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molecular weight of from about 88 to about 95 kilodaltons as

determined by SDS-PAGE of boiled samples. The dimer has a

molecular weight of about 170 kilodaltons as determined by

20 SDS-PAGE of unboiled samples, FAPa is characterized by a

nunber of features and properties which are shared by and

characteristic of membrane bound enzymes, suggesting very

strongly that it, too, is a membrane bound enzyme. The

nucleic acid molecules, which are a key part of the invention,

25 are useful both as probes for cells expressing FAPa, and as

starting materials for recombinant production of the protein.

The FAPa protein can then be used to produce monoclonal

antibodies specific for the protein and are thus useful

diagnostic agents themselves. They also have additional uses,

30 including uses related to enzymatic functions, as described
herein.

The invasive growth of epithelial cancers is associated

with characteristic cellular and molecular changes in the

35 supporting stroma. For example, epithelial cancers induce the
formation of tumor blood vessels, the recruitment of reactive

tumor stromal fibroblasts, lymphoid and phagocytic
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Immunochistochemical studies such as those cited supra
have shown that FAPa is transiently expressed in certain
normal fetal mesenchymal tissues but that normal adult tissues
are generally FAPa . Similarly, malignant epithelial, neural

25 and hematopoietic cells are generally FAPa~. However, most of
the common types of epithelial cancers, including >90% of
breast, lung, skin, pancreas, and colorectal carcinomas,
contain abundant FAPa' reactive stromal fibroblasts. Garin-
Chesa et al., Proc. Natl. Acad. Sci. USA 87: 7235-7239 (1990).

30 The FAPa® tumor stromal fibroblasts almost invariably
accompany tumor blood vessels, forming a distinct cellular
compartment interposed between the tumor capillary endothelium
and the basal aspect of malignant epithelial cell clusters.
While FAPa' stromal fibroblasts are found in both primary and

35 metastatic carcinomas, benign and premalignant epithelial
lesions, such as fibroadenomas of the breast and colorectal
adenomas only rarely contain FAPa® stromal cells. In contrast
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the molecule.

The induction of FAPa' fibroblasts at times and sites of
tissue remodeling during fetal development, tissue repair, and
carcinogenesis is consistent with a fundamental role for this

25 molecule in normal fibroblast physiology. Thus, it is of
interest and value to isolate and to clone nucleic acid
molecules which code for this wolecule. This is one aspect of
the invention, which is described in detail together with
other features of the invention, in the disclosure which

30 follows. FPFurther aspects of the invention include the dimeric
FAPa molecules, and the exploitation of the properties of
these molecules. These features are also elaborated upon
hereafter.

BRLEE DEOSCRIPTION OF ITHE FIGURES

35 Figure 1 compares the deduced amino acid seguence for
FAPa, and the known sequence of CD26. The alignment has been
optimized.




tissue rempdeling during fetal devel opnent, tissue repair, and
carcinogenesis is consistent with a fundanental role for this 25

nol ecul e in normal fibroblast physiol ogy. Thus, it is of i nt er est
and value to isolate and to clone nucleic acid nol ecul es whi ch code
for this nolecule. This is one aspect of the invention, which is
described i n ¥RPU42% oget her with ot her features of PERUSYAIESt | on,
in the disclosure whi-ch 30 foll ows. Further aspects of the invention

i nclude the dineric FAP[ err] nol 8cul es, and the exploitation of the
properties of t hese nol ecul es. These featuyres ar al so e] abor at ed
upon her J&FP’EPS 2A-2H, ’DE%CF&%*W’EW ORMRpRohi R pehemical

Figure 1 corﬂnﬁentztdmeodeﬂﬂkcchmﬁmsadndvanqmcasfms. In figikgerzy, and
the k 6 t
Lne Known S CHE S, Hrdldd! camsra&sgmaieaasfafeﬁﬁ% SEaudp 5;&&9 Z&fha

4 CD26 Hfigrare 2B IhcFiENRRs 27 2P mdbigRante Heikbrans
detedion ofhistHeoytmandisCD26udihedar ifors FABsudSiguref i2nyesand cD26
and 2B, bre s d, %ﬂD o Mg (

CD26 (flgurgﬂt Ieénm:‘l aées Csé;nac 2 nal |ﬂ§naé%£#r%£é)sn ﬁ;ﬂﬂmes 2E
hi sti ocyt ormel EAPeu, N 2F 1(5D264p] orRNAL jGhhle GRTCingma dspstudied in
(figure 2D). fiiﬁmmlzsscta'aphbssamlmwmmed in figures 2E

(PAP[err]), and |1 ci S e
figure 2G (FAP i‘;&g}“ and ZEFL sdill C'd2OMenb asﬁge presen s Sone of
t he ¥t a ger@? s which BS?B i KBAEsFAR® chadh et uIBrp matnix, 5 d
extracel | ul afEQ¥t protein degradidd apltdtréty dotpvexd izgmographit ydetdetion

zynogr aphi c ' indfe n t f 3-.FAP was
c)altr r ?edpout ,ﬁ%ﬁt&ﬂg deg%%‘%’l’?/d; ’&?g%%cgg%ﬁ%%# Eﬁﬂ&e‘? O‘gl?ectj':

wei ght of atffive substance was foupdsee have-a pRlegplam ¥eight s%‘pﬂ%‘tt 0
preserve 15170 kppzwia SBOS-PAGE, using uﬁEﬂWé&EDsmPEbO‘b&WERRED

ENB@ MENTS enzyme actlv;.ty.

Fibroblast cell line WI~38 had been observed, previously,
to react with mAb F19 (Rettig et al., Canc. Res. 46: 6406-6412
20 (1986); Rettig et al., Proc. Natl. Acad. USA 85: 3110-3114
(1988); Garin-Chesa et al., Proc. Natl. Acad. Sci. USA 87:
7235-7239 (1990); Rettig et al., Canc. Res. 53: 3327-3335
(1993)). It was used in the experiments which follow.
A cDNA library was prepared from WI-38, using well known
25 techniques and commercially available materials.
Specifically, the library was constructed in expression vector
PCDNAI, using the Fast Track mRNA isolation kit, and Librarian
cDNA phagemid system. Once the library was prepared, the
vectors were electroporated into cell line E. ¢coli MC 1061/P3.
30 The pCDNAI expression vector contains an antibiotic resistance
gene, so the E. coli were selected via antibiotic resistance.
The colonies which were resistant were then used in further
experiments. The plasmid DNA from the colonies was obtained
via alkaline lysis and purification on CsCl,, in accordance
35 with Sambroock et al, Molecular Cloning: A Laboratory Manual
(Cold Spring Harbor Lab, Cold Spring Harbor, N.Y. 24 Ed.
1989). The technigue is well Kknown to the art, but is



:Exarrpl'e 1 Fi brobl ast cell line W-38 had been observed,
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any positive rentiroducedi inteE.t kelir M6cheel (H3 + landcudsalected in COSxdence.

The iygrunosel @efigpHn protocol was that of Aruffo et 10 al., Proc.

Natl. Acad. Sci ThléSAprt?éScolBBgPe_s?’e?’n ged (%21837 n was followed for four

rounds. After this, the plasmid DNA of 50 isolated bacterial
colonies was purified, using the Qiagen plasmid kit. Of the
colonies, 27 clones were found +o contain identical 2.8 kb

20 inserts, as determined by EcoRl restriction enzyme mapping.
Several of these were found to contain FAPa-specific cDNA as
determined by transient expression in C0S-1 cells and direct
immunofluorescence staining with mab Fi9. One of these
clones, i.e., "pFAP.38" was selected for further study, as

25 elaborated upon infra.

Example 2

Once pFAP.38 had been identified, it was tested together
with a vector coding for known cell surface marker CD26
("pCD26"), as well as with control vector pCDNA I.

30 In these experiments, COS-1 cells were transfected with
one of pFAP.38, pCD26, or PCDNAI. After forty-eight hours,
the transfectants were tested, using the well known MHA
rosetting assay for cell surface antigen expression. In these
experiments, mAb F19, which is PAPa specific, was used,

35 together with mAb EP~1, which is CD26 specific. Also used
were four other FAPa specific mAbs, i.e., FB23, FB52, PB58 and
C48. Also tested were two cancer cell lines, which are known
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mAb F19, which is FAP[err] specific, was used, 35 t oget her with mAb
EF-16 which is CD26 specific. Also used were four other FAP[err]
specific mAbs, i.e., FB23, FB5Z, _PB58 and C41§ Al'so_tested were two
cancer cel |Taxga%s c&di ch are knofh®  FB23  FBS2 BO® 97§49 AF-1
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W th mAb F19 (SWB72 | i posarcoma), or EP-1 ( SK-OV6 ovari an cancer).

The resultswl[s_orth in Table 1, which foll ows.

SW872 liposarcoma >95% >95% >95% >95% >95% -

20 SK-0OV6 ovarian
cancer - - - - - >95%
cos-1 transfectants
25
COS - pCDNAI
control - - - - - -
COS-pFA P 38 40% 30% 40% 20% 20% -
30
COS - pCD26 - - - - - 40%
35

Imnunoprecipitation studies were then carried out to
identify the antigen being targeted by the antibodies.

40 Cells were metabolically labelled with Trans **S-label,
(ICN), extracted with lysis buffer (0.01 M Tris-HC1l/0.15 M
NaCl/0.01 M MgCl,/0.5% Nonidet P-40/aprotinin (20 ug/ml)/2 mM
phenylmethyl~ sulfonyl fluoride), and then immunoprecipitated.
The protocols used are all well known, as will be seen by

45 reference to Rettig et al., Canc. Res. 53: 3327-3335 (1993);
and Fellinger et al., Canc. Res. 51: 336-340 (1991), the
disclosures of which are all incorporated by reference in



5. Table 1. cell surface expression of nmultiple FAP[err] epitopes and
CD26 in human cells and COS-1 cell transfectants

Cell surface antigen expression 10 Target cell F19
+B23 FB52 FB58 48 EP-1 15 Human cel |l s SWB72
| i posar coma >95% 295% >95% >95% >95% - 20 =
ovarian %&Bé’zﬂcer - ) _pcTRSs s
>95% COs-1 transfectants 25 COS pCDNAI control
- - 7 COS pFA P 38 40%

0 0 0 0
30%  40% t&gl/g enggrg/ﬁ)&y. greglp,_tatiy gﬁpgcgege negative control

I m’runopr eci pi motse et ke F1G5r ©rt BAT1car Coblirolt tests were car.lexﬁd foutt he
anti‘gen bei ngy, getﬁgc]py th ABEL es. cd8-1 11s.Cel I's

met abolically, *a%el | ed ,wi t ?ans S- cel s Gg ext ra,c% ed
with lysis bu‘?‘F’@‘f“‘{RT%th?F gDt 1"%“’%""9’3"1?"1:%??/ 5¢ foiled in
MyCl [ e8]/ 0. Séktianitdein Pbybfepr candi rse(maagﬂm by 2 NADOASO,/PAGE, under

phenyl et hyl ré&uémq/eo%ge&tﬂe) B $omee C'og.' hahfém 1 test M€
protocol s used are novvn as WI II e seen erence to
Rettig et al. a’tanearﬁée Sut 33%e sdeterning). w the
umunopreclpitated material was qucosylated. In these
experiments, cell extracts were £fractionated with Con A-
10 SEPHAROSE prior to immunoprecipitation. Following

immunoprecipitation, but prior <to fractionation on
NaDodSO,/PAGE, these precipitates were digested with N-
Glycanase.
The results showed that, in CcOS-1 cells, pFAP.38 directs
15 expression of an 88 kd protein species (as determined via SDs-
PAGE), which is slightly smaller than the 95 kd FAPa species
produced by SW872, or cultured fibroblasts. Digestion with N-
Glycanase produced peptides of comparable size (i.e., 74 kd
versus 75 kd), showing that the glycosylation of the FAPa
20 protein in COS-1 cells is different than in the human cell
lines.
Exapple 4
Classic Northern blot analysis was then carried out,
using the mRNA from FAPa® fibroblast cell lines WI~38 and GM
25 05389, and FAPa'ovarian cancer cell line SK-OV6. Using the
procedures of Sambrook et al., supra, five micrograms of mRNA
from each cell line were tested. The probes used were 3P
labelled, and were prepared from a 2.3 kb ECO I fragment of
pFAP.38, & 2.4 kb Hind III fragment of CD26, and a 1.8 kb
30 BanHI fragment of vy-actin cDNA, These fragments had been
purified from 1% agarose gels.
The extracts of FAPa® fibroblast strains showed a 2.8 kb
FAP mRNA species, but extracts of SK-OVé do not. A y-actin
mRNA species (1.8 kb), was observed in all species.
35 Example 5
The cDNA identified as coding for FAPa was subjected to
more detailed analysis, starting with sequencing. The classic
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SDS- (PR3 - wiigures is Rresensss ﬁﬁm EPuPALLSPRe USing emtrimizgd
speci es sequemdw d2Egnhen€YB Ay @hpﬁuiﬁ UEres] ddmtibaﬁt freDaeiddtm Wi th

N- L a kd
versus 75 Kk %\%ﬁ‘ﬁﬂ d‘&gff%g' %tg'g%ll a %’gﬁp l‘fsn@rlgAﬁﬁg&P b’édhé‘e
protd@ n in tPQ: 9ﬂ2§ ESqUENEe e h H*Whlﬁe putakive| transmembrdnmes
Exanpl e 4 sequence iSlavmie dhaértined) ohidaapotsdrit MASNLGEYCEsIdEibrpUt

using the ] 1t cell lines W-38 and GM 25
05389, and err varﬂ’g%gc%’fr‘\%er {ci'é “line SK-OV6. Using the

procedures of Safhcodiedienge anailysis shawsiergd§lambase madx insert, from
each cel | | ivifesne F20t ashsel hra i heshdtdashtee thel &5pdrP reading el J ed,

alng Véfr e ]P; gﬂ?ri;sﬁfb%ﬁ[ %éxas fg'ng(f\QngEf £845% n&l'efat nucleog:da‘Pz%% %2 4 kb
stop codon TAA at 2486.

The deduced polypeptide is 760 amino acids long, and has
a molecular weight of 87,832. In contrast, N-Glycanase
digested, immunopurified FAPa was reported to have an

20 estimated M, of 75,000 on NaDodSO,/PAGE (Rettig et al., Canc.
Res. 53: 3327-3335 (1993)). A GenBank data base search was
carried out. The most closely related genes found were those
encoding dipeptidyl peptidase IV homologues (DPPIV; EC
3.4.14.5), with human DPPIV (alsc known as T~cell activation

25 antigen ¢D26), showing 61% nucleotide seguence identity, and
48% amino acid sequence identity.

The second set of related genes are human, rat, and
bovine homologues of DPPX, a gene of unknown function widely
expressed in brain and other normal tissues. The predicted

30 human DPPX gene product shows about 30% amino acid seguence
identity with FAPax and CD26. The FAPa molecule exhibits
structural features typical of type II integral membrane
proteins, including a large COOH-terminal extracellular
domain, a hydrophobic transmembrane segment, and a short

35 cytoplasmic tail. The putative extracellular domain contains
five potential N-glycosylation sites, eleven cysteine residues
(eight of which are conserved between FAPa and CD26), and



-30 . BanH fragnment of y-actin cDNA. These fragnents had been

purified from 1% agar ose gel s. The extracts of FAP[err]
fibroblast strains showed a 2.8 kb FAP nRNA species, but extracts
~of SK-OV6 do not A y-actin NRNA species (1.8 kb), was observed in
al | speci es. Exanpl e 5 The cDNA identi 1;, /3 di ng
for FAP[err] vvas sagjectedto nore detail ed anaIyS|s Far Ing with
sequenci ng. The cl assic V\D 97/ 34927

PCT/ US97/ 04215 8 Sanger

met hodol ogy, s set fort

L6 5961 58998 habRnbts fsrgsm%%o § BigBly. cgRoerred catdlitig,
Once this wadoseins edhavactenintisciof seeink cpxekeases, sugiedas cBPPIV.

therefrom Tﬂ'th§sé nfcahgawgat h&qﬁéﬁi@é‘t gdel @&E&t@a in TablO 1. wﬁb&% o6
sequence was n _conpared to sequence O

(Nor ot oot ZaiLows " Rangs) Soh o BREIEAE BN Gere mage i3S HiSEiRats
preseht s thee(!;onﬂaam supransWadga opti alzedProc. Natleqdeade Sﬂugnmta%\ny
gaps in the &9'713%13?1‘9@5)5" IVlictainidet al., u%ﬁSﬁsil s&anewhlbi pgsiLi cal

am no acids are shown ashes 10 In the CD26 sequence
hydr ophobi c, Ba?aﬁ'%”('r ansmenbr ane sequence i s doubl e underlined,
whi | e pot ent Exbnplglgcosyl ation sites are single underlined.

The sequence analxsl aadfeysna 284¢ Beseawmbaisr rwere carr:.e)&he&ﬁﬂ Neg277

base a| rs c te th e eadi ORF extends from
st ari" codon %1%3 ‘flé%g‘rq% %Q%Q rﬁggteé sequm @JEORr?ﬁﬁnﬁt 1B 488N~
The deduced puhlypeppe@ees-s 789 doriso, duimén,| mogpseandndachinese hamster

oo TP AP b S e oo S
75, 000 on NaSBEERS 6! ¥ PE@E‘“E‘R%’P %’S"&i‘gﬁﬁ' vedfg’ “tne 2.3 s‘ﬂén?

3327-3335 (19889!}1edNl@n%kdeaclaime?m-chﬂmidization UaSrcaurDerl. The
nost 18l osel y ouuel aiithgiesesidquttd WRERiIAGOTBnditions (0.1 x SsSc, 0.1%
NaDodsSO,, 68°C). Cross-hybridization was readily observed
with both the mouse and hamster DNA, suggesting the existence
of highly conserved FAPa homologues. In control experiments
using the CD26 cDNA fragment described supra, no evidence of
20 cross hybridization was observed.
Example 7
The CD26 molecule shares a number of biochemical and
serological properties with FAPB, which is a previously
described, FAPa associated molecule having a molecular weight
25 of 105 kd, and is found on cultured fibroblasts and
melanocytes (Rettig et al., Canc. Res. 53: 3327-3335 {1993)).
Cotransfection experiments were carried out to determine
whether FAPB is a CD26 gene product. To test this, the same
protocols were used which were used for transfection with
30 PFAP.38 or pCD26, as described supra, but using the two
vectors. The results presented supra showed that
cotransfection efficiency was about 40% for each vector, so
about 10-20% of cell should be cotransfected.
Following cotransfection, the C08~-1 cells were Trans *°S-
35 labeled, as described supra, then lysed, also as described
supra.
The resulting cell extracts were separated on Con A



encodi ng di peptidyl peptidase |V hormol ogues (DPPIV; EC 3.4.14.5),

with human DPPIV (al so known as T-cell activation 25 anti gen CD26),
showi ng 61% nucl eoti de sequence identity, and 48% ami no aci d
sequence identity. The second set of related genes are human,
rat, and bovi ne honol ogues of DPPX, a gene of unknown function

wi del y WO XM ssed in brain and other normal tissues. PEHUSHORIPct ed
30 human DPPX gene product shows about 30% ami no acid sequence

identity with FAP[err] and CD26. The BAP[err] nol ecul e exhibits
structural features typical of type Il integral nenbrane pr ot ei ns,

I
i ncl udi ng a SERHMROBBE-BRE Fi¢ Antlgem, (FAPq gnd/or CD26 | JREe) recqKaRaShhobi ¢
t ransnmenbr angy @ERN, Axbdundsipattdon. Theybomdisfractivn waslhytddat i ve

extracel | ul opual ntai five lﬂﬁ;lﬂ.l-aé N \/ i.ﬁﬂ sites,
el even cystg{ir}:gx ggglgc;ﬁ%sbahgﬁnc,py ae?%%jtdedf Ich ar glg%%sl?_)érg\ggd&%et Ween
FAP[ err] anfacmigf ontq as described supraypagd) fhg precipitates were
PCT/ 8597/ 04Z%dparated on NaDodSO,/PAGE, also as discussed9supra. three

searent s <o SSPORicd L A RORER oty il a0 proqudAVR,

characteristic of serine &;o ases, c .
sequences arfutymoteFARP | (Agtaymined \from, mAb F19 igmureRrecipifatesons to

DPPI V and DifiRey@iigonp#educe Adrepnd antigen (teited . with(ER-1)\Adamisedl .,

Proc. Natl. : ' , - 20 . | Y
uman ol . G <SinaphiXed uicn popps, bipadoprodidd) cod S o Fact.
An 34di t i onSotFAnsSLCEARES | PERAYCHe (D262 rand | FARe/FAPA gheteropersy niage
whet her FAP[gatidrmiaeat £ 66 waRC Fi9aprecipibiates.n This result pruvikies

species. T iq.%c%obvt.l].agﬁge %@%Ap?"‘iscgi %gig Q@H@tﬁf%%\%ct genormi ¢ DNA

was digestedUsing reéstrrctron enzynes, a ed, via Southern
bl otting, udfXRMRLec8? 3 kb fragnent, | abel led with [err]P,
descri bes supra. 1dyhasdbeen iobsepRredCprévishsly that soheusulgurdd iHugmm

washighg condili;ong 001 hewpress’ FABe and cD26, and show FAPa/CD26
heteromer formation. In vivo distribution patterns of FaAPa
and cDh26, however, as determined in previocus
immunohistochemical studies, appeared to be non-overlapping.
(See Rettig et al., Proc. Natl. Acad. Sci. USA 85: 3110-3114

20 (1988); Garin-Chesa et al., Proc. Natl. Acad. Sci. USA 87:
7235-7329 (1990); Rettig et al., Canc. Res. 53: 3327-3335
(1993); Stein et al., in Knapp et al., eds. Leukocyte typing
Iv-white cell differentiation antigens, pp 412-415 (Oxford
University Press, N.Y. 1989), pp. 412-415; Mbious et al., J.

25 Exp. Immunol. 74: 431-437 (1988)). 1In view of the potential
significance of FAPa/CD26 coassociation, tissue distribution
was reexamined, via side by side immunchistochemical stainipg
of normal tissues and lesional tissues known to contain FAPeo'
fibroblasts or FAPa' malignant cells.

30 To test the samples, they were embedded in OCT compound,
frozen in isopentane precooled in liguid nitrogen, and stored
at =70°C until used. PFive micrometer thick sections were
cut, mounted on poly-L-lysine coated slides, air dried, and
fixed in cold acetone (4°C, for 10 minutes). The sections

35 were then tested with mabs (10-20 ug/ml), using the well known
avidin-biotin immmuno-peroxidase method, as described by,
e.g., Garin-Chesa et al., J. Histochem. Cytochem. 37: 1767-



NaDodSq err], 68[err]C). Cross-hybridization was readily observed

with both the nouse and hanster DNA, suggesting the existence of

hi ghly conserved FAP[err] honol ogues. In control experinents usi ng
the CD26 cDNA fragnment described supra, no evidence of 20 Cross

hybri di zati on_was observed. Exampl e 7 The CD26

nol ecul e shar ¥ H3Wber of bi ochenical and serol ogi HeN/UH78#8% t i es
with FAP[err], which is a previously descri bed, FAP[err] associ ated
nol ecul e having a nol ecul ar wei ght 25 11 of 105 kd, and is found on
cultured fibroblasts and mel anocytes (Rettig et al., Canc. Res.
53: 3327- 33351 {7®oEh989): Garm"éﬁ?#angr'ee%ron%%er%ght AcaG e 3k WA out
to determne 87: 7235-wheshe19§d¥3:[ earet]:ingsea £D25 qane mduss Jmtesiag hi s,
t he ‘sane 0 whi r f f ifon with
30 PFAP. gggso{ %%%8&1 escrl ed s%]r\ge %ut\"ﬁﬁg nﬂ% %;

vect ors. The %ml Er%%%n?}é‘ﬁm s’d"pr A9uneoRed BFﬁa%t colorectal,

cot ramsf ect i opardfdaai anaylung cah@iinohaso énoweacétm @ikpréssion of Fa¥¥OUL

10- 20% of I I
COtI’anS?ECtCIGO#l é[}ﬁ& @%'el‘%‘c)éeIrfmﬁ'I é ran ?§ %‘gi:oéé)o IagﬁY%dFAgg
descri bed sup’F%Fc‘?"Pﬂﬁw inciuding 5'61&?‘%'5 cfrhbﬁ'é’él‘s histiocyigwa, (figures 2¢

gg/e?)zgggl t i ngande! 2D EXtwernd Steutied ,S An@ ailﬁi:eoﬁwda)fhcﬂ expressxon of cp2e. WO
10 PITAson, of FRactive Sibroblasts’ b REALIAG dimey wpunas
recovd? ed (£iguxes 2B 2Hh Mﬁﬁ‘dwaéﬁ rpstmmeff bat;mmmmd

el ut ed cD24 & h TheSthtdeerrdndl nEadRiNomNe0 Aetted MRIGRARERCI2G,! FH)QN Was

th | t 5
seggr ated on %gé&égéig /s%i@f%%ﬁf?}ég&%igngﬂg Lgftﬂéffﬁ&' attﬁa \e'ears?hose
cel I's transf edRs&iton §/'°W tPRLigRants i APY{Q?rJ-F]: and showygd Adew

FAP[ err] (detexpresadohr am ﬁl@b ﬁ&nmmm&mbeel pateindpas. They al so

produgg no C%ﬁitﬁi_gen (tested with EF-1). Those

A mammalian cell line, transfected with a FAPa encoding
cDNA, was prepared.

Human embryonic kidney cell line 293 is well known and
widely available from, e.g., the american Type Culture

20 Collection.

Samples of 293 were maintained, in an incubator, at 37°c,
in an atmosphere of 95% air, and 5% CO,. The cells were
cultured in a 50:50 mixture of Dulbecco’s modified minimal
essential medium and Ham’s F12 medium, augmented with 10%

25 fetal bovine serum, penicillin and streptomycin. Following
the procedures described by Ustar et al., EBur. Mol. Biol. J.
1991, and/or Park et al., J. Biol. Chem. 169: 25646-25654
{1994), both of which are incorporated by reference, cDNA for
FAPa (i,e., SEQ ID NO: 1)}, was transfected into the 293 cells.

30 Details of the cDNA vector are provided, supra (pFAP.38).
Transfectants were selected for resistance to antibiotics (200
ug/ml Geneticin), and were then maintained in selection
medium, containing Geneticin.

Individual colonies of resistant cells were picked, grown

35 to confluence in 6 well tissue culture plates, and were tested
for FAPa expression in an immunofluorescence assay (IFA),
using FAPa specific monoclonal antibody F19 as described



cel'ls transfected with pCD26 al one produce CD26 but no FAP[err]. 10
Cotransfectants produce CD26 and FAP[err]/FAP[err] heteroners, as

determned in the mAb F19 precipitates. This result provides di rect
evi dence that FAP[err] is a CD26 gene product. Exanpl e 8

It has been observed previously that sone cultured human 15 cell types
coexpress FAMQYR#2Ind CD26, and show FAP[err]/ CD26 PCHUSH(04318
formation. In vivo distribution patterns of FAP[err] and CD26,
however, as det erm ned in pr evil@us I mmunohi st ochemi cal
studi es, appeared to be non-overl appi ng. (See Rettig et al., Proc.
Nat|. Acad. sspra.USA 85: 3110-3114 20 (1988); @Garin-Chesa et al.

Proc. Natl. Acadmnggh cbSéndds which explifeeBanidiifbe dgidided ald

nc. Res. . - . ; n . et .
eds. Leukocﬁc’é“'t%f)’ eREY mdireclt\/;\%éi g%& c%ﬁ&c}‘l“fofetg?%kf St g%%f’f geanl?,o pp
412- 415 (Oxfasr ¢et forth, UsiREasity Press, N Y. 1989), pp. 412-415; Mobi ous
et als , f] 25 *rne!im;? !mwebs%ﬂﬂv% 4ok ¢R4 trdiishectants,Vierefed
potenti a signiflcance o \F CD@gc clatl.on, 11 ssu

di stri but i ofpereatter ﬁﬁsceﬁjegéﬁ? n%%'A F\%Pa{ bige %?/3 g?e@%tﬁlg’%uﬁ%ﬁiséﬁ%%t@r% cal
st ai ni ng line 28B.nornml tissues and | esional tissues known to contain
FAP[ err] Ezﬁa:anE EDObl asts or FAP[err] malignant cells. 30 To
test the sanples, t were enbgdde in

e i upnd froze
i sopent ane pr eco&l"e&"%ﬁrl au?‘anﬁ’rﬂ %d’fe‘nq' ga%%gﬁgggggg‘ FAP?‘ washth.%%'unt i |
used.o Fi ve rheimunamaduced;k as seriess ofedanunoprecipitatinmmxpeninents

le[ y- L]- |Cy5} fif‘e:fl‘éééh?éiéhi 6{%% h@hésdrfmoﬂwBS the methods %¥dPapk(obel eac.ﬁ,t (r)rgg
err , or mn ., .lNe . secltl o £ | € S
(10-20 ug/ mSRRERyi rPg‘L& ﬁie}tmq ik Cane. %‘?ﬁ'd\i'%bi%ﬁ CEEL P%MH),

i mmuno- per dotdaef mehichl axe teecerparatead, by reference;  Essentinlyy et

al., J. H Stggé"ﬁnheﬁi&?fﬂn 18velled/cell extracts were conBihéd34dith
PCT/ US97/ 0421 1776

(1088 Car WPRORADAY LLDQY, F1gy, 0 the, wagper fefcribed supra:

Precipitates were then boiled in extraction buffer and run on
SDS-PAGE gels, using, as a negative control, mouse IgGl. Both
cell line 293-FAP, and non transfected line 293 were tested.
The results indicated clearly, that recombinant FAPa was

20 produced by the transfected cell 1line 293-FaP. This was
determined by immunoprecipitation analyses, using FAPa
specific monoclonal antibody F19.

Example 11
The ability to produce recombinant FAPa permitted further
25 study of the molecule’s properties. Specifically, given the

structural features outlined in the prior exanples,
experiments were designed to determine if FAPa possesses
enzymatic activities. The experiments were designed to test
whether or not FAPa had extracellular matrix (ECM) protein

30 degrading activity.
Extracts of 293-FAP cells were prepared, using an
extraction buffer (0.15M NaCl, 0.05M Tris-HCl, pH 7.4, 10 mM
MgCl,, 1 percent Triton X-114), were cleared by centrifugation
(4,000xg, 10 minutes at 4°C), and phase partitioned at 37°C
35 for 10-20 nminutes. This was followed by further
centrifugation (4000xg, 20 minutes at 20-25°C). Detergent
phases were diluted with buffer (0.15 M NaCl, 0.05 M Tris-HCl



.87: 7235-7239 (1990); Rettig et al., Canc. Res. 53: 3327-3335

(1993); @Grin-Chesa et al., Am J. Pathol. 142: 557-567. The
results are shown in figure 2. Breast, colorectal, 5 pancreas and

-l ung carci nomas showed strong expression of FAP[err] and no CD26
was found (s fi S 2A and 2B). Five FAP[err] sar

I ncl udi ng malﬁ' rﬁﬁ‘f ?I brous histiocytoma (figures 2C ﬁ%;s wer e
tested, and there was no expression of CD26. Exam nati on of
reactive fibrobl asts of healing dermal wbdinds 10 (figures 2E, 2F),

showed abundant ex Si oth PAP 6. The ree r naI
carci nomas t 8% efr S r"@g §§f£) ﬁg %’hoex,é%is%cgpgégﬂ}n 8
mal i gnant eplsteperatm! cﬁAepacax]:amn A—SephaabserﬁOImegaRe‘ghm\teteplt hel i al

celfs, and s .| O¥ny concanﬁﬂlri?ﬁsﬂ Hourid tﬂi%c%tlbﬁgawﬁi'et BgagedapgtROMES.

15 Exanp A mamal | ce] | ig r%%ected Wwth a

FAP[ err] enc8d?ﬁ§ methyl-azprpan g.in elution bu r¥oni c

ki dneg cel |l Nag2,0965i ¥ Walis-Hadwnpind. 4, Smu ¢adbl,y :ivaM| &bb&,a‘ romt%e. g.,

the Areri Ca”'ﬁgeﬁnoﬂl-i%?, flixed wffﬂlx' §faphy sample buffé¥P| @Ssznzg?’

wer e mai nt ai ne I.n.an i ncu%ator g%a?? at rmggﬁe{e of
e 289 bfyoerey, (o bt Rringphbne

95% ai r, and TXoETHEELr r PH
m Xt ure of Dhlloedcoat mﬁjﬂf |r@d:1m.nandl used for fuydheri anadgdiam and Hanl s

F12 medi um aUgmﬂif&n&‘té rbflo.sé&n%'ie were! £684e® WHEE pAl aRi gkl bisand
stregtorryc Fol, | ¢ roceduy es dﬁSC[I bed by Ustar “et al.

Eur . . Bi aontgmmg Jo. 13g99Pf arﬁi’/ﬁ"rerPar @f ot 9glatin SFOI CRERMR- 1609:
25646- 25654 Electropld®ést)s wast bheft aurmiedaouti hvor Riatadd Minir-Blroteime,

CDNA for 11 sy&&& erard zblme coré%intD Mrdit £63S 15205 ehed i Gheiihe

293 Il1s. 3 t
2 e ey “ine broRepRerh HE A58 hFCRER  uf FEPBIe, Bed £ahPhea the
antibiotics (29ér end of WUy Welen@hecye], wasidremreed land dacnbateddfon

sel egi ON  one hoWRHUBH-E6NE AiNaNY ., 58 NEUdUd solution ot Tritegd ¥ifog!
col oni es of resistant cell skwere [ cked o confluence_.in 6

35
wel | tissue ORI PuFRtRFRghaker, FeTFéE?’gdx'mo s“‘ﬁ‘"d‘t"“FRP& geppatedon in
an i nmunof | uandsreplaced sirh( eizyne buffer (GsPOAY TALY-HHGY, PHeldi.bi,c0.2M

nonocl onal  aaichQdy ol Saed, d&Sali WGEL,, 0.02% Brij 35). The gel was then
incubated at 237°C or 41°C, followed by staining or destaining
20 at room temperature. Gels were stained with 0.5% of Coomassie
Brilliant Blue G-250 in an agueous solution of 30% methanol
and 10% acetic acid for 15, 30, and 60 minutes, respectively.
Subsequently, gels were incubated for 15 minutes in an agueous
solution of 30% CH,O0H and 5% glycerocl, followed by drying
25 between sheets of cellophane.

Gelatinase activity was evaluated in accordance with
Kleiner et al., Anal. Biochem. 218: 325-329 (1994),
incorporated by reference in its entirety. This is a routine
assay used to determine whether or not a protease capable of
30 digesting gelatin is present. Labelled molecular weight
standard were run on the same gels, under reducing conditions,

for molecular weight determinations.
Proteolytic activity for defined amino acid sequence
notifs were tested, using a well known membrane overlay assay.
35 See Smith et al, Histochem. J. 24(9): 637-647 (1992),
incorporated by reference. Substrates were Ala-Pro-7-amino-4-
trifluoromethyl coumarin, Gly-Pro-7-amino-4-trifluoromethyl
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12 supr a. Those col oni es whi ch expressed FAPa were
expanded, and nonitored by indirect |IFA and cytofluoronetric

anal ysis, also as set forth, supra. 5 The | FAs were
positive for_the transfectants, referred to hereafter as cell |ine
293- FAP, but WR¥@*gative for parental line 293. PCTUSYTAS ) e
10 In order to confirmthat reconbinant FAP[err] was, in fact,
10 bei ng produced, a series of inmlfoprecipitation experinents

were carried out. These_ foll owed the nethods, of Park, et al.,

supra, and Revpagipy ampd Lyspfro-gzamipg-4ztpiflupopethygspeoumarin. o of
whi ch are incor pghat eesilidts effcthese expesimeénts |are depicted,erimn| pakrt,

met hi oni ne l;abed. cell ewhlzact %ﬁr SIS n | | qggal
ant i body Flé‘? ?rf' e %a'nn_e?gh %sctfll ecfesu ra Egm%}gb%%ec?gffg?ggﬁv\g?e t hen

boil ed i n egelatindiegradiag asbiyiky oin ghe'ce].]sggj:pﬁsge@e,e Kdied@eras a
negabi ve CORtr ohl. OsapragGl. ABgptotein spechés ldfncappiekiatenyy 090

transfected,line re t . b S Mlell C ly,

t hat reconbf‘ﬂ’%ﬁ'??lig\%f%frf V\%ss,é e‘%gxined er 33%2‘2%‘5%\/%% ‘#%’%g% gﬁi gdlhggh l'ine
203- FAP.  welatipsdegrading getivit¥ed THAS $REFdBPe cPRICAIWRRM fawnd dBs,

usi ng FAP[ ekhk 293-FAP cqlacitiine,npabchetndin antirhadfeétdd 293 cellshxdepl e 11

The 2bi 1 %Y hRePLRGHEFE(6E UPFIRN, FARLCRDLeBELEL Wethaid i Yorkgtent o U0

of the nol ecul'e S property es. . A¥ gl structural
f eatlires oumithe@ fimeRe n§-or 2cLdMerds FAPa molequdqw j nents were desi gned
to determne if FAE[protediiAiRs Metivity desenibedthareaiot iwhdres gelditdn

xtracel | ul 4F rERe | PRRERREE, o WRls, ngt obeliTeiiuin Baski] A the

Extracts of smpgtraPecel | s were prepared, using an extraction buffer
(0.15M NaCl, 0.05M Tris-HO, pH 7.4, 10 nM MyCl [err], 1 percent

Tri 2 n X- 11%&%%%%? eared by centrifugation (4,000xg, 10 m nutes
at [O’err]C), e partitioned at 3%£1err]C35 for 10-20 m nutes.

This was follo¥egthey stpdies were thep,; ppdeptakesh Hbo®EHer20 ™R nutes
at 20- 25[ er iharactbeige gard 170 kD FARhdimereurthér.ut 8pecd £ icdlly erthe). 15 M

Nadl, 0.05 Mxye.&'iintg;s described in example 11 were repeated, except that
5% of 2-mercaptoethanol or 5 um iodoacetamide was added to the
20 extracts prior to SDS-PAGE, or ethylenediamine N,N,N’,N‘~
tetraacetic acid (10 mM) was added to the incubation buffer
used for gelatin zymography. None of these treatments
abolished the enzymatic activity. In contrast, heating at
100°C for five minutes prior to SDS-polyacrylamide gel
25 alectrophoresis abolished the gelatin-degrading activity.
Further work, using a membrane overlay assay, described
by, e.g., Smith et al., Histochem J. 24(9): 643-647 [1992_),
incorporated by reference, revealed that the FAPa dimers were
able to cleave all of the Ala-Pro, Gly-Pro, and Lys-Pro
30 dipeptides tested.
In further experiments, a fusion protein was produced
which comprised the extracellular domains of both FAPa and
murine CD8 proteins. This chimeric protein was produced in a
baculovirus system in insect cells. The chimeric protein
35 exhibited the same enzymatic activity as FAPa, using the model
discussed supra.
Example 13
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13 pH 7.4, 5 MM CaC [err], 5 MM MC|[err], 0.75% Enpigen BB), and
separated on concanavalin A-Sepharose followi ng Rettig et al.,

-supra. Any concanavalin A bound fractions were eluted with 0. 25M
met hyl - a- D oside in elution buffer 0.15 M 5 M
Tris-HO, pWB}%% CaCl[err], 5 mMMdCIJ[err], 0.1% PI}E%SP?%‘QE
X-100), m xed with zynography sanple buffer (0.25 M Tris-HC , pH
6.8, 8% SDS, 40% gl ycerol, 0.01% br onophé&fol blue), at a 3:1 ratio,

and used for furtpher anal §g£st A%Aguots of san‘gl.e. re | oaded
onto pol yacryl am °g8P§n ative c%'ﬁ?%’r%iﬁ%r 119, CBFY™G; PR&FVE wﬁ’é?ati n
or casein. developed| awtingphdlasProviraninericirifiuovomethyl Boumarin

M i - Pr ot te! N (Ala-Pro-AFcHYad Ofhe HuttritelONTiAhe. Witdh! akShyleirnal,
ours, unti

I t he br.omo | blue duge fronts of sampl es had reached
the PSREFRBA SEIETE G FAPRseRBFeRHEng (e Mary MIXSDaPoRn Br 10
one h&ur at Z0125feld [vOlumeaof Wsactimyobutfer tIANMHNaTL| tI00NY T8ds pH
on ? rog ar yt ?h.%ljer anahafafaaat eg xg%/l uad! ﬁgnaﬂe\lg@g ge.ggnt %lia~Pro-AF(|:\|a fRd :
repl aced w enzynme buffer rys- . .5, O. ,
T Cad Lort ] TeRCEAPR, BiessF, £0a33N0d Lhy: a5 iinatlon” 4 qns, nour at
i ncubat ed at 337CC Beldaserof GreeoAFSwWwwashbthen anensurest icest Lilnorinéter

at room t enPeis3hg @ 3958kS fRitatisn n?ds_%hﬂ EmPde 0dn CPOTESS Set. The
an_aqueo yti of  30% net hanol d 10%

Dot R0 ci o PEMOEAR BRCERbk (naiyzeas 1, RIS a6qRY [Format werecdpeiuSing |y,
gel s were i ndwont eiither 203-FAkot cells (RPheddssstably traysifiected witB0%
CH err] OH anqeatog! ¥AP! 95 . abobt0&d ShprH1Y idi9 HiB 080-FabR! WeENsS PAP1686
cel | ophane. tabl Gglrgtl a§€ ctiylLty was, ev L aég I n ccg 992%
Wi t h GRLAFnFtahly, T Eected cuikh, vatror;, Bak, ?1994 eg
i ncor por at ed doptrel eesperinents sassesging FARg-specificosctivities weressay
usediis0 det eigiirR@eNebier @1 tH Ot mémtyF e 2 ektaAR2B! € pRbpdPed frohJcthé Ny
gel et in | Praseat iSRG TCRH Brao his 2ines. *LERLIaELG "
assay, FAPx was isolated from 293-FAPa or HT1080~-FAPa membrane
extracts via an antibody specific for FAPa. Ninety-six well
ELISA plates were coated overnight at 4°C with 1lug/ml Fi9
20 monoclonal antibody in phosphate~buffered saline (PBS). 1In
the case of CD8-FAPa discussed infra plates were coated with
F19 antibody as above or with 1lug/ml rat anti-mouse CD8
overnight at 4°C. Wells were then washed with wash buffer
(PBS, 0.1% Tween 20). Excess binding sites were blocked with
25 blocking buffer {5% bovine serum albumin in PBS) for 1 hour at
room temperature. Blocking buffer was removed; membrane
extracts of 293-FAPa expressing cells or control cells were
added and incubated for 1 hour at room temperature. The
unbound material was removed, wells were washed with wash
30 buffer, and FAPa activity was assaved using 100 ul Ala-Pro-AFC
(0.5 mM Ala-Pro-AFC in reaction buffer) for one hour at 37°C.
Release of free AFC was measured as above. Binding of mab F19
to FAPa did not measurably affect its enzymatic activity.
Example 14
35 Using assays for FAPa enzyme activity, described supra an
inhibitor of FAPa enzymatic activity has been identified.
This inhibitor is (S)-Valylpyrrolidine-2(R)-boronic acid (Snow




for nol ecul ar wei ght determninations. Proteolytic activity for

defined am no acid sequence notifs were tested, using a well known
nenbrane overlay assay. 35 See Smith et al, H stochem J. 24(9):
637-647 (1992), i ncorporated by reference. Substrates were

Al a- Pro- 7- an no- 4- trifluoronethyl coumarin,

A y- Pro- 7- anM®P" 8497 £ | uor onet hyl WO 97/RSIRRISPI/04215

PCT/ US97/ 04215 14 coumarin,
and Lys-Pro-7-am no-4-trifluromethyl cowearin. The results of
t hese experinments are depicted, in part, in figure 3. This figure

shows zynogréfp@le -ddtedBr ofhem Soc. (1994gc[136i: 40860 10B6R)) actefsnned it t he
cel | ext V?Cltl'feresﬁﬁ b Bbors pﬁ. Vatlﬁbrai’ro ﬁuﬁt its cgea{re%eicsfpzn%ﬂp%‘b-of
appr oxi mat e . Ki Q er, - . Was
observed to%ac\%ég F‘uta v g}gl 3 id%‘d.eég}?gdl‘a‘?ig‘ngt i@%?#%?sgf%%&%&b% ch
was found i Fhe gelatinpbybds-aotdwidiy ofi faPapat aoconcentratinf oft 400293

cells, is uM., Thehspebiefbity SE aRalbditbPib] for NEABE| was!| EunoMiitdalcelsS
consi stent 10 & V\ntm di_mer |1§ a dineric FAP[err] golecijle.

The prot eol Yo} cEREYF VMR8t r PBEQIREPD FSRARPe RRATAASE. Trypsiny P
substrate, ahibhdtiopsef kavine $trypsinnbyicaiharoPro (up tobkeQ atd). wasls
Exanpl e 12 opserved when fidgayen withlicaspobenzbloor INaBiAkaydingader to

characterize the 170 kD FAP diner further.  Specifically,” thé
experinments ﬁfggﬁ' ﬁﬁgdngﬁr@%ﬁ%ﬂe % eafeﬁgéf‘éﬁ&,)t%‘}(cept t hat 5%
of 20ner captExamedaclSor 5 um i odoacet ami de was added to the 20

extracts prior teheDPaBACEsicitRIWreRpRcikioe SePhdturdl requirements

for gel ati n BnodtonpieriRgad  CREFL LTSS (it RARY HaciTigares , tner

enzynati c adevglopmentn ofomalgsulescshich gan bind to and/or inhibit
FAPa. To examine whether the serine residue at position 624

15 of the predicted amino acid sequence of FAPa polypeptide is
critical for ite enzymatic function, site-directed mutagenesis
according to Zoller, et al DNA 3:479~488 (1984) was performed

using standard polymerase chain reaction methods. The TCC

codon coding for serine 624 in the FAPa CcDNA was replaced

20 with G6CG, resulting in alanine at this position. The altered
DNA was reintroduced into the FAP.38 vector and transfected

into 293 cells as described gupra. Geneticin-resistant
colonies were selected and examined by indirect IFA for FAP«a
expression using mAb Fl19 as well as other FAPa specific

25 antibodies described by Rettig, et al., J. Cancer 58:385-392
(1994) as set forth, supra. No differences in binding of the
anti-FAPa antibodies to the mutant FAPa expressing cells were
observed as compared to wild type FAPa transfected cells. The
presence of the mutation was confirmed through amplification

30 of genomic DNA and restriction enzyme digestion performed with
several clones of transfected celis. To assess the enzymatic
activity of mutant FAPa, the following tests were performed.
Membrane extracts were prepared from three independent
positive clones and equal amounts of FAPa protein (as

35 determined in a double~determinate ELISA assay using two anti-
FAPa antibodies that recognize distinct FAPa epitopes) were
examined in the gelatinolytic and Ala-Pro-AFC capture assays.



100[err]C for five mnutes prior to SDS-pol yacrylam de gel 25
el ectrophoresis abolished the gel atin-degradi ng activity.

Further work, using a nenbrane overlay assay, described by, e.g.,
Smith et al., H stochemJ. 24(9): 643-647 (1992), incor por at ed by
reference, re at the FAP[err] diners were ve
all of the Al a- ‘S?@ﬂ@y Pro, and Lys-Pro 30 di pepti des kgg@g%f%‘ﬁ

In further experinents, a fusion protein was produced whi ch
conprised the extracellul ar domains of both FAP[err] and muri ne CD8

proteins. This chi r|c otel PLO uced i bacul oviru
systemin i nsBethcdies 9 % Chi v %Y na§§ the achipi ggd ’trheggﬁme
enzymati c act capturas d‘d&%{yer of, mmmem@t FAPa weltescuesadedupta.

Exaripl e 13 ndetectable leveY® S to wild type FAPa, confirmi the
PCT/ US97/ 04218 o > ! i

1
quantitative xolgyef i the mananicplogeyipe in; the cakplytic triad fog Bﬁ’éﬁ

usi ng 8l a- Pr ocbsanved-enzynadtiiconctivhgiesounarin (Al a- Pro- AFC) as
t he substrat eEashﬂniQ?)éi rst assay format, marrbr ane extracts of
FAP[err] - expre55| ng cells were mxed w 0 fold vol une of

reaction buffer (1DFHRIRNCPrOReRHas: ??"’ﬁ?—?teg to obf;asx)'a earptafucHateran
equal vol ume sblﬁbEeM EARePr end@iei n In thimctfusidnf fprofeixhpweﬁhby an

i ncubation fo'éx@?ﬁc@ﬂ’thé’zt domain of %:Haerebﬁszﬁeiﬁ@%% Qﬁeffﬁestb"igd"ﬁﬁx{\@e”

neasured in a fluori 95nm exci t ati1.on Onm_em SsSi on

(11 tetOser | TRELds of Murion:FORe WA 13HKEA P PR AXFHAGH LiLAR APmRsp Bt
were derived FAPa {aminmmciidsha? 937609 asr fesckibed 298 Iarid etsaabl, yJ.

transfected Wed. wea. 17961859 FP933)de56d! MdnaRE®)pOlyd kA0 EARLR! 1]

cells (HT1080 ns vect or
Negat i \(/e reaction BI“’E?ﬁ%i? néﬁii g"’T:Aﬁf’EP?fc%?)]eJcY f Fgagﬁﬂ’%ﬁ't i es
were 15 PILABR3 veator i tTransfidntion ofxisfacrellpr wptthethisr vectone

respegki ve panfat @mpi@?;@éti‘gxiogﬁ 41y r'ebﬁ?z%ing“ rebenBEARRE baculovifdsay.

PAPa was 1 sol at gg perg?)rned as (IR E:LigedHIBacul Aﬁ[usr rl!]xpresszon Vectors,

0‘’Reilly, Miller, and Luckow, Oxford University Press, 1994).

The CD8~FAP fusion protein was isolated in a two step

purification from the spent medium of High Five™ cells

20 infected with CD8-FAPa baculovirus for four days. Cells and

virus were removed by ultracentrifugation, the supernatant was

passed through a column containing Heparin-Sepharose

(Pharmacia) and eluted stepwise with 0.6, 1.0, and 2.0 M NaCl

in 10mM phosphate, pH 7. Active fractions from the 1.0 and

25 2.0 M elunates were pooled and concentrated using an YM-10

filter and 26/60 Superdex-200 gel filtration column. Activity

was observed in a high molecular weight peak which, when

subjected to N-terminal gas phase seguencing, was confirmed to

be CD8-FAPaz. In gelatinolytic assays, activity greater than

30 200kD in the gelatinolytic assay was detected when purifieed

CD8-FAPa was tested, consistent with the higher predicted
molecular weight of the fusion protein.

Example 17

The presence of structural and functional homologues in

35 non-human species has been ascertained. For example, the cDNA

for mouse FAPa has been cloned and characterized. Examination

of the predicted amino acid sequence of the homologous mouse



extracts via an antibody specific for FAP[err]. N nety-six well
ELI SA pl ates were coated overnight at 4 Cwith lug/m F19 20

monocl onal antibody in phosphate-buffered saline (PBS). In t he
case of CD8- FAP[ err] discussed infra plates were coated with F19
ant i body as ve or wth lug/m rat anti-nouse CD38 over ni ght at
4[err]C. 9&%?’8 t hen washed with wash buffer ( PERUSI042)5 Tween
20) . Excess bi nding sites were bl ocked with 25 bl ocki ng buffer (5%
bovi ne serum al bumin in PBS) for 1 hour 8 roomtenperature.

Bl ocki ng buffer was renoved; nmenbrane xtracts of 293- PAPa

expressi ng cEARE CRNA SRGUANCE.| (EMBJe accession “H’GB%H $HeOOhL pveals ;v 1
hour at roormiwmégttsﬂ ®f cofibervation ofi/RKR4NGCTOES Epbci@s. I eTRY 6vo Vel | S

wer e washed ﬂ'ﬁ %@3 RE% 89t bfg%rggigaandzfé\Pl[ﬁgéL '%&X V\@%Ig%sa ed

usi ng 100 ul In-reacti er)
for one hourcoRseryes pptween human FapPg, and,mousgcFaPe. Fhenhigh rdegree
aboves Bi ndiof) cénsmtvatidn and sinldlBAPEdsshedefpresionasuggddss afiact its -

enzymatic acﬁﬂd '$om nonh aﬁxéggi-cgesumaﬁﬁ be functxonyﬁgg c?\? lg ftg_rﬁ% err]

FAP[err] Ct¥m:3 act I Vi ty esc
enzymatic a bEkis |‘Ef§?ﬁ1|‘ﬁlé’& is confquqq by ﬁhﬁbﬂaﬁm@ that

(P ?:)T / \ngg% BZH Od:mi-l-mﬁ(d?)rm isioiCipkt@invsinilar in design ﬁwcﬁid-3|4r927
t a

T A Chom e Fape ajse deponstrates the SEE gipéBeiaylpoptidiad

Val Bt oPr 0. SREYRATIS: CtANLEY( using ALArProrARC,agr substrate. AFC by

FAP[err] with an ma[ €orkgoind . dxianplles/dbbor bbe cartliswliatedbhtiSleic acid t he

el atinol ytig, rg s
'?’he speci ?!I clf %orog J”lzag[l%}‘fﬁ%%%magﬂbgg%ﬂé %pdgte'é’ alpha
tests with ah %&1 Yat 88 ?Silinésp‘i‘b‘l‘%*é’ﬁ formp, gf, thRomolecule, jand B-Hqson of
bovi ne trypstirermof\al MheoBxprésgionw piiluct ofathe sequencdsin Eos-ihels
assayed wit hacg BQQSIQZWch vadd n¥bggbﬁf@ﬁ NBle- (L)boiled amples, _shows a
arginyl-4-nitranilide acetate as su E?(n% 15
The i dent i f iRk a3t webght 1qf; about 83 l]?dal Pﬁﬁﬁ??%rﬁ%'l-t"’? acid sequence,

as provided in SEQ ID NO: 1, for one form of the molecule,
vields a molecular weight of about 88 kd.
It should be noted that there is an apparent discrepancy

20 in molecular weight in that the COS-1 isolate is glycosylated,
while molecular weight from deduced amino acid sequences does
not account for glycosylation. Membrane proteins are known to
exhibit aberrant wmigration in gel systems, however, which may
explain the difference cbserved here.

25 Also a part of the invention are chimeric and fusion
proteins, which comprise a portion of FAPa which contain the
molecule’s catalytic domain, and additional, non FAPa
components. The FAPa catalytic domain per se is also a p&rt
of the invention.

30 It is to be understood that, as described, FAPa may be
glycosylated, with the type and amount of glycosylation
varying, depending upon the type of cell expressing the
molecule. The experiment described herein shows this. This
is also true for the dimeric form of the molecule, first

35 described herein, having a molecular weight of about 170
kilodaltons as determined by SDS-PAGE of unboiled samples.

The invention also comprehends the production of




for the enzymatic activities of FAPa facilitates the

nol ecul es which can bind to and/or inhibit FAP[err]. To exam ne
whet her the serine residue at position 624 15 of the predicted am no
-acid sequence of FAP[err] polypeptide is critical for its enzymatic
function, sitg-di ed nut agenesi s according to Zol DNA
3:479- 488 (19@291”\57\}2? per f or med usi ng standard pol yngrkgéyesgﬁgﬁln
reaction nethods. The TCC codon coding for serine 624 in the
FAP[err] cDNA was repl aced 20 with 8G resulting in alanine at this

posi tion.

The altered gI\IA S; felnt ed. | t he \FAP_38 vect or
and transf ecEXkression vectors, §e§§? | %ﬁ ?s‘%&é‘%cn bgaegﬁgg%.molecule. 3.

Genet i ci n-r e¢hetynbroadest aspetbni these Mectorscceupnhee dherientdreyFAPM r ect
| FA' for FAP[ bfiing tsgguepeépgesaiqﬁtigabng:uatﬁ?plﬂ9 o?m‘lww q&cxg&eaert&@[ err]
nti bqdi r - e £l Cancer .
promo%ei(' 19%%@%%‘@%# #%ﬁ‘ﬁ?%sﬁg?' al!.’eq o P aFgf%)F é:li"cee SXPReBFHET ng of

specific 25

58: 385-392

the 5

cells were

cell s.

The

aeckorAPguch |as mrotedncdopaing cfused o AR FAPR prpteini oy

proteinODSE¥FIRSha?S (PEUBALAU brovéirh ) Y RfRneAPl ehikn!  88sk&rt ed

resence ,of the_nu was confir h

anplificati oﬁ“§6bi°&° o’fesgl(fnt&ﬁcg 'Dﬁﬂpﬁ%i%’s? TS %on & gf’rtap'ég Stion

performed with

enzymati c

perf&;J

posi

nmed

prepara@Céd M Minek , Whéréim Al Ebliing hé‘ec?\iﬂﬂéﬁ’\@g ekBEbSsy&H €

omthree nltngggg?dent

Vool oNBECARALHPRR ERONE Lt ab 19 ADPACER & RS

deterni ned i fhe t¥pe|ef weldr nsedtRaFhecpRrokanyotie ngsucip asnfi.- coli, or
FAP[err] ant icarairgstédatsucc agniveast, stio s teds\PdrepithePesel Yt Ppes.
exam ned i1 the oghatidigleteh&ain 4 b e 8 QAP Y ScATS Sicn. as that

WO 97/ 34927

17

Bethforkh da SEQNER WO:claglsoienables the artisan goi kdenbify

cagt ?set a; lsaxalnaf té SEoraed Mfélhuﬁaak?ri&i?m&adag%if@ hybri{l%ze to
unaet ect anl e .l ey, C r e § err conrJ.r n e
role of the é&ngﬁ‘#gﬁls%?'f’%gti %O%Ie@ico sg‘l yt égi'{,p?%rbt & #ﬁnQSas used

obser ved enz%ﬁﬁ?i{!: arefers & those parameters set forth supra, whereby

20

25

30

35

both murine and hamster sequences were also identified. It
will be recognized by the skilled artisan that these
conditions afford a degree of stringency which can be achieved
using parameters which vary from those recited. Such variance
is apprehended by the expression "stringent conditions®.

The ability of nucleic acid molecules to hybridize to
complementary molecules also enables the artisan to identify
cells which express FAPa, via the use of a nucleic acid
hybridization assay. One may use the sequences described in
the invention to hybridize to complementary sequences, and
thus identify them. In this way, one can target mRNA, e.q.,
which is present in any cell expressing the FAPa molecule.

It is of course understood that the nucleic acid
molecules of the invention are also useful in the production
of recombinant FAPc, in both monomeric and dimeric form. The
examples clearly show that host cells are capable of
assembling the dimeric forms. The recombinant protein may be
used, e.g., as a source of an immunogen for generation of
antibodies akin to known mAb F19, and with the same uses.
Similarly, the recombinant protein, and/or cells which express

devel opnent of

The codingr gequénces andi vagtoérst mdycalllbe. bEo usmsbstot he



Exanpl e 16 A fusion protein was generated to obtain secreted,

wat er - soluble FAP[err] enzyne. In this fusion protein,
the extracel lul ar domai n of CD8, consisting of the first 189 am no
10 acids of murine CD8, was |inked to the extracellular dorrai n of

FAP[err] (am.no _acids 27 to 760), as described by Lane et al

Exp. Med. 17WO5 362 (1993) using standard pol ymerase chain C'I‘wswm%t I on
protocols and inserted in commercially avail able pVL1393 vector.
Transfection of Sf9 cells with this vec#8r 15 and anplification of the

resul ting reconmbi nant bacul o were perfor d .as describ
( Bacul ovi rug"%B( %52 X:}xgxr surfaceq Ha YI I? i aﬂﬁsiﬁﬁk%\ﬁ,
Oxford Uni v@es:lenliﬁees;mtaybad}fts, agonisthe 3- 6¥ier inoieoulpsotv&iinhwas

| sol ated in jdrlepactl#Pen moleculegrﬁaw Fﬁﬁafééi‘iw}ﬂ?y SP8itn raﬁsshean%fe H gh
Five[err] cells 20 infected wth 2 ﬁa.cu oVvirus four gays.

Cells and ®aY Dbey; byt axe pg \Rﬁfeﬁfaﬁ' ¥a *‘F?%g’é{?ror?“ ates,
supeBnat ant imhdbiting molmades, ahtwgties» apd| sonfortint aThe mylecules

Hepar i n- Sepfix%%fiﬁ@ FAPa actf{’ Pﬁ*ﬂ ReY e A6l £l Uitath ShdHIMerd oMNorh dd nfd

and 2.0 M hat e 7. (Active fractions firomthe
1.0 and 25 '\fl%msz°6 N%Puaf’&%"*mgg"%%oﬁ’%‘b*%ﬁg TRy IS APmadnyv 10
filter and 20vi68o0Sfipethiex The0ngiechlé thating FaPeuactivtity may be pure, was

Kffe;yneg : N ot mxﬁftﬂ@lf&w ¥r Wil I%@ri]'a%' CQch”%'% a transf%%bézp bd }g
el 381 notyt fzansdasEedagethy \ GRbcoRer FAGRIGER an FagE,acFive,gens.
gel ati nol yt iBoths sprokearyatesccarstl ehkaryotes | @8y be used(CD3- Fb§ edastwas
{ ﬁzt fedSI ggnSﬂFg}g&E Yetthd E%wn&&% BhESI & i consmereaviﬁcﬂ gt \g%osmte of
struc'ltJ ur al EW(T‘*FUE& F&ﬁ'ﬁf’tﬂ’éﬁl%ﬂg}ﬂwﬁ to WW% EPEYM™ESEs been
ascert ai ned ThiBortypeamil eplebvle DN associatdd rwittuszertaine propextikesen
cl oged and QJ?ﬁl’cﬁCh‘é&hZﬁdt B adddidliged in detaiPfnéké. prﬁﬂivﬁtﬂd syPeieeaci d
Egﬁﬁgg? / 822’%}2%&:90&? 'lc:) glontiubTi):'ion or potentiation of «‘4\‘%% g’:.flogpze?rtxes as
associated with FAP¢c is a feature of this invention. For
example, one may identify substrates or the substrate for FAPa
molecules, via the use of recombinant cells or recombinant
20 FAPa per se. The substrates can be modified to improve their
effect, to lessen their effect, or simply to label them with
detectable signals so that they can be used, e.g., to identify
cells which express FAPa. Study of the interaction of
substrate and FAPa, as well as that between FAPa and any
25 molecule whatsoever, can be used to develop and/or to identify
agonists and antagonists of the FAPa molecule.
Also a feature of the invention are isclated, dimeric

FAPc
molecules which have a molecular weight of about 170
30 kilodaltons as determined by SDS-PAGE, their use as an

enzymatic cleaving agent, and other uses as are described
herein. Enzymatically active forms of FAPa may also be
produced as recombinant fusion proteins, such as soluble
fusion proteins comprising the catalytic domain of FAPa and
35 other protein domains with suitable biochemical properties,
including secretory signals, protease cleavage sites, tags for
purification, and other elements Kknown to the artisan.



FAP[err] cDNA sequence (EMBL accession nunber Y10007) reveals a

hi gh degree of conservation of FAP[err] across species. The two

proteins are 89% i dentical and the catalytic triad is conserved
between human FAP[err] and nouse FAP[err]. The high degree 5 of
conservation g I lar tissue expresion suggests that rr

f r om nonhuman® g%hﬁ@%i may be functionally equivalent to PCTnmﬁﬁﬁggﬁ
FAP[err]. This conclusion is confirned béﬂthe findi ng that a

CD8- muri ne FAP[err] fusion protein siml in design to CD8- : human

FAP[err] al % *ﬁ,,,[f{,g %& E- Zlég*&g Ip%’i%ggée%egg%ﬁ%kdy SQER! ga%‘i'el%esﬁ%'lbed

enzymatic act
f oregoi ng ex&¥RLEs degbﬁlEécﬁnﬁhﬂﬂzﬁ@ﬁFnhﬁ?eP@r&épﬁlar pPropekfiesy| @Swhi ch

Codgs for f:c Qiégara?‘edaﬁbwaﬁ J r@eﬁxﬁsedlﬁmealmbmincauox( "R molecude wel |
as i meric orms t ] n e SSi on
product of t 118 $& 3 gn%’:{p?%%@ %hieg 15{6&&&““l bragtaé.\%% &ﬁ %Al;wﬁuogﬁ%uﬁ RGE of
boi I'ed sanpl & assepdaged with typqrs: ang tmpghstwm%cmlm kargesdnged
anmno aci d sespergly with theﬁﬁp&i@lﬂ! degehts SERrVEsNas b W&y €8¢ thieaw of

L G b ARSI oS, o el dnd’ Wirili8h A0 Smithistering

It should be S an arent di Scrépan

mol ecul ar vwn%HﬁfNQ1ePﬁath§h%PQ§§}QLﬁQﬁ@ﬁaF@ a&lgvyeésyqﬁnqa; load. whi | e

][ml ecul ar vv|6| ght fmeme«igedadaentsi anoﬁﬁnd theugiroteodotsc propegtﬂ&ébaiCOUHt
or cosy a pr.o o] it rrant
m gr 0|yon mEgdgp slfm q’ﬁ%’\/\/eviat‘r’H %Sﬁgﬁwﬂo& the énvfen@gg{x ?f & ence

observed her &felisknown that M@Gaéeﬁa\'hi‘éﬂ qdmentrmhl@mmm.and

fusi on or PEeHe| ﬁﬁatefiﬂschaserm I i9PportAft! téle ¥n EAPERIA |asihicts egntain
the - ﬁ%ne ul g o g?&}dcfm??ae% 2348440 T PRl Jlaoﬂ F%Qfa% bh,
conponents. A or omain per se is also a of

the inventi orkumy blood vesse |§°¥Ea§%9%n&ér§toodmpﬁa91°a§n€%%%)tbé&d
FAP[ ars'] nay thfeor metastgdi£.0SgbRl ffensialre 6h%§€di®1aﬂdtmtvi@-a-v1s

| ycos Iatio [ n I in
Shecosylati Okne supstrifitd dl0prSERERER 1 9aBRY SOl dadhS RFo i} apRiaRE' M9
is also true H%ﬁt tafe tdenECMe fBPﬁ gact hehah| ARy digests; Ew Su99‘3§§§cﬁl bed
herein, havi r&lea: sul arruveé ghttorf alenibi¥Brs of kiHedalcaesule.

det er i ned by, ShX ? LH?%LSQ $UPYIES refers to molduldleUhigR 2l o

conpr ehends the pro
20 1nterfere wlth FAPa enzyme function. Specifically excluded

from such inhibitors is the monoclonal antibody F19. This mAb
is known to bind to but not inhibit the enzyme function of
FAPa, and hence it is not an inhibitor. The art is quite well
versed with respect to monoclonal antibodies which both bind
25 to and inhibit enzymes. Further examples of such inhibitors
would include, e.g., substrate deriwvatives, such as modified
collagen molecules, which interfere with the active site or
sites of the FAPa molecule. Other suitable inhibitors will be
apparent to the skilled artisan, and need not be listed here.
30 In addition, the recombinant FAPa proteins and FaPo-
transfected cell lines described gsupra can be employed in an
enzymatic screening assay, using the substrate described supra
or other suitable substrates, to identify inhibitors from any
compound library. The identification of substances which
35 interact with FAPa active molecules thereby 1leads to
therapeutic treatment of conditions where a subject exhibit
abnormal FAPa activity. Specifically, an amount of an
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19 expression vectors useful in producing the FAP[err] nol ecul e.
In t heir broadest aspect, these vectors conprise the entire

FAP[ err] codi ng sequence or portions thereof, operably linked to a
ronot er ional elenments may be a part of the expressi

\F/)ector suchq‘éé &el n domai ns %lused tg the FAP[err] IOprot e?ﬁr@?’m‘ms

proteln portlons "fusion protein") genes which confer antibiotic

resi stance, anplifiable genes, and so f@&?th. The codi ng

sequences and vectqQrs nma also be used are cell lines,

wher ei n t he 3RRRORT 18EGuEHPE 6?°%xpP%s%FoHnldnhlbithC & 9irs 3, KR1}agen
transfect orderdvatdvef, (Bmaiyrlepyprehidtm-tz(R)-boronlﬂ"micyp,eanfagmhlswsed

may be prokagfyald Can 1%% Be GniniStered to at¥adl%gtein mbunteast ,
CHO, COS, or other ce The dentlflcatlon of nucl eic
acid nol eculsé‘sfféﬁéﬁn&st?hé‘grmauze FAPg: apkivh Yn SEQ ID NO 1 al so enables

the &tisan to i d&herf \aspects ofanthe oinvehtiient wadd rhs:lelean_ctd mbeccul es °
whi ch NYDIT A3 16l artisan, |dnd!iittia w BECBetCROEEN ik, " Stringent

condition" as use rein, refers to t hose Earaneters set. forth

supra, whereby The terggtﬁn PXPECSHIPTE, Y oyed, are
identifieuj dded as termuiof d@ScrepegonzanHknotlmf &EmiteﬁxamIISﬁdlﬁﬂuﬁe t hese

Con%lé % e& R5dna lge%seﬁeé afrgaaﬁne ﬁ%ysevo%d
u5|n par anet er s vary from those recited ch vari ance

appi®hended Wlﬂ‘?éngxﬁF%s%qlﬁt’(al?PFFnBEn %cﬁﬁﬁ‘i‘ﬁrﬁﬁssm’m and describﬁﬁ’e
ability of rorcl giortdons nthevedfs tit hjedndi zeecognized thoeotplveareinusy

molecul oS alii@1di8nk erd HsB381 60w ERIN I{rte Feope of Cthe AAVUAN P! eSS

FAP[err], via t e use of a nuclerc aci hybridi zati on assay. One

may use the sequences described in the invention to hybridize to
conpl ement ary sequences, and thus identify them In this way, one
can target nRNA, e.g., which is present in any cell expressing the
FAP[err] nol ecule. 30 It is of course wunderstood that the
nucleic acid nol ecul es of the invention are also useful in the
producti on of reconbi nant FAP[err], in both nmononeric and dineric
form The exanples clearly show that host cells are capabl e of
assenbling the dineric fornms. The reconbi nant protein may be 35 used,
e.g., as a source of an i nmunogen for generation of anti bodi es akin
to known mAb F19, and with the sane uses. Simlarly, the

reconmbi nant protein, and/or cells which express
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20 the nol ecule on their surface, may be used in assays to
determ ne antagoni sts, agonists, or other nol ecul es which i nt eract
W th nol ecul es having FAPa activity. Such substances may be, but
are not necessari lijmted to, substrates, 5 inhibitin ,
ant i bodi es, aﬁ@oghggﬁéth. The nol ecul es havi ng FAP[e?f 5%?#%ﬁfy
may be, e.g., the nononeric or dineric forms of FAP[err],
derivatives containing the catal ytic domafs, and so forth. The

nol ecul e havi FAP[ er ivity may be pure, or in the formof a
cell extract, ?&Jchséﬁ"é& tlﬂg‘ﬁwxmm or 10 transfected cell, which has
recei ved an FAP[ efi} acAPPLECANESwe Zimmermann, BonbrpPalkar yohireE.and eukaryot es

may be used. This | asgettig, Wolfgh®ft B Ploydhs, i nvention shoul d be

; c A i, Pioyd
menbr ane bound enz§hgs, TALE OF 1wyetdbEy SGEaTeh  BEHEE ¢ loRBEASE T ACGNAL DN,
certai B properties 15 PROTEIAIRHARAND USES THERBQfscri bed in detail here. It

will suffice 3410 ONUMB EQUENLERL t igon or potentiation of these
properties as (111) Ik of Qﬂ{vh EAP[err] is a feature of this

. . assocl
i nventi on. For (i) COR?lgg’ f E E%iy identify substrates or the
substrate for FAP[err] {A) ADDRESSEBt eFellfes & bymeht he use of reconbinant cells

or reconbi nant 20 fgﬁﬁ&g}: P8H5 TRird AvEhuguUbstrates can be nodified to
i nprove their ejfe to |l ess heir effect, or sinply to | abel

t hem #°t h det ec ‘abﬁﬁsi &?ﬁﬁérggcﬁﬁat they can be used, e.g., to
identify cel | s ()i STATExpiNew YoFl\P[ err] . Study of the interaction
of substrate ang)FAdungky:] uss wel | as that between FAP[err] and any
25 nmol ecul e v\/natso%:ie\)eiI c&rbﬁgg used to develop and/or to identify

Pih

agoni sts and ant agoni st Jo [err] nol ecul e. Al so a
feature of the invén)i COMPUTER READABILEAORM neri c FAP[ err]

mol ecykes which have a gl matbiysel Obiskettaibs's 140 8% M8 stbrdgadal tons as

determ ned by SDS-PAGE,, .\t se enzymati c cl eavi ng agent,
and other uses as are d@c&ﬁ%&f#‘ I%?i ﬁ]/z
(C) OPERATING SYSTEM: PC-DOS

{D) SOFTWARE: Wordperfect
{vi) CURRENT APPLICATION DATA:
20 (A) APPLICATION NUMBER:
(B) FILING DATE:
(C) CLASSIFICATION:
{vii)PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER: 08/619,280
25 (B) FILING DATE:  18-MARCH-1996
{C) CLASSIFICATION: 435
{vii) PRIOR APPLICATION DATA:
{A) APPLICATION NUMBER: 08/23(,491
{B) FILING DATE: 20-APRIL-1994
30 {viii) ATTORNEY/AGENT INFORMATION:
(A) NAME: Hanson, Norman D.
(B) REGISTRATION NUMBER: 30,946
(C) REFERENCE/DOCKET NUMBER: LUD 5330.1-PCT
{ix) TELECOMMUNICATION INFORMATION:
35 (A) TELEPHONE: (212) 688-9200
(B) TELEFAX: (212) B3B-3884



her ei n. Enzymatically active forns of FAPa may al so be pr oduced
as reconbi nant fusion proteins, such as soluble fusion proteins
conprising the catalytic donmain of FAP[err] and 35 ot her protein
domai ns with suitable biochenical properties, i ncludi ng secretory

signal s, | eavage sites, tags for purification, and other
el enent s knm%?’g‘ %’ue artisan. WO 97/ 3492 FCTUS?/04215

PCT/ US97/ 04215 21 Exenpl ary
are CD8 peptide sequences, such as are @dscri bed supr a. The fact

that FAPa h p | 0 | es, as described herein, permts
the identi fi?aat 3@@“@“@3‘*&0?&31’3@ f‘ on cells expressing them In
turn, because tj¢) FSEQUENCE CHARACTERISTICS: is associated with tunors and

tumor stromal cellsyajafagimng 2815 g;sfﬁﬂ,@rr] wi th therapeutic agents
serves as a way to tgeatr cancer Qus g precancerous condition,

by adnministering (B} TYPES,ffici enPE¥aF A5d8tic agent to alleviate cancer
| oads {0k SIRMIDEDNESSs dombieng the proteol ytic properties of 10°

FAP[err] lead to ye fr B aspeg f the invention. It is wel |
known t hat prot &ﬁgﬁﬂdg?&g&gﬁ e?ﬁ ﬁ) gal ar matrix, or "ECM
proteins have a 5 B N pécts of tunor grow h,

i ncl udi ng thei r effect on tunor cell invasion, tunor bl ood vessel
formation (i.e., neoangi ogenesis), and 15 tumor netastasis. Coll agens
are_of spec t he substrat es of proteases,

t t
t helBol | agelﬁge%kn r‘?w}lct ﬁa{T\‘c'?MT“ TARAGAAAT; E@é\t t69at

FAP[err] di GECNARAEICM EIGEAMNEA AAMARACCTT GTCEMCEDGBGGTG'CCM OTMZMAGMr 120

e A ot Al gt 1S WL,
Speci fi cal I CTFF'&JW\% Eﬁ FZWM &
anti body Flmcczsncmnmsmms CCTTATTESD\GATGTSCATT €TCTTADECC omcmmﬂbusoot he
enzyge fﬂlntc?mmwfcr GAAGARAATR /AR PEAGhE %@W&ﬁ@@hé%ﬁ?ﬁ%ﬁ %Ar}tb: 00" - The
whi ch’both ATHICEAT W’J\‘irﬁ%&ﬁ%ﬁ‘i gﬁ%ﬁé‘% CRAGAATA o FTATEARIC o 4281 s uch
i nhi bi t ors TGCAGATAAC AATATAGTAC TTTATAATAT TGAAACAGGA CAATCATATA CCATTTTGAG 480
TAATAGAACC ATGAAAAGTG TGAATECTTC AAATTACGGC TTATCACCTE ATCGGCAATT 540
TETATATCTA GAAAGTGATT ATTCAAAGCT TTGGAGATAC TCTTACACAG CAACATATTA 600
20 CATCTATBAC CTTAGCAATG GAGAATTTGT AAGAGGAAAT GAGCTTCCTC GTCCAATTCA 660
GTATTTATGC TGGTCGCCTG TTGGGAGTAA ATTAGCATAT GTCTATCAAA ACAATATCTA 720
TTTGAAACAA AGACCAGBAG ATCCACCTTT TCAAATAACA TTTAATGGAA GAGAAAATAA 780
AATATTTAAT GGAATCCCAG ACTGGGTTTA TGAAGAGGAA ATGCTTCCTA CAAAATATGC 840
TCTCTGETGE TCTCCTAATG GAMAATTTTT GGCATATGCG GAATTTAATG ATAAGGATAT 900
25 ACCAGTTATT GCCTATTCCT ATTATGGCGA TGAACAATAT CCTAGAACAA TAAATATTCC 960
ATACCCAAAG GCTGGAGCTA AGAATCCCGT TGTTCGGATA TTTATTATCE ATACCACTTA 1020
CCCTGCGTAT GTAGETCCCC AGGAAGTGCC TGTTCCAGCA ATGATAGCCT CAAGTGATTA 1080
TTATTTCAGT TGGCTCACET GBGTTACTGA TGAACGAGTA TGTTTGCAGT GGCTAAAAAG 1140
AGTCCAGAAT GTTTCGGTCC TGTCTATATG TGACTTCASG GAAGACTGGC AGACATGGGA 1200
30 TTGTCCAAAG ACCCAGGAGC ATATAGAAGA AAGCAGAACT GBATGGGCTG GTGGATTCTT 1260
TGTTTCAAGA CCAGTTTTCA GCTATGATGC CATTTCGTAC TACAAAATAT TTAGTGACAA 1320
GGATGGCTAC AAACATATTC ACTATATCAA AGACACTETG GAAAATGCTA TTCAAATTAC 1380
AAGTGGCAAG TGGGAGGCCA TAAATATATT CAGAGTAACA CAGBATTCAC TGTTTTATTC 1440
TAGCAATGAA TTTGAAGAAT ACCCTGGAAG AAGAAACATC TACAGAATTA GCATTGGAAS 1500
35 CTATCCTCCA AGCAAGARGT GTGTTACTTG CCATCTAAGS AAAGAAAGGT GCCAATATTA 1560
CACAGCAAGT TTCAGCGACT ACGCCAAGTA CTATBCACTT GTCTGCTACG GCCCAGGCAT 1620
CCCCATTTCC ACCCTTCATG ATGRACGCAC TGATCAAGAA ATTAARATCC TGGAAGAAAA 1680



woul d include, e.g., substrate derivatives, such as nodified

col | agen nol ecul es, which interfere with the active site or sites
of the FAP[err] nolecule. Other suitable inhibitors will be

-apparent to the skilled artisan, and need not be listed here. 30 In
addition, th I nant FAP[err roteins and FAP[er

transfect ed cgl J"?ﬁ%gg descri bed[sup]ra (F:)an be enpl oyed |n[an';c’lr"usg-""M215
enzymati c screening assay, using the substrate descri bed supra or
ot her suitable substrates, to identify i A bitors from any conpound

FAPor1]  actAGSAITE ShBRITRE é@ﬁfﬂ EGETetes Aatabsnnn TTARBAEF17ad" {1
treat nent of TFAAGRAGAD GAPMITACHE ZAKGHMAA: GATRATIGTT CCTCCTCAAT JTRAGAGATC 1B err]

activity. AAPGRAGTAT @ttvrecrwmumao’ramsvccc TGCAGTCAGA GTETAAGGYIO1886 34927
PCT/ US97/ 042

appr.opri at e STHIATHIAEE STIRATIGEA, TATCTIATET, T §G SAAGEAT BeTﬁATTGCCTT 1920
derivéive, EGWWT)W@MGR%@TUGWOTW €i TCTATRGAG JETATOGAAA 1980 or

an ant agoni stgTEEETETT TAPCARGETE AAGARCAGATI TATAGETETOMGRARATTEA TAGAAATGGE 2bdd Ci ent

to normalize nW|II
be clear to tﬁj&aﬂ%&P GW@eM%TanG%ﬂ@Tﬁgsﬁ%ﬁ%egt A‘@,gﬁfpgﬁf 2&

The ternms ancACIREACETE IGEATLTRRAA BTGRICTH TH CAMEGRGGD \ATAGEAGIEE CTCCARTCTS: édiSQis
ternms of descgAGDTGGBAA TRVTATRLGTOCTATCTACAB AGAGAGATTO ATREETETCC CAACAAAGGA 2820

caui v ont s PATHAIETT Bpeo IR BT I RRKTRRE HehaChoad? arrrcacki e "0 ="

t hereof, it bUATAGACTAT SFFGTLATLC ACRGASGAGCOABATGATAAT GTGEATTTC M@ﬁéﬁ@ﬂuu
possi bl e w t CAGATTECT ARAGLTOTGG TTEAATEORCAL ACTBGATTTC CAGGCAATGT GGTACTCTGA 2400
CCAGAACCAC GGCTTATCCE GCCTGTCCAC GAACCACTTA TACACCCACA TGACCCACTT 2460
CCTAAAGCAG TGTTTCTCTT TGTCAGACTA AAMACGATGC AGATGCAAGC CTGTATCAGA 2520
15 ATCTGAAAAC CTTATATAAA CCCCTCAGAC AGTTTGCTTA TTTTATTTIT TATGTTGTAA 2580
AATGCTAGTA TAAACAAACA AATTAATGTT GTTCTAAAGG CTGTTAAAAA AAAGATGAGE 2640
ACTCAGAAGT TCAAGCTAAA TATTGTTTAC ATTTTCTGGT ACTCTGTGAA AGAAGAGAAA 2700
AGGGAGTCAT GCATTTTGCT TTGGACACAG TGTTTTATCA CCTGTTCATT TGAAGAAAAA 2760
TAATAAAGTC AGAAGTTCAA AAMAAAAAAA AAAAAAAAAA AAAGCGGCCG CTCGA 2815

20

(2) INFORMATION FOR SEQ ID NO: 2
(i) SEQUENCE CHARACTERISTICS:
25 (A} LENETH: 760 amino acids
{(B) TYPE: amino acid
(D) TOPOLOGY: linear
{x1) SEQUENCE DESCRIPTION: SEQ ID NO: 2:

30
Met Lys Thr Trp Val Lys Ile Val Phe Gly Val Ala Thr Ser Ala Val
5 10 15
Leu Ala Leu Leu Val Met Cys Ile Val Leu Arg Pro Ser Arg Val His
20 25 30
35 Asn Ser Glu Glu Asn Thr Met Arg Ala Leu Thr Leu Lys Asp Ile Ley
35 40 45
Asn Gly Thr Phe Ser Tyr Lys Thr Phe Phe Pro Asn Trp Ile Ser Gly
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23 (1) GCENERAL | NFORVATI ON: (i) APPLI| CANTS:

Zi mrer mann, Rai ner; Park, John E.; Rettig, Wl fgang;
ad, LIOdJ (i) TITLE OF I NVENTI ON: | SOLATED DI MERI C

Fi BRGBLAST Aggzq\{éE PROTEI N ALPHA, MR&T
(iii) NUMBER ENCES (iv) CORRESP SS:
(A) ADDRESSEE: Felfe & Lynch (B) STREET: 805 Third
Avenue 10 (O CITY: N8 York Gty

(D) STATE: New \g%r Kk (E) NTRY: USA

(F) ZIP: 10022 COVPUTER READABLE FORM 15
(A) MEDI UM BIPESIuDTwk beu His 3316 Semchla Asp) AMB AsptideaVpd Leu Tyr Asn

(B) COVPUTERgs! BM PS/ 2 76C) OPERATI NG SYpTEM PC- DOS
(D) SOFTWARE: ey, dpcr af,AWW&TWMEggJ R BT N BT
FI LI 8G DATE: (C) CL3&SI FI CATI ON:
(vii)PROR @Pwa@%mpﬁﬁlkm Tyr Gly Leu Ser Pro Asp Ar(gAk n“Pﬁ’é'v@i\T' ON NUMBER
08/ 619, 280 25 (B) f I NG D RCH- 1996
(C CLASSI FI CATI ON: 4390 (vii) PRI OR A | CATI ON DATA:
(A) APPLI CATRYON. eMUABESer 8y T30, 5¢91Lys Leu Trp Arg Tyr Ser Tyr TRBRIEI LI NG DATE:
20- APRI L-1994 30 135 (Vviiigp ATTORNEY/ AGENTzsl NFORVATI ON:
S0, g Ihe e T TR T Asp weu Sarchnly Satbe VERMSRE'Y BB 5330, 1 peT
(i x) TELECOVMUNI3ATI ON | NFORVATII®N: 35 140 (A) TELEPHONE:
(212) 688- 9310 teu Pro Arg Pro Ile 61n Tyr (&) CyEUFFAEr Pro2vd) 6PP%en884
145 150 155 160
Lys Leu Ala Tyr Val Tyr GIn Asn Asn Ile Tyr Leu Lys GIn Arg Pro
15 165 170 175
Gly Asp Pro Pro Phe Gin Ile Thr Phe Asn Gly Arg Glu Asn Lys 1ie
180 185 190
Phe Asn Gly Ile Pro Asp Trp Val Tyr Glu Glu Glu Met Leu Pro Thr
195 200 205
20 Lys Tyr Ala Leu Trp Trp Ser Pro Asn Gly Lys Phe Leu Ala Tyr Ala
210 215 220
Glu Phe Asn Asp Lys Asp Ile Pro Val Ile Ala Tyr Ser Tyr Tyr Gly
225 230 - 235 240
Asp Glu GIn Tyr Pro Arg Thr Ile Asn Ile Pro Tyr Pro Lys Ala Gly
25 245 250 255
Ala Lys Asn Pro Val Val Arg Ile Phe Ile Ile Asp Thr Thr Tyr Pro
260 265 270
Ala Tyr Val Gly Pro GIn Glu Val Pro Val Pro Ala Met Ile Ala Ser
275 280 285
30 Ser Asp Tyr Tyr Phe Ser Trp Leu Thr Trp Val Thr Asp Glu Arg Val
290 295 300
Cys Leu GIn Trp Leu Lys Arg ¥al Gln Asn Val Ser Val Leu Ser Ile
305 310 315 320
Cys Asp Phe Arg Glu Asp Trp GIn Thr Trp Asp Cys Pro Lys Thr GIn
35 325 330 335

6lu His Ile Glu Glu Ser Arg Thr Gly Trp Ala Gly Gly Phe Phe Val
340 345 350
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24 (2) | NFORMATI ON FOR SEQ ID NO. 1: (i)
SEQUENCE CHARACTERI STI CS: | (A) LENGTH: 2815 Base
pairs (B) TYPE: nucleic acid 5

(C STRANDE oubl e (D TOPOLOGY; j.pear
(xi) SEQJENCEDuﬁédﬁ?’ng ON SEQ ID NO 1: 10 AAGAA nlch8

CCAAAATCTG TTTCTAATTT TACAGAAATC TTTTGAAACT TGGCACGGTA 60
TTCAAAAGTC CGTGGAAAGA AAAAAACCTT GTCCTGGEPT CAGCTTCCAA CTACAAAGAC 120
AGACTTGGTC CTITT AT 180
TAOCTARCTT TOORARERE® G BhR Mo T AR KIS Ao SEU TR Tiv AR 240
TGCCACCTCT GCTGTGCT‘$5§ CCTTATTGGT GASOTGCATT GTCTTACRSSC CTTCAAGAGT 300 15
TCATAACTCT M@Wﬁ@s ARERAT ST ASPVIRF AAC 360
ATTTTCTTAT AAAA TTT TT TTTCAGGA CAAGAATATC TTCATCAATC 420
TGCAGATAAC AATATAGTAC TTTATAATA GAAACAGGA CAA ATA CCATTTTGAG 480
TAATAGAACC ATEWAASIGAT: TdaLltadiedxasarT Abehys TrATOACATRGIATBsedARTT 540
TGTATATCTA GASAGTGATT ATTCAAXGGT TTGGAGATAC TYGETACACAG CAACAT#HBTA 600 20
CATCTATGAC CT TTIGT. AA! C TTCA 660
GTATTTATGC Tm %%&RAS%%A%‘“ g?‘%%&ﬁ 720

TTTGAAACAA AGACCAGGAG ATCEW&ETTT TCAAATAAGAD TTTAATGGAA GAGAAAATAA 780

AATATTTAAT  Cegval ;&Wﬁ%ﬁg ATieBetCrIA 6 AFCC 840
TCTCTGGTGG TCT TG TTTT GAATTTAATG, TAT 900 25
ACCAGIYATT GOCTATTCCT AFYATGGCGA TGAA AT CCTAGAACAA® TATTCC 960

ATACCCAAAG GAMGCAGCS2r AGAPSEISTVAIGTITCORA HAS RN AArBANGGEAT ACTAYSTA 1020
CCCTGCGTAT GTAGGTCCgas AGGAAGTGCC TGIgCCAGCA ATGATAGESsT CAAGIGATTA 1080

ACTOCAGAAT GTRGIET T T ATATRY ORI TR (A CGT e AR RGGA 1200 30
TTGTCCAAAG ACCCAERIAGC ATATAGAAGMYSAGCAGAACT GGATHSOGCTG GTGGATTCTT 1260
TGITTLHAGA COMGTEYsT T GFF PrereNeCI TeAProl T Abr TICARY AT Adg AGY GMgAA 1320
465 470 475 480
Thr Asp GIn Glu I1e Lys Ile Leu Glu Glu Asn Lys Glu Leu Glu Asn
485 490 495
Ala Leu Lys Asn 11e Gln Leu Pro Lys Glu Glu Ile Lys Lys teu €lu
20 500 505 510
¥al Asp Glu Ile Thr Leu Trp Tyr Lys Met Ile Leu Pro Pro GIn Phe
515 520 525
Asp Arg Ser Lys Lys Tyr Pro Leu Leu 1le €1In Val Tyr Gly Gly Pro
530 535 540
25 Cys Ser Gln Ser Val Arg Ser Val Phe Ala Val Asn Trp Ile Ser Tyr
545 550 555 560
Leu Ala Ser Lys Glu Gly Met Val Ile Ala Leu Val Asp Gly Arg Gly
565 570 575
Thr Ala Phe GIn Gly Asp Lys Leu Leu Tyr Ala Val Tyr Arg Lys Leu
30 580 585 590
Gly Yal Tyr Glu Val Glu Asp GIn Ile Thr Ala Val Arg Lys Phe Ile
595 600 605
Glu Met Gly Phe Ile Asp Glu Lys Arg Ile Ala Ile Trp Gly Trp Ser
610 615 620
35 Tyr Gly Gly Tyr Val Ser Ser Leu Ala Leu Ala Ser Gly Thr Gly Leu
625 630 635 640
Phe tys Cys Gly Ile Ala Vail Ala Pro Val Ser Ser Trp €lu Tyr Tyr



GGATGGCTAC AAACATATTC ACTATATCAA AGACACTGTG GAAAATGCTA TTCAAATTAC 1380
AAGTGGCAAG TGGGAGGCCA TAAATATATT CAGAGTAACA CAGGATTCAC TGTTTTATTC 1440
TAGCAATGAA TTTGAAGAAT ACCCTGGAAG AAGAAACATC TACAGAATTA GCATTGGAAG 1500 35
CTATCCTCCA AGCAAGAAGT GTGTTACTTG CCATCTAAGG AAAGAAAGGT GCCAATATTA 1560
CACAGCAAGT WCT ACGCCAAGTA CTATGCACTT GTCTGCTACG GCCCAGGCAT 1620
CCCCATTTCC Al TG ATGGACGCAC TGATCAAGAA ATTAAAATCC TGGESTEANAN0428S0
WO 97/ 34927 PCT/ US97/ 04215
25 CAAGGAATTG GAAAATGCTT TGARBAATAT CCAGCTGCCT AAAGAGGAAA
TTAAGAAACT 1740 TGAAGTAGAT GAAATTACTT TATGGTACAA GATGATTCTT
CCTCCTCAAT TTGACAGATC 18$45 AAABBAGTAT CCCTTGCTAA5 TTCAAGTGTA
TGGTGGTCCC TIaABFCOMIATHT ThAABE AP gLBIiOMet 61y Leu meTHmIp TTGGA
TATCTTATCT TGCAAGTAAGEGAAGGGATGG TCAT T 1920 ; GGATGGT
CGAGGAACAG CTTTCCAAGG  TGACAAACTC CTCT. G TGTATCGAAX %950

GCTGGGTGTT PArdRNGH MAH B EXOEXSASnTIRIAHT ¥t Matdla ArcA la ABASNTGGG 2040
TTTCATTGAT GAAAAAAEFSA TAGCCATATG GSBBCTGGTCC TATGGASSRAT ACGTTTCATC 2100
ACTGGCCCTT CTC 2160
CAGaTGaGAA ?X@&%@ng&é S ESR  RE R A AR LR 5250 10
TGATAATCTT GASCHBTATA AGAATTCASE5TGTGATGGCA AGMBIAGAAT ATTTCAGAAA 2280
TGTAGACTAT msTcaﬁ@Am@oe RCEREASCAMTa ACKT Crel AN Led GHACTELT Ya PASPRRGACC 2340
ACAGATTGCT GCTCTGG TTAATGGACA AGTGGATTTC . GAGGCAATGT GGIA GA 2400
CCAGAACCAC TATCCG GCCT C GAACCACTTA ‘TACACCCACA TGA CTT 2460
CCTARAGCAG T VadTRSPTPhecRiMAAT Mat AtRADA e AT/ Blasaci CEITABTAGA 2520 15
ATCTGAAAAC CTTATATAAA COZEE CAGAC AGTTTGCTIN TTTTATTTTT TAJESTTGTAA 2580

AATGCTAGTA w cT GATGAGG 2640
ACTCAGAAGT TCAA %ﬂ@ﬁ}ésiﬂ% "A%m A%A EAAA 2700
AGGGAGTCAT GCATTTTGCT4RTGGACACAG TGTTHMBATCA CCTGTTCATIS0TGAAGAAAAA 2760
TAATAAAGTC AGEETH TIGAAPHMASEAAMSAr ARAAAAAAAA AAAGCGECCG CTCGA 2815 20

(2) 15NFORMATI ON FQRSEQ I D NO 2: 460 (i) SEQUENCE
CHARRCTERI STI CS:



WPE  amno acia ) N 70 amig 0y oo |.neJIIIiIIIIIIIHIIIIHlﬁI I

(xi) SEQUENCE DESCRI PTI ON: SEQ ID NO 2: 30 Met *LyS Thr Yrp
Val Lys Ile Val Phe GI y Val Ala Thr Ser Al a Val

5 15 Leu Al Val

Met Cys Ile \HP%@f?zArg Pro Ser Arg Val Hi s q)clrﬁ}é’%ﬂ%

25 30 35 Asn Ser Qu Gu Asn Thr Met Arg Ala Leu
Thr Leu Lys Asp Ile Leu 29 35 40

45 n. 3y Thr Phe Ser Tyr Lys Thr Phe Phe Pro Asn Trp Ile Ser

dy %8 Ciath: WD 97/ 34927

PCT/ US97/ 04215 26 _

50 - 1. Iso'i%ted dlmerlc FAPa Gidlecule, havdny ChU MdTedlarH S

gon Ser Ala Asp Asn %3{} 5. out >ﬁu.’(%%l‘tzons as de%eé'mén&d-rmy étiﬁ

Ser “Tyr Thr |le LRAGR wmeAngsﬂd fiwerjs FAPe molecule is capable of 85

90 e% ing extracemlaxialma%&axAbioSeiné\sn Tyr Gy Leu Ser
Pro Asp Arg G n Phe 'Val 105
110 Tyr Leu Qu Ser Asp Tyr Ser Lys Leu Trp Arg Tyr Ser Tyr Thr
Al a 2. The d4imeric FAPae moleculepof claim 1, whereins egtrh

Thr Tyr Tyr |le TyforfSrerl ¥f 3id dindnicGrAF Gnofticuied donkiAtE of the

130 135 ., 4 Gu Leu Pro Arg Pro

lle Gn Tyr Leu OfMHIY, 263F BPEURAFe @fysé}r(.)m NO: 2. 145 ]

150 155 160 Lys Leu Ala Tyr Val

-{)7/5 A n Asn Agp | lgnel ){rdiaféi:'ileys IGP&GN@,&'S%&%& Igf Ighlaia :l.l,I Qrﬁ]oduﬁr?d 25
ro Pro Phe nille r e n

Ay Arg Qu Asn Lﬁe‘ﬁ‘éi“a“tly' Y rep 180 185

190 Phe Asn Gy Ile Pro Asp Trp Val Tyr Gu Gu Gu Met Leu Pro

Thr 4. The dimeric FAPax molecule of claim 3, produced by a

eukaryotic cell.

5. Isolated protein consisting of:
(i) the FAPa catalytic domain, and
(ii) at least one portion of a non FaPa
protein.

6. Method for cleaving a terminal dipeptide of formula Xaa-
Pro from a molecule, comprising contacting said molecule
with a second molecule, said second molecule having FAPa
enzymatic activity.



%‘?g Ser Pro Asn Ay Egg Phe Leu Ala Tyr Alzg5 20 Lys T "’amllmm”mg“m

215 220 G u Phe Asn Asp Lys Asp I

Ala Tyr Ser Tyr Tyr dy 225

235 240 Asp Au dn Tyr ProArgThrIIeAsnIIe
Pro Tyr Pro MRIIRH¥RIGy 25 245 PCTAUSIT4215 75
255 Ala Lys Asn Pro Val Val Arg lle Phe Ile Ile Asp Thr Thr Tyr
Pro 260 30 265 270
Ala Tyr Val Ay Pro @n GQu Val Pro Val Pro Ala Met_ Ile Al.a Ser

275 7. The opethod of claim 6, whgpeis,said secqpgd p@glgeq:y;e-r}p Phe
Ser Trp Leu Thr Tiﬁol&ﬂ:edl'hrdmwla FAP&g Val 290

295 300 Q/s Leu A n Trp Leu Lys Arg Val dn Asn
Val Ser Val Leu Ser lle

315 8. Thezpgthod of clm fsp WiyeEeing agid Aéﬁcqmb mpiegnieTr p
Asp Cys Pro Lys Teempirisedb an FAPa catalytic domain.325 330
335 GQu Hs lle Au GQu Ser Arg Thr Ay Trp Ala Gy Gy Phe Phe
Val 340 345 350

WO 97/ 34927 9. Method for identifying a substance which intepettgswiths4215
ZE Ser aAng1Eeald/ahatieg SEAPAY achiRityd Compbesiny’ chmbihifig! | €
Phe i

Ser Asp Lys Asp ny dry %culﬁl We |§I ]I' EeStﬁs ‘Fh" "\‘7“F§9‘ ning
370 any 3§zg:eractz.on with sa id 33 eegle as an dqgml%oﬂ ® dn
Ile Thr Ser Gy Lyclddyleéd whidtin ihteracts | with a moleciie having FaPa

390 400 Phe Arg Val Thr dn
Asp Ser Leu Phe T?/‘r:t%ZirstYSer Asn G u Phe Gu 405
410 415 GQu Tyr Pro Gy Arg Arg Asn Ile Tyr Arg
Ile Ser Ile @by Sehe TwetR6d of claim 9, whereid?Gaid FaAPa molecule 428
430 Pro r Lys Lys Cys Val Thr Cys His Leu Arg Lys Qu Arg
Cys dﬂ'&%‘s 440 445

11. The method of claim 9, wherein said molecule comprises a
FAPa catalytic domain.

12. The method of claim 9, wherein said substance is an
antagonist of FAPa activity.

13. The method of claim 9, wherein said substance is an
agonist of FAPa activity.

14. The method of claim 9, wherein said substance is an
inhibitor of FAPa activity.

15. The method of claim 9, comprising combining said
substance with a cell extract which has FAPa activity.

16. The method of claim 15, wherein said cell extract is an
extract of a cell which has been transformed or
transfected with a nucleic acid molecule which encodes a
molecule with FAPa activity.

17. The mnethod of claim 16, wherein said cell is a



4?58 Ty.r Tyr Thr Al a igrS Phe Ser Asp Tyr AI420L{§ Tyr Tyrvg: ﬁmmumu“ﬂwu l“l

Gy lle Prolle Ser Thr Leu Hs Asp Gy Arg 465 * - s
=470 475 480 Thr Asp A n GQu lle
Lys I'le Leu GybeFakhpstsn Lys G u Leu Qu Asn rusetioass 485
490 S 495 Ala Leu Lys Asn Ile An e brootys @ u
GQu lle Lys Lys Leu u 20 1 500 505
510 Val Asp Qu Ile Thr Leu TrBTyr Lys Met Ile Leu Pro Pro Gn
Phe 520 525

Asp Arg Ser Lys Lgs ]fyr é?o Leu Leu Ile dn Val Tyr Ay Ay Pro

530 535 540 25 Cys Ser dn Ser Vval
Arg-Ser Val RBlee Alrae\iaéttian ofr plalw 1%y wherein said celi4bs a eukaryote.

550 555 560 Leu Ala Ser Lys Qu
Ay Met Val Ile Ala Leu Val Asp Ay 565
570" 19. Methgds for 1"-'eath'ﬁr %\I eﬁwcﬁ nw&Fy M Ratholegicad Tyr
Ala Val Tyr Arg Lyontig¢tiéh characterized by aBfiormal FAPe activit§h
590 @Y céitbr{{ind dinfHi Steit 15P L d) hltFell i) fodl® | rfifiibdey an"e
Gu Met Gy Phe | pEoMBE Qfy 3 ySubstange which| intepacts yighsaolecules
610 hav@h§ FAPa activity subfOcBént to nofmaliiy €hy FrpeVal
Ser Ser Leu Ala L y < 1hr, y 625

630 e e Phe Lys Qys Ay Ile
Ala Val Ala Pro Val Ser Ser Trp GQu Tyr Tyr WO 97/ 34927
PCT/ US97/ 042%9. The method of claim 19, comprising ailministéi?d.rlag an .
645 55 a Ser Val Tyr Thr
Gu Arg Phe Met G‘{x’hﬁggt%’f’o TAAR s‘j“’X_%“Xg 660
665 670 Asn Leu Qu H's Tyr Lys Asn Ser Thr Val
Met Ala Arg Alia CrheTwethod of claim 20, @herein said inhibitcd8Ois a
685 Phecéigaégg dalivAadivlyr Leu Leu Ile Hs Ay Thr Ala Asp Asp
Asn

22. The method of claim 20, wherein said inhibitor is (S) -
Vvalyl-pyrrolidine-2(R) -boronic acid.

23. The method of claim 19, wherein said substance is an
agonist of FAPa activity.

24. The method of claim 19, wherein said substance is an
antagonist of FAPa activity.

25. Method for determining if a substance interacts with a
molecule having FAPa activity, comprising combining said
substance and said molecule with Ala-Pro~AFC, determining
interaction of said molecule with Ala-Pro-AFC, and
comparing said interaction to interaction of said
molecule’ with Ala-Pro~AFC in the absence of said
substance, wherein a difference therebetween indicate
that said substance interactions with said molecule.

26. Fusion protein comprising a portion of an FAPa molecule
sufficient to retain FAPa activity and a non FAPae amino



gg(r) Ala dn lle A a Egg Ala Leu Val Asn AIYg0 7gg| Hlmlmmlﬂ“"ﬂm‘" l“]
Val* ASp Phe*d:n =

710 715 720 10 dn

Ala Met Trp Tyr Ser Asp G n Asn Hs Ay Leu 725
730 735 Ser Gy Leu Ser Thr Asn Hi r Thr
Hs Met Thr BSRA% Leu 740 rerussilg)d

750 Lys @ n Cys Phe Ser Leu Ser Asp 15 755

760 WD 97/ 34927 32

PCT/ US97/ 04215 . \ . 2? . 1. lsolated, diperic
FAPa nol ecul e, ha®¢#d SeAUPBER avherein.satd oFughon: pf?%e%f‘l I {"Bg‘ér as
det erm ned by SDSsolubldAGE, wherein said dineric FAP[err] nolecule is
capabl e of degradi ng extracellular matrix proteins. 2. The dineric
FAP[err] nolecule of claim1, wherein_ each, of said diperic

. ] noponer
FAP[err] nol 82ul eTRengpsien oprefgin of glaim ﬁéid"’gﬁﬁﬁb‘ﬁcﬁab BeR) FRPRO 2.
3. The dineric aki¥beddia seguenckeiscin aptiziomacid sequelnmedound in a

reconbi nantly. éns ;p&égx{reri c FAP[err] nolecule of claim3, produced by
a eukaryotic-celT. )

28. The fusion protein of claim 27, wherein said CD8& protein
is a murine protein.

29. The fusion protein of claim 27, wherein said CD8 protein
is a human protein.

30. The fusion protein of claim 27 comprising amino acid 1 to
189 of murine CD8 linked to amino acids 27 through 760 of

FAPa.

SUBSTITUTE SHEET (RULE 28)



5.. Isolated protein consisting of: (i) the FAP[err] catalytic
donmai n, and (i) at least one portion of a non FAP[err]

pr ot ei n. 6. Method for cleaving a term nal dipeptide of fornula Xaa-

Pro froma nol ecule, conprising contacting said nol ecul e with a second
nol ecul e, said second nol ecul e having FAP[err] enzymat i LML Y.

WD 97/ 34927 WO9IRHL PCT/ US97/ 042%'%&"&2%

30 7. The nethod of claim®6, wherein said second nolecule is

i sol ated, dineric FAP[err]. 8. The nethod of claim6, wherein said
second nDIecuIe conprises an FAP[errﬂ/3ataIyt|c domai n. 9. Method
for identifying a substance which interacts with a nol ecul e havi ng
FAP[ err] activity, conprising conbini n%‘g id nmolecule with a sanple to
be tested, and determ ning any int toh with said nolecule as an

I ndi cation of a nol ecul e which interacts with a nol ecul e havi ng

arLerl | o et L mondSeoy el BAh R B R R R0 P

mol ecul e is oppg di {1 gy y11,-LLGAA-LVTTI ITVPV--LNKGTDDATADSRKTY - ~T-Y-K

FAP 50 GTFSYKTFFPNWISGQEYLHQSADNNIVLYNIERTGQSYTILSNRTMKSV* 98
CD26 51 N-YRL-LYSLR---DH-~-YRQ*E---LVF-A-Y-N-SVF-E-S-FDEFG 99

FAP 99 *NASNYGLSPDRQFVYLESDYSKLWRYSYTATYYIYDLSNGEFVRGNELP 147
CD26 100 HSIND-SI---G~-IL-~YN-V-Q-~H--~-S-D--~-NKRQLITEERI- 149
fap-1
FAP 148 RPIQYLCWSPVGSKLAYVYQONNIYLKQRPGDPPFQITFNGRENKIFNGIP 197
CD26 150 NNT-WVT-——-- ) : S WN-D--V-IE-NL-SYR-~-WP-K-DI-Y---T 199
fap-2
FAP 198 DWVYEEEMLPTKYALWWSPNGKFLAYAEFNDKDIDVIAYSYYGDE**QYP 245
CD26 200 —-——--- VFSAYS-—=e~———= T Q---TEV-L-E--F-S--SL--~ 249

FAP 246 RTINIPYPKAGARNPVVRIFIIDT***TYPAYVGPQEVPVPAMIASSDYY 292
CD26 250 K-VRV-----=- V-~T-KF-VVN-DSLSSVINATSIQITA--SMLIG-H- 299

FAP 293 FSWLTWVTDERVCLOWLKRVONVSVLSICDFREDWQTWDCPKTQEHIEES 342
Cb26 300 LCDV--A-Q--IS-~--R-I--¥--MD---YD-SSGR-N-LVARQ---M- 349

FAP 343 RTGWAGGFFVSRPVFSYDAISYYKIFSDKDGYKHIHYIKDTVENAIQITS 392
CD26 350 T---V-R-RP-E-H-TL-GN-F--~I-NEE-~R--C-FQIDKKDCTF-~K 399

FAP 393 GKWEAINIFRVTQDSLFYSSNEFEEYPGRRNIYRISIGSYPPSKKCVTCH 442
CD26 400 -T--V-G-EAL-S-Y-Y-I~--YKGM--G--L~-K-QLSD-T*KVT-LS-E 448

FAP 443 LRKERCOYYTASFSDYAKYYALVCYGPGIPISTLHDGRTDQEIKILEENK 492

CD26 44% -NP--——~- SV---KE-~---Q-R~-S---L-LY-~-SSVN-KGLRV--D-S 498
fap-3

FAP 493 BELENALKNIQLPKEEIKKLEVDEITLWYKMILPPQFDRSKKYPLLIQVYG 542

CD26 499 A-DRM-Q-V-M-SKKLDFIILN-TKF--Q~---- H--K--m—mm— LD--A 548

FAP 543 GPCSQSVRSVFAVNWISYLASKEGMVIALVDGRGTAFQGDKLLYAVYRKL 592
CD26 549 ----- KADT~-RL~--AT~---T-NIIV~-SF----8GY----IMH-IN-R- 598

FAP 593 GVYEVEDQITAVRKFIEMGFIDEKRIAIWGWSYEIRFITGPCIWNWSFQOM 642
CD26 599 -TF~----=-E-A-Q-SK---V-N---r-we-—- GGYVTSMVLGSGSVGFK 648

FAP 643 WYSSGSSLQLGILRVCLHRE* IHGSPNKDDNLEHYKNSTVMARAEYFRNV 691
CD26 649 CGIAVAPVSRWEYYDSVYT-RYM-L-TPE---D--R---~-S---N-KQ- 698

FAP 692 DYLLIHGTADDNVHFQNSAQIAKALVNAQVDFQAMWYSDONHGLSGLSTN 741
CD26 699 E-~—m——-m—me—mmm Q-—==8~==-DVG-m=mmmmu T-ED--IASSTAH 748

FAP 742 *HLYTHMTHFLKQCFSLSD
CD26 749 Q-I--—-S~=I=--=== P
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11.
_ catalytic donain.
ant agoni st of FAPa activity.
agoni st of FAP[err] activity.
id substance is an
claim 9,

an

. Said substance is an
of claim?9,
activity.
substance with a cel
met hod of claim 15, wherein said cel

%hg¥ﬁésanethod

whi ch has been transfornmed or
whi ch encodes a

16, wherein said cel

PCT/ US97/ 04215

FAPa

CD26

nol ecule with PAPa activity.

of

13.

The nethod of claim9, wherein said nol ecule conprises a
12. The nethod of claim9, wherein said substance is
The method of claim9, wherein
The et hod

i nhi bi tor of

conprising co
extract which has FAP[err] activity.
extract

is an

14.

15
Initng said
16. The

extract of a cell
trapgfected with a nucleic acid nol ecul e
17. The nmethod of claim

is a WO 97/ 34927
31 pr okar yot e.
FIG. 2
Breast Cancer MFH Healing Wound| Renal Cancer
A C E G
B D F H

Immunohistochemistry {(See Kodachromes)
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18. The nmethod of claim 16, wherein said cell is a eukaryote. 19. Met hod
for treating a subject with a pathol ogi cal condi tion characterized by
abnormal FAP[err] activity, conprising admnistering to a subject in
need thereof an amount of a substance which interacts with nol ecul es
havi ng FAP[ er?‘]"ﬁ@ﬂmi ty sufficient to normalize the FAP[errgermusondsdi Vity
| evel in said subject. 20. The nethod of claim 19, conprising

adm ni stering an i nhi bitor of FAP| er‘.)r/l3 activity. 21. The net hod of
claim 20, wherein said inhibitor is a col | agen derivati ve. 22. The
met hod of claim 20, wherein said inhibitor is (S) -

Val yl - pyrrolidine-2(R) -boronic acid. 23. The nethod of claim 19, wherein

sai d. substance is an agoni st of FAP[err] activity. 24. The net hod of
claim 19, wherein said substance is an ant agoni st of FAPa activity.
25. Method for determning if a substmi n%racts with a nol ecul e
havi ng FAP[err] activity, conprising ni sai d subst ance and said
nol ecul e with Al a-Pro- AFC, determ ning i nteraction of said nolecule
wi th Al a-Pro-AFC, and conparing said interaction to interaction of said
nol ecule with Al a-Pro-AFC in the absence of said subst ance, wherein a
di fference therebetween indicate that said substance interactions with
sai d nol ecul e. 26. Fusion protein co sing a portion of an FAP[err]
nol ecul e sufficient to retain PAPa,,) tivi,,;,y and a non FAP[err] am no
P
B —— 205 kD

- 116 kD

—— 97.4 kD

—— 66 kD
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96 97154927 PCT/ US97/ 04245 37 2 | -

32 aci d sequence, wherein said fusion protein is water Sfﬁdgbégpg
27. The fusion protein of claim 26, wherein said non FAP[err] am_po
Yaci d sequence is an am no acid sequence found in a CD8 4',;1',',:‘;, n. wPeRS

The fusion proteiE f claim?27, wherein said CD3 protein

protein. 29. W usi on prﬁ?’é?wm
s a hume ReRlGidar, APPLicATON Pl N ot THE P!

acid 1, k8 00— -RO—a S avaraYNts 50
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