

In addition to these formulations, the compounds may also be formulated as a depot
30  preparation. These long acting depot formulations may be administered by implantation (for
example, subcutaneously or intramuscularly) or by injection. Thus, the compounds may be
formulated with suitable polymeric or hydrophobic materials (for example, as an emulsion in
an acceptable oil) or as an ion exchange resin, or as a sparingly soluble derivative, such as a

sparingly soluble salt. Other suitable delivery systems include microspheres, which offer the



RCC-53 (A), RCC-26 (B) and A498 (C) cells were preincubated with
TIMP-1-GPl or rhTIMP-1 for 24 h, then treated with L-957 activating

M5- anti body for an additional 16 h. Cells were then analyzed with
anti-BCL-2 and anti-BAX nonocl onal anti bodies using flow cytonetry. In
paral l el proteins were extracted and 4Seasur ed by Western blot. The signals
15 derived from BAX and BCL-2 were nornmalized to ft-actin levels foll ow ng
densi t pomibility FACGSal eslhdrinasive ple&mbﬁdrugs ovérsh egleades] pu'ribli oﬁahuesl“h'm

par ent hesj s, cor onding tqQ th of either BCL-2 or
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factors invol'ved in the delicate bal ance of ECM production and turnover
dur i ngeadsingne utssultieg inflammatoess . isqhiegua. e BhEhfmitistotd Hhampdutisi xsnslowly
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of r hTtiddde {e.anidjufdd\dPcindeRhis celpr essed and secreted fi bronectin was
quantified by Western blot analysis using anti fibronectin antibodies
(13-actin sewed as a control). rhTTMP-1 (at 700 ng/nml) did not |ead to any
si gni f peaibicdPadRidRGatich, fthé) bREESLS B TREBSSR10Aban MR forhuldtbinko gﬁ{tm(eﬁfs 700
ng/ ml) strongly reduced the fibronectin that was secreted by the
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of t he ﬁob&}fspbl ast activating TNF a together with 350 ng/m TIMP-1-GPl or
700 ng/m TIMP-1-GPlI, 33 denatured TIMP-1-GPl and rhTlI MP-1- GPI,
respectively. At a concentration of 350 neml of TEVI P-1- GPI t he
transcjbetivp hipaakld RrRNE PRSert! ﬁ%ﬁd&a%d Y bk CHRtk Wi g&ﬂm&y
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'strikingly reduced, 1 ndependently of vvhef her TNF-a was present in the
medi umany of the TIMP-1 constructs may be combined with any of the TIMP-2 or TIMP-4 constructs

20 which both preferentially inhibit MMP-2. Therefore, by means of this combination, a more
complete inhibition of the MMP family can be achieved.

In one embodiment, the formulations of the present invention therefore comprise a TIMP-1
construct, or a TIMP-2 and/or a TIMP-4 construct. In a preferred embodiment, the
25  formulation comprises a TIMP-1 construct selected from the group consisting of a truncated
TIMP-1-GPI as encoded by SEQ ID NO:1, a truncated TIMP-1-frac-GPI as encoded by SEQ
ID NO:5, and a truncated TIMP-1-muc-GP! as encoded by SEQ ID NO:2, and a TIMP-2
and/or a TIMP-4 construct. Preferably, the TIMP-2 construct is encoded by SEQ ID NO:3.

30 In a further embodiment, the formulation comprises a TIMP-3 construct of the present .
invention, preferably that encoded by SEQ ID NO:4, which inhibits TACE together with at
least one of the TIMP constructs selected from the group consisting of a truncated TIMP-1-

GPI as encoded by SEQ ID NO:1, a truncated TIMP-'I—frac—GPI, a truncated TIMP-1-muc-



Figure 12. Effect of TIIVIP fusion constructs on coll agen production of

fi broblasts Fibronectin RNA as transcribed by fibroblasts was assessed by
Nort hern bl ot analysis, using 15 probes for Collagen 1Al (Figure 12A and
B), Collagen 4A2 (Figure 12C and D), and Col | agen 16A1 (Figure 12E and F),
respectively. Thus, fibroblasts were28ultured in the presence (Figures
12A, C B or absence (Figure 12B, D, F) of 10 ng/m of the fibrobl ast
act | vagpng, T2l ORRUPAT it 350, ol ¥b Rl PIMPOCohiibeR are

TI MP- 1- ature TI MP-1-GPl an MP- 1- respectively. At a
concenmrcadecbby SEQ3BNOg/Ink, Dndrd IWBpEGtG@ly aI I thr ee transcri bed col |l agen
20 RNAs were significantly reduced, independently of whether TNF-a was
present in the medium Figure 13. Effect of TIMP fusion constructs on
TGE- 13 production of fibroblasts Fibronectin RNA as transcri bed by
fibroblasts was assessed by Northern bl ot anal ysis, using probes for
TGF-13. Thus, fibroblasts were cultured in the presence (Figure 13A) or
absence 25 (Figure 13B) of 10 ng/mL of the fibroblast activating TNF-a
together with 350 ng/m TIMP-1- GPI or 700 ng/nml TEMP-1-GPl, denatured
TEMP-1-GPl and rhTlI MP-1-GPl, respectively. At a concentration of 350 ng/n
of TIMP-1-GPl, alnbst no TG~ 13 RNA coul d be detected, independently of
whet her TNF-a was present in the nedium and i ndependently of the FCS
content of the nmedium 34 EXAMPLES In the follow ng exanples, the
anti-tunor effects of the GPl-anchored TIMP on cancer cells are described
in nmore detail. Although the experinments described are carried out with
human 5TIMP-1, the invention shall not be limted on this type of TIMP. In
the follow ng exanples, a GPl-anchor was fused to TIMP-1 to focus defined
concentrations of this inhibitory protein on the surface of three renal
cell carcinoma (RCC) cell lines (RCC 26, RCC-53 and A498) independently
of cell surface protein-protein interactions. As shown in 10 the ’

fol |l owi ng, exogenously added TIMP-1-GPl efficiently inserted into the RCC
cell menbrane and dramatically altered the association of MWPs with the
cell surface. TIMP-1- GPlI treatnent inhibited RCC proliferation and
rendered the normally FAS-resistant RCC cells sensitive to FAS-induced
apoptosis but did not alter perforMnedi ated |lysis by cytotoxic effector
cells. The increased sensitivity to FAS-nmedi ated apoptosis correlated with
an 15alteration in the balance of pro- and anti-apoptotic BCL-2-fam |y

pr ot ei ns. _



The RCC-26 (Schendel et at, 1993) and RCC-53 cell |ines were established
fromlocal patients with stage | and stage |V clear cell carcinonas,
respectively. Thereby, they represent the two clinical extrenes of RCC
Tunor-infiltrating CU were isolated fromtunor of both 20 patients.
Al t hough these naturally occurring eBfector cells were unable to control
tunor growth in vivo, surface marker staining of RCC-26 and RCC- 53
reveal ed good surface expression of MHC class I, and both |ines were shown
to induce allo- and anti-tunor-specific CTL in vitro ((Schendel et at,
2000) BRIEBIESCRIIIOH OF VHE BIGURES98 was originally isolated fromthe
tunor of a 52 year old nale and is a well studied exanple of RCC (G ard et
25at, 1973). Exanple | Incorporation of exogenously added TIMP-1-GPl into
thel SUFfoap€1,0f mﬁlii@;tuﬁm aﬁdnTndol‘eﬂélflmehtgﬁﬁésadﬂRMS gener at ﬁd and
|so ated as_previously descri arzadeh et a The
| NG rp6r at |%d@nor}§t§?ﬁefr¢~@woammmmﬂf qrga‘ il PrOtENANtOIFE 1é’Eﬁ"‘FOt§€‘%§ SrHidnes of
o L Imf@ a ahd) 2408t d-p8 Of
the ce A%glﬁffﬁﬂggé ng /nﬁ g?ébﬁﬁﬁﬂp§%n$§ t2%F'Illeg:rb?/econblnant human
(rh) TI TR4RB- la@m detiictegrat éremeﬂ @mfmweb)hFACSumﬁla@e- Grey dustegrams TeMPe 1SOBYRSt ei n
‘was then detected i-ng .FACS 35 i.on_of control rhTIMP-1
di d no?onfr@gﬁmf‘@gc??iﬁglﬂgl HStgaE X %ﬁ@%&ﬂé@% Ea@ &anchored TIMP-1
resulted in a strong surface signal for TIMP-1 To denonstrate that the
exogenously added protein was GPl anchored, RCG-53 ce we fi
i nklubaBed V\TQ dempngtrate. GBI-lipkagecfolowmgoingybation "ﬁ@/ 799 n gjérﬁo"rt’?@n Efﬂja‘{’fed
W th PaS
corp! of DIFATSPERPREPIESR, burk Rebibd vieD Rl pPCnd SR RHGRLES, FRES
(Fi gurmaﬂ;@s Gify haamerdpmseﬁftm sbopeyongfol. TI MP- 1- GPl integration, the
TIMP-1 freed fromthe nmenbrane was collected in the wash buffers, and
quantified using TIMP-1 specific ELISA (Figure 1C). The results show t hat
66 % of. t heqdRars TAVIL1MELISAMRad uditd delrmias theemmoat eCTIMBM prbein2@Rasedil
nple, while 31 % coul d be recovered fron1}he 700 _ng/ m. i ncubati on.
Ex@rrpll%f’fz THVIPPL-GPEmeatsd &KL pells (ar s vwndn 83 dloyfing Potdesstighd proMvP-9 from
RCC-53 15 An increased expression of IviMP- 2 and MW-9 con-elates with a
poor prognosis of RCC (Hemrerlein et al., 2004). The stage |1V clear cel
car ci rivigare! | I’Elhﬂ’msmlﬂbnsnleasbN@WM&QG@@SPMM? Srave RCGrid
proMvwP-9 (Figure 2). The effect of increasitig surface TIMP-1 |levels on
the coWSitutive rel ease of MWP-2 and MVWP-9 proteins was tested using

gel at i DasEerApHYOYEsARRY e Smdy shd Sjcadtion 28AEMPE aral MMPROG#vteldsifemm &ICGS3.,

2001 rhTl MP-1 protein at 600, o
20 ). The cells were F?Ie:ated with I‘incrcalsmg amounts of TIMP-1-GPI, or control rhTIMP-1, and

after 48 h the serum free culture supernatant was removed and analyzed by gelannasc

zymography.

Figure 3. Surface expression of MMPs after treatment with TIMP-1-GPI.

25  Following incubation of RCC-53 cells with 700 ng/ml of TIMP-1-GPI protein for 24 h FACS
was performed using specific antibodies directed against: (A) TIMP-1, MMP-i, MMP-2,
MMP-3, MMP-7, MMP-8 and MMP-9, or (B) MMP-12, MMP-13, MMP-14, MMP-16,
HLA-A2 (HB82), pan HLA Class I (W6/32) and ICAM-1. As an additional control, the
TIMP-1-GPI was cleaved from the surface after one hr by PLC treatment (see Figure 1). Grey

30 histograms are the isotype control staining, solid-line histograms represent TIMP-1-GPI

treated samples.

C. The secretion of a series of MMPs from RCC33 was tested using Western blot and
monoclonal antibodies directed against MMP-1, MMP-3, MMP-7, MMP-8, MMP-12 and



20 1200 ng/ M had no effect on proMVWP-2 or proMMVILP-9 secretion. In
contrast, starting at 10 ng/m, TIMP-1-GPl treatnent showed a
concentrati on-dependent decrease of both proMvwP-2 and proMvP-9 rel ease
into the growh nedia. Exanmple 3 25 Treatnent with TIMP-1-GPl leads to
increase in surface expression of maBidi x netall oprotei nases Based on the
results of the gel ati nase zynography experinments, it is possible that

TIMP-1 thEln”?sYﬂt&%tx?é% @%ﬂpis{ﬁfﬁe%j Wil EkeR R4l i e L keatiid f?ﬁRCCTﬁVRfiﬂa Tionds

nost active forns o t he excepti ons being I\/I\/EF]> and MWP-16 (Brew
et al . ng/2000¢itheangl IMP-hbr TRIBA)GPFaid eomipared30 upmeatdshedngn! esllsRCC- 53 wit h
700 ng/m of TIMP-1-GPl protein for 24 h, FACS anal yses using MW-1,
MWP-2, MWP-3, M MP-7, MW-8, MWP-9, MW-12, MWP-13, MW-14, MW- 15 and
MVP- 16pspecThd efRét bPedil emrfaboweguesistinh dthBNRE @t ROC-39 iMdSioh4thraugh

i ncrease in nean channel fluorescence intensity (MFD for each of the MWPs.
r hT1 MPMetregdlt rol protein had no obvious effect on the FACS signal (data

not sh . r L.0N At : ' idng ky Sipege MHC
1 ass  TERL baltferd Hich e SRRSOl ffaicd bORELDS (M VEIIN T e
t r eat nagnl) Dageaitdsdasaine ton'zdioNand tGPI0G Ve mhddticROCH8e véttth mHig@tant @lueone

hour (as perfor Ln Figure 1).sh no | e i S i and
38). THENIOLHRETALE BHCEH NUPS™Uh ner CBl Teiehr P ke P o0 B TR aTr it | on

i N sec{§hi3a0 ngfmisrolyRpAnito fdige PHIVMP- D oS TP 1-GPFiAgier 6nehr fhe cklls eey t est
thi s apparent bl ockade of MW rel ease, Western bl ot experinents merg

petd or weshed sindgonberbtsl branigartanpdambsr. dihecidieation GuBTEPD WAS- 1SN RAFEES
 Rocss’ Btz ont e Mg oA g R Y her ThTi P 1 or
TIMP-1-GPl (Figure 3C). The presence of each of the MWs was detected in
the mogl o Lo 0 cont ol s 53 R bleP-1 GHT HR00 Bt b Mo of ik 7Ot
RCC lines. |
15 The effect of increasing levels of TIMP-1-GPI or rhTIMP-1 confrol protein on the
proliferation of RCC-53 {A), A498 (B) and RCC-26 (C) was measured using an MTT assay.
MTT was added after 24 h, 48 h or 72 h as indicated. o

Figure 5. TIMPE-1-GPI does not influence RCC susceptibility to perforin mediated
20  apoptosis. |
RCC cells were left unireated (w), treated with 700 ng/m! TIMP-1-GPI (0) or thTIMP-1
protein {0) for 24 h and incubated with either the CTL JB4 (A) or NK-lines (B) (NKL for
RCC-53 and A498, orNK-92 for RCC-26). Shown are representative examples of three
independent experiments with similar results. ‘
25
Figure 6. © TIMP-1-GPI does not increase FAS expression but renders cells sensitive
to FAS-induced apoptesis.
A. RCC-53, RCC-26 or A498 cells were treated or untreated with 700 ng/ml TIMP-1-GPI or
thTIMP-1 for 24 h, and were stained with anti-human FAS (1.-958) and analyzed for FAS
30  surface expression by flow cytometry. Monoclonal antibody isotype control stains are shown -

as grey histograms.



contrast, TIMP-1-GPl appeared to conpletely block the rel ease of each MW
studied. To assess the effect of this surface accunmul ation of MViPs on
the ability of the cells to invade ECM the mgration/invasion capacity of
the cells was tested using a nodified Boyden 15 chanber assay with ECM
coat ed nenbranes. The overall abilitg2of the RCC-53 cells to i nvade ECM
was not very pronounced (data not shown). To enhance invasion, increasing

| evel s..of .vas ndot hel | 0 Mpe]r edpt he
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respo nﬁﬁuﬁﬁﬁnSBﬁ@@toféhnn@hmv-ﬂEéﬁxsbﬂﬁaMamm (Hﬁﬁywz)as andl tohdegect esplnsel was
set as baseline invasion, or zero %inhibition (Figure 20 3D). RCC-53

cel I's pAtE.aPrRIOpis}Y £loW PG ut es with 350 or 700 ng/tril of either

rhTI MP-1, or TIMP-1-GPlI were then washed, and applied to the top well of
t he Boyden chanber. The relative increase or decrease in

m oF at il"hwlavnml gﬁapmossm@nthdéi(é@ﬁﬁ rrells (i £B) was émféﬁdsusm&ja R GRS LIVAMn| | e

treat ne t W t LI GPI
at 700° AR PEIGA Gbiba bR 388, S MRBIAR e W88 apr LIOIAT S
25 Exaimhlﬁatlén@?ﬂnaﬂeﬁuik@ldvéﬁh MPTIMEfE@RI-bupnalrhTIMRL i on of RCC To assess

the effect of TIMP-1 surface engineering on the proliferation of RCC, nmrr-
assays were perfornmed. The exogenously added TIMP-1-GPI protein was found

to eligidg7dosegcpd 99@%% %%%%ﬁeRC@sF}Bﬂémfngrt%dtﬁn@nﬂ%ﬁcﬁﬁﬁ’-l- and
A498 at 24, 48 and 72 hours P ure 413). RCC-26 cells Frollferate

exi® enGIPy os IerMPffd,&llalyscﬂ)bbintﬁg!aﬂ FAES %tnmmgmdg%eﬁeaw blotend suggested a
SUPPT PO, SAVPRELL ST 8B AEIPICF 2R o a0 OB TV 8PS,
r eagenth TOAPYIHor 243M, then treated with 1-957 activating FAS-antibody for an additional 16 h.
| Cells were then analyzed with anti-BCL-2 and anti-BAX monoclonal antibodies using flow
cytometry. In parallel proteins were extracted and measured by Western blot. The signals
15  derived from BAX and BCL-2 were normalized to B-actin levels following densitometry.
FACS results are presented as hisfograms with values in parenthesis corresponding to the MFI

of either BCL-2 or BAX or corresponding isotype antibodies.

Figure 8: Overview of tissue remodeling and fibrosis
20 A schematic diagram depicting the complex interaction of factors involved in the delicate

balance of ECM preduction and turnover during the wound healing process.

Figure 9: Effect of TIMP fusion constructs on fibronectin production of fibroblasts in
- the presence of rhTIMP-1

25  Confluent fibroblasts were cultured in the presence or absence of thTIMP-1 and TIMP-1-GPL;
expressed and secreted fibronectin was quantified by Western blot analysis using anti fibronectin
antibodies (B-actin served as a control). thTIMP-1 (at 700 ng/ml) did not lead to any significant
decrease in fibronectin expression, while TIMP-1-GPI (at 700 ng/ml) strongly reduced the
fibronectin that was secreted by the fibroblasts.

30 -
Figure 10. Effect of TIMP fusion constructs on fibrenectin production of fibroblasts in
the presence of TNF-a
Fibroblasts were cultured in the presence (Figure 10A) or absence (Figure 10B) of 10 ng/ml of
the fibroblast activating TNF-a together with 350 ng/ml TIMP-1-GPI or 700 ng/ml TIMP-1-GPl,



Germany, Nr. P6636) did not lead to significant changes in proliferation

of the cells (data not shown). Exanple 5 5 Cell-nediated eytotoxicity Mw
activity has been linked to the sensitivity of target cells to apoptosis

i nduced by cytotoxic T cell activity gboth perforin/granzyme and

FAS- nedi at ed apoptosis) (Egebl ad & W8Bb, 2002). The effect of TTMP-1-GPl

on cel |l -dependent killing of RCC was tested using allogeneic CTL- and NK

cel | -i peliseRel TRAPII0SPBand MTINP- AGPDdeqRESveGT LAt inéRhtias 98BS0 ngnlREIC- 53,
A498 and RCC-26 target cells were treated with 700 ng/m of rhTIMP-1 or
TI MP- 1TINERH-GPhcthe [tapswsriberl Wibraneetins RNeh vasneigmficantly ipdused indepsadsndly 9+ cU

JB4 (Fj y l%j[,g% . [ NQ{{ Figure 5B). The RCC tunor cell lines

wer e r{évg%%%i Zedand e Zc ?égrféy I'l'led by both the cri, and NK cells.
Treatment with TIMP-1 or TIMP-1-GPl did not alter the susceptibility of

t he t hree lines t I ther, CTL or NK Il medi ate opfosis. 15
Exahpl 8lggre feqt pEETMB EipE sfacken Weheruston &f lﬂ%ggi?@%. ated killing
The CTEiberPRNATREHs&HeWas fthctiastd WE dssédtld by Neiti@n bldiadaiped, vsiaglaience
the perforin/granzyne-nedi atéed |lytic gat hway nmeasured in the
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treatment on FAS-nedi at ed optosis was the t 1.,ned. 25 FAS expr.essi on
oni hecqregatiatina et dskrgm of 10NEssGRE %“?IF&V\Q@S‘&W@W&%W 5@ rediced,
NON- ACH YA IGH R WheGASTIORB Wi pRa8): i e pRMigh NN, unpubl i shed resul ts).
Untreated cells and cells treated with 700 ng/m TIMP-1-GPl or rhTIMP-1
control protein for 24 h were stained with L-958 and anal yzed. FAS-protein

was strongl y. exp se | . thr : i 1 MP- 1- GPI
or r hTﬁﬁB?i¥%i d n;ﬁ?ctao?]:@m:&orﬂgﬁsﬁ acsemke?(%f%g% a— @@%@E&éﬂ (rlﬁ—lplg%ilrs e 6A). 30
The anFibrdndGimRAB ks @méctlsd bynfibioblasp opts eabessadrbyFNGHIexp bis singysis,alsing (H.
Engl emanm unpubl.i shed .resultsg). T | ndi ng nnex| P
VT CoPBPasdPR ol das (R BhCoNBmAA TR Lo prPuar Solaesn pr )
i nt o RO Calihge 3L Ghd FY, SAPERREIy WL, EbABihsiaierdSffirddGn 40! BedenaD@Rhsd S by
fl ow cyt orrgitléru;fJ As deFrr%ns r at eg in Figure 6B, RCC-26 and RCC-53 38

12A, C, E) or absence (Figure 12B, D, F) of 10 ng/ml of the fibroblast activating TNF-a together

with 350 ng/ml TIMP-1-GPI or 700 ng/ml TIMP-1-GP1, denatured TIMP-1-GPI and thTIMP-1-

GPI, respectively. At a concentration of 350 ng/ml of TIMP-1-GP], all three transcribed collagen

20 RNAs were significantly reduced, independently of whether TNF-u was present in the medium.

Figure 13.  Effect of TIMP fusion constructs on TGF-f production of fibreblasts
Fibronectin RNA as transcribed by fibroblasts was assessed by Northern blot analysis, using
probes for TGF-B. Thus, fibroblasts were cultured in the presence (Figure 13A) or absence

25  (Figure 13B) of 10 ng/mi of the fibroblast activating TNF-a together with 350 ng/ml TIMP-1-
GPI or 700 ng/ml TIMP-1-GPI, denatured TIMP-1-GPI and rthTIMP-1-GPI, respectively. At a
concentration of 350 ng/ml of TIMP-1-GPI, almost no.TGF-§ RNA could be detected,
independently of whether TNF-a was present in the medium, and independently of the FCS
content of the medium.
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were largely resistant to FAS-nedi ated apoptosis. The fl uorescence
intensity (MFl) of untreated and L-957-treated cells was simlar. A slight
increase in MFl was Seen in the RCC53 in response to L-957 treatmnent.
These observations are in line with previous reports that RCC is generally
resistant to FAS-nedi ated apoptosis (GErost et at, 2003). Treatnent with 5
TIMP-1-GPl (L-957+TIMP-1-GPl), but not control rhTIMP-1 (L-957-FrhTIMP-1),
renderﬁﬂugﬁﬁ gﬁll | ines sensitive to FAS-nedi at ed apoptosis (Figure 6B)
A498 was tTound to be nore sensitive to the activating anti-FAS mAB
(detected by increased annexin-MIl in L-957-treated sanples), TIM-1-CGP

t t , t not rhTIMP-1, signifi tl d i f t A498
el 1's, T e Rloving cxemeles. T BreliRsgs eI of Y Gh BN OmR oINS ob epeeael | n
FAS i ngidGRrerHReR aoksSddial.| Qoigh THMphrifiBhts UERRLEE Ble. catrtd REFIHIeRdD | i ne

showed a | ess pronounced increase in sensitivity (change in MFI from62 to
93)3 T&IMBrlf therinyednéio shatl not &pliniiad on e bed o BYPosi s of RCC-53, a second
ELI SA assay based on detection of cytoplasm c chromatin 15 was enpl oyed.
Advant ages of this assay include the |lack of subjectivity in interpreting
‘t he r eRmutht $olkivdng txtanipiayl & GR3dinslen Svasifivdet yo TINIBA1 tu dodus defiredaronesnimtidhsst ai n.

The chropatin. ELI SA is able to. detect as few as 300 otji¢ cells. and
measur ﬁ%&ﬁ@&g%m@wn%ﬂwﬁgfﬁ%?fiﬁweg el PESRPTR itiel @el_kﬁmiliﬁ%sence
of anngxirr(/594nd mggﬁhaepwaé@?%&céﬁ s bRIHAA-prdteih MReRBNGN] Bs ¥hdvdCR

c
anal ysis (Figure 6B),” treatnen RCC-53 with L-957 al one induced a 20
sl 1Qht thenttlewing, | exogpopslys pddedriTgvPel -6€) . effipiontle inserted dntge the HCRGEIS3

cells with TIMP-1- CGPI dr pcal ly incre BARVIRAY t ls to
oot PeBraht 4ba raridicafil BBLY S Aod ARRCAATRFRRIN I Celipfticd, EVEEL
denonsGPhteatideat idhilgadnROC plolifaiar acktdndened tihe GRImaAlyCRAL etk RCCect s
killing 25 of , the_cancer cells hy FAS-indyced apoptosis.  Therefore,.

GPI - antalig Petpitivenp Fis- gléqed@pagtoaamfﬁﬁw tjéa?r?wﬁszlaﬁ%ﬁf@d Fysiy opeyoigpic

t r eat NERlct R cdGC THedieRsACkerditANY 10" FASRSES B b RER! BorftREESHHIP N30 -
The BCL-2 proteins represent a famly of proteins involved in the control

of 15ap oltesation ixf thebilapepfingod apdepti &ppptaneBEL-2008ly. prgfeins. nenbers of this
fam |y (such as BCL-2 and BCL-XL) are anti-apoptotic, while others (such.
as Bad or BAX) are pro-apoptotic. The sensitivity of cells to apoptotic
st i mul Thec RECH2P €Rchendel t dreq/hal WAL and ROGEA qeilolinaanderandsiabfisgptiofrom BChI- 2
fam |y nenber, | gney .& ' Cr r, 2002). The effec T MP-1-GPl 39

{r ot RGNS M R d A Staes TV e S BB e | PO OB o
24 h pheirRs YhAkhIOR ks of R@mgﬁﬁﬁor%ﬁﬁhﬁf?g ETERVer®lisotdidd YEmItumenbf 8bth RCC

cells were stimulated with 1 lig/ml L-957 (or control tnAB) for an
addi t i ratiants] althoughh thepe waturdly Beurmng sHe@ax cplisotvstan upghle (o caniel &mmerned
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in Wes n bl ot assays. (Figure TA, d O). anplLe.8 | ncor poration of
exogenous ¥ Y48 é@’%%‘%@ﬁ‘l %‘: f’r‘g’céfpoéﬁf‘dm UPR b's%‘?ré?é)téonéf Aé@i—"?ﬁ orlgmnally

TI MPI -i8a16ted £6RI the h@h& dT 4615 y&e BRY ke Gind 34l weB Qhuale8 éxatpd @ RAM eGiatdler
exanple 1. The incorporation of purified GPI-TIMP-1 protein into the

s#Sf acd.» ABfr anes of RCC- 53, RCC-26 or A498 RCC cell |ines was
denonstrated by incubation of the cell lines with 700 nginil of purified
Tl MP- 1- muci n- GPl or reconbi nant human (rh) TIMP-1 control protein for one
hr. Example 1

Incorporation of exogenously added TIMP-1-GPI into the surface of RCC-53

GPl-anchored TIMP-1 protein was generated and isolated as previously described
30  (Djafarzadeh et al., 2004). The incofporation of purified GPI-TIMP-1 protéin into the surface
membranes of RCC-53, RCC-26 or A498 RCC ceil lines was demonstrated by incubation of
the cell lines with 700 ng/ml of purified TIMP-1-GPI or recombinant human (rh)TIMP-1

control protein for one hr. Surface associated TIMP-1 protein was then detected using FACS



15 Surface associated TIMP-1-mucin-GPl protein was then detected using
FACS. The TIMP-1- nucin-GPl construct was efficiently incorporated into
the surface nenbrane and effectively pronotes anti-tunor activity. Exanple
9 20 TIIVIP-GPI for the treatnent of 3sesidual cancer in an individual The
TIMP-1-CGPl or TIMP-nucin-GPl reagent is applied at 1 jig/m locally into

the resgctio rea.after. surgic INOE. .exci Sl on.  An | NOPRr a t r,

gl i obl 'lgBFFa?‘f\gs‘fg?%i 9? O%cod};r% rﬁ}%g)dlfisn% ulF %c?é%lc%n ‘C:elrrrlt)%eedi‘9 %ﬁg %iﬁg

r eagenhswaveg, GPisdnahdred TRPOr f:siveudrifl aGlrosdisieface Bighe a0l IMMEQ. TI MP- GPl  f or
the treatnment of residual cancer in an individual An amount of at 1 jig/ml

of TIMP-1-GPl or TIMP-mucin-GPl reagent is applied locally into the
resect irgMyealofardAd Haf ﬂ@é)@g@ﬁdns&“é@fedgﬁ&b@' \Q% GPI hitTRfed, R(RASE LRNGREe at
|1y renoved and the

advanced stage, 1S surglic reagents are installed
befDr efivt indbatbd sith T IVPai 1GRIUratein 200 e 700 ng/mel), 304 Ithani teatedr wighk 68 mefmak al

rel apse. . Exanmpl 1 _Evaluatjon of TIMP-GPl in npdels of I
et ot BRasphalipa ST U8 Oy GRS B, Smos e e bR 03t BV el
Usi Nng qurfidt isipaalnfotl6dingaPTIC Gddstidry (WIROFRI BN b wédsinel B klicidiey astlasirzes to
the liver was pretreated with either TIMP-1-GPl or. .
GPI integration, the TIMP-1 freed from the membrane was collected in the wash buffers, and
quantified using TIMP-1 specific ELISA (Figure 1C). The results show that 66 % of the
10 starting TIMP-1 antigen was recovered from the 200 ng/ml sample, while 31 % could be

recovered from the 700 ng/ml incubation.

Example 2 .
TIMP-1-GPI protein blocks release of proMMP-2 and proMMP-9 from RCC-53
15  An increased expression of MMP- 2 and MMP-9 correlates with a poor prognosis of RCC
(Hemmerlein er al., 2004). The stage IV clear cell carcinoma cell line RCC-53 constitutively
secretes both proMMP-2 and proMMP-9 (Figure 2). The effect of increasing surface TIMP-1
levels on the constitutive release of MMP-2 and MMP-9 proteins was tested using gelatinase
zymography assays (Djafarzadeh et al., 2004; Klier ef al., 2001). thTIMP-1 protein at 600 or
20 1200 ng/m! had no effect on proMMP-2 or proMMP-9 secretion. In contrast, starting at 10
ng/ml, TIMP-1-GPI treatment showed a concentration-dependent decrease of both proMMP-2
and proMMP-9 release into the growth media.

Example 3
25  Treatment with TIMP-1-GPI leads to increase in surface expression of matrix
metalloproteinases |
Based on the results of the gelatinase zymography experiments, it is possible that TIMP-1 -GPI
may act to sequester MMPs on the cell surface. TIMP-1 binds most active forms of MMPs,
the exceptions being MMP-14 and MMP-16 (Brew et al., 2000; Lang et al., 2004). Following
30  incubation of RCC-53 with 700 ng/ml of TIMP-1-GPI protein for 24 h, FACS analyses using
MMP-1, MMP-2, MMP-3, MMP-7, MMP-8, MMP-9, MMP-12, MMP-13, MMP-14, MMP-
15 and MMP-16 specific antibodies showed, with the exception of MMP-14, an increase in
mean channel fluorescence intensity (MFI) for each of the MMPs. thTIMP-1 control protein

had no obvious effect on the FACS signal (data not shown). The surface expression of other



5 rhTI MP-1-control protein. The resulting tunor was then adm nistered via
the tail vein, and the distribution of the tunor in the |liver was

determ ned three and seven days |ater. The results denonstrate that
TIMP-1-CGPl treated cells show a significantly reduced | evel of ‘

m cronetastasis relative to the TIMP36reated control cells. 10 Exanple 12
Matrigel invasion assays The effect of TIMP-1-GPl on the tunor cell |ines

of Exa Y, | i.gal g Yols esul ts
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fibroneetin was quantified by Western bl ot analysis using anti_fibronectin
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cul t uregyp.l - GPEEFNHS 38 ETH HrostnBe dO0Akh OF (RINMPIPS Gvas Begotee inlBB)mdtfia £6mngi nd
of the fibroblast  activating TNF-a together with 350 ng,/nil TI VP- 1- IGPI or

700 nglqmitroll'Rﬁ?ﬁ- -33 @i, Ingehation math TMP4L dipnopeliminptestqreion efshe MMP
reSpeC“lealtyTI t@ﬁf%ﬁ%ed% E.Klﬁ 1e%?/ ?l&d@ﬂl@éllgas%%fégc%rﬁgﬁ’ i&4 present in

the cul® ng ne resen um or not, an |ndependently
of the FCS content of the rredl um At 700 ng/m of TIMP- | -

L OEELL D B P LBl o S ST e B PR
59r owt e AGhO ImiktHEbRMREELR dapaditPoPTha St was tested using a modified Boyden
15  chamber assay with ECM coated membranes. The overall ability of the RCC-53 cells to invade
ECM was not very pronounced (data not shown). To enhance invasion, incréasing levels of
vascular endothelial growth factor (VEGF) were applied to the lower wells and the
experiments were run for 48 hrs. An optimal invasion response was seen at 4 ng/ml VEGF
(data not shown) and this response was set as baseline invasion, or é,ero % inhibition (Figure
20 3D).7 RCC-53 cells pre-treated for 30 minutes with 350 or 700 ng/ml of either thTIMP-1, or
TIMP-I-GPI Were then washed, and applied to the top well of the Boyden chamber. The
relative increase or decrease in migration/invasion was then determined (see Materials and
Methods). While treatment with thTIMP-1 partially blocked invasion of the cells, TIMP-GPI
at 700 ng/ml completely blocked invasion of the RCC-53 cells (Figure 3D).
25
Example 4
GPI-anchored TIMP-1 effects proliferation of RCC
To assess the effect of TIMP-1 surface engineering on the proliferation of RCC, MTT assays
were performed. The exogenously added TIMP-1-GP1 protein was found to elicit a dose-
30  dependent decrease in proliferation of RCC-53.and A498 at 24, 48 and 72 hours (Figure 4B).
RCC-26 cells proliferate extremely slowly (48+ h doubling rate) and the general trend
suggested a suppression of proliferation (Figure 4C). Additional controls using

phosphatidylinositol at an equal molar concentration to the TIMP-1-GPI reagent (Sigma,



Exanple 14 Effect of TINIP fusion constructs on 1L-6 production of

fi broblasts The Northern bl ot analysis of Exanple 13 was repeated using a
probe for IL-6 RNA Thus, 10 fibroblasts were cultured in the presence
(Figure 11A) or absence (Figure 118) sof 10 ng/m of the fibrobl ast
activating TNF-a together wth 350 ng/m TIMP-1 -GPI or 700 ng/m
TIMP-1-GPl, denatured TIM-1 -GPl d TEMP- respecti eI )
TR A T s KL M A 1o g M IR T
medi umgfi-gure 11). 15 The results clearly denonstrate that aI ready at a
concentration of 350 ng/m of TIMP-1-GPl, the transcribed |IL-6 RNA was

strilcingly reduced - independently of whether TNF-a was present in the
medi umggand |$1dependently of the FCS content of the nmedium Thus, the
TEVI P- B3 on construct efficiently inhibits the synthesis and

_secs et Cell-médiyel celdt@iather | rrportant cytol cine involved in wound heal i ng,
nanely | L-6, .in fibroblasts, Exanple 15 Effect of TIM' fusiaqn cogstructs
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reppdel ing. 5 Exanple 16
Example 6
TIMP-GPI treatment renders RCC sensitive to FAS-mediated killing
The CTL/NK-experiments showed that TIMP-1-GPI treatment did not influence the
perforin/granzyme-mediated lytic pathway measured in the chromium-release assay. This

20  pathway acts quickly using the secretion of stored cytotoxins to initiate apoptosis and

represents one of the two major immune-initiated cell death mechanisms (Trapani ef al.,
2000). The second pathway involves FAS/CD95-ligation. The effect of TIMP-1-GPI

treatment on FAS-mediated apoptosis was then determined.

25  FAS expression on the RCC lines was first assessed by flow cytometry using a non-activating
anti-FAS mAB (L-958) (H. Engelmann, unpublished résults). Untreated cells and cells treated
with 700 ng/ml TIMP-1-GPI or rthTIMP-1 control protein for 24 h were stained with L-958
and analyzed. FAS-protein was strongly expressed by all three RCC lines. Treatment with

TIMP-1-GPI or thTIMP-1 did not affect cell surface expression of FAS (Figure 6A).

30

" The anti-FAS mAB L-957 can induce apoptosis in FAS-expressing cells (H. Englemann,
unpublished results). The binding of annexin V-fluoroisothiocyanate (FITC) and
incorporatiotl of propidium iodide (PI) into RCC cells after treatment with L-957 was used to
detect apoptosis by flow cytometry. As demonstrated in Figure 6B, RCC-26 and RCC-33



Ef fect of TIMP fusion constructs on TGF-fl production by fibroblasts The
Nort hern bl ot analysis of Exanples 13-15 were repeated using probes for
TG--13. Thus, fibroblasts were cultured in the presence (Figure 13A) or
absence (Figure 13B) of 10 ng/m of the fibroblast activating INFa
together with 350 ng/m TI MP-1-GPI 0?8700 ng/m TIMP-1-GPl, 10 denatured
111\ 4P-1-GPl and rhTI MP-1-GPl, respectively. Furthernore, either 0% 1%
5% 0 1@%&%;_;&119%51&13&5 WtFASlniBBﬁteﬂUhIﬁdpltdsm Thed flustescencehéntérgstytl (MFD) ofar | y
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the nedium Therefore, as illustrated by the above Exanple, the TIMP-GPI
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CTIMP- 1o mycs %&plégysrm TR et S0 oP N1, FerlhddR? < nc Ngﬁaéﬁbg;g (SEQ
| D NO 3), TI'MP construct and a nutated formof the TI ( SEQ

| D NOd@thca&ﬂ%a:eﬂs uncat ed TIMP-1-fractallcine-GPl fusion construct (SEQ ID
were constructed, expressed and purified. 30 The truncated
TIMP-1-GPl fusion construct (SEQ ID NO 1) conprises the first 152 am no

aci ds whilehi®te RO®A6 bind | A% pelbt owed ia dramatie ikéréRE i FAIS Riducwl &sdpissis
126- 207 .were del ete éil), fused t 0 aci d(f i n |l ength.

The t rioHegg TIMRA-Gl et et %63% 'Séﬁﬁ'iﬂipﬁélﬁo"(eééde’ﬁsti’*ﬂﬁ?“ﬁ?? BSHRASE HS t he

first s"ci%n@mﬁrteh&%ﬂ% MFIt#}s hgoeg 93Vl cBaRheite Tued GPIANNMRELLS
256- 380 of the hu muci n) further fused to a GPl-anchor of 36

am no apopthsisi of RAG-33e nmemndTEbISrﬁegsﬂamhagedf ors idetactironet eytenlasswin tcirorsatios -
FUIS - SR PR TRy GEF et e b s iR i ey ™
results and its increased sensitivity relative to the annexin V stain. The chromatin ELISA is
able to detect as few as 300 apoplotic cells and fneasures apoptosis events considerably
downstream from the early presence of annexin V on the cell surface. As was found in the
annexin V FACS analysis (Figure 6B), treatment of RCC-53 with L-957 alone induced a
20  slight increase in apoptosis (Figure 6C). However, treatment of RCC-53 cells with TIMP-1-
GPI dramatically increased sensitivity of the cells to anti-FAS-induced apoptosis in a dose-

dependent manner.

The results demonstrate that treatment of cancer cells with GPI-anchored TIMP effects killing
25  of the cancer cells by FAS-induced apoptosis. Therefore, GPI-anchored TIMP is useful as anti-
tumor agent.

| Exampie 7
TIMP-1-GP1 tréatment of RCC reduces BCL-2 and increases BAX protein expression
30. The BCL-2 proteins represent a family of proteins involved in the control of apoptosis
(reviewed in Igney & Krammer, 2002). Some members of this family (such as BCL-2 and
BCL-XL) are anti-apoptotic, while others (such as Bad or BAX) are pro-apoptotic. The
sensitivity of cells to apoptotic stimuli can depend on the balance between pro- and anti-
apoptotic BCL-2 family members (Igney & Krammer, 2002). The effect of TIMP-1-GPI



5 consist of the human TIMP-2 and TIMP-3 protein, respectively, fused to a
GPl -anchor 36 am no acids in length. To produce the nutated form of the

TI MP-3-GPl fusion construct (SEQ ID NG 4), the GAG bi nding donain of the
human TI MP-3, thought to be responsible for association of the protein
with the cell surface, was nutated by%the follow ng six exchanges: R43A,
K45A, K49A, K53A, K65A, and K68A. The truncated Tl MP-1-fractal ki ne-GPI
fusio rygt NeC t BAIXS waBethdh tRtcihital. Pdtcki ©p40h the
hunanntf%%g-gﬁt ?grﬁhéu?ﬁgcei%ﬁgﬁglw)@zf thglgdmtqg(samgno aci ds 100-342 of the hunman
CX3CL Iprefugnbation fith e?0t mgtrhle oENVFIMIRASIPIopr IBTBAP o corttds REnchs were

Det ai | ed exam natJ t runcat - | - . I : 1€

tr uncaﬁt’é’ﬂfﬁE’r‘f*?l/l’-‘x1 1 E@"ﬁg‘ééﬂf@lm nt'gg(ﬂq‘g B}-k%:mﬂd@r?gglﬁh%g]'tﬁﬁ r':{(%a?%%g BEDS

Tl MP- 1adq BAKarkicpewssthed SEQulibdNQinShtraceiialar BACS mjl [ Wiesterp it incadl thfee
exogenously added truncated TIM 3-1-CGPl. truncated. Tl MP-1-nucins, G2, and

t r ¥nc agedly limpsypreatmpgng ovigh (TdMFe1-GHIL inpregsednexrEessio rp@cﬂpf’a{?&"c‘lééxr cat ed
T MP- 14 TEMPinobi 3. GPIA & HRGAWRE seen in Western blot

Tl MP- 1(;%%58?%%%}%2{0%# ﬁg{rpaémg{edﬁg%?é? ékngﬂ?lsa%)?at ed according to

Dj af ar magsl{Fighrald, R@NC).The i ncorporation of purified fusion constructs
into the cell surface nmenbranes of RCC-53, RCC-26 or A498 RCC cell lines
is denonstrated by incubation of the cell lines for one hour with 700

ng, / rrfLEggmgwg fied truncated 25 TI MP-1-GPl, truncated T1MP-1-nucin-GPl and
truncated TIMP-1-fractal kine-GPl__respectjvel {, and conppar fﬁl{lsé) éhat of

t ) r elnserparation pfexogerenshy agied TMPlomuginEPY intp thesuziacs g Packi ng the
muci n, tallc - . ggfaé'].g 3 2qa i iRr infe WasTHshEN
det ect% UfS:I %ﬁhgﬁgs@%ﬁéﬁg t a%s%%%%?egd%%%&?ﬁg lif?ldéci(itatmiponen of control
TI MP- linosrpbritiomdf peded GRSV h argein into thesufA@Snehbranes A HUG-63, RERe6

f
i P 10 et BOR ol i Wttt W nnChertt et AR WAL YT BB o ¢ e

si gnal pirfied TINEP-1 Jnucin-GP1 fdr aeéchtchae-Hotan (HOSMECL valtiol ERAGindfor 386 hng/ nl),

and then treated with 60 ng/m_phospholipase C (PLC). EA a IS, was
exidect Butface astosiated EM?M@@@H!-@?E pm*mw@%%ﬁ%‘%t%%&:@@ﬁﬁ? Lrﬁ Prbuni ng
PLC di 108 r.e: I oy Yinfdf thi QLGS0 ahd erfanRAR ed
A R A G B i S R i S A

col | egirethotes abtreumarsdetivief.f ers, and quantified using TIMP-1 specific ELISA
It was expected that .the majority of the starting TIMP-1 antigen woul d be
recovered fromthe 200 ng/nm sanple. b) Truncated TIMP-1-GPl, truncated
Tl MP- lEﬂ*ﬁNgla-gGDl , and truncated nnp-Ilactalidne-GPl proteins block rel ease
of pro/vIMP-2 and proMNIP-9 from RCC-53 1Q An, increased expression of

MRO-  JTEME-GRior dhe tyeateept 9f residpal copedr inapAndividyal prognosi s of RCC

(lle his 61, , 4 T . i idg ne
Res: 53t oralr Fi oy AR Hlucinl 0P SR6R i orlleBaL 1 il RS AR Bkt S e
ef f ectared afirciggisdl ngmet etdgion. TAdMadpetableetumionngliohstonasisttagyiova gretiddse of
MWP-2 and. NMP-9, proteins s, tested 15, usj.n el ati nase zynography assays
(Dj af améﬁﬂggw%ﬁﬂ,emzw SicagRnISAre ins clorg W?F‘R‘/'gais%¥ot ein at 600 or
1200 ng/mM had no effect on proMVW-2 or proMvP-9 secretion. In contrast,
starting at 10 nWnl, truncated TIMP-1-GPl, truncated Tl MP-1-nucin-GPl and
t rAincExaimgleNP1- fract al | dne- GPl treatnent, respectively, were expected to

show C | ONn- . Qb iR@tiduRl OMM P-2 and proWM P-9
rel eagléﬁ\lqgtcé(;ﬁt ﬁ’gﬁé‘?%ﬁ#ﬁﬁﬁg%f%%mgg%gggﬁpe to tﬂ'e’ 20 TI MP-1-GPl treatnent
descr i B& GmiodnExfdinl j€y/@l of TIMP-1-GPI or TIMP-mucin-GPI reagent is applied locally into
the resection area after surgical tumor excision. A tumor, breast cancer at advanced stage, is
surgically removed and the reagents are installed before wound closure, particular if there is a

30  clinical risk of local relapse.



c) Truncated TIMP-1-GPl, truncated TEVIP-1-nucin-GPl, and truncated
TIMP-1- fractal kine-GPl proteins inpact the proliferation of RCC 25 To
assess the effect of TIMP-1 surface engineering on the proliferation of
RCC, M FT assays were performed. The ,exogenously added truncated

TI MP-1-CGPl, truncated Tl MP-1-nucin- Glf} and truncated

TI MP- 1-f ract allcine-GPl proteins, respectively, were expected to elicit a
dose-dEpemdhm'l decrease in proliferation of RCC-53 and A498 at 24, 48 and

72 h I ' ted t
prol |O1l‘J Sﬁl(f:’g mﬁ%ﬁ;\ﬂ%}i Flféimﬁoﬂgﬁgqﬁﬁ ?a\tNg;e g)(;ltoﬁg gene?al trend

i ndeed Thé! @@t bEWIMP-9 URPY @5tinfof netastikie wak @vatidtan . Using 4 ursammidel, 28 &r t her
eval uation of the further fusion caonstructs of Exanple .17 The experinments

of Exahmr@em -thas effsiently spetastesiren o B Hvse %@fe&%ﬂte%h@%%@ﬁrsm\fi? RFhee 17;
iﬁﬁ’u]! t r ructs
|nh| b| te i@%é@%%éﬁ?ﬂ - Ftz‘i)Jrii‘g mﬁ?é ?Igﬁ?‘%w %Hfdg:i}?g%@% 2.
The TI fiBiBufiers obhthecomst futheslivien Iwabldb'eanﬂﬂwe aR] seven daﬁ latendTHeSresalds wel |
as TACE. Th t f T fu3|onc ruct EQ. D NO. :4) was
exam ndimagRHe Pl D1 6P reie e it SReBRGRAY Hebeds Rl etmlimeitlanl
showedreitive fhe TEEPaRhietd bonttdd célRt egrate into the cell nenbrane (these
experiments were carried out according to the nmethods provided by Exanpl e

8). The truncated T1MP-1 fusion constructs 10 (SEQ ID NGs: 1, 2, 5)

exfy bi Efﬂn@ Je'th! ar bi ol ogi cal functions conpared to the full iy engt h TIMP-1
fusion conStructs, thus supporting the notion that the N-termninal portion
of theMEltthlmmswnMsal for their inhibitory function. The fractallcine

fusio o tru further sh d nbrane | rat.i on
capact TSP Satibdr TBYEGPT PR e esihitoe of HEfamle Ao iuts Heved &6 Ve : 4).
46 Di sma&ﬁgbpa:paﬁniehg Res wshifs dhffirged lths UFIB/E’CF-CE’mgiaﬂ%epxbft@n&l%lﬂ@a on the

(3PI -anchor ed prot ei ns according to the present i nvention of fers several

advant 2Wéy obthe ! el agnen lnssellsfeyaderge Natrigel myasosiamelationty rhlﬂMPrrbt hod is
applicable to cells that are difficult to transfect, e.g., FAS-nediated
apoptosis resistant RCC cells, but also primary cul tures, bone marrow
progenitors, and inmune systemcells. 2) The nmethod can be used when only
a snal nur}bg of cells are available or when cells cannot be easily
propa § The cell surface can be nodified irrespective of the cell

type. HifectBETIMP fusion constructs on fibronectin production of fibroblasts

Confluent fibroblasts were cultured in the presence or absence of thTIMP-1 and TIMP-1-GPL

20  Expressed and secreted fibronectin was quantified by-Westem blot analysis using anti fibronectin
antibodies (B-actin served as a control). Figure 9 depicts the results of this experiment and
clearly demonstrates that thTIMP-1 (at 700 ng/ml} did not lead to any significant decrease in
fibronectin expression, while TIMP-1-GPI (at 700 ng/ml} strongly reduced the fibronectin that
was secreted by the fibroblasts. '

25
Additionally, fibronectin RNA transcribed by ﬁbroblasts was assessed by Northern blot analysis,
Fibroblasts were cultured in the presence (Figure 10A) or absence (Figure 10B) of 10 ng/mi of
the fibroblast activating TNF-a together with 350 ng/ml TIMP-1-GPI or 700 ng/ml TIMP-1-GPI,
denatured TIMP-1-GPI and thTIMP-1-GPI, respectively. Furthermore, either 0%, 1%, 5% o

30 10% FCS were present in the culturing medium.

These results clearly demonstrate that at a concentration of 350 ng/ml of TIMP-1-GPI, the
transcribed fibronectin RNA was significantly reduced, independently of whether TNF-a was



10 anmount of the protein ultimtely displayed on the cell surface can be
precisely controlled. 5) Miltiple GPl-anchored proteins can be

i ncorporated sequentially or sinultaneously into the sanme cells. Human RCC
is a progressive tunor with limted therapeutic options due to tunor

resi stance 15 to current chenot herapduati c agents and radi ati on.

I nununot herapi es are of benefit for sonme patients suggesting that RCC can
be tar . i ff r; ﬁiﬁgﬂﬂl‘ OO Lk | i |y yt es
such agﬁgﬁ%ﬁ@ﬁﬁ%ﬁr{&ﬁﬂﬁggﬁ%gﬁ%so ten}; g?étehﬁ in éoedrtfga%lft Oggl{rfl:grg%&fﬂp;o‘s%ie)zmgnd
of t en ngedghTIMP-AuERI Hyous:tihRIDA wasbirslywetentablested in vitro (reviewed in
Schendel et alL, 1997). Despite these prom sing.observations, tunors
generally continue to grow indicating 20 that RCC m ght have acquired

resi st aRgL tHeOrIBIH-OPP RisfonBEHARE SfBientiPinhbith HOMUES khehediBahd béRdtioh@FRIgNSE t O
occur, the inmune system nust not only recogni ze the tunor, but the cancer
- cel} s wmigaith fctop ibwnegiode fbioblastst o the kil ling mechanisns utilized by CTL
or NK cells. Cancer cells have evol ved vari ous nmechani sns to evade i mMmune
defenses including reduced sensitivity to apoptosis (reviewed in Dunn et
at, 20B4ampRI4CTL and NK cells kill their target cells by

perforin/qgr - or FAS/ FASL-dependent, ap osis (Kagi et at, 1994). The
relati bé&ﬁg&iﬁ@é’%@%ﬁ’rﬁﬁ ‘E‘ﬂx‘g@ﬂ‘g‘éﬁt‘g“?gﬁé{f’z’l@%/ FASL nediated lytic
act i Vi The NofREm HINDILaly/98 lof WxampleV]y Qrab SepeBd LOWE Sprdbe fINLLERIROYTIREUI es
point to a dom nance oOf the granul e exocytosis nechani sm other studies -

uslthg Boroplests sierenculinrsdiin dietpresenee Fagire 188) at absopg AFigung YE® oft1Qrg/ml of

FAS- de i ' r 8pi ne ' i vo.
Vot Bg R RANAE TNRIOERRSMD S5Eadrl TGP B oD -1 L,

FAS- nedinatued KINMP41RGPY &idosiTIeIP- BGPL, 2888} tivelh dFuhernafre, Grtheradfibh d b€ 97 1dVP
represents prom si ng t herapeuti ¢ approach for rendering tunor cells
susceptBEESETE ISR By ?@H“‘&B&BF@%‘FE&[’W?Q% have shown in the present
invention that the engineering of cells by exogenous addition of
GPl-TIMP-1 can elicit enhanced as well as novel TIMP-1 biologic

actd vi TheargsulExlpgdn derpastraigthat jaleasly gt 2 Tongentratigpiof B&@ ngfed o TIVIR 1mb], jhe

i nserted jnAt I ' ' ' ' .

bi of ograsrieg iR R s RGP FRula ThifpBihuR drdiBRErREN A Steilin e
Fur t hethoatedinn(GRhd mdefradeady-of HWCE @neheofithelmadiatn cal |y al tered the cel |
surface association of diverse RCC expressed MWs. This was mrrored by a
reduced secretion of MWPs, including pr6MW-2 and proMWw-9, fromthe RCC

cel I's. Tl kiR TINP-GPIWubibn RbBsikct BRicldtifNAMBRY e HeibeMt tald QbcrbMfr &f yet 1S
not thoug;r;t to bind to the pro-formof the enzyne. Yet the data

d e¥fo n sanodiet ingpoatant eytkingdnystlvadrin popndhenting.aamely IEd, iroliprabfastev P- 1- GPI
treatnent are suggestive of this action. It appears that addition-of a GPI
anchor to TIMP-1 leads to an altered surface stochionetry has enhanced the
capaci Examypletifie TIMP-1 protein to bind MWs. 15 This apparent increased -

bi ndi of -1-GPl was al so denonstrated wt ane-type Mws. Wile
not n{}gﬂe‘i@pf%“ﬁ%ﬁ?mﬁqf?ﬁ@%’ 2%l Brecuep %W@é bi ndi ng of TI MP-1-
GPl prfeeNsrihedn W‘&ﬁyﬁ@?bﬁoﬂﬁ:ﬂ iR ExRRPSts Ctieghdt 1 Aa€ tipehas asin® Prdthe fomt her

poor avidity of native TIMP-1 for this protei anELan et at, 2004).
MZASat i eotlegemhal Eigure A24 padBhiiollageaopi? (Fisure 1C paf nepd ¢ellagenditdd show

that S(Wéu’re Ifﬁ%ﬁ%} Je%el:ﬁ'\ﬁe'l}g %Li,‘ﬁ%%b}éé&%&@ §ul.hi?edTihjtlYe11§é$n&a@‘ igures 12A,
C, E) or absence (Figure 12B, D, F) of 10 ng/ml of the fibroblast activating TNF-a together
with 350 ng/ml TIMP-1-GPI or 700 ng/ml TIMP-1-GPI, denatured TIMP-1-GPI and rthTIMP-1-
GPI, respectively. Furthermore, either 0%, 1%, 5% o 10% FCS were present in the culturing

30  medium. -

The resuits clearly demonstrate that already at a concentration of 350 ng/ml of TIMP-1-GP], all
three transcribed collagen RNAs were significantly reduced, independently of whether TNF-o

was present in the medium, and independently of the FCS content of the medium.



20 dramatically shift its inhibitory/binding characteristics. In this

i nstance, the altered stochionetry of TIMP-1 on the cell surface appears
to have been sufficient to shift its binding to MW-16. The sequestering
of MWs on the cell surface was al so associated with a reduced capacity of
RCC-53 cell line to undergo ECM i nvagpon. 25 As denonstrated in the
present invention, TIMP-1-GPl treatnent |eads to a pronounced '
dose- dependent reduction in proliferation of the RCC |Iines. Perhaps nost
significantly, the normally FAS-apoptosis resistant RCC lines were

r ender &Huss eirSITIMPVEPT fusioAS6KI0 ¢fficlemiyadhibitd the sgntheslsl andisergetionedicolageni t h

t he TI-Q‘/&GF?I protein of the iiﬁ/en i on. wever, tge agent did not affect
sensi t MY 15 ep1catial Sqten ik EpM PrRgiFton aRGtssiygmefedinghat  Gpl - anchored TI WP
mediates its 30 anti-tunor effect by the FAS-induced. apoptosis pathway
rat her than by perforin/granzynmenedi ated killing by CTL/NK cells. - 48
assay, Essmpled6i ndependent of caspases (Sayers et at, 1998; Seld et aL,’

2002; pani t. 2000). Ups am even i 0 caspase activation
i nvol vﬁ@%éﬂgg@n@gbﬁé? c%{?'bibg?ﬁc?p?rﬁ] F‘E‘é‘b@gﬁgﬁ@’g“ CL-2-fam |y proteins.
As denphs Noah&fl bldt dnblgsipfof Exainplesientsi were réfated | uviRg Iprobes donFOF-3. éBuist ed i n
a down-yregul ation of anti-apoptotj¢c BCL-2 protein and a rrespondj ng 5

i ncr ea@%rogﬁstﬁ MEIeBTeE iR thepgXsecps éﬁ‘}‘f.%?ﬁ? or ahserce (Figmes aofﬁlﬁgﬂr%émi of

CONCeNfH bk MhsPlciPiRRPANREQ b et G1t8 BHGndRY TRAPONEPT G300 AfAITIMPE1 IGH ! eased
sensitivity of FAS-nedi ated a ogt osis of TinP-1 surface engi neered RCC
e

cell s. deriaeesl BRER1VGR] okl ORl, mspeotinaly. dtrthenmora reithenie, 1%, % ar
action al so_sh for, TIMP- 3. and other T1MPs (TIMP-2 and Tl MP-4)
(dat a i%%ﬁréﬁowsweieﬁ'?%eS\I}Wélﬁﬁeé%'on of TIMP-1, -2, or -3 in vascul ar
snoot h nmuscle cells using adenoviral vectors was found to inhibit their

m gration through nodel basement nenbranes. The oyerexpressi.on o | MP-1
o TeA eSS Gl clemapsEiE (6 BTN, fopeEriE of oS 1 OVES indent

| nhi bi iR8 B TGERIRNPA bililiGedteteRd —tREpONRAEY B REShG TN -« WaltBrederdtlis hecaused
a dose- 15 dependent inhibition of proliferation and in addition lead to

apdpt osediuntor ootgindrindepehdemidy iofithe i&i%ronigat afdhqgroedivmsat i on and | eakage of
cytochrone-c (Baker et at, 1999; Baker et at, 1998; Smith a at, 1997).
TIMP-3 is the only TIMP protein that selectively binds to the surface of
cel | s ThwdependeillusthtedI80tHeatbord Miafiple) tthe TISWrGRIC frsfpnodomisimsct (kdientlyet at ,
2002; Smith et at, 1997). Focusing TIMP-1 to cell surfaces via .

GPI - an@hbits fhe syrthesis and searetianatt 5t 2oBsT BRTGRCYIGkine mysheedyin poupd Relingt £ ect s

report%éPTGf{?\ﬁ-&roﬁM-3 has been shown to sensitize nmelanoma cells to
apopt osi s 1 nducéd by anti-FAS- antibody, TNF-al pha and TRAIL. The

medhani sm of action was linked to a general stabilization of FAS, TNF-RI
and TI%MI? Ielgn the surface of the TIMP-3 treated nmel anoma 25 cells

(Ahonen~et*at, 2003). This increased surface expression of the receptors
was | | Gsdtatién affuithad TOVIPORusioaspmstarcls and caspase-3 (Ahonen et at, 2003).

In(r;t ' gﬁ%%?(hg? é‘h\gﬁ g’tgssig)g %E)r?sin'lugtg viverllre tggr?erftéc? ?meep E)urll é/degc;[ci)r%ﬂig ttohtge ng,te%eeﬁsl gndd hd
Methods” section, provided below. Specifically, a truncated TIMP-1-GPI fusion construct (SEQ
25 ID NO:1), a truncated TIMP-1-muc-GPI fusion construct (SEQ ID NO:2), a TiMP-2-GPI
construct (SEQ ID NQO:3), a TIMP-3-GPI construct and a mutated form of the TIMP-3-GPI
(SEQ ID NO:4), and a truncated TIMP-1-fractalkine-GPI fusion construct (SEQ ID NO:5) were

constructed, expressed and purifted.

30  The truncated TIMP-1-GPI fusion construct (SEQ ID NO: 1) comprises the first 152 amino acids
of the human TIMP-1 protein (i.e. the C-terminal amino acids 126-207 were deleted) fused to a
GPlI-anchor of 36 amino acids in length. The truncated TIMP-1-muc-GPI fusion construct (SEQ
ID NO: 2) contains the first 152 amino acids of the human TIMP-1 protein fused to amino acids
256-380 of the human CXCR16 (mucin) further fused to a GPI-anchor of 36 amino acids in



FAS surface expression following treatment with TIMP-1-GPl (Figure 6A). In
addition, the 30 _ RCC cells renmained resistant to TNF-a i nduced apoptosis
(tested from 100 to 10,000 units per m) irregardl ess of TIM-GP

treatment (data not shown). FACS analysis of the RCC cells subsequently
showed barely detectable | evels of THE-RI (p55) and TNF-RII (p75) on :
RCC-53 and no expression on the RCC 26 or A498 |ines (data not shown). The
surfac al; Thus,

he | nepEbe TAF Ralind hEIR topSREL Aol oo AL IEE it 1l Ll ReignT o
treat nealikddh TI MP-1- GPl does not appear to be nedi ated t hrough a general
stabilization of death receptor proteins on the cell surface. Wat is
clear is that treatnment with TIMP-1-GPl does alter the bal ance of Bcl-2

prot ei By ahflo@y toCthé fidl-I6RIR TTMPORBORLBE HMQX@PIB(SEQOID POoB) hei TEMABeGPlesul ts
of the present invention provide an additional |]nk betmien tu r bi ol ogy,

MVEJ T saosistipfcthe blﬁn%tﬁﬁl\’&’paﬁflé?JMPpﬁa&rﬁ%aygesp@HWﬁ@SGﬁthﬁ 6{1%1105 #B1nep|
di rect}, (%{dé)fn 1\411%1 %&1% Oindi 0] SRAN e AV {.Eb1 Aldldn- donSRicr RESODL O

render "t unor are normal Iy resistant agal nst FAS-induced
apopt oNi0s4), the GAG bmémg domBExSfitechured TEMPp3, didught tBpe tGparsibde fopadsaciateon t unor

cells wll be .eff illed he use of, the

const rg’]ufcth"g protgin, tgrﬂit‘ %‘Fécef H@Sﬁ%@f&@g At Efétexc}faﬁ%esTFI\/%klﬁéls‘%’ GPl
constr m%,amgm,hc@m asd K@BAL ahe Vauh@tealfmvm 1 ﬁu@mne-@m 1351014 c@mdu& (SEQn the
field of regenerative nedicine, e.g. wound healing, the T

colst r IR NO:&x canpeinsghe Betgpmingl P‘?ﬂ?@%?f the hyee TIMEN] fRsviae ﬁ‘-“@i’n B\kﬁz} @Eed to
effici gﬂyo{affdgpbé)ﬁ mﬁe Hﬁ:ﬁ%g%ﬁ@@ilaﬁghé?&{_e‘a% AR GPL dn [JraBLnERF ¥&s and

cyt oki nes onec gen |nvoIv in.the processes
of ti skughr enodel i ng and fibrosis which.lead to an increased ECM

‘production. Thus, the nenbers of the TIMP fanmily (TIMP-1, TIMP-2, TIMP-3,
TIMP-4), if anchored in the cell menbrane by neans of a GPl - anchor or a

MUCi N Perafled ERGLRMSH VE RN BuRcd} TIMPI-GRI (SEQ ID NO: 1), the truncated TIMP-1-
15 mucin-GPI (SEQ ID NO: 2) and the truncated TIMP-I-fractalkine-GPI (SEQ 1D NO: 3}

CoHsiructs

a) Incorporation of exogenously added truncated TIMP-1-GPL, truncated TIMP-1-mucin-
GPI and truncated TIMP-1-fractalkine-GP] into the cellular surface

20
Truncated TIMP-1-GPI, truncated TIMP-1-mucin-GPI and truncated TIMP-1-fractalkine-GPI
were generated and isolated according to Djafarzadeh et al., 2004. The incorporation of purified
fusion constructs into the cell surface membranes of RCC-53, RCC-26 or A498 RCC cell lines is
demonstrated by incubation of the cell lines for one hour with 700 ng/ml of purified truncated

25  TIMP-1-GPi, truncated TIMP-1-mucin-GPI and truncated TIlVIP-l-ﬁactalkine—G?I, fespectively,
and compared to that of the respective truncated TIMP-1 control TIMP-1 protein that is lacking
the mucin, fractalkine and GPI domains. Surface-associated protein was then detected using
FACS analysis. It was expected that the addition of control TIMP-1 would not lead to .any
change in the FACS shift, however, the truncated TIMP-1-GPI, truncated 'I'IMP-I-mucin-GPi

30  and truncated TIMP-1-fractalkine-GPI, respectively, in fact resulted in a strong surface signal for
TIMP-1.

To demonstrate that the exogenously added protein was GPI-anchored, RCC-53 cells were first
incubated with truncated TIMP-1-GPl, truncated TIMP-1-mucin-GPI and truncated TIMP-1-



20 used to efficiently nodul ate the processes of wound heal i ng by

i nfluencing the delicate bal ance between ECM producti on and ECM t ur nover.
Material s and Met hods 25Cell lines and cell culture The RCC |lines, RCC 53
and RCC-26, and were generated by D.J.S. (Minich, Germany) from patient
sanpl es. RCC-53, RCC-26 and A498 (And#i can Type Culture Collection) (G ard
et al., 1973) were cultured in RPM 1640 nedium (G BCO BRL, Life
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ALEXI S (Giinberg, Germany). Purification of TIMP-1-GPl protein The
TI MP-1-CGPl protein was produced and purified as previously described
(Dj af a¢)zadefuneated TIMP-1-GPL, truncated TIMP-1-mucin-GPL. and truncated TIMP-1-

fractalkine-GPI proteins impact the proliferation of RCC

25  To assess the effect of TIMP-1 surface engineering on the proliferation of RCC, MTT assays
were performed. The exogenously added truncated TIMP-1-GPI, truncated TIMP-1-mucin-GPI
and truncated TM-I-ﬁac@kine—GPI proteins, respectively, were expected to elicit a dose-
dependent decrease in proliferation of RCC-53 and A498 at 24, 48 and 72 hours comparable to
Example 4. RCC-26 cells were expected to proliferate extremely slowly (48+ h doubling rate);

30  the general trend indeed suggested a suppression of proliferation. -



30 at 2004). Briefly, human TIMP-1 was cloned from cDNA using hTlI MP-1
specific priners, fused without a translation stop codon to the GPI-signal
sequence cloned fromLFA-3 (Kirby et alL, 1995; Medof et at, 1996) and
subcl oned into pEF-DHFR and stably introduced i nto DHFR defici ent Chinese
hamster ovary (CHO cells and sel ectéd8 as described (Mack et al., 1995).
TIMP-1-GPlI -fusion protein was purified fromthe CHO cells by Trlton X-100
det er gpR4m ﬁ]lsext raction followed by columm purification using DEAE,
heparin seB arose and size exclusion (D afarzadeh et al., 2004). TIM-1
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r hTI MPackording to the methods provided by Example 8). The truncated TIMP-1 fusion constructs
10 (SEQID NOs:1, 2, 5) exhibited similar biological functions compared to the full-length TIMP-1
fusion constructs, thus supporting the notion that the N-terminal portion of the TIMPs is essential
for their inhibitory function. The fractalkine fusion construct (SEQ ID NQO:5) further showed a
membrane integration capacity comparabie to that of the mucin fusion construct (SEQ ID
NO.:4).




protein in serumfree mediumfor 1 h at 37C by 5% CO2. The cells were
washed three tines with cold PBS and treated with 60 ng/ mn

phosphat i dyl i nosi t ol - speci fic phosphol i pase C 20 (SI GVA- ALDRI CH,

Tauf ki rchen, Germany No. 661-9) in serumfree nediumfor 30 mn at 37C/ 5%
C2. Cells were washed three tines, &bl supernatants were harvested.
Proliferation RCC-53, A498 or RCC-26 cells (30 x 103/100 p.| nediun) were
cultured in 96-well mcro-titer 25 plates for 24 h under standard
conditions to yield firnly attached and stably growing cells. After
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The ef faaetcedd. TIMP-1-GPl vs. rhTIMP-1 treatnment on the ability of the
cells to invade ECM was eval uated using a conmercial cell invasion assay
(Chemnicon International Inc., Temecula, CA ~No. ECM 555). RCC-53 cells
were fifshn REQ ﬁézaeﬁoéféfssﬁ&ﬁhﬁoraﬁ'tﬁ lifnited Eherapéasieoftiovs dunvadeebraedibtanden t he
bottom of the insert were detached, |ysed and detected fy %ggt d e as
dekicr i foeimient ¢hemotheranenin pEenis prdrasiasion. [mmprathsTaRies aFetisbegFl ‘

endot h;?al fel?l!s suggesting that RCC can be targeted by immune effector mechanisms. Tumor-

infiltrating lymphecytes such as CD8+ CTL or NK cells are often seen in renal cancer tissues
and often recognize autologbus tumor cells when tested in vitro (reviewed in Schendel ef al.,
1997 ). Despite these promising observations, tumors generally continue to grow indicating

20  that RCC might have acquired resistance to cytotoxic mechanisms. For a productive anti-
tumor response to occur, the immune system must not only recognize the tumor, but the
cancer cells must also be susceptible to the killing mechanisms utilized by CTL or NK cells.
Cancer cells have evolved various mechanisms to evade immune defenses including reduced

~ sensitivity to apoptosis (reviewed in Dunn ez al., 2004).

25 _
CTL and NK cells kill their target cells by perforin/granzyme- or FAS/FASI.-dependent
apoptosis (Kagi et al, 1994). The relative importance of granule exocytosis versus
FAS/FASL mediated lytic activities for tumor control in vivo is controversial. While many
studies point to a dominance of the granule exocytosis mechanism other studies using

30  perforin-knock-out mice (Seki ef al, 2002) suggest that FAS-dependent apoptosis may
constitute a more prominent pathway in vivo. Most tumor cells, including RCC, are
intrinsically resistant to FAS-mediated killing (Frost er al., 2003). The use of GPl-anchored
TIMP represents a promising therapeutic approach for rendering tumor cells susceptible to

FAS-mediated apoptosis.



15 growth factor (VEGF) 2ng/tnl to 8ng/m was used to enhance invasion.
Optimal mgration was seen at 4 ng/m VEG- (data not shown). The effect of
treatment with 350 ng/m and 700 ng/m of control rhTIMP-1 or TIMP-1-GPI
on mgration was then determ ned. To gguantify the potential effects of the
TI MP agents, baseline mgration of the RC-53 cells to 4 ng/m VEGF was set
as 0. The value for 100 % "inhibition" to VEGF i nduced m gration was set
as 20 the mgration/invasion of RCC-53 cells in the absence of VEG-. The
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bi ndi ngudeBstRECC@lsl setibh EROgPSarlthdtadattioni dfa GPI anchor to TIMP-1 leads to an
altered surface stochiometry has enhanced the capacity of the TIMP-1 protein to bind MMPs,

15 - This apparent increased Binding of TIMP-1-GPI was also demonstrated with membrane-type
MMPs. While not much is known about TIMP-1 association with MMP-15, binding of TIMP-1-
GPI protein to MMP-16 would not be predicted to occur based on the rather poor avidity of
native TIMP-1 for this protein (Lang et al., 2004). Mutational analysis of the TIMP-1 loops
critical for MMP-16 binding show that small, apparently insignificant changes in TIMP-1 can

20 dramatically shift its inhibitory/binding characteristics. In this instance, the altered
stochiometry of TIMP-1 on the cell surface appears to have been sufficient to shift its binding
to MMP-16. The sequestering of MMPs on the cell surface was also associated with a reduced
capacity of RCC-53 cell line to undergo ECM invasion.

25  As demonstrated in the present invention, TIMP-1-GPI treatment leads to a pronounced dose-
dependent reduction in proliferation of the RCC lings. Perhaps most significantly, the normally
FAS-apoptosis resistant RCC lines were rendered sensitive to FAS/CD95-mediated killing
following treatment with the TIMP-GPI protein of the invention. However, the agent did not
affect sensitivity to the perforin pathway. This suggests that GPI-anchored TIMP mediates its

30  anti-tumor effect by the FAS-induced apoptosis pathway rather than by perforin/granzyme-
mediated killing by CTL/NK cells.

The FAS-apoptosis pathway is regulated by caspase activation, while the cellular membrane

damage by CTL/NK utilizing granule exocytosis, as measured by the chromium-release



measured using the Cell Death Detection ELISA Plus kit from Roche
(Pensberg, Gernmany, No. 1774425). RCC-53 cells were seeded into a 96-wel |l
di sh at a concentration of 4 x 104 cells/well and allowed to attach over
night. The wells were rinsed 3 tinmes4gith 1 x PBS and 2001 of serumfree
RPM 1640 nedi um was added to each well, followed by 700 nem of TI M-

1-UP!' or rhTIMP-1. Th [ .y f 2 : ; 5%
Coo. . Afeah an miretet ShoSpRS SRy 1% M ety 2ofsphiadhi UL g
atnt gsgﬁ%@g{}ogst&?ﬁl Wentﬁ&édc?h}i@t&mpﬂml acﬁﬁﬂicna‘ngoladd&obaéamde ibatceelentpect 4ok 16 h
a % .. Then the. plate wa tri dth ‘
car of GRRY AEFIECL-FHETUB OISR &t STRISSH AR Sy ArseBoB P oBOT G LMPRL f o
provi dgd,B¥nd EW&B@HE%WLﬁéléIfaﬂén 3P akRREhtie AT D fAGEIR- anfl d Sb#RESoring he

supernatant (20 pi) were used in an ELI'SA with anti-DNA and anti-histone
15 fant inbediem pr-gepttic BAX proseinnhis shift yovepis s fiighen renesssatien of \gsat er n

ool o SRR e BS DY BRE rdeSin FoR e IRLEREA CARLIMToNS DS THORES: O Ot D

_ 7 es used are described above anal ysi s) .
ReconbT™MP!l datfads eniivPerdd ROES tdis NTHdse bbiengtioharpfses awerel gution fiasEMP+ om

R&D Syst ens (M nneapol i s, USA) . apd incl uded; - -

(VBCOb)Simugpaciiopymersialso showm. igr E’ME’E’W}J’ Ot\\wﬁ{%s %ﬁ%@ﬂ&hﬁw@%
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above s) and Il-actin (Acris Hiddenhausen, Gernmany, No. ab8227).
Al'10 proteins were detected using a comrercial Western blot analysis kit,
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1998; Smith er al, 1997). TIMP-3 is the only TIMP protein that selectively binds to the
surface of cells independent of association with other surface proteins (Majid e al., 2002;
Smith et al., 1997). Focusing TIMP-1 to cell surfaces via a GPI-anchor leads to novel biologic

20  actions that appear to mimic effects reported for TIMP-3.

TIMP-3 has been shown to sensitize melanoma cells to apoptosis induced by anti-FAS-
antibody, TNF-alpha and TRAIL. The mechanism of action was linked to a general
stabilization of FAS, TNF-RI and TRAIL-RI on the surface of the TIMP-3 treated melanoma
25  cells (Ahonen et al., 2003). This increased surface expression of the receptors was linked to

activation of caspase-8 and caspase-3 (Ahonen ef al., 2003).

In the experiments detailed in the present invention, the RCC cells did not show a change in
FAS surface expression following treatment with TIMP-1-GPI (Figure 6A). In addition, the
30 . RCC cells remained resistant to TNF-¢ induced apoptosis (tested from 100 to 10,000 units
per ml) irregardless of TIMP-GP] treatment (data not shown). FACS analysis of the RCC cells
subsequently showed barely detectable levels of TNF-RI (p55) and TNF-RII (p75) on RCC-53
and no expression on the RCC-26 or A498 lines (data not shown). The surface expression did

not change with treatment with TIMP-1-GPI. Thus, the increased sensitivity to FAS mediated



over night and counted on a TopCount mcroplate scintillation counter
(Packard, Meriden, 54 CT). For each ET ratio, the percentage of lysis
was cal cul ated as follows: % specific lysis (experinental cpm -

spont aneous cpni maxi mal cpm - spont aneous cpn) x 100. Spont aneous rel ease
of target cells was always < 15%of te total naxinmal release. 55
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20 used to efficiently modulate the processes of wound healing by influencing the delicate

balance between ECM production and ECM turnover.
Materials and Methods

25  Cell lines and cell culture _
The RCC lines, RCC-53 and RCC-26, and were generated by D.J.S. (Munich, Germany) from
patient samples. RCC-53, RCC-26 and A498 (American Type Culture Collection) (Giard ef
al., 1973) were cuttured in RPMI1640 medium (GIBCO BRL, Life Technologies GmbH,
Eggenstein, Germany) supplemented with 2 mM L-glutamine (Biochrom KG, Berlin), 1 mM
30  sodium pyruvate (GIBCO BRL, Life Technologies GmbH, Eggenstein, Germany), 12% heat-
inactivated FCS (Biochrom KG, Berlin, No. S01 15). Fresh medium was given every third day

and cultures were split when cells were confluent.
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Cells were detached with 1.5 mM EDTA (Biochrom A, Berlin, Germany No. L2113) in 1 x
PBS and incubated for 60 min on ice with antibodies specific for human; TIMP-1 (IM32L),
MMP-1 (IM35L-100), MMP-3 (IM36L-100), MMP-8 (IM38L) (CALBIOCHEM, Merck
Darmstadt, Germany); MMP-9 (IM 61-100), MMP-2 (IM 51L) (ONCOGENE, Bad Soden,
15 Germany); MMP-7 (MAB907), MMP-12 (MAB917), MMP-14 (MAB9181) (R&D Systems,
_ Minneapolis, USA); MMP-13 (IM44L), MMP-15 (IM48L), MMP-16 (IM50L)
(CALBIOCHEM, Merck Darmstadt, Germany) and IgG1, (SIGMA-ALDRICH, Taufkirchen,
Germany No. M9269). ICAM-1 and HLA-antibodies (W6/32 and HB82) were described
previously ( Johnson e al., 1988; Bamnstable et al., 1978; Parhiam & Brodsky, 1981). Anti-
20 FAS (H. Engelmann, unpublished data), anti-TNF-RI, anti-TNF-RII and isotype control
antibodies were used as described (Bigda ef al., 1994). Cells were washed three times with 1
x ‘PBS, incubated with FTIC-conjugated donkey anti-mouse mAB (DAKO A/S, Glostrup,
Denmark No. F0313) for 45 min on ice, then washed three times with 1 x PBS and analyzed |
using a flow cytometer (FACSCalibur, Becton, Dickinson and Company, San Jose, CA, USA)
25 and CellQuest software. Anti-BCL-2 (ALX-804-225) and anti-BAX (ANC-357-040)
‘antibodies were obtained from ALEXIS (Griinbérg, Germany).

Purification of TIMP-1-GPI protein

The TIMP-1-GPI protein was produced and purified as previously described (Djafarzadeh, et
30 al 2004). Briefly, human TIMP-1 was cloned from ¢DNA using hTIMP-1 specific primers,

fused without a translation stop codon to the GPI-signal sequence cloned from LFA-3 (Kirby

et al., 1995; Medof er al., 1996) and subcloned into pEF-DHFR and stably introduced into

DHFR deficient Chinese hamster ovary (CHO) cells and selected as described (Mack ef al,,

1995). TIMP-1-GPI-fusion protein was purified from the CHO cells by Triton X-100 detergent
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Incorporation of TIMP-1-GPLinto cell membranes
RCC-53 cells (5-10 x 108 cells/ml) were incubated with 200 to 700 ng/ml of purified hTIMP-1-
GPI at 37°C/5% CO2. The cells were then washed three times with cold PBS and analyzed by
FACS using human TIMP-1 specific monoclonal antibodies (see above).
i5 _ '
GPI-anchor cleavage by phospholipase C
Cells (5-10 x 10° cells/ml) were incubated with 200 or 700 ng of TIMP-1-GPI or thTIMP-1
protein in serum-free medium for 1 h at 37°C by 5% CO2. The cells were washed three times
with cold PBS and treated with 60 ng/ml phosphatidylinositol-specific phospholipase C
20  (SIGMA-ALDRICH, Taufkirchen, Germany No. 661-9) in‘ serum-free medium for 30 min at
37°C/5% CO2. Cells were washed three times, all supematants were harvested.

Proliferation _
RCC-5 3,. A498 or RCC-26 cells (30 x 10°/100 ul medium) were cultured in 96-well micro-titer

25  plates for 24 h under standard conditions to yield firmly attached and stably growing cells.
After discarding supernatants, 50}il of medium containing TIMP-1-GPI, buffer, or thTIMP-1
was added to cells and incubatéd for 24 to 72 h. Then 50[il of a 1 mg/ml solution of (3,5-
Dimethylthiazol-2-yl]-2,5-diphenyl-tetrazolium  bromide) MTT (SIGMA-ALDRICH,
Taufkirchen, Germany No. M2128) was added. After 3-h incubation at 37°C, formazan

38 crystals were dissolved by addition 100 pl isopropanol and 0.04 N HCl. Absorbance was then -
measured at 550 nm using GENios plus TEC AN ELISA reader. For each experiment at least

6-wells were analyzed per experimental condition and time point.
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{Amersham Biosciences, Uppsala, Sweden, No. RPN2634) was used as positive control.

Extracellular invasion assay
10 The effect of TIMP-1-GPI vs. thTIMP-1 treatment on the ability of the cells to invade ECM
was evaluated using a commercial ceﬂ invasion assay (Chemicon International. Inc.,
Temecula, CA, No. ECM 555). RCC-53 cells were first analyzed for their ability to invade
. ECM. Invaded cells in the bottom of the insert were detached, lysed and detected by CyQuant
dye as described in the accompanying protocol. Increasing levels of vascular endothelial
15  growth factor (VEGF) 2ng/ml to 8ng/ml was used to enhance invasion. Optimal migration
was seen at 4 ng/ml VEGF (data not shown). The effect of treatment with 350 ng/ml and 700
ng/ml of control rhTIMP-1 or TIMP-1-GPI on migration was then determined. To quantify
the potential effects of the TIMP agents, Baseline migration of the RC-53 cells to 4 ng/m!
VEGF was set as 0. The value for 100 % "inhibition" to VEGF induced migration was set as
20 the migration/invasion of RCC-53 cells in the absence of VEGF. The resultant effects of
thTIMP or TIMP-1-GPI treatment on RCC-53 invasion was calculated as percent change

(negative or positive) relative to the "maximal" value.

Annexin-VY-detection of apoptosis

25  Detection and quantiﬁcation- of apbptotic vs. necrotic cells at the single cell level was
performed using annexin-V-FLUOS staining Kit (Becton, Dickinson and Company,
Heidelberg, Germany, No. 556547). RCC-53 cells were seeded at 1 x 10° cells/well into 24-
well plates and allowed to attach over night. The wells were then rinsed 3 times with 1xPBS
and 1 ml of serum-free RPMI 1640 mediwm was added, followed by 700 ng/ml of TIMP-1-

30  GPI or thTIMP-1. Cells were incubated for 24 h at 37°C/5% CO.. After 24 h, 1 lig/ml anti-
FAS activating mAB L-957 (H. Engelmann, unpublished data) or isotype control were added
and the cells were further incubated for 16 h at 37°C/5% CO,. The cells were washed with
PBS, pelleted and resuspended in staining solution (annexin-V-fluorescein labeling reagent

and propidium iodide (PI) in Hepes buffer) for 15 min at room temperature. The cells were



1. A fusion construct (TIMP-mucin-GPl) conprising an am no acid sequence
of a 5 tissue inhibitor of netalloproteinases (TIMP) or a biologically
active fragment thereof, wherein said TIMP or biologically active fragnent
thereof is linked to a nmucin domain followed by a

gl ycosyl phosphati dylinositol (GPl)-afghor. 2. The fusion construct of
claim1l1, wherein said nmucin domain is a nmenbrane-bound 10 nucin domai n.
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thereof. 15 4. The fusion construct of claiml1l, wherein said nucin domain
conprises the nucin- stalk of the surface-associ ated chenoki ne CXCL16 or
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followed by 700 ng/ml of TIMP-1-GPI or thTIMP-1. The cells were then incubated for 24 h at
10 37°C/5% CO,. After 24 h-incubation with TIMP-1-GPI or rhTIMP-1, 1 |ig/ml activating anti-
FAS mAB L-957 or isotype control mAB were added and incubated for 16 h at 37°C/5% CO,.
Then the plate was centrifuged and the supernatant was carefully removed. The cell pellet was
placed into 200 ml of lysis buffer provided by the manufacturer for 30 min and centrifuged.
Aliquots of the supernatant (20 .pI) were used in an ELISA with anti-DNA and anti-histone

15  antibodies to detect the presence of cytoplasmic nucleosomes.

Western Blot
Western blot was used for the detection of MMPs in serum free growth media. The anti-
MMP antibodies used are described above (FACS analysis). Recombinant human MMP
20  Western blotting standards were purchased from R&D Systems (Minneapolis, USA) and
included; MMP-1 (WBC024), MMP-2 (WBC025), MMP-3 (WBC015), MMP-8 (WBC017),
MMP-12 (WBC019) and MMP-13 {(WBC020). Western blot was also used for the detection
of BCL-2, BAX (see above for mAbs) and B-actin (Acris Hiddenhausen, Germany, No.
ab8227). All proteins were detected using a commercial Western blot analysis ki,

25  Chemiluminescent Immunodetection System (Invitrogen, Groningen, Netherlands).

Cell-mediated cytotoxiciiy

Target cells were labeled with -Crﬂ for I - 2 h, washed and co-incubated with effector cells at a

constant cell number of 2000 cells per well in 96-V bottom plates. Duplicate measurements of
30 four step titrations of effector cells were used in all experiments. Spontaneous and maximum

releases were determined by incubating the target cells alone and by directly counting labeled

cells, respectively. After 4 h of incubation at 37°C in a humidified 5% CO2 atmosphere,

supernatants were harvested, transferred to Lumaplate solid scintillation microplates, dried

over night and counted on a TopCount microplate scintillation counter (Packard, Meriden,



59 10. A nucleic acid nolecule conprising a nucleic acid sequence that
encodes for the fusion construct according to any one of clains 1-9. 11.
An expression plasmd conprising the nucleic acid nolecule according to
claim 10 and additional expression elenents. 12. A host cell conprising

t he expression plasmd according to étaim 11. 13. A vector conprising the
nucl ei ¢ acid nol ecul e according to claim10. 10 14. A pharnaceuti cal
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1-9 or the nucleic aci'd nolecule according to claim 10, and a
phar maEaperineaitd] ypaccsppoRbt@scanymakimal surm -sgentateods epm) i 0@ orpopiagequs

he 1 reRereet Ok BlFadh Skt Pisfedt o BERAPIEEL D0 O Pl d cancer i

selected fromthe group consisting of breast cancer, renal cancer,
prostate cancer, |eukem as, sem nomas, nel anomas, teratomas, 20 |ynphonas,
neur obl ast omas, gliomas, rectal cancer, endonetrial cancer, kidney cancer,
adrenal cancer, thyroid cancer, blood cancer, skin cancer, cancer of the
brain, cervical cancer, intestinal cancer, l|iver cancer, colon cancer,
stomach cancer, intestine cancer, gastrointestinal cancer, |ynph node
cancer, esophagus cancer, colorectal cancer, pancreas cancer, ear, nose
and throat (ENT) cancer, cancer of the uterus, ovarian cancer and |ung.
cancer and the 25netastases thereof. 17. The use of claim15 or 16,
wherein said cancer is residual cancer after surgical renoval. 3018. The
use of claim 17, wherein said fusion construct is locally adm ni stered as
anti-- tunmor adjuvant for the treatnent of residual cancer in breast
cancer patients and patients with glioblastoma (astrocytoma VI).



60 19. The use of claim 17 or 18, wherein said fusion construct is

adm ni stered at a concentration of 0,5 to 5 gg/m, preferably 1 pg/m.

20. The use of any one of clainms 15-19, wherein said fusion construct is
adm nistered 5 by spraying into the wound and/or injection into regions
that are not available for surgery. 521. The use of any one of clains
15-20, wherein said fusion construct is a fusion construct (TIM-GPl) that
does not include the nucin domain. 10 22. An in-vitro method for inhibition
of cancer cell proliferation conprising the step of subjecting a cancer
cel | | REFBEREMNOESf f ecti ve amount of TIMP-nucin-GPl or TIMP-GPlI fusion

construct. 23. The nethod of c¢claim 22, wherein said._c | i i.s _a .renal
o Cafinvb s o resh. Bt MUHGH Vo Mypis. Boe SoLimtram itde 109eby, §or” Bol
TI MP- mpt3:#033810.f or renderi ng FAS-apoptosis resistant tunmor cell lines

sensi t iA¥endn) MEABohIAGUSC O, FRREL 0SS - K2Bivwdpi, AMITeldyact, ¢f,, Erikgbh\WEA&SKI N
| esion to prevent or inhibit the formation of a scar, the nethod

conpr i Kihagt, 3o 098k Qrcggasepd?hdbeut i cal conposit i on accordl ng to claim
14 t
o SIS AL Wi 6 ARl e g met

according to ahy ofié of’ nstruct s a
fusi on7@dl$‘i-§ﬁtct (TI MP- GPI) t hat does not include the rmC| n domain, and a

phar mageut i accep carr, he, e ski n or
Dear " Bakerof H R RRERA R fcebith & Noubhi S Sofh APl e e T e o
hyp@r t ReRBiaBleSCAY, JotesaE) h@@laacelnﬁgtbmpmm) BriRdBuiii3a, pet-bod according to
ciains 25 and 26, wherein the armaceutical 30 conposition is used

t oget hBigdai {-hBaletsksy.ck gBrakebusehy @ntV%SfO HBgvi &> %@ﬂ?&ﬂ%@-: Holtmann, H. &
Wallach, D. (1994). JExpMed, 180, 445-60.

Bloomston, M., Shafii, A., Zervos, E.E. & Rosemurgy, A.S. (2002). JSurgRes, 102, 39-44.
Bode, W. & Maskos, K. (2003). BiolChem, 384, 863-72.
15 Bond, M., Murphy, G., Bennett, M.R., Newby, A.C. & Baker, A.H. (2002). JBiol Chem, 277,
13787-95.
Brand, K. (2002). Curr Gene Ther, 2,255-71.
Brew, K., Dinakarpandian, D. & Nagase, H. (2000). Biochim Biophys Acta, 1477, 267-83.
Brown, O., Cowen, R.L., Preston, C.M., Castro, M.G. & Lowenstein, P.R. (2000). Gene Ther,
20 7,1947-53. '
Djafarzadeh, R., Mojaat, A., Vicente, A.B., von Luttichau, I. & Nelson, P.J. (2004). Biol
" Chem, 385, 655-63. | | |
Dunn, G.P., Old, L.J. & Schreiber, R.D. (2004). Annu Rev Immunol, 22, 329-60.
_ Egeblaci, M. & Werb, Z. (2002). Nat Rev Cancer, 2, 161-74.
25 Frost, P, Caliliw, R., Belldegrun, A. & Bonavida, B. (2003). IntJ Oncol, 22, 431-7.
Giard, D.J., Aaronson, S.A., Todaro, G.J., Arnstein, P., Kersey, L. H., Dosik, H. & Parks, W.P.
(1973). JNatl Cancerlinst, 51, 1417-23. _ _
Gong, J.H., Maki, G. & Klingemann, H.G. (1994). Leuwkemia, 8, 652-8.
Hemmerlein, B., Johanns, U.; Halbfass, J., Bottcher, T., Heuser, M., Radzun, H.J. & Thelen, P.
30 (2004). IntJ Oncol, 24, 1069-76.
Igney, F.H. & Krammer, P.H. (2002). Nar Rev Cancer, 2, 277-88.
Itoh, Y. & Nagase, H. (2002). Essays Biochem, 38,21-36.
Johnson, J.P., Stade, B.G., Hupke, U., Holzmann, B. & Riethmuller, G. (1988).
Immuniobiology, 178, 275-84.



61 28.Use of a fusion construct according to any one of clains 1-9 or
according to clains 1-9 , wherein said fusion construct is a fusion
construct (TIMP-GPI) that does not include the nucin domain for the
preparation of a nedicanent for the treatnment of a skin lesion of a
subject to prevent or inhibit the forsgation of a scar. 5 29. The use
according to claim28, wherein the scar is a hypertrophic scar or a keloid
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tcccacaacc gcagcgagga gtttctcatt gctggaaaac tgcaggatgg actcttgcac360 35
atcaCtacct gcagttttgt ggctccctgg aacagcctga gcttagctca gcgecgggge420
ttcaccaaga cctacactgt tggctgtgag gaatgcacag tgtctagaac aacctgtatc480
ccaagcagcg gtcattcaag acacagatat gcacttatac ccataccatt agcagtaatt540
acaacatgta ttgtgctgta tatgaatgta tté%gagtcg ac582 <210> 2 <211> 900 <212>
DNA <213> Artificial Sequence 5<220> <223> Truncated human TIMP-1 his
<400> 2 gaattcatgg ccccctttga gcccctggcet gcccccagca gggectgcac ctgtgtccca

10 gacctcgtca tcagggccaa gttcgt gg&i;ﬁi&%ﬂatg agat caagat gaccaagatg

I A fusion construct (TIMP-mucin-GPI) comprising an amino acid sequence of a
5 tissue inhibitor of metalloproteinases (TIMP) or a biologically active fragment thereof,
wherein said TIMP or biologically active fragment thereof is linked to a mucin domain

followed by a glycosylphosphatidylinositol (GPI)-anchor.

2. The fusion construct of claim 1, wherein said mucin domain is a membrane-bound

10  mucin domain.

3. The fusion construct of claim 2, wherein said mucin domain comprises an amino
acid sequence encoded by a gene selected from the group consisting of MUC1, MUC3A,
MUC3B, MUC4, MUC11, MUCI12, MUC16, and MUC17, or a portion thereof.

15

4, The fusion construct of claim 1, wherein said mucin domain comprises the mucin-

stalk of the surface-associated chemokine CXCL16 or fractalkine (CX3CL1).

5. The fusion construct of any one of claims 1-4, wherein said TIMP is selected from

20 - the group consisting of TIMP-1, TIMP-2, TIMP-3, or TIMP-4.

6. The fusion construct of any one of claims 1-5, wherein said TIMP is human
TIMP-1.
25 7. The fusion construct of any one of claims 1-6, wherein said fusion construct

contains one or more GPI signal sequences to direct GPI-anchoring.

8. The fusion construct of any one of claims 1-7, wherein said GPI-anchor is derived
from the lymphocyte function-associated antigen (LFA-3), or a portion thereof.
30

9. The fusion construct of any one of claims 1-8, wherein said TIMP-mucin-GPI

construct is inserted into cell membranes of tumor cells.



gct gacatcc ggttcgtcta cacccccgec tcccacaacc gcagcgagga gtttctcatt
atcactacct gcagttttgt ggctccctgg 15 ttcaccaaga cctacactgt tggctgtgag
gaat gt ggac atgcttactc ggggattgtg cccccaactt ctcaggcctc agagggggca
ctcctgtcca ccttgcagtc cactcagcge. gasaaagagc tcactcgtcc caatgaaacc 20
gtt gggcect g aggcet gggga gaaccagaag tctagcacaa cctgtatccc aagcageggt
ataccattag cagtaattac aacatgtatt 25<210> 3 <211> 599 <212> DNA <213>
ArtifidPal Sedusndeic<ap@idmolecule comprising a nucleic acid sequence that encodes for the

10

5

20

30

fusion construct according to any one of claims 1-9.

11. An expression plasmid comprising the nucleic acid molecule according to claim 10

and additional expression elements.

12. A host cell comprising the expression plasmid according to claim 11.
13. -A vector comprising the nucleic acid molecule according to claim 10.
14, A pharmaceutical composition comprising the fusion construct according to any

‘one of claims 1-9 or the nucleic acid molecule according o cléim 10, and a pharmaceutically

acceptable carrier.

15. Use of a fusion construct according to any one of claims 1-9 for the preparation of

a medicament for the treatment of cancer.

16. The use of claim 15, wherein said cancer is selected from the group consisting of
breast cancer, renal cancer, prostate cancer, leukemias, seminomas, melanomas, teratomas,
lymphomas, neuroblastomas, gliomas, rectal cancer, endomeétrial cancer, kidney cancer,
adrenal cancer, thyroid cancer, blood cancer, skin cancer, cancer of the brain, cervical cancer,
intestinal cancer, liver cancer, colon cancer, stomach cancer, intestine cancer, gastrointestinal
cancer, lymph node cancer, esophagus cancer, colorectal cancer, pancreas cancer, ear, nose
and throat (ENT) cancér, cancer of the uterus, ovarian cancer and lung cancer and the

metastases thereof.

17. The use of claim 15 or 16, wherein said cancer is residual cancer after surgical
removal.
18. The use of claim 17, wherein said fusion construct is locally administered as anti--

tumor adjuvant for the treatment of residual cancer in breast cancer patients and patients with

glioblastoma (astrocytoma VT).



30 <223> Human TIMP-2 fused to GPI <400> 3 gaattcatgg caaccctaga

gaggat ccag gggcct gaga aggatataga gtttatctac tcgctggacg ttggaggaaa
gaaggaat at 35 aagatgcaca tcaccctctg tgacttcatc aagaagagcc tgaaccacag
gtaccagatg atgatcccgt gctacatctc ctcccoggac aagaacat ca acgggcacca
ggccaagttc tgtgcgtggt accgcggege gg€fccccecc 40 tctagaacaa cctgtatcce
aagcagcggt <210> 4 5<211> 758 <212> DNA <213> Artificial Sequence <220>

19. The use of claim 17 or 18, wherein said fusion construct is administered at a

concentration of 0,5 to 5 pg/ml, preferably 1 pg/ml.

20. The use of any one of claims 15-19, wherein said fusion construct is administered

5 by spraying into the wound and/or injection into regions that are not available for surgery.

21. The use of any one of claims 15-20, wherein said fusion construct is a fusion

construct (TIMP-GPI) that does not include the mucin domain.

10 22, An in-vitro method for inhibition of cancer cell proliferation comprising the step of

subjecting a cancer cell line to an effective amount of TIMP-mucin-GPI or TIMP-GP1 fusion

construct. .
23, The method of claim 22, wherein said cell line is a renal cell carcinoma (RCC) cell
15 line. '
24, Use of TIMP-mucin-GPI or TIMP-mucin-GPI for rendering FAS-apoptosis

resistant tumor cell lines sensitive to FAS-induced apoptosis.

20 | 25, A method of treating a skin lesion to prevent or inhibit the formation of a scar, the
method comprising administering the pharmaceutical compbsition according to claim 14 or a
pharmaceutical composition comprising the fusion construct according to any one of claims
1-9, wherein said fusion construct is a fusion construct (TEMP-GPI) that does not include the
mucin domain, and a pharmaceutically acceptable carrier to the site of the skin lcsibn, or scar.

25

26. The methed according to claim 25, wherein the scar is a hypertrophic scar or a

7 keloid formation.

27. The method according to claims 25 and 26, wherein the pharmaceutical

30  composition is used together with a detergent, sealant or carrier substance.



<223> Mutated human TIMP-3 fused to GPlI sequence 10<400> 4 gaattcatga
ccccttgget cgggctcatc gtgectcctgg gcagectggag tggggcgecg aggcegt gcac

at gct cgccc agccaccccc aggacgcctt gacatcgtga tcgcggeccge ggt ggt gggg
gcgaagct gg tagcggaggg acgetggtct acaccatcge gcagatggeg atgtaccgag
gcttcaccaa 15 gtgcagtaca tccatacgga agcttccgag agtctctgtg gccttaagct
aagt accagt acctgctgac aggtcgcgtc tatgatggca agatgtacac aacttcgtgg

agaggt ggga ccamgebLaftionlcohfafagitoflifa®aagobe bitlamect-ggr gicbghﬁ@mtcgalms
caagat caag tcctgctact acctgccttg _tccaagaac acc

ct ct cch&t-twhergity 5aie AustonXpnstEec ae BstongOgeiEye gs@gh%§§§e§% %Eg%HF
gcaget gat QHnGE 1GHY pRIRRARICA!a ARECABEAK: RRAGBRGER oo §1€lﬁal€§§& of a
agcagcqggtc at caagaca e gatatgca cttataccca taccattagc acatgtattg

t gct gt afbidct gamt@nastishibighepapati@bofetar 5 <211> 1314 <212> DNA <213>
Artificial Sequence 30<220> <223> Truncated human TIMP-1 fused to
frattal kine doma in and GPlI sequen ce <400> 5 gaattcatgg ccccctttga
geccctggict t Ciugaas &eoldii @ digiat 28 tviedis #eaktr 3% lgpenrphgcaaygyckdigidac
ctgtgtccca ccccacccac agacggcctt ctgcaattccl20 gacctcgtca tcagggccaa

gt t cgt fpgmatiacaccagaag t caaccagac caccttatacl80 cagcgttatg agat caagat
gaccaagat g tataaagggt tccaagcctt aggggat gcc240

30. The use according to claims 28 and 29, wherein the pharmaceutical composition is

10 used together with a detergent, sealant or carrier substance.



gct gacat cc
t cccacaacc
at cact acct
tt caccaaga
gagaagcaga
tctgtggtcc
t cccaggaag
t cct caggga
gagattttcc
caacct gggc
ccctccaccc
ggccagcgtg
gagat gggtc
gcccacgt et

ggttcgtcta
gcagcgagga
gcagttttgt
cctacact gt
t cggcgaggt
t ggagcccga
cacagagggc
ccaggct ccc
gagt gcct ec
ccagcctctg
aggcct ccac

t gt ggggt ca

ek 96q89C

gt ggtccc

cacccccgcec
gtttctcatt

ggct ccct gg
t ggct gt gag
gaagcccagg
agccacaggc

cttccacagg300
actcttgcac360 40

gcgccgggge420

at ggagagtg tctgcggata
gct ggaaaac tgcaggatgg
aacagcctga gcttagctca
gaat ccacag tgtctagagg cggcaccttc480
accacccctg ccgccggggg aat ggacgags540
gaaagcagt a gcctggagcc gactccttct 600

cc tggggacc t ccccagagc tgccgacggg cgtgact ggt 660

ccce
cgt ctccact
ggct gaggca
tgcgtcctcc
gggacagagc
gcacacggat
tgtctcctca

SRAGHEE . rafGECt cagg at ggagggec tgtgggcacg720 5
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ccagccccag aggagaatgc tccgtctgaa900

CC caggccag agaactctct ggagcgggag960 -
gccttccagg act gggggcc tggcagcatg 1020 10
gaagggaccc ccagcaggga gccagtggct 1080 t
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ctgggcgtcc ttat cactcc t gt cc ctgac gcccaggctg ccacceggag gcaggctaga 1200
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tageagiza tiacascatg fatidiopto Latatgaata Latla
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582
DNA

artifieial Sequence

9pdl, ggac 1314

Truncated human TIMP-1 fused to GPI sequence

1

ccccetitga
gggcctgecac
Lcagggccaa
agatcaagat
ggttegteta
gcagcgagga
geagttttgt
cctacactgt
gtcattcaag
ttgtgctgta

gcceoeotgget
ctgtgtccca
gttcgtgggy
gaccaagatg
cacccocgeo
gtttcteatt
ggctecctag
tggctgtgag
acacagatat

tatgaatgta

tctggeatcee
coccacecac
acaccagaag
tataaagggt
atggagagtyg
gctggaaaac
aacagecctga
gaatgcacag
gcacttatac

ttatgagtcg

tgttgttget gtggctgata 60

agacggectt ctgraatteo 120
180
240
300
360
420
480 -
540

582

caccttatac

aggggatgcc
¢ttecacagg

tcaaccagac
tccaagectt
tetgeggata
tgcaggatgg actcttgeac
gcttageteca gegeoocggggce
tgtctagaac aacctgtatce
ccataccatt agcagtaatt

ac
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<210> 2
<21il> 900
<2125
«213>
«<220>
<223
<400> 2

gaattcatgy
gecccoceoagea.
gacctegtea
cagcgttatg
getgacatcee
tcceacaace
atcactacet
Ctcaccaaga
gaatgtggac
cccccaackt
ctecetgteca
gacaaagagc
gttgggcetyg
tctagcacaa

ataccattag

<210> 3
<211> 5939
<212> DNA
<213>
<220>
<223>
<400> 3

gaattcatgy
gggectgaga
tcgectggacy
aagatgcaca
aagaagagcc
atgatccegt
aagaacatca
tgtgegtggt

tctagaacaa

DNR

ceecctttga
gggeccigcac
tcagggcecaa
agatcaagat
ggttcgtcta
gcagcgagga
gocagttttgt
cctacactgt
atgcttactec
ctcaggecte
ccttgecagte
tcactecgtce
aggctgggga
cotgtateee

cagtaattac

caaccctaga
aggatataga
ttggaggzaa
tcaccetety
tgaaccacag
gctacatcte
acgggcacca
acegeggege

cectgtatecee

Arcdfieial Sequence

geecectgget
ctgtgtecca
gttegtgggg
gaccaagatyg
caccceegoeo
gtttctcatt
ggctcoctgg
tggetgtgag
ggggattgtg
agagggggca

cactcagoege.

caatgaaacc
gaaccagaag
aagcagcggt
aacatgtatt

Artificial Sequehce

Human TIMP-2 fused to GPI

gaggatccag
gtttatctac
gaaggaatat
tgacttcatc
gtaccagatg
ctcoecggac
ggccaagtic
ggogeeccod

aageageggt

ey

tctggcatee
cceccacecac

acaccagaay

tataaagggt

atggagagty
gctggaaaac
sacagectga
gaatgcacag
gcccaccaga
tctteagata
cccaccctec
accattcaca
cagccyggaaa
cattcaagac

gtgctgtata

sequence

tatgagatca
acggceccoect
ctcattgeag
gtgeeetyggg
ggctgcgagt
gagtgcctct
ttegectgca
aagcaggagt

catt¢aagad

tgttgttget
agacggeett
tcaaccagac
tccaagectt
tctgeggata
tgcaggatgyg
gcttagctca
tgtctagact
agcatttact
tecacacccc
cagtaggatc
ctgcgggeca
aaaatgctgg
acagatatgc

tgaatgtatt

agcagataaa
ccteggeagt
gaaaggecga
acaccctgag
gcaagatcac
ggatggactg
tcaagagaag
ttctecgacat

acagatatge

Truncated human TIMP-1 fused to mucin domain and GPI sequence

gtggctgata
ctgcaattee
caccttatac
aggggatgcce
cttccacagg
actcttgeac
gcgcegggge
tgatctcaaa
tectaccagce
tgcccagatg
actgtcecteg
cagtetggea
tcececacagec
acttataccc

atgagtcgac

gatgttcaaa
gtgtggggte
gggggacggc
caccacccag
gegetgeece
ggtcacagag
tgacggctceo
cgaggaccca

actktatacce

60
120
igo
240
300
3e0
420
480
540
600D
660
720
780
840
200

60
120
180
240
300
360
420
480
549
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ataccattag cagtaattac aacatgtatt gtgctgtata tgaatgtatt atagtegac

<210> 4
«21l> 758
<212> DNA
<213
<220
<223>
<400> 4

gaattcatga
tggggcgecy
gacatcgtga
acgctggtct
gtgcagtaca
aagtéccagt
aacttegtgy
tatcacctgg
tccaagadacyg
tccaaacact
gcceececgg
agcagoggte
acatgtattyg

<210= 5
<211>
<212>
<213
<220>
<223
ce
«<400> 5
gaattcatgg
gccococagea
gatctegteoa
cagcegttatg
gotgacatee
toccacaacce
atcactacct

ttcaccaaga

1314
DNA

cececttgget
aggegtgeac
tegeggeege
acaccatege
tccatacgga
acctgctgac
agaggtygga
gttgtaactyg
agtgtctetg

acgoctgeat

ataaaagcat

attcaagaca

tgcetgtatat

cececttbga
gggcctgcac
tcagggccaa
agatcaagat
ggttegtcta
geagcegagga
geagttttgt

cctacactgt

Artificial Sequence

cgggcteatc
atgctegeece
ggtggtgggg
gcagatggceg
agettecgay
aggtcgcgtc
ccagctcacc
caagatcaay
gaccgacatg

ccggcagaag

catcaatgcc

cagatatgca

gaatgtatta

Artificial Sequence

gceoetgget
ctgtgtecca

gttcgtggog
gaccaagatg

cacceooged

gtttcteatt
ggctcecctgg

tggctgtgag

gtygctootyy
agccacccce
gegaagetyg
atgtaccgag
agtctetgtg
tatgatggca
ctctceocage
tectgetact
ctcteccaatt
ggcggetact
agagacceet
cttataccca

tagtcgac

tectggecatce
cceecacccac
acaccagaayg
tataaagggt
atggagagtyg
goetggaaaac
aacagectga

gaatccacag

Matated human TIMP-3 fused to GPI sequence

gcagctggag
aggacygcctt
tagcagaggg
getteaccaa
gccttaaget
agatgtacac
gcaagygget
acctgecttg
teggttacee
gcagctggta
ctagaacaac

taccattage

tgttgttget
agacggectt
tecadccagac
teeaageett
tctgeggata
tgcaggatgg
gcttagetca
tgtctagagg

cctgggggac

ctgcaactee

geccecttegge

gatgccceat

ggaggtceaac

QQQQCtQtQCV

gaactatcgg
ctttgtgact
tggctaccag
ccgagygatygg
ctgtatccca

agtaattaca

Truncated human TIMP-1 fused to fractalkine domain and GPI

gtggctgata
ctgcaattce
caccttatac
aggggatgcece
cttecacagg
actottgeac
gegeeggggce

cggecacctte

599

60
120
i80
240
300
360
420
480
540
600
660
720
758

sequen

€0
120
180
2420
300
360
420
480
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gagaagcaga
tctgtggtec
tcccaggaag
tcoctoaggyga
gagcttttee
caacetggge
cecotecacce
ggecagegtg
gagatgggte
geeccacgtct
teoaggcaget
étgggcgtcc
acazcetgta

ttagcagtaa

tcggegagdt
tggageeocega
cacagagggc
ccaggctece
gagtgcctce
ccagcectetg
aggcctccac
tgtggggtca
cegtgccage
ctgtggtecce
ggacccctaa
ttatcactee
tcccaageag

ttacaacatg

gaagcccagg.

agccacagge
cetggggace
ccegacgeea
cgtgtcecact
ggctgaggca
tgcgtectec
gggacagagc
gcacacggat
tgtetectea
ggctgaggaa
tgtcecctgac
cggtcattea
tattgtgctg

dﬂ,

accaceectyg
gaaagcagta
tcecocagage
aaggctcagy
gocegoracgt
aagacctctyg
ccagecccag
cccaggccag
gccttecaga
gaagggaccc
cccatccatyg
geccagactyg
agacacagat

tatatgaatg

cCcgceygyyg9y
gcectggaged
tgecgacggg
atggagyggcec
gycagagttc
aggceeegtc
aggagaatge
agaactetct
actgggggcee
ccagcaggga
ccaccatgga
ceacceggag
abtgcacttat
tattatgagt

aatggacgag
gactecttet
cgtgactggt
tgtgggcacy
tgctocccac
cacccaggac
tcegtoctgaa
ggagcgggag
toggcagcatg
gecagtggek
ccococagagy
graggetaga
acccatacca

cgag

540
600
660
720
780
840
200
960
1020
1080
1140
1200
1260
1314



