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1 ANG OSTATI'N FRAGVENTS AND
AGGREGATE ANG OSTATI N AND 10

METHODS OF USE : Field of the Invention

The present iv%%jﬂgn relates to endothelial inhibitors, calpegsesnssss 15
angi ostatin, Ich reversibly inhibit proliferation of endothelial cells.
Mor e particularly, the present invention relates to
angi ostatin proteins that can be i sol ated from body

fluids such as blood or urine, or can be synthesized by
reconbi nant, enzymatic or chem cal nethods. The angiostatin is capable of
i nhi b ti ng angi ogenesi s rel ated di seases and nodul ati ng angi ogeni c

20 processes. In addition, the present invention relates to
di agnosti c assays and kits for angiostatin neasurenent,
t.o hisstochem cal kits for l|ocalization of angi ostatin,

to DNA sequences coding for angiostatin and nol ecul ar probes -

to nmonitor angiostatin biosynthesis, to antibodies that are specific for

t he 5 angiostatin, to the devel opnent of protein agonists
and antagonists to the 25 angi ostatin receptor, to
anti-angiostatin receptor-specific anti body agonists

ANGIOSTATIN FRAGMENTS AND
AGGREGATE ANGIOSTATIN AND

10 METHODS OF USE
Field of the Invention
The present invention relates to endothelial inhibitors, called
15 angiostatin, which reversibly inhibit proliferation of endothelial cells. More

particularly, the present invention relates to angiostatin proteins that can be
isolated from body fluids such as blood or urine, or can be synthesized by
recombinant, enzymatic or chemical methods. The angiostatin is capable of
inhibiting angiogenesis related diseases and modulating angiogenic

20 processes. In addition, the present invention relates to diagnostic assays and
kits for angiostatin measurement, to histochemical kits for localization of
angiostatin, to DNA sequences coding for angiostatin and molecular probes
to monitor angiostatin biosynthesis, to antibodies that are specific for the
angiostatin, to the development of protein agonists and antagonists to the

25 angiostatin receptor, to anti-angiostatin receptor-specific antibody agonists
and antagonists, and to cytotoxic agents linked to angiostatin proteins.

Backgronnd of the Invention
As used herein, the term “angiogenesis” means the generation of
30 new blood vessels into a tissue or organ. Under normal physiological
. conditions, humans or animals undergo angiogenesis only in very specific
restricted situations. For example, angiogenesis is normaily observed in
wound healing, fetal and embryonal development and formation of the
corpus luteum, endometrium and placenta. The term *“endothelium”™ means



and antagoni sts, and to cytotoxic agents |linked to angiostatin proteins.
Background of the Invention As used herein, the
term "angi ogenesi s" nmeans the generation of 30 new bl ood
vessels into a tissue or organ. Under normal physiol ogical

condi tions, humans or aninels undergo angi ogenesis only in very specific
restricted siy, ?@g s. For exanpl e, angiogenesis is nornall ycplpassosesd | n
wound heal i ng, tal and enbryonal devel opment and formation of the
corpus | uteum endonetrlun1and pl acenta. The term "endot hel i um' nmeans
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Persistent, unregulated angiogenesis occurs in a multiplicity of
15 discase states, tumor metastasis and abnormal growth by endothelial celis

and supports the pathological damage seen in these conditions. The diverse
pathological disease states in which unregulated angiogenesis is present
have been grouped together as angiogenic dependent or angiogenic
associated diseases.

20 The hypothesis that tumor growth is angiogenesis-dependent was
first proposed in 1971. (Folkman J., Tumor angiogenesis: Therapeutic
implications., N. Engl. Jour. Med. 285:1182 1186, 1971) In its simplest
terms it states: “Once tumor ‘take’ has occurred, every increase in tumor

~ cell population must be preceded by an increase in new capillaries

25 converging on the tumor.” Tumor ‘take’ is currently understood to indicate
a prevascular phase of tumor growth in which a population of tumor cells
occupying a few cubic millimeters volume and not exceeding a few million
cells, can survive on existing host microvessels. Expansion of tumor
volume beyond this phase requires the induction of new capillary blood

30 vessels. For example, pulmonary micrometastases in the early prevascular
phase in mice would be undetectable except by high power microscopy on
histological sections.

Examples of the indirect evidence which support this concept
include: _

35 (1) The growth rate of tumors implanted in subcutaneous

transparent chambers in mice is slow and linear before neovascularization,



have been grouped together as angi ogeni c dependent or angi ogenic
associ at ed di seases. 20 The hypot hesi s that tunor
growt h is angi ogenesi s-dependent was first proposed in
1971. (Fol kman J., Tunor angi ogenesis: Therapeutic

inplications, N. Engl Jour. Med. 285:1182 1186, 1971) In its sinplest
terms it stapRpegssaace tunor 'take' has occurred, every i NCregaAR9oseEsse MOr
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to indicate a prevascul ar phase of tunmor growth in

whi ch a popul ation of tunor cells '3 occupying a few cubic
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and rapid and nearly expomeoiasailarivetl.c (Follanauok; etidlar Tumsr tebaviférin dsolated pérfused

al . Va Fg I ' n
vivo. L Vascul ar %vawygggf%sw MUn S anc}M{mSﬁmi

normal and neopl attic tra,qgg,pqmesintegﬁnalsegmems Annals of Surgery (§4:491-532, 4966)| nst .

6: 73-85, 1945) (3)Tumorgrov6t8)iniﬁurivss‘eunf@omealpaode§a§m andata
perfused organs where bI o ves ot_prol.i

erate
are limted to 1-2 m*eru dP'a%’f"&ibﬁsf e@fﬂﬁf?’{ﬂ?@@g r ndovascularization.
this vol ume when they are(ﬁl pe.cMiAd It ¢t al..cERuraerigiowtio and neovascularization: An

experimental model using the rabbit comea. J. Natl. Cancer Institute 52:41-
15 427, 1974) '

(4) Tumors suspended in the aqueous ﬂmd of the anterior chamber
of the rabbit eye, remain viable, avascular and limited in size to < 1 mm3.
Once they are implanted on the iris vascular bed, they become
neovascularized and grow rapidly, reaching 16,000 times their original

20 volume within 2 weeks. (Gimbrone MA Jr., et al.,, Tumor dormancy in
vivo by prevention of neovascularization. J. Exp. Med. 136:261-276)

(5) When tumors are implanted on the chick embryo chorioallantoic
membrane, they grow slowly during an avascular phase of >72 hours, but
do not exceed a mean diameter of 0.93 + 0.29 mm. Rapid tumor expansion

25 occurs within 24 hours after the onset of neovascularization, and by day 7
these vascularized tumors reach a mean diameter of 8.0 + 2.5 mm.
(Knighton D., Avascular and vascular phases of tumor growth in the chick
embryo. British J. Cancer, 35:347-356, 1977)
(6) Vascular casts of metastases in the rabbit liver reveal
30 heterogeneity in size of the metastases, but show a relatively uniform cut-
off point for the size at which vascularization is present. Tumors are
generally avascular up to 1 mm in diameter, but are neovascularized beyond
that diameter. (Lien W., et al, The blood supply of experimental liver
metastases. II. A microcirculatory study of normal and tumor vessels of
35 the liver with the use of perfused silicone rubber. Surgery 68:334-340,
1970)



neovascul ari zed. (Fol kman J, et al., Tunor behavior in isolated perfused
organs: In vitro growh and netastasis of biopsy material in rabbit thyroid

10 and canine intestinal segnents. Annals of Surgery
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avascul ar cornea proceeds slowy and at a |l i near rate,
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suspended in the aqueous fluid of the anteriod chanber

of the rabbit eye; remain viable, avascular and limted in size to < 1

i [err]. ) el ik WALl ot e 1 Gt

bed, they becone ovascul arize gr ow_rapl
reachi ng 16, 000 times t hefhe pengreptiaiglets, pre-vascular hyperplastig dsleiare Jimg WM@MI’(S

(G rrbr?ne NAer et a: ,mmmsdpwemqraﬁgLl(iqggft%elnsletsbecomenym&uhmed
prevention of neovascul arzat .on -

(5) \Wen tunmors are inpl af® 'ikf Blnmﬁ?elﬁgﬁl g’r‘?ﬁ‘? g’ﬂﬂﬁ c}‘a‘%’f’grﬂf&"&mm.lm
(rjrenbr?ne thgy gr 6w Sle\M mamegr?;bmof\ﬁmarmmw ¢Follstién ; etuis Induction of
0 not exceed a nean dia i tﬁgsi m e@m tu
25 occurs wthi gﬁﬁ . é_éiil @; tetrh t onset oﬁn ovascul %ll zaﬂbonn

and by day 7 vascul ari zed tunors reach a nean
di ameter of 8.0 + 2.5 mm (8) A specific antibody @faingt MBOF @asculay emsiothelial growth

L3P e LT M i e sty ant s st
casts of metastasés in thénlpgggqpfgm%lwﬂmaqumantumorsg@mhrelyon GF as their
het erogeneity in size of MthamgM(mmmMImdmﬁmeMmmﬂ

off point for the size at W’tﬁ Dfm
general |y avascul ar up tog 3?% % %t' ére ?@(S’)g{;éséu ar | ze ond

that diameter. (Lien W, URSE Apgiogenesis,wppressss Hmor

nmet astases. |l. A mcroci mtmyssammwlmr mal and tunor vessel s of
oo 33a.340 C | VE Wth the uggy B@Wﬁ%ﬂoﬁb%%ggﬁ%@’%@és 70%"iffibition of
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only mediator of angiogenesis. The antibody does not inhibit growth of the -

tumor cells in vitro. (Hori A, et al., Suppression of solid tumor growth by

immunoneutralizing monoclonal antibody against human basic fibroblast
20 growth factor, Cancer Research, 51:6180-6184, 1991)

(10) Intraperitoneal injection of bFGF enhances growth of a primary
tumor and its metastases by stimulating growth of capillary endothelial cells
in the tumor. The tumor cells themselves lack teceptbrs for bFGF, and
bFGF is not a mitogen for the tumors cells in vitro. (Gross JL, et al.

25 Modulation of solid tumor growth in vivo by bFGF. Proc. Amer. Assoc.
Canc. Res. 31:79, 1990)

(11 ) A specific angiogenesis inhibitor (AGM-1470) inhibits tumor
growth and metastases in vivo, but is much less active in inhibiting tumor
cell proliferation in vitro. It inhibits vascular endothelial cell proliferation

30 half-maximally at 4 logs lower concentration than it inhibits tumor cell
proliferation. (Ingber D, et al., Angioinhibins: Synthetic analogues of
fumagillin which inhibit angiogenesis and suppress tumor growth. Nature,
48:555-557, 1990). There is also indirect clinical evidence that tumor
growth is angiogenesis dependent.

35 (12) Human retinoblastomas that are metastatic to the vitreous
develop into avascular spheroids which are restricted to less than 1 mm3



4 (7) I'n transgenic m ce which devel op
carcinonmas in the beta cells of the pancreatic islets,
pre-vascul ar hyperplastic islets are limted in size to <1

mm At 6-7 weeks of age, 4-10% of the islets becone neovascul ari zed,

and fromthese islets arise |large vascul arized tunors of nore than 1000

5 twEBeade vol unme of the pre-vascular islets. (Fobétvespessset al .,
| nduction of angi ogenesi s during the transition from
hyper pl asia to neopl asia. Nature 339: 58-61, 1989)

(8) A specific antibody agai nst VEG- (vascul ar endothelial growth
factor) reduces m crovessel density and causes "significant or dramatic"
10 i nhi bition of growth of three human tunors which rely on VEGF as
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endot*hel i al growth fact or-l nd 8yl @ﬂ&heﬂsrkﬁsﬂﬁ Svity  meraftasi ﬁyﬁﬁwﬁ@&é—ﬂ
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20 growt h fact ocarcifia.cV. BAgh JaMed, 3241-8,11901,6ardd Weiliier T, et al., Tumor

Lomor and ts. trrg? 22![ aég’seé“;ﬁ‘%‘%ﬁ 2 ng%?ﬁ%ﬁ‘s s ilodndiln i‘@hﬁ%@ﬁéﬁfﬁ?‘m
cells early-stage breastoarcinuma, 7 dat, Cancer lost 8438751883, 1992kand

receptors for bFGF and iy rostanecancer(WmdnerNbEﬁ'l_'ollPR,rﬂixﬁ W,Solkntia
tunors cells in vitro. Ltlon of

Nb
solid tumor growth in vi \% 'Egm @3‘ ge,ngzgs cmptes,&glgbg)etastasm in invasive prosiate
Canc. Res. 31:79,1990) carcinoma. American Journal of PathblogyA 14320401409, 1993)

angi ogenesi s i nhi bi tof - ( AGikolek gt Bt of Y metasasi. growt h
and netastases ingvivo, but iIs SS ve |n |nh| b|t t ynor

cell prollferatlgr? in vitro. {IQM?%E‘H meé”arepnorto
proliferation 30 neovasculanmmn whe onsex nyna@vaactnugauommds to increased
concentration than it i nhtlﬁél&ﬁsstdfmleﬁ&iindanmcreasmgnskofmemstams. (Srivastava A,

proliferation. (Ingber D, et I Oi nhi nthetlc 0 S _of.
fumagi | 1in which inhibit Sh g'Lg"&rPé% SUH éy mg}é’t late
48: 555-557, 1990). There itluclalemoﬂuﬁewmﬂmn)mkmanelmmmﬁnzrtba’aﬂmbrtauw-
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N e RN ERT T
mi err] bFGF, is a more sensitive indicator of status and extent of disease than is
cytology. (Nguyen M, ez al., Elevated levels of an angiogenic protein,
X basic fibroblast growth factor, in urine of bladder cancer patients. J. Natl.

25 Cancer Inst. 85:241-242, 1993)

Thus, it is clear that angiogenesis plays a major role in the
metastasis of a cancer. If this angiogenic activity could be repressed or
eliminated, then the tumor, although present, would not grow. In the
disease state, prevention of angiogenesis could avert the damage caused by

30 the invasion of the new microvascular system. Therapies directed at control
of the angiogenic processes could lead to the abrogation or mitigation of
these diseases.

What is needed therefore is a composition and method which can
inhibit the unwanted growth of blood vessels, especially into tamors. Also

35 needed is a method for detecting, measuring, and localizing the
composition. The composition should be able to overcome the activity of
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despite the fact that they are viable and incorporate [err]Hthym dine
(when renoved from an enucl eated eye and anal yzed in
vitro). ' (13) Carcinoma of the ovary netastasizes
to the peritopgdéssr : menbrane as tiny avasccaruseéessss seeds
(1-3 mferr]). These mplants rarely 5 grow |l arger until
one or nore of them becones neovascul ari zed. (14)
Intensity of neovascul arization in breast cancer (Widner N, et

al ., Tunor angi ogenesis correlates with netastgsis in invasive breast
carcinoma. N. Engl. J. Med. 324:1-8, 1991, and Widner N, et al., Tunor

100 0% ar 1y St age b ealidilbpdl phBe RiiiSh BRBRRak: Sl 48 Bloyid e

1992) and formatiomefihe gapillasies inthe tomora thereby inhihiting tie growth of
Fl ax i] tBl Um?{";]d dt Wt Fol K gitumors. Thecom osm?n,fragménts&'ﬁ%mﬁﬁ&iﬁéﬂ%ﬁ%h%omes
correl ates wi rreasaS|S|n st a

carci noma. Anerican Jour nafP% *ﬁclr-}’ﬂ?'?? g&g%%ld&l&bﬁegemlgggmeﬂmfomamn

correlates highly Wth ri sbfcﬂpilﬂal‘teemotlst angwgemc processes, suCh as wound healing and

(15) Metastasis from hunman W&fﬁ&ﬂﬁ I

neovascul ari zati on. The ons &Al,lf? i{/yscu ar| Zg?‘n&% ﬁf&gﬁrﬁlg aném csis
thi ckness of the |esion and® P‘ﬁ@ﬁg E?eﬁﬁda‘s
A, : et almethotdfer (ﬁetmyngsneasudng; and localivireg thé bhdmgrsltes for the

vascularity in internediatg

t hi ck) skin nelanoma. Aner. o?poslsu?rha? we¥33§ ﬂ‘f& Oftd%é%&g% OQ%JMP &Xs@
1988) 10 composmqnlag,i fragments gfithe cempesition shauld be capaple qof being
of an angi ogeni c protein, conjugated to other moleculevfdsthoth fadivadtivecarsicm-radiogctive

cytol ogy. (Ngayen M et ol BEElEBEPECS (MO LS g ogeni ¢ protein.
basic fibroblast growh factor, i-n urine of bladder cancer patients. J.
Nat | . 25 Sanonarylof the Inventiohl - 242, 1993)
Thus, it is clear gnat angi ogenﬁmﬂw “f"sd] Eﬂﬁosmonsand ethods
nmet astasis of a cancer. If this angl ogeni c activi y cou i 3y or
el i mi nat ed, thentheturmr,"ea?ff’ﬁé@gﬁa‘pﬂf% ive {05 “HGFEQ‘FWP‘FM g
di sease state, prevention ahwamgd eggiogenesis, espebiilly\anglbg&nbﬁs celated)® amos grhwily.
The present invention includes a protein, which has been named
“angiostatin”, defined by its ability to overcome the angiogenic activity of
20 " endogenous growth factors such as bFGF, in vitro, and by it amino acid
sequence homology and structural similarity to an internal portion of
plasminogen beginning at approximately plasminogen amino acid 98.
Angiostatin comprises a protein having a molecular weight of between
approximately 38 kilodaltons and 45 kilodations as determined by reducing
25 polyacrylamide gel electrophoresis and having an amino acid sequence
substantially similar to that of a fragment of murine plasminogen beginning
at amino acid number 98 of an intact murine plasminogen molecule (SEQ
ID NO:2).
The amino acid sequence of angiostatin varies slightly between
30 species. For example, in human angiostatin the amino acid sequence is
substantially similar to the sequence of the above described murine
plasminogen fragment, although an active human angiostatin sequence may
start at either amino acid number 97 or 99 of an intact human. plasminogen
amino acid sequence. Further, fragments of human plasminogen have
35 " similar anti-angiogenic activity as shown in a mouse tumor model. It is to
be understood that the number of amino acids in the active angiostatin
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endogenous growth factors in prenetastatic tunprs and prevent the
formation of the capillaries in the tunors thereby inhibiting the growh of
the t'unors. The conpositi

specific to the conpositio oleé%%%@&ﬁ&%éﬁiﬁ%ﬁ%ﬂﬁsm %88@‘5@%
5 of capillaries irinkibiting aetiyity penicontomplated; es being dncludedrisuthe present
heal i'ng and inventioff.€pr-oduct i on. The conposi tion and net hod for
i nhi biting angi ogenesi s . refera e non-f oxi
and produce few side effects. N@@W@H&?’eﬂ“ pmw&) s ok X“'Pco‘ap?r’é?m or
for detecting, nmedsuring, tresting dxsaasenmgptobmshs ndﬂmgdshytumieﬁmd antl amncontrolled .

conposition as well as si tfn?t n&k&ﬁ%% tB hafaR Oi! %ﬁg& aU&’Fn ition
10 conposi tion and Che, co sition shou

bei ng CRORIINSR Sebstantiglly @ngiosialn, gngi %o&éﬂéﬂ%e
and nonr adi oacti ve _ anglostatm fragmehg o |agp@gas rangivstatin in a dosage sufficient to

31222:1%/ of the Invention ; pa. mgﬁo(fenestwh a'he present ﬂvgnt?tﬁxcﬁrﬂﬂﬁ&ﬁarw Ten.

i nvention conp03| I oNns
provi ded that arel®ff ect i viseatigg, o £y gpressng b SEBYHE Ofs umers. |W@Wﬁ§ﬂ of
unwant ed angi ogeneS| S, p:;% oatatill 1o BirRhEsT QGingal Mﬂh@i‘aﬂs&ﬂrmmétaﬂﬁsﬂdd*hmors
I

"'I'he present | nvention inc F ot ej ng whi ch. has been naned o
angi ostatin", defied by i ‘?’? %‘?"86%0’% éhqgﬁ nic activity of
The present invention also encompasses DNA sequences encoding
angiostatin, expression vectors containing DNA sequences encoding
15 angiostatin, and celis containing one or more expression vectors containing
DNA sequences encoding angiostatin. The present invention further
encompasses gene therapy methods whereby DNA sequences encoding
angiostatin are introduced into a patient to modify in vivo angiostatin levels.
The present invention also includes diagnostic methods and kits for
20 detection and measurement of angiostatin in biological fluids and tissues,
and for localization of angiostatin in tissues and cells. The diagnostic
method and kit can be in any configuration well known to those of ordinary
skill in the art. The present invention also includes antibodies specific for
the angiostatin molecule and portions thereof, and antibodies that inhibit the
25 binding of antibodies specific for the angiostatin. These antibodies can be
polyclonal antibodies or monoclonal antibodies. The antibodies specific for
the angiostatin can be used in diagnostic kits to detect the presence and
quantity of angiostatin which is diagnostic or prognostic for the occurrence
or recurrence of cancer or other disease mediated by angiogenesis.
30 Antibodies specific for angiostatin may also be administered to a human or
animal to passively immunize the human or animal against angiostatin,
thereby reducing angiogenic inhibition.
The present invention also includes diagnostic methods and kits for
detecting the presence and quantity of antibodies that bind angiostatin in
35 body fluids. The diagnostic method and kit can be in any configuration well
known to those of ordinary skill in the art.



20 endogenous growth factors such as bFGF, in vitro, and by it am no
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i nventi on. and i uno% gsent invention provides nethods
and conpositions for assays, Immuroiy ‘di seases and processes

medi at ed by undesi¥ed and unconiThesel angiostatin proteins and analogs alag gctoagcagonists and

adm ni stering to a human Ohnﬁﬁbrﬂﬁka@théﬁﬂgi%ﬂdﬁ&ptor, therebyenhancmgorblochngthe
conprising a substantially (g |osta os.tatl n _dersi |lv§ £
angi ostatin fragnent, or a a.a Jaia "?#}’rﬁ feing aredygeq in thedsplation o

i nhi bit angi ogenesis. The phmgitmaﬁmmeepmron is parti cuI arly useful for
The present invention also includes angiostatin, angiostatin

15 fragments, angiostatin antisera, or angiostatin receptor agonists and
angiostatin receptor antagonists linked to cytotoxic agents for therapeutic
and research applications. Still further, angiostatin, angiostatin fragments,
angiostatin antisera, angiostatin receptor agonists and angiostatin receptor
antagonists are combined with pharmaceutically acceptable excipients, and

20 optionally sustained-release compounds or compositions, such as
biodegradable polymers, to form therapeutic compositions.

The present invention includes molecular probes for the ribonucleic
acid and deoxyribonucléic acid involved in transcription and translation of
angiostatin. These molecular probes provide means to detect and measure

25 angiostatin biosynthesis in tissues and cells.

Accordingly, it is an object of the present invention to provide a
composition comprising an angiostatin.

It is another object of the present invention to provide a method of
treating diseases and processes that are mediated by angiogenesis.

30 It is yet another object of the present invention to provide a
diagnostic or prognostic method and kit for detecting the presence and
amount of angiostatin in a body fluid or tissue.

It is yet another object of the present invention to provide a method

. and composition for treating diseases and processes that are mediated by

35 | angiogenesis including, but not limited to, hemangioma, solid tumors, -

blood borne tumors, leukemia, metastasis, telangiectasia, psoriasis,




10 treating, or for repressing the growh of, tunors. Adm nistration

of angi ostatin to a human or animal with
prevascul ari zed netastasi zed tunors . will prevent the
growt h or expansion of those tunors. The present

I nvention al so enconpasses DNA sequences encodi ng

angi ostatin, yegpgAsf On vectors containing DNA sequences enoeefikge/058ss 15
angi ostatin, and cells containing one or nore expression vectors containing
DNA sequences encodi ng angi ostatin. The present invention further
enconpasses gene therapy nethods whereby DNA sequences encodi ng

angiostatin are introduced into a patient to nmdify in vivo angiostatin

| evel s. The present invention also includes

di agrosti ¢ net hods and k|t F‘EEE& '
nmeasurenent of angiostati n | n %%Foﬁ?%eﬁ&} Fmglomahdn | ssues%@agem’ Crohn's
and for localization of arflisedss plagye negvascularization, geropary callaterpls, carebrglepliaterals,

met hod and kit can be in mnambummrm@ﬁomeiséheMb ib , 0oyl disearesy

fs(l;irll in the art. The preﬁ@%{j{]@%ﬂ%ﬁtm es .an od eﬁg @mfl!ﬁfcﬁj

anti bodi es that i nfi bit tmthtlhs,dlabe%neovascmmzaﬁomm dﬁgenmmideumﬁlealmg.

specific for the angiosta n%énich{iﬁE? H‘E?ic%ﬂkﬁ?r Q QAtede d1segse§ fractures, eloxds
pol ycl onal anti bodi es or e antl I e

| onal g)g bod) es. | 1,1 C 8r
the angiostatin can be usetfHo fopiesis, q aH@?’éE?nW%rég‘?H tagon, ag
gquantity of angiostatin V\/matkcratshﬂva'gnost Ic or prognostic for the

occurrence ?Bgﬁ&r bijE 1@@@ ?Kﬁﬁﬁﬁl
medi at ed by angi o?ene3| S. s d 6 i % Eﬁ“’%@k‘ég&e@ﬁw
angi ostatin_may alf@o be adfer freating OE FePressing the growth pf a cancer.

animal to passively immunize tmmmbjeamfmupredenﬁmmwpﬂwmtwmpaundsmat
ey | oot 190" 22500 h okl e il the ppgura.or, iy o eppmes kot
detecting the presence andanginstetin in/ moranwrmdu es that bind angiostatin in

35 . body fluids. The ditagiTafhdrGbjettof @ piéientihvenEditopfovide adfiwstatin or
confi guration wells = s angiostatin antbBRU e irbd) $38cefls O slpBitn DA bnsd
PCT/ US96/ 05856 human or animal needing such angiostatin or anti-angiostatin antibodies.

It is an object of present invention to provide a method for detecting
and quantifying the presence of an antibody specific for an angiostatin in a
body fluid.
20 Still another object of the present invention is to provide a
composition consisting of antibodies to angiostatin that are selective for
specific regions of the angiostatin molecule that do not recognize

plasminogen.
It is another object of the present invention to provide a method for
25 the detection or prognosis of cancer.

It is another object of the present invention to provide a composition
for use in visnalizing and quantitating sites of angiostatin binding in vivo
and in vitro.

It is yet another object of the present invention to provide a

30 composition for use in detection and quantification of angiostatin
blosynthesxs.

It is yet another object of the present invention to prowde a therapy
for cancer that has minimal side effects. _

Still another object of the present invention is to provide a

35 composition comprising angiostatin or an angiostatin protein linked to a
cytotoxic agent for treating or repressing the growth of a cancer.



The present invention also includes anti-angiostatin receptor-specific
anti bodies that bind to the angiostatin receptor and transmt the

appropriate signal to the cell and act as agonists or
ant agoni st s. The present invention also includes
angi ostatin protein fragnents - 5 and anal ogs that can be

| abel ed i sot Qal or wiwth other nol ecul es or PCT/US96/05856
proteins for use I'n the detection and visualization of angiostatin binding
sites wi th techniques, including, but not limted to,
positron em ssion t onogr aphy, aut or adi ography, flow
cytonetry, radioreceptor binding : 10 assays, and :

I mmunohi st ochemi stry. 10 These angi ostati-n proteins

and anal ogs al so act as agoni st M wtof%ﬁ%mientmv%nm@w&gﬂaéﬁtnﬁuﬁdfwe

angi ostatin receptor, thereby e anC| g ar

bi ol ogi cal activity of andetEsteddeliveryos angipstatinerely WWWMP@E i on
of - t he angivgaaéthér objeeof tbé mvenuonxstoprovlde composxtmns and

The present invention al so i cI ude I O ta

(Faghents. angi ostatin antReupds il B8eStefhoy 0E 158 mhbdsiarion, of apgipenic
angi ostatin receptdr antagpméesses. | i nked to cytotoxic agents for t her apeutic
and research applications. Sti "l'heEéJﬁM‘Sther aﬁ%@%ﬁhfeﬁyané%v&‘iﬁ iof the present

fragments, statin antis ra, anaio at rece
agoni sts and angi ostatin rioveRtion, g Wil become apparent "é‘%fﬁéh}’r fgﬂgwgggg&ﬁed
conbi ned wi t h phar maceut i cddstription ofthe distlesedenibpdiments andithel appended clsifas.
optional |l y sustai ned-rel ease conpounds or comnpositions, such as

bi odegr adabl e poI ner s fo er. I ¢, conpositions.
The present inven pon mclﬁB‘M WP‘A&L for the ribonucleic
acid and deoxyribonucleic acid F1gm|lvmbwsrsmdbsnit):lpuhe)ammochdd sembmcei of rthof

angi ostatin. These nnlecula&mghﬁﬁﬁ nmeans to detect and neasure
25 angi ostatin blosyn esPs In Tissues and cells.

Accordingly; it is an object ofFigW@ % shavgs, the; W&FFQ“S“‘&%F‘E@“&“’MM for
conmposi tion conprising an mogneSEQ ED NO:2) and compares the murine sequdrnceiwith

At Enet 5 oS okl e iy pra 0 o
:5Land bg qesM ProfPin

30 It is
provide a fragmemh. agnmwsequememgmmdmmﬂom;dnmmRhSum
detecting the presence andporcmeandbovme. anount of angiostatin in a
body fluid or tissue.

et anot her_ obje
of the present invention to proﬁ;ggg%hmﬁ@ylabehngmdexof%moroe?ls ‘ﬁ% i the
conposi tion for t@ating dpsmseermma‘ymm are nedi ated by
35 angi ogenesi s i ncl 4 éﬁﬁﬁs@ﬁm#él%%lgﬁﬁﬂhem &'I%ew‘iﬂuhg

tunors, . blo bor o em a, netastasis,
tel angi ectasi a, psoriasis, pnmarymmoron bHGH defven ven aiigiogenesis in vivo.

Figure 5 shows dose response curve for serum derived from mice

bearing Lewis lung carcinoma (LLC-Low) versus serum from normal
25 mice. Bovine capillary endothelial cells were assayed in a bEGF-driven 72-
hour proliferation assay.

Figure 6 shows that both low and high metastatic tumors contain
endothelial mitogenic activity in their ascites, but only the low metastatic
tumor line has endothelial inhibitory activity in the serum.

30 Figure 7 shows a C4 Reverse Phase Chromatographic profile of
partially purified serum or urine from tumor-bearing animals.

Figure 8 shows surface lung metastases after the 13 day treatment
of mice with intact plasminogen molecuie, active fraction from a lysine
binding site I preparation of human plasminogen, concentrated urine from

35 tumor bearing mice and concentrated urine from normal mice.
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scl eroderma, pyogeni c granul oma, mnyocardi al angi ogenesis, Crohn's

di sease, plaque neovascul ari zati on, coronary collaterals, cerebral

coll aterals, arteriovenous mal formations, ischemc linb
angi ogenesi s ywé o0¢ixs di seases, . rubeosi s pmm ar

gl aucoma, diabetic retinopathy, retrolental fibroplasia,

arthritis, diabetic neovascul arization, macul ar degeneration, vvound

heal i ng, peptic ulcer, Helicobacter rel ated di seases,
fractures, kel oids, vasculjqgenesi s, hemat opoi esi s,
ovul ation, nmenstruation, placentation, and cat scratch

fevers. s _apot het t he present, .
i nvention to provide a conposi t?‘gwetgslh" P gh?afteﬁéﬁﬂq ﬁ‘be“ of mice with
repressing the growh of amnphsmmogenmolecule of human plasminogen, adtiveifmaction from

obj ect of the present inve ik V ﬁg@@p &5@? earin
nodul ate or mmc ‘the pr od{?sitnlgorbn %rléjgé*itlel%? engc}ﬁe Hn?egrooduc or b g
angiostatin in vivo or in wqeragdconcenu'atedunne m normal mice. is a further
obj ect of the presgnt bl gvent Lo%ﬂﬂ@asﬁhemﬁur&p&b&hmﬁomﬁfthe TrcHisizEctor
anti-angi ostatin antibodi es by Clqi t

SghFCY 1 |dBBRE! b TrRlunR B3 LD ot

human or ani mal needi ng suc or antt - anglost

It is an object of present aﬁ&i@%ﬂﬁ fomtapl meé@pafemmnfmobabwétmmgclonal
and quantifying the prgsgnmmyagmmhmplmbgenckﬁ@n ﬁflg-BQ%h'ﬁﬁ# Shows
a ody ot

obj ect of the present invent @h ”P%n ragég%u% A)showsrecombma%% s%gneﬂ?ed
conposi tion consi 30i ng of mﬁllﬁa'bm amumamm eB)lshow&ﬂIelastwashthtll XPBSof

specific regions of the anmeqmdomnﬂpbﬁpgj&o{vﬁéimﬂﬁﬂ?%
not

pl asm nogen.

present invention to provide a TSMedd- Ath sra hc?epxcuggperc “lhﬁl“l'f@‘ﬁ Wi‘!f'r

prognosi s of cancer. ~ capillary endothelial cells as a functibh of dilmion bfstockpAll /A2, BIf B2,
the present invention to pafyiElGredrdcBfibfiRnt ‘cfihes that e res uman angiostfiin HSiE
in visualizing anqsquant i tat| ngen I.t es. of %{1‘%2215 t|&| 5| \F

and in vitro. esis acuivity; &l C2 DY apd' 2 sonizpld gt nesativg conpols

present invention to provi dlonescontaining wgtor only w1thoutthe)h\pnm DNAsequence coding ifor
detection and quantificati gﬂgiggtaﬁngi ostatin
. Figure 13 shows the inhibitory effect on proliferation of
recombinant human angiostatin on bovine capillary endothelial cells in vitro.
20 Figure 14 shows the growth proliferation index and apoptotic index
after removal of the primary tumor and treatment with saline or a fumagillin
analogue with anti-angiogenic activity
Figure 15 shows the inhibition of growth of a T241 primary tumor
in mice by treatment with human angiostatin in vivo with a single injection
25 of 40 mg/kg/day.
Figure 16 shows the inhibition of growth of a LLC-LM primary
tumor in mice by treatment with human angiostatin in vivo at two doses of
40 mg/kg per dose (80 mg/kg/day).
Figure 17 shows the effect of the removal of a Lewis lung
30 carcinoma primary tumor on the growth of its lung metastases.
Figure 18 shows the growth proliferation and apoptotic index after
tumor resection
Figure 19 shows the effect of administration of angiostatin protein
~ to mice having implated T241 fibrosarcoma cells on total tumor volume as
35 a function of time.



bi osynt hesi s. ' It is yet another object of the

present invention to provide a therapy for cancer that
has m ni mal side effects. Still another object
of the present invention is to provide a 35 conposition

conprising angiostatin or an angiostatin protein linked to a

cytotoxic ag ;,:%rntreatl ng or repressing the growh of a GRARG6/0S8S6
VO 061 35774° WO '
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Anot her obj ect of the present I nvention is to provide a nethod for

targeted delivery of angiostatin-related conpggitions to specific |ocations
Yet anot her object of the invention is to -provide conpositions and

nmet hods useful for gene therapy_for .the nodqul ation qf .angi.ogepic, . . Ko X
processe. Fig fﬂfi‘g gﬁ Mﬁmg E angiosiana protem
advant ages of the present tomwehavingmplatedLemsﬂuﬂgtammoml(LM)edhrmtambamt
after a review of the foll

descrlptlon of
t he di scl osed enbodi nents an the ai)endeémﬁ ai
Brief Description of the Fi gurcEigure showsﬂweﬁwtofadmmmmpﬁmngm

SEQ I'D NIO 1, the agino aci tbmﬁn&eﬂngmﬁlatb@mucuhllzmcellsmgomahcells ontr?tal\ftgmio?volume
murine pl asm nogen. igure 2 shows the beginning
sequence of the angi ostat i ﬁsefoupcnonofhme murine (SEQ I D NG 2)

and conpares the nurine sequencEigare3? shows the effect of administration of angiostatinprotein

human (S(EgElQDI go N?é)) 5 Rhgs %W&ﬁmmm g implated human rostatecarcmoma
por ci ne an asmnm e

fragments. The nouse seque%g: 3 cguq ?‘ége%lwgt"&% qso%\gtgx%ﬁgn ﬁtﬁﬁ’ﬁ 0%3363"”
porci ne and bovi nel® Fi gure 3 shows Brdu | abeli ng

i ndex of tuhor cells in the Iunmgu&wﬁowsmeeffeze)ofadmmisuauoﬁrosmzar
absence of a primary tunor.

Matri gel analysis of the i 0 i pRqdefeient SCIN mice haying ‘umeglﬂ“man beast Carcinoma

MDA-MB cells on total tumor voliime as a function of time over a 24 day
period.

15 Figure 24 is a schematic representation of cloning of the mouse
DNA sequence coding for mouse angiostatin protein derived from mouse
plasminogen cDNA. The mouse angiostatin encompasses mouse
plasminogen kringle regions 1-4. PCR means polymerase chain reaction;
P1 is the 5-end oligonucleotide primre for PCR; P2 is the 3'-end

20 oligonucleotide primre for PCR; SS designates the signal sequence; ATG is
the translation initiation codon; TAA is the translation stop codon; HA
represents the hemagglutinin epitope tag (YPYDVPDYASL); K1, K2, K3
and K4 represent mouse plasminogen kringle regions 1, 2, 3 and 4

. respectively. CMV is the cytomegalovirus promoter; T7 is the bacteria

25 phage promoter; PA represents pre-activation proteins; and SP6 is the Sp 6
promoter.

Figure 25 depicts the number of cells as a function of days for non-
transfected cells (mock); cells transfected with the vector alone, without the
DNA sequence coding for angiostatin (Vector 5), and two angiostatin

30 expressing clones (AST 31 and AST 37). Panel (a) represents the results of

transfection of T241 cells. Panel (b) represents the results of LL2 cells.
Figure 26 shows the resuits of culture medium derived from E. coli

cells containing the angiostatin clone on cell number. Non-transfected cells

(mock); cells transfected with the vector alone, without the DNA sequence

35 coding for angiostatin (Vector 5), and three angiostatin expressing clones
(AST 25, AST 31 and AST 37). Panel (2) represents the results of



primary tunmor on bFGF driven angi ogenesis in vivo.
Figure 5 shows dose response curve for serumderived frommce

bearing Lewis |lung carcinoma (LLC Low) versus serum from nor nal 25
m ce. Bovine capillary endothelial cells were assayed in a bFG--driven 72-
hour proliferation assay. Figure 6 shows that
both | ow and g gdhsift astatic tunors contain PCT/USYGONBEd el 1 al
mtogenic activity 1n their ascites, but only the ow netastatic

tumor |ine has endothelial inhibitory activity in the serum . 30

Figure 7 shows a C4 Reverse Phase Chromatographic profile of
partially purified serumor urine fromtunor-bgaring ani nals.
Figure 8 shows surface |lung netastases after the 13 day t r eat ment

of m<e with intact plasmn iive fra f r,Qm sin
binding site | preparation 'bﬁg#lﬂ%fﬂﬂém fro E‘oh‘i “?R‘QP@@ 'ﬂ\%"r’g
35 tumor bearing ni cltonesdexpsessingt and oon-gxpressing)oon rtelirmimbﬂ‘cel’anel (b)

WD 967 35774 re; ts the results of incubation of culture m
PCT/ US96/ 05856 presen culture medium from controf (mock),

Figure 9 shows |ung wei ght Va‘ft?feﬂlm{er(se%ﬁag';ﬂW@éﬁ%ﬁl@%ﬂre%%nwwaﬂwmﬂ
i ntact pl asnmi nogen Smol ecul enctll number. (Raaslnc)regresents: thiei result8 0f ixicubatioh rof purified

| ysine binding site | prepg a@%%dlmmwmqm%tm@ﬁ&m%ﬁ%ﬂ&mg

m ce and concentrated urine m nor na
Figure 10 is a schematic r S}Use SRSIQEREY agr cell,pumbers herejn the culture medium was

Figure 11 depicts an i m"runqahhﬁ'dethdE & dysine-sppimtosed cOlu® to yield lysine binding
angiostatin froma | QL scal ernment ati on, probed w th nonocl onal

ant i body agai nst human pl asm Ro en kringle region 1-3. Arrow shows
reconbi nant human ¥hgi ost ati n. %MMWMMM totpigumer velnme as & fungtion of

10 with 0.2 M am no tidrodi ﬁn;ﬁsnﬁh% 8043 hR¥fosaitBmiadedlls\Vas nidk, bvh%rexthe

PBS of fltbhe | ysine, C u%uﬂsgq&%egsvf%m Clarlf{&fﬂ‘?‘ Q/BEIA

(lu-l-'

fromcracked cells.
depi cting percent inhibiti sequshcegoditigfor dngicstatin protein, and where the vector is capable of
expressing angiostatin protein. "Non-transfected” represents unaltered
15 T241 fibrosarcoma cells implanted in mice. "Vector 6" represents T241
fibrosarcoma cells transfected with the vector only, which does not contain
the DNA sequence coding for angiostatin protein, implanted in mice.
*Clone 25, Clone 31 and Clone 37" represent three angiostatin-producing
clones of T241 fibrosarcoma cells transfected with a vector containg the

20 DNA sequence coding for angiostation protein implanted in mice.
Figure 28 shows a schematic representation of the structure of
human plasminogen and its kringle fragments. Human plaminogen is a
single chain protein containing 791 amino acids with one side of N-linked
glycosylation at Asn289, The non-protease region of human plasminogen
25 congsisting of the N-terminal 561 amino acids existing in five separate
domains, termed kringles as shown in circles (K1, K2, K3, K4 and K§5),
along with proteins that separate these structures. Each triple disulfide
" bonded kringle contains 80 amino acids. Angiostatin covers the first 4 of
these kringle domains (K1-4), kringle 3 (K1-3) and kringle 4 (K4) are
30 obtained by digestion of human plasminogen with elastase. The rest of the
kringle fragments are recombinant proteins expressed in E. coli. SS =

signal sequence. PA = preactivation protein.

Figure 29 shows a SDS-PAGE analysis of purified recombinant
and native kringle fragments of plasminogen under reducing conditions.
35 (A) Individunal recombinant kringle fragments purified from E. coli bacterial
lysates were loaded onto a 15% SDS gel followed by staining with



capillary endothelial cells as a function of dilution of stock; A, A2, B1l,
B2 and E are reconbi nant clones that express human

angi ostatin anit- 15 angi ogenesi s activity; d, C2, D1 and D2
controls are negative controls cl ones contai ni ng vector
only without the human DNA sequence coding for

angi ostatin. we o6/35774 Fi gure 13 shows t he pdriuseéésssey
effect on proliferation of . reconbi nant human

angi ostatin on bovine capillary endothelial cells in vitro. 20

Figure 14 shows the growmh proliferation index and apoptotic index
after renoval of the primary tunor and treatnddt with saline or a

fumagillin anal ogue Wi th anti-angi ogenic activity
Figure 15 shows the inhibi heRaie Bk Shim ae%ﬁ te‘iﬁ’ﬁ?{

in mce by treatnment with Fgrran |%\2§ tr %W%% W % loade gjpgrlalllon
25 of 40" g/ ki ayme 3 =nitgls 1 (K1) Jane 3 < ingle’s (K2, v = Fungih 3,63

the inhibition of growh OIanasHﬁmglld@ﬂ(mﬂrauel molecular weight markers).t @)yOPurified
mce by treatnent with hu [ t
Y kﬁ%’gﬂ% o8 bl Werd' sl whi BoSRSER pile. Kringles 14

40 mg/ kg per dose (80 ng/
shows the effect of the re and kringlesi 13 (langy 3) were obtajped by digestion of human

carcinoma primary tunor on lismﬂégwmﬁﬁ ela§také!NgndTe mﬁw% ysine-Sepharose

Figure 18 shows the growth _prol fer a ot| dex.a
t unor resection ¢ mabgmp °°°m%ﬂ’8€£r§ ety eégfq’agﬁ ) Jyes

admi ni stration of angi ost asxpteqscd)meErcalz and re-folded in vitro. Molec\danwwtmm:tre

i npl ated T241 fi brosar cons jfdgted ?nel)'m)r vol ume as 35
a function of ting VO 6/3
PCT;J U89|6 / 05856 ! 10 ' 9 ?07 shows an inhibition of endothelial cell prolifgsation by

Figure Zﬁ shows t hF ef Iject reﬂonﬁﬂ:mmdmdmllknnglefragmgltmuﬁmgmstatm: dKringle fragments
Vo1 e as " Tune on o tL'e%;eF for 72 ﬁf:rs. (A) Anti ex%othehal oeuﬁymw ——
- proliferative effects of two
lysine-binding kringles, rK1 and rK4. The high-affinity lysine binding
15 kringle, K1 (-0-), inhibited BCE cell proliferation in a dose-dependent
manner. The intermediate- affinity lysine binding kringle, K4 (-®-),
showed only little inhibitory effect at high concentrations. (B) Inhibition of
BCE cell proliferation by non-lysine binding K2 and K3. Both K2 (-l}-)
and K3 (-03-) inhibited BCE cell proliferation in a dose-dependent manner.
20 Data represents the mean -+/- SEM of triplicates.
Figure 31 shows an anti-endothelial proliferation activity of large
kringle fragments of angiostatin. Proteolytic fragments, K1-4 (angiostatin)
(-0-) and K1-3 (-l-), inhibited BCE cell proliferation in a dose-dependent
' manner. Recombinant K2-3 (-®-) fragments exhibited a less potent
25 inhibition than those of K1-3 and K1-4. Data represents the mean of three
determinations (+/- SEM) as percentages of inhibition.
Figure 32 shows an additive inhibitory activity of recombinant
kringle 2 and kringle 3. (A) The intact fragment of rK2-3 (also see Fig.
31) displayed a weak inhibitory effect only at the concentration of 320 nM.
30 At the same concentration, an additive inhibition was seen when mutant
fragments of rK2 cysteine replaced by serine at the position of 169) and K3
(cysteine replaced by serine at the position of 297) were assayed together on
BCE cells. Each value represents the mean +/- SEM of triplicates. (B)
Schematic structure and amino acid sequence of K2 and K3. An inter-chain
35 kringle disulfide bond was previously reported to be present between
: cysteine169 of K2 and cysteine297 of K3 (Sthndel, S., Hu, C.-K., Marti,



Figure 21 shows the effect of admnistration of angiostatin protein

5 to mce having inplated reticulumcell sarconma cells on tota
tunor vol une ) as a function of tine.

Figure 22 shows the effect of adminstration of angiostatin protein

to i mmunodeficient SCID m ce having inplated human prostate carci nona
PC-3 cel|ls ORyg&iadat unor volume as a function of tinme over peyArkoskssss

10 peri1 od. Figure 23 shows the effect of
adm ni stration of angiostatin protein to

I mmunodeficient SCID m ce having inplated human breast carcinoma

MDA-MB cells on total tunor volume as a functiin of tine over a 24 day
peri od. 15 Figure 24 is a schematic representation
of clroni ng of the nouse D., Affolter, M., Schaller, J. %ﬁ%%ﬂ&ﬂx&ﬂbﬁ%ﬁé Bidthtm.
angi ostatin protein derived’from fotse gen
cDNA. The npuse anglostatﬂﬂpgﬁﬁbnpasses nmouse

pl asrii nogen kringle regions 1- FigheR3Irekuiss ﬁ@'iﬂhlﬁftﬁﬁeofcéﬂbﬂiehelaﬁfdl@&aﬁon by

P1 is the 5 -end oligonucl & 'deiggaldgf ﬁ%@ﬁnﬁepgqh&n’é%aysgﬁﬁéﬁ@gmﬁ'@‘%ao

ol igonucleotide prinre for®
the translation inftiati omqnmpowpﬁazttnmfereacamabmsmbwﬁmmmmme

represents the hemaggl uti %&:ﬁ@tﬁ&@@eﬁeﬁﬂnﬁ&ﬂﬁ%’@/ﬁ taé@gfﬁﬁnbmon (A)

and K4 represent nouse pl nogen_Krin regi o 9
respectively. CW is the m@&&ﬁfﬁtﬁé %’%‘Wgﬁepy WW“%@%"&E‘P@? individual
25 phage pr onot erkritgles: e (B) SGombinatoriabinhibitry actiyityoof combined #rifgle

is the Sp 6 W tgdr onot er .

Fi gure 25 depicts _the nunbe cel | s a function of days for non-
transected cells (lbrock), cells E‘S‘Hﬁﬁé@ 1oy Acthvity of angiosiatin ongndathekial
t he Dl\mkaﬂtee meductionliand alkylativngi ()t BDSPAGECimalysis) of thed

t i ostati .
Pancl (a) represents the rEaayeeslage 29U iBRBshcEa RAES 1) e BF sy Spfosfeln
T241 cells. Panel (b) reprPusifirdhumea angiosiptinwag rednced weth BTT followed by alkylation

Figure 26 shows the resul tgf fhe grotein wathnio exuss aibu@dofl fo@6adetantid.| The treated

I . ﬁ“&%w{fra&ﬁ?r&?fﬁﬂ%ﬁaﬁhéﬁﬂ@@%&?

wi thout the DNA sequence ¢ell pro ifegaion by red QF@S?%MSFPSPUE@F&

5), and three angiostatin eongémation of 8200nids Damrepresentsﬂ:ememofmmb(u%ﬁﬁ-/&l\d
AST 31 and AST 37). Panel sfaa.ipﬁ&%_esents the results of

Figure 35 shows an amino acid sequence alignment of putative

20 kringle domains of human angiostatin. The sequences of four kringle
domains were aligned according to their conserved cysteines. Identical and

conserved amino acids are shaded. The boxed amino acids in kringle 4

show the positively charged double lysines adjacent to conserved cysteine

residues of 22 and 80.
25 Figure 36 shows lysine-binding characteristics and reactivity of
expressed angiostatin.

Figure 36A shows a Coomassie stained gel (40 pl load).
Figure 36B shows an immunoblot (20 pl load) of similar gel.
Lane:1 shows broth from shake flasks of induced cultures showing
30 angiostatin protein at about 50 kD and a few other proteins. Broth from
induced cultures is diluted 1:1 with buffer and directly loaded onto lysine-
sepharose. Lane:2 shows the unbound fraction that passed through the
lysine column. All angiostatin protein expressed by P. pastoris binds to the
lysine column. Lane:3 shows specific elution with 0.2 M amino caproic
35 acid showing that P. pastoris expressed angiostatin protein binds lysine and
can be purified in a single step to homogeneity over a lysine-sepharose.
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i ncubation of culture mediumfromcontrol (nock) and all angiostatin

cl ones (expressing and non-expressing) on cell nunber. Panel (b)

represents the results of incubation of culture nmediumfromcontrol (nock),
vector al onev&(y;-% 4 6) and angiostatin clones expressing npgp@ssssasest atin
5 on ce nunber. Panel (c) represents the results of incubation
of purified cul ture nmediumfromcontrol (nock) and

angi ostatin cl ones expressing nouse angi ostatin on cell
nunber, wherein the culture nmedi um was 16 purified over a
| ysi ne- sepharose colune to yield Iysine bi ndi ng

conponents. 10 Figure 27 shows the effect o t.al
tunor vol ume as a funct i on AP the P. pastoris expressed angg%noqrop aﬁf‘?%@z‘w
fi brosarcoma cells in m ceconfmauouﬂh' dependent monoclonal annbodfyl (NrAPs)amseﬂmgamst
cell s have been transfecte dghy g 3vector containing a DNA

sequence coding for angi ostatl rot nd where the vector _ is capable of
expressing angi ostatin protei nnﬁgﬁﬁ sﬁﬂ%@? expEsscd-Apgiostatin projes 18 geen as
15 T241 fi bSosarconadmﬂﬂétshatnmgrmawimmmaejmmamﬁdumnmm

T241 :
only, which does not cont aPR@@éﬁ&R&Ee%%ﬂeﬁ ée{sarﬁ%ﬁ%ws%uence coﬁ%ﬁle"
for angiostatin protein, ifhAimfomdihs exprgssed angiostatin protein with N-glycanase; sperifiofor

Cone 31 and C one 37" rephigh mmmbarmmmmwm@mw@sm Panel A and

cl ones of T241 fi brosarco I

20 DNA seqguence cod *308?‘0% @In?%%l on pr%t]gn% &rf'gﬁqlg'ﬁ’ %gﬁggﬁ@gﬁgd
Fi gure 28 shows algcherratltesP@&W eﬁ{aaeﬂ@howam@ﬁgcu’mqsm epressed angiostatin
human pl asm nogen and its piotdigl Eardet22hoWs b purifibt A pasloAiF exiReea m%tatm protein
SI yoosyl ation at Asn[err] ah‘%hﬁ%%ﬁ*g%%%@ g W@?ﬁh"ﬁ@#‘iﬁﬂsgs P je
25 consi sting of Prafied Fernastesis expressed angigsintin P&@P@t digestedy wxm/y-
separate glycstas®i ns, ternmed kringles as shown in circles
(K1, K2, K3, K4 a K5), n rgteins _th
separate these stri(éctur es. EachF’tgr“ I?'gA Thovwsf cfgg%f\%mﬁieﬁ . astorzs g;‘%t(?ﬂsc?gd
kringle contains 80 am no a@sl@ssammwswmbleém@@owewm st 4 of

these kringle domains (KL1-4), kFigagl 888 shifws aiat?tﬁ!é?lpﬁﬁﬁétgl‘&oﬂb{nléﬂt) inhitits BCE

rost of the o R TSR @%@"@@Mﬁ%ﬁ%ﬂnﬁ s,

expressed in E. coli. SS =it the presence -)orabsence(g} g progenice of BFGF
preactivation prot28i n. with PBS as control (A), and in thel-‘prgen&. ﬁ%EGIOWRh?P pastoris
SDS- PAGE anal ysis of purifi, ﬁﬂegs % and native
kringle fragnents of plasm ogeﬁfu S{&ﬁﬁl UCI té condi ti ons.

1gur338C shows that the inhibition is dose dependent.

Figure 39 shows P. pastoris expressed purified angiostatin was
given systemically (subcutaneous) to mice with primary tamors.

25 Figures 39A and B show the number of metastases and the lung
weights respectively of mice treated daily with saline or P. pastoris
expressed angiostatin or plasminogen derived angiostatin protein. In
contrast to the lungs of mice treated with saline, lungs of mice treated with
P. pastoris expressed angiostatin protein or with plasminogen derived

30 angiostatin protein were non-vascularized and metastases were potently
suppressed.

Figure 40 shows that the lungs of mice treated with P, pastoris
-expressed angiostatin were pink with micrometastases while the lungs of
the saline control group were completely covered with vascularized

35 metastases. -



35 (A) Individual reconmbinant kringle fragnents purified fromE. coli

bacteri al | ysates were | oaded onto a 15% SDS gel
foll owed by staining with WD 96/ 35774
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Coonassi e blue. Approximately 5 [err]g of each protein was | oaded per |ane.
(lane 2 = kriywgbéasstid K1); lane 3 = kringle 2 (K2); |ane 4 = perwdeessss (K3) ;
| ane 5= kringle 4 (K4); lane 1 = nol ecul ar weight markers). (B) Purified

| arge kingle fragments were stained with Coonassie blue. Kringles 1-4

5 (lane 2) and kringles 1-3 (lane 3) were obtained by digestion of
human _ pl asm nogen with el agtase and purified by
| ysi ne- Sephar ose chr omat ogr aphy. Reconbi nant fragnent

of kringles 2-3 (lane 4) was expr.ess col i .and.
re-folded in vitro. Molecul ar viEASHH: 4} Ahovs 8 reduging ;Polyacryeixmxde glél electrophoresis

i ndi cated on the left (I anphm)graph (SDS-PAGE) of recombinant mouse Engjostatind it yheious
an inhibition of endotheli @c!a &bt ﬁﬁﬁ&dt{dir aid Qﬁ'gr@%atxon under mcke af rBgcohmm

oot o duel ki1 e fr@ﬁ%@%@p?am@&%@am

ng/ m 5 i!FﬁﬁthneBZaﬁmﬂys:ohmm)sMg maerilsclanab cohinkn flow
proliferative effects of t Iy5|ne bi ndi ng krlngles
rkKl and rK4. The hi gh- afflﬁﬁ?%yy osmm) kringle

(-0-), inhibited BCE cell prol .Fm%ﬁowaﬂ&e#@g@feégmaggmgmmommt
manner. The intermediate- gafohseunpiostatisbmboviietdpillgry'ehdonsslial cetfst (-[err]-),

of o omy HtiTe g ety F’f‘&?"ﬁ“‘?é‘?ﬂ g@ﬁ%@&%ﬁﬁ%%@%ﬂ&ﬁ“

K3. Both K2 (-[errp-) mg/kg/day aggregate angiostatin mmeripnqculm pithdewiching
cell proliferation in a doggcgeRgndent manner. Dat a
represents the nmean +/- SEM of

Figure 31 shows an anti-endot heth'Fe %‘fg‘}"l“fseq‘%ﬁf%°&&“?9m}“m of afirginistering 10
kringle fragments of angi omgikg/day sggregate pugiostdtimnipmitesinnecnlated ithi Icewis fung)
(-0-) and K1-3 (-[err]-), icabinbinhed BCE cell proliferation in a

dose- dependent manner. Reconbi nant K2-3 (-[err]-)
fragments exhi bi tdd a less pot ent 25 . inhibition than those of
K1-3 and Ki1-4. Data repres®etailedDeseniptionof t hree

The present invention includes compositions and methods for the
detection and treatment of diseases and processes that are mediated by or
associated with angiogenesis. The composition is angiostatin, which can be

20 isolated from body fluids including, but not limited to, serum, urine and
ascites, or synthesized by chemical or biological methods (e.g. cell culture,
recombinant gene expression, protein synthesis, and in vitro enzymatic
catalysis of plasminogen or plasmin to yield active angiostatin).
Recombinant techniques include gene amplification from DNA sources

25 using the polymerase chain reaction (PCR), and gene amplification from
RNA sources using reverse transcriptase/PCR. Angiostatin inhibits the
growth of blood vessels into tissues such as unvascularized or vascularized
fumors.

The present invention also encompasses a composition comprising,

30 a vector containing a DNA sequence encoding angiostatin, wherein the
vector is capable of expressing angiostatin when present in a cell, a
composition comprising a cell containing a vector, wherein the vector
contains a DNA sequence encoding angiostatin or fragments or analogs
thereof, and wherein the vector is capable of expressing angiostatin when

35 present in the cell, and a method comprising, implanting into a human or
non-human animal a cell containing a vector, wherein the vector contains a




determ nations (+/- SEM as percentages of inhibition.

Figure 32 shows an additive inhibitory activity of reconbi nant

kringle 2 and kringle 3. (A The intact fragnent of rK2-3 (also see Fig.

31) displayed a weak inhibitory effect only at the concentration of 320 nM
At the sanme concentration, an additive inhibition was seen

when nut ant fragments of rK2 cysteine repdaeogoiee

serine at the pos % Ion of 169) and K3 (cysteine

repl aced by serine at the position of 297) were assayed together on

BCE cells. Each value represents the nean +/- SEM of triplicates. (B)

Schematic structure and am no acid sequence of g2 and K3. An inter-chain

35 kringle disulfide bond was previously reported to be present
bet ween stei nel er r&M@%p yst ei.nel e

(Sthndel, S., Hu, C -K., N&?lﬂ( fehie ¢ @ tereit V“J"“s““l’ﬁﬂ“f
PCT/ US96/ 06856 exptessmgangwsmtmwhenptesentmtheceﬂ.

[B)I bcﬁfe];nm ter, M, Schaller, J. r,Mhe ﬁ%nﬂlﬁ%duonl-:eﬁomﬁ)}s%g@anﬁmsm%%
shows an i nhibition of endd‘!l gqg@qtqﬂqaggsera,angmstannreceptoragomstsor
conbi natorial kringe fragmghmﬁmemsmgmmtfmdemm
concentration of 320 nM for L gg&,% H?ﬁi e

mean of three determ nations '?J -lé( per ¢ I;ﬁg% é%&é&?l%%nptopﬁs or
Inhibitory effects of fragr@mmﬁyn%oﬁ%hrﬁt\”@ﬂem ler polymers: dp\ 4 oggaqherapeuuc

kringles. (B) Conbinatori alcompositiohr Yinapirtivalay, thé iavéitioAeicludes @ Composition

of anglosi at i n on_endot hel  guprsing an a8l hat oty Blhad Ryt Pl e

al kyl ation. (A) SDHPAGE arfatifedysioes not hind to plasminogen. reduced (I ane
2) and non-reduced (lane 1) for More! pirtoElirian e picabitMinvention includes a protein

of the protein wth an excAeoumi et tits nflesiiiegh ¢t aptrgitaly 38 o

15 sanpl es were di al45Xiledalions G) hasis capableaif overcoming () angiogenic adtivity of
BCE endogenous growth factors such as bFGF, in vitro. Angiostatin is a protein
15 having a molecular weight of between approximately 38 kilodaltons and 45

kilodaltons as determined by reducing polyacrylamide gel electrophoresis

and having an amino acid sequence substantially similar to that of a murine

plasminogen fragment beginning at amino acid number 98 of an intact

murine plasminogen molecule. The term "substantially similar,” when

20 used in reference to angiostatin amino acid sequences, means an amino acid

sequence having anti-angiogenic activity and having a molecular weight of

approximately 38 kD to 45 kD, which also has a high degree of sequence

homology to the protein fragment of mouse plasminogen beginning

approximately at amino acid number 98 in mouse plasminogen and

25 weighing 38 kD to 45 kD. A high degree of homology means at least

approximately 60% amino acid homology, desirably at least approximately

70% amino acid homology, and more desirably at least approximately 80%

amino acid homology. The term “endothelial inhibiting activity” as used

herein means the capability of a molecule to inhibit angiogenesis in general

30 - and, for example, to inhibit the growth of bovine capillary endothelial cells
in culture in the presence of fibroblast growth factor. -

The amino acid sequence of the complete murine plasminogen

- molecule is shown in Figure 1 and in SEQ ID NO:1, The sequence for

angiostatin begins approximately at amino acid 98. Active human

35 angiostatin may start at either amino acid 97 or 99 of the intact human

plasminogen molecule. The amino acid sequence of the first 339 amino



cell proliferation by reduced and non-reduced fornms of angiostatin at a
concentration of 320 nM Data represents the nean of inhibition +/ - SEM

of triplicates. Figure 35 shows an am no acid
sequence al i gnnent of putative 20 kringl e domai ns of human
angi ostatin. The sequences of four kringle domai ns were

al i gned acconrghgghsrsy t heir conserved cysteines. Identical angeypsosnssss
conserved am no acids are shaded. The boxed amino acids in kringle 4
show t he positively charged doubl e |ysines adjacent to conserved cysteine

resi dues of 22 and 80. 25 Fi gure 36 shows

| ysi ne-bi ndi ng characteristics and reactivity j0f ) :
expressed angi ostatin. Fi gure 36A shows a
Coonessi e stai ned gel (40 . - | ,
36B shows an i munobl ot ( Op} mOusg {s ghoynin Figure 2, (SEQ ID %:3,

Lane: 1 shows broth from shmdeswmqi themcaswfmpmmlmnogenpmm
angi ostatin protein at abogj 0:3) RREks o @@;ﬂ?m

: ggrﬁgd cultures is diluted @%h%f er . di ﬁ@fﬁ‘ﬂh

t hat passed through the thatthesesequencesareﬂenhgﬂmmelboﬁeuﬂﬂ%oﬂtbbuam@midsmh

proteln expressed by P Pag! 68 hadhuldd it thiGming acid ssquence of the arglial is

col um. Lane: 3 shows speci

aci d showi ng that P. pasto?qb§m5%¥e%‘§ NS SPREes: W%P@E‘rﬁﬂ%%m

and v . C agnghstagin is ot kﬂk;wmrgcﬁalylﬁlites ddfiapd byothd aivkgalag wkight of
over a |ysine-sepharose.
PCT/ US96/ 05856 the active mbectie! Thé Zfrino acid sequence of the angmitgtm of the

Al so, the P. pastdPis exprBresend inyantionraay vanyr depending sapon foamiwhich species the

ﬁonf olr mat '1 Opal I3y dependent pﬁ@nﬁﬁx@bﬁﬁﬁbleéﬂbh@ﬁ&i’veﬁvﬁ% rﬁm&@gh ﬁ@%ﬁ%&taun ofthe
rrngl es (6]

a tor
expressed angi ostatin prot BYSRETt nvention that is denvg&]frgm%uman pYaVSsmén B
m grates at 49 kD and 51. 5differem sdquemte thah amgiesfatire derBid8- from mouse, it has anu-

PACGE Coonmssi e stai ned gel ingigﬁﬁié%ﬁ'ﬁtytagﬁhm%%&hé iR thoa@np! ex

15 Angiostatin has been shown to be capable of inhibiting the growth
of endothelial cells in vitro. Angiostatin does not inhibit the growth of cell
lines derived from other cell types. Specifically, angiostatin has no effect on
Lewis lung carcinoma cell lines, mink lung epithelium, 3T3 fibroblasts,
bovine aortic smooth muscle celis, bovine retinal pigment epithelium,

20 MDCk cells (canine renal epithelium), WI38 cells (human fetal lung
fibroblasts) EFN cells (murine fetal fibroblasts) and LM cells (murine
connective tissue). Endogenous angiostatin in a tumor bering mouse is
effective at inhibiting metastases at a systemic concentration of
approximately 10 mg anglosmunlkg body weight.

25 Angiostatin has a specific three dimensional confonnauon that is
defined by the kringle region of the plasminogen molecule. (Robbins, K.C.,
“The plasminogen-plasmin enzyme system” Hemostasis and Thrombosis.
Basic Principles and Practice, 2nd Edition, ed. by Colman, R.W. et al. I.B.
Lippincott Company, pp. 340-357, 1987) There are five such kringle

30 regions, which are conformationally related motifs and have substantial
sequence homology, in the NH> terminal portion of the plasminogen
molecule. The three dimensional conformation of angiostatin is believed to
encompass plasminogen kringle regions 1 through 3 and a part of kringle
region 4. Each kringle region of the plasminogen molecule contains

35 approximately 80 amino acids and contains 3 disulfide bonds. This

' cysteine motif is known to exist in other biologically active proteins. These



chain fromthe expressed angiostatin protein with N glycanase specific for
hi gh mannose structures results in a single band of 49.5 kD. Panel A and
panel B show a Coomassie stained gel and an i mmunobl ot of a simlar gel

10 respectively. Lane:1 shows a purified P. pastoris expressed

angi ostatin ' protein. Lane:2 shows a purified P
pastoris expr, ngi ostatin protein [ I n

di gestion coaﬁﬁ IOE@ wi t hout N-gl ycanase. Lane: 3 shows PR SESG
purified P. pastoris expressed angiostatin protein digested with N

gl ycanase. 15 Figure 38A shows 4 [err]g of purified
P. pastoris expressed angipgstatin protein as a doubl et
on a Coonumssi e gel Fi gure 38B shows that the

purified reconbi nant inhibits.BCE - ol i.f.eration. The M
BCE assay cell counts obt aPWi%nsa’PFlgFe'ﬁ“ AL hpgtegm,gﬁuombm, hepatocyte growth
in the presence ([err]) or fastonsouter facior aid naesphagestiniviating prosein.(¥oshimuta, BRG-

g T Sl ey i ] o
Fi gure 38C shows that the PHfARIBHRG Brptsia e%ég'g@n?ﬂﬂﬁpgsg‘ P as a member of the
Figure 39 shpwsI :3 SE)asLori ﬁnﬁlymf&singﬁppmihﬁtmﬁow@immigawmﬁchmmosome K A
gi ven systemical ly (subcut t MR .

L guree 39A and B show { hel g oL 26BN P 1SN Vodel 1958, 1t s comtemplid
wei ghts respectively of ni thataydselated protain oy profinshavinga thee dimepsiona] kringle-like

expressed angiostatin or pltafoiniution or Cyteineatiotifbat®as siti-ihgidgehieiabtivily'in vivo, is

contrast to the lungs of m ' aline, lungs of mce treated
W t h gb&g%éﬁoﬁ%qg%%_s'ed a.n%i ostatin protein or with
pl asni nogen derivd@ 30 The present inventipmalscinglpdes therdeteptioncof the angiostatin in

non-vascul ari zed and net asbage sluids’ shdPidseey for thszlgnrpose of diagnosis or prognosis of

suppr essed. fl}sgases suchascancéii'ﬂ)lérp?e @gﬁ@sé%ﬁﬁ%%‘%ggg Sf o

mce treated With P. pastorrs NN ) )
were pink wth mcromet ast aagiestsiin biadingsites, argsregeptors in cells and tissues. The pragent

saline control group were @RgRiieH alsy ifichi@dseliethbds of Bestitlgdér pRlenting angiogéhic
met ast ases. 15 VO 96/3Rdddand processes including, but not limited to, arthitis and tumors by
PCT/ US96/ 05856
stimulating the production of angiostatin, and/or by administering
substantially purified angiostatin, or angiostatin agonists or antagonists,
and/or angiostatin antisera or antisera directed against angiostatin antisera to
a patient. Additional treatment methods include administration of
20 angiostatin, angiostatin fragments, angiostatin analogs, angiostatin antisera,
or angiostatin receptor agonists and antagonists linked to cytotoxic agents. It
is 10 be understood that the angiostatin can be animal or human in origin.
Anpgiostatin can also be produced synthetically by chemical reaction or by
_ recombinant techniques in conjunction with expression systems.
25 Angiostatin can also be produced by enzymatically cleaving isolated
plasminogen or plasmin to generate proteins having anti-angiogenic activity.
Angiostatin may also be produced by compounds that mimic the action of
endogenous enzymes that cleave plasminogen to angidstatin. Angiostatin
production may also be modulated by compounds that affect the activity of
30 plasminogen cleaving enxymes.

Passive antibody therapy using antibodies that specifically bind
angiostatin can be employed to modulate angiogenic-dependent processes
such as reproduction, development, and wound healing and tissue repair. In
addition, antisera directed to the Fab regions of angiostatin antibodies can be

35 administered to block the ability of endogenous angiostatin antisera to bind
angiostatin. '




17 Figure 41 shows a reducing pol yacrylim de gel

el ectrophoresi s phot ogr aph ( SDS- PAGE) of reconbi nant
nouse angi ostatin at various stages of purification and
aggregati on under nickel affinity columm chr omat ogr aphy

(lanes 1-3 inclusion body washes, |ane 4 insoluble fraction

in urea, |angygogiistianity colum starting materials, |lane 6 qqhnnna@ggw

t hrough, lane 7 elutant angi ostatin). Figure 42
shows the effect of adm nistering aggregate recombi nant

nouse angi ostatin on bovine capillary endothelial cells.

Fi gure 43 shows the effect on tunor vol une of aadm ni stering 2 10
ng/ kg/ day aggregate angiostatin in mce i nnocul ated with Lewis |lung

car cimoma. 44. shows the effect on {unor
vol ume of administering 10 The preseh v on alsp ERCOMPRSSES gene, 35%’? wherety the

angiostatin in mce i nnoc%@@@ﬂcmnmanmnli&mgulatedmapment. Various methods of

car ci homa. 15 transferring or delive gelldTore i‘&ﬁofth duct
The present invention incl ud cogéosl S ancisrret ho *p?é* © gene procn

detection and treatnent ofPf§ (038 BeNg Iherapy %FE(H‘%%@G“B@/%“
associ ated wi th an§i ogenesTrmnsféh into dvipmmaliamw Somatie Qelle sk ativa) N.V¥angh Crin Rde

rine and oo oM ROl %g“gby@B@gﬁlﬁ%rz‘”@E%y Bl aporpSFidl by

bi ol ogi cal methods (e.g. c@fqre’hcﬁi {Qfng therapy compasses incorporation ©f K/ sPquences
expression, protein syntheinkessongtit dellsn'rgem tine veltit fof use in either ex vivo or in vivo

Recombi nant 1 ELﬁﬁTSBZEGPnﬁﬁuﬁé?S% ek iheiGh] 7o B30, biliment nomnal or
25 usi ng1Phe pol y gang; fumetions 1and o (comhpt infentioye diseases and other

anplification from RNA sources using reverse
transcri ptase/ PCR. Angi ost atl n

nh| hits the,
bl ood vessels into tissues suck# 5]??\/‘?95 @%ﬁ%@%?&?ﬁ@??’é‘ggm" gxerapy
t unors. include therapdtitic sirategiessuch apidentifying the defective genecnd dena

conposi tion conprising,  adding a¥nctional mt@mﬁ@ﬁ%ﬂﬁo&ﬂ@ﬁﬁbﬁéﬂtﬁe%ve ene

sequence encodi ng,angi ostatin, ere

wh
capabl e of expresd ng angi SLPAPEHETLA éﬂglagsggqﬂonﬂ,gege,gép{ophgacm skiiegids, s“é“s
conposi tion conprising a céddinggene farithgpraductprotein theywsl adeat theweondision or that will

contains a DNA sequence enfiakeé ﬂﬂ 1RE Gt Urgin Hore 'susceHEBIE B £ tredtmeMak e, As an
thereof, and wherein the veeton i %idﬂ of e essin | ost.a
35 present in the °§ﬁ aH 3"3%&%@1 &71% “gﬂﬂﬁlaﬁﬁf’?w Wg’ea
human or p aceddnam!mm and thva [preyentaiccurcence of angiogenesise or vgene
wherein the vectongcont ai Ngha@makes tumor cells more susceptible to radiation could be inserted and
then radiation of the tumor would cause increased killing of the tumor cells.
Many protocols for transfer of angiostatin DNA or angiostatin
regulatory sequences are envisioned in this invention. Transfection of
promoter sequences, other than one normally found specifically associated
25 with angiostatin, or other sequences which would increase production of
angiostatin protein are also envisioned as methods of gene therapy. An
example of this technology is found in Transkaryotic Therapies, Inc., of
Cambridge, Massachusetts, using homologous recombination to insert a
"genetic switch” that tarns on an erythropoietin gene in cells. See Genetic
30 Engineering News, April 15, 1994. Such "genetic switches" could be used
to activate angiostatin (or the angiostatin receptor) in cells not normally
expressing angiostatin (or the angiostatin receptor) .
Gene transfer methods for gene therapy' fall into three broad
categories-physical (e.g., electroporation, direct gene transfer and particle
35 bombardment), chemical (lipid-based carriers, or other non-viral vectors)
and biological (virus-derived vector and receptor uptake). For example,
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DNA sequence encodi ng angi ostatin, and wherein the vector is capabl e of
expressi ng angi ostatin when present in the cell.

Still further, the present invention enconpasses angiostatin,

angi ostatin fvp@%g S, angiostatin antisera, angiostatin regpRfyRdsmassni st s

or angi ostatin receptor antagonists that are conbined with
pharnaceutlcally : accept abl e excipients, and optionally
sust ai ned-rel ease conpounds or conposi tions, such as

bi odegradabl e pol yners, to formtherapeutic 22.
conpositions. In particular, the invention i ncl udes a conposition

conprising an antibody that _spe |caII bi nd 0 tatln e
10 anti body does nofm‘be'ﬁ% ﬁ&&i hi2n a8 TipSsomes b ' DNAC

Mre particularly, the preSuckhpummdDMmmmmsimyheMﬂympctedmuavenouslym
desi gnat ed angi ostatin thagy, g tmtteﬁuﬁéfevw&ﬂﬂt Eh&fh@ggﬁ lgést
' o EI n enl c a

45 kil odaltons (kD) that is ¢ e of qQvercom | O |V|ty
of end SB%H: gm%&ncm Vet 3vhets: ek deliyes the DRpActo mscrophages ahd
Angi ostatin is a pSotein Kupffer ¢élls. These celly areglong lived and dtsvprogiie lafg term

bet ween approxi mately 38 k 0, Aéeld acte d.q]ﬁan
as determ ned by reducing cry mge gg e ectrgd‘ﬁoregf rsi&hﬁ

and having an anino acid s directly dnj M@W@\‘E’&W%e
pl asm nogen fragnent begi nmmmfat Bteﬂl e thenpetific DNAan | nt act

20" P oo Ty et orenge. t§%§%&3§§?ﬁ&§§§#‘§4&éﬁa%§ﬁw@ ey i

ani no acid 10 ameatal ays todeliverygenas inchide ep yiva igenecteanster.tiy va'nd

having a nol ecul ar wei ght En msfer.andmvmgenemmar%rwoegene&&s@dens&é

kD, which also has a high 0

to the protein fragnent of gg’m%i’%ﬁ@eﬁﬁg&%ﬁ%@m TMDNA“%%%“
approximately at amno aci antmhwsﬂsaahﬁ trangfeated pellssare respinded dn number and then
wei ghing 38 kD to 45 kD. A hnﬁegﬁﬁﬁﬁaﬁeﬂtombpﬁ&o@&mnafer,ltﬁeﬁﬁnsfomedoeus

approxi mately 60% no aci | ea fugé a OXI e
70% am no acid ho ogy, ﬁ% %Pdcg‘%&a%‘%ggé%‘ ’t cular

am no acid honol ogy. The téﬁmmamﬂﬁ%mﬁ%@mm" mmm the

transfected cells are selected and expanded for either implantation into a-

patient or for other uses.
In vivo gene transfer involves introducing the DNA into the cells of
20 the patient when the cells are within the patient. Methods include using
virally mediated gene transfer using a noninfectious virus to deliver the gene
in the patient or injecting naked DNA into a site in the patient and the DNA
is taken up by a percentage of cells in which the géne product protein is
expressed. Additionally, the other methods described herein, such as use of
25 a "gene gun,” may be used for in vitro insertion of angiostatin DNA or
angiostatin regulatory sequences.

Chemical methods of gene therapy may involve a lipid based
compound, not necessarily a liposome, to ferry the DNA across the cell
membrane. Lipofectins or cytofectins, lipid-based positive ions that bind to

30 negatively charged DNA, make a complex that can cross the cell membrane
and provide the DNA into the interior of the cell. Anothér chemical method
uses receptor-based endocytosis, which involves binding a specific ligand to
a cell surface receptor.and enveloping and transporting it across the cell
membrane. The ligand binds to the DNA and the whole complex is

35 transported into the cell. The ligand gene complex is injected into the blood

“



herein neans the capability of a nolecule to inhibit angi ogenesis in

gener al 30 and, for exanple, to inhibit the gromh of bovine
capillary endothelial cells . in culture in the presence
of fibroblast gromh factor. The amino acid
sequence of the conplete nurine plasm nogen nol ecule is
shown in Figuwweegssead in SEQ | D' NO. 1, The sequence for PCT/US96/05856

angi ostatin begins approximtely at am no acid 98. Active hunman 35

angiostatin nmay start at either amno acid 97 or 99 of the intact human
pl asm nogen nol ecul e. The am no acid sequence of the first 339 am no
WO 96/ 35774 23

PCT/ US96/ 05856

aci ds' of angiostatin from gpuse é*‘ﬁié%
and is conpared with the sequences 0 rrespon |ng p#@%} ogeh%fr?%%bmdme
fragrrents from human ( SEQ

fﬁrf'?ﬁ (SEQ I D NO'5) and i%ﬁgnw banas tho Qruen-cmstodms&t
a ese sequences are | i‘&ﬁ n%)g !?e eir no,aci ds

it is sele 8"‘1"?? 'ﬁ'gd o ONiu, PectpTL ey b 1sE in

the angiostatin is$ ex vivo methods tibigeduce genes jnte ipatipheral and tumarsndilireting

The total nunber of am no c hepatocytes, epidermal celﬁn Sytéd, iof oth®r 3thatic
known precisely but is. defl ﬂfo yﬁ P cytgu eﬁ}en\oel H:‘yﬁ or oFet de
the active nol ecul e. The aﬁ&iﬁo ﬂ%ﬁn‘ﬁ @%@ﬁ% ‘B@t‘ﬁ??’r‘i‘%‘fwf’w the

10 present i nvent igene praguct from thieinssrdd DNApon from whi ch speci es

t he pl asm noggR YadEs [

angi ostatin of the 8rg45§r?%salﬁréf€ﬂeh§élﬂg%m§%v§ %%Eﬁ‘hgﬁ
from human pl asmi n’&gen has VIPORTPIgRels-y T tissue-specific expreggion; of fRrGiEnEERehe Al

than angiostatin deri vedhf raciingregulsiory dlerhents arrptomoters that are known to be tissue specific
Angi ostatin has been s himﬁ%bﬁﬁ;ﬁ%ﬁ%@n&% AR G e et i i ivery of
of endothelial cells in vitNAog ¥ecHars to emeﬂicrmtqmcnltsitcs inrwvavay r Bagreample,
cel | Catin has ffect pene G@iskar @6l blobd Wesell #f vivs Was hotiiéved bPRaplahtipiin!vitro
?in%le;s ?ri nk | ung glpft hel i UW% ﬂgﬂsmcﬁ@%%i@@aﬁﬁﬁmﬁg%
infected surroundmg cells which also expressed the gene product. A viral
vector can be delivered directly to the in vivo site, by a catheter for example,
thus allowing only certain areas to be infected by the virus, and providing
long-term, site specific gene expression. In vivo gene transfer using
20 retrovirus vectors has also been demonstrated in mammary tissue and
hepatic tissue by injection of the altered virus into blood vessels leading to
the organs.
Viral vectors that have been used for gene therapy protocols include
but are not limited to, retroviruses, other RNA viruses such as poliovirus or
25 Sindbis virus , adenovirus, adeno-associated virus, herpes viruses, SV 40,
vaccinia and other DNA viruses. Replication-defective murine retroviral
vectors are the most widely utilized gene transfer vectors. Murine leukemia
retroviruses are composed of a single strand RNA complexed with a
nuclear core protein and polymerase (pol) enzymes, encased by a protein
30 core (gag) and surrounded by a glycoprotein envelope (env) that determines
host range. The penomic structure of retroviruses include the gag, pol, and
env genes enclosed at by the 5' and 3' long terminal repeats (LTR).
Retroviral vector systems exploit the fact that a minimal vector containing
the 5" and 3' LTRs and the packaging signal are sufficient to allow vector
35 packaging, infection and integration into target cells providing that the viral
structural proteins are supplied in trans in the packaging cell line.



bovi ne aortic snmooth nuscle cells, bovine retinal pignent epithelium

20 MDCk cells (canine renal epithelium, W38 cells (human fetal
| ung fibroblasts) EFN cells (rmurine fetal fibroblasts)
and LM cells (nurine connective tissue). Endogenous
angiostatin in a tunor bering nouse is effective at

I nhi biting mayasgssaes at a system c concentration of PCT/US96/05856
approxi mately 10ng angi ostatin/ kg body wei ght. 25

Angi ostatin has a specific three dinmensional conformation that is

defined by the kringle region of the plasm nogen nol ecul e. (Robbins, K C.,
"The pl asm nogen-plasm n enzynme system' Henost2dsis and Thronbosi s,

Basic Principles and Practice, 2nd Edition, ed. by CoI man, RW et al. J.B.

Li ppi ncott Conpany, pp. 34@uaRfne ia?%@aﬂ%@ %fi‘ée ate ??lkéén@ sfer include

30 regi ons, which ar?ﬁcgon ormat s~ an

subst anti al W%?WWFH“ F!‘?ét qefltypesy Hﬁeﬁﬁ? single
portion of the plasm nogencopy vector mtegtanon into targ& cell Whfomokbmal DNAG and ease of
di.mensi onal conformation o S’ftﬁéﬁmbﬁv@f%n%%d to

enconpass pl asm nogen kri ng ags ns and a part of kringle
region 4. Each krifdgle regi on offbe fadensivirysiis 6omposed| @clim@»r,c@“blﬁ pizanded DNA
35 appr oxi mat el ycaﬂ pREEd iflC bore m&m&m@hﬁﬁo&d& soﬂhi b&b%ub RsiSins.

hi f
-ll)-l Ioisogl cally active prote| v&':r:ﬁl% géléculax klogﬁ]aggfegggb?amh@ eRfilit the biology

PCT/ US96/ 05856 of these organisms to create vectors capable of transducing npgel genetic
proteins include, but are uehéeﬁhﬁt@%ré&cel&rﬂtv%OfmieﬂavﬂﬁBﬁeQQ&t&sm%

L?ct or, scatter faﬁ)t_or and mcr%ﬁgl’mﬁh{,&#&é}&% ‘g‘iﬁ?P osh rrura

macr ophage ' efficiensies mwgymvmmthlqwﬁrsm éddftnomﬂy teP
as a nenber of the I RERS ﬂﬁ?d%ﬂ%
| ocates the MSP gene on Ch%g%ymfecﬁ%a&e@ﬁe@%ﬂﬂk@m 0 ell fines

Vol . 268, No. 21, pp. 1546RFm% 8%‘“%@93‘)“°‘WP2‘°E%P%WBP§?W°MWWBW
that any isol at ed pr ot ei n @biligy totachievellong temn exprdssion ofhetrapoiagoms génes in vivo.

krit ngl e-1ike Is _ M&ameﬂrmémedk 6f DS ldetiviey mme £ euk@ﬁpm
gpe!s;aﬁtn g: ﬁggﬂl Foﬁc vty | Vesiclés such as liposomes or other vesicles £61 memgrane usion, lipid

particles of DNA incorporating cationic lipid such as lipofectin, polylysine-
mediated transfer of DNA, direct injection of DNA, such as microinjection
of DNA into germ or somatic cells, pneumatically delivered DNA-coated
20 particles, such as the gold particles used in a "gene gun,” and inorganic
chemical approaches such as calcium phosphate transfection. Another
method, ligand-mediated gene therapy, involves complexing the DNA with
specific ligands to form ligand-DNA conjugates, to direct the DNA to a
specific cell or tissue. _
25 It has been found that injecting plasmid DNA into muscle cells
yields high percentage of the cells which are transfected and have sustained
expression of marker genes. The DNA of the plasmid may or may not
integrate into the genome of the cells. Non-integration of the transfected
DNA would allow the transfection and expression of gene product proteins
30 in terminally differentiated, non-proliferative tissues for a prolonged period
of time without fear of mutational insertions, deletions, or alterations in the
cellular or mitochondrial genome. Long-term, but not necessarily
permanent, transfer of therapeutic genes into specific cells may provide
treatments for genetic diseases or for prophylactic use. The DNA could be
35 reinjected periodically to maintain the gene product level without mutations
occurring in the genomes of the recipient cells. Non-integration of



10 The present invention also includes the detection of
the angiostatin in body fluids and tissues for the
pur pose of diagnosis or prognosis of di seases such as
cancer. The present invention also includes the detection of

angi ostain binding sites and receptors in cells and tissues. The present

i nvention al gRydsRstmdes nethods of treating or preventing amwgm

15 di seases and processes including, but not limted to, arthritis
and tunors by stinmulating the production of '
angi ostatin, and/or by adm ni stering substantial ly

purified angi ostatin, or angiostatin agoni sts28r antagonists,
and/ or angiostatin antisera or antisera directed agai nst angi ost atin

antisera to exogenowd %NAseﬂfay Al tbe@l?J[ gt 56 N@{fferent

I ncl ude adm ni stration of a |os atin
fragnents, angiostatin ana?’€9§§n°‘1§rw&ﬁ%§mmlﬂ%%ﬁ’ae cell with all of the constructs
or amygiostatin receptor agexpresing earibugpéreposdusiss | i nked to cyt ot oxic

ggegtms.rm: tor human_ i n ori gi -n éﬁn&lﬁ-ﬁ’é‘dﬂ&@@%&%oﬂﬂg ?a%‘?{hg?f lgfﬁ%ggn

produced syntheticdlly by wansfarming plantdissugn With gyparticle bombardment device, or "gene

rAecorrblt n?nt techn: que; in g@mwmvetbm k@eﬁé’:ﬁfeﬂ&éh&alesatéb@mcoatedmgh deity
ngi ostatin can al so be pr ma ying

pl asmi nogen or plasmin to gﬂﬁé%d%&'ﬁé?ﬁ ﬁé’ngg?ﬂ)*b g’ﬁg tﬁag@ﬁp\gspenetrauon

activity. of the fangst organs, itissues.or cﬁllsoPaIuclprboﬂbmdmmgcan(banS

that mimic the action of = yirp systems, or with ex VHARIR DAY SechRTEER d:h&a&uce'mxe
pl asm nogen to anqhost atin, Angl gstatin production nmay

al so be nodul at ed*By conpo PEUEMSt he activity of
pl asmi nogen cl eavi ng enxynes. Electroporauonforgenen'ansferuses ane&&mal/axmntlohm

therapy using antibodies tgg g

angi ostatin can be enpl oye at?ﬂaﬂg%ll 0g SR c ‘e”r‘né“"ﬁf”“’é‘r%e“ss%‘é‘%fer
such as reproducti on, deveP’é?frﬁlW‘éHEP‘“ﬁS’u n@vmléﬁwn%md@mm the
addi tion, antisera directeperineabitiey bfila mhegbrans mfsuanelmtmht DNX inid)esileascan

can be 35 P b s O ki 8 ety ' AR Sp

angi ostatin antlsera to bi
96/ 35774 with ex vive or in vivo techniques to mtroduee DNA into cells, tissues or

PCT/ US96/ C6856 organs. _ 21
Carrier mediated gene transfer in vivo can be used to transfect
foreign DNA into cells. The carrier-DNA complex can be conveniently

20 introduced into body fluids or the bloodstream and then site specifically
directed to the target organ or tissue in the body. Both liposomes and
polycations, such as polylysine, lipofecting or cytofectins, can be used.
Liposomes can be developed which are cell specific or organ specific and
thus the foreign DNA carried by the liposome will be taken up by target

25 cells. Injection of immunoliposomes that are targeted to a specific receptor
oh certain cells can be used as a convenient method of inserting the DNA
into the cells bearing the receptor. Another carrier system that has been
used is the asialoglycoportein/polylysine conjugate system for carrying
DNA to hepatocytes for in vivo gene transfer.

30 The transfected DNA may also be complexed with other kinds of
carriers so that the DNA is carried to the recipient cell and then resides in
the cytoplasm or in the nucleoplasm. DNA can be coupled to carrier
nuclear proteins in specifically engineered vesicle complexes and carried
directly into the nucleus.

35 Gene regulation of angiostatin may be accomplished by
administering compounds that bind to the angiostatin gene, or control




The present invention al so enconpasses gene therapy whereby the

gene encoding angiostatin is regulated in a patient. Various nethods of
transferring or delivering DNA to cells for expression of the gene product
protein, otherwi se referred to as gene therapy, are disclosed in Gene

5 Transfer into Mammalian Somatic Cells in vivo, N. Yang, Crit.
Rev. 0 9635774 Bi ot echn. 12(4): 335-356 (1992), wWymiusesosasy by
i ncor porat ed by ref erence. Gene therapy enconpasses
i ncor poration of DNA sequences into somatic cells or -

germline cells for use in either ex vivo or in vivo

therapy. Gene therapy functions to replace gemngs, augnent nornmal or

10 abnornmal gene function, and to conbat infectious di seases and
ot her

t hol |
Strategies for treating thg‘%@'\%@%%‘ﬁﬁedp%p?n?gbﬂsfaﬂ“ﬁ% oF s Coppsponding RNA
i ncl ude therapeutic strat egamnpﬁlotnmhfyltlbme ofytrangcrifition de frensiation. g’fddmoad&y
then . &ls“ﬂaxﬁféci&&c%gﬁ PDNE Q@qlfeﬁceeéﬁéaﬂfn%e&gh&fa‘ﬁlrﬂ

function of the defective g&e
functional gene; or pfophy w@mw&omﬁp%mmosomeofmgmmm FO

aq?j: ng a gene for She prodmple,memmaybatramféckedtwﬂﬁivédmcbﬁﬁhigﬂﬁumchﬁdt
Wi ”E&ﬁeﬂcg‘én dolifi r gan $

treatnment regi nen. As an Eldﬁgﬂ{tatﬁ ?Eég?rﬁf' Gé:cg%*'q ﬁl%rem
strategy, a gene such as afi§Resst Saigr Mc%contam °f associate Wlth spealﬁﬂ cﬁﬁ a

pﬁtlent kandtthus prﬂ/ent oeéqueﬁdemﬂnﬂffumwn@ﬁﬂms ot the Epedific Qnﬁelmcamdt &chg
t hat makes tunor cells nor n, e J.nser

then radi ati on of the tum)?m§oi%§ﬁ gggmi’%érugdgg%&g ‘Ian'ﬁ"# Q}g nﬂ“ﬁé Wrﬁﬁe&%
cells. mlcroorganwawlc raama;s,gwrmn-vzrﬂa«fvgmsuohashgand-DNA
ang| ostatin DNA or ang| ost abnjﬂ ates, 1i somes, lxpld-DNA coﬁﬁﬂtbbalm&y bé 84500618 that 8 €
envisioned in this inventiq EF

pro ter
sequences, other than one i @&n‘ég@ﬁ °??EW§/%%W&NA
with angiostatin, or other op@q%@w@wwmmmmmcmpbmwmmmmmm

angi ostatin protein are al ygctéiap Wﬁ% f'I‘tﬁQﬁﬁsféét&Iéeﬂymaﬁbecens

exanpl e of this teghnol ogy c. T er n

Canbrl dge, I\/assacﬁl(t;sset ts, gaﬁ"éﬁﬁ% gﬁr%‘%ﬁﬁg{iﬁ fﬁgié%a[se%ussue,
"genetic switch" that turn@ﬂ@&ﬁﬂ'ﬁm tred®oi etin gene | n cel | s. See Genetic

30 Engi neering News, fgrdxample, tukidPdolls Reifidved GROREY § petiefitidah 66 Binsfected

coul d be used tat. 0
angi ostatin receptor) in cé"ﬁhs nec{&%aofn%i%‘}ﬁa&gre?ﬁﬂé &%aﬁbo&tﬁnﬁmﬂf@&%g&;g
angi ostatin (or the angi osdg{ention, @g@m—@ﬁpducedmtothepanent The transfected tumor

transfer nmethods fagr gene tphﬁhmngioaiahnldvﬂ@ﬂthép&eﬁmﬁammthegwmofmemm

cat egori es- physi ggl (e.qg., ng&% th}ﬁ'ﬂn (gllg C#un?zﬁ:ngm c Eg&}ﬂ, %‘P" be

particle mant chemCa as
or other non-viral VectOrs)transfectedbynon-vector,orphymgﬂ@rghm%mmodsknownmmem

(virus-derived vector and isgstesteMdctropdration, ionopbratioss B8R a "gene gun.” Additionally,
angiostatin DNA may be directly injected, without the aid of a carrier, into a
25 patient. In particular, angiostatin DNA may be injected into skin, muscle or

blood. ' .

The gene therapy protocol for transfecting angiostatin into a patient
may either be through integration of the angiostatin DNA into the genome
of the cells, into minichromosomes or as a separate replicating or non-

30 replicating DNA construct in the cytoplasm or nucleoplasm of the cell.
Angiostatin expression may continue for a long-period of time or may be
reinjected periodically to maintain a desired level of the angiostatin protein
in the cell, the tissue or organ or a determined blood level.

Angiostatin can be isolated on an HPLC C4 column (see Table 3).

35 The angiostatin protein is eluted at 30 to 35% in an acetonitrile gradient. On

' a sodium dodecyl sulfate polyacrylamide gel electrophoresis (PAGE) gel
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non-viral vectors may be used which include |iposomes coated with DNA

Such | i posone/ DNA conpl exes may be directly injected intravenously into

the patient. It is believed that the |iposone/ DNA conpl exes are

concentrat ed wioddxgrd | ver where they deliver the DNA to nmacrepeseessssd

5 Kupffer cells. These cells are long lived and thus provide | ong
term expression of the delivered DNA. Additionally,
vectors or the "naked" DNA of the gene may be directly
Injected into the desired organ, tissue or 27 tunor for
targeted delivery of the therapeutic DNA Gene

t her &y net hodol ogi es can 0
Fundanment al ways to deli ve?‘h&%ﬁ%@cg S‘ﬁﬁ%‘g&gx%%“bl’ﬁ@@h@wdﬁ%w#
gene transfer, and in vitr appreximately 38 kilodatongi vo gene transfer, cells
are -~ = taken fyg fm%iﬁoﬂaaﬁdvﬁrﬁho%dthﬂf qvgm'vﬁnﬁ 'uﬁ.ﬂaﬁm
The DNA is transfected leas t081 %Tedcgeam tms eﬁ}otd
cell's are expanded in nunb@f’s"%[?dtvﬂg‘rfhem e into the blood 8 of IS
the patient. In indvitro gendothelinhcél prolifesation, anslﬁdmgmdgmsdahn which can suppress
are cells growing in cul turaﬁgtoﬁé{fegﬂsaﬁtﬂuh%sﬂ F& bk%{nlu qhé}%ﬁowth of the
[ I cul ar ent

particul ar roma ar
"] aboratory cells" are traH“EFft@E*’P’éd's Che source o { the angiostatin associgtgd;)

cells are selected and expamlm:ﬁsfmthmwmerhﬂmni[mnhdunayrbelpm@wﬂbydegradauon of
patient or for other uses. ] '
tuhogezbm a specifi protease, or anﬁo&aﬁﬁ toumd §8 Produced by

transfer involves jnt I‘OdUCI ng
the patient when tHb cel | s expressign ﬁﬁm P@ﬂg Om@gnl ncl ude usi ng

virally nedi ated gene transfer qaermgogmmbﬁgid@&oylar ﬁm%byq@, édd8 on
gene [ il ent or ecting na ;N

in the patient and the Dmpgo&ugﬁorpgfangmgemcpmtlempénF %‘1@3&“6@‘?8@%‘!5’&%
of cells in which the gene whiduareelaborated by normal cells, but are believed to be down-regulated
expressed. Additionally, thfrifg kasfobiaid ndafissd. WeId)Rbo&icRon StinBioftatn Sty 6

ogiostatin pua oS 0" dSRh-mFubiaEh of fndsaariehor BCHladSP 1S prndueiondty s
Chemical methods of gene t IRerenpgellipge, Fh@m@nwfpﬂdblmmmbyﬂwWhOhmw

conpound, not necessarily andyﬁmmmnttdbni@ﬂ{ewﬁﬁl&dﬂ%de ehdotheiall growth at
revbrane. Lpofect 5 o1 oubgho e e i e e
cross the cell nmenbrane a significantly longer time than the angiogenic protein(s) released by a
20 primary tumor. Thus, the angiogenic proteins appear to act locally, whereas
angiostatin acts globally and circulates in the blood with a relatively long
half-life. The half-life of the angiostatin is approximately 12 hours to 5

days.
Although not wanting to be bound by the following hypothesis, it is
25 believed that when a tumor becomes angiogenic it releases one or more
angiogenic proteins (e.g., aFGF, bFGF, VEGF, IL-8, GM-CSF, etc),
which act locally, target endothelium in the neighborhood of a primary
tumor from an extravascular direction, and do not circulate (or circulate with
a short half-life). These angiogenic proteins must be produced in an
30 amount sufficient to overcome the action of endothelial cell inhibitor
(inhibitors of angiogenesis) for a primary tumor to continue to expand its
population. Once such a primary tumor is growing well, it continues to
release endothelial cell inhibitors into the circulation. According to this
hypothesis, these inhibitors act remotely at a distance from the primary
35 tumor, target capillary endothelium of a metastasis from an intravascular
direction, and continue to circulate. Thus, just at the time when a remote -




and provide the DNAinto the interior of the cell. Another chem cal nethod
uses receptor-based endocytosis, which involves binding a specific |igand

to a cell surface receptor and envel opi nhg and
transporting it across the cell. menbrane. The |igand
binds to the DNA and the whole conplex is 35 transported

into the cel lywobkgssd gand gene conplex is injected into the wtwosdenssss
WO 96/ 35774
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stream and then target cells that have the receptor will specifically bind
t he . | i gand and transport 2ghe |igand- DNA.conpl ex into
the cell. Many gene therapy nethodol ogi es

enploy viral vectors to insert, . . e . nes,. i n el | For.

exanple, altered retrovi rui"‘ifé‘éf’%whﬁa‘?ﬁénﬁ’éﬁwaﬁéﬁwﬁ&“- ca endothelut!in

ex vivo nethods to introduitengjghbothood conlpbe inpibisediby incaming angiostatihi | t r at i ng

| ynphocytes, hepatocytes, epi depygd aCﬁﬁ}n:i BHAGY hES redied siificicht Wiel fo cau
Ihfro téced %,n O'téﬁe

cells. These altered cells are then, i at ent,to,Blr‘ovk e
t he g SRS 0, be ation, it 18 tiora -
Viral vectors haveS$al so besecond tmhdrdmplanic(ot a gicremeiasthsis)d@iritiateion increasn its own
10 vi vo protocol : s sdcos 5 ﬁﬁ@;ﬂ;i e i dtafdo
foreign genes, cis- %ng}}g}.nedmﬁ a(g%blﬁrlo%u;l %uﬁfggiéir%?glﬁgﬁr%at% oL Pace,
promoters that are known t 8 Ho thescomeas printrayenously to the lung) occurs shortly afir the

used. Alternatively, this gptimahctumohisémplinted)theprimaryithmocheillinoebe/abdé to suppress
DNA or viral vectors to spegd fi {lmgr' [1.e5:1 § V0. wﬂ]n& .

gene transfer to bl ood vesse %%Wvo m@gﬁﬁégled(%g%éﬁsi@rﬁg%{c?ng, n vft‘ﬁ)l
15 transduddd éndot 1#iready| becwell yndeswa)o twostumais agp implanted simulapeonsly
The virus (e.g., inl oppositecilanks); theintibinsys ary havedl edivalendinhibiting

expressed the gene product.s-f&1 vector can be
delivered directly to the in v%é&éiofhgf' by _a catheter for.exanple,

thus allowing only certain ar eadh¢ #nginstafin pithe presqnyinveptiopcanbe: and provi di ng
long-term site specific gene exiprABuinistered fo nimver-lparitg humans of anitialigas anti-
20 retr% rus ve%% 0 been denonstrated in nanmary

ti ssue and hepat’t tissue by injection of the. altered
virus into bl ood vessels |eadi n§i) Monitored in human’ or animal serum, urine, or tissues as

prognostic markers; and
(iii) Used as the basis to analyze serum and urine of cancer patients
for similar angiostatic molecules.

20 It is contemplated as part of the present invention that angiostatin
can be isolated from & body fluid such as blood or urine of patients or the
angiostatin can be produced by recombinant DNA methods or synthetic
protein chemical methods that are well known to those of ordinary skill in
the art. Protein purification methods are well known in the art and a specific

25 example of a method for purifying angiostatin, and assaying for inhibitor
activity is provided in the examples below. Isolation of human endogenous
angiostatin is accomplished using similar techniques.

One example of a method of producing angiostatin using
recombinant DNA techniques entails the steps of (1) identifying and

30 purifying angiostatin as discussed above, and as more fully described
below, (2) determining the N-terminal amino acid sequence of the purified
inhibitor, (3) synthetically generating 5° and 3° DNA oligonucleotide
primers for the angiostatin sequence, (4) amplifying the angiostatin gene
sequence using polymerase, (5) inserting the amplified sequence into an

35 " appropriate vector such as an expression vector, (6) inserting the gene
containing vector into a2 microorganism or other expression system capable



t he organs. Viral vectors that have been used
for gene therapy protocols include : but are not limted
to, retroviruses, other RNA viruses such as poliovirus or 25

Si ndbi s virus, adenovirus, adeno-associated virus, herpes viruses, SV 40,
vacci nia and other DNA viruses. Replication-defective nurine retroviral
vectors are gheeedasly W dely utilized gene transfer vectors. pyfisogess@uken a
retroviruses are conposed of a single strand RNA conplexed with a

nucl ear core protein and pol ynerase (pol) enzynes, encased by a protein

30 core (gag) and surrounded by a gl ycoprotein envel ope (env)
that determ nes host range. The genomi c structure of
retroviruses include the gag, pol, and env genes

enclosed at by the 5° and 3 lonag term.nal. repeats oy s .
Retroviral vector systens Xﬁpﬁsgngﬁ&e]a%ﬁm rhgqneaapé kﬁ?ﬁ?la%%m%ﬂmﬂaﬂpﬁg
the 5° and 3' LTRs and t heprpduceddnhibitor. g Agpiprepriate wedtorsi inplnde viml, | bacterial and

35 - packagi ng, i rﬁlﬁﬁﬁrb' &6 (shbe '-wagg re&ion veckbrd. 2 kdcfini _
providing that the viral ( .ad ) Ei‘ﬁstrt}ictur(ﬁ %"ri% elcvﬁs argu.esare
supplied in trans in the pReRfaiydpscihed iy Jaharatory manuals sugihas)?yolscular Cloning: A
PCT. {j us96/ 0|5853 5 f Laboratory Manual” Second Edition by Sambrot:ck et al., Cbld Spring
Fundanment al advant ages o %'Eg ¢ '

efficient infection and geﬁgbéxpr esgg?égﬁclfl% %é%‘%ﬁ&?@ﬂp@ pgirﬂé.%&%ﬁlg%nbgﬁ%

copy vector integration i rRublishad;@Browae, Mohy hbonBspresyion of secombinagt human

mani pul ation of the retro 'l@@ﬁn@ﬂma?ycoplasmino@eninHeLacells" FibrinolysRVol.5 (4).
adenovirus i s conposed of n f

conpl exed with core proteins ‘a 819?3 #@dﬁﬁ‘ggb%ﬁ cfefﬁmi ns.

Advances in mol ecd®ar virol ogy Thegene & angiostatin atay| etisolated from cejls or tissue
?Ir glnggﬁci ng novel genetic (§u&{asttﬁlﬁ§&eﬁ§)gﬁdl'e.§ﬁi§ssstlﬂ%lg%g%%@£| %ﬁ%gfﬁg? e?ﬂce sgf
in vivo. Adenoviral -based PEFREEERNA from fhe tissue, (2} using Tejgrse transcrip§ss o generate
product proteins at high |theebrespouingpDNAdequence andsthisn (3 uking the polymerase chain
efficiencies of infectivityacfy ) {vith tHRVphi pﬁinei’étﬁ'iﬁrp‘ & DNNSlgudnce
t he _ Vir | t‘lgaéﬁ\('elnfigs tﬁlnve.as ?dcel ree virion so

i nj ection of proddter cel I“f%i'sq@' ang 4MINO acic sequence.

Yet another method of producing angiostatin, or biologically active
fragments thereof, is by protein synthesis. Once a biologically active
fragment of an angiostatin is found using the assay system described more
fully below, it can be sequenced, for example by automated protein

20 sequencing methods. Alternatively, once the gene or DNA sequence which
codes for angiostatin is isolated, for example by the methods described
above, the DNA sequence can be determined using manual or automated
sequencing methods well know in the art. The nucleic acid sequence in turn
provides information regarding the amino acid sequence. Thus, if the

25 biologically active fragment is generated by specific methods, such as
tryptic digests, or if the fragment is N-terminal sequenced, the remaining
amino acid sequence can be determined from the corresponding DNA
sequence.

Once the amino acid sequence of the protein is known, the fragment

30 can be synthesized by techniques well known in the art, as exemplified by
“Solid Phase Protein Synthesis: A Practical Approach” E. Atherton and
R.C. Sheppard, IRL Press, Oxford, England. Similarly, multiple fragments
can be synthesized which are subsequently linked together to form larger
fragments. These synthetic protein fragments can also be made with amino

35 acid substitutions at specific locations to test for agonistic and antagonistic
activity in vitro and in vivo. Protein fragments that possess high affinity



are not necessary. Another potential advantage to adenoviral vectors is the

ability to achieve I ong term expressi on of heterol ogous genes in vivo.

15 Mechani cal net hods of DNA delivery include fusogenic

i pid vesi cl es such as |iposonmes or other vesicles for
menbrane fusion, lipid particles of DNA incorporating
cationic |ipig -£S |ipofectin, polylysine- PCT/US6/088%i at ed
transfer of DNX Irect injection of DNA such as mcroinjection

of DNA into germor somatic cells, pneumatically delivered DNA-coated

20 particles, such as the gold particles used in a "gene gun,”
and i norganic chem cal apfoaches such as cal ci um
phosphat e transfection. Anot her met hod, |i gand-nedi at ed

gene therapy, involves co in‘aiﬂ. . me ] : . ﬁﬁ'i.nfi' C
ligands to formligand- DNXBconjgtr}gg%éégf 0 M@Pf%teemwgso“_"ah ref:eptorﬁﬁ . ty
specific cell or tissue. columnsyisolation and purification of; theaanginstaing iegeRfor e
injecting plasm d DNA int o fiafadieital Sdtéps towards elucidating the mechakisfl @F dotiel of

percentage of the cells which are tr fec nd ve_sustained. . . _
expression of marker genes.aﬁﬁﬂgawl%rﬁ{ﬁe‘%ghg?ﬁlﬂs. regppstﬂra?(ﬁmenuﬁcanon of
integrate-into the3genone @ngiosiatinagonists and antagomists wiili facilitate development of drugsstd

DNA woul d al [ ow the transf afddufie fidCacB¥ity @F thednghdstatit Rospiord Wiel fiidl Gaftiviy to
30 in termnally dift

rentiated, nQn:prqllferative ssues for a
pr ol onged peri od bxo(iogtcatl acnvxtyoflsoﬁq.qu %%mﬂ%aﬁ’#ﬁ consirugtion of
i nsertions, deletions, or autleotiie prokesito mdnitor the location and synthesis of the Iréceptar,
or mtochondrial genonme. LQgds

permanent, transfer of thera g&f%@“@#@s@%?%@%?%‘gﬁys Fr%ther th\ﬁegee.for
treatments for gen¥lic di sdbsangiosa dP“ﬁPFQSWIbEé’N%%e%é@

0 EFRICssOn
35 reinjected peri odieciet and ttansfortediingd cells, aclysy patient asmicricelletodhcrease the
wi t hout mutations ks Gfalie d | t}iﬁd S idhiig
reci pient cells. Non-int egragltlﬁt%ﬂf%)_fentypg' ngﬂf 4 b o tlocal
PCT/ US96/ 05856 angiogencsis. 25

exogenous DNAs may al | ow for théAngiosatindeefiéctive ne tradtingi difeases iur processes that are

exogenous DNA consig ucts Wighd¥ifled)E of faivbivi! dnBiogtdesis The preSeal fiivistfoh Sncludes the

method of treating an angiogenesis mediated disease with an effective

amount of angiostatin, or a biologically active fragment thereof, or

combinations of angiostatin fragmetns that collectively possess anti-

angiogenic activity, or angiostatin agonists and antagonists. The

20 . angiogenesis mediated diseases include, but are not limited to, solid tumors;

blood born tumors such as leukemias; tumor metastasis; benign tumors, for

example hemangiomas, acoustic neuromas, neurofibromas, trachomas, and

pyogenic granulomas; rthenmatoid arthritis; psoriasis; ocular angiogenic

diseases, for example, diabetic retinopathy, retinopathy of prematurity,

25 macular degeneration, corneal graft rejection, neovascular glancoma,

retrolental fibroplasia, rubeosis; Osler-Webber Syndrome; myocardial

angiogenesis; plaque neovascularization; telangiectasia; hemophiliac joints;

angiofibroma; and wound granulation. Angiostatin is useful in the

treatment of disease of excessive or abnormal stimulation of endothelial

30 cells. These diseases include, but are not limited to, intestinal adhesions,

Crohn's disease, atherosclerosis, scleroderma, and hypertrophic scars, i.e.,

keloids. Angiostatin can be used as a birth control agent by preventing

vascularization required for embryo implantation. Angiostatin is useful in

the treatment of diseases that have angiogenesis as a pathologic

35 consequence such as cat scratch disease (Rochele minalia quintosa) and
ulcers (Helicobacter pylori).

4



expressing various gene products.

Particl e-nedi ated gene transfer nethods were first used in 5
transformng plant tissue. Wth a particle bonbardnment device, or "gene
gun,” a notive force is generated to accel erate DNA-coated high density
particles (such as gold or tungsten) to a hi gh velocity that allows

penetrati on wo 9635774 of the target organs, tissuepcrussmbiss.
Particl e bonbardment can be used in in vitro systens,
or with ex vivo or in vivo techniques to introduce DNA 10

into cells, tissues or organs. El ectroporation

for gene transfer uses an electrical current tg nmake
cells or tissues susceptible to el ectroporation-nedi ated gene transf er.

brief*electric inpulse with a given e h ed tQ | aseth
perneability of a nenbrane in such a%éyﬂfh%é‘ttg%mgﬁ g

penetrate into the cells. Phiuses ddmrprogin mwsmememgiontauntrmpwswmw
or ° - W t Bpeificity\efid Qvidith iy fadidldberel Ahd BRBloy&d fop vishalirafol hi

into cells, tissues or

Carrier mediated gene tran§P’e°P‘?q?“&F9’84’8§ﬁ“%‘égﬁ’3éH‘W9%@9mmmbi"de
foreign DNA into cdl|s. Theeohmqneseﬂhm\apphomdn@rowdes inepoctantvdiagnostic ynd research

duced
ggeci fically | ntroduced | ntt&:l?‘l@ﬂodhla&ﬁedtzf Mﬁngwﬁ#or ganwggr‘ t| ssue |

the body. Both |iposones aftfilitates mvesuganon of the transd d to the
pol yl ysine, |ipofectins or reegptof.ecti ns, can be used

Li posones can be devel oped whi Cﬂxﬂd &p%@ﬁﬂé@@ﬁ@é@g%ﬁp@ fﬂv&dﬁgﬂapes

thus the foreign DNA carried by t
25 cel | st0 | nj ect ieBRp H%hmgpm Jespptort bind m&rsaeamg@peumgop@sitron
specific receptor emlssmn tomography ﬁﬁbihat fholéth |rdiegraptie eéhfiduésStodocate

conveni ent nmet hod of insertin

bearing the receptor. Anot M&éyﬂ‘ﬁaﬁﬂwwlf‘%ﬁﬁ%as been
used is the asial ogl ycoportein/ Pustomatic substimmion 9é agino, acids1within thasergynﬂgsxzed

DNA to hepatocytes for in \ﬁré‘t@nﬁ%fiﬁdﬁ ag)5 affinity protem a%@msts and antagonists to the

carriors So that t}fe DA i ASpRPPERReFLF Rullshimtp SF ol wBlosann pincing .o

|_nto the cells

in t he TESAPKN. aSweloragomists carnuBpesh 3P a SWRPTEMA theingiswth of

coupl ed tg carri Fr | micrometastases, thet6yeBinitiigotheispfeall rbf%mtfmagdﬁists to

engi neered vesicle co ex

the' oel eus. 557 gl & abifed i siyasions of smadearaye viaéiiisGkion’ 10 By K@‘

be acconplished by the inhibitory effecigiof angiosatim gnd prasole angioganesis. n&or

to the angi ostatiregene, oOrexaple this treatment may have therapeutic effects to promote wound
healing in diabetics.

Angiostatin proteins are employed to develop affinity columns for
isolation of the angiostatin receptor from cultured tumor cells. Isolation and
purification of the angiostatin receptor is followed by amino acid

25 sequencing. Using this information the gene or genes coding for the
angiostatin receptor can be identified and isolated. Next, cloned nucleic acid
sequences are developed for insertion into vectors capable of expressing the
receptor. These techniques are well known to those skilled in the art.
Transfection of the nucleic acid sequence(s) coding for angiostatin receptor

30 into tumor cells, and expression of the receptor by the transfected tumor
cells enhances the responsiveness of these cells to endogenous or
exogenous angiostatin and thereby decreasing the rate of metastatic growth.

Cytotoxic agents such as ricin, are linked to angiostatin, and high
affinity angiostatin protein fragments, thereby providing a tool for

35 destruction of cells that bind angiostatin. These cells may be found in many
locations, including but not limited to, micrometastases and primary
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regi ons associated with the angiostatin gene, or its correspondi ng RNA
transcript to nodify the rate of transcription or translation.

Addi tionally, cells transfected with a DNA sequence
encodi Ng angipsbadsy My be adm ni st er egcirfisssiaddsl ent
to provide an 1n vivo source of angiostatin. For 5

exanple, cells may be transfected with a vector containing a nucleic acid
sequence encodi ng angiostatin. The term"vector"” as used herein

means a carrier that can contain or associategyth specific nucleic acid
sequences, which functions to transport the specific nucleic acid sequences

t Il Exanpl f vect | | ds_.and i nf ect : 10
i CF oor Gani Se auch as.vi 1S TEpRs kel 45 GARPE ecu % ot nye ganer

conj ugates, |iposones, |i pded&gﬁbdﬁtoanminmedshvdxy tothy désired kocationd Fer éxamplearicin-

reconbi nant DNA nol ecul e cgyiRR e%e
operatively linked to an ewg)reglg on c@né@ | seq ugﬂce ﬁorman e@hressmn

vector capabl e of expressi tbﬂlmeft%%@&"ﬂﬁém‘é@lelt%@% agents
cells 15  § daemdeﬁveammheommminmrmﬁmgnbsnﬁoﬂ&mpséd@hdm

patient's diseased tissue, | ls.

For exanple, tunor cells re Gca]xmu.l%ﬁa pa'f‘l en nc%l e"@?ﬁ%@%mﬂy%

with a vector capable of eaqnheé Fithgstimulatgrsoefoangingenesis ot inceasef vaseidarization of

i nvention, and re- lntrOdUCMu&mm&Q?@ﬁht@lhen Providés ah bfeesveqtiedns 6Pdes@6YihS
eyve

¢

20 produce angi ostat.in | s in the patient that inhibit the
growth of the tunor. Cer. Patients may be human or non-human
animals. Cells may0al so be Angiostatin may be usedtin gombipstianiwitly other conpasitions
25 6l ot ropor ati on, | onopor e " “ﬁﬁf‘ﬂ’v’m‘*&m“’“’“w For gaampl, 8 o i be
ani statin IODNA may be di rgc ‘E’Hﬂfm‘hgﬂs gféggflﬁ“?ff ﬁlp{apélcomplﬁ%
a 25 pat i ansmst;turmddmrmgmam may be subsqmn&mu,dnbmswredto
i njected into skin, nuscl ethfér patient to extend the dormancy of ‘MiSi@fhetastases and to stabilize and

The gene therapy ot ocol ty ansf ec os.t atin int I ent,

may either be thrddgh int eﬁ‘ﬁﬁ’f‘ Wﬁ}#@gﬁé‘r&gﬁltmm &!@i&%" GRrigshn,
of the cells, into mni chrmmmﬁ@mea& anmqmaan@smmgmmmptonmmm
30 replicati ng DNA gfyfieskdtinC mﬂﬁ&g@&@pbﬁ&ﬁwwmﬁbﬁh&

Icglnlg period of tinme or may éb‘}g'p%ir&gwu&’ﬁ?r %eﬂ%&lﬁ%c?@uepﬁ@‘ﬁ@gf‘ﬁm%?

to maintain a desired | evef*’al@ﬁe tm?énéng}lcbsisablpdegﬂdibhﬁ polymers, to form therapeutic
in the cell, the Qossue orceafihitiofs. a2 detern ned bl ood |evel.

A sustained-release matrix, as used herein, is a matrix made of
materials, usually polymers, which are degradable by enzymatic or
acid/base hydrolysis or by dissolution. Once inserted into the body, the
matrix is acted upon by enzymes and body fluids. The sustained-release

25 matrix desirably is chosen from biocompatible materials such as liposomes,
polylactides (polylactic acid), polyglycolide (polymer of glycolic acid),
polylactide co-glycolide (co-polymers of lactic acid and glycolic acid)
polyanhydrides, poly(ortho)esters, polyproteins, hyaluronic acid, collagen,
chondroitin sulfate, carboxylic acids, fatty acids, phospholipids,

30 polysaccharides, nucleic acids, polyamino acids, amino acids such as
phenylalanine, tyrosine, isoleucine, polynucleotides, polyvinyl propylene,
polyvinylpyrrolidone and silicone. A preferred biodegradable matrix is a
matrix of one of either polylactide, polyglycolide, or polylactide co-
glycolide (co-polymers of lactic acid and glycolic acid).

35 The angiogenesis-modulating therapeutic composition of the present
invention may be a solid, liquid or aerosol and may be administered by any




Angi ostatin can be isolated on an HPLC C4 colum (see Table 3). 35
The angiostatin protein is eluted at 30 to 35%in an acetonitrile gradient.

On a sodi um dodecyl sul fate pol yacryl am de gel

el ectrophoresis (PAGE) gel WO 96/ 35774

PCT/ US96/ 05856 27
under reduci RgoeQssH4 i ons, the protein band with activity elpdresogsssss
single peak at approxi mately 38 kil odal t ons.

The inventors have shown that a growing primary tunor is

associated wth the release into the blood stream of specific inhibitor(s)
of 5 endot helial cell prolifemgtion, including angiostatin
whi ch can suppress angi ogenesis within a netastasis

and thereby inhibit the growth of t agt.asi s .

itsel f. The source of the xbgpg{e 9f Rdminjstratign, ; espg‘fn%ﬂiv therapeutic

tumor is not known. The coeqmpesitionsipclude pills ¢reams, anjlmtplgnnﬁhtdomgenmts The pills

pl asnt nogen by a speci 11 ¢ R be aadinidtéred BE0 S hetafRitit Srohfhs sy béRthittitered
rostatin

10 expression of a s fi Tng for an
The angi ogeni ¢ phenot ype 079%5"15? M&ﬁﬂ?@&' $unitspmay be administered locally, for
producti on of angi$genic pmmalmmmm@mmmméwmma

dori ng tansl ormat 1 on 1o ned eripeid atglogbichy Bofitils eliBefli 66 frughe”

15 down-r egul at ed i $PbsRtapepusly; JExamples,of liquid |wm@ps@owenclt&epfpmw§n
by its adaptedefot irjedtiontsubeutarieatsly ClnfthvenoRsl ?tmﬁiarteﬁhll ¥ dn@r
el aborated by the whole tu

enter the circul ation and %Blrateag%s for topical and intrageuler, "'"asetm%u f E?a'mp'i'es of Sersol
renote sites of nil@r onet asfumalatiominglodeinhalenfo mionadmmimmnmhmgs: for
a significantly longer tine thepnddi@icatafih GRS presdi ﬁfv@x&t{bﬁ%ﬁso%ﬂﬁ@ﬁé@m?én&ate
20 primary tunor, u-Boneéthatea geﬁbc rotelnsa ear to
| ocal |y, whereas Q?g L. Hhe anubodm
circulates in the bl ood wi tin be eithert polydigndl angjbodies or monoclonal anubodzes These
half-life. The half-l1ife Ohmivoied Bfhk SiEciichly bidd 36 BfeAhLiBRAR Yr angidiftih feckflors
days. 15 can be used in diagnostic methods and kits that are well known to those of
ordinary skill in the art to detect or quantify the angiostatin or angiostatin _
receptors in a body fluid or tissue. Results from these tests can be used to -
diagnose or predict the occurrence or recurrence of a cancer and other
angiogenic mediated diseases.

20 The angiostatin also can be used in a diagnostic method and kit to
detect and quantify antibodies capable of binding angiostatin. These kits
would permit detection of circulating angiostatin antibodies which indicates
the spread of micrometastases in the presence of angiostatin secreted by
primary tumors in situ. Patients that have such circulating anti-angiostatin

25 antibodies may be more likely to develop multiple tumors and cancers, and
may be more likely to have recurrences of cancer after treatments or periods
of remission. The Fab fragments of these anti-angiostatin antibodies may be
used as antigens to generate anti-angiostatin Fab-fragment antisera which
can be used to neutralize anti-angiostatin antibodies. Such a method would

30 reduce the removal of circulating angiostatin by anti-angiostatin antibodies,
thereby effectively elevating circulating angiostatin levels.

Another aspect of the present invention is a method of blocking the
action of excess endogenous angiostatin. This can be done by passively
immunizing a human or animal with antibodies specific for the undesired

35 angiostatin in the system. This treatment can be important in treating

' abnormal ovulation, menstruation and placentation, and vasculogenesis.




Al t hough not wanting to be bound by the follow ng hypothesis, it is

25 beli eved that when a tunor becones angiogenic it rel eases one
or nore angi ogenic proteins (e.g., aFG-, bFG-, VEG-,
IL-8, GwWCSF, etc. ) whi ch act |ocally, target

endot heliumin the nei ghborhood of a primary t unor

froman extawggesdsifs direction, and do not circulate (or ci rpgaiusbéossss h
a short half-life). These angi ogenic proteins nust be produced in an

30 anount sufficient to overcone the action of endothelial cell

I nhi bitor (i nhibitors of angiogenesis) for a primry
tunor to continue to expand its 34 popul ati on. Once such
a primary tunor is growi ng well, it continues to

rel ease endothelial cell ikl s%“’?“’ eﬂn&ﬁé’ tefl@&? tg!utmnﬂic S
hypot hesi s, these inhi bi tg‘rﬁgﬂggt reno ﬁ? | s{h nce r% ri m@}t}ﬁ
35 tunor, tar getmasIRtc [PER‘-’?S% kiab fragment of apgiosiaginantibodiesgontams

i ntravascul ar the binding sitelfol @Agiostitin, Thid fRGMEAYIS BolatedTrdnt Bhg@dstatin
Thus, just at the tine wh(;m gcﬁeermt asg %g?mg 174,

PCT/ US96/ CB856 tibodies using techmqueskmwn seskxlledmthear&él‘he Fab
met astasi s night tegin t o fragmensofangiogtatiy antisera ste usttbasanfigens tor genemisprodattionm
in |t of RRiiHab FdgRitt Sedhth Iimbsidn bf ﬁistﬁfhémﬁi i Fsb
angi ostati n. fra ¢ Once rlmat&%F s reaQe
sufficient size to cause Iagmentso angostannprevegpéq.n&og &¢ angiosiatin

continuously into the ci r@nhbddlesrirherapemhm&ﬁtmumnddchymmahmgend@enousam-
second tunor inplant (or ' b3l

Sec aan of ﬂ' Eﬂsml % b§ b 6&ni Eﬁébm“m rgoéf%#fds?i% 11 1)
into the subcutantbus ‘spa s’ ann-angmstaun. of Ship frga

i ntravenously to the Iung)memnysfaidogmbgsmmmingtdngmsmnmmachmgetcens,themby

primary tunmor is inplantegeedb W ?%s not be able to suppress
t he secondary tunor (because an |og nesjs I n e secondary tunor will

10 al ready be wel | undef#8{d def%“t%@‘ﬁ%‘%‘@ﬁﬂ%@“mthw

si mul t aneousl y include any de(watgres of the apgiostatirethhd leavis @hdothdlial mh1b1tory
i nhibitors may hayge an eq n ts ﬁ;mgn
each ot her. 15 %&@i'tf b Ws@d} inPddion ér'lsctl% X the Fm%r Blr esen?

i nvention can be: derivatives oftheangmsmnn%p anpgefragmentsof

t unor - beari ng humans or artheargiostatin protein. These include protems wnth angiostatin activity that
have amino acid substitutions or have sugars or other molecules attached to
amino acid functional groups. The present invention also includes genes

20 that code for angiostatin and the angiostatin receptor, and to proteins that are
expressed by those genes.

The proteins and protein fragments with the angiostatin activity

described above can be provided as isolated and substantially purified

. proteins and protein fragments in pharmacentically acceptable formulations

25 using formulation methods known to those of ordinary skill in the art.

These formulations can be administered by standard routes. In general, the

combinations may be administered by the topical, transdermal,

intraperitoneal, intracranial, intracerebroventricular, intracerebral,

intravaginal, intrauterine, oral, rectal or parenteral (e.g., intravenous,

30 intraspinal, subcutaneous or intramuscular) route. In addition, the

angiostatin may be incorporated into biodegradable polymers allowing for

sustained release of the compound, the polymers being implanted in the

vicinity of where drag delivery is desired, for example, at the site of a tumor

or implanted so that the angiostatin is slowly released systemicaily.

35 Osmotic minipumps may also be used to provide controlled delivery of

high concentrations of angiostatin through cannulae to the site of interest,

I



15 angi ogeni ¢ t her apy; (ii) Monitored in

human or aninmal serum wurine, or tissues as prognostic
mar kers; and (i) Used as the basis to anal yze
serum and urine of cancer patients for simlar

angi ostati c nol ecul es. 20 It is contenplated as
part of the px6sesr7d Nvention that angi ostatin PCT/US96/05936 be

i solated froma body fluid such as blood or urine of patients or the
angi ostatin can be produced by reconbi nant DNA net hods or synthetic

protein chem cal nmethods that are well known to those of ordinary skill in
the art. Protein purification nethods are wel I3sknown in the art and a
specific 25 exanple of a nmethod for purifying angiostatin,

and assaying for inhibitor dnecﬂgnlﬁtoammmucmvdr%h%m%ﬁﬁly&ﬁ\&e

exanpl es bel ow. Isolation o?c
angi ostatin is acconpl i sheBmE@"r Haesblﬂ#qsa%dabbcpmqg@sand their use are described, for

One %armlte %}‘\IA at me'}1 hod of exingslé cinaaaﬁngmmttg]gm(rml urg. 7?,441n-44f(531 %1991),wh1ch
r econbi nan echni ques, en i fying

30 puri f)él ng angfsg'g{eiy ﬁ’ggfﬁ%tsbgdgfg %‘%‘ﬂ"%ﬁd as nore fully
descri bed Bl dasagy of) thel angiostatini of ghet preseink invemtionavillalepend
aci d sequence of the puri fbﬁﬁnedlseasestateorconmuon &egﬁhlihd%ercﬁlﬁ)calfactorssuch
synthetically generating 5 and onkjr (ﬁ?&

primers for the angiostati ﬁs%ﬁé ‘g’nﬁ o hugane apimal and the, rgwsof
sequence using’ pol ymer ase, aMmLmumoﬁthgcanmmdpFoﬁmﬂnghqmnmmm batween

35 appropriate Vﬁﬁﬁr@i:m% E{Ki%gtcr% gﬂ&gﬁﬁ g
t he gene cpnt (r)u %g ?to |nto roorgam m or éﬁ

other expression fstem cap@fmimistere life of the angiostatin in the
PCT/ US96/ 05856 particular ammal or human, the angmstatm can be administef& between

b oduced 1 nhibi tor . Appr 28?*.‘— AL iyl oy o iR Heek i 18 o, B HIORH Yoy e present
eukaryotic (such as yeast) WWWGWM&W@EbOﬁthMWWMS
nore fully described in | abrihé rgseiieindémticn ebnifapidd|siglh ads Welinaé Gaulfiple
15 administrations, given either simultaneously or over an extended period of

time.

The angiostatin formulations include those suitable for oral, rectal,
ophthalmic (including intravitreal or intracameral), nasal, topical (including
buccal and sublingual), intrauterine, vaginal or parenteral (including

20 " subcutaneous, intraperitoneal, intramuscular, intravenous, intradermal,
intracranial, intratracheal, and epidural) administration. The angiostatin
formnlations may conveniently be presented in unit dosage form and may
be prepared by conventional pharmaceutical technigues. Such techniques

. include the step of bringing into association the active ingredient and the

25 pharmaceutical carrier(s) or excipient(s). In general, the formulations are
prepared by uniformly and intimately bringing into association the active
ingredient with liquid carriers or finely divided solid carriers or both, and
then, if necessary, shaping the product.

Formulations suitable for parenteral administration include aqueous

30 and non-aqueous sterile injection solutions which may contain anti-
oxidants, buffers, bacteriostats and solutes which render the formulation
isotonic with the blood of the intended recipient; and aqueous and non-
aqueous sterile suspensions which may include suspending agents and
thickening agents. The formulations may be presented in unit-dose or

35 multi-dose containers, for example, sealed ampules and vials, and may be
stored in a freeze-dried (Iyophilized) condition requiring only the addition of



5 : Laboratory Manual " Second Edition by Sanbrook et al., Cold

Spri ng Har bor Press, 1989. The DNA sequence of human
pl asm nogen has been publ i shed (Browne, MJ, et al.,
"Expressi on of reconbi nant human : pl asm nogen and

agl ycopl asm nogen in HeLa cells"” Fibrinolysis Vol.5 (4).

257- 260, 1991)9;,@%*13 I ncorporated herein by reference PCAIS96/05856

The gene for angiostatin may al so be isolated fromcells or tissue

(such as tunor cells) that express high | evels of angiostatin by (1)

I sol ating messenger RNA fromthe tissue, (2) using
reverse transcriptase to generate 36 the correspondi ng DNA
sequence and then (3) using the pol ynerase chain

15 oG for tne bt e BBty R elabuf Mae Yor il uBiBebiERG o

Yet another nethod of prodeoisag Extemperaagous injeetian solutions-andysuapensipps may be

fragments thereof, is by peiatdd¥rénl SRR Jowdelsh Srandleddrdl tRslets Af theé K6 prévBously
fragnent of an angi OStatlcﬂ?I s!f@und usi ng the assay system descri bed nore

fully below, it can be se for exanple by automated protein

20 . -sequencishg net hods. Arefemrecunitdesage fonmmintiohsare those contdiing 5 dajlysiose
mlecrr:ret hods described 6O8, Gily 68 a‘;’% I“ﬁ%’bﬁ tggcu%gggﬁéggﬁt%é)y
det er m ned usi ng manual oradministeradngredient. tShO‘ﬂd e understo g’@ oRdp b s

well know in the art The nngﬂedientsapmﬁblmmmmdmﬁwe,nhefomulanons ofthepresent

provi des information regargli W%EE

25 bi ol O(i]i cally a@ﬁ'h\ge %eﬁ@?%ﬁ%&ﬂgnﬁspec' I C ﬁ‘“ﬁs
such as - 0 the ¢ypg of Mﬂj@gﬂ question. f ¥ <RytRieic agents may be
N-term nal sequenced, the ihesiporated) or otherwise combmed with carigiestatin groteigseore

can be determined fromth élpﬁ@mﬁw ‘&iéﬁ[ﬁ&
Once the amno acid sequeﬁbclgl(a I the plpgggl nis er%ﬁ'ﬁ“ﬁ?“??“&rrenﬁﬂ o

30 can be synt hes‘ihiﬂﬁleb‘y techni ques well known in the art, as
exenplified by Angmgeﬁedm Mmﬁmﬂm&pﬁs&ﬁﬁhﬁenuén can be

Practi cal Approac s At h

Press, xford, Eng?and ﬁh}h@&@{‘ rruﬁndafdem*cmcnemmfl facxh@ and W%ﬁdm
can be synt hesized whi ch aHBLQGB g@ﬁsemept;;onhp ¢ Migthodeef prateinopymibesis, FIRLC |
fragnents. These synt heti cpyrifivhatomarid mgssrspectraphotoniesy abecdmdenl iknbwa 1o tose

35 acid substi tuté]&n!% &E%I fal &lr&%hg
and ant agoni stic it o%t%&#u %?rog I'n vi vgtg rotern

fr ag nments that possess hi g#eakmpmwd in recombinant . coli or yeast expression systems, an
20 purified with column chromatography.

Different protein fragments of the intact angiostatin molecule can be
synthesized for use in several applications including, but not limited to the
following; as antigens for the development of specific antisera, as agonists

, and antagonists active at angiostatin binding sites, as proteins to be linked
25 to, or used in combination with, cytotoxic agents for targeted killing of cells
that bind angiostatin. The amino acid sequences that comprise these proteins
are selected on the basis of their position on the exterior regions of the
molecule and are accessible for binding to antisera. The amino and carboxyl
termini of angiostatin, as well as the mid-region of the molecule are

30 represented separately among the fragments to be synthesized.

These protein sequences are compared to known sequences using
protein sequence databases such as GenBank, Brookhaven Proiein,
.SWISS-PROT, and PIR to determine potential sequence homologies. This
information facilitates elimination of sequences that exhibit a high degree of

35 sequence homology to other molecules, thereby enhancing the potential for




WD 96/ 35774

PCT/ US96/ 05856 30
binding to tissues can be used to isolate the angiostatin receptor on
affinity columms. Isolation and purification of the
angi ostatin receptor is a fundanental step towards

el uci dati ng tygegmani sm of action of St Eekatase -

| sol ation of an angiostatin receptor and identification of 5

angi ostatin agonists and antagonists will facilitate devel opnent of drugs
to nodul ate the activity of the angi ostatin receptor,
the final pathway to bi ol agi cal activity. Isolation of
the receptor enables the construction of nucl eoti de
probes to nmonitor the |ocati e t he receptor, .
using in situ and sol uti on%ﬁp?#ﬁgyﬂ?g}?@gé %@g antisgra, 9gopists,and aptagonisty to
10 the angiostatin n@@mr can be isolated, incorporated into an

expressi on b&htirfind éﬁﬁﬁﬁ?
patient tunor cells to increase t%ie th E&ﬁéﬂbﬁ{e@&ﬁé o%“ia ceﬁ‘fiﬁr
type, tissue or tunor to b Rles using stangarg fecthods; bﬁemmandcarboxyltermmiof

angi ogenesi s. 5 angiostatin both contain/mwkins bkt liysing residiics @6d aré Ssotopically an
a0y O seasee Ol P" SrCRTorbBy A frtcd with mahy echniapes, foﬂ%afer%%iawa{g

i nvol ve, angi ogenesi s 1 heled with man
met hod of treating an ang| &Q&&S@WM techniqups{tyzesine fesifuesn clpraming Todogen,

armml;nt ;)f angi ](c)statl n, o usmﬂegﬂm-%mhmfm Th@iecouplmg
combi nati ons of angi ostati

angi ogeni o activity, or an&céé*%@d%%&?hw%ﬂég%wﬁeﬁﬁw& ely, tyrosing,

angi ogenesi s nedi #ed di seEbsineiL toﬁstﬁln@ﬁethﬁcdonuhmemm@estocfacihme
tunmors; , laﬁéhﬂg’%fl?é’dcﬁvé WHRAG aﬁ&wm hﬁfbﬂsche (Hilh. The

net ast asi s; beni gn tunors,
acoustic neuronas, neurofi Smmmamsﬁh%senamebmo funcuonalgroupsavaﬂable

pyogeni ¢ granul omas; rheurrmncﬂled\mnaMdm&ndmbmmhmmlﬁmﬁo,MMQMOnL
di seases, for exanple, di agfdd thﬁﬁéln(iﬂ@t@i(dazﬁﬁ Péﬁg@ﬁ ts RisEd"80 '&F qe&ymese

25 nacull%r degenerat1 (i nea gq neovascu
gl aucons, Iings inglude; among g Inide diagotized be:
Gsl er - Webber Syndr one; nyo@MbdMMe,andp-benzoqmnone ang| ogenesi s; pI aque

neovascul ari zation; tel angi ect agngiostd Mdﬁﬁch
angi of i broma; and vvound granuJ at i glr? nﬂl Qst atl n ?gﬁﬂgye?“PMEm Isﬁtopes‘épe;zymest,

treatment of di sease of ex&
30 cells. These dndmmscenhandjdmr Mpmmds ﬂn’ta Variety eflapplications. The

i ntestinal adhesi ogg, eﬁ‘imencyofﬂ:ecouphnﬁéh@ﬁoﬁm%éﬁﬁﬁ@duﬁ EfiRRfuss

scl eroderma, and hypertrophlc sgars

| dS
Angi ostatin can be used as *BPYPPRF fé’bm"’rw SRECHGY- For-example, ga otabeling of an
vascul ari zation required fangesmwprovenwuh ﬁsmomphnjecbumohlommmc@indNa fr

the treat nment 01;] di seatses tol@a&ﬁf‘ﬂﬁgclﬁ@gﬁg%ggem fyﬁcﬁmpqg Q&h%lﬂitﬁg w:th soditm
consequence such as cat scrat seaseqlRochel e Te nt o33 cglumns The

ul cers (Helicobacter pylon
25 labeled protein is eluted from the column and fractions are collected.
Aliquots are removed from each fraction and radioactivity measured in a
gamma counter. In this manner, the unreacted Na'’Iis separated from the
labeled angiostatin protein. The protein fractions with the highest specific
radioactivity are stored for subsequent use such as analysis of the ability to
30 bind to angiostatin antisera. . -
Another application of protein conjugation is for production of
polyclonal antisera. For example, angiostatin proteins containing lysine
residues are linked to purified bovine serum albumin using glutaraldehyde.
The efficiency of the reaction is determined by measuring the incorporation
35 of radiolabeled protein. Unreacted ghataraldehyde and protein are separated
by dialysis. The conjugate is stored for subsequent use.
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The synthetic protein fragnents of angiostatin have a variety

of uses. The protein that binds to the angiostatin receptor with high
specificity and avidity I s radi ol abel ed and enpl oyed for visualization and
quantitation g E j ng sites using autoradiographic and mengFpsReisssli Ng
5 tec nlques This application provides inportant diagnostic and
research tool s. Know edge of the binding properties of
the angi ostatin receptor facilitates investigation of
t he transduction nechanisns |inked to the 38 receptor.

In addition, |abeling angiostatin proteins with short |ived isotopes

égm Cron enabl es visual i zat| %@%ﬁ? ﬁ)sosgﬂ*ﬂ%t%gﬁos nghXEs,“&joPe‘i’n

radi ographi c techniques t ofl’hzmmféof angiostatin and the angiostatin ragepioncannbe generated.
angi ostatin bindi ng sites. After protein synthesis and ification, botl fofSiraf and polycional

substitution of am no acids w se S
proteins yields high affinffusem F@tt@‘?‘%’e %&@%@W@%@ﬂﬁwmm

15 angi osfSatin rem.pfionexmlﬂe pelyhbnaimnuserdmaybtmlsedhgrabbitsasuem goats
binding to its animdis Bbﬁﬁnn ﬁz&u‘ﬂs
suppress the growth of or other AR Icﬁuomst g@?%a?géogt&ﬁnﬁ such

limting the spread of canE%P"“Aﬁt%@&hP-@!‘@“boOf angiostatin itself, is combined with an
angi ostatin are applied i nadjuvandmixnne, exulsifiedadinjetted RibetatsouslQtat arltiplosites

angi ogenesi s. For S M‘)ﬁ*“%paﬁ&%ﬂ?%ﬂ%%’“@%?%éﬁ%ﬁ %ﬁ%%&m

t her apeutic ef fectld to proﬂ@t@%m glar intervals, such as every 2 to 4yegks. ﬁ@qd,samplesare
di abetics. obtained by vempﬂmr@,sbﬁéxammu @i@g fhe mgnﬁrmi Rifafted

develop affinity colums f

at.l.on
angi ostatin receptor from ca{hmm"’ra mately 749 19 dayF§§$r r'e‘ét}ﬂﬁ' Mhbio0d samples
purification of the angi osﬂ@tmqwﬁéé%ﬁpbﬁmgmcﬂtm a8 cenirifngedsatiapproximately

f25 o sequenci ng. U4000X fglat 4C ¥dtaboutB0 niiiutkd) The) Sikén ikrrenﬁeglﬂsalﬁﬂ&b&&nd
or e Cﬁ“ nei Tl
I sol at ed. Next, cllgned nuc tgfég%g@g&me&%%&&fm bﬁ)dt%?sutb ugrﬂ a%%sm

All serum samples from generation of polyclonal antisera or media
samples from production of monoclonal antisera are analyzed for
determination of antibody titer. Titer is established through several means,
for example, using dot blots and density analysis, and also with

20 precipitation of radiolabeled protein-antibody complexes using protein A,
secondary antisera, cold ethanol or charcoal-dextran followed by activity
measurement with a gamma counter. The highest titer antisera are also
purified on affinity columns which are commercially available. Angiostatin
proteins are coupled to the gel in the affinity column. Antiserum samples

25 are passed through the column and anti-angiostatin antibodies remain bound
to the column. These antibodies are subsequently eluted, coilected and
evaluated for determination of titer and specificity.

The highest titer angiostatin antisera is tested to establish the
following; a) optimal antiseram dilution for highest specific binding of the

30 antigen and lowest non-specific binding, b) the ability to bind increasing
amounts of angiostatin protein in a standard displacement curve, c) potential
cross-reactivity with related proteins and proteins, including plasminogen
.and also angiostatin of related species, d) ability to detect angiostatin
proteins in extracts of plasma, urine, tissues, and in cell culture media.

35 Kits for measurement of angiostatin, and the angiostatin receptor,
are also contemplated as part of the present invention. Antisera that possess



sequences are devel oped for insertion into vectors capabl e of expressing

t he- receptor. These techniques are well known to those
skilled in the art. Transfection of the nucleic acid
sequence(s) coding for angiostatin receptor 30 i nto tunor

cells, and expression of the receptor by the transfected tunor

cel | s enhancegygdigsfgsponsi veness of these cells to endogenopgr/@s96/058s6
exogenous angi ostatin and thereby decreasing the rate of netastatic growh.
Cytotoxi c agents such as ricin, are linked to angiostatin, and high
affinity angiostatin protein fragnments, thereby providing a tool for

35 destruction of cells that bind arggi ostatin. These cells may be
found i n many | ocations, including but not limted to,

m cr omet ast ases and pri mar . . . .

BCT/ LSS6/ CEBES ifxehg&stm?r%géﬁgi@?a%mdewamgfmmﬁnmmmsﬂe.m
tumors. Proteins |inked to%M@awmmmcﬁnﬂm@m@mwmmm
- designed to maxim ze del i vgsublish dd3¢ t6afme gt fo?0@; idorteudw RHUATR, Cand' spekifi

l'inked high affinity anglostatlnfra nt.s |v hrough. a C
into vessels suppl yi ng t he TEATEER F‘?‘gfﬁg'z&&?%e fngigs ﬁPBdﬁ'Fée g m%@ﬁh‘%
agents 5 areqiotlimitedte thiefollayving techniques;tcomiptitive nnimmrcmﬂpemh

osnotic punps COUp' ed to assays rathmmmunoass | Bibhtd ifdh R 4t d® Shenfiluminescence
conmbi nation of angiostatin

a onlsts
applied with stinulators ofS# ?’HB’@H@EP 8 %8%&%%%9@%%?%‘“
tissue. This therapeutic rdgt bims emaymel dinkeadh asidyeahcluﬁngdé[ﬂSAofmﬂuﬁttetoyllateg.

net astati c cancer. h{bmggﬂn Igﬁlg

conbi nati on with other corrp03| dycoatedstnps ordlpstﬁﬂgf&%ﬁi& %ce res P)od,
the treatment of dilseases. apdimmunpgytechemistiynBor ¢agh kisdhe range, sens1t1v1ty, precision,
treated conventionally wit helﬁbﬂﬁ?,rspemﬁ@ﬂy ahd eprodudibiGRP b theddyayC ﬂﬁtasﬁﬁﬂshed

the pat ent 1o extend tho ADRR ful aefiisn] Sotit QB TH dEHNelef %"?%W a5
15 i nhibit the growppingf tandandeyeves pf dispiaopmentiob ACtiVItidi t i onal | y,

angi ostatin, On3 Bgin}ilé Bf anaskdyAIEGHBonl R BEHAGR kedbarbh and in the
antisera, angiost alts' n rece%&r‘: ﬁgm%ﬁunoassay (RIA) kit. An angiostatin RIA is illustrated

below. After successful radioiodination and purification of angiostatin or an
angiostatin protein, the antiserum possessing the highest titer is added at.
several dilutions to tubes containing a relatively constant amount of
radioactivity, such as 10,000 cpm, in a suitable buffer system. Other tubes
20 contain buffer or preimmune serum to determine the non-specific binding.
After incubation at 4C for 24 hours, protein A is added and the tubes are
vortexed, incubated at room temperature for 90 minutes, and centrifuged at
approximately 2000 - 2500 X g at 4C to precipitaté the complexes of
antibody bound to labeled antigen.The supernatant is removed by aspiration
25 and the radioactivity in the pellets counted in a gamma counter. The
antiserum dilution that binds approximately 10 to 40 % of the labeled
protein after subtraction of the non-specific binding is further characterized.
Next, a dilution range (approximately 0.1 pg to 10 ng) of the
angiostatin protein used for development of the antiserum is evaluated by
30 adding known amounts of the protein to wbes containing radiolabeled
protein and antiserum. After an additional incubation period, for example,
24 to 48 hours, protein A is added and the tubes centrifuged, supernatant
removed and the radioactivity in the pellet counted. The displacement of the
binding of radiolabeled angiostatin protein by the unlabeled angiostatin
35 protein (standard) provides a standard curve. Several concentrations of other
angiostatin protein fragments, plasminogen, angiostatin from different



angi ostatin receptor antagonists, or conbinations thereof, are conbined
wi th pharnmaceutically acceptabl e excipients, and optionally sustained-
rel ease matri x, such as bi odegradabl e polyners, to formtherapeutic

20 conposi tions. A sust ai ned-rel ease
matrix, as used herein, is a matrix nmade of material s,
usual l'y polympbﬁmgﬁycﬁlafe degradabl e by enzymatic or PCT/US96/05856
aci d/ base hydrolysis or by dissolution. Once inserted into the body, the

matrix i s acted upon by enzymes and body fluids. The sustained-rel ease

25 matri x desirably is chosen from bi oconpati ble materials such
as |iposones, pol yl acti dedD (pol yl actic acid),
pol ygl ycol i de (polymer of glycolic acid), pol yl acti de

co-glycolide (co-polyners c |
- pol 3a%hydri deg, pgl y)(/ort ho sieéelr&sﬂd: h@m}i 'ggﬂeg[pﬁl%ﬁﬁy l}rﬁgﬁjéo élcl:? gssagoﬁuf)eas g’n
cﬁbﬂ'ﬂF@“ @wﬁm

chondroitin sulfate, carb i pi ds,

30 pol ysacchari des, rEx&aemfmiodsnssnesL memdm@ bﬁﬁndi&mﬁﬂmmydﬁd

;gfgnﬁil eotides. pol yvinyl w@%{}{enéﬁmlﬁﬁ%ﬂﬁm&ﬁﬂ&?%&&mm@mg
pol yvi nyl pyrrol i dobe and s mnmmwwmrmwheammrsandm@@e.
n?t“f( gf <()ne oflelther ]potﬂsl drdﬁusﬁ@'e)tﬁ‘héﬁbﬁ'l}eﬁlﬁuquv& A& hdve Belefl Successfully
gl ycol i de (co-polyners o i c. aci ol

The angi ogenesi s- nodul at i nﬁgﬁh ﬁ?@%@gﬁ%{q ﬁféﬁ%@?g%'ﬁ%uo Oéggﬁ%swc of the
i nvention may be a solid, ussqmuum,mmbnﬁerathwda@ﬁmmmqsmmmdm

WO 96/ 35774 the RIA tubes. Extracts of known angiostatin producing cells produce
PCT/ US96/ 05856

3
known route of adiPni stratwwamﬂm@w&w&%wwmwm“m
conposi tions include pill sef nssnemh,at doalot prokiacet axigiostatinsdogrotidispiace ridielabeled s

may be admi ni stered orallyg, Wﬂi‘id a@ g€l
1:50p| cally. The inplantable a%sa un| %ﬁ@?“ﬁf{?‘nm nl’ﬁbfeé%ﬁ 6? xs?‘f% ?rme,

exanple at a tB’ﬁﬂP

rel ease of areadd&dm MaasagpMesmmgsurgmns Plamﬂdldisphgemem
conposi tion, for g¥ample eyrves indicate the utility of the angiostatin assay to measure angiostatin in
tissues and body fluids.

Tissue extracts that contain angiostatin are additionally characterized
by subjecting aliquots to reverse phase HPLC. Eluate fractions are
collected, dried in Speed Vac, reconstituted in RIA buffer and analyzed in

20 the angiostatin RIA. The maximal amount of angiostatin immunoreactivity
is located in the fractions corresponding to the elution position of
angiostatin.

The assay kit provides instructions, antiserum, angiostatin or
angiostatin protein, and possibly radiolabeled angiostatin and/or reagents for

25 precipitation of bound angiostatin-angiostatin antibody complexes. The kit
is useful for the measurement of angiostatin in biological flaids and tissue
extracts of animals and humans with and without tumors.

Another kit is used for localization of angiostatin in tissues and cells.
This angiostatin immunohistochemistry kit provides instructions,

30 angiostatin antiserum, and possibly blocking serum and secondary
antiserum linked to a fluorescent molecule such as fluorescein
isothiocyanate, or to some other reagent used to visualize the primary
antiserum. Immunohistochemistry techniques are well known to those
skilled in the art.- This angiostatin immunochistochemistry kit permits

35 localization of angiostatin in tissue sections and cultared cells using both
light and electron microscopy. It is used for both research and clinical



subcut aneously. Exanples of liquid conposition include fornulations
adapted for injection subcutaneously, intravenously, intraarterially, and
formul ations for topical and intraocul ar adm ni stration. Exanples of aersol

10 formul ation include inhaler forrmulation for adm nstration to the
| ungs The angi ostatin of the present invention
al so can be uggybsizgrrgener ate ant i bodi es tPCENUSSE/05856

specific for the inhibitor and its receptor. The anti bodies

can be either polyclonal antibodies or nonoclonal antibodies. These

anti bodi es that specifically bind to the angiostatin or angiostatin
receptors 15 can be used in dgmrgnostic nethods and kits
that are well known to those of ordinary skill in the

art to detect or quantify B,qun g &%@u n?snﬂé .

receptors in a body fluid ?%sﬁe @En romgit%hese tes Canngsue&gcg ns
to di agﬁ%g’ @rmmref@m t%mﬁﬁ G@%ﬂ%@tﬂ@@lﬂ?’e Sgeh
. a canter and ot her information is usefu fti UPROEHC ahi® Hossib) Pérposes in the

and kit to e a”%%ﬁﬁ?@c@%&aﬁaﬁﬁ# f’?fw'm”esa @%ﬁéﬁ'ﬁﬁ@“{eﬁ"’?

bi ndi ng angi ostatif These #aBiostatin blOSYnthesm involves mmomwngmuhmm@doemlmm

of circulating angiostatin sﬁﬂ%&%ﬂﬁn"l@bﬂef&% §ﬁﬁnmessengerRNA. Sumlarl the

the spread of mcronetastases,in.th resence of |ost secrete v
primary tumors in situ. Patdngipstip YJ)pFPof s‘lfcﬁ’@? and q tltateg with

anti-angi ostatin - 25 immunohistochemistiyttoctiniquesmay be nore likely to

devel op nul tiple tunors and canqg§sin n is further illustrated by the ERnfples,
i kely to have rec&irences of, cancer er tr at ments or, perio

of renission. The b frag%ﬂ?@“&i’mﬁ‘? %@Yo‘wa&sm %’ES’HBB?WW‘B%
used as antigens to gener atseopythéresth @nthé edritraryt-itlis forbe glervly urdessicdd tait rércinay
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anti-angi ostatin anti bodi esthereof which, after reading edescunmmmcsuggeettyemselves
el evating circulating angi Ot%ttﬁése&kineﬂﬁiﬂ:eartwitho ommespmtoftheptesent
Anot her aspect of {he presei%mhmﬁp”, &é ki ng the

S in.

action of excess endogenous angl 0 1'S ca one Dy passively
| mmuni zing a human or animal with anti bodies specific for the undesired

35 angiostatin in the system This trEamplilcan be inportant in
treating abnormal ovul ation, menstruation and
pl acentati on, and vascul ogenesi s. WO 96/ 35774
PCT/ US96/ 05856 Choice of an animal-tumor system in which growth of metastasis is
20 inhibited by the primary tumor and is accelerated after removal of.the
primary tumor.

By screening a variety of murine tumors capable of inhibiting their
own metastases, a Lewis lung carcinoma was selected in which the primary
tumor most efficiently inhibited lung metastasis. Syngeneic C57BI6/J six-

25 week-old male mice were injected (subcutaneous dorsum) with 1 x 106
tumor cells. Visible tumors first appeared after 3-4 days. When tumors
were approximately 1500 mm3 in size, mice were randomized into two
groups. The primary tumor was completely excised in the first group and
Ieft intact in the second group after a sham operation. Although tumors

30 from 500 mm3 to 3000 mm3 inhibited growth of metastases, 1500 mm3
was the largest primary tumor that could be safely resected with high
survival and no local recurrence.

After 21 days, all mice were sacrificed and autopsied. In mice with
an intact primary tumor, there were four +2 visible metastases, compared to

35 fifty +5 metastases in the mice in which the tumor had been removed ( p <
0.0001 ). These data were confirmed by lung weight, which correlates



34 This provides a useful tool to exam ne the effects
of angi ostatin renoval on netastati c processes. The Fab
fragnent of angiostatin antibodi es contains t he bi ndi ng
site for angiostatin. This fragnment is isolated fron1ang|ostat|n
ant i bodi es using techni ques known to those skilled in the art The Fab

5 f rResEss94 Of angi ostatin antisera are used as antirOE96#s856
generate production of anti-Fab fragnment serum Infusion
of this antiserum agai nst the Fab fragments of

angi ostatin prevents angiostatin from bi nding to angi ostatin
anti bodi es. Therapeutic benefit is obtained b#2neutralizing endogenous
anti - angi ost ati n anti bodi es by bl ocki ng the binding of

angi ostatin to the Fab or ﬂ; ?&F‘i@hﬁs Qéen%éﬁo&fsgmﬁ?%& Thite

net effect of this treatrrent S acl

ability of endogenous ci rcW%%MW&PM‘ﬁW&W%M&E@“&EN@WWW
t her eby refivedempateditd Miceih Maithdlle MRbARIMAGRE intact (p < 0.0001
It is to be understood thas the present invention is contenplated to

include any derivatives of “the angiostatin that have endothelial inhibitory
15 activBty. The presHsexpameatalonodehgave seprodupiblesiata and the experiment

angi ostatin protein, described is reproducitf. mtmmeﬁasmeldaeumm é’éréxﬁoma-

protei n and bi ol ogi cal ly-agctive fr

angi ostatin protein. Thesef g‘g@%ﬁ@%w ‘HW&M@?&'&W&%&W‘WW
have ami no aci d substi tuti o¢aslyddentical patery in SCIR micehwhichateateficient inbothdhand T o
am no acid functional groufganh present invention -also includes genes

20 t hat coq(a for angiostatin and the angi ostatin receptor, and to
proteins that are expressed by those genes.

The proteins and protein fragnments with the an§Examplg2 n activity

descri bed above can be provided as isolated and substantially purified

proteins and protein frag S, | har maceut j cal Iy acceptabl e formul atio
25 usi ng formul a ‘i"ﬁﬂﬁ"’ﬁeﬁ’fﬁﬁg o‘éé#‘f‘ﬂ" gargthopagiumar fh %‘k‘r’l'!‘g&?ﬁ

the art. meltisiatie; wihethexbraior the priviary lamor iyremoweder ed by
standard routes. Iy general thg  etastatic variant of AEWiE Ahh FarcHbmd Grose
adm ni stered by the topi ca transé

i ntraperitoneal , intracranf8f éﬁﬁ%m%l&e“m’@e‘r’étﬂnﬁﬂmw of

intravagi nal, intrauteri nemlmauhasmnadolamdmemdmgm&bn(e&ogsdesmbadanﬁnmpie

the R coxin iy ﬁé‘g‘e‘ﬁ%ﬁ%“'ﬂgﬁ %&naﬁﬁﬁf"’

pol yners al | owi ng for PRUBALY fumgr ig
conpound, the pol ¥8ers being inpl ant ed in the vicinity
of where drug delivery is desired, for exanpl e,w site of a tunor
or inplanted so that the angiostatin is slowy released system cally.
35 GCsnotic m ni punps nmay al so be used to provide controlled
del i very of .  Size of metgttasen adroliferation yaseiof sengr oellsavithin themo Efect
cannul ae to the site of i NP @ pFimary umor that inhibits metastases (LLC-Low),
25 CS57BI6/J mice were used in all experiments. Mice were inoculated

subcutaneously with LLC-Low cells, and 14 days later the primary tumor

. was removed in half of the mice. AtS, 10 and 15 days after the tumor had

been removed, mice were sacrificed. Histological sections of lung

metastases were obtained. Mice with an intact primary tumor had

30 micrometastases in the lung which were not neovascularized. These
metastases were restricted to a diameter of 12-15 cell layers and did not

show a significant size increase even 15 days after tumor removal. In

contrast, animals from which the primary tumor was removed, revealed

large vascularized metastases as early as 5 days after operation. These

- 35 metastases underwent a further 4-fold increase in volume by the 15th day
after the tumor was removed (as reflected by lung weight and histology).
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such as directly into a netastatic growh or into the vascular supply to

t hat tunmor. The bi odegradabl e pol yners and their use
are described, for exanple, in detail in Bremet al.,
J. Neurosurg. wobessshs 446 (1991), -which | BCIVUSIEI95856

i ncorporated by reference inits entirety. 5 The
dosage of the angiostatin of the present invention wll depend

on the di sease state or condition being treated and other clinical factors
such as weight and conditi4sh of the human or animal and
the route of adm ni stration of the conpound. For

treat1 ng humans or ani mal s,z mﬁ&ﬁfﬂa}
ng/ kil ogramto 500 ng/ ki | ogé?mm?%wgo%immﬁatpﬁ:%%gra ent. AlL :@Mvﬁfﬁ

adm ni stered. Dependi ng up
particul ar animal or hunaninmaqmmawmmbﬁsurﬁvmmudmaeﬁlsmmdt bet ween

e e B S L0 0 gl el g e e

veterinary use. Thé net hod§°“nﬂﬂgn“°1@l stained with Brd{pwhich badbesa pravicualydnjectedhinto

contenpl ate single as well tRémite! Thehig hpercen Jo'ftumorcellsmcorﬂ&%ﬁgﬁidtﬁﬁl'sﬁﬁﬁ;
gi-ven either S|nultaneously vale Bver an ex

eri,
Ui e, ET R i g————
suitable for oral, rectal, eqmvalenttothe incorporagiph of tainor cell§ inthe latgefpscularized

intravitreal or int racaner %étastﬂb%%i‘mﬁ:@ﬂoﬁﬁkvhﬁdhnﬁbtﬂghdwy tumor had been removed

buccal and subllng I ntraut n nt er al ncl udi n
20 subcu neous m@mwﬂﬁﬂs Q#H{fw}s or has

i ntrader mal , . m@mcteffecnmahmplidauonmtemﬁmmbdhlmmmeﬁmbﬂ al )
admini stration. The angi ostati nI?F(fnreB the left panel %Powsz?&ﬁ‘lﬂb@ﬁﬂﬁﬂﬁemhmowens

conveniently be presented in uni T or
be prepared by convent|onalmﬁhﬁﬂ%%mecWWM|me of & primaeh fimeere s Before
i nclude the step of bringi rimxﬂmbhnsmematsmﬂmgf&cﬁﬁslm pegicatilizad withd.2 M

fZgr mul ati ons grgr "Epeut! CalHéﬁ&llsrmampw& un| ?&Wpa%@% F%‘Qﬁ?ﬂf

bringi ng into association Meankeim G
liquid carriers or finely cht\mdajfm'ols lhimnem é.labe.ling mdemwaarestlmated by countmg

percentage of positive nuclei at 250 power. The right panel of Figure 3

depicts an analysis of total lung weight of tumors with primary tumors
20 intact or removed 5, 10 and 15 days after operation. Animals were

sacrificed 6 hours after intraperitoneal injection of BrdU (0.75 mg/mouse).

Example 4

25 Inhibmon of angiogenesis in lung metastases in the presence of an intact
primary tumor.

To measure the degree of vascularization in lung metastases, tissues
were stained with antibodies against von Willebrand factor (an endothelial
specific marker, available from Dako Inc., Carpenteria, CA). Metastases

30 from animals with intact tamors formed a thin cuff (8-12 tumor cell layers)
around existing pulmonary vessels. Except for the endothelial cells of the
vessel lining, no or few cells were positive for von Willebrand factor. In
contrast, lung metastases of animals 5 days after removal of the primary
tumor were not only larger but were also infiltrated with capillary sprouts

35 containing endotheliat cells which stained strongly for von Willebrand
factor.



then, if necessary, shaping the product.
Formul ati ons suitable for parenteral adm nistration include aqueous

30 and non-aqueous sterile injection solutions which may contain
anti - oxi dants, buffers, bacteriostats and sol utes

whi ch render the fornul ation : i sotonic with the bl ood of
t he i ntended %RfdsBsePt; and aqueous and non- PCT/USHQSES6US

steril e suspensions which may include suspendi ng agents and
t hi ckeni ng agents. The fornul ati ons may be presented in unit-dose or

35 nmul ti-dose containers, for exanple, sealed anpules and vials,
and may be stored in a fredke-dried (lyophilized)
condition requiring only the addition of WO 96/ 35774

PCT/ US96/ 05856 :

the sterile liquid carri er,pBﬁOJ Ineg%munoéustom%ltezgmca* anal}'sm gt“:%hlegresencl;e Ot.%ﬁmthgllml
prior ung-Meiastassss A dWEmetastasis wirh the, primaryjang fmor
suspelnsi onsdmayblbe f hmtact 19 days aftemomhﬁmi hadaceff of tﬂmrmﬂdmnd apre-
granules and tablets of t

5 Pr ef errew or nurat onﬂ%mséars(las?aﬁose con?al ni ng
a daily dose layers. ‘Epere;was, nmw@wwfmasc@lmnn@mrwd thee

fLaC]t idOB- 'thegleOfi 01;' ';Eet _mxcrovessel mdg%;nﬁcmﬂymm&ovmdew
“ngredi ent s, parti oular iy SERECuriH kS of sfavascalsr prerangiogsmic meryani
gresent

ingredients, particularly
i nvention may incl ude ot her ageh%nmmmmmahammftw §jize dayso

10 ] the type of formifsi e ﬂmm&twasr@émw sﬁﬁéiﬁidéﬁ!aﬁo@ﬁﬁﬂies
may be

|ncor t .hervvls |ndW|t
angi ostatin protei %, or a6y 8o, i nld P’?“"Fﬁ%%}nml‘“‘g’
protein fragenents t her eof Intcom;nsbwﬂvmlewhm theyprimary tumor was not resected, the

t Pet Eat ient. t t tumor was neovasculﬁﬁ%d)gm%,' ?hidﬁ&tﬂaﬁﬂ &Y thned ﬁgﬁﬁts
0 e present invention c esl z ip.a ndar

ni crochenical facility and%mﬁ %m%@ ]ﬁ°dv°3¥eris motastases, but ﬁ%@%&d
mass spectrophotometry. Met withip agnetasiagis atenor affectatibg the primary tumor.
purification and npss spectrophotonetry are conmonl y known to those

Example 5

A primary tumor inhibits angiogenesis of a second tumor implanted in the
. mouse cornea. Growth of this second tumor is inhibited.

20 ~ A0.2510 0.5 mm2 Lewis lung tumor (LLC-Low) was implanted in
the mouse cornea on day 0. (Muthukkaruppan Vr., et al., Angiogenesis in
the mouse comea. Science 205:1416-1418, 1979) A primary tumor was
formed by inoculating 1 x 106 LLC-Low cells subcutaneously in the

' dorsum, either 4 or 7 days before the corneal implant; or on the day of the

25 corneal implant; or 4 or 7 days after the corneal implant. Control mice
received the corneal implant but not the subcutaneous tumor. Other control
mice received the corneal implant and an inoculation of LL.C-High tumor
cells in the dorsum 4 days before the corneal implant. The corneas were
evaluated daily by slit-lamp stereomicroscopy for the growth of the corneal

30 tumor (measured by an ocular micrometer) and for the growth of new
capillary vessels from the edge of the comeal limbus.

In control mice not bearing a primary subcutaneous tumor, a
magjority of corneas (6/8) developed neovascularization starting at day 6 to 7
days after corneal implantation and continuing to day 10. By day 10, the

35 vascularized corneal tumors had reached approximately a quarter of the
volume of the whole eye. In the presence of the primary subcutaneous



skilled in these arts. Angiostatin proteins and angi ostatin receptors

proteins are al so produced in reconbinant E. coli or
yeast expression systens, and 20 purified with col um

chr omat ogr aphy. Different protein fragnents of
the intact angiostatin nol ecul e can be synt hesi zed for

use in sever ayo9gf¥ri£ati ons including, but not limted to thecrwsseossse
foll owi ng; as antigens for the devel opnent of specific antisera, as

agoni sts and antagoni sts active at angi ostatin binding
sites, as proteins to be |inked 25 to, or used in conbination
with, cytotoxic agents for targeted killing o#5cells

that bind angiostatin. The am no acid sequences that corrprl se these

protetns - %@:tﬁﬁh??ﬁee&r&!hm e aﬁ:%fé\f Rﬂﬂ&h&'}g?e

the exterior regions of the acCcessi
for binding to antisera. wmrmmm}eymlemﬂaysmmombefore

of angi Oftﬁ“ n, astvvlell asimiphnt (Table ¢ 1N theodbskive. dmiemth bﬁaﬁiﬁd on, comeal&ﬁhors
represented separately ann n e

These protein sequences ar ﬁ?’ﬁ%’%‘%‘ﬁ%%@@ﬁfﬁ%ﬁ ggﬁiﬂ??erfé’

protei n sequence databases suc wvﬂemmmmmmlmtedunm4daysaﬁer
SW SS-PROT, and PIR to detsgg %ﬁ@aﬂiﬂ PRAL cameSALANE Faso

Ion or mat i ogSf aci |l i tatsgzugl [ m n ﬁln of se %ﬁﬁ’ﬂ?’éhat exh| %Z%E&hﬁl ge

the potential for thmﬁlﬁneﬁlmaneousLm-nghmmor,themajonty ofcorneas (213)
PCT/ US96/ 05856 starting

hi gh specificity ip the de ztatllq's“era aés "Is?f'tserg%rg arlllP%gonl St and
to 1 angffep day 10. yday 10, the WWP@M‘Q
and angi ost atin derived prmmem Wm@fﬂfév@hhﬁrofmewholeeye

nol ecul es ‘usi ng standard nmethods. The ami no and carboxyl term ni "of

5 angi ostatin both contain tyrosine a i ne residues and are

i sotopically and noni sot opi | abel ed with many

techni ques, for exanple radiol
conventi onal tech)rfnglques (t Whividh of sumor gxo eneszs u}thé’% fiita by a)gvrﬁllg;rg

| act oper oxi dase; |ysine regwlmgﬂ. Bol t olrtl Hunt er reagentS‘ ese pI I ng

Day of eye impiant 00 0 0 0 0 0
Day of primary tumor <7 -4 4* 0 none +4 +7
implant — —
Number of mice withnew |2/10 09 273 2/3 6/8 3/3 213
corneal vessels at day 10

20 It would be expected that 0/10 corneas would show neovascularization

when the primary LL.C-Low subcutaneous tumor was implanted 7 days
before the eye tumor implant (i.e.-7). However, 2 of the tumors (2/10) had
become necrotic because they were too large (> 3 cm3).

25 Example 6

Primary intact tumor inhibits angiogenesis induced by a secondary

subcutaneous implant of basic fibroblast growth factor (bFGF.).
Although the experiments described in Examples V and VI show
30 that a primary tumor inhibits angiogenesis in a secondary metastasis, these
. studies do not reveal whether the primary tumor: (i) inhibits endothelial
) proliferation (or angiogenesis) directly, or (ii) indirectly by down-regulating
- the angiogenic activity of the metastatic tumor cells, To distinguish between
these two possibilities, a focus of subcutaneous angiogenesis was induced
35 by an implant of matrigel containing basic fibroblast growth factor (bFGF).



techni ques are well known to those skilled in the art. Alternatively,

t yrosi ne 10 or lysine is added to fragnents that do not
have these residues to facilitate | abel i ng of reactive
anm no and hydroxyl groups on the protein. The coupling

technique is chosen on the basis of the functional groups available
on the am no ywgisgsss4Cl uding, but not limted to am no, sul fmsusebossse

car boxyl , am de, phenol, and im dazole. Various
reagents used to effect these 15 coupl i ngs include anong
ot hers, gl utaral dehyde, diazotized benzidi ne,

carbodi i m de, and p-benzoqui none. 46 . Angi ostatin

proteins are chemcally coupled to isotopes, enzynes,

carrier proteins, cytotoxi S | I S Gent
chem | um nescent, ﬁ’a@ﬂﬁfﬁ A, eJ mt)f if ¥ lgggg%ﬁﬁéﬁge &%‘?d g%’nﬂgsﬁﬁ%gg
for a variety of applicati MOECIFPR!S and anti-apgjogenic agents using reconstityted tbaseveent
coupling {eafct I O'[]hl s det e:ﬁbmeﬂw, %ammmmqwmqu 675f19 1992) °
appropriate for e specifie r [ abel i ng .0
angiostatin protein with [err]l eﬁﬁé’ Oi;'@ﬂnp T‘SWE%&? B‘“ B‘@‘F R{%&? %qgamm
{\la[ err] { . 3 either @5 o1 $hng/l HEGE im thei pr:;epce of beparing was rinjected
erm nated w sodi um tan sl ,ﬁgycg bﬁxﬁ]?ffmy%?b@ﬂrﬁfg‘iﬁﬁ
i s desalted on di sposabl e %;{E N gogntheventﬁ!?% o Rr otern :
eluted fromthe col um and g?’“@ns Wik, sacrifiged 4 days ater hemoglohin
Aliquots are renpved from esncentfation in the gelwlasmebsared to quahtifyrbicomi vesst] formation.

gama counter. In this nman Tl oubidh 'Jnf g%ag e
| abel ed angi ost at| n pr ot ei ir}%%ﬁeagggigg?ﬁ? raclt\tllﬁ%tn s 1*1& E@vﬁ’ir Swfh{éﬁ@nw
specific .
such as anal ysi s of t he abiAnpiogenesis and its mnibxtors m “Impg ,.-,.. dtyay A-J lu \o;,-,,r,, alogy
anti sera. - iRk I 45 i .
conjugation is for pr oductll%sh5 YTDeV;ta,A§ 'S, Renf ‘ﬁd(x)tﬁfg?f.ﬁ e"xJtt

po
For exanpl e, angiostatin pF M"'@"bdﬂg@i n>omme |8pls were also prepared for hlstologmal
residues are linked to purefansiflativy Imsormal miced hattigehpelletsnghich crmainédIS0 ug/mi

a5 1O O G bl RACE e e.nﬁﬂﬁirﬁﬁt’é’%“ araﬁ'ﬁﬁﬁﬂﬁiﬁm@ﬁ*ﬂ

are separ at ed 24l ‘Fﬂ%‘“
subsequent use. V@a@ﬁﬂﬂﬁiﬂandgrayandcontmnedon1y04gldlhemoglobm(a6-fold

PCT/ US96/ 05856 difference). In contrast, matrigel from mice with a primary tumor
contained only 0.5 g/dl (Figure 4). '
20 : The near complete inhibition of angiogenesis in this experiment
suggests that the presence of a Lewis lung primary tumor can inhibit bFGF-
induced angiogenesis directly.

Example7
25

Transfer of serum from a tumor-bearing animal to an animal from which
the primary tumor has been removed suppresses metastases.
Mice were implanted with Lewis lung carcinoma as described
above. After 15 days, when tumors were approximately 1500 mm3, the
30 mice were randomized into four groups. Three groups underwent complete
surgical resection of the primary tumeor; in one group the tumors were left
in place (after a sham surgical procedure). The mice in the three resection
groups then received daily intraperitoneal injections of saline, serum from
normal nontumor bearing mice, or serum from mice with 1500 mm3
35 Lewis lung carcinomas. The group of mice with the tumors left intact
received intraperitoneal saline injections. All mice were treated for 21 days,



38 Anti serum agai nst angi ostatin, angiostatin
anal ogs, protein ' fragnments of angiostatin and the

angi ostatin receptor can be generat ed. After protein
synthesis and purification, both nonoclonal and pol ycl onal

antisera are raised using established techni ques known to those skilled in

t he WO 96135774 art. For exanple, polyclonal antisergcyuéshsss ai sed
in rabbits, sheep, goats or other aninmals. Angiostatin
proteins conjugated to a carrier nolecule such as '

bovi ne serum al bum n, or angiostatin itself, is conbined with an

adj uvant m xture, enulsified and injected subggtaneously at nultiple sites
on the back, neck, flanks, and sonetines in the f oot pads Boost er

i nj ections 10 de | ar val s ch AN
2 to 4 weeks. Bl ood sanpl egﬁeély"é&h%% were Shibafiize {?P hﬁé’“

veni puncture, for exanpl e (Kblk@)t he narginal ear veins after

dilatfon, -approximately 7 to 10 days after each injection. The bl ood

sanpl es are allowed to cl ot mi ght at 4C and are
centrifuged at approxi mately X g at 4C for about
30 minutes. The sefumi s renoved, aliguoted, and stored

at 4C for immedi ate use of at =50 10 -90C Prim mTySISPdmry
Al'l serum sanpl es from gefperation of polyclonal antisera or nmedia Tumor
sanpl es from production of rmnocl onal antlsera are anal yzed for Intact

determ nati on of anti body 4% - ST | ' Hom & 3 verar.— |

means, Vet ﬁ%w| e, SilmeNdn bl ot gunedrchett®ipS| Sati

anal ysis, and also with glﬁmf: phggaéltathg& of radlgﬁﬁe_g_
prot ei-n-anti body conpl exes el A

antisera, cold ethanol or MMBstacHs! -‘%gxt 535 f ol | appd by acti,ﬂ' ty 341
measurenent with a gamma ¢ '
purified on affinity colums whi ch are comerci al | y avail able. Angiostatin

proteins are coupled to thFhesel rebults Wereaddnififmbd b901uug1we1§mt pSL 100001 E0 the

25 are: passed t agibiol Bewec HER BluBlics 86595!0d By kel

remai n bound se anti bo

subsequently el uted, coll eE?‘Edbe&HcP%mned using angmstann ff%?’&l% tngor-bearing
determ nati on of tibter andamipmlsificity. The

hi ghest titer angiostatin antisera is tested to establish the

following; a) optimal antiserumdilution for hi ghest speci fic binding of

t he 30 antigen and | owest non c binding, b) the
ability to bind increasing anounts of angiostatin
protein in a standard disp M;ﬁ

cross-reactivity WI th rel a?gﬁ %%el S aﬁ'&ﬁhrm?tﬂw&laﬁcl udi nq pl asm nogen
and al so angi ost atlPn of rel at ed fween Passaescy apd 14 981yo sALEO, _
proteins in extracts of pl mmmmﬁamﬂmwmd(lﬁﬁgblmuﬂPBsatﬂ‘Eﬁlla%
35 Kits feio ”ﬁ?%%%ﬁ?s%d%:?ﬂ%e@%ﬁlb mPPBSY Hwell plates at a
angi ostatin receptor, at’'ed as part, of

o conte
the present invention. Ant F%&@%Ofpmg&jmi Cell couts are performed using a
hemocytometer, Cells are plated in 500pl DMEM with 10% heat-

20 inactivated (56°C for 20 minutes) bovine calf serum and 1% glutamine-
pen-strep (GPS).

BCE cells are challenged as follows: Media is removed and
replaced with 250 ul of DMEM/5% BCS/1%GPS. The sample to be tested
is then added to wells. (The amount varies depending on the sample being

. 25 tested) Plates are placed at 37°C/10% CO; for approximately 10 minutes.
250 pl of DMEM/5% BCS/1% GPS with 2ng/ml bFGF is added to each

- well. The final media is 500pl of DMEM/5% BCS/1%GPS/ with 1 ng/ml
bFGF. The plate is returned to 37°C/10% CO, incubator for 72 hours.
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the highest titer and specificity and can detect angiostatin proteins in
extracts of plasma, urine, tissues, and in cell culture
media are further examned to ' establish easy to use kits
for rapid, reyiglpkews sensitive, and specific mm enment

and | ocalization of angiostatin. These assay kits include but

are not limted to the follow ng techniques; conpetitive and

non- conpetitive assays, radi oi nmunoassay,

bi ol um nescence and chem | um nescence 48 assays,
fluoronmetric assays, sandw ch assays, inmmunoradionmetric assays,

dot blots, enzyne |inked assays d L

anti body coated strips or dipst |Hc€a§J‘?J ‘?"ﬂgége Mihﬁ% “%r‘ﬁ%d@&%r“gl

10 and i mmunocyttEypsinizing all wetlsr(0Samh typsinfBRT A)ofor & tosk minutes, | The

preci si on, _ suspenfd@d icaltd hie! then %ﬁﬁéﬁé&t& ¥c1ﬁﬁl§htfoﬁWiﬂ§' YAt !5 Y
of the assay are establis

traassa I ni er as
variation is established ;ﬁex%t%l and cpunied mam‘“ﬂ coumiss. A vl of 2’9' M
the standard curve8 of di smmmnﬁmmconwnmglangmstannthatxscapableofproducmghalf—

One exanpl e of an assay Kig iif OTHQF}F theléﬁ
. clinic is a radi oi nmunoassa RI A hﬁ%ﬁf agﬂl édh I Tustrat
bel ow. After successful ré in @H’sof angi ostatin or

an angi ost atl n protein, the antiserum possessing the

hi ghest titer is added at ﬁﬁﬁﬁlﬂ dilutions to tubes
containing a rel aihvely const ant armunt of

radi oactivity, as 10,000 cpm in a suitable buffer system O her tubes
20 contain buffeSemﬂumMMamrgehumvamtdmwmwieluhbmmor(LLwa)
non- speci fi ¢ bi ndi ng. HE@E t 4C for 24
hours, protein Ais added an ﬁagzmendatheﬂﬁﬂfpﬂaib‘é bt Vil ort exed,

i ncubated at room tenper at ur e f@%‘%%@%ﬂﬁﬂ‘ﬂwmmﬂbmbm
approxi mately 2000 - 2500 groytiefacté(WFGRY €g/m})j inal 22-lidne protifapdtion assapf The serum

ant i body bound tog abel ed N
25 and t e radi OW?W aﬁPﬁattots courﬁwwmﬁ%ﬂmaﬁﬁ&ﬁ

edIn
counter. The ﬁPl%@Fﬁﬂ&W%%"ﬁ"ﬁ@% blg,mapner. Y Nommal serum

approximately 10 to 40 % otvad ot ihitiitekye@igure 5). Endothehalcellpmhferﬂﬁdﬂmsrinlﬁmmdﬁn

bt t f th Cter _
Next. & i lution 1 ange. ?Qﬁﬁﬁﬁ%@i@ﬁ e gg;z*i»?rs% ﬂ%[q%é_&@d e e
brarizg SO miee: < Afierthe pemary,

angi ostatin protein used f
20 removed, angiostatin activity disappeared from the serum by 3-5 days.

Tumor-bearing serum also inhibited bovine aortic endothelial cells
and endothelial cells derived from a spontaneous mouse
hemangioendothelioma, (Obeso, et al., “Methods in Laboratory
Investigation, A Hemangioendothelioma-derived cell line; Its use as a

25 Model for the Study of Endothelial Cell Biology,” Lab Invest., 63(2), pgs
259-269, 1990) but did not inhibit Lewis lung tumor cells, 3T3 fibroblasts,
aortic smooth muscle cells, mink lung epithelium, or W138 human fetal
lung fibroblasts.

30 Example 10

Serum from mice bearing the Lewis lung tumor (LLC-High) that does not
inhibit metastases, does not inhibit capillary endothelial cell proliferation in
vitro.

35 Serum from mice bearing a primary tumor of the LLC-High did not
significantly inhibit proliferation of bFGF-stimulated bovine capillary



30 addi ng known anounts of the protein to tubes containing

r adi ol abel ed protein and antiserum After an additional
i ncubation period, for exanple, 24 to 48 hours, protein
A is added and the tubes centrifuged, supernatant

renoved and the radioactivity in the pellet counted. The displacenent of

t he WO 96/35774 bi ndi ng of radiol abel ed angi ostati n pepipgssisisg t he
unl abel ed angi ostatin 35 protein (standard) provides a
standard curve. Several concentrations of other

angi ostatin protein fragnents, plasm nogen, angiostatin fromdifferent

WD 96/ 35774 49 )
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speci es, and honol 0gous. pr g f3imRfiefis ANGE 1d GnkBf. ALHE Wbk HESschiin was subjected

characterize the specificity_ oi_ the an%l osf&aﬁ n antrsérum

Extracts of various tissue thefusttWp $ieDp of purdfication (aeparin-Sepharosg chromapgraphy
secondary tunors, Lewis | uagl gehfiltiation)pangiostatin activitp vasiid famidad afy fkceshsCi ng

5 cells, placenta, uterus, and other-tissues such as brain, liver,
and intestine, are prepared using extraction techniques
that have been suc8essfully Exampleddd to extract

angi ostain. After lyophilization or Speed Vac of the

ti ssue extracts, assay buffer, is, added.and different, aliquots, are, placed
i nt o ¢ 1A GER TrIB Wi ne. Areingma (e metaniptinh i gemerates

produci ng cells produce angiostdtih serum. di spl acenent curves that are

parallel to the standard curve, pMibaGe@iNed E@&B ininmei : 2 _
ti ssues that do ncih pr oduc '&nﬁ%inlOSt@alﬁsiS@pﬂﬁgtht 5‘?“%“‘?%%%“%°§8‘.‘%%‘B§|‘é°&"?‘jm
angi ostatin from t*Me angio 0% nfnd ope-weekilateh 1-2mi phbloady-asciles; was
pl asma, and cerebrospi nal bbtaindd fromreachi ofell0s20ninide. Mesémeric fughoe 8&clingowss seen.

are added to the assay tub igﬁ“i [ | .di spl t

15 curves indi cat gﬁ? e u‘?{’??@%ﬁ%ﬁ?@%%%ﬁﬁg@géﬁﬁﬁgﬁ@@m
angi ostatin in Serum was alsosablaiged, fepnp sigymal, pprrumor-bearing mice as a
Ti ssue extracts that cont acontfolgiSepitant adcitesadiete iceptifiged t61amoes Eélis7 @ad the

colected,  dried 18 Speed PAPEEwAN A3l dh jovine ey o dlAl o imulaed by
20 t he angi ost at PRGRI(A ng/mid (3e5,Example30 {Ascitgs wmamgoth tumor
i nunoreactivity types stimulated significant proliferation of capillary endothelial cells (e.g.,
100% proliferation) over controls after 72 hours (Figure 6). In contrast,
serum from the low metastatic mice inhibited endothelial cell proliferation
20 (inhibition to 79% of controls). The serum from the high metastatic line

was stimulatory by 200%.
These data show that the ascites of the low metastatic line contains a
predominance of endothelial growth stimulator over angiostatin. This
. condition is analogous to a solid primary tumor. Furthermore, angiostatin
25 activity appears in the serum, as though it were unopposed by stimulatory
activity. This pattern is similar to the solid primary tumor (LLC-Low). The
ascites from the high metastatic tumor (LLC-High) also appears to contain a
predominance of endothelial cell stimulator, but angiostatin cannot be

identified in the serum.

30
Example 12

Fractionation of angiostatin from serum by column chromatography and
analysis of growth-inhibitory fractions by SDS-PAGE.

35 To purify the angiostatin(s), serum was pooled from tumor-bearing
mice. The inhibitory activity, assayed according the above-described in vitro



Is located in the fractions corresponding to the elution position of

angi ost ati n. The assay kit provides

i nstructions, antiserum angiostatin or angi ostatin
protein, and possibly radiol abel ed angi ostatin and/ or reagents for

25 precipitation of bound angi ostatin-angi ostatin anti body

conpl exes. Thgolekbs774 is useful for the neagrveswessseof
angi ostatin in biological fluids and tissue ) extracts of

animal s and humans with and w thout tunors.

Anot her kit is-used for localization of angiostatin in tissues and cells.
Thi s angi ostatin i nmunohi stochem stry kit pro$@des instructions, 30
angi ostatin antiserum and possibly bl ocking serum and secondary

anti serum linked to a fl ugygs : gsgw g&{%e I

i sot hi ocyanate, or to some_o Ee rgg%ent ﬁvsag 0 wgdh éﬂ pri n%h?
antiserum | mmunohi st ocher® sﬁs&,‘ﬂgﬁlcﬂ@émﬂ AsrRss, ap GQWQICFYP%%C“'WWSE
skilled in the art. This agt@kohighperforntetiquiid chohawgtdphy (HPLCRESDSPAGE of

cells using botn o GeHPE Sy dolpSd Mihoh i Rl oty it

used for both resedrch anddxmbwwfappmmredum My 38,000iDaltons, which was purified
PCT/ US96/ 05856 approximately 1 mﬂhon-fold (see Table 3) to a spec;ﬁc abdvity of

pur poses. For exanple, tunpr 2 e ggg | S sectlo

cut with a mcrotonme to ex ?ﬁmgﬁ‘)’é??‘ip aﬁgdgge?%ﬂ”ﬁa 833%( Bﬂﬁca%%hpool

information is useful for memmwm@mwmﬁwmmm@pmwéknown

Ege i sualize site deé:ﬂ%&bﬁﬂ;ﬂﬁ&t&rﬁqg%@ﬁgﬁftg§4c 0S s t he n oI e
visual i ze si | bi Sj.S. I nv

r adi ol abel i hg nucﬁgl c aci d%m?"m' fagtox bet. were flot Toufd in'me partally P"é\ﬁ;ﬁ purified

hybri di zati on to probe forfractighsost ati n nessenger RNA. Sinilarly, the

angi ostatin receptor can be localized, visualized and quantitated with

I mmunohi st ochem stry techni ques. This invention

is further illustrated by the fol | owing exanpl edabled 10 whi ch
are not to be construed in_any way_as inposing limtations upon the

Heparin Sepharose 14.92 838
Bio-gel AO.5m . 69.96 41.4
HPLC/C4 . 2x107 1.2x106

15
*A unit of activity is that amount of serum containing angiostatin that is
capable of producing half-maximal inhibition of capillary endothelial
proliferation when endothelial cells are incubated in bFGF 1 nglm] for 72
hours,

20

Exampie 13

Fractionation of angiostatin from urine by column chromatography and
analysis of growth-inhibitory fractions by SDS-PAGE.

25 Purification of the endothelial cell inhibitor(s) from serum is
hampered by the small volume of serum that can be obtained from each
mouse and by the large amount of protein in the serum.

Urine from tumor bearing mice was analyzed and found that it
contains an inhibitor of endothelial cell proliferation that is absent from the

30 urine of non-tumor bearing mice and from mice with LLC-high tumors.
Purification of the endothelial cell inhibitory activity was carried out by the
same strategy that was employed for purification of serum (described
above) (Figure 7).



scope thereof. On the contrary, it is to be clearly understood that resort

may be had to various ot her enbodi nents, nodifications,
and equi val ents t her eof which, after reading the
description herein, may suggest thensel ves to those
skilled in the art without departing fromthe spirit of the present

15 I NwebisyrzaNnd/ or -t he scope of the appended cl ai ns. PCTUS96/05856

Choi ce of an ani mal -tunor systemin which growth of netastasis is 20
inhibited by the primary tunor and is accelerated after renoval of the
primary tunor. By screening a variety of nurine
tunors capable of inhibiting their 51 own netastases, a

Lewi s lung carcinoma was selected in which the primary

25 Tt a0l ¢ mle. Bt pBICA Wiettn, RS SHE t%?@xnéf’m@a
x 10[err] purified smommesfmwmmm-hemmmmwdtﬁmm

after® 3-4 days. \Wen tunDra§sayed-on bovmeca illary endotiSliaf cARPWRN bFGFeinYa 72 Hour
mierr] in size, mce wefe @?@{ i zed in

The primary tunor was conpl. 0B, AP B8 ﬁ?ﬁcﬁﬁ%“ﬂﬁﬁmg}%% d‘h&lscrete%eﬁ:%?'

l eft intact in theé second iphibitionawascseen is thoth cases ahmng at,&Dt-rﬁ)SJ@nateMmtrﬂe in

30 from 500 " g¢geli 30 f

met ast ases, 1500 8B . ok 33, @@S’Wlﬂér}la%e Iar est ri rra? Oftlghlbmry
that coul d be safely resedfastoRffom the fhird cyc oftd e chromatog(aphy, ot scrun
no | ocal recurrence. fromtumor-bearmgammalsshowedAfsmgIebiﬂdttabmtSamOMms
were sacrificed and autopsied. In mce with an intact
primary tunor, there were four +2 visible netastases, conpared to

35 ' fift&0 +5 nmetastases in the nice Exampleldthe tunorhad been
removed ( p < 0.0001 ). These data were confirnmed by
Lg?uvs\gla?ggggéml ch correl aéharacter!zauon ofc:rcuﬁtm 3a5n7gx?a%tann : 42

Endothelial inhibition was assayed according to the procedure
described in Example 9. Angiostatin was isolated on a Synchropak HPLC
15 C4 column. (Synchrom, Inc. Lafayette, IN) The inhibitor was eluted at 30
' to 35% acetonitrile gradient. On a sodium dodecy! sulfate polyacrylamide
gel electrophoresis (PAGE) gel under reducing conditions (b-
mercaptoethanol(5% v/v), the protein band with activityeluted at 38
kilodaltons. Under non-reducing conditions, the protein with activity eluted
20 at 28 kilodaltons. The activity is found at similar points whether the initial
sample was isolated from urine or from serum. Activity was not detected

with any other bands.
Activity associated with the bands was lost when heated (100°C for
10 minutes) or treated with trypsin. When the band with activity was

25 extracted with a water/chloroform mixture (1:1), the activity was found in
the aqueous phase only.
Example 15
30 Purification of inhibitory fragments from human plasminogen:

Plasminogen lysine binding site I was obtained from Sigma

Chemical Company. The preparation is purified human plasminogen after

digestion with elastase. Lysine binding site I obtained in this manser is a

population of proteins that contain, in aggregate, at least the first three triple-

35 loop structures (numbers 1 through 3) in the plasmin A-chain (Kringle 1
+2+3). (Sotrrup-Jensen, L., et al. in Progress in Chemical Fibrinolysis and



closely with tunor burden, as has been previously denonstrated. There
was a 400% increase in wet lung weight in the mce that had their tunors
renoved conpared to mce in which the tunor renmained intact (p <0.0001

5 - This experinental nodel gave reproduci ble data and the
experinent described is reproducible. This tunor is
| abel ed " Lewypg dgirgy4Car ci noma - | ow net apraEiUsesi058s6

(LLC- Low) . The tunor al so suppressed netastases in a
nearly identical pattern in SCID mce, which are deficient in both Band T

| ynphocyt es. 10 | sol ati on of a variant of
Lewi s lung carcinoma tunor that is highly 52 nmet ast at i c
whet her or not the primary tunor is renoved.

hi ghly netastatic vari ant C WF
spont aneously fromthe LLC: VBQS g?f g ,(Fl n one group of ,New

m ce and has been isol at ed a@‘é@?&% M%% wicq et Biopkysica Actas 319, 442
1 and repeatedly transpl an@lQW))T@la:ﬁmgmlﬁMﬁmxﬂ Xité D(SIEmaAUhemicaBCompany,

\2/68| bl e 1 ung net ast ases vvh§ E%moﬁd}%trg&sséndﬁﬁﬁ/v}a@% épl%ﬁeigea%#reversed

Si ze of metastasesSand pr ophase columathatchad heen eguidibratasi with JIRLIC-grads, sater/0.1%

Ef f ect PEAL MBheDEdIBA Yvds TBted Wil a igm!iéﬁtto? W01 B STFA to
(LLC- Low) . 25

experiments. Mce were i notgroRitieh0. 196 THR sl TralliGes weresqgﬂecf}?%ﬁg BQMWFH"’

LLC-Low cel l's, and 14 daystubes ¢in aliggoynfieach wastevaporated in a speed vac, resuspended widls
removed in half of the m Chaeflandep a%a%cﬂsiﬂa olﬁ&faﬁEnmﬁ%tYﬂiQ'r&@&hmwa&

been renpved, mcg were sacrifi oI o t ons o [ un ]
p ‘fm ity HeiRE A Sifilar gradient.for

met ast ases were oBPai ned. Fapgate
m cronmet astases in the Iungiuﬁbnéfheminhtmwacmny)einedat%3ﬁbdceto“ﬁimbanmeﬁnalmn

met ast ases were restrict edgffe 84 dbiamR! Sbs?Aéﬁogtﬁeﬁﬁkﬂm Wﬁm&?&m

show a significant size i ngr ease even 15

er tu
contrast, animals from whi B#1d8 QEapparent red pl 4622\?&‘5@ SDS-
| ar ge vascul ari zed met ast aPAGEamdennényreducibg daqmmmahﬂehme bamis of medecular

35 met astygses Undﬁfa!ﬁﬁsﬁsfaﬁﬁwﬁﬁ réspécvéyl ncrease in volunme by the
15t h day fer the tunor was rem)ved (as reflected by

| ung wei ght and hi stol ogy).
Example 16

Extraction of inhibitory activity from SDS-PAGE
20 Purified inhibitory fractions from human plasminogen based
purifications were resolved by SDS-PAGE under non-denaturing
conditions. Areas of the gel corresponding to bands seen in neighbbring
lanes loaded with the same samples by silver staining were cut from the gel
. and incubated in 1 ml of phosphate buffered saline at 4°C for 12 hours in
25 polypropylene tubes. The supernatant was removed and dialyzed twice
against saline for 6 hours (MWCQO = 6-8000) and twice against distilled
water for 6 hours, The dialysate was evaporated by vacuum centrifugation.
The product was resuspended in saline and applied to bovine capillary
endothelial cells stimulated by 1 ng/ml basic fibroblast growth factor in a 72
30 hour assay. Protein extracted from each of the three bands inhibited the
capillary endothelial cells.



WD 96/ 35774
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Appr oxi mately 50% of the aninmals who had a primary tunor renoved di ed

of lung netastases before the end of the experinent Al animals with an
intact primary tunor survived to the end of the experinent.

Repl i cation rﬁﬁﬁ“ﬁg junor cells within netastases was det er npOEOSIaNSES6

5 countlng nucl ei stained with BrdU which had been previously

i njected into the m ce. The hi gh percentage of tunor
cells incorporating BrdU in small, _ " avascul ar net ast ases
of animals with an intact primry tunor was 353 equi val ent
to the BrdU incorporation of tunor cells in the |arge vascul ari zed

nmet ast ases of mice fromwhich the primary turrigh@'gien renmoved 10
(Figure 3). This finding suggests that the pr a primary tunor has
no direct effect on the replication rate of tunor cells within a

nmet ast asi s. " Plasminogen Fragméni3 Trédimsr Studidshe | eft panel shows
BrdU | abel i ng i ndex of tumor c ? mthelu;ll(lgdlnthe

presence or absence of a prima “me%%&lmMWMgmm
i mmunohi st ochemni ca¥ st ai nimespctionsovlienrtbe twmors were 15005200008, Onithe daydf bperation,

(1goehri nger Ha for 10 m%ﬁ@%@ﬁ/ﬁﬁnﬁﬁ%&?ﬂﬂ%“‘ﬁ%ﬁel m /&Ehrmpﬂ@) |n?#§éﬂll

Tris-HO, 2 mM CaCl[err] daﬂ)’m‘fal’mmealmlecﬁm%lm

Label i ng i ndfax was est i matefdhimyarcplashinogen, whole human plasmmogen,ﬂﬁihﬁ&ﬁ:ﬁgmaf-
positive nuclei at 250 povf'elrm.Ifl n{%?st)ﬁ&ﬁ F g
depicts an analysis of tot %-ng ai§ tngﬁr;bz}lsfhvm tOE priim Onegfoul%ofmmor
20 intact &9 renpvelpasng animalyy shmbetﬂyafshwmwmmmmpe'
sacrificed 6 hours after iinjectioy i tipntdiatdl Jaﬁéi tﬁibvﬁfoﬁh@ unfidi] fﬂéﬁﬁi&

Exanpl e 4 25 | nhi biti . metat
in the presence of an int aBFEYe e A intrapertioneal injec mé%ﬂ%ﬁ%’ mouse
To nmeasure the degree of mbﬁnmarplmggﬁmfmmg ase loading; dese. Thaysthgsmcewea
were stained with antibodi gl &%E:mﬂ@ﬂm%hbﬁ&)bﬂl@ pi T Ry inhitoRNEREMEIL (6.6

speci fic marker, 3 ai | abl e HA)?W%?&? entgﬂel a CA;HE.LFI?/E‘Er tase
- CXPRH ?@mﬁxéc&%

30 : from ni mal s
cell |ayers) the same dose of the whole plasminogen molecule after tumor removal. For

the urine treatments, the urine of normal or tumor bearing mice is filtered,
dialyzed extensively, lyophilized, and then resuspended in sterile water to
obtain a 250 fold concentration. The mice are given 0.8 ml of the dialyzed
20 urine concentrate, either from tumor bearing mice or normal mice, in two
intraperitoneal injections on the day of removal of the primary tumor as a
loading dose. They then receive daily intraperitoneal injections of 0.4 mi of
the dialyzed and concentrated urine for the course of the experiment.
, Treatments were continued for 13 days at which.point all mice were
25 sacrificed and autopsied.
The results of the experiment are shown in Figures 8 and 9. Figure
8 shows surface lung metastases after the 13 day treatment, Surface lung
metastases refers to the number of metastases seen in the lungs of the mice
at autopsy. A stereomicroscope was used to count the metastases. Figure 8
30 shows the mean number of surface lung metastases that was counted and
the standard error of the mean. As shown, the group of mice with the
primary tumor present showed no metastases. The mice in which the
v primary tumor was resected and were treated with saline showed extensive
metastases. The mice treated with the human derived plasminogen
35 fragment showed no metastases. The mice treated with whole plasminogen
showed extensive metastases indicating that the whole plasminogen



around exi sting pul nonary vessels. Except for the endothelial cells of the
vessel lining, no or fewcells were positive for von Wil ebrand factor. In
contrast, lung netastases of animals 5 days after renoval of the primary

tumor were not only larger but were also infiltrated with capillary sprouts

35 contai ning endothelial cells which stained strongly for von
Wl ebrand woo9s3s774 factor. WO 96/ 35774 pCTRIS96/05856
PCT/ US96/ 05856 44

I n i nmunohi st ochenmi cal anal ysis of the presence of endotheli al

cells in lung netastases, a lung netastasis with the primary |ung tunor
intact 19 days after inoculation, had a cuff &% tunor cells around a pre-
exi sting mcrovessel in the lung. The netastasis vvas Iim'ted to 8 to 12

cel | 5 ! amsfeéme hd$'RS EndVRREACnRIbES Yo gf Those micp treated with
neovascul ari zati on around m cr ovesse
not contain any new microv andrGoncepiixated ppine from tumor bearing mice showegk no

t he maxi num si ze of an avametabtasespr Micengeated with concemtiatéd trine from normal mice

aftor the primary Lamor ualoosdadle &ﬁ%%%&%h@?ﬁﬁwwm

10 . primary Sunor), simiarresuis a pre-existing vessel,
in the |ung. : In contrast in the sanpl e where the
primary tunmor was not resected; the tunor was

neovascul ari zed. Thus, an intact primary tunorESSuiplea8
formation of new capillary blood vessels in netastases, but proliferation

of t umAmmldcﬁwb&ﬁumaﬁamaa@wm affected by

the primary tunor |nh|b,|t3

N
angi ogenesi s of aecond turmr m?ggdmupﬁgofangofmhnmﬁtea%om
cornea. Gowth of this secandiangiostatiniisolated iftnm the human lysin® binding site I fragment

A 0.25 to 0.5 mierr] Lew prehathvhn!wiketetthinkd bt Wi AYBied BIBSy3RhAolidl 477A protein
sequencer. Phenylthiohydantoin amino acid fractions were identified with
an on-line ABI Model 120A HPLC. The amino acid sequence determined

15 from the N-terminal sequence and the tryptic digests of the murine and
human angiostatin indicate that the sequence of the angiostatin is similarto
the sequence begimiing at amino acid number 98 of murine plasminogen.
Thus, the amino acid sequence of the angiostatin is a molecule comprising a
protein having a molecular weight of between approximately 38 kilodaltons

20 and 45 kilodaltons as determined by reducing polyacrylamide gel
electrophoresis and having an amino acid sequence substantially similar to
that of a murine plasminogen fragment beginning at amino acid number 98
of an intact murine plasminogen molecule. The beginning amino acid
sequence of the murine angiostatin (SEQ ID NO:2) is shown in Figure 1.

25 The length of the amino acid sequence may be slightly longer or shorter
than that shown in the Figure 1.

"N terminal amino acid analysis and tryptic digests of the active
fraction of human lysine binding site I (See Example 15) show that the
sequence of the fraction begins at approximately amino acid 97 or 99 of

30 human plasminogen and the human angiostatin is homologous with the
murine angiostatin. The beginning amino acid sequence of the human
angiostatin (starting at amino acid 98) is shown in Figure 2, (SEQ ID
NO:3). The amino acid sequence of murine and human angiostatin is
compared in Figure 2 to corresponding internal amino acid sequences from

35 plasminogen of other species including porcine, bovine, and Rhesus .



t he nouse cornea on day 0. (Mithukkaruppan Vr., et al., Angiogenesis in

t he nouse cornea. Science 205:1416-1418, 1979) A primary tunor was

formed by inoculating 1 x 10[err] LLC Low cells subcutaneously in the
dorsum either 4 or 7 days before the corneal inplant; or on the day of the

25 corneal inplant; or 4 or 7 days after the corneal inplant.
Control m ce wo96/35774 recei ved the corneal inplanpchrusssnssset he
subcut aneous tunor. O her control m ce received the

corneal inplant and an inocul ation of LLC H gh tunor
cells in the dorsum 4 days before the corneal inplant. The corneas were
eval uated daily by slit-1lanp stereom croscopy SBor the growm h of the corneal

30 tumor (measured by an ocular mcronmeter) and for the growh of
new < Capiohkey Hla¥Rimdges ihiRak ﬁxeém%neé kG gioRidRA;

| mbus, . ¥ I'n cgr‘ltrofl Erﬁ e r?o ear io_nrgaﬁﬁﬁprl maturlythose
subcut aneous tunor, a Species. majority of comeas (618)

- devel bped neovascul ari zation starting at day 6 to 7 '
days after corneal inplantation and conti nui ng%ﬂ@aﬁglo. By day 10, the

35 vascul ari zed corneal tunors had re proxi matel-y a quarter
of the 5 vol unme of the whole eye. In the presence of the
pri mary subcutaneous Expre¥son haidn éngiostatin in E. coli.

PCT/ US96/ 05856

. . . . 45 .
LLC Low tunor, the corneal i rrpl'giﬁet BWF%XF“B’@QBWE%%{QC(E}%HP}@’&SFFE‘% fpoobtain
primary tunor was in pl acehigh-level) egulated trmnseriptionrfisors the:trorpsompter forr enhanced

| npl anlt \(MTabI e tl% I nWL_hte arandach l@fficisg@y&ﬁcéﬂk?f#oﬁét Qi8S itf . Lo Aldg'iﬂ%i:a%in is
oo 1oty o A BB oSkl e PR e o o
the corneal inplant, corneasppatficationasing meial effinity desitsS The renteadkinasewicnvage
Che" b ary Suvcutansous. L[ BB MPR S ekl Mg e s oF ol
devel oped neovascul ari zat | mg?%?‘tllmf“ﬂ%l"ﬁ’m from the, pyrifisd reegmbinans projin.
and 10 cont [The revgmbinatdebunidh angjosthdy pidleintwes fomnto bind rysihe; is
corneal tunors aggsn had  crogs-reactive with monoclonal antibodies specific for kringle regions 1, 2
and 3, and inhibits bFGF-driven endothelial cell proliferation in vitro.
_ To construct the insert, the gene fragment encoding human
angiostatin is obtained from human liver mRNA which is reverse
transcribed and amplified using the polymerase chain reaction (PCR) and
20 specific primers. The product of 1131 base pairs encodes amino acids 93 to
470 of human plasminogen. The amplified fragment was cloned into the
Xhbol/Kpnl site of pTrcHisA, and the resultant construct transformed into
XL-1B (available from Stratagene) E. coli host cells, A control clone
containing the plasmid vector pTrcHisA alone was transformed inot XL-1B
25 E. coli host cells as well. This clone is referred to as the vector control
clone. Both clones were purified identically as described below.

Expressing colonies were selected in the following manner. Colony
lifts of E. coli transformed with the gene encoding angiostatin were grown
on IPTG impregnated nitrocellulose filters and overlaid on an LB agar plate.

30 Following IPTG induction of expression, colonies were lysed on
nitrocellulose filters. The nitrocellulose lifts were blocked, rinsed and
probed with two separate monoclonal antibodies (mAbs Ded and Vap; gift
of S.G. McCance and F.J. Castellino, University of Notre Dame) which
recognize specific conformations of angiostatin. Strongly expressing

35 colonies recognized by the mAbs were selected.




reached approximately a quarter of the volunme of the whole eye. 15
I nhi bition of tunor angi ogenesis in the cornea by a primry
subeut aneous tunor. [All primary tunors are LLC Low except (*) which is

LLC Hi gh]. Day of eye inplant 0 0 0

0 0 0 0 Day of primary tunor -7 -4

- 4* 0 nonewobgasria i npl ant PCY/US9I6/05856
Nunmber of mce wwth new 2/10 0/9 2/3 2/3 6/8 3/3 2/3

corneal vessels at day 10 20 It would be expected that 0/10
corneas woul d show neovascul ari zati on when the primary
LLC Low subcut aneous tunor was inplanted 7 dayé before

the eye tunor inplant (ie.-7). However, 2 of the tunors (2/10) had

become necrotic because they We'i‘c?:&eﬂﬁf)l E‘E’q’?P&l[ﬂ amgr{ﬁ) Wﬂ e%%rg&on cells. were

Exanpl e 6 1gI 0gENesi S
i nduced by a secondary coﬂectedatvmmsumegbqfemaaﬁ@mmo@mwmw

fibroblast growth factor (Ebﬁ%ed freeze-thaw cycles, followed b analysi%' wiR \SDS-PAGE,
experiments described in Exam “ﬁ“@’i‘?v an that a

tHng 9 ‘%"é‘&%ﬁ@é §P‘5¥F§’ t hese

primary tunor inhibits angl 00
studi es do not rev8al whet her tﬁquammpnepmﬂas«lﬂ)ksmmmsclsmmmnm.

proliferation (or angi ogengsIG )wdb fo?q hifurs Gltet 'wlﬁcli Bé &dr élléttWas coliected and

(rjrg\t,\gs{ gtnglcaELPrgr cel | s. ToTdR¥Ep %Mﬁﬁl 0,5 mM b A, 5% Bycerﬂe%%
possibilities, a focus of. mg!muyngmnandistgmdgmrﬁmnm avd8Ci Tk sharrly was centrifigged
by an inplant of matrigel @Oy GA0YpRPfdiDS dhrin| A B beiid rébuQWhled A%0GhM B HR-
\F’,\QT? 8/582/7828 56 10 8.0, 2 mM EDTA, 5% glycerol and 0.1% DOC. This suspension was
stirred for 1 hr. at 4°C, and then centrifuged at 14,000 rpm for 25 min. The
supernatant fraction at this step contains expressed angiostatin. The E. coli
expressed human angiostatin was found to possess the physical property of
native angiostatin, that is the ability to bind lysine. The E. coli expressed
15 angiostatin was thus purified over a lysine-sepharose (Pharmacia or Sigma)
column in a single step. Elution of angiostatin from the column was with
0.2M epsilon-amino-n-caproic acid pH7.5.
- Subsequent to' these experiments, scale-up 10 L fermentation
batches of clone pTrcHisA/HAsH4 was performed. The cells obtained
20 from this scaled-up induction were pelleted and resuspended in50 mM Tris
pH7.5, cracked at 10,000 psi thrice chilling at 10 OC in-between passes. The
lysate obtained was clarified by centrifugation at 10,000 rpm for 30 min at
40C, and expressed angiostatin isolated over lysine-sepharose (Fig. 11).
_ Purified E. coli expressed human angiostatin was dialysed
25 exhaustively against water and lyophilized. The expressed human
angiostatin was resuspended in media (DMEM, 5% BCS, 1% Gentamycin/
penicillin/streptomycin) to an estimated concentration of 3 ug/ml, and used
in bovine capillary endothelial (BCE) cell assays ir vitro, as described in
EXAMPLE 8, pg.39. Similarly, the control clone containing the vector
30 alone was treated in the identical fashion as the clone pTrcHisA/HAsH4. It
was induced with IPTG identically, and the bacterial lysate used to bind
lysine, eluted with 0.2 M amino caproic acid, dialysed exhaustively and
lyophilized. This control preparation was resuspended in media also at an
‘estimated concentration of 3 ug/ml. The samples of recombinant
35 angiostatin, and controls were obtained from different induction and
fermentation batches as well as seperate purification runs, and were all




46 (Passaniti A et al., Asinple, quantitative nethod

for assessing angi ogenesi s and anti-angi ogeni ¢ agents
usi ng reconsti-tuted basenent : menbr ane, heparin and
fibroblast gromh factor. Lab. Invest. 67:519, 1992)

Matrigel (an extract of basement nenbrane proteins), containing 5

either 25 or W@t bFCGF in the presence of heparin, was |PFQTFUS96/05856
subcut aneously on the ventral surface of normal and tunor-bearing mce

(LLC-Low). Mce were sacrificed 4 days |ater and henogl obin
concentration in the gel was neasured to quantify bl ood vessel formation.
It has previously been shown that the nunber §f new vessels which enter
10 -~ the matrigel is correlated with henogl obin concentration.

(Fol I kman J., : ' ' i WalaTle]l AN

"l mportant Advances in Owccc?ld%d §’/‘t Bm&ﬁmhﬁd:aﬂeﬁ‘ %%%%dyﬂéme

Hel | man and S. Rosenberg, @é&ém}esanebh&%mgf@hﬂdmnsﬂosmathn-

Phi | adeltphi a I1985) Solrre gel's Welrhet _xeknlﬂe qlscfradajsoﬁf feica{nbiuaﬂt' u&gan angiostatin

exam nation. In normal mc e I ch_contain .

15 bFGF were conpl es?'gwggr@h? ?‘\‘H@@ Wé%\?ﬁﬂ”ﬁﬁ%%cﬁ 'ﬂ%&f%d the

(l\:/g{;)i | | a:’yWh. - Sk . bFG::roh BI@BM@GMW%@GIBMM%O&M%
ri ge i C acke iostatin in¥A&did uSEPaet a 25K

contained only 0.4 g/dl heﬁ%‘l%ﬁ%? ¢ t5 5 ﬁm X at

difference). In contrast, # R tiphibjtion Way Griguipted a3 fllows:

contained only 0.5 g/dl (Figure 4). 20 The near

conpl ete inhibition of angi ogengsipsy d ﬁ“'ﬁhmﬁl ER
suggests t hat the? resence oi a Lg\%s ung pri nar?mtau%tr’er(?gﬁeulsr%%ot bFGF-

I nduced angi ogene directy.
Exanple 7 25 . number of céllswith BFGP hlofi€ - Utinibiepof cells at day 0
tunor-bearing animal to an aninmal from which _ the prinmary

tunmor has been renoved suppresses netastases. . .
Mce were inplanted with LEbper¢enhigphibition of BQE call proliferatipn was comparable or higher

above. After 15 days, whentol &y plasiiiogen BEMNEd dRgRsttid AP Amiled Sdrickntrdibfis. The

30 mce we randonj ' s T

compl et e 1§ "l i 2 Bl eafl b BOE S S e AT oo at
group the tunors were | ef ta 1:5 dilution of the stock, recombinapicangiostatin gaye similar percent
surgi cal procedure). The ninhibitions tdhodelubeinedasitoplashfinogen derived angiostatin. Figure

‘h DA k deEtOpl: d angiostatl: :
Dormat nont utor beari ng. 1 b MoSAREL R el G5 1R rlioplahl el Broudi ™
35 Lewi s | ung car ci inbihils oven 60%; ang apmuchns ayer AS¥nef B elifegation in

I nt act 20 &qde. ved intraperitoneal salne injections. All
mce were treated for 21 days,

Example 20

Angiostatin maintains dormancy of micrometastases by increasing the rate
25 of apoptosis. '

Following subcutaneous inoculation of C57 BL6/J mice
with Lewis lung carcinoma cells (1 x10%), primary tumors of approximately
1.5 cm® developed. Animals were subject to either surgical removal of the
primary tumor or sham surgery. At 5, 10 and 15 days after surgery, mice
30 were sacrificed and their lungs prepared for histological examination.
Animals with resected primary tumors showed massive proliferation of
micrometastases compared to sham operated controls (Fig. 14). These

changes were accompanied by a significarit increase in lung weight.
Analysis of tumor cell proliferation, as measured by uptake of
35 bromo-deoxyuridine (BrdU) showed no differences between animals with
intact primary tumors or resected tumors at 5, 9 and 13 days, indicating that
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after which the animals were euthanized and | ung netastases were counted
(Table 2). Table 2

5 Primary Tunor Renoved

Primary WO 96/35774 - PCT/US96/05856

Tunor

| nt act B Tr eat nent Serum from Serum from
(I'ntraperitoneal Saline normal tunor - bearing Saline

I nj ecti ons) mce mce 58 I nj ections

Nunber of Lung Met ast ases: 504

8.10001 for the Theﬁﬁiﬁm% encg&gé menw g‘roupgﬁ["{é@%

50) vs. (7 & 3)]. Similar gyl Accordingly, cell death way pxaming rlnom"%ﬂ mals
usi ng angl ostatin from t heAipbptosis,of probés® lof BEIR dedil that is depeﬂdlnt

T BCE ce F@fﬁ%‘&@iﬁ@%@iﬁ%@@ﬂ°t@?§% e i e@say

day O, : ppidly proliferating tissuassuchas the goalh intestine dvag mmcd by
?ﬁ' atin i nd PBSt ﬁt 032[ % rr ]PBnﬁﬁ%ohxstochenfmaflly labehng flagineated DA with hRe! AR -
coﬁgealt PZtGI o\rllvI of 12,500 ce % Vi% d@ﬁ ?"S?%B‘}a?tgﬁy techuiave, The Fpoptpti index was
henocytoneter. Cells are pldeteningédat8goh/tinerdfisacrifies/ The rémak@béfipeiatary tumors caus2d
i nactivated (56[err]C for ggm&@mﬁmg%@k&pﬁmfgg) ﬂf@cﬁkﬂﬁ\é‘%@ﬁ)ﬁc

10 index at all times examined (Fig. 15).

Supporting evidence was obtained by treating mice with removed
primary tumors with an exogenous suppressor of angiogenesis. This
substance, TNP-1470 (O-chloroacetylcarbamoyl fumagillol, previously
named AGM-1470), is an analogue of fumagillin with reported anti-

15 angiogenic activity. Subcutaneous injection of TNP-1470 (30 mg/kg every

. two days) produced results that were strikingly similar to those described
above for animals that had intact primary tumors. These animals displayed
a lower lung weight, equivalent proliferative index and increased apoptotic
index compared to saline-injected controls (Fig. 16).

20 These data indicate that metastases remain dormant when tumor cell
proliferation is balanced by an equivalent rate of cell death. The removal of
the primary tumor causes a rapid increase in the growth of metastases,
probably due to the removal of angiogenesis inhibitors (angiostatin) which
control metastatic growth by increasing apoptosis in tumor cells. These

25 effects are similar to those seen following removal of primary tumors and
administration of an exogenous inhibitor of angiogenesis. Taken together,
these data suggest that the primary tumor releases angiostatin which
maintains dormancy of micrometastases.

30 Example 21

Treatment of primary tumors with angiostatin in vivo.
Angiostatin was purified from human plasminogen by limited
elastase digestion as described in Example 15 above. Angiostatin was
35 resuspended in phosphate-buffered saline for administration into six week
old male C57BI6/J mice. Animals were implanted subcutaneousty with 1 X

[



pen-strep (GPS). BCE cells are chall enged as

follows: Media is renoved and replaced with 250 [err]1
of DMEM 5% BCS/ 1%3PS. The sanple to be tested is then
added to wells. (The amount varies depending on the sanple being 25
tested) Plates are placed at 37[err]C/10% CJ err] for approximtely 10

m nut es. WO 96/35774 250 [err]1 of DMEM 5% BCS/ 1% GPSpgnriobosdagseni
bFGF i s added to each well. The final nmedia is 500[err]l
of DVEM 5% BCS/ 1%PS/ with 1 ng/ m bFG-. The plate is
returned to 37[err]C/10% CJ err] incubator for 72 hours. WO

96/ 35774 59

PCT/ US96/ 05856 48

At day 4, cells are countedah dium and then

trypsinizing all wells (O. QOrﬁmPF%ié“ﬁ%@ﬂil}gﬁ% agmqﬂnmﬂrylﬁl?éosatcoma
suspended cells are then tﬂk&ﬁeﬂm&mm%@n&b@mﬁﬁfnmﬂw&mﬁdﬂtﬁm&sﬂe 80-
Henetal | and counted using1go aan’ fneilzeCMBé?écewéd ibsﬁﬁnﬁﬁédn‘dhﬁﬁéxﬁxfe}%ingle

| ;5)rodu0| ng hglrr?imt of serum QOI’II £ of ?@g\gﬁ‘&%"os %mgp@tﬁfﬁu@asﬁpmmnmnm@p)m.
endot helial prolifdération Mtananint(hélmmbs Animals were sacrificed atedrions simes after

i ncubated in bFGF 1 ng/m 3@ le 9 10

Serum from m ce bearing the [ow netas t|c WIS Iun t unor LLC—Low)

i nhibits capillary endothelial ABBioiaR.adwministe y dosg of 40 mg/kg ip, produced a
Bovi ne capillary endot hel i aigm.yehgmﬁcmmmﬁbmmloﬂtlmigrbw@m neredrs (Fig.
grow h factor (bFG- 1 ng/m [

15 of tunor-bearing’ n?ce a%ﬁomeﬁﬁs%&ﬁ%ﬁlﬂga% f&%‘ﬂd
endot helial cell 10 ased in magaitndeshroughout the timereyese of he sdy.Byday 18,

r gver Si bl5e rrgnge[ A lNor lmal lﬁlﬁ idS0atin-treated mice had mmof]svm W&k apptokifately 98% of the
(Floure o), Endothell 2l oc Rt b6rsaitepiotin mBele, hB,ibrgpc, e asnialy
significant (p<0.001, Students t-test).

Angiostatin treatment (total dose of 80 mg/kg/day, administered

15 twice daily at 40 mg/kg ip or sc) also significantly reduced the growth rate
of LLC-LM primary tumors (Fig. 17). This inhibitory effect was evident at
4 days and increased in magnitude at all subsequent times examined. On the
last day of the experiment (day 19), angiostatin-treated mice possessed a
mean tumor volume that was only 20% of the saline-injected controls
20 - which was significantly different (p<0.001 Students t-test).

In another series of experiments angiostatin was administered (50
mg/kg q12h) to mice implanted with T241 fibrosarcoma, Lewis lung
carcinoma (LM) or reticulum cell sarcoma cells. For each tumor cell type,

) the mice receiving angiostatin had substantially reduced tumor size. Figure
25 19 demonstrates that for T241 fibrosarcoma, the angiostatin treated mice
had mean tumor volumes that were only 15% of the untreated mice at day
24. Figure 20 demonstrates that for Lewis lung carcinoma (LM), the
angiostatin treated mice had mean tumor volumes that were only 13% of
the untreated mice at day 24. Figure 21 demonstrates that for reticnlum
30 sacroma, the angiostatin treated mice had mean tumor volumes that were
only 19% of the untreated mice at day 24. The data represent the average of

4 mice at each time point.

These results demonstrate that angiostatin is an extremely potent
inhibitor of the growth of three different primary tamors in vivo.

35



bearing nu/nu mce and SCID nmice. After the primary tunor was 20
renoved, angiostatin activity.di sappeared fromthe serum by 3-5 days.
Tunor - bearing serum al so i nhi bited bovine aortic endothelial cells

and endothelial cells derived froma spontaneous nouse

hemangi oendot hel i oma, (Cbeso, et al., "Methods in Laboratory

| nvesti gat i onyofesiemngi oendot hel i ona-derived cell |ine; |tSPCEAESIGBSSSS

25 Model for the Study of Endothelial Cell Biology," Lab Invest.,
63(2), pgs 259- 269, 1990) but did not inhibit Lewis |ung
tunor cells, 3T3 fibroblasts, .aortic smooth nuscle cells,
m nk lung epithelium or W38 human fetal 60 | ung

fibrobl asts. 30 Exanpl e 10
Serum from m ce bearing the Lewi s '|ung tunor ( ~HL.3k) that does not

I nhi bit metastases, does not inhibit capillary en elial cel
proliferation in vitro. 35 Serum

frommce bearing a primar Yreatment ofkumdnecelliderividprimiarsl thmirs in mice with angiostatin
significantly inhibit prol M‘g‘;aat i on of bFGF-stinul ated bovine capillary
WO 96/ 35774 )

PCT/ US96/ 05856 5 The effect of angiostatin on two human tumor cell lines, human

endOE1 he:c ial cells relati ¥epid§taf@fﬂréiﬁbﬁa pS-sana ‘hﬁ%eﬁntﬁ?éa%t SREit St MEDALNIBE WaSd

to the first two steps of purifigation - arose.chr t ra%

and gel filtration), angi ogtf“glf'é'n WMW&“EM@%%% S@P?‘g ot

5 cells, and the mice trgated with 501mg/kg angiostatin every 12 hours

Ascites fromLew s -ung Capgbiy a ldesrib®i Mtakiple 21. 2TROreSfRdeloftrate that the

angiostatin seru m10 angiostatin protein of the present invention is a potent inhibitor of human
tumor cell growth. Figure 22 shows that for human prostate carcinoma
PC-3, the angiostatin treated mice had only 2% of the mean fumor volume
compared to the untreated control mice at day 24. Figure 23 shows that for
human breast carcinoma MDA-MB, he angiostatin treated mice had only

15 8% of the mean tumor volume compared to the untreated control mice at
day 24. :
Exampie 23
20 Gene Therapy - Effect of transfection. of the angiostatin gene on tumor
volume.

A 1380 base pair DNA sequence for angiostatin derived from
mouse plasminogen ¢DNA (obtained from American Type Culture
Collection (ATCC)), coding for mouse plasminogen amino acids 1 - 460,
25 was generated using PCR and inserted into an expression vector. The
expression vector was transfected into T241 fibrosarcoma cells and the
transfected cells were implanted into mice. Control mice received either
non-transfected T241 cells, or T241 cells transfected with the vector only
(i.e. non-angiostatin expressing transfected cells). Three angiostatin-
30 expressing transfected cell clones were used in the experiment. Mean
tumor volume determined over time. The results show the surprising and
dramatic reduction in mean tumor volume in mice for the angiostatin-
expressing cells clones as compared with the non-transfected and non-
expressing control cells.
35 The mouse DNA sequence coding for mouse angiostatin protein is
' derived from mouse plasminogen cDNA. The mouse angiostatin



M ce received intraperitoneal injections of either LLC-Low or LLC 10
H gh tunor cells (106), and one week later, 1-2 nml of bloody ascites was
obtai ned fromeach of 10-20 m ce. Mesenteric tunor seedi hg was seen.

The m ce were then eut hani zed. Serum was obtai ned by cardi ac puncture.
Serum was al so obtained fromnormal, non-tunor-bearing mce as a

control . Seruggugdsascites were centrifuged to renove cell s, penassdnssss

15 supernate was assayed on bovine capillaty endothelial cells
stinmul ated by bFGF (1 ng/mM) (see Exanple I X). Ascites
originating from both tunor types stinulated significant
proliferation of capillary endotheial cells (e19., 100%

proliferation) over controls after 72 hours (Figure 6). In contrast,

sgrum from the, Low Totast ol ufui e phainBiS T Blgh . gt sy

metastatic |ine co g thya clong wi BEjguse 2£00%

nstructing thig clone is;sho i 24.
These-data show that the ascitefh@moufiCargiontatifipreteil d6ndsivite &Qﬁ&mﬁ T241
predom nance of endot heli ab gr owt h stiul at or ovmagﬁtmm
condition i s anal ogous to SHPLYRFGPms CRlls psing. e re t"a&ﬁ%FBg’{ Systpm
25 _ - activisty appe@mallahlex lirons eLifen Technologies) Gmthmhmgndﬂm.sed The
stinul atory N | fqt
solid primary tunor (LLG Low F%ﬁ Yeaga_lﬂ B LI G 1@&? f?{%w %ﬂmh
metastatic tumor (LLC- Hi ghf® nig, l%@érl% (%6daqmlaw)p§ppyll-n.n,n-mmethy ammoniuth
predoni nance of endot hel i akhloeidé (BOEMA)ahm motwoqungsmudylemammm ‘(DOPE) in

identified in the serum membmré
Exanpl e 12 ract | onat ion of angjostatin from serum by
col um chr omat ogr a¥hy and The procedure for transigptirapsieationrof gellsis #a followspi tory
fractions by SDS-PAGE. To purify the
e The 1 nnl bi tory activicy. ‘fgzlsée@g‘arte%@w e s e it sl 2, 10°
vitro WO 96/ 35774 cells in 2 ml of the appropnate growth medium supplemented with
PCT/ US96/ 05856 serum. 50

15

2. Incubate the cells at 37°C in a CO, incubator until the cells are 40-
70% confluent. will usually take 18-24 h, but the time will vary
among cell types. The T241 tumor cells confluency was
approximately 70%.
20
3.  Prepare the following solutions in 12 x 75 mm sterile tubes:
Solution A: For each transfection, dilute 5 pug of DNA in 100 ul of
serum-free OPTI-MEM 1 Reduced Serum Medium (available from
) Life Technologies) (tissue culture grade deionized water can also be
25 used).
Solution B: For each transfection, dilute 30 ug of LIPOFECTIN in
100 pl OPTI-MEM medium.

4. Combine the two solutions, mix gently, and incubate at room
30 temperature for 10-15 min.

5. Wash cells twice with serum-free medium.
6. For each transfection, add 0.8 m! serum-free medium to each tube

35 containing the LIPOFECTIN™ reagent-DNA complexes. Mix
gently and overlay the complex onto cells.



inhibitor activity assay, was sequentially chromatographed using heparin-
Sephar ose, Bi ogel AQO 5nm agarose, and several cycles of C4-reverse

phase hi gh performance |iquid chromatography (HPLC). SDS-PACE of

the HPLC fraction which contained endothelial inhibitory activity, reveal ed

a 5 di screte band of apparent reduced M of 38,000 Daltons,
whi ch was pur gfg 774 approximately 1 -m || i opcf/pssdnssse
Table 3) to a specific dctivity of approxi mately

2xl O[err]. At different stages of the purification, pooled
fractions were tested with specific antibodies for the presence of known
endothelial inhibitors. Platelet factor-4, thrganbospondin, or transform ng

10 grow h factor beta, were not found in the partially purified or
purified fractions.

Table 3 , . Specific activity
(uni t s*/ ng) Fol d pur 7§ i dagubate the cells for approximately 12 haw 876 in a CO, incubator,
1.69 1 Heparin Sepharose

14. 92 8.8 Bi 0-.0el AQ,5m

55 96 41 8 Replace the DNA Gontaifingmedium with 1 mg/ml selection
2x10[ err] 5 1. 2x10[ emedium containii® serum and incubate cells at 3%°Ciin ta 00,

activity is that anmount of serwgmﬂwa@?iﬂstati nthat is
mal 1 nhibitiron o

capabl e of produci ng hal f - maxi capillary endot heli al
~proliferation when endothelial cells are incubated in bFGF 1 ng/m for 72

hours. 20 - 9.  Assay cell extracts for gene activity at 48-72 h post trarfsfeotighl. € 13
Fractionation of angiostatin fromurine by colum chromatography and
anal ysis of grow h-inhibitory fractions by SDS-PAGE. 25

Purification of tH@ endot heli al Tapsected ey can be pssayeshforcaxprassion of angiostatin

harmereddb% thﬁ slmal | vol upiotsh usisy angidstatib-speeificuntibiies] Paeriatiodly, alehabout 10-
nouse an yte arge ano t Ser s . .
Urine fromtunor bearing mﬂgeda&gs&%g%%ggse%a% S?lgﬁﬁg‘;%aﬁeé‘t 1 tthe CMV.—angmstann
contains an inhibitor of efaesfertad EB41cells. Alsel 2 pumberiod glonssawere seenindhks vectosm

tL rLué h'_ - 30 uri amwhuwmgxﬂp?qsmhbm mﬁﬁuﬁaﬁcienﬁn?mfmfdms

B 0oy T8 ot 0F . o lopod i Ak i e L A B,

that was enployed for puri immgneflygregee methodn (descri bed

above) (Figure 7). Interestingly, the in vitro cell growth T241 cells and Lewis lung cells
transfected with angiostatin was not inhibited or otherwise adversely
affected, as shown in Figures 25 and 26.

20 Figure 27 depicts the results of the transfection experiment. All
three of the angiostatin-expressing T241 transfected clones produced mean
tumor volumes in mice that were substantially reduced relative to the tumor
volume in contol mice. The mean tumor volume of the mice implanted

. with Clone 37 was only 13% of the control, while Clone 31 and Clone 25

25 tumor volumes were only 21% and 34% of the control tumor volumes,
respectively. These results demonstrate that the DNA sequences coding for
angiostatin can be transfected into cells, that the transfected DNA sequences
are capable of expressing angiostatin protein by implanted cells, and that the
expressed angiostatin fucntions in vivo to reduce tamor growth.

30
Example 24

Localization of in vivo site of angiostatin expression
. To localize the in vivo site of expression of angiostatin protein, total
35 RNA from various cell types, Lewis lung carcinoma cells '(mouse), T241
fibrosarcoma (mouse), and Burkitt's lymphoma cells (human), both from
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Figure 7 shows C4 reverse phase chromatography of partially

purified serumor urine fromtunor-bearing animals. Al fractions were
assayed on bovine capillary endothelial cells wwth bFGF in a 72-hour
proliferationpwgsdgaxy@s described in Exanple | X A discrete pegkmessnssse 5
i nhibition was seen in both cases eluting at 30 - 35 % acetonitrile in
fraction 23. SDS-polyacrylam de gel el ectrophoresis of inhibitory

fraction fromthe third cycle of C4 reverse phase chronmat ography of serum
from tunor-bearing ani.mals showed a single bagd at about 38, 000 Dal-t ons.

-

10 Exanpl e 14
Characterization of circul .
Endot helial inhibition msﬁ%@%&gﬂﬁé@&# Wﬁ%ﬁe‘&ﬁ?ﬁnﬂmm&m‘e

described in Exanple 9. Anrgpcmwmmf/mw trauscoptsa Eqmmlmapdusmwf(samxﬂes
15 C4 col um. (Syncénowed ah@Bsenéé‘B dighal hibridiAfg Eé?;ﬁeﬂ&?mm all

eluted at 30 % acet o |tr| a sodj u
dodecyl sul fate pol yacryl awéesexcep g‘a%&cm m°“se§§‘fq P&%&%&gp@glpgxgnmof
(PAGE) gel under r&duci ng appneKimatelys24ikb corresponding to mouse plasminogen. Northern

mer capt oet hanol (5% v/ V), t heii s%f%h@aﬂ@ﬁﬂe%ﬁo@v ﬁPﬁHsXﬂcE%?WﬁMﬁYVI ty ing with

ki | odal tons. Under non-reduci ng con ILt1ons, the &io elLn act

el ut ed 20 a tofrogmal human
similar points whether thelivenRtNﬁkhomngamngle slgnalofapproxﬁﬁmélymmumkm&ﬁg
fromurine or fromserum é%%Mggﬁ)t det ect ed W th

any ot her bands. Activity associated with the
bands was | ost whdf heat ed ( 100Reversp Ganssription polymerase chain reactiom R TPGR) anglysisr

treated with trypsin. Whengliowedaarmsetics bf QE}‘ podhot fY6E all sampleairobed with mouse
o e e th 2 er ! o' Bl Rldd kot edot ptlem b1 fhe B0kl iusd Tver. WA
analysis showed an absence of any product from all human samples probed
with human angiostatin sequences except that of the normal human liver
15 (expected size of 1050 bp for mouse and 1134 bp for human).

Thus it appears that mouse angiostatin transcripts (assuming identity
with amino acids 97 to 450 of mouse plasminogen) are not produced by all
the above mouse samples and human angiostatin transcripts (assuming

_ identity with amino acids 93 to 470 of human plasminogen) are not
20 produced by the above human samples. The positive signals obtained in
normal mouse/human liver is from hybridization with plasminogen.

le 2

25 Expression of Angiostatin in Yeast
The gene fragment encoding amino acids 93 to 470 of human
plasminogen was cloned into the Xhol/EcoRI site of pHIL-SI(Invitrogen)
which allows the secreted expression of proteins using the PHO1 secretion
_ signal in the yeast Pichia pastoris. Similarly, the gene fragment encoding
30 amino acids 93 to 470 of human plasminogen was cloned into the
SnaBI/EcoRI site of pPIC9 (Invitrogen) which allows the secreted
expression of proteins using the a-factor secretion signal in the yeast Pichia
pastoris. The expressed human angiostatin proteins in these systems will
have many advantages over those expressed in E. coli such as protein
35 processing, protein folding and posttranslauonal modification inclusive of
glycosylation.



Exampl e 15 30 Purffication of inhibitory fragments from human
pl asm nogen: Pl asm nogen |ysine binding site |
was obtai ned from Si gma Chem cal Conpany. The
preparation is purified human plasm nogen after

digestion with el astase. Lysine binding site | obtained in this manner is a

popul ati on ofwg_ga},y,ps that contain, in aggregate, at |east pdwgudosrosssst hr ee

triple- | oop structures (numbers 1 through 3) in the
plasmin A-chain (Kringle 1 +2+3). (Sotrrup-Jensen, L, et
al. in Progress in Chen1ca| Flbrlnoly5|s and WO 96/ 35774

PCT/ US96/ 05856 64 52
Thronbol ysis. Vol-. 3, 191, EHV|dson et al. eds. Raven Press,

(1979)). Pl asm nogen |ysi ne. bi na’EXE W%ﬁﬁiﬁ* B %ﬁ“ﬁmﬂi

St. Louis, MD) was resusperelieal. |(ﬂ|9 tHﬂBdeﬂpﬂW@éwtnoOﬁ I@nerabsenss@mtems in

5 phase col umm t hat »m?;aa IBakiE’!NﬁcﬁbﬁﬂQQW 65278,%
TFA. The colum was el uted w er/ TF
acetonitrile/0.1% TFA and f"r‘l Jg%@hzﬁ%? ‘}? Wa@ Wﬁ’é’nm

tubes.. An aliquot of each Highdevaleecretioniusing Bickippestorinsirainseontsiningdnuitipic gene
water, and applied to BCEs doﬂ#eg‘rd&ﬁll()f% 120Both fﬁﬁmh&'lﬁmﬂ&ﬁﬁ@ﬂﬂfaﬁd‘h@émby

10 repeated two ti ifory fractions using a simlar
gradi ent for ference. o| ¢ j on. The inhibitory activity eluted at
30-35%acetonitri|eintheflnal run of the C4 col um.

SDS- PACGE of the inhibitory fraction reveal edwte
bands of apparent reduced nol ecul ar mass of ) , and 45 kd. SDS-

PAGE under non-redeing conditions reveal ed three bands of nol ecul ar
15 mass 30, 32. 5, andExpressidn bfangtvstatin proteins in transgenic animals and plants
Exanpl e 16 ' Transgenic animals such as of the bovine or procine family are
created which express the angiostatin gene transcript. The transgenic animal
express angiostatin protein for example in the milk of these animals.
15 Additionally edible transgenic plants which express the angiostatin gene
transcript are constructed. )
~ Constructing transgenic animals that express foreign DNA is
described in Smith H. Phytochrome transgenics: functional, ecological and
biotechnical applications, Semin. Cell. Biol. 1994 5(5):315-325, which is
20 hereby incorporated herein by reference.

Example 27

Characterization of Endothelial Cell Proliferation Inhibiting Angiostatin
25 Fragmcﬁts

The following example characterizes the activity of individual and
combinational angiostatin fragments. The data suggests that a functional
difference exists among individual kringle structures, and potent anti-

. endothelial, and hence anti-angiogenic, activity can be obtained from such
30 protein fragments of angiostatin.

As used herein, “angiostatin fragment” means a protem derivative
of angiostain, or plasminogen, having an endothelial cell proliferation
inhibiting activity. Angiostatin fragments are useful for treating angiogenic-
mediated diseases or conditions. For example, angiostatin fragments can be

35 used to inhibit or suppress tumor growth. The amino acid sequence of such
an angiostatin fragment, for example, can be selected from a portion of



Extraction of inhibitory activity from SDS- PAGE 20

Purified inhibitory fractions from human pl asm nogen based

purifications were resolved by SDS- PAGE under non-denaturing

conditions. Areas of the gel corresponding to bands seen in neighboring

| anes | oaded wth the same sanples by silver staining were cut fromthe gel
and i ncubat edgyigyehsi¥y Of phosphate buffered saline at 4[err] gctRgoshsssgour s

in 25 pol ypr opyl ene tubes. The supernatant was renoved and
di al yzed tw ce agai nst saline for 6 hours (MACO =
6- 8000) and twice against distilled water for 6 hours.

The di al ysate was evaporated by vacuum centrifggation.
The product was resuspended in saline and applied to bovine capillary

720 g™ 1S Sl S e IS0 NOYSF AL el (2 i P

bands® i nhi bited the human angiostatin (SEQ 1P NOs3) JRpsusangiostatine(SEQ ID NO:4),
\F/)\ch:)T?gﬁS 32/763856 porcine angiostatin (SEQ ID NO:S), and bovine angmstatm (SEQ ID
Exanpl e 17 NO%%W%WH% Y%QP%HP %’éé’m

Mce were.inplanteddwi th Lewi s |Amgseshhereimntiringlel 1{inueanscatprotein derivative of

resections when the tunors wn&ég tﬁé}ﬁi cellGhhibi &Rﬁi@dg&ﬁc
m ce were random zed into r S h m ce each. , The 1?nﬁgce ré%)fé’. ve
daily intraperitoneal inj e ViRg 2p Amino jgid F‘?qgﬁn‘?en?ﬂW%/a sequence
fragnments homdloﬁuumhpigbaslnewgpmied\hyobm notilimitedtoahatiof opeine

o coc or saline Qpe group Singe, 1 (SBQRSNOG AHinid ﬁ“’é%é"nﬁ’i%ﬁ’?n’gﬁgrﬁ?ﬁ"?s“s
had only a sham pr&@edure m&%ﬁ%m%ammﬂe 1 (SEQ NO:10), and bovine
injections. Inediately aftkingle¢SBQ mfNth) anldwmdxdawﬂllftherwse 18 textm

[ﬁgel ve an intraperi tonle(r;]llhIg ct | B&gng !er ri %M@g@ky és 011131"0

They then receive a acid posmons 103 to 181 (inclusive) of murine plasminogen of SEQ ID
NO:1, and corresponds to amino acid positions 6 to 84 (inclusive) of
15 murine angiostatin of SEQ ID NO:2. Human kringle 1 (SEQ ID NO:8),

Rhesus kringle 1 (SEQ ID NO:9), porcine kringle 1 (SEQ ID NO:10), and
bovine kringle 1 (SEQ ID NO:11) correspond to amino acid positions 6 to
84 (inclusive) of angiostatin of SEQ ID NO:3, SEQ ID NO:4, SEQ ID
NO:5, and SEQ ID NO:6, respectively. '

20 As used herein, “kringle 2" means a protein derivative of
plasminogen having an endothelial cell inhibiting activity or anti-angiogenic
activity, and having an amino acid sequence comprising a sequence
homologous to kringle 2, exemplified by, but not limited to that of murine
kringle 2 (SEQ ID NO:12), human kringle 2 (SEQ ID NO:13), Rhesus

25 kringle 2 (SEQ ID NO:14), porcine kringle 2 (SEQ ID NO:15), and bovine
kringle 2 (SEQ ID NO:16), unless indicated otherwise by the context in
which it is used. Murine kringle 2 (SEQ ID NO:12) corresponds to amino
acid positions 185 to 262 (inclusive) of murine plasminogen of SEQ ID
NO:1, and corresponds to amino acid positions 88 to 165 (inclusive) of

30 murine angiostatin of SEQ ID NO:2. Human kringle 2 (SEQ ID NO:13),
Rhesus kringle 2 (SEQ ID NO:14), porcine kringle 2 (SEQ ID NO:15),
and bovine kringle 2 (SEQ ID NO:16) correspond to amino acid positions

. 88 to 165 (inclusive) of angiostatin of SEQ ID NO:3, SEQ ID NO:4, SEQ
ID NO:5, and SEQ ID NO:6, respectively.

35 As used herein, “kringle 3” means a protein derivative of
plasminogen having an endothelial cell inhibiting activity or anti-angiogenic



daily intraperitoneal injections of 12 [err]g of the inhibitory fragnment

(0.6 15 ng/ kgday/ nouse) for the duration of the experinent.
Control mce receive t he sane dose of the whole
pl asm nogen nol ecul e after tunor renoval . For the urine

treatnments, the urine of normal or tumor bearing nice is filtered,

di al yzed ext ew éﬁ | yophi l i zed, and then resuspended in sf@fmégemm; er to
obtain a 250 concentration. The nice are given 0.8 m of the dialyzed

20 urine concentrate, either fromtunor bearing mce or nornmal
mce, intw - I ntraperitoneal injections on the day of
renoval of the primary tunor as a 66 | oadi ng dose. They

then receive daily intraperitoneal injections of 0.4 nt of

the dial yzed and concentratg [i [ SE. er1 nent .

Treatments were conti nued f%cgi g‘édygg‘ﬁf]é%ﬁ aéﬁﬂ ﬂfseﬁg“f’ ssequen%
sacrificed and autopsi ed. homologoustohmgles exemphfied byhmtrneshmmwfthatnémunne
experinent are shown in Fi ggifite 8 (SR Q rﬁumanknn le 3 (SEQ ID NO:1%)SRRS4Es

surface | ung netastases aftgeg day. t at nent n
net ast ases refers to the nulfﬂﬂfgﬁehfr e {:,9 Eﬁﬁmgocﬂmﬁaﬂgbm"e
at autopsy. A stereBm croschmglev& (SBQdIDd\IGtmh.t Murineekringle Je §SEQi BUMNOAT7)

30 shows the mean nuggisnd H%ﬂﬁ@a{;ﬂ'}ﬁsiﬁ%ﬁ@%‘i?ﬁ§s%g&hu¥ﬁ SCMREAE
and the stan ar group
of mce with the plasminogen of SEQ 1) NQuipand cozreapan §Hbm0@61dpomu0ns

met ast ases. The mice in whit?8 tomss (mcluswe) of munnc angxostaﬁnmf SEleomsHuman

resected and were treated V\*Cftll%l

met ast ases. The nmice treate ‘?% (§ﬁg I#] er | veduf%e A (SESe‘D NO:19). pogen
fragnent showed no lftet ast askdng Wﬁe(SﬁQemt N@a@‘@d V’ﬂﬁc#f@ gis As(PERLHRNO: 21)
showed extensive netast asescorfespondito bgirolueid positiond178a0 55 (ncliades) 0f angiostatin of

W) 96/ 35774
PCT/ US96/ 05856 SEQ ID NO:3, SEQ ID NO4, SEQ ID NO:5, and SEQ ID NO:6,

mol ecul e has no endot hel i al resPeREYSY-ory activity. Those mice treated with
di alyzed and concentrated urine As qifed UithinDeRringlg 47 fileand)@\\idiei® derivative of

metastases. Mce trgated w b GRRGE MRS Slleddbinbif b BN Rivity GF anti-angiogenic
activity, and having an amino acid sequence comprising a sequence
homologous to kringle 4, exemplified by, but not limited to that of murine
kringle 4 (SEQ ID NO:22) and human kringle 4 (SEQ ID NO:23), unless
- indicated otherwise by the context in which it is used. Murine kringle 4
20 (SEQ ID NO:22) corresponds to amino acid positions 377 to 454
(inclusive) of murine plasminogen of SEQ ID NO:1.

As used herein, “kringle 2-3” means a protein derivative of
plasminogen having an endothelial cell inhibiting activity or anti-angiogenic
activity, and having an amino acid sequence comprising a sequence

25 homeologous to kringle 2-3, exemplified by, but not limited to that of
murine kringle 2-3 (SEQ ID NO: 24), buman kringle 2-3 (SEQ ID NO:25),
Rhesus kringle 2-3 (SEQ ID NO:26), porcine kringle 2-3 (SEQ ID
NO:27), and bovine kringle 2-3 (SEQ ID NO:28), unless indicated
otherwise by the context in which it is used. Murine kringle 2-3 (SEQ ID
30 NO:24) corresponds to amino acid positions 185 to 352 (inclusive) of
murine plasminogen of SEQ ID NO:1, and corresponds to amino acid
positions 88 to 255 (inclusive) of murine angiostatin of SEQ ID NO:2.
Human kringle 2-3 (SEQ ID NQ:25), Rhesus kringle 2-3 (SEQ ID
NO:26), porcine kringle 2-3 (SEQ ID NO:27), and bovine kringle 2-3
35 (SEQ ID NO:28) correspond to amino acid positions 88 to 255 (inclusive)



showed extensive netastases. Wien the wei ght of the Iung was neasured,

5 simlar results were obtained (Figure 9).

Exanpl e 18 Am no aci d sequence of nurine and human

angi ostatin. 10 The am no acid sequence of

angi ostatin isol at ed from nouse urine and angi ostatin

i sol ated fromylghgsémgan | ysi ne bi ndi ng site | fragment PCT/US96/05856
preparation was determ ned on an Applied Bi osystem Model 477A protein
sequencer. Phenylthi ohydantoin am no acid fractions were identified with
an on-line ABI Mdel 120A HPLC. The ami no aci d sequence determ ned 15
fromthe N-term nal sequence and the tryptic dggests of the nurine and
human* angi ostatin'indi cate that the sequence of the angiostatin is simlar

muring plasminogen. - O ighosats of 3805 Rpf BeePS Rcf TR MF e g

angiostatin is a nol ecul e JBHNOIG6s respectively. protein having a
mol ecal ar wei ght of between approx gt Eér¥m38'kthIédﬁJ3t'%éans qt@iﬂ derivative ‘of

and 45 kil odaltons as deternined b redUC|n
el ect rophoresi s and havi ng &F‘“Aﬁ‘ﬂ&q MMHN W%W‘W%"

that of a nmurine pl&smi nogencuﬁmy,gmhhawhmgmnmmgoaﬁcxdamquenmcdnpﬁsﬂnpn séfuence

e 7R i e SRR 13 B s o o

25 The length of the® NG@:30),
shorter t Riesus Mglehbx&n(SBQ IDeNO:31); potcine kringle 1-3 (SEQ ID

N term nal am no acid anal t

fraction of human |ysine blylﬁgsszz 4%%3 %% 4 (Qﬁgg)ﬁ% i’euntlesfs indicated
:s),gquence of Lhe fr&ltlon b eRfheryi d; atr#m aMmhmgleglg%SEQlD

uman pl asm no wa@ﬁﬁl S 20GHk

t he P mur i ggoazn” statin. md %slﬁmsn%dr?gﬁ?c uglﬁﬁeér)ltc?f
of “the huran Siuthe pShBioah pf SECHY NIt Firfiopdiis do gastay acd
shown in Figure 2, (SEQ | D positions 6 to 255 (lnChISlm G)mm'meamsm:navzﬁ SEQJRuNO:
of murine and human angi ostﬁhmanu&m le 1-3 (SEQ ID NO: BOPmﬁseﬂnhéleH-QU(rSE@m :

st noson ot 't <pacr SCHRTHIERE IS CHALIR 0t e i 15
Q ID NO:33) correspond to amino acid positions 6 to 255 (inclusive)
of angiostatin of SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:S, and SEQ-
ID NO:6, respectively.
As used herein, “kringle 1-2” means a protein derivative of
20 " plasminogen having an endothelial cell inhibiting activity or anti-angiogenic
activity, and having an amino acid sequence comprising a sequence
homologous to kringle 1-2, exemplified by, but not limited to that of
murine kringle 1-2 (SEQ ID NO:34), human kringle 12 (SEQ ID NO:35),
) Rhesus kringle 1-2 (SEQ ID NO:36), porcine kringle 1-2 (SEQ ID
25 NO:37), and bovine kringle 1-2 (SEQ ID NO:38), unless indicated
otherwise by the context in which it is used. Murine kringle 1-2 (SEQ ID
NO:34) corresponds to amino acid positions 103 to 262 (inclusive) of
murine plasminogen of SEQ ID NO:1, and corresponds to amino acid
positions 6 to 165 (inclusive) of murine angiostatin of SEQ ID NO:2.
30 Human kringle 1-2 (SEQ ID NO:35), Rhesus kringle 1-2 (SEQ ID
NO:36), porcine kringle 1-2 (SEQ ID NO:37), and bovine kringle 1-2
(SEQ ID NO:38) correspond to amino acid positions 6 to 165 (inclusive)
. : of angiostatin of SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, and SEQ
) ID NO:6, respectively.
35 As used herein, “kringle 1-4” means a protein derivative of .
plasminogen having an endothelial cell inhibiting activity or anti-angiogenic
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nonkey pl asm nogen, indicating the presence of angiostatin in those
speci es. Exanpl e 19

5 Expressi on of human angiostatin in E. coli

The pTrcH sA vﬁgkggnglnvitrogen) (Fig. 10) was used to obtai fcrmusosossss
hi gh-1evel, regulated transcription fromthe trc pronoter for enhanced
transl ation efficiency of eukaryotic genes in E. coli. Angiostatin is

10 expressed fused to an N-terninal nickel-binding poly-histidine
tail for one- step purificaggon using netal affinity
resins. The enteroki nase cleavage recognition site in

the fusion protein allows f 'iEHE
N-term nal histidine fusion pro e| n rongtaﬁe pur| %g&re%cgn%omr%ﬁ%ngp uence
The reconbi nant human angi okemelpgous tg ksinglentrd, ¢mlfleé by, bt netslimited t%that of

rlg Cons 1 Crzoss-reactive vvixrnhnm) 10N (mlmostoesy)%as%ﬁuhﬁ Kringlek1-48EQ D
gl ons

I bits bFGF dri ven ael | al
cel | prollferatlon I n V|tr0NO4o)’ ssm&cate&oﬁxe r”g‘é‘g‘ %
i nsert, the gene fragnent eMnndehgngimﬂrﬁr(SEQmNO39)correspondstmmgmntpmmons

obt ai ned from human [iver ) OY ftufifte lasmm £ SE

transcri bed and anplified usi ng he $ efiv ?T? 1N (r’geencot Fogzn g

20 speci fic priners. gdét"tsi"oi & EE“ e
acids 93 to kringled 102 cuhdt‘kﬂm nmsnmmgeid seﬁhen@mire frespactively

fragment was cloned into thﬁ?molﬁgqng thasqec%ﬁcmngﬁr&&h{emﬂdeﬁﬁﬁéﬁ %{QWI%V

and the resultant construct
(avai | abl e from St A8t agene) the. aming acid ssguengss have 4 degrae; of homology to the disclosed

contai ning the plasm d vect ssquendes idf uA 18ds0 160% asort refefablyTeri16as070%]- add3 more
25 E. coli host Cebx‘e?erﬁfy%ﬁéaktsu%sIfﬁx%hl%‘éuh&er&%d‘%ﬁitﬁ%@fmﬁxﬂ@md

vector control ones were pur
i dentically as described befubffitutions, additions, deletions or other modifications tthe, above listed

col onies were selected in tfragheits Gidyn e MBatizeto. irkfroveor modify the endothelial cell

lifts of E. coli tgransforne 4En
on | PTG i npr egnat eagnl trocepﬁoﬁ%%e %@%@“gﬁig\éﬁgﬁ%%%ﬁ

pl at e. fansie FEERS
were |ysed on can be usudtmaxc&rhaﬂcesmﬁ thetifventiod lwhich inclnde |deletionss

lifts were bl ocked, rinsed ﬁ‘@%ons orsvsutuuons?fmﬁemﬂrr&?ﬁﬂs%mnéﬂpagﬁg&%@%

nonocl onal anti bod| es (mAbs
McCance and FJ. Castelli no, eW%ﬁhElsW"&F al‘ﬁ&’c‘?‘@“ﬁ&hﬁ?“‘m"éﬁe"e product. The gene
recogni ze speci fi c20onf or maprodact itsélf arayi contair deletidns, akditiops ex gubstitutions of amino

35 col oni es 1 eCognpg theidtied Withif AP nglbatafin S&uliice SWhich result in a silent change
: thus producing a functionally equivalent angiostatin protein. Such amino
acid substitutions may be made on the basis of similarity in polarity, charge,

solubility, hydrophibicity, hydrophilicity, and/or the amphipathic nature of

25 the residues involved. For example, negatively charged amino acids include

aspartic acid and glutamic acid; positively charged amino acids include

lysine, histidine and arginine; amino acids with uncharged polar head

groups have similar hydrophilicity values include the following: glycine,

asparagine, glutamine, serine, threonine, tyrosine; and amino acids with

30 nonpolar head groups include alanine, valine, isoleucine, leucine,

phenylalanine, proline, methionine, tryptophan. Such modifications are not

intended to exceed the scope and spirit of the claims. For example, to avoid

homodimerization by formation of inter-kringle disulfide bridges, the

cysteine residues C4 in recombinant human kringle 2 (SEQ ID NO:13) and

35 C42 in recombinant kringle 3 (SEQ ID NO:18) were mutated to serines.

Furthermore, it is understood that a variety of amino acid substitutions,
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To identify the optimal tinme for maxi mal expression, cells were
collected at various tines before and after | PTG i nduction and exposed to
repeated freeze-thaw cycles, followed by anal ysis w th SbS-PAGE,

I mrunobl ot ti ngygPgasPRObi Ng wWith mAbs Dcd and Vap. 5 PCTNUS96/05856
From these, clone pTrcH sA/ HAsH4 was sel ected. | nduction with

| PTG was for 4 hours after which the cell pellet was collected and
resuspended in 50 MM Tris pH 8.0, 2 nmM EDTA, 5% gl ycerol and 200

nmg/ M | ysozyne and stirred for 30 mn at 4[errg®k. The slurry was
centrifuged at 14,000 rpmfor 25 mn. and-the peIIet

resuspended in 50 nM Tris I

and 0.1% DOC. This suspens!agt%m\ﬂ% delctfdns or omer%gmﬁgadm rreﬁeféo tﬁg ag{)ve
4[errJC, and then centrif uddentified anginstatip fsagnagnts; swhick domas mgmficantly alter the
supernatant fraction at thlfﬁgﬁfeﬁlﬁ'dﬁﬁﬁﬂlélhdl%elﬁ Rl R iakibitag bivi ,mﬁf\@m&:are,

col i ex ost at i t S
t he physical property of o, dbt m&n&ecphh ?Q?St?tﬁ]&‘ﬁ a?"ﬁ'ﬁt ﬁ Ak
ability to bind |ys$ine. Theignificandy alm'bxsmauthattheangmmunftagmenmgmemm

vas t hus purlflefl over a lElxﬁére fh meastil?tbw &fﬁ&'nfhr@ :ﬂtr‘i?)atleastsoqb oéthe
colum in a single step. u n atin frqm

0. 2M epsi | on- ani no- n- capr0| h%tg&ba?ﬁpﬁpgolﬁg ration inhibiting acuv1tycompare\aato thato the
Subsequent to these experi rchmesthomohgmsupgmﬁaﬁnfmgmmndMtherem

bat ches of clone pTrcH sA/ HAsHA was perforned. The cells obtained 20

fromthis scal ed-up i nductﬁn wer e pel | fe"{ufd and resuspended in50 nM Tris
pH7.5, cracked at , 000 p &%“@O[err] C in-between passes.

The . lysate wpekmm@aafasfmﬁﬂmbgeneﬁwmefcm éits
10,000 rpmfor 30 min at

angi ostatin isol ated over 1508 oding for krinel églbﬁk%ﬂ@z)%&g%@@shﬂe4(x4)

Purified E. coli expressed ﬂﬂdrﬁﬁ\g&@r?{)ﬂﬂ&m mf\mgaau ﬂﬂ%@é&eﬂ (EHPg). Recombinant
exhaustivel y agai nst wat gr laingld ¥ GKi)| kifgle 2T (K25 )4HpIS t ;rgﬁngh 4 (rK4) and
o O ! it et iy a2 gl e ik cf»f‘ﬁwwams
C., Kelly, RF., and Castellino, J (1991) chhem
30, 1948-1957, Mam, D., Schaller, J., Ochensberger, B., and Rickli, E.E.
(1994) Eur. J. Biochem. 219, 455-462; Sthndel, S., Hu, C.-K., Marti, D.,
Affolter, M., Schaller, J., Llinas, M., and Rickli, E.E. (1996) Biochem.. in
20 press; Rejante, M.R., Byeon, L.-J.L., and Llinas, M. (1991) Biochem. 30,
- 11081-11092). To avoid homodimerization by formation of inter-kringle
disulfide bridges as shown in Figure 32B, the cysteine residues C169 and
rK2 and C297 in rK3 were mutated to serines as seen in SEQ ID NO.s 13
and 18, at positions 4 and 42, respectively. (S6hndel, S., Hu, C.-K., Marti,
25 D., Affolter, M., Schaller, J., Llinas, M., and Rickli, E.E. (1996} Biochem.
in press). The rK3 and rK2-3 contained an N-terminal hexa-histidine tag
which was used for protein purification (not shown).

Proteolytic Digestion
30 * The fragments of K1-3, K1-4 and K4 were prepared by digestion of
Lys-HPg (Abbott Labs) with porcine elastase (Sigma) as previously
described (Powell, J.R., and Castellino, F.J. (1983) Biochem. 22, 923-927).
. Briefly, 1.5 mg elastase was incubated at room temperature with 200 mg of
human plasminogen in 50 mM Tris-HC1 pH 8.0 overnight with shaking.
35 The reaction was terminated by the addition of diisopropyl fiuorophosphate
(DFP) (Sigma) to a final concentration of ImM. The mixture was rocked



I n bovine capillary endothelial (BCE) cell assays in vitro, as described in
EXAMPLE 8, pg.39. Simlarly, the control clone containing the vector

30 al one was treated in the identical fashion as the clone
pTrcH sA/ HASHA. |t was i nduced with IPTG identically,
and the bacterial lysate used to bind | ysine, eluted

wWth 0.2 M anyegaigs0i ¢ acid, dialysed exhaustively and PCT/USIG/0S856

| yophilized. This control preparation was resuspended in nedia also at an
estimated concentration of 3 ug/m . The sanpl es of reconbi nant 35
angi ostatin, and controls were obtained fromdifferent induction and
fermentation batches as well as seperate purif¥gation runs, and were all
WD 96/ 35774 :
PCT/ US96/ 05856 143 : "
coded at EntreMed, Maryl an59rﬂ%iddé%°§%1 1?50 TEEs 2L 19og %@W%%%ﬁovemm
coded sanples in a blinded %&Mi@rﬂMtﬁ@rﬂcﬁber&&- Hospi tal , Boston.

The results of BCE assays of reconbi nant human angi ostatin

showed that human angi ostatin expressed in E.coli inhibited the
proliferation of BCE cells I;d'ﬁg"'txpd"ﬁ@‘m(used at 1

5
stock reconbi nant &hgi ostatin i Repembiganqtl MGKP@Q&%/QT“D&% céizeweeus
1:5, - 1 Mim3ngstnifhstiid M.ﬂnﬁ%{&:ﬁgh& gigmu&?mn ity by
calcul ated as foll ows: . . nu ﬁﬁ cel W
angi ostatin - nunber of celGhEomatography,using lysine;$ppharose grmacia) and Mono Q
nunber of cells with bFG- aBioRad) columbe r E.odolicktesialdellsl ¢sgraih HB101) expressing rK2
The percent inhibition of %Er%'deﬂéﬁ%ft@%ﬁﬁ%o%ipﬁ@ﬁﬁﬁ@b,ﬁ aP5"indeNT
to that of plasm nﬁ?en derived angtlﬂgiai%at h&ﬂg@& m. | ar° copcentrations. Th
15 results ¥ om a r Sptgme g “&@é‘ﬁﬁ‘"&?‘ E‘;S('EU@B“PYF“HE’?G
13, where at (isopropyleb-I:thiogkldctripyranoside) twae added eka fisat cancbntration of
angi ostatin gave simiar Pefiihd cells were grown for an additional 8’ Bobes 897" 1B e
obtained with plasm nogen deri ve, antgl ostatin. H gure .

production of recombinant protéins. The cells were harvested by
centrifugation and the pellets were stored at -80°C. The thawed cell lysates
15 were re-suspended in the extraction buffer (6 M guanidine hydrochloride in
0.1M sodium phosphate, pH 8.0). The suspension was centrifuged at
15,000 x g for 30 minutes and b-mercaptoethanol was added to the
supernatant at a final concentration of 10 mM. The supernatant was then
loaded on a NiZ+-NTA agarose column (1.5 cm x 5 cm) pre-equilibrated
20 with the extraction buffer. The column was washed successively with
extraction buffer at pH 8.0 and pH 6.3, respectively. Recombinant K2 and
K3 were eluted with extraction buffer at pH 50.
The proteolytically cleaved fragments of K1-3, K1-4 and K4 were
purified using a lysine-Sepharose 4B column (2.5 cm x 15 cm) equilibrated
25 with 50 mM Tris-HC1, pH 8.0 until an absorbance at 180 nm reached
0.005. The absorbed kringle fragments were eluted with Tris buffer
containing 200 mM e-aminocaproic acid, pH 8.0. The eluted samples were
the dialyzed overnight apainst 20 mM Tris-HC1, pH 5.0, and were applied
to a BioRad Mono-S column equilibrated with the same buffer. The
30 fragments of K4, K1-3 and K1-4 were eluted with 0-20%, 20-50% and 50-
70% step-gradients of 20 mM phosphate/t M KC1, pH 5.0. Most K1-3
and K1-4 fragments were eluted from the column with 0.5 M KCl1 as
determined by SDS-PAGE. All fractions were dialyzed overnight against
20 mM Tris-HC1, pH 8.0. After dialysis, K1-3 and K1-4 fragments were-
35 farther purified using a heparin-Sepharose column (5 cm x 10 cm) (Sigma)
pre-equilibrated with 20 mM Tris-HC1 buffer, pH 8.0. The K1-3 fragment



13 shows the surprising result that human reconbi nant angi ostatin protein
I nhi bits over 60% and as nmuch as over 75% of BCE proliferation in
20 cul ture.

Exanpl e 20 Angi ostatin mai ntai ns dormancy of

m cronmet ast ases by increasing the rate 25 of apoptosis.

Fol | owi ng subgiegrsys | nocul ati on of C57 BL6/J m ce PCT/US96/05856
with Lewis lung carcinoma cells (1 x1derr]), primry tunors of

approxi mat el y 1.5 cnferr] devel oped. Aninals were
subject to either surgical renpoval of the primary tunor
or sham surgery. At 5, 10 and 15 days after surfigery, mce 30

were sacrificed and their lungs prepared for histological exanination.

Animats with resected pri ma{vx LR i ﬂ??ed Iy roP‘Y {(E,@%hé%cg{,#%@ﬁg{n the flow-

m cr onet ast ases corrpar ed to S am opera

changes wer e acconpani ed bythspughmcwea'ﬁ#eP%ﬁeéa:si@gierframtsmrgmﬂyzedonsm-
Anal ysi s of tunor cell prol élefowomrbysmerm w;stemtmhﬁ:neﬁlomnganalyﬁﬁmm

br onp- deoxyuridine (BrdU) s

intact primary tunors or reSec % 4" elgfgg)%fyﬁozamogﬁéf%d%ym%md
that . VD 96535774 sequencmgan ysis.
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the increase in tunor nmass fnolf-ijtirg not ..be expl ai ned by increased

proliferation roreJeta*8 15) . Accordingly, cell death was
exam ned in these aninmals. There-foldmgoerZ,AKBpnbﬂ(bSmsperfnrmséa@brdmgtba

and account s for ol nati O ta E—I mﬁi ‘k“%“enl‘t‘ G, apd R RRAY089)
rapidly proliferati 0y ¢ ssug?cg dazlsg H‘ﬂ@ms\ﬂﬁé'e wdjustsd o pEL§.0
i mmunohi st ochemi cal |y | abel aﬂmﬁﬁmhaml‘)%auddhohlmammmahon of 5 mM. After
deoxynucl eotidyl transferasg, (b tRGRRAGH fe sdfof W diftda witd 4 FeludBSof 50 mM
Tris-HC1, pH 8.0, containing 1.25 mM reduced glutathione. After 1 hour
of incubation, oxidized glutathione was added to a final concentration of
15 1.25 mM and incubated for 6 hours at 4°C. The renatured protein was
- dialyzed initially against H20 for 2 days and for an additional two days
against S0 mM phosphate-buffered saline, pH 8.0. The solution was then
loaded onto a lysine-Bio-Gel column (2 cm x 13 cm) equilibrated with the
same phosphate-buffered saline. The column was washed with phosphate-
20 buffered saline and protein was eluted with a phosphate buffer containing
50 mM 6-AHA (6-aminohexanoic acid). Reverse-phase HPLC was
performed on an Aquapore Butyl column (2.1 x 100 mm, widepore 30 nm,
7 mm, Applied Biosystems) and a Hewlett Packard liquid chromatography
was used with acetonitrile gradients.

25
Reduction and Alkylation
The reduction and alkylation of kringle frapments were performed
according to a standard protocol (Cao, Y., and Pettersson, R.F., (1990)
Growth Factors 3, 1013). Approximately 20-80 mg of purified proteins in
30 300-500 m1 DME medium in the absence of serum were incubated at room
temperature with 15 ml of 0.5 M DTT for 15 minutes. After incubation, 30
ml of 0.5 M iodoacetamide was added to the reaction. The protein solution
was dialyzed at 4°C overnight initially against 20 volumes of DMEM. The
solution was further dialyzed at 4°C for an additional 4 hours against 20
35 volumes of fresh DMEM. After dialysis, the samples were analyzed on a



determ ned at each tine of sacrifice. The renoval of primary tunors caused
a statistically significant increase (approximately 3 to 4 fold) in the
apoptotic 10 i ndex at all tinmes exam ned (Fig. 15).
Supporting evidence was obtained by treating mce with renoved

primary tunors with an exogenous suppressor of angi ogenesis. This

subst ance, TNigpddeAdr#%O chl oroacetyl carbanoyl funmagillol, preyrpwasdenssse
naned AGMt 1470), 1s an anal ogue of fumagillin with reported anti - 15
angi ogeni ¢ activity. Subcutaneous injection of TNP-1470 (30 ng/ kg every
two days) produced results that were stikingly simlar to those described
above for animals that had intact primary tunofg. These aninmals displ ayed
a lower lung weight, equivalent proliferative index and increased apoptotic

i ndex conpared to saline-inggsegt | Bg. YAV, .
These data indicate that n&ggéggggg%ﬁfoggeﬁam}?&%%%% oA, ppdothelial cell
proliferation is bal anced bBrolfgraionii val ent rate of cell death. The renpval
of the primary tunor causes a rapi-d increase in the

growt h of netastases, rqQbably due to the renoval of
angi ogenesi s inhibitors (ar@f@&‘gﬂpﬁlmﬁg“my cont r ol
metastatic growh b§ increasi ng Beyinstcapillaryiendathelial (BGE) lcells Wereisolated as pre@ibusly
S i Strati on of an exogencaeed (il HabaRA, €.C. kP, BIEKISY ﬁf‘”"‘
these data suggest that theﬁﬁ‘? ﬁ'ﬁ?‘?f #ﬂw@!gx 3?e$222e53§§ Gggaﬁ‘mmﬁdcﬁ‘

mai nt ai ns dormancy of m cr osupplenteatedswith 10% heaOinactivated bovine calf serum (BCS),
Exanpl e 21 annblﬁc%akﬂﬁnﬁ #¥m P%é@ﬁ%nﬁﬂ{m?ﬁtﬁ%ﬂ 3 F’"K%B?tﬁ&da,

in vivo.

tin was pu
pl asmi nogen by |initPed Mountzinview, CA 33?%?5&*@@%&%@4%&@%%
in Exanpl e 15 above. Angi oswaeldmpmedmaoos%ﬁypsmsoluumeﬂl’:eihm -suspended with

e CEy 615 ce. "an EAPM EABEAOACS Ml 12500 s 5 i v
WO 96/ 35774 : added to each well gelat:mzed24-we tissue mrephtesandmubated
PCT/ US96/ 05856 at 37°C (in 10% C02) for 24 hours. The medium was replaced with 500 ml
15 of fresh DMEM containing 5% BCS and samples of individual or
combinatorial kringle frapments in triplicates were added to each well.
After 30 minutes of incubation, bFGF was added to 2 final concentration of
1 ng/ml. After 72 hours of incubation, cells were trypsinized, re-suspended
in Hematall (Fisher Scientific, Pittsburg, PA) and counted with a Coulter

20 counter. '

Purification and Characterization of Kringle Fragment of Human
Plasminogen

The cDNA fragments coding for individual kringles (K1, K2, K3,

25 and K4) and kringles 2-3 (K2-3) of human plasminogen were amplified by

a PCR-based method (Fig. 28). The PCR-amplified cDNA fragments were

cloned into a bacterial expression vector. Recombinant proteins expressed

from Escherichia coli were refolded in vitro and were purified to >98%

homogeneity using HPLC-coupled chromatography (Fig. 29). Under

30 reducing conditions, recombinant K2, K3 and K4 migrated with molecular

weights of 12-13 kDa (Fig. 294, lanes 2-4), corresponding to the predicted

molecular weights of each kringle fragment. Recombinant K1 migrating

with a higher molecular weight of 17 kDa was identified by SDS-gel

electrophoresis. The fragments of K1-4 and K1-3 were obtained by

35 proteolytic digestion of human Lys-plasminogen (Lys-HPg) with elastase

as previously described (Powell, J.R., and Castellino, F.J. (1983) Biochem.

¢

>



59 10[err] tunor cells of either the Lew s |ung
carci noma or T241 fi brosarcona. Treatment with
angi ostatin is begun after four days when tunors are 80-

160 mmierr] in size. Mce received angiostatin injections in either a

single I njection of 40 ng/ kg or two 80 ng/ kg injections
via intraperiyeeg3s4i p) or 5 subcut aneous pgfiIsd6RSESES -
Animal s were sacrificed at various times after .

treatment extending to 19 days. Angi ost at i n,

adm nistered at a daily dose of 40 ng/kg ip, produced a
hi ghly significant inhibition of the growth of3241 primary tunors (Flg
17). ‘This inhibitory effect on growh was VISIb|y evident within 2 days and

ég da;/ 8 i ncreased in magrazt %%&1 y hout rj] ourég @éﬁt}l’@ l?.}égyhem.

wer e approxi mately 38% of tBiephys). These two fragments (FzgoZQBréamS 1tand 23 stithrpredicted

injected controls. This diff of aries
significant (p<0.001, St Udemhélﬁ’é’ test B4 51&Da,respecuvely,werealsopunﬁed

Angi ostatin treatment (tot gensfiy.o -tegmingl amipo acid seqyiense analysis of the pugified
twice daily at 40 n§/ kg i p fmgman)s yitlded an ddentical aeguence, c¥ULSEC, followed bMSEQ ID
rate ING!de ddd G TB Nol4dBork i B dhd dﬁf-h rebfikciivel

inhibitory effect was evi den | nCtyeased
in magni tude at all subseqd&ﬂ?mﬂ spguencs £a1 Kdprodyeed hXVQD' with approximately 20%

| ast day of the experinment -(\ttyy f&hwedlbglsmmm.ﬁ mehﬁEWaﬁ&ﬁdm&he

20 T i ahvas & gritpetiad iyblee Wiy D P I RAGRHLYT of pyman

In another series & exper i3nginstatin @NQ @was adni ni stered (50
nmg/ kg gl 2h) to mce inpl anted with T241 fibrosarcoma, Lewi s |ung

carcinoma (LM or reticulu For. e type,
the mice receiving angi ost b’l’@?i‘ﬁ%@fﬁ?&ﬁ’f @ﬂ"‘%’ﬂ%‘fl’é?‘f Fi gure
25 _ 19 denonstrates thdndmmmmumokunghnﬁagmm aﬁgngmsmuhrwere
E)]E e'ﬂlgdurr?t (rzgat ed e at daassayedf hu’\éﬁ)bhl %Jrei % ExofiRhit Le
that for Lewis I u%gcar ci no%él FPRR simplated by bFGF. ?As showh In né&ggagfi‘“ﬁ?‘%

treated nmice had nean tumrBGEImmemmomraslowﬂgpenm&SMOn The concentration of
the untreated mce at day 2&1 ﬂh&d&o?éhcldmlitﬂﬁlﬁlﬁb@ ngmwaﬁesoﬁszoﬂdaﬂmu)

agre sacromm, the anglﬁf%q#ﬂ%éﬁ ﬂég ‘gg‘% n t U " vol lé?r‘rﬁ 'ﬁ

represent the average of proliferation. Recombinant/K2randrk3, twaaﬂonﬂym lpndmg kringle
These results denppgtrate tfiggm éﬁﬁ'a&%t prédued & dé&@phﬁ&ﬁ?inﬁtﬁ@é@&tendomehal cell
|32h| bitor of the growth of t h auon F?g %h)prﬁ rv\ér,ttﬂg%h%bﬁory potency of 1K2 was
substantlally lower than rK1 and K3 (ED50=460) (Fig. 30 and Table 4).
No cytotoxicity or distinct morphology associated with apoptotic endothelial
cells such as rounding, detachment, and fragmentation of cells could be
25 detected, even after incubation with a high concentration of these kringle
fragments. These data suggest that the anti-endothelial growth activity of
angiostatin may be shared by fragments of K1, K2 and K3, and lesser so

by K4.
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Exanpl e 22 Treatment of human cell-derived primry
tunors in mce with angiostatin in vivo. - 5
The effect of angiostatin on two human tunor cell |ines, human

prostate carcm ﬁ@-3 and human breast carci noma NDA- MB, WRET/US96/05856
studi ed. I nmmunodeficient SCID mce were inplanted with human tunor

cells, and the mce treated with 50 ng/ kg angiostatin every 12 hours
essentially as described in Exanple 21. The results denonstrate that the

10 angi ostatin.protein of the present i™ention is a potent

i nhi bitor of human tumor cell growh. Figure 22 shows
that for human prostate carci nona n@ﬂ_ejc-& t he angi ostatin
treated mce had only 2% of the nean tunor volu

conpared to the untreated control mce at day 24. Figure 23 shows that for
human breast carci noma MDA-MB, hnhibigiyQsfivity o chpilidy estioticlia célPsholifedation.

15 8% of the nean tunor vol une conpared to the untreated control
m ce at iyt
Exanpl e 23 ) Gend*‘rﬂ}mntmy - Effect of transfED§g@M)of the

angi ostatin gene on tunor vol une.
A 1380 base pair DNA seque
nouse pl asm nogen cDNA (ob

Col l ection (ATCC)), coding

320

25 was generat ed us

The - exp

fibrosarcoma cel |l sl&nd the

i nplanted into mce. Contr

non-transfected T241 cel | s; | %L 1. : 3§ec or only
(i.e. non-angiostatin expressing trans 1 | s). Three ang} st ati n-

Anti-Endothelial Cell Proliferative Activity of K1-3 and K1-4 Fragments

15 To evaluate the anti-endothelial cell proliferative effect of combined
kringle fragments, purified proteolytic fragments of human K1-4, K1-3 and
rK2-3 were assayed on BCE cells. In agreement with previous findings
(O'Reilly, M.S., Holmgren, L., Shing, Y., Chen, C., Rosenthal, R.A.,
Moses, J., Lane, W.S., Cao, Y., Sage, E.H., and Folkman, J. (1994) Cell

20 79, 315-328), BCE cell proliferation, as shown in Fig. 31, was significantly
inhibited by angiostatin-like fragment K1-4 (ED50=135 nM) (Table 4). An
increase of anti-endothelial growth activity was obtained with K1-3
fragment (ED50=70 nM) (Table 4). The inhibition of endothelial cell
proliferation occurred in a dose-dependent manner. These results indicate

25 that removal of K4 from angiostatin potentiates anti-endothelial growth
Additive Inhibition by rK2 and rK3

The fragment of rK2-3 displayed only weak inhibitory activity

30 which was similar to that of rK2 alone (Fig. 31). However, both rK2 and

IK3 inhibited endothelial cell proliferation (Fig. 30B). This finding
suggested that the inhibitory effect of K3 was hidden in the structure of K2-
3. Previous structural studies showed that an inter-kringle disulfide bond
was present between K2 (cysteine169) and K3 (cysteine297) of human
35 plasminogen, corresponding to cysteine9! and cysteine21? of SEQ ID NO:



30 expressing transfected cell clones were used in the experinent.

Mean tunor vol ume determ ned over tine. The results show
t he surprising and dramatic reduction in mean tunor
volune in mce for the angiostatin- expressing cells

cl ones as conpared with the non-transfected and non-

expressi ng cowoeessee! | S. 35 The nousepPiifsssnsssence
coding for npuse angiostatin protein is derived from
nmouse pl asm nogen cDNA. The nouse angi ostatin WO 96/ 35774

PCT/ US96/ 05856 61
enconpasses nouse plasm nogen kringle regions 454. The schematic for
constfucting this clone is shomm in Figure 24. The

nouse* angi ostatin protein lg

fibrosarcoma cells using t thﬁ g@r%’[ @t‘%ﬁﬁé S er,J Liinas, gd
(available from Life TechﬁB‘FB@kBSEEGQ MF’Q mml);ss)Seemg 32B. The inhibitory
LI POFECTN err] reagent is effdctbf fRE sid fK3in eombinhon Wdsakstsa) Iﬁa‘erekdmgly,anaddmve

cationic lipid N-[l-(2, 3-di i&]y Wn

chloride (DOTMA), and di ol é@%@ﬂ)& (%egltp% W@%ﬂﬁfw  Were added
menbrane filtered Vater. togethemo BCE cells. See Fig. 324¢ Jhesccrtsults imply that it is
transient transfection of ¢piférableso nftaéin@fﬁsulﬁdebndgebetweenxzand

| 60 cni hﬁ di sn_g 10[err] b
cells are grown in C erp tbéssue. C wre -2 X
cellsin 2 m of the appro m’ﬁ ﬁ@%&?i“& nt ed W|th
serum 15 . Incubate the cells at 37[err]Cin a

CJ err] incubator until th ¥ .
contluent Wil usﬁﬁl yt a% rﬁlt@ F%lagﬂ’% o{' Krmgle Stmcﬁures is Reqmred fZP Yhe Anii

anong cel | types e T241 l’”ééf—' ‘S‘J’Q@R&‘mﬁy was
approxi mately 70% : To study whether the folding of kringle structures is required for the

anti-endothelial proliferation activity, native angiostatin was reduced with
DTT and assayed on bovine capillary endothelial cells. After reduction,
angiostatin was further alkylated with iodoacetamide and analyzed by SDS
15 gel electrophoresis. As shown in Fig. 34A, the DTT-treated protein
migrated at a higher position with molecular weight of about 42 kDa (lane
2) as compared to the native angiostatin with molecular weight of 33 kDa
(lane 1), suggesting that angiostatin was completely reduced. The anti-
proliferation activity of angiostatin was largely abolished after reduction
20 (Fig. 34B). From these results, we conclude that the correct folding of
angiostatin through the intra-kringle disulfide bonds is preferable to
maintain its potent effect on inhibition of endothelial cell proliferation.
Amino acid sequence alignment of the kringle domains of human
plasminogen shows that K1, K2, K3 and K4 display identical gross
25 architecture and remarkable sequence homology (56-82% identify) as seen
in Fig. 35. Among these structures, the high-affinity lysine binding kringle,
K1, is the most potent inhibitory segment of endothelial cell proliferation.
Of interest, the intermediate-affinity lysine binding fragment, K4, lacks
| inhibitory activity. These data suggest that the lysine binding site of the
30 kringle structures may not be directly involved in the inhibitory activity.
The amino acid conservation and functional divergence of these kringle
structures provide an ideal system to study the role mutations caused by
DNA replication during evolution. Similar divergent activities relative to
the regulation of angiogenesis exhibited by a group of structurally related
35 proteins are also found in the -C-X-C- chemokine and prolactin-growth
hormone families (Maione, T.E., Gray, G.S., Petro, A. J., Hunt, AL., and



20 3. Prepare the followng solutions in 12 x 75 mm
sterile tubes: Solution A: For each transfection,
dilute 5 [err]g of DNAin 100 [err]l| of serumfree
OPTI - MEM | Reduced Serum Medi um (avail able from

Li fe Technol ogi es) (tissue culture grade deionized water can al so be

25 WO 9¢HEFR) - Sol ution B: PeTOSSRH38S6
transfection, dilute 30 [err]g of LIPOFECTIN in 100
[err]] OPTI-MEM nedi um 4. Conbine the two sol utions,
m x gently, and incubate at room 30 tenperature for
10-15 m n. 5. Wash cells tggce with serumfree nedi um

6. For each transfection, add 0.8 ml serumfree mediumto each tube
Sgnt |y and overl a;clotnth((;II gggp%ééﬁ&h%’gﬁwlsﬂi%&] ZIﬁ%%E;%%gglmm’Mi’
PCT/ US96/ 05856 Kunkel, S.L., Harlow, L.A., DiPietro, L.A., Elner, V.M., Elugr, S.J., and
7. .anubat e the cells for SwietepXRM! Qilgpzj.glaiﬁceaﬁg@qq?g;lgm_gm gr_,rth@q[, C"l
i sel ect i on 5 Weatherbee, 1., Rng; N, sl FolRpen . Udal drg Ml 1o,
i ncubate cells at 3¥[ err] C 2069:20C7); Stricker, R.M.,, Polverini, P.J., Arenberg, D.An@nd Kunkel,
for a total of 48-72 h. S.L. (1995) Shock 4, 155-180.; JAAR$RY DS Yolper OVACBSuckON., and
gene activity at 48-72 h popl L' BYS fobeience 266, 1581-1584).
Further sequence analysis reveals that K4 contains two positively
charged lysine residues adjacent to cysteines 22 and 78 (Fig. 35). 13|
10 nuclear magnetic resonance (NMR) analysis shows that these 4 lysines,
together with lysine 57, form the core of a positively charged domain in K4
(Llinas M, unpublished data), whereas other kringle structures lack such a
positively charged domain. Whether this lysine-enriched domain
contributes to the loss of inhibitory activity of kringle 4 of human
15 plasminogen remains to be studied. X4 was previously reported to
stimulate proliferation of other cell types and to increase the release of
intracellular calcium (Donate, L.E., Gherardi, E., Srinivasan, N.,
Sowdhamini, R., Aporicio, S., and Blundell, T. L. (1994) Prot. Sci. 3,
2378-2394). The fact that removal of K4 from angiostatin potentiates its
20 inhibitory activity on endothelial cells suggests that this structure may
prevent some of the inhibitory effect of K1-3.
The mechanism underlying how angijostatin and its related kringle
fragments specifically inhibit endothelial cell growth remains
uncharacterized. It is not yet clear whether the inhibition is mediated by a
25 receptor that is specifically expressed in proliferating endothelial cells, or if
angiostatin is internalized by endothelial cells and subsequently inhibits cell
proliferation. Alternatively, angiostatin may interact with an endothelial cell
adhesion receptor such as integrin aybz, blocking integrin-mediated
angiogenesis (Brooks, P.C., Montgomery, A.M,, Rosenfeld, M., Reisfeld
30 R.A, Hu, T. Klier, G., and Cheresh, D.A. (1994) Cell 79, 1157-1164). Of
interest, Friedlander et. al. (Friedlander, M., Brooks, P.C., Shaffer, R.W.,
Kincaid, C.M., Vamer, J.A., and Cheresh, D.A. (1995) 270, 1502) reported
recently that in vivo angiogenesis in cornea or chorioallantoic membrane
models (induced by bFGF and by tumor necrosis factor) was aybs integrin
35 dependent However, angiogenesis stimulated by VEGF, transforming
growth factor a, or phorbol esters was dependent on aybs. Antibodies to



10 Transfected cells can be assayed for expression of

angi ostatin protein using angi ostatin-specific

anti bodies Alternatively, after about 10- 14 days, (418
resi stant col oni es appeared in the CW-angiostatin

transfected T241 cells. Also, a nunber of clones were seen in the vector
al one transf eqipgpgnghpnes but not in the untransfected cl onespciirs»cossss

15 resi stant clones were selected for their expression of

angi ostatin, using a i mmunof | uorence net hod.
Intrestingly, the in vitro cell gromh T241 cells and Lew s lung cells
transfected with angiostatin was not inhibitedTpr ot herwi se adversely

af fected, as shown in Figures 25 and 26. Fi gure

27 depicts the results of

three_of the angiostatin- ext'ﬂepr y@%ﬁ??ﬁ@?@%ﬁ%#%%ﬁ“ﬂ%‘
turmor vol unes in nice that ammommquommmmmmmgemmmm
vol ume in contol mce. The ogERBytokiNer(FriediaaR,

Biooks, G2 'ﬂ&g
with Clone 37 was only 13% e Cco 25
25 t unor vol unmes weor(gi%n %a dgng%eﬂ‘f’n%eag%ﬁtbﬁl &MBE@E
respectively. Thesé resul tandéﬁﬁﬁﬁmmmmgendmmmbﬂeﬂlmmgmsmd.umyajunck

ggghgﬁzggl " can be transteq aredhtl Eblf& E)%it?es angléogt atin protein
by inplanted cells, and that theAnmgreasmgn ber of eado aagiegenesivinkibitgrsihave

fucntions in vivo to reducd:ebmichnuﬁ;pdantﬂelastfewdecﬁdbs@olkman,l.(1995)N.EngLJ.Med.

Coare 2, 2 35, 960151201 fe e 0 i,

expression of angi Ytatin fevral ighib 1t@ltsareproteolyu9§ragments For exapple; thend6 kDa N-

various cell types, Lew s Imﬂafacgm@m roi:{mu%ﬂﬁbitsmddmmmeupmhfemuon
fi brosarcoma (nouse), and Bu”i)'locacs homa c.eI k (}w &rom
WD 96/ 35774 BE48ETSs 1355 Cuafp, an, RC,,
PCT/ US96/ 05856 Renuerdelme, F., and Weiner, R.I. (1993) Endonnalogy 133,.1292-1299).
In a recent paper, D'Angelo et. al. reported that the antiangiogenic 16 kDa
15 N-terminal fragment inhibited the activation of mitogen-activated protein

kinase (MAPK) by VEGF and bFGF in capillary endothelial cells

(D'Angelo, G., Struman, I., Martial, J., and Weiner, R. (1995) Proc. Natl.

Acad. Sci. 92, 6374-6378). Similar to angiostatin, the intact parental

molecule of prolactin does not inhibit endothelial cell proliferation nor is it

20 an angiogenesis inhibitor. Platelet factor 4 (PF-4) inhibits angiogenesis at
high concentrations (Maione, T.E., Gray, G.S., Petro, A.' J., Hunt, AL.,

and Donner, S.I. (1990) Science 247, 77-79; Cao, Y., Chen, C.,
Weatherbee, J.A., Tsang, M., and Folkman, J. (1995) J. Exp. Med. 182,

, 2069-2077). However, the N-terminally truncated proteolytically cleaved
25 PF-4 fragment exhibits 2 30- to 50-fold increase in its anti-proliferative
' activity over the intact PF-4 molecule (Gupta, S.K., Hassel, T., and Singh,
J.P. (1995) Proc. Natl. Acad. Sci. 92, 7799-7803). Smaller protein

fragments of fibronectin, murine epidermal growth factor, and
thrombospondin have also been shown to specifically inhibit endothelial cell

30 growth (Homandberg, G.A., Williams, J.E., Grant, D., Schumacher, B.,
and Eisenstein, R. (1985) Am. J. Pathol. 120, 327-332; Nelson, J., Allen,

W.E,, Scott, W.N,, Bailie, J.R., Walker, B., McFerran, N.V., and Wilson,

D.J. (1995) Cancer Res. 55, 3772-3776; Tolsma, S.S., Volpert, O.V.,

Good, D.J., Frazer, W.A., Polverini, P.J., and Bouck, N. (1993) J. Cell

35 Biol. 122, 497-511). Proteolytic processing of a large protein may change
the conformational structure of the original molecule or expose new



63 fresh tunor or cell culture after several passages
were anal ysed to determ ne the presence of angiostatin
transcripts. Northern analysis of sanples - showed an
absence of any signal hybridizing with thn sequence from al

sanpl es except that of normal nouse liver RNA showi ng a single signal of

5 apwovsissPhel Y 2.4 kb correspondi ng to nouse pl asnpoDpsssnssse

Nor t her n anal ysi s of hunman. sam es show an absence of any
signal hybridizing with human angi ostati n sequence from

all sanpl es except that of normal hunman i ver RNA show ng
a single signal of approxi matel y 2.4 kb corresppndi ng to
human pl asm nogen. Reverse transcription

pol ymerase chain reaction . .
absence of any product fro%@%@?g% Th%p%geés)maypﬂ}%%ﬁgolem
angi ostatin sequences excephe regeiatiopfof angiogenesis| Towdate dittlejis mownrabowthe regulation
anal ysi s showed an absence gfthesdPprotedse détfihtick vl | human sanpl es probed

wi th human angi ostatin sequence cept that .of .t | .hunan Iiver

15 (expected size of 105%"‘5?‘“’?8*"’ %@%MW% ‘FWH&?‘WJ of the
Thus it appears thdlf nouse lamgleomuauues mrmgmstanpusp(dmblmmglamtmtﬁstnpmmory
with am no acids 97 to 450

the above nouse sanpl es and#e& % a % tran assum ﬁlgé’to%idsem
i dentity with am no acids (ﬁa%"‘lg? ﬁ‘i‘%@ H protsing For exampl,
produced by the above hunarapslipopretsin (ihhaqotsmhny/as 37 eepehts of iplasinbsogen kringle 4
nor mal nouse/ hurran I iver | S(M@ T "Iqm%dnoﬁﬁ.‘""ﬁ Ingn ﬁ%ﬁn?L. Chen, E.Y.,

Exanpl e 25 ession Angi’ostatin’ih
The gene fragnent é?lcodl ng BE8s3-McPerivoA Wt Ws")lva’“" 330, 132-137).

allhasrrr nf)lgen vvaf] cl oned i gt drheimﬂﬁmﬁanﬂmmdfq:mhmpiﬂﬁﬂ_alﬁiédnmmsmmﬂesm
ich allows the secrete

signal in the yeast Pich aef%%égﬁﬁﬁﬁggﬁﬁﬁﬂ;@%ig@%mf%éﬂn
30 am no acids 93 ﬁ?‘h Aeed. oSchn

SnaBl / EcoRl fsi te ;)f pPl C9 (Utvkinase taspeeahshvwnato pums‘s@kﬁﬂgléatmdut c re that shares
expression of protgsns using e

Pi Ehl a Prot 5 paé%ng [l s ‘I‘Q‘ﬁ%’p@‘gﬁ@é@y&gﬁh n aﬁwogétléti.gld aﬁ.ﬁg,
proteins in these systens wkin rankus, b‘f‘elma(ﬂas Dfteppedalersvay
t hose expressed in E. coli emmasnmaﬁe; 11155-1165) 3fn addition, surfagutant peciein® and

protein folding and posttr ' b ' [ |
PO kvl hi o Hkphedtyrd Bl Bldtde (A, Ao’ cRfey ¥hME s@fictures (Fohansson,
J., Curstedt, T., and Jrnvall., H. (1991) Biochem. 30, 6917-6921; Lukker,
20 N.A., Presta, L.G., and Godowski, P.J. (1994) Prot. Engin. 7, 895-903).

Example 28

Suppression of Metastases and of Endothelial Cell Proliferation by
25 Angiostatin Fragments
The following example characterizes the activity of addmona.l _
angiostatin fragments. The data suggests that potent anti-endothelial and
tumor suppressive activity can be obtained from such protein fragments of
angiostatin.
30 As used herein, “kringle 1-4BKLS” means a protein derivative of
plasminogen having an endotheliat cell inhibiting activity, and having an
amino .acid sequence comprising a sequence homologous to kringle 1-
4BKLS,'exempliﬁed by, but not limited to that of murine kringle 1-4BKLS
(SEQ ID NO:41), and human kringle 1-4BKLS (SEQ ID NO:42), unless
35 indicated otherwise by the context in which it is used. Murine kringle 1-
4BKLS (SEQ ID NQ:41) corresponds to amino acid positions 93 to 470
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Expression of gene in P. pastoris: is described in ) Sreekrishna, K

et al. (1988) High | evel expression of heterol ogous proteins in

met hyl ot ropi ¢ yeast Pichia pastoris. J. Basic Mcrobiol. 29 (4): 265-278,

and G are, JlwoR%sehs (1991) Production of epidernal grow h pefibevsnssss
5

yeast : Hi gh-1evel secretion using Pichia pastoris
strains containing nultiple gene copi es, Cene
105: 205- 212, both of which are hereby incorporated herein by

ref erence. 10 Expr essi on of angiostatin

protetns in transgenic animals and pl ants
Transgeni ¢ ani mal s such as,,of t.h% bfvi ne 05 r.oci ne f
aPh

X .
created which express the SAYPYYD.4 MUgDs P Pi‘fft%@ ?f&?}rsdgmgxample
ani mal demqnstrates thatcandangiostatin fragment? cdéncbe a-plasmihagen fraginent
i1k of th i mal s. 3 ' Eéqg%h Wa) '
g}antg whi gﬁeeiglrg?sst hea%i%@@%’ﬁgﬁgﬂwmm?é gﬂr@&&hﬁs

are constructed. in
t hat express forei §n DNA i proliferation inhibiting activity or antiamplogestic activithni t h H.

o ot echi cal ppl beat | ons. - Semt & Ltii¢ FABLRS rgh g ssmrpe s somolggons o e
20 her eby i ncor pépesificckringle il #BIKS ssquences ddentified above. Preferably, the
IE?)(;IWP:‘ Zr g'[? ion | nh.i bitin e “i?aq asticds hivd 8 Cogice Eﬂﬂ@%?ﬁjgb’aﬂo fil disclosed
The follow ng exa_mél e c%a%gﬁéegedsfnﬁthlguécqq%Vi% Jmfwlvi’aﬁgﬁgﬁ'_“f‘ moTe
conbi nati onal angilBst ati n prefagehiyatdeasti§0%. ok sho erstoodithat avatictyof awinalacid
di fference exists anong i ngipstiftitfoms Ka10GR Sid Ykt iﬁ@ﬁ%np%qg& adobd tisted
endot hel i al, and hence ant higlg&ltgggy Cma&cé'ﬁﬁé%&%&én Ic;trﬂceshalul?mhﬁ)liltngng
activity of the fragments. Such modifications are not intended to exceed the
scope and spirit of the claims. Furthermore, it is understood that a variety
15 of silent amino acid substitutions, additions, or deletions can be made in the
above identified kringle fragments, which do not significantly alter the
fragments’ endothelial cell inhibiting activity, and which are, therefore, not

intended to exceed the scope of the claims.

20 Cloning of Angiostatin in Pichia pastoris
Sequences encoding angiostatin were amplified by PCR using Vent
polymerase (New England Biolabs) and primers #154
(5’-ATCGCTCGAGCGTTATTTGAAAAGAAAGTG-3")
(SEQ ID NO:43) and #151
25 (5’- ATCGGAATTCAAGCAGGACAACAGGCGG-3’)
(SEQ ID NO:44) containing linkers Xhol and Eco Rl respectively and
using the plasmid pTrcHis/HAs as template. This plasmid contained
sequences encoding amino acids 93 to 470 of human plasminogen (SEQ
ID NO:42) for cloning into the Xho IVECo Rl site of pHIL-S1 expression
30 vector using the P. pastoris native secretion signal PHO 1. This same
sequence was amplified in the same manner using primers #156
(5'-ATCGTACGTATTATTTGAAAAGAAAGTG-3’)
i (SEQ ID NQ:45) and #151 containing linkers Sna Bl and Eco RI
respectively, for cloning into the Sna BIVECo Rl site of expression vector
35 pPICY with the alpha-factor secretory signal. The products of the
amplifications were gel purified, linkers were digested with the appropriate



30 protein fragnents of angi ostatin.

As used herein, "angiostatin fragnent” neans a protein derivative

of angi ostain, or plasm nogen, having an endothelial cell proliferation
inhibiting activity Angiostatin fragments are useful for treating

angi ogeni c- medi at ed di seases or conditions. For
exanpl e, angi Qg édstsf Fagnents can be . 35 upptrpbsssokasbi bi t
or suppress tunor grovvth The ami no acid sequence of such

an angiostatin fragnent, for exanple, can be selected froma portion of
WD 96/ 35774
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murine plasmnogen (SEQ ID NG 1), murine angiostatin (SEQ ID NO 2);

human angi ostatin (SEQ I D Sﬂgh
por ci ne angi ostatin (SEQ I e‘% angﬁg Vi ne ang?%éétgfgﬁﬁ @@8‘@) These gene

NO 6), unless indicated of fEagHe theapproprigieivesiors; Respligaicipnes were

5 As used rsamcmmd irandm@ﬂao@esmeeé Sbtiinsiini Yinddrived ©f

pl asm nogen having an endot heI ] ;&l na n act AN
anti-angi ogenic . k'hs"-eM“Fs\ﬁn? aﬁ%@eg&aﬂsformed
sequence conprisind a sequentod’ pa:tomhoststmmGSllS Itltegruﬁongmssonﬁnﬂedbn@m 1,

exenplified by, but not limted +

kringle 1 (SEQ ID N0 7), hu {fﬁ { é%‘ MG s mbﬁ?nmweremd“"ed(‘)mh
kringle 1 (SEQ ID NO 9), ﬁ%@ osttin ysipg froomassie
kringle 1 (SEQ ID NG 11), utﬂtmisSDSel?AGEegbls)ahdmmmouptst luing;mmmimomclonal

which it is used. Mirine k a% E%:ﬁlps
acid positions 103 to 181 nc n asm._noden
NO 1, and correspollis to aftf m %P@‘@“E&@sll |WB¥B@F\¢ Pﬂﬁ‘"m"hne

15 muri ne angi ost at |piﬂb#Slﬂi$1thﬁélectéWpﬂenouymbailylcl(aﬁE@nlzﬂ hICFIR)F,
Rhesus kringle 1 (SEQ ID N%I{P porcine kringle 1 (SEQ ID NQ 10), and
bovine kringle 1 (SEQ ID ) correspond to amino acid positions 6 to

84 (inclusive) of angiostatin of SEQID NGO 3, SEQID NGO 4, SEQID

NO 5, and SEQ | D NO 6, r esExprassion vf PHIL-S1/HAs18

15 : Expression of angiostatin from pHIL-S1/HAs18 was typical for a
His+ MutS clone. At induction in baffled shake flasks, 1L of ODg0p cells
were cultured in 150 ml of buffered metanol complex medium containing
1% yeast extract, 2% peptone, 100 mM potassium phosphate pH 6.0,
1.34% yeast nitrogen base with ammonium sulfate, 0.00004% biotin and

20 0.5% metharnol, in a 1L baffled flask. Cells were constantly shaken at
30°C, 250 rpm. Methanol was batch fed at 24 hour intervals by addition of
absolute methanol to a final of 0.5%. After 120 hours cells were spun at
5,000 rpm for 10 minutes, and supernatants were stored at -70°C until
used.

25
Purification of Angiostatin From P. pastoris Fermentation Broth by

. Lysine-Sepharose Chromatography
All procedures are carried out at 4°C. Crude fermentation broth,
typically 200 ml, containing angiostatin was clarified by centrifugation at

30 14,000 x g and concentrated by Centriprep 30 (amicon) 30 kDa molecular
weight cutoff membrane to approximately one-fourth the original volume.
One volume of 50 mM phosphate buffer, pH 7.5, was added to the
concentrated sample which was again concentrated by Centriprep to one-
fourth the original sample volume. The samplé was again diluted

35 volume:volume with 50 mM sodium phosphate buffer, pH 7.5. 60 g
lysine-sepharose 4B (Pharmacia) was resuspended in 500 ml ice-cold 50

L



20 As used herein, "kringle 2" neans a protein
derivative of pl asm nogen havi ng an endot helial cell
inhibiting activity or anti-angi ogenic activity, and
having an am no acid sequence conprising a seguence

honol ogous to kringle 2, exenplified by, but not limted to that of -nurine
kringle 2 (SE@éMlZ) human kringle 2 (SEQ ID NGO 13), Rhesg1®usos0s58s6¢ 25
kringle 2 (SEQ ID NO 14), porcine kringle 2 (SEQ ID NG 15), and bovine
kringle 2 (SEQ ID NO 16), unless indicated otherwi se by the context in
which it is used. Murine kringle 2 (SEQ ID NG 12) corresponds to am no
acid positions 185 to 262 (inclusive) of nuringiplasm nogen of SEQ ID

NO I, *and corresponds to amno acid positions 88 to 165 (inclusive) of

ﬁg 13). nuri ne angi ostatlﬂpgégoﬁg%gﬁ.%‘&éag ‘(g@%%f% 43 8?415"“ column

kringl'e 2 (SEQ I D NO 15), (-180 ml packed volume). obsnn was Wablhed| avemighgmdth 15
NG 16)+ correspond to am no WoRindes 4OV) f50 mM sodium phosphate BetedeOpA s, at a
(i nclusive) of angiostatn o Sé&_’log) ’gnﬁinins uSp

IDNO'5, and SEQ ID NO 6, r d o Was Puped onto thggolyeg At &

herein, "kringle 3"Sneans aﬂqnwaatemﬁ 1dfemi/mdn ambtlnfcolumn washed with 1.5 CV of 50 mM
pl asm nogen having an-endot ks pnGithhue! 73, bi 1 HoWoale ey mBhun. The column was

anti -angi ogeni c .
PCT/ Usgg/ 0%856 then washed with 1.5 CV phosphate-buffered saline, pHi4, at a flow rate

activity, and having an ani o3 aliminsapiostatia mrthen eiuteg witls 6.2 M resamino-n-caproic
honol ogous to kringle 3,

kringle 3 (SEQ ID NQ 17), NEg o 19 %Phﬂpw hifipd Ofthaith Bighidie
kringle 3 (SEQ I D #® 19), pahsermscmwmgméleé léglmdmgr b8 hoprs agaipstrigionized
5 kringle 3 (SEQ I Duplet #diyo z!eﬂeA 16ﬂ|r&03e $om 4 RoVek i&mpmemma
corresponds to anmino acid pozwtlons 2 3;0 (incl u5|v i

pl asmi nogen of SEQ ID NO 1 ?@Z%&n L\ ’B‘)eﬂ Volumes
178 to 255 (inclusive) of nnfmmmpmwlmdll\@ﬂ@l.mz Human

kringle 3 (SEQ ID) NO 18), Rnhesus kringle 3 (SEQ ID NO 19), porcine

10 kringl e1§ (SEQ | B &aﬁdlary%dotggl}a?% iﬁmriﬁérgﬁ A’SEQ | D NG 21)
Bovine capillary endothelial cells were obtained as previously
described. The cells are maintained in DMEM containing 3 mg/ml of
recombinant human bRGF (Scios Nova, Mountainview, CA),
supplemented with 10% heat-inactivated bovine calf serum, 100 U/mi

20 penicillin, 100 mg/ml streptomycin, and 0.25 mg/ml fungizone
(BioWhittaker) in 75 cm? celi-culture flasks. The assay was performed as
described previously.

Animal Studies
25 Six to eight week old male C57BI/6J mice (Jackson Laboratories)

were inoculated subcutaneously with murine Lewis lung carcinoma-low

metastatic (LLC-LM) line (1 x 106 cells/injection). Approximately 14 days

after implantation, when primary tumor reached 1.5 cm3, animals were
anaesthetized with methoxyflurane and primary tumors were surgically

30 excised. The incision site was closed with simple interrupted sutures. Half
the animals in this group received a loading dose (3 mg/kg by the
subcutaneous route) of recombinant or plasminogen derived angiostatin

’ subcutaneously immediately after surgery, followed by daily inoculations of
) 1.5 mg/kg for 14 days. A control group of mice received an equal volume
3s of PBS every day for 14 days following surgery. All mice were sacrificed

14 days after primary tumor removal (28 days after tumor implantation),



correspond to amno acid positions 178 to 255 (inclusive) of angiostatin of
SEQ ID NO 3, SEQID NO 4, SEQ ID NG5, and SEQ I D NO 6,

respectively. As used herein, "kringle 4" neans a
protein derivative of 15 pl asm nogen havi ng an endot hel i al
cell inhibiting activity or anti-angi ogenic activity,
and havi ng an“@g CI d sequence conprising a sequence PCT/US96/05856

honol ogous to Kringle exenplified by, but not limted to that of nurine

kringle 4 (SEQ I D NO 22) and human kringle 4 (SEQ ID NGO 23), unless

I ndi cat ed ot herwi se by the context in which it is used. Mirine kringle 4
20 (SEQ I D NG 22) corresponds to amno ggid p03|t|ons 377 to-454
(inclusive) of murine plasm nogen of SEQ I D NG 1.

ol asn nogen havi ng. an’ endot HB#Y SEeaafip A Vet K pffied gpasases were counied

anti - angi ogeni c with stereomiggaseapet y, and havi ng an ami no acid
sequence conprising a sequence ' 25 honol ogous to kringle 2-3,
exenplified by, but not ed tQ Ih nmuri ne

kringle 23 (SEQ I D NO 24) M@M‘WW’Z&?FMM

Rhesus, kringle 2-3 §SEQ I D NGO ngemtmmghmwmmmmdumngmgesl
NG 27), and bovi ne kringle t

ot herwi se by the context |nt%\/\f1 ﬁ .S us&%lml%ml ne drsﬁ e ‘gdzg gEm

30 NO 24) correspon@ﬂ@%ﬁf'@(ﬁ?&?fé@?*l%?ﬂ%@ 16 yoast rfc':l B%“i“?féS
of | mur i nexppdseesinangiogtetin bihds¥yéné k2phiidode andecan bospecifipallycduted
am no aci Rtk lﬁﬂﬁic t%&aﬁ &ﬁd‘éé

angi ostatin of SEQ.ID NO 2. bye 4 dcid uman Kri ng‘g}£ §ilon
NO 25), Rhesus kri A8l e 2-3 fming caproic acid-binding kringle(s), whichzase phﬂ%:ipmemes of
kringle 2-3 (SEQ I D NO 27), kmglellcanﬂrmokplaaghﬁgéh $ottmp-lensé15L et al.,, Proffesk KD
NO. 28) correspond to am no | 5. 8 1,0{’&5'3\’(?%8) RavensPreééD

96/ 35774 : s i Fheoniti

PCT/ US96/ 05856 NY p. 191), can beexpressedand secreted by P. pastorigand purified by

of angiostatin of SEQ | D NQedhnique® thid ddCnet, reqitife tebbléiy {Figa 36 ASmQ B). Expressed
15 angiostatin from P. pastoris as well as angiostatin purified by elastase

cleavage of plasminogen were recognized by a conformationally dependent
monoclonal antibody against kringle 1 to 3 (Castellino, Enzyme Research
Laboratories, Inc., South Bend, IN) (Fig. 36B). This antibody fails to
recognize reduced forms of plasminogen or angiostatin.

20 P. pastoris expressed angiostatin is seen as a doublet that migrates
at 49 kDa and 51.5 kDa on denatured unreduced SDS-PAGE Coomassie
stained gels. P. pastoris expressed proteins are post-translationally
modified with the majority of N-linked glycosylation of the high-mannose

_ type and insignificant O-linked glycosylation. To evaluate the possibility of

25 glycosylation in P. pastoris expressed angiostatin, we digested the

' recombinant angiostatin with endoglycosidase H specific for high mannose
structures, causing the 51.5 kDa band to migrate identically with the band at
49 kDa (Fig. 37A and B). O-glycanase digestion with prior neuraminidase
treatment to remove sialic acid residues, did not change the pattern of

30 migration of the doublet (data not shown). These results indicate that P.
pastoris expressed angiostatin in two forms: (1) with an N-linked complex
chain probably of the structure:



I D NO 6, respectively. As used herein, "kringle
1-3" means a protein derivative of pl asm nogen havi ng an
endothelial cell inhibiting activity or anti-angi ogenic

activity, and having an am no aci d sequence conprising a sequence

honol ogous to kringle 1-3, exenplified by, but not limted to that of

muri ne kringl gygeedst?®EQ | D NO 29), human kringle 1 (SEQ | D N@c3ftisss/05856
Rhesus kringle 1-3 (SEQ ID NO 31), porcine kringle 1-3 (SEQ ID

NG 32), and bovine kringle 1-3 (SEQ I D NG 33), unless indicated 10
ot herwi se by the context in which it is used. Miurine kringle 1-3 (SEQ I D
NG 29) corresponds to am no acid positions 103g80 352 (inclusive) of

muri ne plasmi nogen of SEQ ID NO 1, and corresponds to anino acid
posittons 6 to 255 (inclusive) of nmuri ne@%ﬁ#ﬂg‘ﬁ‘%&‘? of SEQ I D NO.2.
Human_ kringle 1-3 (SEQ 1D NG 30), Rhesu Tgte 1-3 (SEQ ID 15
NO 31), porcine kringle 1-3 (SEQ I D NO 32), and bManr&GleNAceGicNAGAsn-
(SEQ tD NO 33) correspond to am no acid M)%E%&G to 255 (inclusive)

of angiostatin of SEQ ID NO 3, SEQ I D NO 4, Q ID NO 5, and SEQ

I D NO 6, respectively. As used herein,- "kringle
1-2" neans a proteis deri vand\(2) without any glycasylation. pl asm nogen havi ng an
endothelial cell inhibiting activity or anti-angi ogenic

activity, and having an am no_aci d _sequence_ conpri si.ngca sequence
horol ogous to kringie 1-2, Iek'émnpfﬁwe&@dm%mhn ¢lisdn Vigra hat  of

murine kringle 1-2 (SEQ 1D NG 340 daemel«riwn@mws;?msm MR OBihtin had the
esus kringle 1- . . D,.

NG 37), and bovi ne kringle "1- w@%*ﬁ%ﬁ?@% %E& Ee&mthepresgt?ceof
ot herwi se by the cdtext i rbRGH thdetermise iEthe additianref purifiegl recambingnsageiobtatin
NO: 34) corresponds to ani nowﬁﬂh%lﬁﬂﬂﬁei]ﬁtgﬁfeiﬁ%nto? P%ﬂﬁﬂ?’é??%}oﬁﬁ-expressed

muri ne plasm nogen of SEQ I D %&ﬁggo&;?%?pg;% 0
T

NO 1, )
positions 6 to 165 (i ncl usi%}"s@F‘“ﬂha‘&FFé‘ 1 of bquing endothelial
30 Human kringl e 1- 2cellSiHQitr&(Fig) 38B) in }buss depehdénn miasmet (Fig (3BER ADL ug/ml

(SEQ 1D Nor 38) cor s pepond o oramvinink khgldshuizp Bikitadl o *%%-”g*. £ 3% dnbipision was
of angiostatin of EEQ | D qugfv%ﬁ%"la@tﬁ%d i W%‘% f@Et?Li"sm"lea"age
| D NO 6, respectively. of hug@n plasminogen. As used herein, "kringle
1-4" means a protein derivative of : pl asm nogen havi ng

an endot helial cell inhibi t&u%re%.gitml:gﬁbgta.%segm {,i-vgngi ogeni c
The transplantable murine LLC (LM) line from which angiostatin
20 was first identified was used. When implanted subcutaneously in syngenic
C57B1/6J mice, these tumors grow rapidly, producing > 1.5 cm3 tumors
within 14 days. Following primary tumor resection, the micometastases in
the lungs grow exponentially, to completely cover the surface of the lung.
These metastases are highly vascularized by day 14 after primary tumor
25 resection. If the primary tumor is left on, the micrometastases remain
dormant and are not macroscopically visible. Recombinant angiostatin was
administered systemically to mice following primary tumor resection to test
the suppression of the growth of metastases. P. pastoris expressed
angiostatin administered systemically at 30 ug/mouse/day inhibited the
30 growth of metastases as quantitated by scoring of surface metastases (Fig.
39A) and total lung weight (Fig. 39B). The weights of lungs of mice that
had primary tumors resected and that received daily doses of recombinant
angiostatin or angiostatin obtained from elastase cleavage of plasminogen
were of comparable to those of normal mice (190 to 200 mg). Lungs of
35 mice that had their primary tumors resected and subsequently treated with
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activity, and having an am no aci d sequence conprising a sequence
honol ogous to kringle 1-4, exenplified by, but not limted to that of
murine kringle 1-4 (SEQ I D NG 39) and human kringle 1-4 (SEQ ID

NO 40), unl esgyd figispat ed otherwi se by the context in which i pcisoshsiss

5 Murine kringle 1-4 (SEQ ID NO 39) corresponds to am no acid

posi tions 103 to 454 (inclusive) of nurine plasm nogen
of SEQ I D NO 1. Kringle 1, kringle 2, kringle 3,
kringle 4, kringle 2-3, kringle 1-3, 84 kringle 1-2 and

kringle 1-4 am no aci d sequences are respectively

10" %% ke am no-aci a < S0 AeEoERuRARATeal Al Wl PR R gl il or

di scl osed unvaseularized picromestasiases @Fig; 40)s dnconmmastethy midedreatsd yitht
b iy 21 oo o var {512 ey 50 RS 1 vl st
substitutions, additions, ‘%‘fﬂsﬁﬁ‘lﬂw&r%t raso f frotable, importance, was an ghseace of
listed 5 systemicentosaltenicitycansed by tFo pastpisexpressed anglostatintab the
endot hel i al cell 1%03%3 and énf fidedt inOthid gﬂw.l Tt iae %gll%gr %%idn‘eg{rft?s‘)f

The torm fuanct i onal * honol ARG AE lscaine 1 ol wpated wice

e term"functional hono uences -

can be used in accordance w th Angiostaianprotein \expressddnby URlcpakedrid ipossesses two
additions or substitutions; ' t | | LN,

t hat o ibofiint PR chiBOLAMEFof e tiori okl (3EHHERBd.
product. The gene 10 2y a conformatiopally) dependentcmenqgignal antibady raised AESASE
addiht i ons or substitutions keihglenl o3 of human plasminogen ?Fig. 36B) dnd ¢2)i it binds lysine
wi thin an angiostatin sequ , | e [ | ) .

t hus producing a functi onaﬁ?@é”&%ﬁe’% s%%?&??%{?ér? %?%P%?ﬁﬂ hhghreg%nlralxgant
aci d substitutions may be rigiestatin pratein yuas sxpressed ithy a iconformation) thay mipics the
char ge, . . nativé mpldculey ,P. pasionis lexpiessel \angiogeitin phdtein dhkibits the
and/ o1 e amBIl paig o 12 s of b ey eogoBtAF Vi By 18
aspartic acid and gl utamc V&%Pd(,ﬁgpc%si)t i WheR, adminigtered, sysiemisaliyy sthe Ferombinant
| ysine, histidine and ar gi rangiostatini maintainedsthei dtherwisd) detheldmptakiastid E2dris lung

S oaP ol nes ol o e CCP oS 4, 508 OB 00 ', 0o
30 nonpol ar head gr ou% n d@ma%m e abgence ok a delegtable tragacript for
| euci ne,han Such n?)%l f - ianghktmﬁyinalewﬁmngmmomlﬁeshiymmwdmmnﬂceorincheﬂs
é;zgtegpt h_e' scope and spiri _taﬁ(% 4#?%?%%.‘”%‘“&51%0 g,ﬂar\ﬂl%\;ﬁgijﬁflmia‘iiver,ls
homodi meri zati on by format |W¢$HW¥P¢%§I“@"&PF§HE@‘@“§“@%¢ 1465 0.2 pM.
It is possible that LLC-LM tumors produce an enzyme that cleaves
plasminogen, bound or in circulation, to produce angiostatin. Alternatively
25 inflammatory cells attracted to the tumor site could produce such an
enzyme.

‘It is intriguing that both P. pastoris as well as native human
plasminogen is produced in a glycosylated and a non-glycosylated form. In
the case of human plasminogen, a single transcript for a single gene can

30 produce both forms. The molecular mechanism of differential post-
translational modifications of human plasminogen, as well as that seen in

TPA are unknown.
Angiostatin is highly expressed by P. pastoris. Supernatants
contain 100 mg/L of the protein. Therefore, the quantities required for
35 clinical trials should be straightforward to produce and purify using
standard technology well-known to those skilled in the art. The




cysteine residues C4 in reconbi nant human kringle 2 (SEQ ID NO 13) and

35 C42 in reconbinant kringle 3 (SEQ ID NGO 18) were nutated to
serines. Furthernore, it is understood that a variety
of ami no acid substitutions, WD 96/ 35774
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addi tions, deygbéss or other nodifications can be nmade in tierolvenwssse
identified angiostatin fragnents, which do not significantly alter the
fragments' endothelial cell proliferation inhibiting activity, and which
are, therefore, not intended to exceed the scope of the
clains. By "not 5 significantlgg alter” is neant that the
angi ostatin fragnent has at |east 60% nore preferably

at |east 70% and nore pr

endot helial cell proli fera@%ﬁ’gl nﬂ?‘% té:ﬁngbae?go/ﬁ Qi'stéﬁeandaﬂrxee t"ﬁmtm o%th?h
cl osest honol ogous angi ost Wrorandrin Jiven actiyitycelop fqumbmant angmstm against
Gene €onstruction and Expr@gaitses provided the foundation for assessment ofAh&6dpabigserdhese

nmet hod was used to generat ment di

for kringle 1 (Kl?<2 Kri nglgén%s ﬁb‘ﬁ‘g?%’md%?%ﬁs‘!ﬂ%&iﬁ&“gg‘“
and Kkri ngI e 2-3 ( 3) of emnuftﬂrus clisegsenant

kringle 1 (rK1), kringle 2 (rK2), krlngIeS(rKS) kringle 4 (rK4) and

15 kringle 2-3 (rK2-3) were expressed i E E. Ea! i as previously
descri bed (Menhart, N., She4® <= Kelly, RF., and
Castellino, FJ. (1991) Bi ochem 30, 1948-1957; Marti,

C1o9) Eur. 3. B oOﬁQ?n”S?S Fuoioh apd Ulniyifion o casfgare angigsatin (o,
Affolter, M, Schalier, J., LI |%§°me3$@°1’§‘@@3@° E“’é“c‘( dBP%‘éW 9fn
20 0 Press Rej ant eggrbdoR ghtseanin, ol nhibitl ndoshetial i fp@alfeﬁhoﬁ 40 famor
f Io??rater]on bf i nter-kringl egrowth ﬁ&&%‘y iws ﬁ&m%ﬁﬁ@g@fﬁ&g& pé@t}ugﬁzgﬂ‘ﬁ%
in Figure 32B, the cystei n&. colingeddo becolubilized and re-folded (renatured, reduced and
C297 in rK3 were nutated t gikgRtedy@ackievein Sivo abtivite Qlrl the Plocsss, nignificant amount of
15 the protein is often lost. In this example, aggregate recombinant angiostatin
is produced after purification and used directly, without further renaturing,
reducing or alkylating, to inhibit angiogenesis and tumor growth.
Therefore, this example provides a surprisingly efficient means of
producing and using angiostatin. This aggregate angiostatin and method of
20 delivery also provides a means of sustained release of angiostatin, thereby
optimizing its efficiency. As used herein "aggregate angiostatin" means
angiostatin that has been substantialy purified, but not manually re-folded,
as described in more detail below. '

25 E ion of Aneiostati

The E. coli expression system, which has the advantage of being
fast, productive, and inexpensive, was used for the expression of mouse
angiostatin. Two oligo primers, flanking a cDNA sequence of plasminogen
kringles 1-4 (plasminogen cDNA was purchased from ATCC), were
30 designed for a PCR based strategy of constructing the angiostatin
expression system. (See, for example, Menhart, N., Shel, L.C., Kelly,

R.F., and Castellino, F.J. (1991) Biochem. 30, 1948-1957); Marti, D
. Schaller, J., Ochensberger, B., and Rickli, E.E. (1994) Eur. J. Biochem.
) 219, 455-462; Sthndel, S., Hu, C.-K., Marti, D., Affolter, M., Schaller, J.,
35 Llinas, M., and Rickli, E.E. (1996) Biochem. in press; Rejante, M.R.,
Byeon, L.-J.L., and Llinas, M. (1991) Biochem. 30, 11081-11092) The



and 18, at positions 4 and 42, respectively. (Sohndel, S., Hu, C -K.,

Marti, 25 D., Affolter, M, Schaller, J., Llinas, M, and
Rickli, E.E (1996) Bi ochem in press). The rK3 and
rk2-3 contained an N-term nal hexa-histidine tag whi ch
was used for protein purification (not shown).

Prot eol yti ¢ Dpgpssizstia 30 The fragnmenperotockssss,
K1-4 and K4 were prepared by digestion of Lys- HPg

(Abbott Labs) with porcine elastase (Signma) as previously

described (Powell, J.R, and Castellino, F.J. (1983) Biochem 22, 923-927).
Briefly, 1.5 ng el astase was i ncubated at roon86 enperature with 200 ng of
human pl asm nogen in 50 nM Tris-HC pH 8.0 overni ght wth shaking.

35 The reaction Ve ty ket
fl uor ophosphat e i)ﬁ;ﬂﬂ&t ?Bﬁ% %dsﬁ‘ EQ{%I ?ér%gl Qiconc ntratlon

of 1mM The mixture was roc(k{eaesen)-wtnchcomne Iac‘promoter and an oligohistidine sequence.

]I?CT / US%éI 3_5?_56 . t The cDNA was then transformed into E. coli (strain BLﬁQDES)),whxch
or an additiona mnue ro zed overn

agai nst 50 mM Tris-Hal, nfjins'4 foiSBBEA Yoy or '3 NN Selnforite e pmder
5 Féconbl nalmU\(_S_ opnkzole x Bhe expression gﬂs{eerecqmanwoangxostmn was
bacterial cells induced b ﬂﬁi&dlﬁm?oﬂ!ﬁfd}' TR §tatin abBirRulated as
protein was purified to honp enel}é . C t ap

usi ng | ysi ne- Sepharose 4B ( %{q}?g/ﬂr{h‘ Ryt Selis and typically Sonsi3id of GVt 4% of

(Bi oRad) columms. E. coli sotalecellulat protein, as estimated by CBarBassic blneistainnigng r K2
and rK3 were grown to an QD600 qﬁhe""iﬂ%ﬂ%h%h Pﬁlﬁe@ﬁﬁi a%@éﬂri# gﬁﬂtrhn o’étaﬂ or

IllgTG nmedi um ci)gt ai ni g 100 mb%eg n an 25 rrg 99&3’3 Cl n

a final concentration of avanetyofvectorandhostbyswnsnﬂelt-khdvmmehmsjﬁhnﬁnﬂmrman
additional 4.5 hours at 37[err]C to induce the

production of reconbi nant proteins. The cells vere harvested by
centrifugation and the pel | SHSEARIANCOEES egatiop of ABLIGSIANC  The t hawed cel |

| ysat es The insoluble fraction of the sonicated host cells containing the

15 inclusion bodies was purified by centrifugation at 9,000 rpm for 25
minutes, and repeated washing. The resulting product contained about 80%
angiostatin, as estimated by Coomassie blue staining. The N-terminal
oligohistidine domain of the fusion protein made it possible for convenient
and economical purification of the recombinant angiostatin with chelating

20 affinity chromatography in a Ni2*+-NTA agarose column (1.5 cm x 5 cm)
under denaturing conditions, by dissolving the inclusion bodies in 6 M urea.
As seen in Figure 41, lane 7, the purified angiostatin shows a single band
on SDS-PAGE by Coomassie blue staining, with a migration rate at

. between about 45 kD to 65 kD, and more preferably about 55 kD. This

25 single step chromatography can purify the protein to substantial
homogeneity, however, the invention contemplates that a variety of other
purification techniques well-known to those skilled in the art can be
employed to achieve this product.

The protein, in its elution buffer, was then dialyzed (15,000

30 MWCO) against phosphate buffered saline (PBS) for 24 hours with 3
changes of the dialysate at 4°C. During dialysis, a white precipitate was
seen. The sample was then removed from the dialysis bags and the
precipitate removed by centrifugation. The precipitate was then
resuspended, using a vortex, in PBS to form a fine suspension for use in

35 the animal models, or stored at -20°C. This precipitate provided the
aggregate angiostatin. Alternatively, 20 mM tris-HC1 pH 7.9 / 150 mM




15 were re-suspended in the extraction buffer (6 M guanidine

hydrochl oride in 0. 1M sodi um phosphate, pH 8.0). The
suspensi on was centrifuged at 15,000 x g for 30 m nutes
and b-nercapt oet hanol was added to the supernatant at a

final concentration of 10 M The supernatant was then
| oaded on a NiwgbéldsyMA agarose colum (1.5 cmx 5 cn) pre- edpiclbseosss

20 with the extraction buffer. The colum was washed successi vel y
W th extraction buffer at pH 8.0 and pH 6. 3,
respectively. Reconbi nant K2 and . K3 were eluted with
extraction buffer at pH 50. 87 The proteolytically
cl eavéd fragments of K1-3, Kl-4 and K4 were purified

usi ng *a | ysi ne- Sephar ose 4 u

with 50 mM Tris-HJ, pH 8. g"@ k%ﬁ]ggg%goa?béﬁ@g‘ﬁ‘i@% h‘?ﬁ %ﬁlﬁ%d The invertibn
0.005." The absorbed kri ngl econtemaplates thateither morgtos lessulialysis andsa varietyof other dialysis
contaisning 200 nM [err] - an pafaR nRiyChe atillzedd ﬁeﬁair&?esﬁbﬂ&ﬁgjaﬁaﬁﬂ%' ghte
t he di al yzed overni ght agai nst. 20 mM, T1i.sHCL, gH 9. and web 81?

to a Bi oRad Mono-S col um e8Rg* [E“WS‘WF“P ¥ getprinablerpy one infhe
fragnents of K4, K153 and KMmmfdiaMnWmdosﬁeZO% 20- 50% and 50-

70% st ep-gradi ents of 20 nM phosphate/1 M KC1, pH 5.0. Mst Kl1-3

and K1-4 fragnents were eluted from he colum with 0.5 MKC1 as

determi ned by SDS-PAGE. Al | 4-HEEaAE0 pRICRAIE ANGIOSENY Gy e i ght agai nst

20 mM Tris-HC1, pH 8.0. After dlnbﬁaesapﬂmyanmmmtﬁ)rQDMManassayas

R “E?@g‘ééa% Lt A s

8.0. The Ki-3 fragrifnt mostaunpreparedasdescnbedmﬂnsﬁxample
PCT/ US96/ 05856 resultsareshowanlgure 42, whlch revealsam%mﬂcant inhibition of the
was eluted with 350 mM KC1 an s re %\é/ere romthe

t hrough fraction. The purlfF% a zed on SDS-

gels follows by silver-staining, by V‘éstern |rmunobl otting analysis with
anti-human K4 and Ki1-3 pol ygk sigafe " angigdisdinby am no-t er m nal

5 sequenci nqsanal ysts. AllammalworkwascamedoutattheannnalfacﬂtyofChﬂdzens
Hospital in accordance with institutional guidelines.
Al The aggregate recombinant mouse angiostatin, prepared as
described in this Example, was tested with the chick CAM assay. (O'Reilly,
M.S., Holmgren, L., Shing, Y., Chen, C., Rosenthal, R.A., Moses, M.,
20 Lane, W.S., Cao, Y., Sage, EH., and Folkman, J., Cell (1994) 79:315-
328). At a dose of 25 ug, the inhibition of capillary formation was 100%
(all five chick CAMs tested gave 2-3+ inhibitory zones). At a dose of 100
ug, the inhibition of capillary formation lasted for 96 hours. The effect of
_ other angiogenesis inhibitors and plasminogen derived angiostatin are
25 known to last about 48 hours. This suggests that the aggregate angiostatin
provides a sustained release advantage.
B. Lewis lung carcinoma was inoculated into the subcutaneous
mid-dorsum of C57B16 mice. Mice were implanted with 1 x 106 cells in
0.1 ml PBS prepared as previously described and caged in groups of 6 or
30 less. Tumors were measured with a dialcaliper and tumor volumes were
determined using the formula width x width x length x 0.52, and the ratio of
treated to control tumor volume (T/C) was determined for the last time
point. '
After tumor volume was 100-200 cubic millimeters, which
35 occurred within 3-5 days, mice were randomized for two separate
experiments. In the first experiment, mice received 2-3 mg/kg of the



In vitro re-fol ding The re-folding of rK2, rK3
and rK2-3 was perforned according to a st andard
protocol (Cleary, S., Mulkerrin, MG, and Kelley, R R (1989) 10
Bi ochem 28, 18841891). The purified proteins were adjusted to pH 8.0

and dithiotreitol (DTT) was added to a final concéentration of 5 nM After
an overni ght wegéBafzkon, the solution was diluted with 4 vol peFesselsssp MV
Tris-HO, pH 8.0, containing 1.25 nMreduced gl utathione: After 1 hour

of incubation, oxidized glutathione was added to a final concentration of

15 1.25 mM and incubated for 6 hours at 4[err]C. The renatured
protein was dialyzed initiggly against H20 for 2 days
and for an additional two days-. agai nst 50 nmM
phosphat e- buf f ered sal i ne, ?@ n s -

| oaded onto a | ysine-Bio- Gg‘ggeg?'gr%‘% “i%k dfgg 5%€$ISW5§’%W§ g%ted
sanme phosphat e-buffered saSnbrutanepusiy et asite ora dheviturhorpénesy A4 thours (n-3
20 buffered saline ageby IThe \¥eirdl! ?dm&! m@&‘iﬁl@ bf Sline.
cont ai ni ng mmﬁbﬁﬁ)e 6- AHA n(_)éexa | C arci:llij ot

Rever se- phase HPLC was e second separaie & ived 10

colum (2.1 x 100 ®m w demglhgﬁﬂlhmaggregaterecombmantmouseanmoimmuspmsi(méﬂPBS
Bi osystems) and a Hewl ett ﬁe Mﬂh@dﬁsﬁ%gr@gwmm the tamor every 24 hours.

was used with acetonitrile |ents
Reduction and Al kyl ati on control group received comparable injegtigns of saline; on and
al kyl ation of kringle fragnmentsNotoxcifyeoriwed glntbsswasnotedmanyofthexmcetreatedmth

according to a standard pr S

G owh Factors 3, 1013). Ap%o%rﬁéﬁ@f gﬂb@@pﬁﬁé%?ﬁp c‘#%pr o%nel ns n

30 300-500 1 DVE miRFREAS MEHOHALA BRLIER 217 SHRRAROVRES mmmﬁawh
room tresmro&ewp‘edud'fohsévﬁramhoﬁﬁ Msﬁﬂ thiaOit whd gradually

m nutes. After incubation, . -
i odoacet ani de was added tobtgﬁ'é sroleugg{zle%,nan fRopstes B stg’F’ rg ait angiosiain is an

was di al yzed at 4[err] C ovE&fiastiygmeans of s&?‘ﬂyﬂb@]ﬂﬂ%t thothdesesythereyas pisignificanie
solution was further dialyistdbition 6 die gr6wihOsf Iswig tifhigtcaftima pritRity Suhérs i fie

20 35 vol u sh f Lal v e
vere analyzed on & Mirkafs i " el Flurds lif’an&'& TS TC UB1aRT ;P fiving
PCT/ US96/ 05856 IOImgIkg/day as a single injection for 19 days (when the saline control

animals started to die and were sacrificed) is 0.06, which is a tumor volume -
reduction never before achieved to the knowledge of the inventors.

The in vitro and in vivo results of this Example provide a

20 . reasonable basis for an expectation of success for using the products and
; processes described for the inhibition of endothelial cell proliferation,
angiogenesis, and tumor growth in humans. While not wishing to be

bound by theory, the aggregate recombinant angiostatin produced by the

present method may have a different conformation, and therefore different

25 physical properties, from elastase generated angiostatin or other purified
proteins that are normally renatured. Purified recombinant angiostatin was

precipitated to form an aggregate suspension by dialyzing the protein

solution against a relatively large volume of buffer or water. This is

believed to occur because the improperly folded protein becomes insoluble

30 and aggregated. Formerly, it would not be expected that a denatured
aggregate protein would be so remarkably effective in vivo. The potent anti-

tumoral activity demonstrated is also believed to be due to a slow but

constant dissolving and releasing of the aggregate protein from the
subcutaneous sites. The invention further contempilates that either naturally

35 occurring or recombinant angiostatin, and angiostatin fragments, may be
used in the described methods of purification to yield aggregate natural or



72 SDS- gel and assayed for their inhibitory activities
on endot helial cell proliferation.

Endot helial Proliferation Assay 5 Bovi ne capillary
endot helial (BCE) cells were isolated as previously

descri bed (Fol kman, J., Haudenschild, C. C., and Zetter, B.R (1979) Proc.
Nat | . Acad. Sgjgbiasy7476. 5217-5121) and maintained in DVEM  pcr/us96/05856
suppl emented wth 10% heat -i nacti vated bovi ne cal f serum (BCS),
antibiotics, and 3 ng/m reconbi nant human bFGF (Sci os Nova, 10
Mount ai nvi ew, CA). Monol ayers of BCE cells growing in 6-well plates

were dispersed in a 0.05%trypsin solution. CeBds were re-suspended with
DVEM Cont ai ni ng 10% BCS. Approxi mately 12,500 cells in 0.5 m were

added st o each wel |l of gel at
i ncubat ed k@&lﬁlﬁga}%gnﬁfgénﬁ h?%&%[f ijizgfogkgéﬂ% yvluch fﬁ!e1
nmedium was repl aced with 508 wsed for the suceessful inhibitign of ¢

5% BC3 and sanpl es of i ndi vipfhdPgroih, without the need for renaturing.0bi nat or i al

kringle fragments in triplicate added to
After 30 fhinutes of incubation, S‘bé@‘éﬁ%&"@ﬁﬁ@&“?ﬁﬂ’&%@%%@%@&ﬂB‘ﬁf“’B‘F"
.1 ng/nd. After 72 hdurs of émhndhmnmfthepﬂe'smtmemmrmdﬂmnnm&musmomfmwﬁ@d

in Hematal | (Fisher Scientifjses Bﬁ Pﬁ}elﬁgﬂhgﬁ QQH b -
20 counter. il m& fn’aﬂ)h’ de op .an @n I,.zat | f
Kringl e Fragnment of Human scope of the mvenuon as pgtfomth g Jag, appen arious

The cDNA fragnments codi ng freferenedshavé&abnteferr@lteke(elﬁlwhﬁih,arﬂerebymcmpoﬁ&dm
and K4) and kringles 2-3 (K?lﬂﬁa}mgé uman pl asm nogen were anplified by

a PCR-based nethod (Fig. 28 -anplified cDNA fragnments were

cloned into a bacterial expression vector. Reconbi nant proteins expressed
from Escherichia coli were refolded in vitro and were purified to >98%
honmogenei ty using HPLC-coupl-ed chromat ography (Fig. 29). Under 30
reduci ng conditions, reconbinant K2, K3 and K4 m grated wi th nol ecular

wei ghts of 12-13 kDa (Fig. 29A lanes 24), corresponding to the predicted
nol ecul ar wei ghts of each kringle fragnment. Reconbi nant K1 m grating

wi th a higher nolecular weight of 17 kDa was identified by SDS-gel

el ectrophoresis. The fragnents of Kl-4 and K1-3 were obtai ned by 35
proteol ytic digestion of human Lys-pl asm nogen (Lys-HPg) with el astase _
as previously described (Powell. J.R, and Castellino, F.J. (1983) Bi ochem



WD 96/ 35774

PCT/ US96/ 05856 73

22, 923-927; Brockway, WJ., and Castellino, F.J. (1972) Arch. Biochem
Bi ophys). These two fragments (Fig. 29B, lanes 1 and 2) with predicted
nol ecul ar wei ghts of 43 kDa and 35 kDa, respectively, were also purified

t o honmogenei t yyq zm nal amno acid sequence anal ysis of t perpsseiokised

5 fragnents yielded an identical sequence, -YLSE-, followed by SEQ

I D NG 30 and SEQ I D NO 40, for Kl1-3 and Kl-4,
respectively. The N term nal sequence for K4 produced
-WQD with approxi mately 20% o0 -VQ, followed by SEQ ID
NO 23, each of which is predicted fromthe expect ed

sequence beginning with Valine[err] and Vali negﬁé\&% n 10
angiostatin (SEQ ID NGO 3). n E%érﬁg?hel ial Cell

Proliferative Activity of Individul Kringles

| ndi vi dual reconbi nantia1krdengh bNFREERIbLE: Of angi ostatin were

assayed for the inlsibitory activities on bovine capillary endothelial (BCE)
15 cell growth sti nu) ateedrdawTbFolkmads wshisdahi N Fi g. 30A, rKl

i nhi bited BCE cel lo'peighyf &iahidadn i n a dose- dependent
fashi on. The concentration of Yibai Cao rkl required to reach 50%
inhibition (ED[err]) was about 320 nMSi¥aR-Kim) Lee I n
contrast, rkK4 exhitted l{itiklfelglﬁ% no_Ji nhi bi torg ef fect _on endot hel i al

I
proliferation. Reconbinan FKEVERSTH SRSLASP R BFIRIeRT RYd H@?b(?ac"eg Use
20 fragnents, al S?iiﬁ’}%ﬂh&ﬁféjoﬁ %ﬁﬁ#@pngent i nhibition of -

[

endot helial cell prolifteration (Fig. 30B). However, the
i nhi bitory potencylsof rK2{i4®SCORRESPONDENCE ADDRESS : substantially | ower than
rkKl and rK3 (ED err]=460) (Fi ga)3bprResbEEalilofest). Askew No
cytotoxicity or ‘distinct norph) SFTREES:S 021 bsthtyed BStegeoptadth Flemdot hel i al
cell's such as rounding, detach@@riiIT¥afdléntagmentati on of cells could be

25 det ect edy) even af t er(®) rTHABBL ®8PFIARt h a hi gh concentration of
these kringle 0 (E) CQUNTRYT ;\ts% These data suggest that the
anti-endothelial growh acti vi‘R/ : 3-1769 angi ostatin nay be

shared by fragments of K, (KcaBtrsfnedRtid 868K SO

{A) MEDIUM TYPE: Floppy disk
. 25 (B} COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
{D) SOFTWARE: PatentIn Release #1.0, Version #1.30

{(vi) CURRENT APPLICATION DATA:
30 (A) APPLICATION NUMBER: US
{B) FILING DATE:
{C) CLASSIFICATION:

(viii) ATTORNEY/AGENT INFORMATION:
35 (A) NAME: Warren, William L.
{B) REGISTRATION NUMBER: 36,714 :
{C) REFERENCE/DOCKET NUMBER: 05213-0126

(ix) TELECOMMUNICATION INFORMATION:

40 (A) TELEPHONE: 404-818-3700
(B) TELEFAX: 404-818-3799

(2) INFORMATION FOR SEQ ID NO:1:

45 : :
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 812 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS :
50 {D) TOPOLOGY: linear

{ii) MOLECULE TYPE: protein



by KA. WD 96/ 35774

PCT/ US96/ 05856 74
Tabl e 4 I nhi bitory act|V|ty on capillary
endot helial cell proliferation. 5 Fragment s
EDyerr] (nM Kringle 1

460 10 Kringle 2-3

Kringle 1-4 (Angiostatin) 135

Anti-Endothelial Cell Proliferative Activity f K1-3 and K1-4 Fragnments
15 To.evaluate the anti-endotbglial cell proliferative
ef fect of conbined kringle fragnments, purified
proteol ytic fragnents o and rk2-3 were
assayed on BCE cells. iggfgghéﬁ?%rhg% previ ous findings

(OReilly, MS., Hol ngreraiv)LMIsgﬁm x% . Chen, C, Rosenthal, R A,
Mosess J., Lane WS., Cao, Y., Sage, E H, and Fol kman, J. (1994) Cel |

20 79, 3155 328), BﬁEmeu'pma:fﬁmairmml as shown in Fi g. 31, was
significantly I nhi bited by angiostatin-like fragnment
Ki-4 (ED[err] =135 nM ( Tdid)c ORYGINAY) SOURCE: I ncrease of

anti-endothelial growth acti vKMyOWISFft Muriad with Ki1-3
fragnment (ED[err] =(0 nM TabI 1 The | nhi biti on of endothelial cell
proliferation occurred i f manner. These results indicate

25 that renoval of K ?’h?f’h pot enti at es
anti-endothelial growth

15 {xi) SEQUENCE DESCRIPTION: SED ID NO:1:
Met Asp His Lys Glu Val Ile Leu Leu Phe Leu Leu Leu Leu Lys Pro
1 5 10 ’ 15
20 Gly Gln Gly Asp Ser Leu Asp Gly Tyr Ile Ser Thr Gln Gly Ala Ser
20 25 30
Leu Phe Ser Leu Thr Lys Lys Gln Leu Ala Ala Gly Gly Val Ser Asp
35 40 45
25
Cye Leu Ala Lys Cys Glu Gly Glu Thr Asp Phe Val Cys Arg Ser Phe
50 55 60
Gln Tyr His Ser Lys Glu Gln Gln Cys Val Ile Met Ala Glu Asn Ser
30 65 70 75 80
Lys Thr Ser Ser Ile Ile Arg Met Arg Asp Val Ile Leu Phe Glu Lys
85 90 : 95
35 Arg Val Tyxr Leu Ser Glu Cys Lys Thr Gly Ile Gly Asn Gly Tyr Arg
100 - 105 110 :
Gly Thr Met Ser Arg Thr Lys Ser Gly Val Ala Cys Gln Lys Trp Gly
115 120 125
40
Ala Thr Phe Pro His Val Pro Asn Tyr Ser Pro Ser Thr His Pro Asn
130 135 140
Glu Gly Leu Glu Glu Asn Tyr Cys Arg Asn Pro Asp Asn Asp Glu Gln
] 45 145 150 155 160
* Gly Pro Trp Cys Tyr Thr Thr Asp Pro Asp Lys Arg Tyr Asp Tyr Cys
165 170 175

- 50 Asn Ile Pro Glu Cys Glu Glu Glu Cys Met Tyr Cys Ser Gly Glu Lys
180 185 190 .



activity. Addi tive Inhibiton by rK2 and rK3

The fragnent of rK2-3 displayed only weak inhibitory activity 30
which was simlar to that of rK2 alone (Fig. 31). However, both rK2 and
rkK3 inhibited endothelial cell proliferation (Fig. 30B). This finding
suggested that the inhibitory effect of K3 was hidden in the structure of

K2- 3. Previous structural studies showegckligbsnasss
inter-kringle %I surf‘t de bond was present between K2
(cysteine[err]) and K3 (cysteine297) of human 35

pl asm nogen, corresponding to cysteine[err] and cysteine[err] of SEQ ID NO
WD 96/ 35774 092

PCT/ US96/ 05856 - : 75

3 (Sohndel, S., Hu, C.-K_, Marti, D. Schal | er,,

M, nE FcRly e The 8619‘9'8)1'3% | Beh 8 oMR Iﬁ?ﬁg) csgesﬁr?&'
32B. The inhibitory ffect B rk2 and rK3 i

conmbi nati on was tested. |

inhibition was seen when 1 Ndy\p %%J;lﬁﬂlgﬁﬁ g 41 BA]f rgbsrrgl sT”’mﬁéé a dmdi tys Phe
5 © toget her to BCE cells. See Fig. 32A. These results inply that it
IS , prigbesablps hen AR Nyt Aére bl Syt THis asBr PrdgReh elyReH
K2 and K3 in order to - 225 230bt ai n the naxi2aal inhibitory 240
ef fect of K2-3. Appropriate Fol ding of Kringle
Structures is Regiftred f Ghrot drg ByR frp Cys Phe Ty Thr Asp P g (eS| g TR Py Iy
of Angiostatin 245 To study wh@Bher the fol di ng3df

kringle structures is re - engot hel i
proliferation activity, q‘ﬁ'ﬁ gsé’ %ﬁeglp °*§*§F|‘?{sv\'ﬂ§’ Pérdﬁ? d’m Prﬁatg:c' Pro g.e,: U5 't
DIT and assayed ofs bovine capill ary endot helial cells. After reduction,

angi ostatin was fUrther ahjyhnt egs Weh tybOsiQagat 81 dou ABd 9RAYZEL, B IB5 ser

15 gel el ectrophoresis. &ssshown in Fig.28#A the DIT-tresst ed
protein mgrated at a higher position wth nol ecul ar
weij ght of about 42 kDa (I‘Qie'rhr Val Ser Gly Lys Thr Cys Gin Arg Trp Ser Glu Gln Thr Pro
20 290 295 ' 300
His Arg His Asn Arg Thr Pro Glu Asn Phe Pro Cys Lys Asn Leu Glu
305 310 318 320
25 Glu Asn Tyr Cys Arg Asn Pro Asp Gly Glu Thr Ala Pro Trp Cys Tyr
325 330 335
Thr Thr Asp Ser Gln Leu Arg Trp Glu Tyr Cys Glu lle Pro Ser Cys
340 345 350
30
Glu Ser Ser Ala Ser Pro Asp Gln Ser Asp Ser Ser Val Pro Pro Glu
385 360 365
Glu Gln Thr Pro Val Val Gln Glu Cys Tyr Gln Ser Asp Gly Gln Ser
35 370 375 380
Tyr Arg Gly Thr Ser Ser Thr Thr Ile Thr Gly Lys Lys Cys Gln Ser
385 3% 395 400
40 Trp Ala Ala Met Phe Pro His Arg His Ser Lys Thr Pro Glu Asn Phe
405 410 415
Pro Asp Ala Gly Leu Glu Met Asn Tyr Cys Arg Asn Pro Asp Gly Asp
420 425 430
45 .
lys Gly Pro Trp Cys Tyr Thr Thr Asp Pro Ser Val Arg Trp Glu Tyr
435 440 445
Cys Asn Leu Lys Arg Cys Ser Glu Thr Gly Gly Ser Val Val Glu Leu
50 450 455 460

Pro Thr Val Ser Gln Glu Pro Ser Gly Pro Ser Asp Ser Glu Thr Asp
465 470 475 480



2) as conpared to the native angiostatin with nol ecul ar wei ght of 33 kDa
(lane 1), suggesting that angiostatin was conpletely reduced. The anti -
proliferation activity of angiostatin was |argely abolished after reduction

20 (Fig. 34B). Fromthese results, we conclude that the correct

f ol di ng of angi ostatin through the intra-kringle

di sul fide bo k35794 eferable to mai nt ai peirbsosisisent
effect on i n'miglts’?son of endothelial cell proliferation.

Am no aci d sequence alignment of the kringle domains of human

pl asm nogen shews that K1, K2, K3 and K4 display identical gross 25
architecture and remarkabl e sequence honol ogygf 56-82% i dentify) as seen

in Fig. 35. Among these structures, the high-affinity |ysine binding

kringke, Kl is the nost potent inhi bitory segnent of
endot helial cell proliferat inferest,  t

intermedi ate-affinity |ysi ne Gdyfr g?r’é’nf"ys RAP TvR b B9 et M V’é Tor
i nhi bktory activity. These data suggest that the lysine binding site 041‘9 t he
30 kringle struciid g GBY ﬂ?tpﬁe# BEE GhY 1B VRVELh bih GIE pro His Arg
inhibitory activity. 500 e am no sei d conservati gggand
functional- divergence of these kringle structures

provide an ideal system tmissSexiylé Pher THrePraiGai iThh As0aPDCErdhRla Asp Leu Glu Lys
DNA replication during evolutiodisSimlar diver@dat activities B@bative to
the regul ati on of ngl ogenesi s exhi bited by a group of structurally rel ated

35 protei ns ar eAsl §'¥5" C¥e ¥ s Ree A@ﬁltﬁseh%ﬁmghaﬁao Trp Cys Tyr
prol acti n-growh hor noneS#3ini | i es (I\/aloné T.E, Gay,
GS., Petro, A J., Hunt,_ A an 6/.357, _
PCT/ U896/ 05856 'I‘hr lrht AsndPro Arg Lys Leu '1‘.‘;9(1: ’Zyr Cys Asp Ile P.Fg Leu :15’:

Donner. S.1. (1998 Scieni® 247, 77-79.: B%h, AE.. Pol vEFini. P.J.

Kunkel, S.L., Harlow, L.Apix BbPingh ey éezAPhe Ehae.ﬁ,s éi?;l\&ys Ewain v§1JG1u #0Lys
Strieter, R I\/l (1992) Science 258, 1798651801. ; . 570Ch C, 575

Weat her bee, J. A, Tsang, M, and Fol kman, J. (1995) J. Exp I\/Ed 182,

5 2069 2077.; Stys eyerProfEM l,lrQDE#J./@nl rdly RyJCys MakAbeiAgh HDo/is Ser
and Kunkel, S. 1580( 1995) Shock 4585155-160.; Jack®8n, D.,
Vol pert, QV., Bouck, N, Tzapngro Trp Gln Ile Ser Leu Arg Thr Arg Phe Thr Gly Gln His Phe
595 600 605
25 .
Cys Gly Gly.Thr Leu Ile Ala Pro Glu Trp Val Leu Thr Ala Ala His
610 615 620
Cys Leu Glu Lys Ser Ser Arg Pro Glu Phe Tyr Lys Val Ile Leu Cly
30 625 630 635 640
ala His Glu Glu Tyr Ile Arg Gly Leu Asp Val Gln Glu Ile Ser Val
645 650 655
35 Ala Lys Leu Ile Leu Glu Pro Asn Asn Arg Asp Ile Ala Leu Leu Lys ‘
: 660 665 670
Leu Ser Arg Pro Ala Thr Ile Thr Asp Lys Val Ile Pro Ala Cys Leu
€75 680 685
40 .
Pro Ser Pro Asn Tyr Met Val Ala Asp Arg Thr Ile Cys Tyr Ile Thr
690 695 700
Gly Trp Gly Glu Thr Gln Gly Thr Phe Gly Ala Gly Arg Leu Lys Glu
- 45 705 . 710 715 720
) Ala Gln Leu Pro Val Ile Glu Asn Lys Val Cys Asn Arg Val Glu Tyr
725 730 735
- 50 Leu Asn Asn Arg Val Lys Ser Thr Glu Leu Cys Ala Gly Gln Leu Ala

740 745 750



Li nzer, D.1.H (1994) Science 266, 1581-1584).
Furt her sequence analysis reveals that K4 contains two positively
charged | ysi ne residues adjacent to cysteines 22 and 78 (Fig. 35). [err]H

10 nucl ear magnetic resonance (NVR) anal ysis shows that these 4
| ysi nes, together with lysine 57, formthe core of a
positively chiyjgaasggmain in K4 (LI'i nas McTrosssmbiss shed

data), whereas other kringle structures |ack such a .

positively charged domain. Wether this |ysine-enriched domain

contributes to the loss of inhibitory activity of kringle 4 of human

" 15 . pl asm nogen remains to be studied. K4 was previously reported to
stinmulate proliferation of other cell types and to increase the rel ease of

Sowdha ni R . Apor ol o, G ST AS P g oy 8 By Sro 1y vt v

2378-2394). The fact that rem)val of K4 from angr ostatr n potentiates its

20 i nhibitory acti inbYe1nyansiey gk ingk 16l éﬁgeaﬁtval tohetsdehiu® Gly Leu
structure may 5 770  prevent sonmgsof the inhibit@ey effect of

K1- 3. The nechani sm under|yi ng how angi ostatin

and its related kringle Gly Cys Ala Arg Pro AsnflyagPrently Ypkdyt iadlArg ValhBéd hrg
endot helial cell growh rét#ins 790 unchar'laét eri zed. It i§00

not yet clear whether the inhibition is
receptor that is syecificdibey "éxﬁ"e?ﬁ%qlg r?lbr‘}fﬁr ?]é’r’&?‘i éﬂﬂd‘c’ﬁel ial cells,

or if angi ostatin & internal i zed BY® endot helial cells

and subsequently i nhi bjhSpa@kkarion por see 10 po:2;  Proliferation.
Al ternatively, angiostatin may 1 nteract w tﬁoan endot heli al cell

adhesi on receptor guch as {iht SgomiceatierdEResFIcs: bl ocki ng i ntegri n- nedi at ed
angi ogenesi s (Brooks, P.C., Momguesers: 372 MindRackmfel d, M, Reisfeld

30 RA, Hu, T. Kiieis) TSPE: amdnmei®sh, D. A (1994) Cell 79,
1157-1164). O (C) STRANREDNESf: Fri edl ander et. al.
(Friedl ander, M, Brooks, P.C. (D)<FPRPRQGY: Knpgr Ki ncai d,

CM, Vaner, J. A, d Cher 3%&%%9% %79 1502) reported

recently that in vivo angl ogenesrs 1 n cornea or chorioall antoic nmenbrane
nodel s (induced by bFG- g )byydowiiircltaChsi s factor) was aferr]b[err]

integrin 35 dependent. However, angi ogenesis stinul ated by
VEGF, transform ng25s (iv) ANTI-SENSE: Ngr owt h factor a, or phorbol esters
was dependent on a[err]b[err]. Antibodies to WO 96/ 35774

PCT/ US96/ 05856 (v} FRAGMENT TYPE: N-terminal

(vi) ORIGINAL SOURCE:
30 {A) ORGANISM: Murine

(vii) IMMEDIATE SOURCE:
{B) CLONE: Angiostatin fragment

35
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:
Vval 'I'yr Leu Ser Glu Cys Lys Thr Gly Ile Gly Asn Gly Tyr Arg Gly
40 1 5 10 15
Thr Met Ser Arg Thr Lys Ser Gly Val Ala Cys Gln Lys Trp Gly Ala
20 25 T30
45 Thr Phe Pro His Val Pro Asn Tyr Ser Pro Ser Thr His Pro Asn Glu
35 40 45 .
Gly Leu Glu Glu Asn Tyr Cys Arg Asn Pro Asp Asn Asp Glu Gln Gly .
50 1] . 60
50 y

Pro'l‘rprs!‘erhrThrAspProAspLysArg'IyrAspTerysAsn
€5 70 75 80



77 the individual integrins specifically bl ocked one
of these pat hways, and a cyclic protein antagoni st of
both integrins bl ocked angi ogenesi s i nduced by each
cytoki ne (Friedl ander, M, Brooks, P.C., Shaffer, R W, Kincaid,

C.M Vaner, J.A , and Cheresh, D. A (1995) 270, 1502). Because bFG--

5 and \WGPs3srmgduced angi ogenesi s are inhibited by angi pcinedosnsssé t
~may bl ock a comon pathway for these integrin-nediated
angi ogenesi s. An increasing nunber of endogenous
angi ogenesi s i nhi bitors have been identified in the

| ast {ew decades (Fol kman, J. (1995) N. Engl. 95 Med.
333, 1757-1763). O the nine characterized endothelial cell suppressors

0 * several inhibitggg r J he

kDa N= thra.rane%lgéysre%&r/r%%'tg% umam"Ef t|n |Hh| Egsjrﬂ
endot heli al cell prollferatlon and bl ocks angi ogenesi s
invivo (Clapp, C, Mrti&hy GlyA..y,s A& s8N LyR Thr , Met Ser Cly Leu Asp Cys Gln Ala Trp
Rentierdel rue, F.,3and Wi ner, .1q01993) Endori notasgy 133, 1292- 1269) .

In a recent paper, D Angelo et aI reported that the antiangi ogenic 16 kDa
15 N-term nal f ragﬁé?ltseFrﬁ#‘bﬁreH“t fiés 2deiHiat Tyl Ike (Pogchladkysi Piod @to
protein ki nas® (MAPK) by VEG”and bFG- in ceﬂr?ﬁl | ary

endot helial cells Struman, |., Martia

J., and Winer, Rm( 1995) 58F Ig's A feu 172 W00 5l my? Cys His %{q Agp G]-YQE:“’ Pro
6374-6378). Simlar to angiostatin, the int ac]'t3 par ent al

nol ecul e of prolactin doegryd@oigi &) p F%1% r [

is it 20 an 1a£g| og*e}%eg S %gﬁ)r&%r Pf!%'t g?!ptfi 1%54%

i nhi bits angi ogendS§i s at hi gh concentrations (Mione,
T.E., Gay, GS., Petro, AspJle hionkrg fyd Thr Thr Pro Pro Pro Pro Pro StRUpfdOfiefyr
S.1. (1990) Sci ence 247, 77-79; Cao, Y1¢5 Chen C, 170 175
Weat her bee, J. A, Tsang, M, and Fol kman, Fé1995 J. Exp. Med. 182,
2069-2077). Howevag, the RET S¥RiLEH IXF PR AERGRY FuobsoFyn AvaiGly Trevalefer Val
25 PF4 fra§ient exhibits a 3tf° to 50-fold i nt8%ase in its 199
anti-proliferative i er. 1 nt act .
nol ecul e (Gupta, S.K., Ha?suélval'lf:; %lr%'dl%c%% o Cﬁy‘ e B W0E 35 {:’5’ 14}15 Pro His
(1995) Proc. Natl. Acad. Sci. 92, 7799- 7803) Smal | er protein

fragments of fibr 3hect | n, Armmuamsapaﬂemlprgmumsnfmﬁet 9fo cpd\dys Asn Leu Glu Glu
t hr ombospondi n have al so bee®18hown to speci fatgal | y i nhi bit egdotheli al

160

.cell 30 gsowt h (Homandberg, G A, Wllians, J.E, Gant,
D., Schumacher, B., s Arg “s“aﬁﬁP Eisgéﬁyt@whmng fgest)rpms Tyr Thr
Pathol . 120, 327-3g2; Nel 88h, J. AI | en, Scott, 240

WN., Bailie, J.R, VAl kegy, BRe 0
D.J. (1995) Cancer Res. 55, r3732 3776, 2@?%\&"555@ “‘%i;?fs Sy “bl’\7° ser s Glu
Good, D.J., Frazer, WA., Polverini, P.J., and Bouck, N (1993) J. Oelf )

35 Biol. 122, 497- 5éx Jser P1at S0l Fid esxpmﬁeshs-im 8ér Set FaYEPrpl PHLEIL Glu
may change 35 -t he2&0onf or mat i onal 245 uct ure of t he27o
ori ginal nolecule or 'expogf new '
n Pro Val Val Gln Glu Cys Tyr Gln Ser Asp Gly Gln Ser Tyr
275 280 285
40 Arg Gly Thr Ser Ser Thr Thr Ile Thr Gly Lys Lys Cys Gln Ser Trp
290 295 300

Ala Ala Met Phe Pro His Arg His Ser Lys Thr Pro Glu Asn Phe Pro
45 305 310 315 320

Asp Ala Gly Leu Glu Met Asn Tyr Cys Arg Asn Pro Asp Gly Asp Lys
325 330 335

Gly Pro Txp



WD 96/ 35774

PCT/ US96/ 05856 : 78

epi topes that are antiangi ogenic. Thus, protease(s) may play a critical
role in the regul ati on of angi ogenesis. To date, little
i s known about the regul ation of these protease
activities Inﬂ*ﬁ%@ The data al so pERUsdshsss t he
di sul fide bon ?ed fol ding of the ' 5 kringle structures

in angiostatin is preferable to maintain its inhibitory
activity on endothelial cell .growth. Kringle structures anal ogous to those

in pl asm nogen are also fognd in a variety of other
proteins. For exanpl e, apol i poprotein (a) has as many
as 37 repeats of plasm nogen kringle 4 (McLean, J. W,

Tom i nson, Kuan 10
Fl ess, GM Scanu AR \Q(“%”’r]%‘"f p‘ﬂﬁf‘% &{’f@% Nature 330, 132-137).

The ami no terni nal por ti on PlepfisRtR AR/ sTecg:ont ai ns two kringl es that
are honol ogous to ghose of pl agypeR@Ren (Yoéino RcAas Hewett-Emett, D.,
and Seegers, WH. (1977) Proc.(sNavbe: deia. add@ . 74, 1969-1973).

Ur oki nase has been shown to pdask&IBANBEMNESEG| € structure t hat shares

15 ext ensi ve honol ogy WPl ITopii@eyi ddgear ( Gunzler, WA., J., S. G,
ating, F., Kim S.-M A, Frankus, E., and Fl ohe, L.
(1982) Hoppe- Seyl 8" s A’ (ii) MOLECULE TYPE: proteiphysi ol Chem 363, 1155- 1165).

In addition, surfactant . hepat ocyte growt h
factor (HGF), al so carryaﬂg %P%ﬁgﬁl%é‘t dPes (Johansson,
J., Curstedt, T., and Jorﬂ\éﬁ'ﬂmx-sﬁtsé 1891) Biochem 30,6917-6921; Lukker,

20 N. A 15Prest , and Godowski, P.J. (1994) Prot. Engin. 7,
895-903) . (v) FRAGMENT TYPE: N-terminal _ Exanpl e 28
Suppression of Metastases and of Endothelial Cell Proliferation by

25 Angi ost at i n Fr aty¥emRIGINAL SOURCE: The fol |l ow ng

exanpl e characterizes the act ith) tORCANISYdFHomp aniens

angi ostatin fragm,zﬁts. The data suggests t hat potent anti-endothelial and
(vii} IMMEDIA

{B) CLONE: Ang:.ostatin fragment

25
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:
Val Tyr Leu Ser Glu Cys Lys Thr Gly Asn Gly Lys Asn Tyr Arg Gly
1 5 10 15
30
Thr Met Ser Lys Thr Lys Asn Gly Ile Thr Cys Gln Lys Trp Ser Ser
20 25 30
Thr Ser Pro His Arg Pro Arg Phe Ser Pro Ala Thr His Pro Ser Glu
35 35 40 45
Gly Leu Glu Glu Asn Tyr Cys Arg Asn Pro Asp Asn Asp Pro Gln Gly
50 55 60
40 Pro Trp Cys Tyr Thr Thr Asp Pro Glu Lys Arg Tyr Asp Tyr Cys Asp
€5 70 75 80
Ile Leu Glu Cys Glu Glu Glu Cys Met His Cys Ser Gly Glu Asn Tyr
a5 90 85
45
Asp Gly Lys Ile Ser Lys Thr Met Ser Gly Leu Glu Cys Gln Ala Trp
100 105 110
Asp Ser Gln Ser Pro His Ala His Gly Tyr Ile Pro Ser Lys Phe Pro
50 115 120 125

Asn Lys Asn Leu Lys Lys Asn Tyr Cys Arg Asn Pro Asp Arg Glu Leu
130 135 140



tunor suppressive activity can be obtained fromsuch protein fragnments of

angi ostatin. 30 As used herein, "kringle |-4BKLS"
nmeans a protein derivative of pl asm nogen havi ng an
endot helial cell inhibiting activity, and having an

am no aci d sequence conprising a sequence honol ogous to kringle 1-

4BKLS, exenplydb@skray, but not limted to that of nurine kriwcunasesosssilLS
(SEQ I D NO 41), and human kringle 1-4BKLS (SEQ I D NG 42), unl ess 35

i ndi cated otherw se by the context in which it is used. Mirine kringle 1-
4BKLS (SEQ I D NG 41) corresponds to am no acid positions 93 to 470

WD 96/ 35774 97

PCT/ US96/ 05856 79
(inclausive) of nmurine plasm nogen of SEQ ID NO 1. This exanple

demonstrates that an "angyQstal i, f gﬁn&grgﬁpﬁﬁ ﬁopiﬁs%g @;%r&g@e@ o
and enconpass an am no achgk sequence | argegg than the angi g&d atT n present eggg
in SEQ ID NO 3, for exanple, and still have therapeutic endothelial cell

5 prolifera§ion i hRidirlé mgo iyl Sist ¥hiO hA Hb -FH 0P A0 86 B WLi VErbYThr Tyr
A kringle 1-4BLKS ani no acid sequence iés honol ogous t oitohe 175
specific kringle 1-4BLKS sequences identified above. Preferably, the

am no aci d sequences haveGin g¥grlies s GonSho )y (GAuties Trsadtap Sy Asn Val Ala Val

sequences of at |east 60% nore pre¥rably at | easti®0% and nore 190 10
preferably at |least 80% |t should be understood_that a variety of am po

aci d S saps Pt Lf[';go?fé’, Hipo %ﬁ%ﬁgrﬂﬁo?‘f?e?e’fr@agfjr:gaﬁro?ﬁ B
t he above |isted fragnents nay be nade to i nprove or
nodi fy the endothelial ce igafilting tl Y

fragments. Such nqgificat %ﬁlﬁgrp&hnﬁ& ﬁ\rt gﬁ?}lgé‘;tagne&hgegﬁo Fg% 252’% Aok Sl Mot
scope and spirit of the clains. Furthernore, it is understood that a
variety 15 Ohs® iTve NdysakBgN R Ok 6l 25 Il dydlt At R2a 2661 BrpOf\E, HIY Thr
del etions can be nmade in kb 230 above idemssfied kringle 240

fragnents, which do not significantly alter the
fragments' endot h&Pi al cefﬂﬂriaﬁhi%Ytﬂ?gg?;cﬂwi'#y,clan%?ﬁyarféﬁ Rrjecfexf glg‘;'e?*sl-’
not -

Ser Ser Pro Val Ser Thr Glu Gln Leu Ala Pro Thr Ala Pro Pro Glu

260 265 270
25
Leu Thr Pro Val Val Gln Asp Cys Tyr His Gly Asp Gly Gln Ser Tyr
275 280 285
Arg Gly Thr Ser Ser Thr Thr Thr Thr Gly Lys Lys Cys Gln Ser Trp
30 290 295 300
Ser Ser Met Thr Pro His Arg His Gln Lys Thr Pro Glu asn Tyr Pro
305 310 315 320
35 Asn Ala Gly Leu Thr Met Asn Tyr Cys Arg Asn Pro Asp Ala Asp Lys
: 325 330 335
Gly Pro Trp
40

{2) INFORMATION FOR SEQ ID NO:4:

{i) SEQUENCE CHARACTERISTICS:
{(A) LENGTH: 339 amino acids -
45 (B) TYPE: amino acid
{C) STRANDEDNESS:
{D) TOPOLOGY: linear

{ii) MOLECULE TYPE: protein

(1ii) HYPOTHETICAL: NO



intended to exceed the scope of the clains. 20 Cl oni ng of

Angiostatin in Pichia pastoris Sequences encodi ng
angi ostatin were anplified by PCR using Vent pol ymer ase
(New Engl and Bi ol abs) and priners #154

(5' - ATCGCTCGAGCGT TATTTGAAAAGAAAGT G 3') (SEQ I D NG 43)
and #151 wo (5' - ATCGCGAATTCAAGCAGGACAACAGCCCGpeTIUS96/08856

(SEQ I D NO 44) cont a|4ni ng linkers Xhol and Eco Rl respectively and

using the plasmd pTrcH s/HAs as tenplate. This plasm d contai ned
sequences encodi ng anino acids 93 to 470 of human pl asm nogen (SEQ

I D NO 42) for cloning into the Xho I/ECo Rl sigg of pHI L-S1 expression

30 vector using the P. pastoris native secretion signal PHO 1.
Thi s sane . C anplified in the sane manner
using prinmers #156 (vi) gﬁ%'f‘?f‘ S‘; " RALCGTACCTATTATTTGAAAAGAAAGTG: 3' )
(SEQ I D NO 45) and #151 contai ni ng G1A|Nn ers ona B nd Eco R

respectively, for cloningyisit enieBearengodBéeECo R1 site of expression vector

35 pPl CO wi tsh t he al phatdyaslont: I0gisdtatdh Stymare The products of the
anplifications were gel purified, |inkers were digested with the
appropriate WO 96/ 35774 '

PCT/ US96/ 05856 80

enzynes, and agai n, puri fi é&si)uSFQVENR RBSCRIBEEON¢ (FEQ IDNY:4: These gene
fragments were liga&ted into the aglggsggriate vectors. Resultant clones were

sel ected and plasmid prepal®dt P& I?He@"v\k’fsewﬂ’btgé’f :isﬁ ¥ hys fEnrYS &Y9 (Y

generate Hi s+ Mut[err] and H s+ Miut+ reconbi nant strai when transforned

5 into P. patoris h@&tnéé%amﬁh&lég&ﬂ%rm%vm G Edd B SBY ser
PCR. _ 15 Bot h ggi s+ and Hi s+ E+ reconbi nant s zgere
i nduced with nmet hanol and screened for high expression
of angi ostatin using CoonaEisi Ser Pro His Arg Pro Thr Phéisat rred RSHRARE @ed Searalu
i mrunobl ot s usi ng nouse nonocl on&k 40 ) 45 -
20 Gly Leu Glu Glu Asn Tyr Cys Arg Asn Pro Asp Asn Asp Gly Gln Gly
50 55 60
Pro Trp Cys Tyr Thr Thr Asp Pro Glu Glu Arg Phe Asp Tyr Cys Asp
65 70 75 80
25
Ile Pro Glu Cys Glu Asp Glu Cys Met His Cvs Ser Gly Glu Asn Tyr
85 90 95
Asp Gly Lys Ile Sér Lys Thr Met Ser Gly Leu Glu Cys Gln Ala Trp
30 100 105 110
Asp Ser Gln Ser Pro His Ala His Gly Tyr Ile Pro Ser Lys Phe Pro
115 120 125
35 Asn Lys Asn Leu Lys Lys Asn Tyr Cys Arg Asn Pro Asp Gly Glu Pro
130 135 . 140
Arg Pro Trp Cys Phe Thr Thr Asp Pro aAsn Lys Arg Trp Glu Leu Cys
145 150 155 _ 160
40 . .
Asp Ile Pro Arg Cys Thr Thr Pro Pro Pro Ser Ser Gly Pro Thr Tyr
: 165 170 175
Gln Cys.Leu Lys Gly Thr Gly Glu Asn Tyr Arg Gly Asp Val Ala Val
45 180 185 190
Thr Val Ser Gly His Thr Cys His Gly Trp Ser Ala Gln Thr Pro His
195 200 205
50 Thr His Asn Arg Thr Pro Glu Asn Phe Pro Cys Lys Asn Leu Asp Glu

210 215 220



anti body against kringles 1 to 3 (Castellino, Enzynme Research Laboratories,

10 Inc., South Bend, IN). Fromthese, a GS115 transforned P.
pastoris cl one pHI L- S1/ HAsl 8 was sel ected and
phenotypi cal |y characteri zed as His+ Mut[err].
Expression of PHIL-S1/HAs18 15. Expr essi on of

angi ostatin f gaye -S1/HAs18 was typical for a PCT/USY6/058865 +

Mut[err] clone. At Induction in baffled shake flasks, 1L of OD600 cells
were cultured in 150 m of buffered nmetanol conpl ex nmedi um contai ni ng
1% yeast extract, 2% peptone, 100 nmM pot assi um phosphate pH 6.0,

1. 34% yeast nitrogen base w th amoni um sul f atgy, 0. 00004% bi otin and

20 * 0.5% nethanol, in a 1L baffled flask. Cells were constantly

shaken at 1%5[&; rll% AgnSQ,ro é\ﬁ,t Qg“bgﬁ \QE edg,grt

24 hour intervals by addi t:s

final of 0.5% After 120 hours cells were spun at 5, 00
rpmfor 10 ninutes, and sqﬂ@rﬁatﬂ}télmaﬁﬁg%sdcﬂ ryr £k G1dbid ser cys clu
used. 25 5 Puri pagation of Angi@ggatin FromP. 255
pastoris ‘Fernentation Broth by Lysi ne- Sephar ose

Chr omat ogr aphy Ser Ser Pro Val Ser Ak GIuOPwdU&E AspIPeo CRir! Aked Pl PraGly
4[err] C. Crude fernmentation broth, 260 265 typically 2ooz'm

contai ning angi ostatin was clari fied b}/r centrifugation at
14,000 x g and condent r at #e5prcin VahVap ¢ip ?@n&@oﬂ?’ Hos 163 D) ‘é’éﬁﬁ’a‘f Ser Tyr

wei ght cutoff nenbrane to approx tely one- fourt¥ the ori gl nal %% une.

Cne vol ume of 50 mM phf)sp&%%’%”ﬂ L6 B'ékzmiagh‘%@é%:a@gglﬂl gﬁstgﬁocm Ser Trp

concentrated sanpl e which aln concentr ne-

fourth the originajs sanple vo unme. The sanpl e was again dil ut ec?

vol une: vol ume with 50 "M sudi g6 RAOSRNLE Ml fgf nidP B 19s 1@ Bro Glu Asn Phe Pro

| ysi ne- sephar ose 4B (Pharmmei a) was resuspaoded in 500 m jiee-col d .50 320

WD 96/ 35774

PCT/ US96/ 05856 Asn Ala Gly Leu Thr Met Asn Tyr Cys Arg Asn Pro Asp Ala Asp lLiys
20 325 330 335

Gly Pro Trp

25 (2) INFORMATION FOR SEQ ID NO:5:

{i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 339 amino acids
(B) TYPE: amino acid
30 {C) STRANDEDNESS:
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein
35 {iii) HYPOTHETICAL: NO

{vi) ORIGINAL SOURCE:
{(A) ORGANISM: Porcine

40 {vii) IMMEDIATE SOURCE:
{B) CLONE: Angiostatin fragment

. 45 {xi) SEQUENCE DESCRIPTION: SEQ ID NO:5:

° Ile Tyr Leu Ser Glu Cys Lys Thr Gly A=sn Gly Lys Asn Tyr Arg Gly
1 . S 10 15

- 50 Thr Thr Ser Lys Thr Lys Ser Gly Val Ile Cys Gln Lys Trp Ser Val

20 25 30



81 mM phosphate buffer, pH 7.5 and used to pack a 48 x

100 mm col um (-180 m packed volune). The col um was
washed overnight with 7.5 colum volunmes (CV) of 50 mM
sodi um phosphate buffer, pH 7.5, at a flowrate of 1.5
m/mn. The sanple was punped onto the colum at a 5 fl ow

rate of 1.5 nyo¥ksssad the col um washed with 1.5 CV of 50 nidrroseenssse

sodi um phosphate, pH 7.5, at a flowrate of 3 mM/mn. The colum was

then washed with 1.5 CV phosphate-buffered saline, pH 7.4, at a flowrate
of 3 M/mn: angiostatin was then eluted with 0.2 M[err]-am no-n-caproic
acid, pH7.4 at a flowrate of 3 m/mn. Fragdd ons containing significant

10 absor bance were pool ed and dial yzed for 24-48 hours agai nst

dei oni zed e SXPEEE #2301 VRN fﬁdSeﬁp&mﬁaﬁ ! SROYES Lol eIy
a 100 nyg total protelnloé oY

Col ums wer e regenerated ‘using 5 col um vol umes of 50 mM
sodi um phosphat e/| M NaC giyptew cdu Glu Asn Tyrlé_zs Arg Asn Beuimg Gaphdy 8LV Lys cly
Endothelial Ce Prddiferationsfssay édBovi ne
capillary endothelial cells were obtained as preV|oust

descri bed. The cells are Pruo BtraiCyve Eyr (ThDNEY SonPed GlwThe Axg/ PHe 3$p Tyr Cys Asp
reconbi nant human bFGF (S8 os Nova, Mount® nvi ew cA, 75 80
suppl emented with,10% heaf-i nact| vat ed._bovi ne cal f _ser U

20 peni o181 . - THS RE7 S S0P SIFOHFCRI o o5 48 Sy e P g gge

(Biowiittaker) in 75 crr[err] cell-culture flasks. The "assay was perforined

as degfif GRF9yP 9% SUSIPE ™r Met Ser Gly Ile Gl o gk
St udi es 25 By Sigy to el%éght vveeelg:; ymaee :: %3/156 m cTerp
(Jackson Labor at ot$es) . wer e inocul at ed subcut aneously

wWith murine Lewi s | ung caeXy SedT&lh Bar Pro His Ala His Gly Tyr Lmmt Bt 8éx Ciys Phe Pro
(LLCGLM line (1 x 10[err] cell $Abnjection). Appebxinmately 14 dags
after inplantation, when rlmar t unor reached 1.5 cnB, aninmals wer

anaest heti zed wi t by et hox ?%’) ﬁéna{'ﬁ& IpYﬁmgsg E‘%rcgs\ﬁgpeﬁsglui Rsp rsg,y Glu Pro

30 exci sed The incis site was cl o8¥d with si npl e errupted
sutures. Half Arg Pro Trp'di8 #HY FB) )l Red B8 AHOUR Af‘gc‘i'h%( % &
| oadi ng dose (3 ny/ kg by uﬁe e é}g 150 5%cut anggus route) o ¢ 150

reconbi nant or pl asm nogen derived angi ostatin

subcut aneousl y i n2@di at el gsmfiterre Argetys, THoMho Red Hry Hiai The SO CLY @6 ahs T
1.5 ng/ kg for 14 days. A control groupl&f m ce recei vet¥dan equal vol urié'5

35 of PBS every daX for 14 days foll OWI ng.surgery. Al mce vve
sacrificed f'&“omsmﬂf?’égr f‘r‘ér“gnt"a’ﬁo’t"r“r Eho Far ¥ ?Bseaa‘%l

after tunor inpl aggation),
' Thr Ala Sexr Gly His Thr Cys Gln Arg Trp Ser Ala Gln Ser Pro His

195 200 205
Lys His Asn Arg Thr Pro Glu Asn Phe Pro Cys Lys Asn Leu Glu Glu
35 210 215 - 220
Asn Tyr Cys Arg Asn Pro Asp Gly Glu Thr Ala Pro‘i‘rprs T™Vvr Thr
225 230 235 240
40 ‘Thr Asp Ser Glu Val Arg Trp Asp Tyr Cys Lys Ile Pro Ser Cys Gly
245 250 255
Ser Ser Thr Thr Ser Thr Glu His Leu Asp Ala Pro Val Pro Pro Glu
: 360 265 o 270
45
Gln Thr Pro Val Ala Gln Asp Cys Tyr Arg Gly Asn Gly Glu Ser Tyr
275 280 285
Arg Gly Thr Ser Ser Thr Thr Ile Thr Gly Arg Lys Cys Gln Ser Trp
50 290 295 300

Val Ser Met Thr Pro His Arg His Glu Lys Thr Pro Gly Asn Phe Pro
305 310 315 320
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| ungs were renoved and wei ghed, and surface netastases were counted

Wi th stereom croscope. Characteristics of Reconbi nant
Human Angi ostatin Fragnents 5 A gene fragnent
encodi ng humanweodgssemt ai n i ncl uding kringles 1 PCT/USYs/hdRset Of

human pl asm nogen that contains a total of 26 cysteines, was

expressed in Pichia pastoris, the nethylotropic yeast. P. pastoris
expressed angi ostatin binds Iy5|ne sepharose and can be specifically eluted
by [err]-amno caproic acid. This denonstrategpfhat fully functional .

epsi | on 10 am no caproi c acid-binding kringle(s), which are
physi cal properties of kringle 1 and 4 of pl asm nogen
(Sottrup-Jensen, L. et al .pgn ca

Fi brinol ysis and Thronbol ysi ?ﬁg/%ll%; %ﬁ EEIé?MSe)t ‘i‘?sz?ve s%s e Aan}cm\s kla Asp Lys
N.Y. p. 191), can be expressed and secreted by P. pastorl s and purifi eg %y
t echni ques that dodnot rederreroer Bl ding (Fig. 36A and B). Expressed

15 angi ostatin fromP. pastoris as well as angiostatin purified by
el ast ase cl eavage of plasm nogen were recogni zed by a
conf ormati onal | y depen@&nfFORMATION FOR SEQ ID No:6:npnocl onal anti body agai nst

kringle 1 to 3 (Caﬁ)telllno Enzvne Researc
th G FEROPGE

Laboratories, Inc., Sou Ic’sTgl s antibody fails to
recogni ze reduced forms of pl gnmge ﬁ iﬁ‘ 20

P. pastoris expressed angi ost af Aas a doubl et that mgrates

at 49 kDa and 51.5 kDa on dena(tpl;lr-gﬂ,oyégye mggrSDS- PAGE Coonassi €

stained gels. P. pistoris expressed proteins are post-translationally

nodi fied with the majori tgiiofudirtonekerbryl yoesyd ati on of the hi gh-mannose
type and insignificant O 1linked glycosylation. To evaluate the possibility
of 25 gkiAddSHMPATHRTACAF RO pastoris expressed angi ostatin,
we digested the reconbi nant angi ostatin with

endogl ycosi dase stpem fify o?axg?mig@%@% structures,
causing the 51.5 kDa band to Snf3d8% |y with the band at
49 kDa (Fig. 37A and B). (§219! ue@has® gvsiegl i on with prior neuram ni dase

treatnment to renove sialic ammrmguggglgytgtﬁohéy&gwe the pattern of
30 m gr at35on of the doublet (data not shown). These results

i ndi cate that P.

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:

30 Ile Tyr Leu Leu Glu Cys Lys Thr Gly Asn Gly Gln Thr Tyr Arg Gly
1 5 10 15
Thr Thr Ala Glu Thr Lys Ser Gly Val Thr Cys Gln Lys Trp Ser Ala
20 25 30
35
Thr Ser Pro His Val ‘Pro Lys Phe Ser Pro Glu Lys Phe Pro Leu Ala
35 40 45
Gly Leu Glu Glu Asn Tyr Cys Arg Asn Pro Asp Asn Asp Glu Asn Gly
40 50 55 60
Pro Trp Cys Tyr Thr Thr Asp Pro Asp Lys Arg Tyr Asp Tyr Cys Asp
65 70 75 80
] 45 Ile Pro Glu Cys Glu Asp Lys Cys Met His Cys Ser Gly Glu Asn Tyr
. 85 80 95
X Glu Gly Lys Ile Ala Lys Thr Met Ser Gly Arg Asp Cys Gln Ala Trp
50 100" 105 110

Asp Ser Gln Ser Pro His Ala His Gly Tyr Ile Pro Ser Lys Phe Pro
115 120 125



pastoris expressed angiostatin in two forns:

chai n probably of the structure:

PCT/ US96/ 05856
(Man) 2-1 50- Man
Man- G cNAc- - - @ cNAc- Asn-
( I\/b.n) 1-2-Man WO 96/35774 5

I nhi bition of Bovine Capillary Endotheli al

To determine if
potenti al
of 10
reconbi nant angi ostatin

of BCEs. Purified P. pastQArsins-
i nhi bi ted the bFGF-driven Brojy
cells invitro (Fig. 38B)

and (2) wi thout any gl ycospcgiosssnssse
Cells In Vitro

reconmbi nantly expressed angi ostatin had the
for antiangiogenic activity,

expre Segﬂ’%f“eﬁ@

I n a dose dependent nmanner

ferat o

WD 96/ 35774

83

(1) with an N-linked conpl ex

BCEs were cultured in the presence

bFGF to determine if the ggidition of purified

woul d inhibit the proliferation

5

rolifer
PneYTe ¥ PR I*g{w:()‘?’paéiyn Glu Pro
(Fig. 38 At 1 ug/n

of reconbi nant angi ostati Mgl Bl Big e PAESLSOMe ANE pPO Wi Bk Di B ¥AS phe cys

15
el ast ase cl eavage

transpl antable nurine LLC (LM

was first identifi
C57B1/6J mce, the
within 14 days.

t unorERgFERnETS

Fol lowing primary t

of human pl asm nogen.
Suppr essi on of Met ast ases Asp IlievBro Arg Cys Thr Thr Pro Pro Pro Ser [§e@ Gly Pro Lys Tyr

g

i ne frd&bwhich angi ost af®n
d was used. Wien _inplanted subcutaneously in syn
Y Tor Rjyclargdsn Fys QU Sy Tox

resection, 11?:% m conet ast asd¥ i n

equi valerg to thats obtained wthsgngi ostatin derggged from

20

160

175

eni c
Hpippla val

the lungs grow exponenti aldey, Gﬂosgpg@%gl%rc%e&lg 9&; %fs%gem(&f&nh@h; UPY mis

15

20

25

30

35

195

Lys His Asn Arg
- 210

Asn Tyr Cys Arg
225

Thr Asn Ser Glu
Ser Ser Pro Leu
260

Gln Thr Pro Val
275

Arg Gly Thr Ser
290

Ser Ser Met Thr
305

Asn Ala Gly Leu

Ser Pro Trp

200

Thr Pro Glu Asn
215

Asn Pro Asp Gly
230

Val Arg Trp Glu
245

Ser Thr Glu Arg
Pro Gln Asp Cys
280

Sexr Thr Thr Ile
295

Pro His Arg His
310

Thr Met Asn Tyr
325

(2) INFORMATION FOR SEQ ID NO:7:

‘45

50

{i) SEQUENCE CHARACTERISTICS:

{a) LENGTH:

79 amino acids

(B} TYPE: amino acid
{C) STRANDEDNESS:
(D) TOPOLOGY: linear

{ii) MOLECULE TYPE: protein

{(1ii) RYPOTHETICAL: NO

Phe Pro Cys

205

Lys Asn Leu

. 320

Glu Lys Ala
235

Tyr Cys Thr
250

Met Asp Val
265

Tyr His Gly
Thr Gly Arg

Leu Lys Thr
315

Cys Arg Asn
330

Pro Trp Cys

Ile Pro Sex

Pro Val Pro
270

Asn Gly Gln
285

Lys Cys Gln
300

Pro Glu Asn

Pro Asp Ala

Glu Glu
Tyr Thr
240

Cys Glu
255

Pro Glu

Ser Tyr

Ser Trp

Tyr Pro

320

Asp Lys
335



These netastases are highly vascul ari zed by day 14 after primary tunor

25 resection. If the primary tunor is left on, the m cronetastases
remai n dormant and are not macroscopically visible.

Reconbi nant angi ostatin was . adm ni stered systemically
to mce following primary tunor resection to test "~ the

suppressi on Gkobkssyyd oWt h of netastases. P. pastoris expressgernsesos8sé
angi ostatin adm ni stered system cally at 30 ug/ nouse/day inhibited the

30 growm h of netastases as quantitated by scoring of surface
met ast ases (Fig. 39A) and total lung weight (Fig. 39B).
The wei ghts of lungs of mce that 103 had primry tunors

resected and that received daily doses of reconbi nant
angi ostatin or angiostatin obt ai ned from el astase cl eavage of plasm nogen
were of conparable to thq? 1?306 (190 to 200 ng). Lungs of

elr pr| mary tu

35 mce that had t nors resected and subsequently
treated with VO Q@/ SRalcidnT TYPE: N-terminal
PCT/ US96/ 05856 5 84

dai |y doses of 'recombi nanvipogicmhatsosresr e pi nk with minimal nunbers of
unvascul ari zed m cronet ast ase3a) EREBANISN) Mutinecontrast, the mce treated

W th ' saline after primary tunor resection had | ungs
covered with vascul ari zelyii) IMMEDIATE SOURCE: met astases (Fig. 41). Al so of
not abl e i nportancdOwas -an absdBlk SLHE: K1 5 system c or |ocal

toxicity caused by P. pastoris expressed angiostatin at the
dosage and reginmen used in this.study. There was no evi dence of

:63;: gsr,rltTgE: (rjlnp?{)t 2:1eeg;gge§se?gg EE e%%?@b%%é?s%sﬁ WO
i mpor t ant physi cal " char aCTc?E 'LEL".ﬁﬁ @.Ify H@G@ﬁtﬂéﬁaélyp'g&t E@Gl)f Jﬁ:r'ﬁet' Ser Arg Thr
recogni zed 10 y a confegrnmationally depggdent nonocl onaks

anti body raised agai nst kringle 1 to 3 of hunman

pl asmi nogen (Fig. 36B) andyé Beridlybvaidsld ¢gs @dn Lys Trp Gly Ala Thr phe(ﬁrcgmsBGﬂ
and B). These proB@rtl es indicated 2hat the reconbi2ant

angi ostatin protein was eé?ressed with_a confornmation that mm

native nol ecul e. P. pastoFf8 Bé‘?p';"‘é@ﬁ%’dpﬁ?@f‘ﬁﬁétﬁ? fﬁ°of‘é‘? 1P rﬁﬁ’bﬁ"‘s@’tﬁglu Asn

25 Tyr Cys Arg Asn Pro Asp Asn Asp Glu Gln Gly Pro Trp Cys Tyr Thr
50 55 60

Thr Asp Pro Asp Lys Arg Tyr Asp Tyr Cys Asn Ile Pro Glu Cys
65 70 75
30

{2) INFORMATION FOR SEQ ID NO:8:

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 79 amino acids
35 {B) TYPE: amino acid
(C) STRANDEDNESS:
{D)} TOPOLOGY: linear

{ii) MOLECULE TYPE: protein

“ (iii) HYPOTHETICAL: NO
{iv) ANTI-SENSE: NO
. 45 (v) FRAGMENT TYPE: N-terminal
? (vi) ORIGINAL SOURCE:
. (A) ORGANISM: Homo sapiens
- 50 (vii) IMMEDIATE SOURCE:

{B) CLONE: K1



15 proliferation of bovine capillary endothelial cells stinulated by

bFGF in vitro (fig. 38). when adm ni stered systemcally,
t he reconbi nant - angi ostatin maintained the otherw se

| et hal netastastic Lewi s |ung carcinoma in a suppressed
state (Fig. 39A and B and Fig. 40). Prelimnary
data shows thewfpﬁg;)ﬁe of a detectable transcript for e T/US96/05856
angiostatin in Lewms lung tunors freshly resected frommce or in LLC cells

after 4 passages in in vitro culture. Plasm nogen, produced by the |iver,
IS mai ntained in circulation at a stable plasm
concentration of 1.6 [err] 0.2 [err]M 104 It is possible
that LLG LM tunors produce an enzyme that cleaves

pl asm nogen, bound or in circulation, to produce angiostatin. Alternatively -~
25 i nfl ammatory cel] kRS t ite could produce such
an . enz;‘ﬁé. & _BQSCIRQP'JI:{&E' éﬁa‘_)fn EJ)°8'I t is intriguing

that both P. pastoris as vglsl 13s TRAGHY SslUW6B Lys Asn Tyr Arg Gly Thr Met Ser Thr
pl asm nogen is prodgiced inga glycosyl at#d and a non-gl waosyrat ed form I{ﬁ%

t he case of human pl asm nogen, a single transcript for a single gene can

30 produce both fuysnasn Ghe el Theutyesr Clre tha TS rieofsetti Tregs@nPraliis Arg
post - transl ati o8l nodi ficati on®50f human pl asnidfogen,
as well as that seen in TPA are unknown.

Angiostatin is hi gy exprBeesder Bye Ser Protda Tor B &rafearfily Gly Leu ¢lu Glu Asn

contain 100 ng/L of the protein. 3¥herefore, the dﬂanti ties requi A2d for

35 clinical trial I aé'qh red t dyce [ fo
usi ng S ang%}rJ tei% f\%z{oogy g’?%ﬁ%ﬁn@' gélghgg"e@ﬁ'ggﬁ*i%r
the art. The 15 WO 96/ 35774

PCT/ US96/ 05856 Thr Asp Pro Glu Lys Arg Tyr Asp Tyr Cys Asp Ile LeTlu Cys

devel opnent of this express$on system and7the denonstratize of the in

vitro and in vivo activity of purified reconbinant angi ostati n agai nst

met ast ases provi deg t h&2) SRFRRMATION HQRr SBR 3R MOndnt of the capacity of these

fragnments to inhib Q ¢ unor growth and_ prol ong, life in cancer patients and
(&' 20umncE CuRRalrliidrrds,

{A) LENGTH: 79 amino acids
{B) TYPE: amino acid
{C) STRANDEDNESS:

25 (D} TOPOLOGY: linear

{ii) MOLECULE TYPE: protein

(iii) HYPOTHETICAL: NO

30
{iv) ANTI-SENSE: NO
{v) FRAGMENT TYPE: N-terminal
35 {vi) ORIGINAL SOURCE: _
: - (A) ORGANISM: Rhesus monkey
{vii) IMMEDIATE SOURCE:
(B) CLONE: K1 ,
40
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:9:
45 Cys lLys Thr Gly Asn Gly Lys Asn Tyr Arg Gly Thr Met Sexr Lys Thr
1 s 10 , 15 .
Arg Thr Gly Ile Thr Cys Gln Lys Trp Ser Ser Thr Ser Pro His Arg
20 25 30
- 50 -

Pro Thr Phe Ser Pro Ala Thr His Pro Ser Glu Gly Leu Glu Glu Asn
35 40 45



5 ot hers suffering from angi ogeni c- nedi at ed di sease.

Exanple 29 - Production and adm ni stration of aggregate
angi ostatin 10 Thi s exanpl e denonstrates the
production and adm ni stration of aggregate angiostatin

to inhibit endothelial cell proliferation and tunor

growt h. Nor malgeyesdsyzd S assuned that reconbi nant proteins progtiggEdeshssssn
E. coli need to be solubilized and re-fol ded (renatured, reduced and

al kyl ated) to achieve in vivo activity. In the process, a significant
amount of - 15 the protein is often lost In this exanple,
aggregat e reconbi nant angi ostatin 105 i s produced after
purification and used directly, wi thout further renaturing,

reducing or alkylating, tq.inhibit angiogenesis and_tunor grow h

Therefore, this exanple p?%\?i %Skrf gﬁ'?ﬁflgésﬁqiy g‘? o g%? Gﬁ’gag%s" &ge Cys Tyr Thr
produci ng and using angi ostatin. This aggregate angi ostatin and method of

20 - delivery al so #kONpIfS B10RALG A PRUSEATPL GyE lBABR Bfo Glu cys
angi ostatin, therelsy 65 ~ ofgt i m zing 1ts effs ci ency. As used
herei n "aggregate angi ostatin" neans angi ostatin that
has been substanti al | y{2)UINFORMATION FOR IREQ IMMQeddl:y re-f ol ded,

as described in nore detail bel ow 25 Expressi on of

Angi ost atin (1) SEQUENCE CHARRQEERISTYCS:| expression system which
has the advantage ¥ being (A) LENGTH: 79 amino &c4d§ productive, and

i nexpensi ve, was used for the pg "mgﬁcﬁﬂuse

angi ostain. Two oligo pri ners, | RIBSE, ﬁﬁ@h&ﬁ sequence of plasn nogen
kringles 1-4 (plasm nogen cDNA was purchase rom ATCC), were 30
designed for a PCR$ased $ifah@@ro@ re@nsShrdtelas N0 the angiostatin
expression system (See, for exanple, Menhart, N., Shel, L.C, Kelly,

R F., and Castellino, F.liii)lf&bmddronhes 30, 1948-1957); Marti, D.,
Schal ler, J., Cchensberger, B., and Rickli, E. E. (1994) Eur. J. Biochem.
219, 455-462; Sohndel, S., (y), ANTI-RENSERHNO |, D., Affolter, M, Schaller, J
35 Llinas, 48, and Rickli. E. _E.té1996) Bi ochem in press; Rejante,
MR, E) o BRAGMENT TYPE: Notemminal,aq M (1991) Bi ochem
30, 11081-11092) The (vi) ORIGINAL SOURCE:

(A) ORGANISM: Porcine

25
{(vii) IMMEDIATE SOURCE:
{B) CLONE: Kl
30
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:10:
Cys Lyes Thr Gly Asn Gly Lys Asn Tyr Arg Gly Thr Thr Ser Lys Thr
1 5 10 15
35
Liys Ser Gly Val Ile Cys 8ln Lys Trp Ser Val Ser ‘Ser Pro His Ile
20 25 30
Pro Lys Tyr Ser Pro Glu Lys Phe Pro Leu Ala Gly Leu Glu Glu Asn
40 35 40 45
Tyr Cys Arg Asn Pro Asp Asn Asp Glu Lys Gly Pro Trp Cys Tyr Thr
50 55 €0
. 45 Thr Asp Pro Glu Thr Arg Phe Asp Tyvr Cys Asp Ile Pro Glu Cys

65 70 75
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PCR product was inserted into the Nco I and Xho | sites of pET22 vector
(Novegen), which contains T7 lac pronoter and an ol i gohistidine sequence.
The cDNA was then transfornmed into E. coli (strain BL21(DE3)), which
contains a ch 9ﬁ§| copy of the T7 RNA pol ynerase gene unger/usesnsssé 5
| acUV5 control™. e expression of the reconbi nant angi ostatin was

i nduced by the addition of I PTG The expressed angi ostatin accunul ated as
i nclusion bodies in the host cells and typically consisted of over 40% of
total cellular protein, as estimated by Coonageé6e bl ue stai ning.

The invention contenpl at es that a reconbi nant angiostatin, or 10
fragnent thereof, derr Mﬁgpg&o?b%enspecr es can be expressed in
a variety of vector an hos syst ens, known to those skilled in the
art Pugi) cEgienen caidhofatieef@l.i on of Angiostatin

The insoluble fraction of the sOnLERET@d #90shineeddids cont ai ning the 15

inclusion bodies wa purified i cerd:r ahingaddian at 9, 000 rpm for 25

m nutes, and repeated washi ng. (GheTrapmnEssag product contai ned about 80%
angi ostatin, as estinmated by CéRnEeRILEGYH dénearai ni ng. The N-term nal
ollgohrstldlne dormain of the fusion protein made it possible for convenient
and economi cal pur ié' cat i dhtloMORFILE é‘?ﬁ?ﬁo?ﬁ%’rﬁmangr ostatin with chel ating

20 affinity hrorraldgg)r?[Q err] NTA agarose colum (1.5 cmx
5cm ena urr ng condr tions, by dissolving the

i nclusion bodies in 6 M Uureg anrr-sense: No As seen in Figure 41, |ane
7, the purified angrostatrn shoms a singl e band on

SDS- PAGE by Coomasgfe bl ue (61 aruoMEgT 1MPE N Nacdbm@iaal | ON rate at

bet ween about 45 kD to 65 kD, and nore preferably about 55 kD. This

25 singl e step chr dvit GHICHRY SOERCKuri fy the protein . to substantial
honogeneity, however, the inveddl ORSAEAePpriees that a variety of other
purification techn gues wel | -known to those skilled in the art can be

enpl oyed to achi ev thr S EH IATE SOURCE: The protein, in
its elution buffer, was then di a1 yzel&P(EJS 000 30 MACO)

agai nst phosphate buffered saline (PBS) for 24 hours with 3

changes of the dialysate at 4[err]C During dialysis, a white precipitate

was 25 Selel) SEQUENCEMESCRIFXTON:hewo tRwvek from the dial ysis
bags and the precipitate renoved by centri fugt[nél on. The
precipitate was then Cys Lys Thr Gly Asnp 6&&%@%@@%5%% ﬁlai?t“ Thr
PBS to forma fine suspensrlon for use iR 35. t he ani mal
model's, or stored ap -20[egfl Q.:erTél'ySvﬁr el Rid FhE n%%dgé!: A€ mr ser pro mis val
30
Pro Lys Phe Ser Pro Glu Lys Phe Pro Leu Ala Gly Leu Glu Glu. Asn
35 40 - 45
35 :
Tvr Cys Axrg Asn Pro Asp Asn Asp Glu-Asn Gly Pro Trp Cys Tyr Thr
50 55 60
Thr Asp Pro Asp Lys Arg Tyr Asp Tyr Cys Asp Ile Pro Glu Cys
40 €5 70 75

{2) INFORMATION FOR SEQ ID NO:12:

(i) SEQUENCE CHARACTERISTICS:
45 {A) LENGTH: 78 amino acids
{B) TYPE: amino acid
{C) STRANDEDNESS:
(D) TOPQLOGY: lineaxr

50 (£i) MOLECULE TYPE: protein

{iii) HYPOTHETICAL: NO



aggregate angiostatin. Alternatively, 20 mMtris-HO pH 7.9 / 150 nmM
WD 96/ 35774
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NaCl can be used as a dialysis buffer, for exanple. The invention
contenplates that either nore or less dialysis and a variety of other

di al ysis WO 96/35774 buffers may be utilized to yield germusosnssse
correspondi ng anount of aggregate angi ostatin, within
limtations routinely determ nable by one skilled in the 5 .
art, in view of the present disclosure. ' In vitro tests
of aggregate angi ostatin 107 Bovi ne capillary
endothelial (BCE) cells were used in an assay as '
outlined in Exanple 8. The vSel | s were chal |l enged wi th aggregate 10

|

reconbi nant human angi ost 2% rMFFePRPEY s described in this Exanple. The
resul t's are shown in Figur 4%51%#' vealsna ignificant inhibition of
§’3t ella 2% EIe §8ietnthe

the - . en S exposed to aggregate angiostatin.
In vivo tests of aggyregat gy3nsiresizal sBurce: 15 Al'l ani nmal
work was carried out at the an{zyabrchafesd:i inriak Chil dren's

Hospital in accordance with institutional guidelines.

A The aggregat e recontiviidnIMMEDIAIE SOURCBSt atin, prepared as

described in this Exanple, was(Rle€h®@:\#82 h the chick CAM assay. (O Reilly,
MS., Holngren, L.10Shing, Y., Chen, C., Rosenthal, R A, Mses, M,

20 Lane, WS., Cao, Y., Sage, E.H, .and Fol kman, J., Cell (1994)

79: 315- 328). At a dose of 25 u the inhibition of
capillary formati on was 166% sm&mmcg DESCRIBTION: sm(g?pof}z\;e chi ck CAMs

tested gave 2-3+ iq&ibitor d .
ug, the inhibiti onﬁgf capi ﬁ%@%&eﬁ%? r‘é&%ﬁ s?gg L%%%G?#}’oﬁl s?ysrﬁéeeﬁ‘efe?s’ts i

of ot her. angi ogenesi s inhibitors and pl asn nogen

derived angiostatin are Met se2Bly Leu asp CY1GYN 218 TraSkspabericid Bebh QtoSHis Ala
Thi s suggests thatzé he aggregate angoostatin 25 30

His Gly Tyr Ile Pro Ala Lys Phe Pro Ser Lys Asn Leu Lys Met Asn
35 40 45

Tyr Cys His Asn Pro Asp Gly Glu Pro Arg Pro Trp Cys Phe Thr Thr
25 50 55 60

Asp Pro Thr Lys Arg Trp Glu Tyr Cys Asp Ile Pro Arg Cys
65 70 75

30 (2) INFORMATION FOR SEQ ID NO:13:

(i) SEQUENCE CHARACTERISTICS:
{A}) LENGTH: 78 amino acids
(B} TYPE: amino acid
35 {C) STRANDEDNESS:
‘ {D) TOPOLOGY: linear

{ii) MOLECULE TYPE: protein
40 {iii) HYPOTHETICAL: NO
(iv) ANTI~-SENSE: NOQ
(v) FRAGMENT TYPE: N-terminal
» (vi) ORIGINAL SOURCE: .
(A) ORGANISM: Homo sapien

{(vii) IMMEDIATE SOURCE:
- 50 {B) CLONE: K2



provi des a sustained rel ease advant age. B.

Lew s |ung carcinona was inoculated into the subcutaneous

m d- dor sum of C57B16 mice. Mce were inplanted with 1 x 106 cells in

0.1 m PBS prepared as previously described and caged in groups of -6 or
30 | ess. Tunors were neasured with a dial caliper and tunor vol unes
wer e WO 96 determ ned using the formula w dt h pewgsdkbssss

| ength x 0.52, 'as-"eratlo of treated to control
tunor vol usne (T/C) was determned for the last tine

poi nt After tunor volume was 100-200 cubic
mllimeters, which 35 occurnggl within 3-5 days, mce were
randonmi zed for two separate experinments. In the first

experinment, mce recei ved 2 %kg of the V\D 96/ 35774

Ubcutancousl y at & Si o PR R fi2 31‘?'“9“3‘?‘9 E it C?f“’fer Lye The

m ce/ group). The cgntrol group received conparable injections of sali ne
In the second separate expsyf iseERily (teubeli 68 GIOWD Trhesh §8:C014 €6£iPrethitlala

5 ng/ kg of the aggregate rzconbi nant nousesangi ostatin suspensi on
in PBS i njected subcutaneously at a site distant from
the tunor every 24 hours. His Gly Tyr Ile Pro Ser Lirh@hecﬁrprkﬂn Brsodgn Leediygdds Asn
conpar abl e inj ectiBns of saline.35 No tdRicity or

wei ght | oss was notedln?y%of t he mcetreated Thr Th
t he aggregated reconbi nan i miat P’s"u%ﬁ%@? (ﬁ’f“ Lleﬁ 971 ggp Y Fre ol

aggregat e angi ostatl n was seen as a“subcutaneous maSs after
i njection which 15 Asp Pro Asn ﬁﬁsw&rpwx 1Ru RS m ele BEY Ak ﬁlcybours
This suggests that it wasggradual |y beysig sol ubili zed
and denonstrates that the aggregate angi ostatl nis an
effecti ve nmeans of sudeniINEORMATIMNECR SEQ® IDA¥drldoses, there was a
si gni fi cant i nhi bi-tion of the grovvth of Lewis |lung
carci noma pri maryzpum)rs i{h) (SGQUENCE CHARAMGYERISTICS: tregted mice. See Figures

43 and 44. The T/ C obtai ned b>ﬁ pmﬂ*mﬁomﬁﬁ acids

(C) STRANDEDNESS :
{D) TOPOLOGY: linear

25
{ii) MOLECULE TYPE: protein
{1ii) HYPOTHETICAL: NO
30 {iv) ANTI-SENSE: NO
{v) FRAGMENT TYPE: N-terminal
{vi) ORIGINAL SOURCE:
35 (A) ORGANISM: Rhesus monkey
(vii) IMMEDIATE SOURCE:
{B) CLONE: K2
40
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:14:
Cys Met His Cys Ser Gly Glu Asn Tyr Asp Gly Lys Ile Ser Lys Thr
45 1 5 10 15
Met Sexr Gly Leu Glu Cys Gln Ala Trp Asp Ser Gln Ser Pro His Ala
- 20 25 ‘30
50 His Gly Tyr I1le Pro Ser Lys Phe Pro Asn Lys Asn Leu lLys Lys Asn

35 40 45



10/ ng/ kg/ day as a single injection for 19 days (when the saline control
animals started to die and were sacrificed) is 0.06, which is a tunor

vol une reducti on never before achieved to the know edge
of the inventors. The in vitro and in vivo
results of this Exanple provide a 20 reasonabl e basis for an
expect ati on ofyoesmepgs for using the products and PCT/US96/05856

processes described for the inhibition of endothelial cell proliferation,
angi ogenesi s, and tunor growth in humans. Wiile not wishing to be

bound by theory, the aggregate reconbi nant angi ostatin produced by the
present nethod may have a different conformatygn, and therefore different
25 " physi cal properties, from el astase generated angi ostatin or

ot her =puri.fied oteins that are_normally renatured.
Purified reconbi nant angi c')larfa%fnmféé” el hap ﬂy 8lu’prs Axg ® i'ﬁptcaﬁ{seah‘t gor Thr
form an aggregate suspension by dialyzing the protein

sol _uti'on against a relati \@thpz!oaﬁgpl,ypl;\ggef fGllgu{,;‘pEerAs 1gr1.r°Tﬂgs S
bel i eved to occur Isecause gshe i nproperly fyl ded protei n begones I nsol uble

30 and aggregated. Fornerly, it would not be expected that a
denat ur ed {2) INFORMATJON FOReSEQrIO ®ostS5woul d be so renarkably
effective in vivo. The potent anti - tumoral activity

denonstrated is also bel i eli¢ SHUENE CHARACTERASEICSw but
const ant di ssol vi n@ and rel eastLERTE1d® pFARe 35S protein fromthe
subcut aneous sites. The invent{n [ ° ﬁ?errpl ates that either

cl S SSt . , .
naturally 35 OCIN T 3 Blody. {ﬁ%g{ﬁ)l nant angi ostatin, and

angi ostatin fragments, may be used in the described

net hods of purificgtion.tesyi @irch@oresat Srotaidral or WO 96/ 35774
PCT/ US96/ 05856 89

reconbi nant angi ostatin, (01i)aaotgairead.r ggnent s of angi ostatin, which can
be used for the successful inhibition of endothelial cell proliferation and
tunmor growt h, w thout the{ivdecaNTIeSENSBaaOUri Ng.

It shoul d be underd} ood that the foregoing rel ates only to preferred

5 enbodi ment s of tHhERASHERER F¥PE:nVeherr®l and that numerous

modi fications or {vi) ORIGINAL SOURCE: '

(A) ORGANISM: Porcine

25
{vii) IMMEDIATE SOURCE:
(B} CLONE: K2
30
{xi) SEQUENCE DESCRIPTIOM: SEQ ID NO:15:
Cys Met His Cys Ser Gly Glu His Tyr Glu Gly Lys Ile Ser Lys Thr
1 5 10 15
35
Met Ser Gly Ile Glu Cys Gln Ser Trp Gly Ser Gln Ser Pro His Ala
20 25 30
His Gly Tyr Leu Pro Ser Lys Phe Pro Asn Lys Asn Leu lLys Met Asr
40 35 40 45
Tyr Cys Arg Asn Pro Asp Gly Glu Pro Arg Pro Trp Cys Phe Thr Tin
50 55 60
. : 45 Asp Pro Asn Lys Arg Trp Glu Phe Cys Asp Ile Pro Arg Cys

&5 70 15



alterations may be nmade therein wi thout departing fromthe spirit and the
scope of the invention as set forth in the appended clains. Various
ref erences have been referred to herein, which are hereby incorporated in

their entireties. W) 96/ 35774
PCT/ US96/ 05856 . : 90
SEQUENCE LI STIyWgpog3s774 (1) GENERAL | NFORMATI ON: PCTIUS96/05856
(i) APPLI CANT: Fol kman, M Judah OReilly,
M cheal Yi hai Cao
Sim B. KimLee 10 (i1) TITLE OF I NVENTI ON: Angiostatin
Fragments and Met hod of Use (130 ) NUMBER OF SEQUENCES: 45
15 (1v) CORRESPONDENCE ADDRESS: (A) ADDRESSEE
Jones & Askew ) e I 4191 Peachtree Street, 37th *
Pl oor (2) Torpgzon £bi)gel R (b .
STATE: Georgi a 20 (1) szoveNce SlarhéddiiIsvios. S.
(A) LENGTH: 78 amino acids )
5 (B) TYPE: amino acid

{C) STRANDEDNESS:
(D) TOPOLOGY: linear

{ii) MOLECULE TYPE: protein
10
(1ii) HYPOTHETICAL: NO

{iv) ANTI-SENSE: NO
15 (v) FRAGMENT TYPE: N-terminal

{vi) ORIGINAL SOURCE:
(A) ORGANISM: Bovine

20 (vii) IMMEDIATE SOURCE:
{B) CLONE: X2

25 {xi) SEQUENCE DESCRIPTION: SEQ ID NO:1§:

Cys Met His Cys Ser Gly Glu Asn Tyr Glu Gly Lys Ile Ala Lys Thr
1 5 10 15

30 Met Ser Gly Arg Asp Cys Gln Ala Trp Asp Ser Gln Ser Pro His Ala
20 25 30

His Gly Tyr Ile Pro Ser lys Phe Pro Asn Lys Asn Leu Lys Met Asn
35 40 45
35
Tyr Cys Arg Asn Pro Asp Gly Glu Pro Arg Pro Trp Cys Phe Thr Thr
50 85 60

Asp Pro Gln Lys Arg Trp Glu Phe Cys Asp Ile Pro Arg Cys
40 65 70 ' 75

{2) INFORMATION FOR SEQ ID NO:17:
(1) SRQUENCE CHARACTERISTICS:
45 () LENGTH: 78 amino acids
{(B) TYPE: amino acid
(C)} STRANDEDNESS : *
{D) TOPQOLOGY: linear
50 (ii) MOLECULE TYPE: protein -

(iii) HYPOTHETICAL: NO



(F) ZIP: 30303- 1769
(A) MEDI UM TYPE: Floppy di sk 25 (B) COVPUTER: | BM PC

conpati bl e

(v) COWUTER READABLE FORM

(© OPERATI NG SYSTEM PC- DOS/ Ms- DOS

(D) SOFTWARE: Patentln Rel ease #1.0, Version #1.30 (vi)
CURRENT APPLI CATI ON DATA:

(B) FI LI NG DAZBss3sT4

30 (A) APPLI CATI ON NUMBER: US
(© CLASSI FI CATI ON: PCT/US96/05856

(viii) ATTORNEY/ AGENT | NFORMATI ON: 35 (A) NAME: Warren,
W1liamL. - (B) REG STRATI ON NUMBER. 36, 714

(C) REFERENCE/ DOCKET NUVBER: 05213- 0126 (i x)

TELECOVMUNI CATI ON' | NFORMATI ON: 40 111 (A) TELEPHONE:

404- 818- 3700

(B) TELEFAX: 404-818-3799

(2) | NFORMATI ON FOR SEQ i) MRrdisense: 85 (i) SEQUENCE
CHARACTERI STI CS:

(B) TYPE: anino acid
(D TOPOLOGY:

| i near
5

10

15

20

25

30

35

45

30

(v)

{vi)

(vii)

{xi)

Cys

Val

His

Tyx

Asp
65

(A) LENGTH: 812 ami no acids
FRAGMENT TYPE: N-téfnin&i] RANDEDNESS: 50

(ii) MOLECULE TYPE: protein
ORIGINAL SOURCE:
{A) ORGANISM: Murine

IMMEDIATE SOURCE:
{B) CLONE: K3

SEQUENCE DESCRIPTION: SEQ ID NO:17:

Leu Lys Gly Arg Gly Glu Asn Tyr Arg Gly Thr Val Ser Val Thr
5 10 15

Ser Gly Lys Thr Cys Gln Arg Trp Ser Glu Gln Thr Pro His Arg
20 25 30

Asn Arg Thr Pro Glu Asn Phe Pro Cys Lys Asn Leu Glu Glu Asn
35 40 45

Cys Arg Asn Pro Asp Gly Glu Thr Ala Pro Trp Cys Tyr Thr Thr
50 55 60

Ser Gln Leu Arg Trp Glu Tyr Cys Glu Ile Pro Ser Cys’
70 75

{2) INFORMATION FOR SEQ ID NO:18:

(L)

(ii)
(iii)
(iv)
(v

{vi)

{vii)

SEQUENCE CHARACTERISTICS:
{2) LENGTH: 78 amino acids
{B) TYPE: amino acid
{C) STRANDEDNESS:

{D) TOPOLOGY: linear
MOLECULE TYPE: protein
HYPOTHETICAL: NO
ANTI-SENSE: NO
FRAGMENT TYPE: N-terminal

ORIGINAL SOURCE:
{(A) ORGANISM: Homo sapiens

IMMEDIATE SOURCE:
{(B) CLONE: K3



WD 96/ 35774 PCT/ US96/ 05856

91 (iii) HYPOTHETI CAL: NO (iv) ANTI-SENSE: NO
5 (v) FRAGMVENT TYPE: N-term nal (vi) ORI A NAL SOURCE:
(A) ORGANI SM Muri ne 10 (vii) 1 MVEDI ATE SOURCE:

(B) CLONE: Pl asm nogen 15 (xi) SEQUENCE DESCRI PTI ON: SEQ I D

NO 1: WO 96135774 Met Asp His Lys Gu Val Ile Leu Leu PhpcivespelossssLeu

Leu Lys Pro 1 5 10

15 20 Gy @n Ay Asp Ser Lou Asp Ay Tyr Ile Ser Thr A n Ay
Al a Ser 20 25

30 Leu Phe Ser Leu Thr Lys Lyppd@n Leu Ala Ala Gy Gy Val

Ser Asp 35 40 45

%; Phe Cys Leu AI a cz%sca:pmmmy SEggIDTQCI; 1'3‘5p Phe Val Qég Arg

gSISn Tyr H's Ser Lys GI u C—‘Llyn lgeu L}%/&&/aﬂhr%g Aet Al w&g%ﬁg %grvﬂ Ala 351 Ty

Lys Thr Ser Ser Ilg IIe Arg Met Arg Asp Val Ile Leu Phe G u Lys
Val Ser Gly His Thr Cys Gln His Trp Ser Ala Gln Thr Pro His Thr

20 25 30
His Asn Arg Thr Pro Glu Asn Phe Pro Ser Lys Asn Leu Asp Glu Asn
10 35 40 13
Tvr Cys Arg Asn Pro Asp Gly Lys Arg Ala Pro Trp Cys His Thr Thr
50 55 60
15 Asn Ser Gln Val Arg Trp Glu Tyr Cys Lys Ile Pro Ser Cys

65 70 . 75
(2) INFORMATION FOR SEQ ID NO:19:

20 (i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 78 amino acids
(B) TYPE: amino acid
{C)} STRANDEDNESS:
(D) TOPOLOGY: linear

25
(ii) MOLECULE TYPE: protein
(1ii) HYPOTHETICAL: NO
30 (iv) ANTI-SENSE: NO
{v) FRAGMENT TYPE: N-~terminal
{vi) ORIGINAL SOURCE:
35 {A) ORGANISM: Rhesus monkey
(vii) IMMEDIATE SOURCE:
{B) CLONE: X3
40
{xi) SEQUENCE DESCRIPTION: SEQ ID N0:19:
Cys Leu Lys Gly Thr Gly Glu Asn Tyr Arg Gly Asp Val Ala Val Thr
45 1 5 10 15
Val Ser Gly His Thr Cys His Gly Trp Ser Ala Gln Thr Pro His Thr
20 . 25 30
50 His Asn Arg Thr Pro Glu Asn Phe Pro Cys Lys Asn Leu Asp Glu aAsn

35 40 45



85
Ser
100
Arg
120
Asn
135
Arg
155
Asp
170
Met
185

AQu
Thr
Tyr
Asn
Lys

Ty¥

90

Cys Lys Thr Ay
105

Lys Ser @y Val
125

Ser  Prflo sxpds77hn"
wo 7}40

Pro Asp Asn Asp
160

Arg Tyr Asp Tyr
175

Cys Ser Ay Qu Lys

190

PCT/ US96/ 05856

Tyr Au Ay Lys lle

195
Ser
215

Pro

200

5
Hs Ala Hs Ay Tyr Ile Pro Ala Lys Phe 210

Ser Lyg, ;far ol v hee i bﬁPT@?‘%ygﬁr%ﬁ $E& sqr o
5

95 35 Arg Val Tyr Leu
lle Ay Asn Ay Tyr Arg
110 Gy Thr Met Ser
Ala Cys An Lys Trp Ay 115
40 Ala Thr Phe Pro H's Val Pro
H's Pro Asn, 130 pCcT/O896/08856
Gu @y Leu u Qu Asn Tyr Cys
Gu d@n 45 145 150
Gy Pro Trp Cys Tyr Thr Thr Asp Pro
Cys 113 165
50 Asn II'e Pro Qu Cys u Qu Qu Cys
'Ez Cys Arg %%ﬁ/%@?zw Glu Lys Ala1P8roo Trp Cys Tyr Thr Thr
9260

er

278) INFORMATION FOR SEQ ID NO:20:

10

15

20

25

(1) SEQUENCE CHARACTERISTICS:
{A) LENGTHE: 78 amino acids
(B} TYPE: amino acid
(C) STRANDEDNESS:
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

(1ii) HYPOTHETICAL: NO

{(iv) ANTI-SENSE: NO
(v} FRAGMENT TYPE: N-terminal

{(vi) ORIGINAL SOURCE:
{a) ORGANISM: Porcine

(vii) IMMEDIATE SOURCE:

30

35

40

45

(B} CLONE: K3

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:20:

Cys Leu Lys Gly Arg Gly Glu Asn Tyr Arg Gly Thr Val Ser Val Thr
1 5 10 15

Ala Ser Gly His Thr Cys Gln Arg Trp Ser Ala Gln Ser Pro His Lys
20 25 30

His Asn Arg Thr Pro Glu Asn Phe Pro Cys Lys Asn Leu Glu Glu Asn
35 40 45

Tyr Cys Arg Asn Pro Asp Gly Glu Thr Ala Pro Trp Cys Tyr Thr Thr
50 55 60

Asp Ser Glu Val Arg Trp Asp Tyr Cys Lys Ile Pro Ser Cys
€5 70 75



Pro
225
Pro
245
Arg
260
Cys
275

295
Phe
315

330
Tyr
345
Adn
360
Tyr
380
Cys
400
Asn
415
Asp
430
Val

Ser

Arg

Leu
Lys
Pro

Thr

Ser
dn
dn

Phe

Arg

Lys
Pro
Thr
Lys
Thr
Cys
Al a

Asp

Ser

Ser
40

Asp

45°

Trp

Asn Leu Lys Met Asn Tyr Cys His Asn Pro Asp Ay GQu
230 235 240 10
Trp Cys Phe Thr Thr Asp Pro Thr Lys Arg Trp Qu Tyr
250 255 Cys Asp Ile Pro
Thr Pro Pro Pro Pro Pro Ser Pro Thr
WO 96/357746° 270 .15 PCI/US96/08856 G n
Gy Arg dy GQu Asn Tyr Arg Gy Thr Val Ser
280 285 Val Thr Val Ser
Cys An Arg Trp Ser Gu A@n Thr Pro 20 290
300 H's Ajg H's Asn Arg Thr Pro G u Asn
Lys Asn Leu G u 305 310
3 n Tyr Cys Arg Asn Pro Asp Ay
Pro Trp q/% mom'g:%N FOR SEQ %%opg 325 .
335 (i) SEQUENCE cuaracTEdrstils.ASP Ser G n Leu Arg Trp Gu
Il'e Pro Ser LENGTH: 78 amino acids 340
5 350 TYPE: amino acid u Ser Ser Ala Ser Pro Asp
Ser Ser Val Pro Pi€) SrAhNDEDNESS: single 355
365 {p) TopoLogY: Maeadl N Thr Pro Val Val @ n du Cys
Asp Ay dn Ser 35 370 375
10 Tyr (Aﬂg!’l@mm%rpmeiﬂ'hr Thr Ile Thr Gy Lys Lys
390 395
Trp AER KF%P%TICPHENPW Hs Arg His Ser Lys Thr Pro A u
405 410
Pro(,&s) My sEﬁ’s‘g'Leu Gu Met Asn Tyr Cys Arg Asn Pro
15 (v) FRAGMENT TYPE: %2Erminal 425
Lys Ay Pro Trp Cys Tyr Thr Thr Asp Pro Ser
Gu Tyr {vi}' ORIGINAL SOURCE:
~ {A) ORGANISM: Bovine
20 (vii) IMMEDIATE SOURCE:
(B) CLONE: K3
25 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:21:
Cys Leu Lys Gly Thr Gly Lys Asn Tyr Gly Gly Thr Val Ala Val Thr
1 5 10 15
30 Glu Ser Gly His Thr Cys Gln Arg Trp Ser Glu Gln Thr Pro His Lys
20 25 30
Higs Asn Arg Thr Pro Glu Asn Phe Pro Cys Lys Asn Leu Glu Glu Asn
35 40 45
35
Tyr Cys Arg Asn Pro Asp Gly Glu Lys Ala Pro Trp Cys Tyr Thr Thr
50 55 60
Asn Ser Glu Val Arg Trp Glu Tyr Cys Thr Ile Pro Ser Cys
40 €5 _ 70 75
{2) INFORMATION FOR SEQ ID NO:22:
{i) SEQUENCE CHARACTERISTICS:
45 {A) LENGTH: 78 amino acids
{B) TYPE: amino acid
{C)} STRANDEDNESS:
{D) TOPOLOGY: linear
50 (ii) MOLECULE TYPE: protein

{iii) HYPOTHETICAL: NO



435 440

Lys Arg Cys Ser Au Thr Ay
455 460
Gy Pro Ser Asp Ser @u Thr
475 480
PCT/ US96/ 05850 96/35774

Cys Met Tyr Ay Asn Ay Lys

485 490

Pro Cys G@n Ay Trp Ala Ala
500 505

Thr Pfo An Thr Asn Pro Arg
520 - 525
Gy Asp Val Asn Gy Pro 3
535 540 (4
Tyr Cys Asp Ile Pro Leu Cys
555 5§ 560 (vi)

Lys Pro G n Val Qu Pro Lys

445 Cys Asn Leu
@y Ser Val val Qu Leu 50 450

Pro Thr Val Ser dn GQu Pro Ser
Asp 465 470

WD 96/ 35774
$ET1/0S96/05856

Asp Tyr Arg Gy Lys Thr Ala Val Thr

495 5 Ala Ala Ay Thr
Gn GQu Pro Hs Arg

510 115 H's Ser Ile Phe

Ala Asp Leu Gu Lys
-ﬁﬂsEz NO

515

Asn Tyr Cys Arg Asn Pro Asp

530

Fm TYPE: 'N[rgdg{alAsn Pro Arg Lys Leu Tyr Asp

550

ORIGINAL soUch,N a Ser Ala Ser Ser Phe Au Cys Gy

{4) ORGANISM: Murine

IMMEDIATE SOURCE:
(B) CLONE: R4

SEQUENCE DESCRIPTION: SEQ ID ND:22:

Tyr Gln Ser Asp Gly Gln Ser
5

Thr Gly Lys Lys Cys Gln Ser
20

Ser Lys Thr Pro Glu Asn Phe
35 40

Tyr Arg Gly Thr Ser Ser Thr Thr
10 15

Trp Ala Ala Met Phe Pro His Arg
25 30

Pro Asp Ala Gly Leu Glu Met Asn
45

Tyr Cys Arg Asn Pro Asp Gly Asp Lys Gly Pro Trp Cys Tyvr Thr Thr

{vii)

10
{xi})
15 Cys

1

Ile

20
His

25

50 55

&0

Asp Pro Ser Val Arg Trp Glu Tyr Cys Asn Leu Lys Arg Cys

&5

70

30 (2) INFORMATION FOR SEQ ID NO:23:

(1)

35
{ii)
40 (iii)
(iv)
{v)
. 45
. (vi)
* (vii)
- 50

SEQUENCE CHARACTERISTICS:
{A) LENGTH: 78 amino acids
{B) TYPE: amino acid
{C} STRANDEDNESS: .

(D) TOPOLOGY: linear
MOLECULE TYPE: protein
HYPOTHETICAL: NO
ANTI-SENSE: NO
FRAGMENT TYPE: N-terminal

ORIGINAL SOURCE:
{(A) ORGANISM: Homo sapiens

IMMEDIATE SOURCE:
{B) CLONE: K4

75



565
Arg
580
Ile
600
Pro
615
Phe
635

650
Arg
665
Lys
685
Cys
700
Leu
720
Val

735
Adn
750

Val
Ser
AQu
Tyr
Val
Asp
Val
Tyr

Lys

Leu

Val
Phe
Al a
dy
Val

S

575 20 Lys Cys Pro Ay
Ala Asn Pro H s Ser
590 Trp Pro Trp G n
Thr Gy A n Hs Phe 595
25 Cys Ay Ay.Thr Leu Ile Ala
Ala H s 610 PCT/US96/05856
Cys Lou Qu Lys Ser Ser Arg Pro Qu
30 625 630
Ala Hs GQu Gu Tyr Ile Arg Ay Leu
116 645
35 . Ala Lys Leu Ile Leu Qu Pro Asn Asn

660
SEQUENCE DESCRIPEINSSFRAPG™B23 Al a Thr 11le Thr Asp

" gz e siy ep iy gln sep avd Ao YR i

690

Gy FpThE wliys Tye tsneld Ber Irkp Fae erméd @n:iSpYo AlLg Arg
705 20 71025 30715
Ala G n Leu Pro Val Ile Au Asn Lys Val Cys Asn Arg

His

Gln Lys Thr Pro Glu X5 Tyr Pro Asn Ala Gly L&gThr Met Asn

Leu Asn AsR®Arg Val Lys Sef®Thr Qu Leu Cy45Ala dy

Tyr

Asp
€5

Cys Arg Asn Pro7§s% Ala Asp Lys Gly Pro '.Iz.élp5 Cys Phe Thr Thr
50 - 55 - 60

Pro Ser Val Arg Trp Glu Tyr Cys Asn Leu Lys Lye Cys
70 75

(2) INFORMATION FOR SEQ ID NO:24:

570
Val Ay Ay Cys
585
Leu Arg Thr Arg
605
Trp Valodeddrzhnr
620
Lys Val Ile Leu
: 640
Gn du lle Ser
655
Ile Ala Leu Leu
670
Ile Pro Ala Cys
40
Il e Thr 5
Gu 45
Tyr :
Moo 10
Al a
15
20
25
30 -
35
40
45
50

(i)

(ii)
(iid)
(iv}
(v)
(vi)

{wvii)

{xi)

Cys

His

SEQUENCE CHARACTERISTICS:
(A) LENGTH: 168 amino acids
{B) TYPE: amino acid
{C) STRANDEDNESS:

(D) TOPOLOGY: linear
MOLECULE TYPE: protein
HYPOTHETICAL: NO
ANTI-SENSE: NO
FRAGMENT TYPE: N-terminal

ORIGINAL SOURCE:
{A) ORGANISM: Murine

IMMEDIATE SOURCE:
(B) CLONE: K2-3

SEQUENCE DESCRIPTION: SEQ ID NO:24:

Met Tyr Cys Ser Gly Glu Lys Tyr Glu Gly Lys Ile Ser Lys Thr
5 10 15

Ser Gly Leu Asp Cys Gln Ala Trp Asp Ser Gln Ser Pro His Ala
20 25 30

Gly Tyr Ile Pro Ala Lys Phe Pro Ser Lys Asn Leu Lys Met Asn
35 40 45



WD 96/ 35774 PCT/ US96/ 05856

94 Gy Ay Val Asp Ser Cys G n Ay Asp Ser Ay Gy Pro Leu
Val Cys . 755 760 765
Phe Gu Lys Asp Lys Tyr Ile Leu Gdn Ay Val Thr Ser Trp Gy Leu 5
770 775 780 Gy Cys Ala Arg
Pro Asn Lys Pgryéda¥éryal Tyr Val Arg Val Ser Arg PCI/U356/05856
790 95 800 10 Phe Val Asp Trp
Ile Gu Arg Gu Met Arg Asn Asn 805
810 (2) 1 NFORVATI ON FOR SEQ I D NG 2: 15 (1) :
SEQUENCE CHARACTERI STI CS: 117 (A) LENGIH 339 am no acids
(B) TYPE: am no acid (C) STRANDEDNESS:
(D TOPOLOGY: |inear 20 | i }: MLECULE TYPE: protein
(iii) HYPOTHETI CAL: NO T¥r CysjHis Asn P(ru"v‘)sPAég’( ShkgEe Argdro Trp Cys Phe Thr Thr
(v) FRAGVENT TYPE: N-term naf? - (vi) ORIA NAL ®SoURCE:
30 - (A) ORGANISM oMb ys arg rp o1u Tyr ciiesh HVER) ATF SOB  ins
5 65 70 75 80
Pro Pro Pro Pro Pro Ser Pro Thr Tvr Gln Cys Leu Lys Gly Arg Gly
. 85 90 95
10 Glu Asn Tyr Arg Gly Thr Val Ser Val Thr Val Ser Gly Lys Thr Cys
100 105 110
Gln Arg Trp Ser Glu Gln Thr Pro His Arg His Asn Arg Thr Pro Glu
115 120 125
15
Asn Phe Pro Cys Lys Asn Leu Glu Glu Asn Tyr Cys Arg Asn Pro Asp
- 130 135 140
Gly Glu Thr Ala Pro Trp Cys Tyr Thr Thr Asp Ser Gln Leu Arg Trp
20 145 150 155 160

Glu Tyr Cys Glu Ile Pro Ser Cys
165

25 (2) INFORMATION FOR SEQ ID NO:25:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 168 amino acids
{B) TYPE: amino acid
30 (C)}) STRANDEDNESS:
(D) TOPOLOGY: linear
{ii) MOLECULE TYPE: protein
35 (iii) HYPOTHETICAL: NO
{(iv) ANTI-SENSE: NO

{v) FRAGMENT TYPE: N-terminal

40
(vi) ORIGINAL SOURCE:
(2) ORGANISM: Homo sapiens
(vii) IMMEDIATE SOURCE:
. 45 {B) CLONE: K2-3
g (xi) SEQUENCE DESCRIPTION: SEQ ID NO:25:
- 50

Cys Met His Cys Ser Gly Glu Asn Tyr Asp Gly Lys Ile Ser Lys Thr
1 5 10 s



(B) .CLONE: Angiostatin fragnent 35

(xi) SEQUENCE
DESCRI PTI ON: SEQ | D NO. 2:

Val Tyr Leu Ser Au Cys Lys Thr
5

Gy lle dy Asn Ay Tyr Arg Ay 40 1

10 15 Thr Met Ser Arg Thr Lys Ser Qy
Val Ala Cys A n Lys Trp Ay A a 20

25 wo 96357730 45 Thr Phe Pro H's Val Prornsssessss Ser
Pro Ser Thr H's Pro Asn Qu 35 40
45 Gy Leu Au Gu Asn Tyr Cys Arg Asn Pro Asp Asn Asp Gu
Adn dy 50 55 60

50 Pro Trp Cys Tyr Thr Thr Asgig Pro Asp Lys Arg Tyr Asp Tyr
Cys Asn 65 ' 70 75

?’%I'/ Us96/ 0585\(;\0 96/ 35774 Met Ser Gly Leu Glu Cys Gln Ala Trp Asp Sergqg.n Ser Pro His Ala

Ile Pro Qu C¢ys Au GQu Au Cys I\/b?oTyr Cys Ser G§5Gu Lys Tyr 30

85 . 90 His Gly Tyr Ile Pro HPr I_.Iys Phe Pro Asn Ly& AinQeh LYsS 1id @sn
Ser Lys Thr Met Sy Ay Leu Aspafys G n Ala Trpso ¢s5
Tyr Cys Arg Asn Pro Asp Arg Glu Lew Arg Pro Trp Cys Phe Thr Thr
S0 55 60
10 " Asp Pro Asn Lys Arg Trp Glu Leu Cys Asp Ile Pro Arg Cys Thr Thr
65 70 75 80
Pro Pro Pro Ser Ser Gly Pro Thr Tyr Gln Cys L.eu Lys Gly Thr Gly
85 920 95
15
Glu Asn Tyr Arg Gly Asn Val Ala Val Thr Val Ser Gly His Thr Cys
' 100 105 . 110
Gln His Trp Ser Ala Gln Thr Pro His Thr His Asn Arg Thr Pro Glu
20 115 120 125
Asn Phe Pro Cys Lys Asn Leu Asp Glu Asn Tyr Cys Arg Asn Pro Asp
130 135 140
25 Gly Lys Arg Ala Pro Trp Cys His Thr Thr Asn Ser Gln Val Arg Trp
145 150 155 160
Glu Tyr Cys Lys Ile Pro Ser Cys
165
30

{2) INFORMATION FOR SEQ ID NO:26:

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 168 amino acids
35 (B) TYPE: amino acid
{C) STRANDEDNESS:
{D) TOPOLOGY: linear

{ii) MOLECULE TYPE: protein

“ {1ii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO
45 (v) FRAGMENT TYPE: N-terminal
{vi)}) ORIGINAL SOURCE:
(A) ORGANISM: Rhesus monkey
50 (vii) IMMEDIATE SOURCE:

(B) CLONE: K2-3



115
Lys
135
Thr
155
Pro
170
Tyr
185
Trp
205
Au
Asn
225
Thr

245
Pro
260
Val

280

300
Phe
320

Ser
Met
Lys
Pro
Arg
Ser

du
Tyr

Asp
Asp
Adn
Lys

Pro

Adn
Asn
Arg
Pro
Ay

Au
25

Ser
Adn
Au

Lys

45

100 105 110
Ser Pro Hs Ala Hs Ay Tyr Ile Pro Ala Lys Phe Pro
120 125 10 Ser Lys Asn Leu
Tyr Cys H's Asn-Pro Asp Ay Gu Pro 130
140 Arg Pro Trp Cys Phe Thr Thr Asp Pro
Wb okhdtrd yr Cys 145 PCI/OSH6/05856
160 15 Asp Ile Pro Arg Cys Thr Thr
Pro Pro Ser Pro Thr Tyr 165
175 Gn Cys Leu Lys Ay Arg Gy G u Asn
Thr Val Ser Val 20
190 . Thr \7‘a119 Ser Ay Lys Thr Cys A n Arg
G@n Thr Pro His 195 200
A9 g 43Rl Bt Hed 3B RGeS0 VS Lys Asn Leu
Arg Asn Pro T r r r
s 230 é§£’ l@b@lig s Bér ?%g 2k %sh 'BrrOA&) 1G_¥y L}%A&}e Ser éﬁs Thr

10
Gn Leu Arg Trp Gu Tyr Q/s GQu lle Pro Ser Cys Qu
250 Met Ser Gly Leu Glu 2P Gln Ala Trp Asp Ser 32h <@l PR 8isSRla,

Ser Asp Ser Ser Val PreoPro Gu Gu 25635 30
265 ' 270 A n Thr Pro Val
Oys Hr G n 8bs QAyTvE JleCPre Ser L¥grPhe Pro Asn Lys Asn Leu Lys Ly Asn
285 4085 Arg G y %r Ser Ser Thr 4fhr 1le Thr
Cys @n Ser -E%P A P 2lag
a AT\ PR B AP ey e AP Profi B
15 "305 315
Asp Pro Asn Lys Arg Trp Glu Leu Cys 2sp Ile Pro Arg Cys Thr Thr
65 70 75 ) 80
Pro Pro Pro Ser Ser Gly Pro Thr Tyr Gln Cys lLeu Lys Gly Thr Gly
20 85 90 95
Glu Aén Tyr Arg Gly Asp Val Ala Val Thr Val Ser Gly His Thr Cys
100 105 110
25 His Gly Trp Ser Ala Gln Thr Pro His Thr His Asn Arg Thr Pro Glu
- 115 120 125
Asn Phe Pro Cys Lys Asn Leu Asp Glu Asn Tyr Cys Arg Asn Pro Asp
130 135 140
30
Cly Glu Lys Ala Pro Trp Cys Tyr Thr Thr Asn Ser Gln Val Arg Trp
145 150 155 160
Glu Tyr Cy= Lys Ile Pro Ser Cys
35 165

(2) INFORMATION FOR SEQ ID NO:27:

(1) SEQUENCE CHARACTERISTICS:
40 {4) LENGTH: 168 aminoc acids
(B) TYPE: amino acid
{C) STRANDEDNESS:
(D} TOPOLOGY: linear

45 (ii) MOLECULE TYPE: protein
{1ii) HYPOTHETICAL: NO
{iv) ANTI-SENSE: NO

50
(v) FRAGMENT TYPE: N-terminal



Asp Ala Ay Leu Gu Met Asn Tyr Cys Arg Asn Pro Asp Ay Asp Lys
335

325 330 Ay Pro Trp
50 _ WD 96/ 35774

PCT/ US96/ 05856 _ 96

(2) | NFORMATI ON FOR SEQ I D NO 3: (i) SEQUENCE
CHARACTERI STI| @ 9¢/35774 5 (A) LENGTH: 339 am no agiefisosnssss
(B) TYPE: am no acid (C) STRANDEDNESS:

(D TOPOLOGY: |inear . 10 (ii) MOLECULE TYPE: protein

(i1i) HYPOTHETI CAL: NO (1v) ANTI-SENSE: No 15

(v) FRAGVENT TYPE: N-termninal 120 (vi) ORI G NAL SOURCE:

{vii)

{vi) ORIGINAL SOURCE:

(A) ORGANISM: Porcine

10

15

20

30

35

{xi)

Cys

1l 5

Met Ser Gly Ile
20

Glu

His -Gly Tyr Leu Pro

as
Tyr Cys Arg Asn
50

Pro

Asp Pro Asn Lys

§5

Arg

Pro Pro Pro Thr Ser

85

Asn Tyr Arg Gly
100

Glu

Gln Arg Trp Ser Ala

115

Phe Pro Cys
130

Lys

Gly Glu Thr Ala
145

Pro

Asp Tyr Cys Lys lle
165

IMMEDIATE SOURCE:
{B) CLONE: K2-3

Cys
Ser
Asp
Trp
70

Gly
Thr
Gln
Asn

Trp
150

Pro

Gln Ser Trp
25

Phe Pro
40

Lys
Gly Glu Pro
55

Glu Phe Cys

Pro Thr Tyr

Val Ser Val

105

Ser Pro His
120

Leu Glu Glu

135

Cys Tyr Thr

Ser Cys

(2) INFORMATION FOR SEQ ID NO:28:

45

50

{i) SEQUENCE CHARACTERISTICS:
(A) LENGCTH: 168 amino acids
(B) TYPE: amino acid
{C) STRANDEDNESS:
{D) TOPOLOGY: linear

{ii) MOLECULE TYPE: protein

SEQUENCE DESCRIPTION: SEQ ID NO:27:

Met His Cys Ser Gly Glu His Tyr Glu Gly Lys Ile Ser

10

Cly Ser Gln Ser Pro
30

Asn Lys Asn Leu Lys
45 '

Arg Pro Trp Cys Phe
60

Asp lle Pro Arg Cys
75

Gln Cys Leu Lys Gly
90

Thr Ala Ser Gly His
110

Lys His Asn Arg Thr
125

Asn Tyr Cys Arg Asn
140

Thr Asp Ser Glu Val
155

Lys
15
His

Met

Arg

95

Pro

Pro

Arg

Glu

Asp

160



(A) ORGANI SM Honob sapi ens 20
(B) CLONE: Angiostatin fragnent 25

| MVEDI ATE SOURCE:
(xi) SEQUENCE

(Vii)

DESCRI PTI ON: SEQ I D NO 3: Val Tyr Leu Ser A u Cys Lys Thr
Gy Asn Ay Lys Asn Tyr Arg Ay 1 5
10 15 30 Thr Met Sex Lys Thr Lys Asn

Gy lle Thr CxvoSkmsey/s Trp Ser Ser PCT/U396/05856
25 30 Thr Ser Pro His Arg Pro Arg Phe Ser
Pro Ala Thr Hs Pro Ser Gu 35 35 40
45 Gy Leu Au Gu Asn Tyr Cys Arg Asn Pro Asp Asn Asp Pro
An dy 50 121 55° 60
40 Pro Trp Cys Tyr Thr Thr Asp Pro Qu Lys Arg Tyr Asp Tyr Cys Asp
65 v 70 5 80
(1ii) HYPOTHETICAL:
Ile Leu Qu Cys u Au Gu Cys I\/gfclﬁll'sné/s_ Ser Ay Gu Asn Tyr
85 90 (iv) ANTI-SENSE: No 95 45 Asp Gy
Lys Il Ser Lys Thr Met Ser Gy Leu Au Cys An Ala Trp .
100 5 105 (v) FRAGMENT TYPE: ¥iferminal Asp Ser dn
Ser Pro His Ala Hs Ay Tyr Ile Pro Ser Lys Phe Pro 50
115 : 120 (vi) ORIGINAL SOURCE:]25 Asn Lys Asn
Leu Lys Lys Asn Tyr Cys Arg A% PRERANESH: Reyirg u Leu 130
135 10 140 (vii) IMMEDIATE SOURCE:
(B) CLONE: XK2-3
15 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:28:
(;ys- Met His Cys Ser Gly Glu Asn Tyr Glu Gly Lys Ile Ala Lys Thr
-3 10 © 15
20 Met Ser Gly Arg Asp Cys Gln Ala Trp Asp Ser Gln Ser Pro His Ala
20 25 30
Hie Gly Tyr Ile Pro Ser Lys Phe Pro Asn Lys Asn Leu Lys Met Asn
35 40 45
25
Tyr <5:ys Arg Asn Pro Asp Gly Glu Pro Arg Pro Trp Cys Phe Thr Thr
0 55 60
Asp Pro Gln Lys Arg Trp Glu Phe Cys Asp Ile Pro J.\rg Cys Thr Thr
30 65 70 75 80
Pro Pro Pro Ser Ser Gly Pro Lys Tyr Gln Cys Leu Lys Gly Thr Gly
85 90 95
35 Lys Asn Tyr Gly Gly Thr Val Ala Val Thr Glu Ser Gly His Thr Cys
100 105 : 110
Gln Arg Trp Ser Qlu Gln Thr Pro His Lys His Asn Arg Thr Pro Glu
115 120 : 125
40
Asn Phe Pro Cys Lys Asn Leu Glu Glu Asn Tyr Cvs Arg Asn Pro Asp
130 135 140
. Gly Glu Lys Ala Pro Trp Cys Tyr Thr Thr Asn Ser Giu Val Arg Trp
45 145 150 155 '

160

Glu Tyr Cys Thr Ile Pro Ser Cys
165



WD 96/ 35774 PCT/ US96/ 05856

97 Arg Pro Trp Cys Phe Thr Thr Asp Pro Asn Lys Arg Trp Gu
Leu Cys 145 150 _ 155

160 5 Asp Ile Pro Arg Cys Thr Thr Pro Pro Pro Ser Ser Ay Pro
Thr Tyr 165 170

175 wooens7id N Cys Lou Lys Gy Thr Ay Gu Asn Tyr degusseysséen Val
Al a Val 180 185

190 10 Thr Val Ser Gy H's Thr Cys An H's Trp Ser
Ala G n Thr Pro H's 195 ' 200

205 Thr Hi's Asn Arg Thr ProiZ®@ u Asn Phe Pro Cys Lys Asn
Leu Asp Qu 15 210 215 220
Asn Tyr s Arg Asn o Tr s His Thr

A Qs Arg 81‘%@83&%&“:‘31%%&8@'@0 29 T'P & 240 20
Thr Asn Ser G n Val Arg TP deobenbsl cRkRoteiSetrcs; Pro Ser Cys Asp

245 . . 250 (A) LENGTH: 250 amino acids Ser Ser Pro
Val Ser Thr Gu Gsn Leu Al a Rip T¥ht: Amdndeeidro G u

260 265 (C) STRANDEDNESYZO0 25 : Leu
Thr Pro Val Val G n Asp Cys Tpi wPeLagyy mpaﬂ y An Ser Tyr

275 280 Arg Ay Thr
Ser Ser Thr Thr Ttbr Thr (i) MORECULESTYRES RH°ﬁe=$er Trp 30 290
295 10 300

{1ii) HYPOTHETICAL: NO
{iv) ANTI-SENSE: NO
15 {(v) FRAGMENT TYPE: N-terminal

(vi) ORIGINAL SOURCE:
{A) ORGANISM: Murine

20 (vii) IMMEDIATE SOURCE:
(B) CLONE: K1-3

25 {xi) SEQUENCE DESCRIPTION: SEQ ID NO:29:
Cys Lys Thr Gly Ile Gly Asn Gly Tyr Arg Gly Thr Met Ser Arg Thr
1 5 10 15
30 Lys Ser Gly Val Ala Cys Gln Lys Trp Gly Ala Thr Phe Pro His Val
20 25 30
Pro Asn Tyr Ser Pro Ser Thr His Pro Asn Glu Gly Leu Glu Glu Asn
35 40 _ 45
35 ,
Tyr Cys Arg Asn Pro Asp Asn Asp Glu Cln Gly Pro Trp Cys Tyr Thr
50 55 60
Thr Asp Pro Asp Lys Arg Tyr Asp Tyr Cye Asn Ile Pro Glu Cys Glu
40 65 70 75 80
Glu Glu Cys Met Tyr Cys Ser Gly Glu Lys Tyr Glu Gly Lys Ile Ser
85 80 95
45 Lys Thr Met Ser Gly Leu Asp Cys Gln Ala Trp Asp Ser Gln Ser Pro
100 : 105 ' 110
His Ala His Gly Tyr Ile Pro Ala Liyys Phe Pro Ser lLys Asn Leu Lys
: 115 120 125
50

Met Asn Tyr Cys His Asn Pro asp Gly Glu Pro Arg Pro Trp Cys Phe
130 135 . 140



Ser Ser Met Thr Pro His Arg Hs G n Lys Thr Pro Qu Asn Tyr Pro

305 310 315 320 35
Asn Ala Ay Leu Thr Met Asn Tyr Cys Arg Asn Pro Asp Ala Asp Lys

325 330 | 335 Gy Pro Trp

40 (2) | NFORMATI ON FOR SEQ I D NO 4: (i)
SEQUENCE CHARA¥e seisk! CS: (A) LENGTH: Ig9vuxoémasessaci ds
45 (B) TYPE: am no acid , (C) STRANDEDNESS:
(D TOPOLOGY: |inear (ii) MOLECULE TYPE: protein 50
(iii) HYPOTHETI CAL: NO WD 96/ 35774 '

PCT/ US96/ 05856 _ 123 98

(vi) ORI G NAL SOURCE: (A) ORGANI SM Rhesus nonkey

(Vi [ ) *] NVEDI ATE SOURCE:
Thr Thr Asp Pro Thr Lys Arg Trp Glu Tyr Cys Asp Ile Pro Axg Cys

- 145 150 185 160
) Thr Thr Pro Pro Pro Pro Pro Ser Pro Thr Tyr Gln Cys Leu Lys Gly .
5 165 170 175
Arg Gly Glu Asn Tyr Arg Gly Thr Val Ser Val Thr Val Ser Gly Lys
180 185 190
10 Thr Cys Gln Arg Trp Ser Glu Gln Thr Pro His Arg His Asn Arg Thr
195 200 205
Pro Glu Asn Phe Pro Cys Lys Asn Leu Glu Glu Asn Tyr Cys Arg Asn
210 215 220
15
Pro Asp Gly Glu Thr Ala Pro Trp Cys Tyr Thr Thr Asp Ser Gln Leu
225 230 235 . . 240
Arg Trp Glu Tyr Cys Glu Ile Pro Ser Cys
20 245 250

(2) INFORMATION FOR SEQ ID NO:30:

(i) SEQUENCE CHARACTERISTICS:
25 (A) LENGTH: 250 amino acids
(B} TYPE: amino acid
{C) STRANDEDNESS: -
(D} TOPOLOGY: linear

30 {ii) MOLRCULE TYPE: protein
(1ii) HYPOTHETICAL: NO

{iv) ANTI-SENSE: NO
K3

(v) FRAGMENT TYPE: N-terminal

{vi) ORIGINAL SOURCE:

4 {A) ORGANISM: Homo sapiens
0

(vii) IMMEDIATE SOURCE:
{(B) CLONE: K1-3

. 45 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:30:

Cys Lys Thr Gly Asn Gly Lys asn Tyr Arg Gly Thr Met Ser Lys Thr
1 5 Y 10 1s

- 50 Lys Asn Gly Ile Thr Cys Gln Lys Trp Ser Ser Thr Ser Pro His Arg
20 25 30



5 (B) CLONE: Angiostatin fragnent (xi)
SEQUENCE DESCRI PTI ON: SEQ | D NG 4: 10 Val Tyr Leu Ser
Au Cys Lys Thr Ay Asn Gy Lys Asn Tyr Arg Ay 1
5 10 15 Thr Met Ser Lys
Thr Arg Thr Ay Ile Thr Cys A n Lys Trp Ser Ser 15
20 e _ 30 Ther/ogsenissss H s
WO 96/35 _
Arg Pro Thr Phe Ser Pro Ala Thr H's Pro Ser Qu 35
40 45 20 Gy Leu Au du Asn Tyr Cys Arg Asn
Pro Asp Asn Asp Ay An Gy 50 55
60 Pro Trp Cys Tyr Thr Thr Ale4Pro GQu Au Arg Phe Asp Tyr
Cys Asp 65 75
?;loy aQu ign Tyr P%e(%er g’o A.'g H‘hr s(%ro &S f/thl)'r_“Leu %u G u Asn
95 Asp Gly Lys Iﬁe Ser Lys Thr t Ser Ay Leu ésu Cys An
Ala Trp 30 arg Adi0pro Asp 2sn asp Pro 6081y pro Tx
110 5 Asp Ser (?n Sgr Pr oroHl sp ,gls?;l Hf)s e Ay T yry Eoe Ppo Ser Lys
Phe Pro 115 120 125
35 Asn Lys Asn Leu ks aeysPrésClullys &ys Tir sAsTyrRiye AP 16 Le@laluRya Glu
130 135 65 1400 - 75Arg Pro Trp Cy80
Phe Thr Thr Asp Pr8 Asn Lys Arg Trp GQu Leu Cys 145
150 155 ©lu Glu Cys Met His) Gys Ser Gly(fSlu Asn Tyr Asp Gly Iﬂgpliqq ger
MoAm(WsTm'mrPH)MOPH)%rSdNHme'mrTﬁ°
165 170 Ley Lys
Ay Thr Ay Gu Asn Tyr Ar"ﬁsahy F%A?'eu\?‘? Cys il,: Bla Trp Mp@ér ﬂ‘g Ser ¥
180 15 185
His Ala His Gly Tyr Ile Pro Ser Ly=s Phe Pro Asn Lys Asn Leu Lys
115 120 125
Lys Asn Tyr Cys Arg Asn Pro Asp Arg Glu Leu Arg Pro Trp Cys Phe
20 130 135 ) 140
Thr Thr Asp Pro Asn Lys Arg Trp Glu Leu Cys Asp Ile Pro Arg Cys
145 150 155 160
25 Thr Thr Pro Pro Pro Ser Ser Gly Pro Thr Tyr Gln Cys Leu Lys Gly
165 170 175
Thr Gly Glu Asn Tyr Arg Gly Asn Val Ala Val Thr Val Ser Gly His
' 180 185 190
30
Thr Cys Gln His Trp Ser Ala Gln Thr Pro His Thr His Asn Arg Thr
195 200 205
Pro Glu Asn Phe Pro Cys Lys Asn Leu Asp Glu Asn Tyr Cys Arg Asn
35 210 215 220
Pro Asp Gly Lys Arg Ala Pro Trp Cys His Thr Thr Asn Ser Gln Val
225 230 235 240
40 Arg Trp Glu Tyr Cys Lys Ile Pro Ser Cys
245 250

{2) INFORMATION FOR SEQ ID NO:31:

45 (i) SEQUENCE CHARACTERISTICS:
{a) LENGTH: 250 amino acids
(B) TYPE: amino acid
{C) STRANDEDNESS:
(D} TOPOLOGY: linear
50
(ii) MOLECULE TYPE: protein

{iii) HYPOTHETICAL: NO



Cys

Asp
Trp

Pro

Gy Asp dy dn
iv) ANTI-SENSE: NO

rp

(v) Sehcbf Mek: MlkeRiQatli s Trp Hs Gu Lye Thr
; 305 310

Hs Ay Trp Ser Ala G n Thr Pro His

205

50

Ly's Asn Leu Asp Gu
WD 96/ 35774

Gy Gu Lys
G u Tyr Cys
Thr Ala Pro

235
255

270

{vi) ORIGINAL SOURCE:
(A) ORGANISM: Rhesus monkey

vii) IMMEDIATE SOURCE:

(B) CLONE:

K1-3

Ser Tyr
Arg Gy Thr Ser Ser Thr Thr Thr Thr

Pro {3su

10

290

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:31:

65

Asp

Lvs

His

Lys

Thy

145

Thr

Thr

Thr Val Ser Gy H's Thr Cys
195 200
Thr Pro A u Asn Phe Pro
215 220
PCT/ US96/ 05856
Asn Tyr Cys Awe s6@s775T O
225 230
Thr Asn Ser A n Val Arg
245 _ 250
Ser Thr GQu Pro Leu Asp
260 265
Val G*n A u Cys Tyr His
280 . 285
Gy Lys Lys Cys A n Ser
300 -~ 15
G u Asn Phe Pro
320

10

15

20

25

30

35

40

. 45
- 50

Thr

Lys Thr Gly

Thr Gly Ile
20

Thr Phe Ser
35

Cys Axg Asn
50

Asp Pro Glu
Glu Cys Met

Thr Met Ser
100

Ala His Gly
115

Asn Tyr Cys
130

Thr Asp Pro
Thr Pro Pro

Gly Glu Asn
180

Cys His Gly
195

Asn Gly
5

Thr Cys

Pro Ala

Pro Asp

Glu Arg

70

His
85

Gly Leu
Ile

Arg Asn

Asn Lys

150

Pro
165

Sexr
Iyr Arg

Trp Ser

Lys Asn Tyr Arg

10

Gln Lys Trp Ser

Thr
Asn
55

Phe
Ser
Glu
Pro
Pro
135
Arg
Ser

Cly

Ala

25

His
40

Pro
Asp Gly
Asp Tyr

Gly Glu

Gln
105

Cys

Ser
120

Lys

Asp Gly

Trp Glu

Gly Pro

Aép Val
185

Gln
200

Thr

Ser

Gln

Cys

Asn

90

Ala

Phe

Glu

Len

Thr

170

Ala

Pro

Thr

99

Ala Pro Trp Cys Tyr P

H s Asn Arg

210

TUS96/05856
240

Lys Ile Pro Ser Cys GQu

Ser

Leu Thr

Gly Thr Met

Ser Thr Ser

Glu Gly Leu

45
Gly Pro
60
Asp Ile
75

Pro

Tyr Asp Gly

Trp Asp Ser

Pro Asn

Lys
125
Pro Arg
140

Pro

aAsp Ile

155

Gln

Val Thr Val

His
205

His

Ser

5

Pro Val

Pro Val

275

295

Ser

Pro
30

Glu

Glu

Lys

Gln

110

Asn

Trp

Pro

Leu

Ser

130

Asn

Pro
315

Lys Thr
is

His Arg

Giu aAsn
Tyr Thr

Cys Glu
80

Ile Ser
85

Ser Pro
Leu Lys
Cys Phe

Arg Cys
160

Lys Gly
1758

Gly His

Arg Thr



Asn Ala Ay Leu Thr Met Asn Tyr Cys Arg Asn Pro Asp Ala Asp Lys 20

325 330 335 Ay Pro Trp
25 (2) I NFORVATI ON FOR SEQ I D NO 5: (i) SEQUENCE
CHARACTERI STI CS: (A) LENGTH 339 amino acids
(B) TYPE: am no acid 30 (C) STRANDEDNESS:
(D) TOPOLOGY: gld 4 (ii) MOLECULE TYPE: propetososnssse 35
(iii1) HYPOTHE - NO (vi) ORI G NAL SOURCE:
(A) ORGANI SM Por ci ne 40 . (vii) | MMEDI ATE SOURCE:
(B) CLONE: Angiostatin fragnment 45 (xi) SEQUENCE
DESCRI PTI ON: SEQ | D NO 5: | {26 Tyr Leu Ser du Cys Lys Thr
Gy Asn Ay LysAsnTyr Arg Ay 1 5
10 50 Thr Thr Ser Lys Thr Lys Ser dvy Val
Ile Cys Gn Lys Trp Ser \@o Glu Asn Phe Pro Cys Lys Asn Leu Asp?(ﬁu Asn Tyr Cys Axg Asn
25 30 210 215 220

5 Pro Asp Gly Glu Lys Ala Pro Trp Cys Tyr Thr Thr Asn Ser Gln Val

225 230 ' 2135 240

Arg Trp Glu Tyr Cys Lys Ile Pro Ser Cys
245 250
10

{2) INFORMATION FOR SEQ ID NO:32:

(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 250 aminc acids
15 {B) TYPE: amino acid
{C) STRANDEDNESS:
- (D} TOPOLOGY: linear

{ii) MOLECULE TYPE: protein

20
- {iii) HYPOTHETICAL: NO
{iv) ANTI-SENSE: NO
25 (v) FRAGMENT TYPE: N-terminal
{vi)} ORIGINAL SOURCE:
{A) ORGANISM: Porcine
30 (vii) IMMEDIATE SOURCE:
{B) CLONE: K1-3
35 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:32:
Cys Lys Thr Gly Asn Gly Ly= Asn Tyr Arg Gly Thr Thr Ser Lys Thr
1 ] 10 15
40 Lys Ser Gly Val Ile Cys Gln Lys Trp Ser Val Ser Ser Pro His Ile
20 _ 25 30
Pro Lys Tyr Ser Pro Glu Lys Phe Pro Leu Ala Gly Leu Glu Glu Asn
35 40 45
45
Tyr Cys Arg Asn Pro Asp Asn Asp Glu Lys Gly Pro Trp Cys Tyr Thr
50 55 60
Thr Asp Pro Glu Thr Arg Phe Asp Tyr Cys Asp Ile Pro Glu Cys Glu
50 65 70 75 80

Asp Glu Cys Met His Cys Ser Cly Glu His Tyr Glu Gly Lys Ile Sexr
. 85 80 95



WD 96/ 35774

100
Leu
Ay
50

Thr
70

Au
85

Ser
100
dn
115
Lys
135
Pro
155
Pro
170
Tyr
185
Adn

Al a
Leu

Thr
Asp
Lys
Ser
Met
Asn
Thr
Arg

Arg

Au
Asp
Au

Thr

Pro
Asn
Lys
Ser

Trp

PCT/ US96/ 05856
Ser Ser Pro His Ile Pro Lys Tyr Ser Pro Qu Lys Phe Pro

35 40 45
G u Asn Tyr Cys Arg Asn Pro Asp Asn Asp Qu Lys Gy 5
55 60 Pro Trp Cys Tyr
Pwvo $d/3s778hr Arg Phe Asp Tyr Cys Asp PCTIIS96/05856
75 80 10 Ile Pro Qu Cys
Cys Met Hs Cys Ser Ay Au Hs Tyr
90 95 Qu dy Lys lle
Met Ser Ay Ile Au Cys An Ser 1ap
105 110 15 Gy Ser
Hs Ala Hs Gy Tyr Leu Pro Ser Lys Phe Pro
120 pys Mets cly 42 g Gl Ngds
Tyr Qys Arg Agn PI’rO er yg% I_J),IpOCys nESr Trp é?t Sexya A%er
140 Arg Pro Trp Cys Phe Thr T%r Asp
Arg TSp G u Piie XgSHis Gly Tyr Leu Pro 4étbLys Phe Pro Asn Lys Ad@eu Lys
160 2515 Asp Il eit® o Arg Cys Thrazehr Pro Pro
Ay Pro Thr Tyr 165 .
175~ Met Asn Tyr Cys Arg @sp R.;,gskﬂPeﬁlﬂ_ﬂu Gry MggPA@ Pricicus Aba
Thr gl Ser val 3% 180 140
190 Thr Ser Ay Hs Thr S
Pro Asn Lys Arg Trp Gl Pge Cys Asp Ile Pro Arg
Ser Ala @n ghr "Blr ohﬁgf 150 155 160
Thr Thr Pro Pro Pro Thr Ser Gly Pro Thr Tyr Gln Cys Leu Lys Gly
15 165 170 175
Arg-Gly Glu Asn Tyr Arg Gly Thr Val Ser Val Thr Ala Ser Gly His
180 185 190
20 Thr Cys Gln Arg Trp Ser Ala Gln Sexr Pro Hi' Lys His Asn Arg Thr
195 200 205
Pro Glu Asn Phe Pro Cys Lys Asn Leu Glu Glu Asn Tyr Cys Arg Asn
210 215 220
25
Pro Asp Gly Glu Thr Ala Pro Trp Cys Tyr Thr Thr Asp Ser Glu Val
225 230 235 240
Arg Trp Asp Tyr Cys Lys Ile Pro Ser Cys
30 245 250
(2) INFORMATION FOR SEQ ID NO:33:
(i) SEQUENCE CHARACTERISTICS:
35 : (A) LENGTH: 250 amino acids
{B) TYPE: amino acid
(C) STRANDEDNESS:
{D) TOPOLOGY: linear
40 (ii) MOLECULE TYPE: protein
{1ii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO
45
{v) FRAGMENT TYPE: N-terminal
(vi) ORIGINAL SOURCE:
50 {A) ORGANISM: Bovine

{vii) IMMEDIATE SOURCE:
(B) CLONE: K1-3



195 200 205 Lys Hi s Asn
Arg Thr Pro A u Asn Phe Pro Cys Lys Asn Leu Qu Qu 35 210
215 220 Asn Tyr Cys Arg Asn Pro Asp Ay
Gu Thr Ala Pro Trp Cys Tyr Thr 225 230
235 240 40 Thr Asp Ser Gu Val Arg Trp Asp Tyr
Cys Lys Ile Pr H4yS Ay FETIUSI6HS856
250 Woskis %5 Ser Ser Thr Thr Ser Thr Qu H's
Leu Asp Ala Pro Val Pro Pro Gu . 260
265 270 45 Gn Thr Pro Val Ala G n Asp
Cys Tyr Arg Ay Asn Ay G u Ser Tyr 128 275
280 285 Arg Ay Thr Ser Ser Thr Thr Ile
Thr Gy Arg Lys Cys @ n Ser Trp 50 290 295
300 Val Ser Met Thr Pro His Arg Hs GQu Lys Thr Pro Ay
Asn Phe Pro 1) $RGUENCE DESCRIPTION: SEQO1H NO:33: 315
320 W0 96/ 357747 =
PCT/ US96/ 05856 5 Cys Lys Thr Gly Asn Gly Gln Thr Tyr Arg Glyl @dr Thr aAla Glu Thr
Asn Ala Ay Leu Thr Met Aan Tyr Cys Arg Asn Pro Asp Al @ Asp Lys 15
Lys Ser Gly Val Thr Cys Gln Lys Trp Ser Ala Thr Ser Pro His Val
20 25 30
10
Pro Lys Phe Ser Pro Glu Lys Phe Pro Leu Ala Gly Leu Glu Glu Asn
35 40 45
Tyr Cys Arg Asn Pro Asp Asn Asp Clu Asn Gly Pro Trp Cys Tyr Thr
15 50 55 60
Thr- Asp Pro Asp Lys Arg Tyr Asp Tyr Cys Asp Ile Pro Glu Cys Glu
65 70 75 ’ 80
20 Asp Lys Cys Met His Cys Ser Gly Glu Asn Tyr Glu ély Lys Ile Ala
85 90 95
Lys Thr Met Ser Gly Arg Asp Cys Gln Ala Trp Asp Ser Gln Ser Pro
100 105 110
25 .
Hie Ala His Gly Tyr Ile Pro Ser Lys Phe Pro Asn Lys Asn Leu Lys
115 120 125
Met Asn Tyr Cys Arg Asn Pro Asp Gly Glu Pro Arg Pro Trp Cys Phe
30 130 135 140
Thr Thr Asp Pro Gln Lys Arg Trp Glu Phe Cys Asp Ile Pro Arg Cys
145 150 155 160
35 Thr Thr Pro Pro Pro Ser Ser Gly Pro Lys Tyr Gln Cys Leu Lys Gly
165 . 170 175
Thr Gly Lys Asn Tyr Gly Gly Thr Val Ala Val Thr Glu Ser Gly His
180 185 190
40
Thr Cys Gln Arg Trp Ser Glu Gln Thr Pro His Lys His Asn Arg Thr
195 200 205
Pro Glu Asn Phe Pro Cys Lys Asn Leu Glu Glu Asn Tyr Cys Arg Asn
45 210 218 220
Pro Asp Gly Glu Lys Ala Pro Trp Cys Tyr Thr Thr Asn Ser Glu Val
225 230 235 240
50 Arg Trp Glu Tyr Cys Thr Ile Pro Ser Cys

245 - 250



325 330 335 5 Ser Pro Trp

(2) I NFORMATI ON FOR SEQ I D NQO 6: 10 (i) SEQUENCE
CHARACTERI STI CS: (A) LENGTH 339 ami no acids
(B) TYPE: am no acid (C) STRANDEDNESS:
(D TOPOLOGY: i near 15 (i1) MOLECULE TYPE: protein
(ii1) HYPOTHE 5 20 (vi) ORI G NAL SOURCE: pCT/US96/05856
(A) ORGANI SM Bovi ne (vii) 1 MMEDI ATE SOURCE:
(B) CLONE: Angiostatin fragnment 25 (xi) SEQUENCE
DESCRI PTI ON: SEQ I D NG 6: 30 Ile Tyr Leu Leu GQu Q/s Lys Thr
Ay Asn Ay @n Thr Tyr Arg Ay 1291
10 g 15 o Thr Thr Ala Gu Thr Lys Ser €] y Val
Thr Cys A n Lys Trp Ser, A a 20
25 g‘“;) INFORMATION FOR SEQ ID NO:34m,  gor prg His Val Pro Lys
Phe Ser Pro Qu Lys Phe Prp, 'sﬁébgﬁéﬁc TICS ; 35
40 - ! T LemcrH: 160Yamial dolibe G U Asn Tyr CQys Arg Asn
Pro Asp Asn Asp G & Asn Ay (8) TékE: amino acid ©0 .55
60 Pro Trp Cysc)lgtraNpepNEss: Asp Pro Asp Lys Ar g Tyr Asp Tyr
Cys Asp 65 (D) TOPOLOGY: linef
80
10 (ii) MOLECULE TYPE: protein
(iii) HYPOTHETICAL: NO
{iv) ANTI-SENSE: NO
15 (v) FRAGMENT TYPE: N-terminal
(vi) ORIGINAL SOURCE:
(A) ORGANISM: Murine
20 {vii) IMMEDIATE SOURCE:
(B) CLONE: K1-2
25 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:34:
Cys Lys Thr Gly Ile Gly Asn Gly Tyr Arg Gly Thr Met Ser Arg Thr
1 5 10 15
30 Lys Ser Gly Val Ala Cys Gln Lys Trp Gly Ala Thr Phe Pro His Val
20 25 30
Pro Asn Tyr Ser Pro Ser Thr His Pro Asn Glu Gly Leu Glu Glu Asn
35 40 45
35
Pyr Cys Axrg Asn Pro Asp Asn Asp Glu Gln Gly Pro Trp Cys Tyr Thr
50 55 60
Thr Asp Pro Asp Lys Arg Tyr Asp Tyr Cys Asn Ile Pro Glu Cys Glu
40 65 70 75 80
Glu Glu Cys Met Tyr Cys Ser Gly Glu Lys Tyr Glu Gly Lys Ile Ser
as 90 85 -
45 Lys Thr Met Ser Gly Leu Asp Cys Gln Ala Trp Asp Ser Gln Ser Pro
| 100 105 : 110
His Ala His Gly Tyr Ile Pro Ala Lys Phe Pro Ser' Lys Asn Leu Lys
° 115 120 ' 125
- 50

Met Asn Tyr Cys His Asn Pro Asp Gly Glu Pro Arg Prc Trp Cys Phe
130 135 140



45 Ile Pro GQu Cys Qu Asp Lys Cys Met H's Cys Ser Ay Gu Asn Tyr
85 90 95 GQu dy Lys lle
Ala Lys Thr Met Ser Ay Arg Asp Cys @ n Ala Trp

100 105 110 50 Asp Ser
Gn Ser Pro Hs Ala Hs Gy Tyr Ile Pro Ser Lys Phe Pro

115 WO 963575420 125 WO 96/ meridfsbsnssse

PCT/ US96/ 05856 102

Asn Lys Asn Leu Lys Met Asn Tyr Cys Arg Asn Pro Asp Ay Gu Pro

130 . 135 140 Arg Pro Trp Cys
Phe Thr Thr Asp Pro A n Lys Arg Trp G u Phe Qge 5 145

150 155 160 Asp Ile Pro Arg
Cys Thr Thr Pro Pro Pro $ Vo, Br

o Pr o %ﬁr 0L A& Yerlo 'ﬂ;rl‘ Y mep B e Craep & R PRy
@y Thr Ay Lys Asn Tyr Gly @y Thr Val a Val

180 185 190 . Thr Gu Ser dy
H's Thr Cys G n Ar§ Tip SEFORBATTOB FORTEEQ BDQuokBsS: 195
200 205

10

15

25

30

35

40

45

50

{i) SEQUENCE CHARACTERISTICS:
{(A) LENGTH: 160 amino acids
(B) TYPE: amino acid
{C) STRANDEDNESS :
(D) TOPOLOGY: linear
{1i) MOLECULE TYPE: protein
{iii) HYPOTHETICAL: NO
{(iv) .ANTI-SENSE: NO
(v} FRAGMENT TYPE: N-terminal

{(vi) ORIGINAL SOQURCE:
{A) ORGANISM: Homo sapiens

(vii) IMMEDIATE SOURCE:
{B) CLONE: Ki-2

{(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3S:

Cys Lys Thr Gly Asn Gly Lys Asn Tyr Arxrg Gly Thr Met Ser Lys Thr
1 5 10 15

Lys Asn Gly Ile Thr Cys Gln Lys Trp Ser Ser Thr Ser Pro His Arg
20 25 30

Pro Arg Phe Ser Pro Ala Thr His Pro Ser Glu Gly Leu Glu Glu Asn
35 40 45

. Iyr Cys Arg Asn Pro Asp Asn Asp Pro Gln Gly Pro Trp Cys Tyr Thr

50 55 60

Thr Asp Pro Glu Lys Arg Tyr Asp Tyr Cys Asp Ile Leu Glu Cys Glu
65 70 75 80

Glu Glu Cys Met His Cys Ser Gly Glu Asn Tyr Asp Gly Lys Ile Ser
85 90 95

Lys Thr Met Ser.Gly Leu Glu Cys Gln Ala Trp Asp Ser Gln Ser Pro
100 105 110

His Ala His Gly Tyr Ile Pro Ser Lys Phe Pro Asn Lys Asn Leu Lys
115 ' 120 _ 125



15

Au
Asn
225
Thr
245
Ser
260
Pro
280
Ile
295
Leu
315
Arg
330

| NFORMATI ON

(A)

du

Tyr Cys

Asn Ser

Thr du

G n Asp

THr

»

Lys

Ay
Thr

Asn Pro

LENGTH:

Lys His Asn Arg Thr

Arg Asn

d u Val

Pro
230
Arg

0
Ar%'0 I?S-Ii‘gp

Cys Tyr
Arg Lys
Pro GQu

Asp Al a
5

FOR SEQ | D NOx4s
79 am no aci ds

(C) STRANDEDNESS:
(i) MOLECULE TYPE pi@k GRFORMATION FOR SEQ ID NQ:3}) HYPOTHETI CAL: NO

15

20

25

35

45

50

265
H s
285
Cys
300
Asn
320
Asp
335

TZJ_}s Rrsﬁ) Tyr 0y33§rg Asn

Pro Gu Asn Phe Pro Cys Lys Asn Leu

210 215 220
Asp Ay Qu Lys Ala Pro Trp Cys Tyr Thr 20
235 240
Trp Gu Tyr Cys Thr Ile Pro Ser Cys Gu
255 25 SPéTeR6nsse Leu
Val Pro Val Pro Pro Qu
270 G@n Thr Pro Val
Gy Asn Ay dn Ser Tyr 275
30 131Arg Ay Thr Ser Ser Thr Thr
A@n Ser Trp 290
Ser Ser Met Thr Pro His Arg H's

130
Lys

R R A e % B2, Tepy SYeche

Thr ThéQisp Pro AstSEys BE§ THpPG1u Leu Cys Asp 1162Pro Arg

45
(B) TYPE: am no acid
(D) TOPOLOGY: |i near 50

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 160 amino acids
(B} TYPE: amino acid
(C}) STRANDEDNESS:
{D) TOPOLOGY: linear

{ii) MOLECULE TYPE: protein

{iiil) HYPOTHETICAL: NO

(iv) ANTI-SENSE: NO
{v) FRAGMENT TYPE: N-terminal

{vi) ORIGINAL SOURCE:
{A) ORGANISM: Rhesus monkey

{vii)} IMMEDIATE SOURCE:

{B} CLONE: K1-2

{xi) SEQUENCE DESCRIPTION: SEQ ID ND:36:

Cys Lys Thr Gly Asn Gly Lys Asn Tyr Arg Gly Thr Met Ser
1 5 © 10

Arg Thr Gly Ile Thr Cys Gln Lys Trp Ser Ser Thr Ser Pro
20 25 30

‘Pro Thr Phe Ser Pro Ala Thr
35

His Pro Ser Glu Gly Leu Glu
40 45

Tyr Cys Arg Asn Pro Asp Asn

Asp Gly Gln Gly Pro Trp Cys
50 55 :

60

Thr Asp Pro Glu Glu Arg Phe Asp Tyr Cys Asp Ile Pro Glu
€5 70 75

Asp Glu Cys Met His Cys Ser Gly Glu Asn Tyr Asp Gly Lys
85 20

Cys
150 (1) SEQJENCE:LQE-IARACTERI STI Co1eo

Lys Thr
15

His Arg

Glu asn

Tyr Thr

Cys Glu
80

Ile Ser
95



WD 96/ 35774 | PCT/ US96/ 05856
103 (iv) ANTI-SENSE: NO (v) FRAGVENT TYPE:

N-t er mi nal 5 . (vi) ORI G NAL SOURCE:
(A) ORGANISM Murine - (vii) 1 MVEDI ATE SOURCE: 10
(B) CLONE: Kl (xi) SEQUENCE DESCRI PTION: SEQ ID NO: 7:
15 . woosnstyS Lys Thr Ay Ile Ay Asn Gy Tyr Arg Gornisosndsss Ser
Arg Thr 1 5 10
15 Lys Ser Gy Val Ala Cys An Lys Trp Ay Ala Thr Phe Pro
H s Val 20 20 25
30 Pro Asn Tyr Ser Pro Ser 13r His Pro Asn Qu Gy Leu Qu
A u Asn 35 40 45
25 Tyr Gys Arg Asﬂyspr.t‘gr 'ﬁseg é%%nclésg GG![Iu gyg ngyAlgr'PrpT )< g’XE GIX rSeIkgro
50 55 100 Y 105 110
His Ala His Gly Tyr Ile Pro Ser Lys Phe Pro Asn Lys Asn Leu Lys
5 115 120 125
Lys Asn Tyr Cys Arg Asn Pro Asp Gly‘Glu Pro Arg Pro Trp Cys Phe
130 135 140
10 Thr Thr Asp Pro Asn Lys Arg Trp Glu Leu Cys Asp Ile Pro Arg Cys
145 150 155 ' 160

15 (2) INFORMATION FOR SEQ ID NO:37:
{i) SEQUENCE CHARACTERISTICS:
* (A) LENGTH: 160 amino acids
(B) TYPE: amino acid
{C) STRANDEDNESS:
20 (D} TOPOLOGY: linear

{ii) MOLECULE TYPE: protein

(iii) HYPOTHETICAL: NO
25
(iv) ANTI-SENSE: NO

{v) FRAGMENT TYPE: N-terminal

30 {vi) ORIGINAL SOURCE:
{A) ORGANISM: Porcine

{vii) IMMEDIATE SOURCE:
(B) CLONE: K1-2
35

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:37:

40 Cys Lys Thr Gly Asn Gly Lys Asn Tyr Arg Gly Thr Thr Ser Lys Thr
1 5 10 15

Lys Ser Gly Val Ile Cys Gln Lys Trp Ser Val Ser Ser Pro His Ile
20 25 30
45
Pro Lys Tyr Ser Pro Glu Lys Phe Pro Leu Ala Gly Leu Glu Glu Asn
35 49 45

Tyr Cys Arg Asn Pro Asp Asn Asp Glu Lys Gly Pro Trp Cys Tyr Thr
50 50 55 60

Thr Asp Pro Glu Thr Arg Phe Asp Tyr Cys Asp Ile Pro Glu Cys Glu
65 70 75 : 80



Thr Asp Pro Asp Lys Arg Tyr Asp Tyr Cys Asn Ile Pro Gu Cys

65 70 75 30 (2)
I NFORMATI ON FOR SEQ | D NO 8: (1) SEQUENCE CHARACTERI STI CsS:
(A) LENGTH: 79 am no acids 35 (B) TYPE: am no acid
(C) STRANDEDNESS: (D TOPOLOGY: |inear _
(ii) MOLECULE wyRkassig ot ei n 40 (iii) HYPCR&ES$9GHEsss NO
(i v) ANTI-SENSE: NO 45 (v) FRAGMVENT TYPE: N-terninal
(vi) ORI A NAL SOURCE: (A) ORGANI SM Honob sapi ens
50 (vii) 1I'MVEDI ATE SOURCE: (B) CLONE: K1
WO 96/ 35774 133 PCT/ US96/ 05856
. Asp Glu Cys Met His Cys Ser Gly Glu His Tyr Glu Gly lys Ile Ser
. 85 80 a5
5 Lys Thr Met Ser Gly Ile Glu Cys Gln Ser Trp Gly Ser Gln Ser Pro
: 100 105 110
His Ala His Gly Tyr Leu Pro Ser Lys Phe Pro Asn Lys Asn Leu Lys
115 120 125
10
Met Asn Tyr Cys Arg Asn Pro Asp Gly Glu Pro Arg Pro Trp Cys Phe
130 135" 140
Thr Thr Asp Pro Asn Lys Arg Trp Glu Phe Cys Asp Ile Pro Arg Cys
15 145 150 155 160

(2) INFORMATION FOR SEQ ID NO:38:

20 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 160 amino acids
{B} TYPE: amino acid
{C) STRANDEDNESS:
(D) TOPOLOGCY: linear

25
{ii) MOLECULE TYPE: protein
(iii) HYPOTHETICAL: NO
30 {iv) ANTI-SENSE: NO
{v) FRAGMENT TYPE: N-terminal
{(vi) ORIGINAIL: SOURCE:
35 (A) ORGANISM: Bovine
(vii) IMMEDIATE SOURCE:
(B) CLONE: K1-2
40 '
{xi) SEQUENCE DESCRIPTION: SEQ ID NO0:38:
Cys Lys Thr Gly Asn Gly Gln Thr Tyr Arg Gly Thr Thr Ala Glu Thr
. 45 1 5 10 15
’ Lys Ser Gly Val Thr Cys Gln Lys Trp Ser Ala Thr Ser Pro His Val
20 25 30
- 50 Pro Lys Phe Ser Pro Glu Lys Phe Pro Leu Ala Gly Leu Glu Glu Asn

35 40 45



(xi) SEQUENCE DESCRI PTION: SEQ I D NO 8: Cys Lys Thr Ay Asn
1

Ay Lys Asn Tyr Arg Ay Thr Met Ser Lys Thr 5
5 10 15 Lys Asn Ay lle
Thr Cys A n Lys Trp Ser Ser Thr Ser Pro His Arg
20 25 30 10 Pro Arg Phe Ser
Pro Ala Thr Hm;&y;g-,ﬁer GQu Gy Leu Au Gu Asn PCT/US96/05856 35
40 _ Tyr Cys Arg Asn Pro Asp Asn Asp Pro
Gn dy Pro Trp Cys Tyr Thr : 50 55
60 15 Thr Asp Pro Gu Lys Arg Tyr Asp Tyr Cys Asp lle
Leu A u Cys 65 134 70 75
(2) I NFORVATI ON FOR SEQ I D NO 9: (1) SEQUENCE
CHARACTERI STI CS: A) |
(B) TYPE: am no acid wr ?;s Arg Asn P(r “%?gﬁé&%ﬁt@yaﬁ"% gys Tyx Tax
(D) TOPOLOGY: i near (i1) MOLECULE TYPE: prot ein
(iii) HYPOTHETICAL: NO  gqnr Pro Asp Lys Ar ( s Asp'She ﬂ@ Glu Glu
(v) FRAGVENT TYPE:5 N-ter ns'snaiﬂ% %SYS g Ty(rv?w %N@gysw cve
(A) ORGANI SM Rhesus nonkey (vii) | MVEDI ATE SOURCE:
(B) CLONE: K] 40 Asp Lys Cys Met His Cys Ser Gly Glu Asn Tyr Glu Gly Lys Ile Ala
85 90 95
10 Lys Thr Met Ser Gly Arg Asp Cys Gln Ala Trp Asp Ser Gln Ser Pro
100 105 110
His 2la His Gly Tyr Ile Pro Ser Lys Phe Pro Asn Lys Asn Leu Lys
115 120 125
15
Met Asn Tyr Cys Arg Asn Pro Asp Gly Glu Pro Arg Pro Trp Cys Phe
-130 135 140
Thr Thr Asp Pro Gln Lys Arg Trp Glu Phe Cys Asp Ile Pro Arg Cys
20 145 150 155 160

{2) INFORMATION FOR SEQ ID NO:39:

25 (i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 352 amino acids
(B} TYPE: amino acid
{C) STRANDEDNESS:
(D) TOPOLOGY: linear

30
{ii) MOLECULE TYPE: protein
{1ii) HYPOTHETICAL: NO
35 (iv) ANTI-SENSE: NO
{v) FRAGMENT TYPE: N-terminal
{vi) ORIGINAL SOURCE:
40 (A) ORGANISM: Murine
(vii) IMMEDIATE SOURCE:
(B) CLONE: Kl1-4
45
{x1) SEQUENCE DESCRIPTION: SEQ ID NO:39:
Cys Lys Thr Gly Ile Cly Asn Gly Tyr Arg Gly Thr Met Ser Arg Thr
50 1 ' 5 10 15

Lys Ser Gly Val Ala Cys Qln Lys Trp Gly Ala Thr Phe Pro His Val
2D 25 30



(xi) SEQUENCE DESCRI PTION: SEQ I D NO 9: 45 Cys Lys Thr Ay Asn
Ay Lys Asn Tyr Arg Ay Thr Met Ser Lys Thr 1

5 10 15 Arg Thr Ay lle
Thr Cys A n Lys Trp Ser Ser Thr Ser Pro Hs Arg
20 25 30 50 Pro Thr
Phe Ser Pro Awbokhsyhis Pro Ser Qu Ay Leu Gu Ju Asn PCT/US96/05856
35 40 45 WO 96/ 35774
PCT/ US96/ 05856 105
Tyr Cys Arg Asn Pro Asp Asn Asp Gy @ n Ay Pro Trp Cys Tyr Thr
50 55 60 135 Thr Asp Pro Qu
G u Afg Phe Asp Tyr Q/sAspIIeProGUQIs 5 65
70 . (2) 1 NFORVATI ON FOR SEQ I D NO 10:
(i ) SEQUENCE CHARACTERI SE:Q%sn Sé‘p Pro Ser Thr His (’ﬁ) ALEW'&J&@ELP 1y Asn
aci ds (B) 5? E: am no aci dgp 31
STRANDEDNESS.:
5 Tyr Cys Arg Asn Pro Asp Asn Asp Glu Gln Gly Pro Trp Cys Tyr Thr
50 55 60
Thr Asp Pro Asp Lys Arg Tyr asp Tyr Cys Asn Ile Pro Glu Cys Glu
65 70 75 80
10 .
Glu Glu Cys Met Tyr Cys Ser Gly Glu Lys Tyr Glu Gly Lys Ile Ser
85 920 95
Lys Thr Met Ser Gly Leu Asp Cys Gln Ala Trp Asp Ser @Gln Ser Pro
15 100 105 110
His Ala His Gly Tyr Ile Pro Ala Lys Phe Pro Ser Lys Asn Leu Lys
115 120 125 -
20 Met Asn Tyr Cys His Asn Pro Asp Gly Glu Pro Arg Pro Trp Cys Phe
130 135 140
Thr Thr Asp Pro Thr Lys Arg Trp Glu Tyr Cys Asp Ile Pro Arg Cys
145 150 158 160
25
Thr Thr Pro Pro Pro Pro Pro Ser Pro Thr Tyr Gln Cys Leu Lys Gly
165 170 1758
Arg Gly Glu Asn Tyr Arg CGly Thr Val Ser Val Thr Val Ser Gly lys
30 180 185 ) 150
Thr Cys Gln Arg Trp Ser Glu Gln Thr Pro His Arg His Asn Arg Thr
195 200 205
35 Pro Glu Asn Phe Pro Cys.nys Asn Leu Glu Glu Asn Tyr Cys Arg Asn
- 210 215 220
Pro Asp Gly Glu Thr Ala Pro Trp Cys Tyr Thr Thr Asp Ser Gln Leu
225 230 235 240
40
Arg Trp Glu Tyr Cys Glu Ile Pro Ser Cys Glu Ser Ser Ala Ser Pro
245 250 255
Asp Gln Ser Asp Ser Ser Val Pro Pro Glu Glu Gln Thr Pro Val Val
. 45 " 260 265 270
? Gln Glu Cys Tyr Gln Ser Asp Gly Gln Ser Tyr Arg Gly Thr Ser Ser
. 275 280 285 '
oo 50 Thr Thr Ile Thr Gly Lys Lys Cys Gln Ser Trp Ala Ala Met Phe Pro

290 295 300



(D TOPOLOGY: |inear

(iii) HYPOTHETI CAL: NO
(v) FRAGMVENT TYPE: N-term nal
(A) ORGANI SM Por ci ne

(B) CLONE: K1
NO 10:

Ser Lys Thr
15 35
Ser Pro His Ile

30 :

A u Asn 40 -
Tyr Cys Arg Asn Pro
50

Thr Arg Phe Asp Tyr
70

5

10

15

20

25

30

35

45

50

WO 96/35774

15 (i) MOLECULE TYPE: protein

(iv) ANTI-SENSE: NO

20

(vi) ORI G NAL SOURCE:

25 (vii) 1 MhEDI ATE SOURCE:
(xi) SEQUENCE DESCRI PTION: SEQ I D

Lys Ser Ay Val Ile Cys G n Lys Trp
20

35

315

Met Asn Tyr Cys Arg Asn Pro Asp Gly Asp Lys Gly
325 330

Cys Lys Thr Ay Asn Gy Lys Asn Tyr Apgrfosdenobids Thr
1 5 ' 10

Ser Val Ser
25

Pro Lys Tyr Ser Pro A u hge Phe Pro Leu Ala Gy Leu Qu

45

ASp Aéls ﬁ? His yLys E):goo GIu %gqlﬁae rro %P}Ir, Aﬁs Slasr\‘agu

CysAspIIeProGIu s

Pro Trp Cys Tyr
335

Thr Thr Asp Pro Ser Val Arg Trp Glu Tyvr Cys Asn Leu Lys Arg Cys

340 345

(2) INFORMATION FOR SEQ ID NO:40:

(_5.) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 352 amino acids
(B) TYPE: amino acid
{C) STRANDEDNESS:
- {D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

(iii) HYPOTHETICAL: NO

{iv) ANTI-SENSE: NO
{v} FRAGMENT TYPE: N-terminal

(vi) ORIGINAL SOURCE: :
{A) ORGANISM: Homo sapiens

{vii)} IMMEDIATE SOURCE:

{B) CLONE: K1-4

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:40:

Cys Lys Thr Gly Asn Gly Lys Asn Tyr Arg Gly Thr

1 5 10

Lys Asn Gly Ile Thr Cys Gln Lys Trp Ser Ser Thr
20 25

Pro Arg Phe Ser Pro Ala Thr His Pro Ser Glu Gly
35 40

Tyr Cys Arg Asn Pro Asp Asn Asp Pro Gln Gly Pro
50 55 €0

Thr Asp Pro Glu Lys Arg Tyr Asp Tyr Cys Asp Ile
65 70 75

Glu Glu Cys Met His Cys Ser Gly Glu Asn Tyr Asp
85 90

350

Met Ser Lys Thr
15

Ser Pro His Arg
30

Leu Glu Glu Asn
45

Trp Cys Tyr Thr
Leu Glu Cys Glu
80

Gly Lys Ile Ser
95



WD 96/ 35774

106 (2) I NFORVATI ON FOR SEQ I D NO 11:

. SEQUENCE CHARACTERI STI CsS:
5 (B) TYPE: am no acid

(D TOPOLOGY: |inear (i) MOLECULE TYPE: protein 10
(iii) HYPOTHERGS8R5TAO (iv) ANTI-SENSE: NO pecr/useenkdss
(v) FRAGMVENT TYPE: N-term nal N (vi) ORI A NAL SOURCE:
(A) ORGANI SM Bovi ne 20 (vii) 1 MVEDI ATE SOURCE:
(B) CLONE: K1 25 (xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 11:
Cys Lys Thr Ay Asn Gy An Thr Tyr Arg Ay iByr Thr Ala G u Thr
1 ’ 5 10 | 15 30
Lys Ser Gy Val Thr Cys A n Lys Trp Ser Ala Thr Ser Pro Hi s Val
- Lys Thr Met Ser Gly Leu Glu Cys Gln Ala Trp Asp Ser Gln Ser Pro
. 100 105 110
5 His Ala His Gly Tyr Ile Pro Ser Lys Phe Pro Asn Lys Asn Leu Lys
115 120 125
Lys Asn Tyr Cys Arg Asn Pro Asp Arg CGlu Leu Arg Pro Trp Cys Phe'
130 135 140
10
Thr Thr Asp Pro Asn Lys Arg Trp Glu Leu Cys Asp Ile Pro Arg Cys
145 150 158 160
Thr Thr Pro Pro Pro Ser Ser Gly Pro Thr Tyr Gln Cys Leu Lys Gly
15 165 - 170 175
Thr Gly Glu Asn Tyr Arg Gly Asn Val Ala Val Thr Val Ser Gly His
180 . 185 190
20 Thr Cys Gln His Trp Ser Ala Gln Thr Pro His Thr His Asn Arg Thr
195 200 205
Pro Glu Asn Phe Pro Cys Lys Asn Leu Asp Glu Asn Tyr Cys Arg Asn
210 215 220
25
Pro Asp Gly Lys Arg Ala Pro Trp Cys His Thr Thr Asn Ser Gln Val
225 230 235 240
Arg Trp Glu Tyr Cys Lys Ile Pro Ser Cys Asp Ser Ser Pro Val Ser
30 245 250 255
Thr Glu Gln Leu Ala Pro Thxr Ala Pro Pro Glu Leu Thr Pro Val Val
. 280 265 270
35 Gln Asp Cys Tyr His Gly Asp Gly Gln Ser Tyr Arg Gly Thr Ser Ser
. - 275 280 285
Thr Thr Thr Thr Gly Lys Ly=s Cys Gln Ser Trp Ser Ser Met Thr Pro
290 . 295 300
40
His Arg His Gln Lys Thr Pro Glu Asn Tyr Pro Asn Ala Gly Leu Thr
305 310 315 320
Met Asn Tyr Cys Arg Asn Pro Asp Ala Asp Lys Gly Pro Trp Cys Phe
. 45 325 330 335
* Thr Thr asp Pro Ser Val Arg Trp Glu Tyr Cys Asn Leu Lys Lys Cys
340 345 350

(i)
(A) LENGTH: 79 am no acids
(C) STANDEDNESS:

PCT/ US96/ 05856



20
Ser
35

cys Arg Asn Pro Asp Asn Asp Gu

Asp Lys Arg T yr
i Wofé&{;
(1) SEQUENCE CHARACTERI STI CS:

Cys

30
45
Asp Ile Pro Qu
(2)
45
(B) TYPE: am no’

(D) TOPOLEEY:

Pro Qu Lys Phe Pro Leu Ala Ay Leu Qu G u Asn

35

Asn Gy Pro Trp Cys Tyr Thr
60

Cys

Pro Lys

40

Phe

Tyr

Thr Asp Pro

PCT/URSG/05856
I NFORMVATI ON FOR SEQ | D NO 12:

(A) LENGTH: 78 am no

acid

i near

50

(11i) HYPOTHETI CAL: NO
PCT/ US96/ 05856

(i %) WF%R%§OR®Q ID NO:41:

(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 378 amino acids
{B) TYPE: amino acid

(ii)
(iii)
{iv)
(v)
(vi)

{vii)

{xi})

Sex

Asp

aci ds

STRANDEDNESS:

(ii) MOLECULE TYPE: protein

WD 96/ 35774

107
S
10
15
20
25
30
35
40
45
50

Pro

(C)} STRANDEDNESS:

(D). TOPOLOGY: linear

MOLECULE TYPE: prote
HYPOTHETICAL: NO

ANTI-SENSE: NO

in

FRAGMENT TYPE: N-terminal

"ORIGINAL SOURCE:

{A) ORGANISM: Murin

IMMEDIATE SOURCE:
(B) CLONE: K1-4BKLS

SEQUENCE DESCRIPTION: SEQ ID NO:

Phe Glu Lys Arg Val
-]

Gly Tyr Arg Gly Thr
20

Lys Trp Gly Ala Thr
35

His Pro Asn Glu Gly
50

Asp Glu Gln Gly Pro
70

Asp Tyr Cys Asn Ile
85

Gly Glu Lys Tyr Glu
100

Cys Gin Ala Trp Asp
115

Ala Lys Phe Pro Ser
130

Tyr Leu Ser

Met Ser Arg

25

Phe Pro His
40

Leu Glu Glu
55

Trp Cys Tyx

Pro Glu Cys

Gly Lys Ile

105

Ser Gln Ser
120

Liys Asn Leu
135

41:

Glu Cys
10

Lys Thr Gly

Thr Lys Ser Gly Val

30
Val Pro

Asn Tyr Ser

45

Asn Tyr Cys

60

Arg Asn

Thr Thr
75

Asp Pro Asp

Glu Glu
90

Glu Cys Met

Thr Met Ser
110

Ser Lys

His Gly
125

Pro His Ala

Lys Met Asn Tyr Cys

140

(O

Ile
15

Gly
Ala

Pro Ser

Pro Asp

Lys Arg

80

Cys
95

Gly Leu
Ile

His Asn



(v) FRAGVENT TYPE: N-terminal 5 (vi) ORI G NAL SOURCE:

(A) ORGANI SM Murine (vii) 1 MVEDI ATE SOURCE:
(B) CLONE: K2 10 (xi) SEQUENCE DESCRI PTION: SEQ I D
NO 12: 15 " Cys Met Tyr Cys Ser Gy Qu Lys Tyr u Gy Lys lle
Ser Lys Thr 1 5 10
15 woosssTheEt Ser Gy Leu Asp Cys G n Ala Trp Asp Sectiiiesnsise Pro
Hs A a 20 25
30 20 - Hs dy Tyr Ile Pro Ala Lys Phe Pro Ser Lys Asn
Leu Lys Met Asn 35 40
45 - Tyr Cys HIS Asn Pro Asp 639 Glu Pro Arg Pro Trp Cys Phe
Thr THr 25
Asp Pro Thr Lys Arg Trp Glpy S rg@/
70 ko Mg diboi®Prg ?&%P BT, TR, A5, Pro T Eye
(i ) SEQJENCE CHARACTERI STI CS: . . (A LENGTH 78 am no
acids * Ard Bkp RIBEyxa 8y @sf Qi Pro Arg3Bys Thr Thr Pro PddPro Pro
STRANDEDNESS: 5 (D) 16£OPOLOGY: | i neaw7o 175
(1i1) MOLECULE TYPE: protein . 40 (ti1) HYPOTHETI CAL: NO
(i \/) ANTI - SENSE: NO Pro Ser Pro Thr Tyr Gln Cys Leu Lys Gly Arg Gly Glu Asn Tyr Arg
180 185 . 190
10 Gly Thr Val Ser Val Thr Val Ser Gly Lys Thr Cys Gln Arg Trp Ser
195 200 205
CGlu Gln Thr Pro His Arg His Asn Arg Thr Pro Glu Asn Phe Pro Cys
210 215 220
15
Lys Asn Leu Glu Glu Asn Tyr Cys Arg Asn Pro Asp Gly Glu Thr Ale
225 230 235 _ 240
Pro Trp Cys Tyr Thr Thr Asp Ser Gln Leu Arg Trp Glu Tyr Cys Glu
20 245 250 255
Ile Pro Ser Cys Glu Ser Ser Ala Ser Pro Asp Gln Ser Asp Ser Ser
260 265 270
25 Val Pro Pro Glu Glu Gln Thr Pro Val Val Gln Glu Cys Tyr Gln Ser
275 280 285
Asp Gly Gln Ser Tyr Arg Gly Thr Ser Ser Thr Thr Ile Thr Gly Lys
290 295 300
30
Lys Cys Gln Ser Trp Ala Ala Met Phe Pro His Arg His Ser Lys Thr
305 310 315 320
Pro Glu Asn Phe Pro Asp Ala Gly Leu Glu Met Asn Tyr Cys Arg Asn
35 325 330 335
Pro Asp Gly Asp Lys Gly Pro Trp Cys Tyr Thr Thr Asp Pro Ser Val
340 345 350
40 Arg Trp Glu Tyr Cys Asn Leu Lys Arg Cys Ser Glu Thr Gly Gly Ser
355 360 365
Val Val Glu Leu Pro Thr Val Ser Gln Glu
370 375
45

{2) INFORMATION FOR SEQ ID NO:42:

(i) SEQUENCE CHARACTERISTICS:
(a) LENGTH: 378 amino acids
» 50 (B) TYPE: amino acid
{C) STRANDEDNESS:
(D} TOPOLOGY: linear



(v) FRAGVENT TYPE: N-terninal 45

(vi) ORI G NAL SOURCE:

(A) ORGANI SM Honob sapi en . (vii) 1 MVEDI ATE SOURCE: 50
(B) CLONE: K2 WO 96/ 35774
PCT/ US96/ 05856 108
(xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 13: Cys Met His Ser
Ser Ay Qu Asp,o‘ggbs,%p @y Lys Ile Ser Lys Thr PCH/US96/05856
5 15 5 Met Ser
Gy Leu u Cys An Ala Trp Asp Ser A n Ser Pro Hs Ala
20 25 30 Hs Gy Tyr Ile
Pro Ser Lys Phe Pro Asn Lys Asn Leu Lys Lys Ast0 10 35
40 45 Tyr Cys Arg Asn Pro Asp Arg A u Leu
Arg Pro Trp Cys Phe Thr Thr CULE . 50 55
60 - 15 Asp Préc?)u?é\sur?h yS A%ETIPE(’ iﬁ Leu Cys Asp Ile Pro Arg Cys
65 70 (iii) HYPOTHETICAL: NO°
S (iv) -ANTI-SENSE: NO
{v) FRAGMENT TYPE: N-terminal
{vi) ORIGINAIL SOURCE:
10 (A) ORGANISM: Homo sapiens
{vii) IMMEDIATE SOURCE: |
_ {B) CLONE: K1~-4BRLS
15
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:42:
Leu Phe Glu Lys Lys Val Tyr Leu Ser Glu Cys Lys Thr Gly Asn Gly
1 5 10 15
20
Lys Asn Tyr Arg Gly Thr Met Ser Lys Thr Lys Asn Gly Ile Thr Cys
20 25 30
. Gln Lys Trp Ser Ser Thr Ser Pro His Arg Pro Arg Phe Ser Pro Ala
25 35 40 45
Thr His Pro Ser Glu Gly Leu Glu Glu Asn Tyr ch Arg Asn Pro Asp
50 55 . 60
30 Asn Asp Pro Gln Gly Pre Trp Cys Tyr Thr Thr Asp Pro Glu Lys Arg
65 70 75 80
Tyr Asp Tyr Cys Asp Ile Leu Glu Cys Glu Glu Glu Cys Met His Cys
85 90 25
35
Ser Gly Glu Asn Tyr Asp Gly Lys Ile Ser Lys -Thr Met Ser Gly Leu
100 105 110
Glu Cys Gln Ala Trp Asp Ser Gln Ser Pro His Ala His Gly Tyr Ile
40 115 120 125
Pro Ser Lys Phe Pro Asn Lys Asn Leu Lys Lys Asn Tyr Cys Arg Asn
130 135 140
45 Pro Asp Arg Glu Leu Arg Pro Trp Cys Phe Thr Thr Asp Pro Asn Lys
. 145 150 155 160
Arg Trp Glu Leu Cys Asp Ile Pro Arg Cys Thr Thr Pro Pro Pro Ser
165 170 175
50 :
Ser Gly Pro Thr Tyr Gln Cys Leu Lys Gly Thr Gly Glu Asn Tyr Arg
180 185 190



(2) | NFORVATI ON FOR SEQ | D NG 14:
CHARACTERI STI Cs:

(B) TYPE: am no acid
(D TOPOLOGY: |inear
(iii) HYPOTHETI CAL: NO
(v) FRAGVENT Tybésshig €r m nal

25
30

20

(ii)

(1) SEQUENCE
(A) LENGTH. 78 ami no acids
(C) STRANDEDNESS:

(iv) ANTI-SENSE: NO
(vi) ORI G NAL gesdiiobissse

(A) ORGANI SM Rhesus nonkey

SQJRCE.

G u Asn Tyr Asp Ay Lys Ile Ser

(B) CLONE: K2
SEQUENCE DESCRI PTI ON:  SEQ | D NO. 14:

Lys Thr

1445

40

(vii)-

Cys Met His Cys Ser Gy
1 5

MOLECULE TYPE: protein

| MVEDI ATE
(xi)

Met Ser Ay Leu Au Cys An Al a

10 * 15
Trp Asp Ser A n Ser Pro HR ﬂrg 1 Ala Val Thr Yol Ser Gly His Thr
25 . s Gy 2ﬁr e Pro
Asn Lys Asn Leu Lys Lys Asn
45 ’ Ala Gln Thr Pro His Thr His Asn Arg Thr Pro
5 210 215
Lys Asn Leu Asp Glu Asn Tyr Cys Arg Asn Pro
225 230 235
10 Pro Trp Cys His Thr Thr Asn Ser Gln Val Arg
245 250
Ile Pro Ser Cys Asp Ser Ser Pro Val Ser Thr
260 265
15
Thr Ala Pro Pro Glu Leu Thr Pro Val Val Gln
275 280
Asp Gly Gln Ser Tyr Arg Gly Thr Ser Ser Thr
20 290 295
Lys Cys Gln Ser Trp Ser Ser Met Thr Pro His
305 310 315
25 Pro Glu Asn Tyr Pro Asn Ala Gly Leu Thr Met
328 330
Pro Asp Ala Asp Lys Gly Pro Trp Cys Phe Thr
340 345
30
Arg Trp Glu Tyr Cys Asn Leu Lys Lys Cys Ser
355 360
Val val Ala Pro Pro Pro Val Val Leu Leu
35 370 375
{2) INFORMATION FOR SEQ ID NO:43:
(i) SEQUENCE CHARACTERISTICS:
40 {A) LENGTH: 30 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: single
{D) TOPOLOGY: linear
45 (ii) MOLECULE TYPE: DNA (genomic)
- {iii) HYPOTHETICAL: NO
* {iv) ANTI-SENSE: NO
» 50

{v) FRAGMENT TYPE: N-terminal

égl'

Glu
220
Asp
Trp
Glu
Asp
300

Arg

Asn

Gly

BB
40
Asn Phe Pro Cys

ala
240

Gly Lys Arg

Glu Tyr Cys

255

Lys

Gln Leu

Ala
270 :

Pro

Cys Tyr His

285

Gly

Thr Thr Gly Lys

His Gln Lys

320

Asn

Tyr Cys Arg

338

Asp Pro
aso

Ser Val

Thr Glu Ala
365

Ser



WD 96/ 35774 PCT/ US96/ 05856

109 Tyr Cys Arg Asn Pro Asp Ay GQu Pro Arg Pro Trp Cys Phe
Thr Thr 50 55 60

Asp Pro Asn Lys Arg Trp Qu Leu Cys Asp Ile Pro Arg Cys 5 65
70 75 (2) 1 NFORVATI ON FOR SEQ I D NO 15:

(i) SEQUENCE GhpedsthR! STI CS: 10 (A) LENGTHpCFRISS6/0S8S6

aci ds (B) TYPE: am no acid (O
STRANDEDNESS: 3 - (D) TOPOLOGY: |i near 15 . (i)
MOLECULE TYPE: protein (iii) HYPOTHETI CAL: NO

(iv) ANTI-SENSE: NO 20 42 FRAGVENT TYPE: N-term nal
(vi) ORI G NAL SOURCE: (A) ORGANI SM Porci ne 25

(vii) | MVEDI ATE SOURCE: _ (B) CLONE K2 30 .
(xi) SEQUENCE DESCRI PTI OV S o R oo sapiens

(vii) IMMEDIATE SOURCE:
5 : (B} CLONE: Primer 154

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:43:
10
ATCGCTCGAG . CGTTATTTGA ARAGAAAGTG
30

(2) INFORMATION FOR SEQ ID NO:44:
15
(i) SEQUENCE CHARACTERISTICS:
- (A} LENGTH: 28 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: single
20 (D) TOPOLOGY: linear

{ii) MOLECULE TYPE: DNA (genomic)

(iii) HYPOTHETICAL: NO
25
(iv) ANTI-SENSE: NO

(v) FRAGMENT TYPE: N-terminal

30 (vi) ORIGINAL SOURCE:
(A) ORGANISM: Homo sapiens

(vii) IMMEDIATE SOURCE:

(B} CLONE: Primer 151
35

{(xi) SEQUENCE DESCRIPTION: SEQ ID NO:44:

40 ATCGGAATTC AAGCAGGACA ACAGGCGG
28

(2) INFORMATION FOR SEQ ID NO:45:

45 (i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 28 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: single
{D) TOPOLOGY: linear
50
(ii) MOLECULE TYPE: DNA (genomic)

{iii) HYPOTHETICAL: NO



Cys Met His Cys Ser Ay Gu Hs Tyr Au Ay Lys Ile Ser Lys Thr
1 5 ' 10

15 35
Met Ser Ay Ile Au Cys An Ser Trp Ay Ser An Ser Pro Hs Al a
20 25 30 Hs Gy Tyr Leu
Pro Ser Lys Phe Pro Asn Lys Asn Leu Lys Met Asn 40 35
40 WO 96/35774 2 Tyr Cys Arg Asn Pro péyjusédnssssl u
Pro Arg Pro Trp Cys Phe Thr Thr 50 55
60 45 Asp Pro Asn Lys Arg Trp Qu Phe Cys Asp Ile Pro Arg Cys
65 : 70 75 WD 96/ 35774
PCT/ US96/ 05856 143 110
(2) I NFORVATI ON FOR SEQ I D NO 16: (1) SEQUENCE
. CHARACTERI STI CS: (A) LENGTH.: 78 ami no acids 5

(B) TYPE: amino acid (iv) awri-sense: mo (C) STRANDEDNESS:
(D) TOPOLOGY: i near
* ' {v) FRAGMENT TYPE: N-terminal
5
(vi) ORIGINAL SOURCE:
{A) ORGANISM: Homo sapiens

(vii) IMMEDIATE SOURCE:
10 {B) CLONE: Primer 156

{x1) SEQUENCE DESCRIPTION: SEQ ID NO:45:

15
ATCGTACGTA TTATTTGAAA AGAAAGTG
. 28



(ii) MOLECULE TYPE: protein 10 (iii) HYPOTHETI CAL: NO

(iv) ANTI-SENSE: NO 15 (v) FRAGMVENT TYPE: N-termnal

(vi) ORI G NAL SOURCE: (A) ORGANI SM Bovi ne 20
(vii) | MVEDI ATE SOURCE: ——(By—C-g\E: K2 25

(xi) SEQUENCE DESCRI PTI ON: SEQ | D NAHISSHER™ * "5 BEEN | Cys Met His Cys
Ser Ay Gu ASWOPGRST®H U Ay Lys |l¢ A a REEATED PC/US96/058

5 10 15 30 Met Ser Ay Arg
Asp Cys An Ala Trp Asp Ser G n Ser Pro H's Al a

20 25 30 Hi

Pro Ser Lys Phe Pro ‘Asn Lys Asn Leu Lys et Adfd ﬁlsgiéétﬁ%b laced
40 45 35 - Tyr Cys Arg Asn I“M“I"Iﬁl
Gu Pro Arg Pro Trp.Cys Phe Thr Thr Claims

55 60 P Asp Pro @ n Lys Arg Trp G u Phe Cys
Asp Ile Pro Arg Cys gdyeclam: oo 70

75 (2) | NFORMVATI ON FOR SEQ I D NG 17: : (i)
SEQUENCE CHARACTER E?Tl CS: 45 A method of (ifihib ﬁ&otﬂélamémopﬁﬂif@k&uon
Egg $£E_Oa6$ nloi ﬁg' ; comprising admuustemgg 20 anTe%%I e cgﬁ‘ a proliferation inhibiting

amount of an angiostatin fragment.

2, The method of Claim 1, wherein the angiostatin fragment
has an endothelial cell EDsq of less than about 500 nM.

10 .

3. The method of Claim 1, wherein the angiostatin fragment is
derived from murine plasminogen, human plasminogen, Rhesus
plasminogen, porcine plasminogen or bovine plasminogen.

15 o 4, The method of Claim 1, wherein the angiostatin fragment

comprises an amino acid sequence selected from the group consisting of
SEQ ID NO:7; SEQ ID NO:8; SEQ ID NO:9; SEQ ID NO:10; SEQID .
NO:11; SEQ ID NO:12; SEQ ID NO:13; SEQ ID NO:14; SEQ ID
NO:15; SEQ ID NO:16; SEQ ID NO:17; SEQ ID NO:18; SEQ ID

20 NO:19; SEQ ID NO:20; SEQ ID NO:21; SEQ ID NO:22; SEQ ID
NO:23; SEQ ID NO:24; SEQ ID NO:25; SEQ ID NO:26; SEQ ID
NO:27; SEQ ID NO:28; SEQ ID NO:29; SEQ ID NO:30; SEQ ID
NQ:31; SEQ ID NO:32; SEQ ID NO:33; SEQ ID NO:34; SEQ ID
NO:_35§ SEQ ID NO:36; SEQ ID NO:37; SEQ ID NO:38; SEQ ID

25 NO:39; SEQ ID NO:40; SEQ ID NO:41 and SEQ ID NO:42 or a
combination or a functional homologue thereof.

5. The method of Claim 1, wherein the angiostatin fragment is
a kringle 1 protein.
30 '
6. The method of Claim 5, wherein the kringle 1 protein has an
endothelial cell EDsy of less than about 350 nM.

7. The method of Claim 5, wherein the kringle 1 protein
35 comprises an amino acid sequence of SEQ ID NO:8 or a functional

homologue thereof.
) R I!II




50 (ii) MOLECULE TYPE: protein (iii) HYPOTHETI CAL: NO
WO 96/ 35774 _ PCT/ US96/ 05856
111 | (iv) ANTI-SENSE: NO - (v) FRAGVENT TYPE:

Nt 1 nal 5 i) ORI iy A
O?GirNImSR/Ia Muri ne Vo) (vi mlrsr\mg E: (A

(B) CLONE: K3wogei3sHd DESCRI PTlr@dmsWdD

NO 17: 15 Cys Leu Lys Ay Arg Gy G u Asn Tyr Ar Thr Val
Ser Val Thr
15 Val Ser GI y Lys Thr Cys GI Arg Trp Seﬂl@hgetﬂam
Hs Arg 20 145 25
30
' 8. The method of Claim 1, wherein the angiostatin fragment is
¥ akringle 2 protein.
5 9.  The method of Claim 8, wherein the kringle 2 protein_
" comprises an amino acid sequence of SEQ ID NO:13 or a functional
homologue thereof.

10.  The method of Claim 1, wherein the angiostatin fragment is
10 a kringle 3 protein.

11.  The method of Claim 10, wherein the kringle 3 protein has
an endothelial cell EDs5g of less than about 475 nM.

15 - 12. The method of Claim 10, wherein the kringle 3 protein

comprises an amino acid sequence of SEQ ID NO:18 or a functional
homologue thereof.

13.  The method of Claim 1, wherein the angiostatin fragment is
20 a kringle 2-3 protein.

14.  The method of Claim 13, wherein the kringle 2-3 protein
comprises an amino acid sequence of SEQ ID NO:25 or a functional
homologue thereof.

25 _

15.  The method of Claim 1, wherein the angiostatin fragment is

a krinple 1-3 protein.

16.  The method of Claim 15, wherein the kringle 1-3 protein has
30 an endothelial cell EDsq o_f less than about 100 nM.,

17.  The method of Claim 15, wherein the kringle 1-3 protein
comprises an amino acid sequence of SEQ ID NO:30 or a functional
. homologue thereof.
35

R



20
d u Asn

H's Asn 'Arg Thr Pro G u Asn Phe Prg Qét?eetLﬁ@Béﬁ@ g,udGlu

35

Tyr Cys Arg Asn Pro Asp Gy GQu Thr Ala Pro Trp Cys Ty

60 | ‘“1‘“ “ﬁ GI n Leu

50

Arg Trp Au Tyr q/sGIuIIeProSe :

70 1P 30 |(BYS SUEGRIAS BREN SEQ | D pe@iBiinssss
(i) SEQUENCE TR sTi cs: REFLACED  (A) LENGTH 78 ami no
aci ds (B) TYPE: amno acid - 35 (O
STRANDEDNESS: (D TOPOLOGY: |inear

(ii) MOLECULE TYPE: protein 40 (i 14§ HYPOTHETI CAL: NO

(iv) ANTI - SENSE: NO
(vi) ORI G NAL SOURCE:
(vii) | MVEDI ATE SOURCE:

10

15

20

25

30

35

(v) FRAGMVENT TYPE: N-term nal

(}8 The memod%Wd%‘hée%ﬁéo ﬂ%m%ﬁﬁﬁ ?ﬁﬁment is

a kringle 1-2 protein.

19.  The method of Claim 18, wherein the kringle 1-2 protein
comprises an amino acid sequence of SEQ ID NO:35 or a functional
homologue thereof.

- 20.  The method of Claim 1, wherein the angiostatin fragment is
a kringle 1-4 protein.

21.  The method of Claim 20, wherein the kringle 1-4 protein has
an endothelial cell EDsp of less than about 150 nM.

22.  The method of Claim 20, wherein the kringle 1-4 protein
comprises an amino acid sequence selected from the group consisting of
SEQ ID NO:39 and SEQ ID NO:40 or a functional homologue thereof.

23.  The method of Claim 1, wherein the angiostatin fragment is
a kringle 1-4BKLS protein. '

' 24.  The method of Claim 23, wherein the kringle 1-4BKLS
protein comprises an amino acid sequence of SEQ ID NO:42 or a
functional homologue thereof.

25. The method of Claim 1 wherein the administering step
comprises administering a combination of two or more angiostatin
fragments.

26. The method of Claim 25, wherein the combination of
angiostatin fragments comprises a kringle 1 protein and a kringle 2 protein.

27. The method of Claim 26, wherein the kringle 1 protein
comprises an amino acid sequence of SEQ ID NO:8 or a functional
homologue thereof and the kringle 2 protein comprises an amino acid
sequence of SEQ ID NO:13 or a functional homologue thereof.

I

AT



WO 96/ 35774
o Lo on 0y ) SRS 0 NN
5

10

VaI Ser Ay His Thr Cys @ n H's TriprfiersHEE HKSTBEEN Pro H| s Thr
20 WO 96/35774° | REPLACED HircTAssasess Thr
Pro Gu Asn Phe Pro Ser Lys Asn Lels—Asp—ct—Arm 10 35
40 45 Tyr Cys Arg Asn Pro Asp Ay Lys Arg
Ala Pro Trp Cys H's Thr Thr 50 ' 55
60 15 Asn Ser An Val Arg Trp A @4flyr Cys Lys Ile Pro Ser Cys
65 ° 70 75 (2) | NFORMATI ON FOR
SEQ I P NO 19: 20 L) SERQUE : Y
(A) LENGTH: 78 am no acids % Eﬂé H%OQW%SE}&%M r%e g%tpamanon of
(C) STRANDEDNESS: angiostatin fragmeps)comgrisesOrkringlenk grotein and zckringle 2-3
(ii) MOLECULE TYPE: prot e|p90m (iii) HYPOTHETI CAL: NO 30
(1v) ANTI-SENSE: NO (v) FRAGVENT TYPE: N-term nal
(vi) ORI G NAL SOURCE: .

5 29. The method of Claim 28, wherein the kringle 1 protein

comprises an amino acid sequence of SEQ ID NO:8 or a functional
homologue thereof and the kringle 2-3 protein comprises an amino acid
sequence of SEQ ID NO:25 or a functional homologue thereof.

10 30. The method of Claim 25, wherein the combination of
angiostatin fragments comprises a kringle 1 protein, a knngle 2 protein and
a kringle 3 protein.

31. The method of Claim 30, wherein the kringle 1 protein
15 comprises an amino acid sequence of SEQ ID NO:8 or a functional
homologue thereof, the kringle 2 protein comprises an amino acid sequence
of SEQ ID NO:13 or a functional homologue thereof and the kringle 3
protein comprises an amino acid sequence of SEQ ID NO:18 or a
functional homologue thereof.
20
32. The method of Claim .25, wherein the combination of
angiostatin fragments comprises a kringle 2 protein and a kringle 3 protein.

_ 33.  The method of Claim 32, wherein the kringle 2 protein
25 comprises an amino acid sequence of SEQ ID NO:13 or a functional
homologue thereof and the kringle 3 protein comprises an amino acid

sequence of SEQ ID NO:18 or a functional homologue thereof.

34. A method of treating a mammal with an angiogenic-
30 mediated disease comprising administering to the mammal a treatment

effective amount of an angiostatin fragment.

e 35. The method of Claim 34, wherein the mammal is a human.

TN O R A



35 (A) ORGANI SM Rhesus nonkey ,“-,l.)eetld)ﬂ\fg
SOURCE: (B) CLONE: K3

SEQUENCE DESCRI PTI ON: SEQ | D NO 19: Q/s Leu mll m mr@
Gu Asn Tyr Arg Ay Asp Val Ala Val Thr 45

10 15 Val Ser Ay H's Thr Cys Hs Ay Trp
Ser Ala @ n Tﬁbgg}gg,,ﬁl s Thr THIS QHEFT HAS BEEN 20  PCTNUS96/05856

25 - 50 - Al §.~d Thr Pro A u Asn Phe Pro
Cys Lys Asn Leu Asp GI u Asn 35 40
45 WD 96/ 35774 .

PCT/ US96/ 05856 148 113

Tyr Cys Arg Asn Pro Asp Ay Qu Lys Ala Pro Trp Cys Tyr Thr Thr
5

0 55
Arg Trp Gu Tyr Cys Lys Ile Pr 0 Ser-rh&/metﬁo% qu;lwm 34, whelggm@ﬁﬁh&feﬁmgnm
70 disease is selecteyl Trom-thrigronpmsisting it canger, qehritis, macular
degeneration and diabetic retinopathy.

5 37.  The method of Claim 34, wherein the angiostatin fragment
* is selected from the group consisting of a kringle 1 protein, kringle 2
protein, kringle 3 protein, kringle 2-3 protein, kringle 1-3 protein, kringle 1-
2 protein, kringle 1-4 protein and kringle 1-4BKLS protéin, or a
combination thereof.
10
38. The method of Claim 34, wherein the angiostatin fragment
comprises an amino acid sequence selected from the group consisting of
SEQ ID NO:7; SEQ ID NO:8; SEQ ID NO:9; SEQ ID NO:10; SEQ ID
NO:11; SEQ ID NO:12; SEQ ID NO:13; SEQ ID NO:14; SEQ ID
15 NO:15; SEQ ID NO:16; SEQ ID NO:17; SEQ ID NO:18; SEQ ID
NO:19; SEQ ID NO:20; SEQ ID NO:21; SEQ ID NO:24; SEQ ID
NO:25; SEQ ID NO:26; SEQ ID NO:27; SEQ ID NO:28; SEQ ID
NO:29; SEQ ID NO:30; SEQ ID NO:31; SEQ ID NO:32; SEQ ID
NO:33; SEQ ID NO:34; SEQ ID NO:35; SEQ ID NO:36; SEQ ID
20 NO:37; SEQ ID NO:38; SEQ ID NO:39; SEQ ID NO:40; SEQ ID
NO:41 and SEQ ID NO:42, or a combination or a functional homologue
thereof.

. 39.  The method of Claim 34, wherein the angiostatin fragment
25 has an endothelial cell EDsp of less than about 500 nM.

40. Use of an angiostatin fragment for the manufacture of a
medicament for therapentic application to inhibit angiogenesis.

30 41.  The use of Claim 40, wherein the angiostatin fragment has
an endothelial cell EDsq of less than about 500 nM.

42.  The use of Claim 40, wherein the angiostatin fragment is
derived from murine plasminogen, human plasminogen, Rhesus
35 plasminogen, porcine plasminogen or bovine plasminogen.

* c L M S *




(i) SEQUENCE CHARACTERI STI CS: 10 (A) LENGTH: 78 ami no

aci ds , (B) TYPE: am no acid (O

STRANDEDNESS: (D) TOPOLOGY: i near 15 (ii)

MOLECULE TYPE: protein (iii) HYPOTHETI CAL: NO

(1v) ANTI-SENSE: NO 20 L) ERAGVENT TYPE: N-term nal

(Vi) ORI G NAL vwshdiakig | THIS SHERTAYASIBERRI|SM  Por Ci peryusesnossds

(vii) | MVEDI ATE SOURCE: . REPLA(CEI) CLOJE: K3 30

(xi) SEQUENCE DESCRI PTION: SEQ | D NO20° \ Cys Leu Lys Ay Arg

Ay Qu Asn Tyr Arg Ay Thr Val Ser Vval Thr 1 5

10 15 35 149Ala Ser Gy H's Thr Cys @n

Arg Trp Ser Ala G n Ser Pro His Lys

25 30 ' rd IThr Pr P e Pr

Cys Lys Asn Leu Gu Gu Asn Thed*é%f’%ﬁginib‘@ g/gerem the myc’gﬁﬁn

45 Tyr q@ompgsm mmOqud sw}en@ selauted feom tiy group poxm;mgyf

Igr Thr b Ser Qu Val SB'@I]_DI_N07 SEQ ID NO:8; SEQ ID NO:9; SEQ ID NO:1(f 8EQ ID

4> P Ser Gu Val ¢4 RSB UasedD Noudt 3% Ne14; srQ
. 5 NO:15; SEQ ID NO:16; SEQ ID NO:17; SEQ ID NO:18; SEQ ID

NO:19; SEQ ID NO:20; SEQ ID NO:21; SEQ ID NO:22; SEQ ID

- NO:23; SEQ ID NO:24; SEQ ID NO:25; SEQ ID NO:26; SEQ ID

NO:27; SEQ ID NO:28; SEQ ID NO:29; SEQ ID NO:30; SEQ ID

NO:31; SEQ ID NO:32; SEQ ID NO:33; SEQ ID NO:34; SEQ ID

10 NO:35; SEQ ID NO:36; SEQ ID NO:37; SEQ ID NO:38; SEQ ID

NO:39; SEQ ID NO:40; SEQ ID NO:41 and SEQ ID NO:42 or a
combination or a functional homologue thereof,

44. A therapeutic composition for inhibiting endothelial cell
15 proliferation comprising a substantially isolated angiostatin fragmentand a
' pharmaceutically acceptable excipient.

45. The composition of Claim 44, wherein the angiostatin
fragment is derived from murine plasminogen, human plasminogen,
20 Rhesus plasminogen, porcine plasminogen or bovine plasminogen.

46. The composition of Claim 44, wherein the angiostatin

fragment is selected from the group consisting of a kringle 1 protein,

: kringle 2 protein, kringle 3 protein, kringle 2-3 protein, kringle 1-3 protein,

25 kringle 1-2 protein, kringle 1-4 protein and kringle i1-4BKLS, or a
combination thereof,

is Sheet Has Been Replaced
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WO 96/ 35774 USQ6/

114 (2) | NFORVATI ON FOR SEQ | D NO 21: T ShecPHR i eiBiacea
SEQUENCE CHARACTERI STI CS: (A) LENGTH: 7%” m |l
5 (B) TYPE: am no acid (O !
single (D) TOPQ-OGY.—_linear : (1)
MOLECULE TYPE: wgbgishd 10 THIS SHEET(HAS BEENPOTHET! CAlcTnj30b/05856

(i v) ANTI-SENSE: "NO 15 (v) RROG\EHRT TYPE: N-termnal

(vi) ORI G NAL SOURCE: : —{A—ER6AN-SM  Bovi ne 20
(vii) | MVEDI ATE SOURCE: ' (B) CLONE: K3 25

(xi) SEQUENCE DESCRI PTION: SEQ I D No: 21: 150

47. The composition of Claim 44, wherein the angiostatin
fragment comprises a portion of an amino acid sequence selected from the
group consisting of SEQ ID NO:7; SEQ ID NO:8; SEQ ID NO:9; SEQ
ID NO:10; SEQ ID NO:11; SEQ ID NO:12; SEQ ID NO:13; SEQ ID

5 NO:14; SEQ ID NO:15; SEQ ID NO:16; SEQ ID NO:17; SEQ ID
NO:18; SEQ ID NO:19; SEQ ID NO:20; SEQ ID NO:21; SEQ ID
NO:24; SEQ ID NO:25; SEQ ID NO:26; SEQ ID NO:27; SEQ ID
NO:28; SEQ ID NO:29; SEQ ID NO:30; SEQ ID NO:31; SEQ ID
NO:32; SEQ ID NO:33; SEQ ID NO:34; SEQ ID NO:35; SEQ ID

10 NO:36; SEQ ID NO:37; SEQ ID NO:38; SEQ ID NO:39; SEQ ID
NO:40; SEQ ID NO:41 and SEQ ID NO:42, or a combination or a
functional homologue thereof.

43. A composition comprising an isclated DNA sequence that
15 codes for an angiostatin fragment having an endothelial cell proliferation
inhibiting activity.

49, The composition of Claim 48, wherein the angiostatin

fragment is selected from the group consisting of a kringie 1 protein,

20 kringle 2 protein, kringle 3 protein, kringle 2-3 protein, kringle 1-3 protein,

kringle 1-2 protein, kringle 1-4 protein and kringle 1-4BKLS, or a
combination thereof.

50.  The composition of Claim 48, wherein the DNA sequence
25 codes for an amino acid sequence selected from the group consisting of
SEQ ID NO:7; SEQ ID NO:8; SEQ ID NO:9; SEQ ID NO:10; SEQ ID
NO:11; SEQ ID NO:12; SEQ ID NO:13; SEQ ID NO:14; SEQ ID
NO:15; SEQ ID NO:16; SEQ ID NO:17; SEQ ID NO:18; SEQ ID
NO:19; SEQ ID NO:20; SEQ ID NO:21; SEQ ID NO:22; SEQ ID
30 NO:23; SEQ ID NO:24; SEQ ID NO:25; SEQ ID NO:26; SEQ ID
NO:27; SEQ ID NO:28; SEQ ID NO:29; SEQ ID NO:30; SEQ ID
NO:31; SEQ ID NO:32; SEQ ID NO:33; SEQ ID NO:34; SEQ ID
NO:35; SEQ ID NO:36; SEQ ID NO:37; SEQ ID NO:38; SEQ ID
NO:39; SEQ ID NO:40; SEQ ID NO:41 and SEQ ID NO:42, or a
35 combination or a functional homologue thereof.

R, 0 L



1 10 een Replaced
GQu Ser Ay His Thr Cys An Arg Trp Ser Gu G@n Thr Pro Hi IMH!ﬁ‘f ﬂ
20 25 .

Pro G u Asn Phe Pro Cys Lys Asn L '@Lﬁlﬁfﬁ %3 BEEN

Cys Leu Lys Gly Thr Ay Lys Asn Tyr Gly Gy Thr Val Al a g/l%l
1

40 061357745 35 . REFLACEDTYT s Arg’ AslpcnnsgmssssGI y
Gu Lys Ala Pro Trp Cys Tyr Thr Thr - 50
55 60 Asn Ser Gu Val Arg Trp Au Tyr Cys
Thr Ile Pro Ser Cys 40 65 70
75 (2) | NFORMATI ON FOR SEQ | D NO.BR: (i)
SEQUENCE CHARACTERI STI CS: 45 (A) LENGTH: 78 am no acids
(B) T¥YPE: am no acid ESBh
(D) TOPOLOGY;- I'inear 50 P&/&E@f@%% rg{comrpnmngavector
(iii)® HYPOTHETI CAL: NO  associated Wbﬂw Asequence encoding anslostatm fragment, wherein
PCT/ UB96/ 05856 - the vector is capable of expressing angiostatin fragment when present in a’
cell
5

52. The composition of Claim 51, further comprising a cell
containing said vector.

53. A method of expressing angiostatin fragment having an
10 endothelial cell proliferation inhibiting activity comprising transfecting in
cell a vector, wherein the vector contains a DNA sequence encoding said
angiostatin fragment, and wherein the vector is capable of expressing
angiostatin fragment when present in the cell.

15 54. The method of Claim 53, wherein the angiostatin fragment
is selected from the group consisting of a kringle 1 protein, kringle 2
protein, kringle 3 protein, kringle 2-3 protein, kringle 1-3 protein, kringle 1-
2 protein, kringle 1-4 protein and kringle 1-4BKLS, or a combination
thereof.
20
55. The method of Claim 53, wherein the DNA sequence codes
for angiosta'tin fragment comprising an amino acid sequence selected from
the group consisting of SEQ ID NO:7; SEQ ID NO:8; SEQ ID NO:9;
~ SEQ ID NO:10; SEQ ID NO:11; SEQ ID NO:12; SEQ ID NO:13; SEQ
25 ID NO:14; SEQ ID NO:15; SEQ ID NO:16; SEQ ID NO:17; SEQ ID
NO:18; SEQ ID NO:19; SEQ ID NO:20; SEQ ID NO:21; SEQ ID
NO:22; SEQ ID NO:23; SEQ ID NO:24; SEQ ID NO:25; SEQ ID
NO:26; SEQ ID NO:27; SEQ ID NO:28; SEQ ID NO:29; SEQ ID
NO:30; SEQ ID NO:31; SEQ ID NO:32; SEQ ID NO:33; SEQ ID
30 NO:34; SEQ ID NO:35; SEQ ID NO0:36; SEQ ID NO:37; SEQ ID
- NO:38; SEQ ID NO:39; SEQ ID NO:40; SEQ ID NO:41 and SEQ ID
NO: 42, or a combination or a functional homologue thereof.

56. A composition for inhibiting endothelial cell proliferation
35 comprising aggregate angiostatin.

TR O ) A



115 (iv) ANTI-SENSE: NO GVENT T
N-t er ni nal 5 (vi) ORI G NAL SOURCE: ) 15 Shoot Had By Reptaced
ORGANI SM  Muri ne (vii) | MVEDI ATE SOURCE: meum‘l ml\
(B) CLONE: K4 10 . (xi) SEQUENCE DESCRI

NG 22: 15 Cys Tyr A n S§T , Tyr Arg Gly Thr Ser
Ser Thr Thr o ssns7a _ 557 HAS BEEN

15 I'le Thr Ay Lys Lys Q%PG\ﬁEISer Trip Al a AIa Met Phe Pro
Hs Arg . - 20 ' 25

30 20 Hs Ser Lys Thr Pro Qu Asn Phe Pro Asp Ala Ay
Leu Au Met Asn 35 152 40

45 Tyr Cys Arg Asn Pro Asp Gy Asp Lys Ay Pro Trp Cys Tyr
Thr Thr 25

Asp Pro Ser Val Arg Trp GQu Ty§7 Q/sn}fs HOTEYJ”E% i}‘dm&é6 wherein the aggreg%tg
- 75  angiosggin(ay a mateckiareTeight of @pproximately 4500 #3 kilodaltons as

(.) SEQUENCE CHARACTER! STiésSmined by reducing polyacrylamide(gé] elbdibbtiibeis’ 8 2 1o

aci ds (B) TYPE: am no acid (O
STRANDEDNESS: (D TOPOLOGY: i near (i)
MOLECULE TYPE: prétein 58. The composition of Claim 56, wherein the aggregate

angiostatin is derived from a plasminogen fragment beginning at
approximately amino acid number 98 derived from human plasminogen,
murine plasminogen, bovine plasminogen, Rhesus plasminogen or porcine
plasminogen. '
10
59. The composition of Claim 58, wherein the aggregate
angiostatin comprises an amino acid sequence selected from the group
consisting of SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID
NO:5, and SEQ ID NO:6 or a functional homologue thereof.
15
60. The composition of Claim 56, wherein the aggregate
angiostatin is derived from recombinant angiostatin.

61. The composition of Claim 56, wherein the aggregate
20 angiostatin is capable of inhibiting an angiogenesis-mediated disease.

62. The composition of Claim 61, wherein the disease is
selected from the group consisting of cancer, arthritis, macular degeneration
and diabetic retinopathy.

63. A method of inhibiting endothelial cell proliferation
comprising administering to the endothelial cell a proliferation inhibiting
amount of aggregate angiostatin.

30 64. ©  The method of Claim 63, wherein the aggregate angiostatin
- has a molecular weight of approximately 45 to 65 kilodaltons as determined
by reducing polyacrylamide gel electrophoresis,

| KRR 0 R A H.l!Il



40 (iii) HYPOTHETI CAL: NO (iv) ANTI-SENSE: NO

(v) FRAGMVENT TYPE: N-terminal 45 (vi) ORhisBhestH laced
(A) ORGANI SM Horp sapi ens (vii) | MVEDI ATE S H I -
(B) CLONE: K4 VO 96/ 35774

PCT/ US96/ 05856 116

(xi) SEQUENCE JsicibRTI ON. SEQ I D NO: 5@:’5-355{%?? HAS BEEN | ©Oys oGl0sese/ Asp
Gy A@n Ser Tyr Arg % y Thr Ser -Ser Thr THREPLACED 1 B 5

10 15 5 AT ThT y Lys Lys Cys G n
Ser Trp Ser Ser Met Thr Pro His Arg 20

25 30 H's GiggLys Thr Pro Gu Asn Tyr Pro
Asn Al=a Ay Leu Thr Met Asn 10 35 40
45 s -

65. The method of Claim 63, wherein the amino aggregate
- angiostatin is derived from a plasminogen fragment beginning at
_approximately amino acid number 98 derived from human plasminogen,
murine plasminogen, bovine plasminogen, Rhesus plasminogen or porcine
5 plasminogen.

L]

66.  The method of Claim 63, wherein the aggregate angiostatin
comprises an amino acid sequence selected from the group consisting of
SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, and SEQ
10 ID NO:6 or a functional homologue thereof.

67.  The method of Claim 63, wherein the aggregate angiostatin
is derived from recombinant angiostatin.

15 68. The method of Claim 63, wherein the aggregate angiostatin
’ is capable of inhibiting the angiogenesis-mediated diseases.

69. The method of Claim. 68, wherein the angiogenesis-
mediated disease is selected from the group consisting of cancer, arthritis, .
20 macular degeneration and diabetic retinopathy.

70. A method of treating a mammal with an angiogenic-
mediated disease comprising administering to the mammal an angiogenic-
mediated disease treatment effective amount of aggregate angiostatin.

25

71.  Use of aggregate angiostatin for the manufacture of a

medicament for therapeutic application to inhibit angiogenesis.

72.  The use of Claim 71, wherein angiostatin is a protein having
30 a molecular weight of approximately 45 to 65 kilodaltons as determined by
reducing polyacrylamide gel electrophoresis.

73.  The use of Claim 71, wherein the aggregate angiostatin is
derived from a plasminogen fragment beginning at amino acid number 98
35 derived from human plasminogen, murine plasminogen, bovine

plasminogen, Rhesus plasminogen or porcine plasminogen.
[ —
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Tyr Cys Arg Asn Pro Asp Ala Asp Lys Gy Pro Trp Cys Phe Thr Thr
50 55

60 15 _ Asp Pro Ser Val
Arg Trp Qu Tyr Cys Asn Leu Lys Lys Cys 65
70 75 (2) | NFORMATI ON FOR SEQ I D NO 24:
20 (i) SEQUENCE CHARACTERI h@s,,., p—— (A) LENGTH:
168 am no aci aci d pcrmspsmsass
(C) STRANDEDN é@gﬁmm q%f%h‘ﬁ C]_OGY i near
(ii) MOLECULE TYPE: protein . (i) YPOTH L:
(iv) ANTI-SENSE: NO (v) FRAGMVENT TYPE: °°“Re laced
(vi) ORI G NAL SOURCE: 35 ( A540RGANI SM |vu mm "
(vii) | MVEDI ATE SOURCE: (B) CLONE: K2
(xi) SEQUENCE DESCRI PTI ON: SEQ | D NGO 24: Cys I\/Et Tyr Cys
Ser Ay Gu Lys Tyr Glu Gy Lys Ile Ser Lys Thr
5 74. The use ofClaim 71, wherem the aggmgte sagiogtatin
58” Asp Cys G n Ala '2I'r5p Asdinprives &h BmR ackl @qlibnte Stlected from the grouw cons1snngof
Pro Ala Lys Phe Pro Ser L%Q@nNPe%l %%%%%sﬁm% NO:4, SE SééS -
40 5 45 IDNO:6 or a functional homologue thereof.

75. A method of producing aggregate angiostatin for inhibiting
endothelial cell proliferation comprising,
purifying angiostatin, and
10 aggregating the purified angiostatin,

76.  The method of Claim 75, wherein the aggregating step is
performed by dialyzing the angiostatin.

15 77.  The method of Claim 76, wherein the dialyzing step is
performed for approximately 24 hours with at least three changes of
dialysate.

78. The method of Claim 77, wherein the dialyzing step is
20 performed at approximately 4°C.

79.  The method of Claim 75, wherein the aggregate angiostatin’
is derived from recombinant angiostatin.

25 : 80. The method of Claim 79, wherein the recombinant
angiostatin comprises an oligohistidine portion, and the purification step is
performed using a nickel affinity chromatography column.

81. . The method of Claim 75, wherein aggregate angiostatin has
30 a molecular weight of approximately 45 to 65 kilodaltons as determined by
reducing polyacrylamide gel electrophoresis.

82. A product made by the process of Claim 75.

35 83. A composition comprising aggregate angiostatin and a

pharmaceutically acceptable excipient.
R O RN O



WD 96/ 35774

117
Thr
Asp
65

Pro
85

dy
100
Au
120
du
135
Thr
155
165

Thr
Pro

Pro

Thr

Thr
Pro
Val

Thr
Asn

Ser

Tyr
50
Lys.Arg Trp A u Tyr
70

Pwve ﬁ)@,ﬁe’r Pro Thr

90
Ser Val Thr Val Ser
105
Pro Hs Arg H s Asn
: 125 15
Tyr Cys Arg Asn Pro
140

dn Leu Arg Trp 84

5 85.

Cys Asp Ile Pro

55

freigas]

Gy Lys Thr Cys

Arg Thr

Asp

110
Proi&u

PCT/ US96/ 05856

Cys H's Asn Pro Asp Ay GQu Pro Arg Pro Trp Cys Phe

60

Cys Thr Thr 5

80

Ay Arg fit¥nusee/nssse

G u Asn Tyr Arg

Gn Arg Trp Ser
115

Asn Phe Pro Cys Lys Asn Leu

130
Ay Qu Thr Ala Pro Trp Cys Tyr Thr

2@he composm of Claim 83, further ¢cemprising a
160 gystained-release matrix@d U Tyr Cys Qu Ile Pro Ser Cys

The composition of Claim 83, wherein the aggregate .
' angiostatin has a molecular weight of approximately 45 to 55 kilodaltons as
determined by reducing polyacrylamide gel electrophoresis.

-—
This Sheet Has Been
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25  (2)
CHARACTER! STI CS:

(B) TYPE: am no acid
| i near

(D TOPOLOGY:
(ii11) HYPOTHETI CAL:

NO

30

(v) FRAGVENT go'bgmsi¥ t er m nal
(A) ORGANI SM Honb sapi ens

(B) CLONE: K2-3
50 -

Lys Thr

15 *

PCT/ US96/ 05856

v

| NFORMVATI ON FOR SEQ | D NO: 25:
(A) LENGTH. 168 am no aci ds
(C) STRANDEDNESS:

(i) SEQUENCE

(ii) MOLECULE TYPE: protein

40

(iv) ANTI - SENSE:
(vii)

NO

35

(vi) m'r@h‘WCE

| MVEDI ATE SOURCE:

(xi) SEQUENCE DESCRI PTION: SEQ I D NQ 25:

1/46

FIGURE 1

MOUSE PLASMINOGEN SEQUENCE:

Met Asp His
Gly Gln Gly
Leu Phe Ser
Cys Leu Ala
Gln Tyr His
Lys Thr Ser
Gly Thr Met
Ala Thr Phe
Glu Gly leu
Gly Pro Trp
Asn Ile Pro
Tvr Glu Gly
Trp Asp Ser
Pro Ser Lys
Pro Arg Pro
Cys Asp Ile
Tyr Gln Cys
Val
His
Glu

His
Tyr
Asp
Sex
Thr
Gly
Ala
Ala
Pro
Leu
Val

YT

Arg
Asn
Thr Thr
Glu Serxr
Glu Gln
Tyr Arg
Trp Ala
Pro Asp
Lys Gly
Cys Asn
Pro. Thr
Cys Met
Ala Ala Gly
His Ser Ile
Asn Tyx Cys
Thr Thr Asn
Ala Ser Ala
Lys Cys Pro
Trp Pro Trp

Thr Vval

Lys
Asp
Leu
Lys
Ser
Sexr
Ser
Pro
Glu

.CYS

Glu

Lys

Gln
Asn
Txp
Pro
Leu
Ser
aAsn
Cys
Ser
Ala
Pro
Thx
Met
Gly
Trp

Lys
Ser

Gly
Thr
Phe
Arg
Pro
Ser
Gly
Gln
Thr

Glu
Sexr
Thr
Cys
Lys
Ile
Arg
His
Glu
Tyx
Cys
Ile
Ser
Leu
Cys
Axg
Lys
Gly
Arg
Arg
Gln
Ser
Val
Ser
Phe
Leu
Cys
Arg
Gln
Asn
Pro
Thr
Asn
Arg
Ser
Arg
Ile
Leu

Cys
- _ Ala
Ala
. Leu
> Pro

Cys Gly Gly
Leu Glu
His Glu
Lys Leu
Ser Arg
Ser Pro

Lys Ser

Glu Tyr
Ile Leu

Val
Leu
Lys
Glu
Glu
Ile
Thr
Val
Asn
Thx
Glu
Ser
Pro
Lys
Phe
Cys
Gly
Lys
Thr
Asn
Leu
Pro
val
Ser
Pro
Glu
Tyvr
Cys
Glu
Gly
Cys
Pro
Pro
Lys
Phe
Vval
Sex
Ile
Ser
Ile
Glu

Ile
Asp
Lys
Gly
Gln
Arg
Lys
Pro
Tyr
Thr
Glu
Lys
His
Met
Thy
Thr
Arg
Thr
Pro
Pro
Arg
ASp
Gln
Thx
His
Met
Thr
Ser
Pro
Lys
Gln

Pro ala Thr Ile
Asn Tyr Met Val

Leu Leu Phe
Gly Tyr Ile
Gln Leu Ala
GClu Thr Asp
Gln Cys Val
Met Arg Asp
Ser Gly Val
aAsn Tyr Ser
Cys Arg Asn
Asp Pro Asp
Glu Cys Met
Thr Met Ser
Ala His Gly
Asn Tyr Cys
Thr Asp Pro
Thx Pro Pro
Gly Glu Asn
Cys Gln Arg
Glu Asn Phe
Asp Gly Glu
Trp Glu Tyr
Gln Ser Asp
Glu Cys Tyr
Thr Ile Thr
Arg His Ser
Asn Tyr Cys
Thr Asp Pro
Glu Thr Gly
Ser Gly- Pro
Asp Tyr Arg
Gly Trp Ala
Thr Asn Pro
Gly Asp Val
Tyr Asp Tyr
Cys Gly Lys
Gly Gly Cys
Arg Thr Arg
Pro Glu Trp
Pro Glu Phe
Gly Leu Asp
Asn Asn Arg
Thr Asp Lys

Leu Leu
Ser Thr
Ala Gly
Phe Val
Ile Met
val Ile
Ala Cys
Pro Ser
Pro Asp
Liys Arg
Tyr Cys
Gly Leu
Tyr Ile
His Asn
Thr Lys
Pro Pro
Tyr Arg
Trp Ser
Pro Cys
Thr Ala
Cys Glu
Ser Ser
Gln Ser
Gly Lys
Lys
Arg
Ser
Gly
Ser
Gly
Ala
Arg
Asn
Cys
Pro
val
Phe
Val
Tyxr
val
Asp

vVal Ile

" Cys Met His Cys Ser Ay @u Asn Tyr Asp Ay Lys lle Ser
1 5 10
WO 96/ 35774

Leu Leu
Gln Gly
Gly val
Cys Arg
Ala Glu
Leu Phe
Gln Lys
Thr His
Asn Asp
Tyr Asp
Ser Gly
Asp Cys
Pro Ala
Pro Asp
Arg Trp
Pro Ser
Gly Thr
Glu Gln
lLys Asn
Pro Trp
Ile Pro
val Pro
Asp Gly
Lys Cys
Pro Glu
Pro Asp
Arg Trp
Val val
Ser Glu
Thr Ala
Glu Pro
Asp Leu
Pro Trp
Ile Pro
Val Glu
Asn Pro
Gly Gln

Thr
val
Glu
Ala
Pro

Ala Asp Arg Thr Ile Cys

SUBSTITUTE SHEET (RULE 26)

Ala
Ile
Ile
Leu
Ala

Tyx

Lys Pro
Ala Ser
Ser Asp
Ser Phe
Asn Ser
Glu Lys
Trp Gly
Pro Asn
Glu Gln
Tyr Cys
Glu Lys
Gln Ala
Lys Phe
Gly Glu
Glu Tyr
Pro Thr
Val Ser
Thr Pro
Leu Glu
Cys Tyx
Ser Cys
Pro Glu
Gln Ser
Gln Ser
Asn Phe
Gly Asp
Glu Tyr
Glu Leu
Thr Asp
Val Thr
His Arg
Glu Lys
Cys Tyr
Leu Cys
Pro Lys
His Ser
His Phe
Ala His
Leu Gly
Ser Val
Leu Lys
Cys Leu
Ile Thr



118
Hi s
30

Lys
Tyr
50

Arg
70

Ser
85

Tyr
100
Al a
120
Asn
140
Arg
160
165

SEQUENCE CHARACTERRSTMadsASP

35

Al a

Asn
Cys Arg

Trp GQu
Gy Pro
Arg Ay

-

Adn Thr

Tyr Cys
25
Trp

30

Met Ser Gy Leu Au Cys An Ala Trp Asp Ser An Ser Pro
20

_ 25
Hs Ay Tyr Ile Pro Ser Lys Phe Pro Asn Lys Asn Leu Lys
5 35 40 45
Asn Pro Asp Arg Gu Leu Arg Pro Trp Cys Phe Thr Thr
WO 96/3577 ST 2 60 10 Aspctiusechsess Ly s
Leu Cys Asp Ile Pro Arg Cys Thr Thr 65
75 80 Pro Pro Pro Ser
Thr Tyr A n Cys Leu Lys Ay Thr Gy
90 95 15 A u Asn
Asn Val Ala Val Thr Val Ser Ay H's Thr Cys
105 110 2/46 Adn Hs Trp Ser
Pro H's Thr H's Asn Arg Thr Pro Qu 20 115

Gly I#p Gly Glu Thr Gln GA¢ MBheHY GLEYALL \G1y gl BéuAxrs @ln
Arg Aslea @lm Bep Pro Val Ile Glu Asn I§d0OVal Cys Asn Arg Val3&lu Tyr
LewdAsn psnAhrg Alal Rys Sep 'ﬂ\ﬁg Glivs Lér CérAlas 818e Gl hew/dlla
Gly Glyl¥gl Asp Ser Cys Gln Ghp Asp Ser Gly Gly Prosheu Val Cys
Pile G % ’\ﬁgs Melhobgerm@wly Val Thr Ser Trp Gly Leu
Gly N yNg 6Tyx Val Arg Val Ser (l}.r.)g
ﬁ g@sﬁg( am no aci ds
(B) TYPE: am no acid (C) STRANDEDNESS:

SUBSTITUTE SHEET (RULE 26)



(D TOPOLOGY: |inear (i) MOLECULE TYPE: protein 40

(iii) HYPOTHETI CAL: NO (iv) ANTI-SENSE: NO 45
(v) FRAGMVENT TYPE: N-term nal (vi) ORI A NAL SOURCE:
(A) ORGANI SM Rhesus nonkey 50 (vii) 1 MVEDI ATE SOURCE:
(B) CLONE: K2-3 WD 96/ 35774
PCT/ US96/ 05859 4 11PcTrus9e6/05856
(xi) SEQUENCE Dgglgﬁ'tp_n ON: SEQ I D NO 26: Cys Met His Cys Ser
Gy GQu Asn Tyr Asp Ay Lys Ile Ser Lys Thr 5 1 5
10 - 15 Met Ser Gy Leu Au Cys An Ala Trp
Asp Ser An Ser Pro Hs Ala ' 20
25 v 30
) 3/46
) Figure 2
MOUSE
HUMAN
RHESUS MONKEY
PORCINE
BOVINE

val tyr leu ser glu cys lys thr gly ile gly asn gly tyr arg gly
val tyr leu ser glu cys lys thr gly asn gly lys asn tyr arg gly
val tyr leu ser glu cys lys thr gly asn gly lys asn tyr arg gly
ile tyr leu ser glu cys lys thr gly asn gly lys asn tyr arg gly
ile tyr leu leu glu cys lys thr gly asn gly gln thr tyr arg gly

thr met ser arg thr lys ser gly val ala cys gln lys trp gly ala
thr met ser lys thr lys asn gly ile thr cys gln lys trp ser ser
thr met ser lys thr arg thr gly ile thr cys gln lys trp ser ser
thr thr ser lys thr lys ser gly val ile cys gln lys trp ser val
thr thr ala glu thr lys ser gly val thr cys gln lys trp ser ala

thr phe pro his val pro asn tyr ser pro ser thr his pro asn glu
thr ser pro his arg pro arg phe ser pro ala thr his pro ser glu
thr ser pro his arg pro thr phe ser pro ala thr his pro ser glu
ser ser pro his ile pro lys tyr ser pro glu lys phe pro leu ala
thr ser pro his wval pro lys phe ser pro glu lys phe pro leu ala

gly leu glu glu asn tyr cys arg asn pro asp asn asp glu gln gly
gly leu glu glu asn tyr cys arg asn pro asp asn asp pro gln gly
gly leu glu glu asn tyr cys arg asn pro asp asn asp gly gin gly
gly leu glu glu asn tyr ¢cys arg asn pro asp asn asp glu lys gly
gly leu glu glu asn tyr cys arg asn pro asp asn asp glu asn gly

pro trp cys tyr thr thr asp pro asp lys arg tyr asp tyr cys asn
pro trp cys-tyr thr thr asp pro glu lys arg tyr asp tyr cys asp
pro trp cys tyr thr thr asp pro glu glu arg phe asp tyr cys asp
pro trp cys tyr thr thr asp pro glu thr arg phe asp tyr cys asp
pro trp cys tyr thr thr asp pro asp lys arg tyr asp tyr cys asp

ile pro glu cys glu glu glu cys met tyr cys ser gly glu lys tyr
ile leu glu cys glu glu glu cys met his cys ser gly glu asn tyr -
ile pro glu cys glu asp glu cys met his cys ser gly glu asn tyr
ile pro glu cys glu asp glu cys met his cys ser gly glu his tyr
ile pro glu cys glu asp lys cys met his cys ser gly glu asn tyr

glu gly lys ile ser lys thr met ser gly leu asp cys gln ala trp
asp gly lys ile ser lys thr met ser gly leu glu cys gln ala trp
asp gly lys ile ser lys thr met ser gly leu glu cys gln ala trp
glu gly lys ile ser lys thr met ser gly ile glu c¢cys gln ser trp
glu gly lys ile ala lys thr met ser gly arg asp cys gln ala trp

SUBSTITUTE SHEET (RULE 26)



10 Hs Gy Tyr Ile Pro Ser Lys Phe Pro Asn Lys Asn Lau Lys Lys Asn
35 40 45 Tyr Cys Arg Asn
Pro Asp Gy GQu Pro Arg Pro Trp Cys Phe Thr Thr 50

55 60 15 Asp Pro Asn Lys Arg Trp Qu
Leu Cys Asp Ile Pro Arg Cys Thr Thr 65 70
75 wo 96735774 80 Pro Pro Pro Ser Ser Ggrmb¥otosess Tyr
G@n Cys Leu Lys Ay Thr Gy 20 85

90 95 Gu Asn Tyr Arg Ay Asp Val Al a Val
Thr Val Ser Gy H's Thr Cys 100

105 110 25 Hs Gy Trp Ser Ala G n Thr Pro H's
Thr H's Asn Arg Thr Pro Qu 115 120
125 - Asn Phe Pro Cys Lys n_Leu Asp Gu Asn Tyr Cys Arg Asn
Pro Asp 130 4746 135 140

30 asg ged gln \ser\proPhils Tala Qds Gy i Iiw phonalar 1y phébro
Arg Tep . asp serlgIn ser pro his ala HisOgly tyr ile pro se#5Slys phe pro
160 asp ey pu_ryoshmeal;a Aiseglgytyr ilgPpro ser lys phe pro
165 ( Dyl KR

SEQUENCE CHARACTERIPSBRESSLn seypro his ala hig
(B) TYPE: am no acid

(D) TOPOLOGY:

(rii) HYPOTHETIIGEQ@

asn
asn
asn

arg
arg
arg
arg
arg

asp
.asp
asp
asp
asp

asn
* asn

asn
- asn
asn

lys
lys
lys

pro
pro
pro
pro
pro

ile
ile
ile
ile
ile

|59% PER Bie) alr NB2ply tyr leu pro ser g{s phe pro

asn 4ZII::’eu
asn leu
asn leu
asn leu
asn leu

SUBSTITUTE SHEET (RULE 26)

lys
lys 1
lys lys
lys met
lys met

phe thr
phe thr
phe thr
phe thr
phe thr

cys thr
cys thr

. gly arg

gly thr
gly thr
gly arg
gly thr

lys thr
his thr
his thr
his thr
his thr

thr pro
thr pro
thr pro
thr pro
thr pro

asn pro
asn pro
asn pro
asn pro
asn pro

ALy EGTie I8% 88Fn
(C) STRANDEDNESS:

oo 24t

asn tyr cys a
asn tyr cys arg

asn

thr
thr

tyr

asp
asp
asp
asp
asp

pro
pro
pro
pro
pro

glu
glu
glu
glu
lys

gln
gln
his
gln
gln

asn
asn
asn
asn
asn

gly
gly
gly
gly
gly

cys

pro
pro
pro
pro
pro

pro
Pro
pro
pro
pro

asn
asn
asn
asn
asn

arg
his
gly
arg
arg

phe
phe
phe
phe

phe

glu
lys
glu
glu
glu

arg

thr
asn
asn
asn
gin

pro
pro
pro
pro
pro

tyr

tyr
tyr

trp

trp
trp

pro
pro
pro
pro
pro

arg
lys

asn
asn
asn

lys
lys
lys
lys
lys

pro
sexr
ser
thr
ser

arg
arg
arg
arg
gly

ser
ser
sex
serxr
ser

cys
cys
cys
cys
cys

ala
ala
ala
ala
ala

pro
pro
pro

arg
arg
arg
arg
arg

pro
ser
ser
ser
ser

pro
pro
pro
pro
pro

2 @hes pro

gly glu pro
a arg glu leu
asp gly glu pro
asp gly glu pro

asp gly

trp glu
trp glu
trp glu

glu

tyr
leu
leu

trp glu phe

trp glu

ger pro
gly pro
gly pro
gly pro
gly pro

thr val
asn val
asp val
thr val
thr val

gln thr
gln thr
gin thr
gin ser
gln thr

asn leu
asn leu
asn leu
asn leu
asn leu

txrp cys
trp cys
trp cys
Erp cyvs
txrp cys

phe

thr
thr
thr
thr
lys

ser
ala
ala
ser
ala

pro
pro
pro
pro
pro

glu
asp
asp
glu
glu

tyr
his
tyr
tyr
tyr

pro

cys
cys
Ccys
cys



(v) FRAGVENT TYPE: N-term nal WD 96/ 35774

PCT/ US96/ 05856 120

(vi) ORI G NAL SOURCE: (A) ORGANI SM Porci ne

(vii) 1 MVEDI ATE SOURCE: 5 (B) CLONE: K2-3

(xi) SEQUENCE DESCRI PTION: SEQ I D NO 27: 10 : Cys Met Hi's
Cys Ser Ay GhoeddssrsaTyr Qu Ay Lys Ile Ser Lys Thr PCT/US96AIS856

5 10 15 Met Ser Ay lle
Gu Cs An Ser Trp Ay Ser A n Ser Pro Hs Aa 15

20 25 30 Hs Gy Tyr Leu
Pro Ser Lys Phe Pro Asn Lys Asn Leu Lys Met Asn 35
40 T 45 20 Tyr Cys Arg Asn Pro Asp Ay GQu Pro
Arg Pro Trp Cys Phe Thr Thr 50 : 55

60 Asp Pro Asn Lys Arg Tr/48 u Phe Cys Asp | le Pro Arg Cys
Thr Thr thr asp ser gln leu arg trp glu tyr cys glu ile pro ser cys glu

thr asn ser giln val arg trp glu tyr cys lys ile pro ser cys asp
thr asn ser gln val arg trp glu tyr cys lys ile pro ser cys glu
thr asp ser glu val arg trp asp tyr cys lys ile pro ser cvs gly
thr asn ser glu val arg trp glu tyr cys thr ile pro ser cys glu

ser ser ala ser pro asp gln ser asp ser ser val pro pro glu glu
ser ser pro val ser thr glu gln leu ala pro thr ala pro pro glu
ser ser pro val ser thr glu pro leu asp pro thr ala pro pro glu
ser ser thr thr ser thr glu his leu asp ala pro val pro pro glu
ser ser pro leu ser thr glu arg met asp val pro val pro pro glu

gln thr pro val val glin glu cys tyr gln ser asp gly gln ser tyr
leu thr pro val val gln asp cys tyr his gly asp gly gln ser tyr
leu thr pro wval val gln glu cys tyr his gly asp gly gln ser tyr
gln thr pro val ala gln asp cys tyr arg gly asn gly glu ser tyr
gln thr pro val pro gln asp cys tyr his gly asn gly gln ser tyr

arg gly thr ser ser thr thr ile thr gly lvys lys cys gln ser trp
arg gly thr ser ser thr thr thr thr gly lvys lys cys gln ser trp
arg gly thr ser ser thr thr thr thr gly lys lys cys gln ser trp
arg gly thr ser gser thr thr ile thr gly arg lys cys gln ser trp
arg gly thr ser ser thr thr ile thr gly arg lys cys gln ser trp

ala ala met phe pro his arg his ser lys thr pro glu asn phe pro
ser ser met thr pro his arg his gln lys thr pro glu asn tyr pro
ser ser met thr pro his trp his glu lys thr pro glu asn phe pro
val ser met thr pro his arg his glu lys thr pro gly asn phe pro
ser ser met thr pro hig arg his leu lys thr pro glu asn tyr pro

asp ala gly leu glu met asn tyr cys arg asn pro asp gly asp lys
asn ala gly leu thr met asn tyr cys arg asn pro asp ala asp lys
asn ala gly leu thr met asn tyr cys arg asn pro asp ala asp lys
asn ala gly leu thr met.asn tyr cys arg asn pro asp ala asp lys -
asn ala gly leu thr met asn tyr cys arg asn pro asp ala asp lys

gly pro trp
gly pro trp
gly pro trp
ser pro trp
ser pro trp

SUBSTITUTE SHEET (RULE 26)



65

Pro Pro Pro
85

Gy Thr Val
100

Ala A n Ser
120
Asn Tyr Cys
140
Arg Trp
160 °
165 -~

40

SEQUENCE CHARACTE
(B) TYPE: amno a
(D TCOPOLOGY:

96/ 35774

70 75 80 25
Thr Ser Ay Pro Thr Tyr A n Cys Leu Lys Ay Arg Ay

90 95 G u Asn Tyr Arg
Ser Val Thr Ala Ser Ay H's Thr Cys 30

105 110 Gn Arg Trp Ser
Propo Y8/33714ys H's Asn Arg Thr Pro Qu PCI/US96/058561 10

125 35 Asn Phe Pro Cys Lys Asn Leu Gu Gu
Arg Asn Pro Asp 130 135

(2)

lin

Ay Qu Thr Ala Pro Trgzggs Tyr Thr Thr Asp Ser G u Val

Z 10045 150 155
Q Asp Tyr Cys Lys Ile Pro]Ser QIS
N TION FOR SEQ I D NO 28: 45 (i)
sB&s: (A] LENGTH; ds
d70 (C) ST NDEDNES! %Aa(?o TSk
r 60 (ii) MOLECULE|TYPE: pkdtEVMOR RESECTEC\\D
50 PCT/ US96/ 05856
Z 40
o 30
g 2 ir; 3A
® o0 : y AR 4
5 Io 15
DAYS AFTER OPERATION
1.0
@ 0.8 T
B ‘Hl INTACT TUMOR
:é 0.6 (] TUMOR RESECTEC
% 0.4-_
3 02- . Ve, 3B
0.0- : , g /7
5 10 IS
DAYS AFTER OPERATION
3.0
J
:
> 20 ll NORMAL MICE
& [] TUMOR BEARING MICE
2
E 1.0
o.o

25 ng/ml 50 ng/ml

_Wie; 4
7

bFGF

SUBSTITUTE SHEET (RULE 26)



121 (iii) HYPOTHETI CAL: NO (iv) ANTI-SENSE: NO

5 (v) FRAGVENT TYPE: N-term nal (vi) ORI A NAL SOURCE:
(A) ORGANI SM Bovi ne 10 (vii) | MVEDI ATE SOURCE:
(B) CLONE: K2-3 15 (xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 28:
Cys Met Hs Cys Ser Ay GQu Asn Tyr Qu Gy Lys Ile Ala Lys Thr
1 WO 96135774 10 15 crmsgﬂussss
Met Ser Gy Arg Asp Cys A n Ala Trp Asp Ser G n Ser Pro H's AIa
20 25 30 Hs Gy Tyr Ile
Pro Ser Lys Phe Pro Asn Lys Asn Leu Lys Met Asn 35
40 45 25 7/4 Q'yr Cys Arg Asn Pro Asp Ay GQu
Pro Arg Pro Trp Q/s Phe Thr Thr | 50 55
60 O g Arg G u Phe Asp Ile Rko Arg Cys
Thr Thy 30 % CaBobts’ 5
80 Pro Pro Ser Pro Lys Tyr dn s Leu Lys Ay
Thr A% CON'l%Q}.SERUle
95 35 Lys Tyr |l-.Ala Val Thr Qu Ser Ay His
Thr Cys = %ooBo! %Y, 105
110 ‘z"
SE
§§ 20000
22
5° : TUMOR SERUM
S & 10000 ] . . ; ,
o 5 10 15 20 25
SERUM ADDED/WELL :
(MICROLITERS)
W 7T
y A
——3— ASCITES
——QO—SERUM FROM MICE
ERUM FROM /77
—— SERUM FROM 77 ;)
NORMAL MICE y AR
g LOW METASTATIC HIGH META;STATIC
éE 300 - © 300-
Q
B 2004
QE 200 200-
2
g 100° 100 -
ot .
2 o 0-
: g
ﬂé -i00 1 - T T T 1 -ioo 1 T T T T —
- gg 0 10 20 30 40 50 60 O 10 20 30 40 50 60
’ SE VOLUME OF SAMPLE (UL) VOLUME OF SAMPLE (UL)

SUBSTITUTE SHEET (RULE 26)



An Arg Trp Ser AQu An Thr Pro Hs Lys H's Asn Arg Thr Pro Qu

115 120 125 40 Ann Phe
Pro Cys Lys Asn Leu Gu @ u Asn Tyr Cys Arg Asn Pro Asp
130 135 140 Gy GQu Lys Ala
Pro Trp Cys Tyr Thr Thr Asn Ser Qu Val Arg Trp 45 145
150 WO 96/35774-95 160 Thr
Ile Pro Ser Cys 165 q’%g%
PCT/ US96/ 05856 122
(2) 1 NFORVATI ON FOR SEQ I D NO 29: (i) SEQUENCE
CHARACTERI STI CS: (A) LENGTH: 250 ami no acids 5
(B) TYPE: amino acid 8216 STRANDEDNESS:
(D TOPOLOGY: |inear (ii) MOLECULE TYPE: protein 10
(iii) HYPOTHETI CAL: NO
“ -8
™
48 8
)
eS F
g ¥ < =
ET¢)
sN o g )
L Lo
~ O &
dg uﬁi =
o
£
= - ©
D -~
| ] ] ] l
(jonuoojo %)
uoneisjijold 180 reljeyiopuy
- o
©
-
0o o
8 <
s 1% 3 =
ge |_ 2 B
(T8 ® 8
| - = :8 E
= |« 8 =
. = 'y
D - o
m -
* | I | ] ] L
| 82°2§ 8¢

(j01u02 40 % )
uojreIefijoid |82 feleyiopus .

SUBSTITUTE SHEET (RULE 26)



(iv) ANTI-SENSE: NO
(vi) ORI G NAL SOURCE:

(vii)

| MVEDI ATE SOURCE:

15

(v) FRAGVENT TYPE: N-term nal
(A) ORGANI SM Muiri ne

(B) CLONE: K1-3

(xi) SEQUENCE DESCRI PTI ON: SEQ | D NGO 29:
Gy Tyr Arg Ay Thr
W0 96/35774.0
Lys Trp Gy Ala Thr Phe Pro H s Val

Ile
5
Al a
20
Pro
40
Asp
55
Cys
75
Lys
90
Al a
105
Phe
125
Pro
140

Ay

Cys
Ser

~

Gu
Asn
Tyr
Trp
Pro

Trp

Asn
dn
Thr
Adn

Ser
50

Cys

Hi s gro Asn Qu Ay Leu Gu

Gy 0
< B
Pro

Ay a
Ser %

LUNG WEIGHT (mg)
(mean + Standard Error)

b
248

25

45
o

700
600-

35

Cys Tyr Thr

Au

Ser
45
Pro

Met Ser Arg Thr

15

éP/u4 6An n

Tyr

- N (7]
o 38888
| Y I D I S |

TUMOR |

PLASMINOGEN FRAGMENT

INTACT |

SUBSTITUTE SHEET (RULE 26)

TUMOR REMOVED

Cys Lys Thr Ay
1

L¥eroesanstss Val

Pro Asn Tyr

Cys Arg Asn Pro Asp Asn
50

Wiy 9

fF 7

Ser



WD 96/ 35774 PCT/ US96/ 06856

123
Arg
160
Lys
175
Ay
190
Arg
Pro
210
Ay
230
Cys
250

Thr Thr Asp Pro Thr Lys Arg Trp Qu Tyr Cys Asp Ile Pro
Cys 145 150 155
Thr Thr Pro Pro Pro Pro Pro Ser Pro Thr Tyr A n Cys Leu
Ady. 5 165 170
WO93¥79 Gy G u Asn Tyr Arg Gy Thr Val Ser Val Thr Val Ser
Lys 180 185 PCT/US96/05856
10 Thr C¢ys A n Arg Trp Ser Au G n Thr Pro H's Arg His Asn
Thr 195 200 205
A u Asn Phe Pro Cys Lys Asn Leu Qu Glu Asn Tyr Cys Arg Asn
215 Pro Asp
€] u Thr Ala Pro Trp Cys Tyr Thr Thr Asp éer GI n Leu 225
235 240 Arg Trp Qu Tyr
GQulle Pro Ser Cys 20" 245 .
(2) I NFORVATI ON FOR SEQ I D NO 30: (1)

SEQUENCE CHARACTERI STI CS:

o ©
o £
= z

Jnini BATG (His)e  EK - M

V2.4-140105sa

FIGURE 10

SUBSTITUTE SHEET (RULE 26)



25 (A) LENGTH 250 ami no acids (B) TYPE:

am no acid (C) STRANDEDNESS: (D
TOPOLOGY: |inear 30 (i) MOLECULE TYPE: protei
(iii) HYPOTHETI CAL: NO (1v) ANTI-SENSE: NO 35
(v) FRAGVENT TYPE: N-term nal (vi) ORI G NAL SOURCE:
(A) ORGANI SM eope/35eal ens 40 (vii) | MVEDI AT
(B) CLONE: K1-3 45 (xi) SE%I;%E DESCRI PTI ON: SE
Q/s Lys Thr Gy Asn Ay Lys Asn Tyr Arg Thr Met Ser Lys Thr
5 15 50
Lys Asn Gy Ile Thr Cys @ n Lys Trp Ser Ser Thr S% Proghl s Arg
20 25 i 30 96/ 35774

PCT/ US96/ 05856 Cm o L e

-




124
Au
Tyr
50
Lys
70
H s
85

100
H s
115
Arg
135
Leu
155
Thr
170
Al a
185
Adn
200
Asp
220
Adn

Val
Thr
Au

Val

Arg
Tyr
Ser
A u
Tyr
Pro
Asp
Adn
Thr
Pro

Asn

Ile Pro

Cys Leu

Ser

H s Thr

Tyr

% INHIBITION

50~

Arg
Asn
Asp
Tyr
Trp
Lys

Leu

Cys

Ay
H s
Asn

Asn
Asp

Phe
3

Asp
Ile
Asp
Asp
Phe

Arg

Ser Pro Ala Thr Hs Pro Ser Qu Gy Leu Qu
5 .40 45
Pro @n @y Pro Trp Cys Tyr Thr 5
60 Thr Asp Pro Gu
Leu Gu Cys Gu 65 _
80 10 €] t
Gy Lys Ile Ser, - lb%g&ﬁﬁé\/e
95 Lys Thr Met Ser
Ser A n Ser Pro
135G/46 15 Hs A a
Pro Asn Lys Asn Leu Lys
125 Lys Asn Tyr Cys
Pro Trp Cys Phe 20 130
Thr Thr Asp Pr ysS
Lan AL Afégéoﬁﬁﬂaﬁrhs
Thr Thr Pro Pr 0..Riga..Ser s RREokbiNARE S1as
165

Thr Ay G u Asn--Tyg---Ar 1 REgodBaNR HAS
: 180
Thr Cys &ria-H=S BRRECOMBINANG HAS

Ar g\dhr 195
\

Pro G u Asn Phe-Pir-Cy CIOPNTRAIN Leu

5, 210 215

“Arg Ala Pro Trp Cys~Hi® ThrC2AeNTRAn Ser
\

===@=-=- DI CONTROL
-=¥~- D2CONIROL

ERECOMBINANT HAS

1:5

1:10 -

Dilution
FIGURE 12

SURSTITUTE SHEET (RULE 25)



225 230 235 240 40

Arg Trp Qu Tyr Cys Lys Ile Pro Ser Cys 245
250 (2) I NFORVATI ON FOR SEQ I D NO 31: 45 (1)
SEQUENCE CHARACTERI STI CS: (A) LENGTH: 250 am no acids
(B) TYPE: am no acid (C) STRANDEDNESS:
(D) TOPOLOGY: wobeas774 50 (i) MOLECULE TYPBchiisdkésss
(iii1) HYPOTHETI CAL: NO WD 96/ 35774
PCT/ US96/ 05856 125
(1v) ANTI-SENSE: NO (v) FRAGVENT TYPE: N-term nal 5
(vi) ORI A NAL SOURCE: (A) ORGANI SM Rhesus nonkey

. 13/46

Al RECOMBINANT HAS
Bl RECOMBINANT HAS

E RECOMBINANT HAS
80 I
60- J I——-+-bFGF
S 40- | :
& 2 a
Z B
20- =
= (=] A - e
RE
a o -
o N\ S ¥
~20
115
pivtion - __ea; 13
y A4

SUBSTITUTE SHEET (RULE 26)



(vii) 1 MVEDI ATE SOURCE: 10 (B) CLONE: K1-3

(xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 31: 15 Cys Lys Thr
Gy Asn Ay Lys Asn Tyr Arg Ay Thr Met Ser Lys Thr 1

5 10 15 : Arg Thr Ay Ile
Thr Cys A n Lys Trp Ser Ser Thr Ser Pro Hs Arg 20

20 : 30 Prper/Usvs/siss Ser
Pro Ala Thr ﬁfs%’soSerGuGy Leu Gu Gu Asn 35
40 45 25 Tyr Cys Arg Asn Pro Asp Asn Asp Gy
Gn @y Pro Trp Cys Tyr Thr 50 55

60 Thr Asp Pro AQu GQu Arg Phe Asp Tyr Cys Asp Ile Pro GQu
Cys Gu 65 I4§O 75

80 . 30 Asp A u Cys I\/Ellﬂ-h Q/s Ser Ay GQu Asn Tyr Asp Gy
Lys Il e Ser 90

95 ° Lys Thr—Net—Ser G’V‘tE'U‘G'U”CyS G AraTrp~Asp Ser G n
Ser Pro 35 : 100 105 ;

110 Hi s a Hs Gy~ Tyr Ile Pro Ser Lys Phe Pro Asn Lys Asn
Leu Lys o 1 . S g S 125
40 Lys Asn Tyr Trp Cys Phe
130 135 Thr Asp Pro
Asn Lys Arg Trp G u Leu 145

150 155 Thr Thr
Pro Pro Pro Ser Ser Ay i

165 170 Gy Gu Asn
Tyr Arg Ay Asp Val A a :

FIGURE 14

removed

Primaty
tumor
Primary
tumor
intact

v
S ——

SUBSTITUTE SHEET (RULE 26)



50 ' 180 185 190
Thr Cys Hs Ay Trp Ser Ala @ n Thr Pro H's Thr H's Asn Arg Thr
195 200 205 WD 96/ 35774
PCT/ US96/ 05856 126
Pro A u Asn Phe Pro Cys Lys Asn Leu Asp A u Asn Tyr Cys Arg Asn
210 WO 96/357741 5 220 5 Prper/iabsdskss G U
Lys Ala Pro Trp Cys Tyr Thr Thr Asn Ser d n Val 225
230 . 235 240 Arg Trp Qu Tyr
Cys Lys Ile Pro Ser Cys 15/46 245
250 _ 10 (2) | MRSRMATHON-FORSEQTBDNG5%e 1 (1)
SEQUENCE CHARACTERI STI CS: | (A) LENGFH: |250 ami no aci ds
15 ) (B) TYPE: @rri nq acid (¢) STRANDEDNESS:
(D TQPOLOGY: |i near ~ 0.6 (ii) MOLECULE TYHE: prjotein
E | coo
" )
g 0.4
] oo
§ 0.2
0.0
5 9 I3
DAYS - i _15A
~ 10
g%
é 80 -
& i
g 60 -
S 40+
& -
E 20 4
& .
0
5 9 13
DAYS _Aree; 15B
y AR
e_ o006 o000 [ 1 1]
g
B e
2 |
S
0 -
5 9 |




(iii) HYPOTHETI CAL: NO

20 (1v) ANTI-SENSE: NO
25 (v) FRAGVENT TYPE: N-term nal (vi) ORI A NAL
SOURCE: (A) ORGANI SM Porcine 30 (vii)

| MVEDI ATE SOURCE: (B) CLONE: K1-3 35 (xi)

SEQUENCE DESCRI PTI ON: SEQ | D NO 32:
Lys Asn Tyr Arwodegssiar Thr

10
Ser Val Ser Ser
25

Leu Alg Gy Leu Au G u Asng,g

45 45
Trp Cys Tyr Th
60 . .
Cys Qu 50
80 "

Il e Ser

95

15
30

Pro Hs Ile

Cys Lys Thr Ay Asn Gy

Ser Lys Thr 1 5
40 Lys Ser Ay Val Ile Q/E"E"ﬁ”ﬁ’é”s“wp
20
Pr 96}’¥§ Tyr Ser Pro Gu Lys Phe Pro

35 40

Tyr €ys Arg Asn Pro Asp Asmedsp Hu Lys Ay Pro
— 1 50 '
Thr A¥p 8@ G u Thr Arg Phe Asp Ty s|Asp Ile Pro Gu
Ge 75 '
Asp u CysjMet His Cys SefTAy A ¢ Hils] Tyr Gu Ay Lys
0.4+ 85 90
o
0.0-
5 9 13 :
DAYS aa; 16A
y A
. oo
® -
Z 80-
= .
g. 60 -
© 40-
E ]
;é 20
= 0-+ ! ! !
5 9 3
DAYS _ie;_16B
y A
g 8- o (T 1 (1 1
E 6d
E 4l
2 "
o- I
5 9 13
DAYS _Aea; 16C

SUBSTITURE SHEET (RULE 26)



WD 96/ 35774

127
Ser
110
Leu
Met

130.

Asp
150
Pro
165
Tyr
180
Trp
200
Au
220
Asp
240
245

Pro

Lys

5

Asn Tyr

Pro Asn

Thr,

Arg

Sef Al a

Ser
Ay

A u Asn

Ser

25
du

Lys Arg
Ay Pro

Thr Val

Of
:
S
:

TUMOR VOLUME (mm?)

PCT/ US96/ 05856

Lys Thr Met Ser Ay Ile Qu Cys @n Ser Trp Ay Ser An
100 105
Hs Ala Hs Ay Tyr Leu Pro Ser Lys Phe Pro Asn Lys Asn
115 120 125
CywoNegs?an Pro Asp Ay Gu Pro Arg Pro Trp Cys P
135 . 140 10 Bergagsasy
Trp Gu Phe Cys Asp Ile Pro Arg Cys 145
155 189 /46 Thr Thr Pro Pro
Thr. Tyr A n Cys Leu Lys y 15
170 _ 175 Arg Ay A u Asn
sdP082) Thr Ala Ser Gy His
185 190 20 Thr{Cys @ n Arg
Pro Hf Lys H's Asn Arg Thr 195
2(B000- Pro Qu Asn Phe Pro Cy I_Sﬂ‘nﬂgn Leu
Arg Asp - 210 215
Pfo Asp Gy GQu Thr Ala Pro Trp r Thr Thr
6000- 225 230 235
Arg Trp] Asp Tyr Cys Lys Ile Pro Ser S 30
250
4000+
ANGIOSTATIN
2000+
o) T T | I | 1 —3
0O 2 4 & 8 10 12 14 Is |8
TREATMENT DAY
iz 17
y A
12000-
SALINE
8000
4000 -
ANGIOSTATIN
04 I 1 T }
0 4 8 12 16 20

TREATMENT DAY

Wi 18
J

SUBSTITUTE SHEET (RULE 26)



(2) | NFORMATI ON FOR SEQ | D NO: 33:
CHARACTER! STI CS: 35

(B) TYPE: am no acid

(1) SEQUENCE
(A) LENGTH. 250 am no aci ds
(C) STRANDEDNESS:

(D) TOPOLOGY:

i near

40

(ii) MOLECULE TYPE: protein

(tii1) HYPOTHETI CAL: NO
(v) FRAGVENT TWwobgsshihd er m nal

(iv) ANTI-SENSE: NO

45

(vi) ORIG NAL S :

(A) ORGANI SM Bovi ne

50 (vii) | MVEDI ATE SOURCE: 5856
(B) CLONE: K1-3 WO 96/ 35774
PCT/ US96/ 05856 128
A 18/46
. —~ 12000 B) T2A1 5 saline
‘ T Fibrosarcoma
£ sooot T/C=0.15 ,é'
~— /
o U4
E ~
= 4000 e
i ,§’ ’ Angiostatin
] -7
£ =i
E 0 5 10 15 2 25
Treatment Day
FIGURE 19
12000
;\ A) Lewis ,
& Lung Ca. P ,§ Saline
£ so00 T/C=0.13 -
- ’I
2 g
S 40004 5
. g ’/
- o Angiostatin
g =
S 0 510 %5 2 %
" Treatment Day
FIGURE 20

SUBSTITUTE SHEET (RULE 26)



(xi) SEQUENCE DESCRI PTION: SEQ I D NO 33:

5 " Cys Lys Thr Ay Asn

Ay Adn Thr Tyr Arg Ay Thr Thr Ala G u Thr I
5 10 15 Lys Ser @y Val
Thr Cys A n Lys Trp Ser Ala Thr Ser Pro Hi s Val
20 25 _ 30 10 Pro Lys
Phe Ser Pro Gwoa¢ssAlpe Pro Leu Ala Ay Leu Gu A u Asn
35 _ 40 45 erTd/Us Xr@“Asn
Pro Asp Asn Asp Au Asn Ay Pro Trp Cys Tyr Thr 15 50
55 60 Thr Asp Pro Asp Lys Arg Tyr Asp Tyr
Cys Asp Ile Pro Qu Cys GQu 65 70
75 ) 80 20 ASIP LIS Cys Met His Cys Ser Ay Gu
Asn Tyr Au Ay Lys Ile Ala 9/46 85
90 . 95 Lys Thr Met Ser Ay Arg Asp Cys Gn
Ala Trp Asp Ser A n Ser Pro 100
105 - ' 110 25 Hs Ala Hs Ay Tyr Ile Pro
Ser Lys Phe Pro Asn Lys Asn Leu Lys 115
120 125 Met Asn Tyr Cys Arg Asn Pro Asp
Gy QQu Pro Arg Pro Trp Cys Phe 30 130 135
140 ~hr Thr Asp Pro G n Lys Arq Trp Gu Phe Cys Asp Ile Pro
Arg Cys ! 150 151
160 35 oYhr Thr E) Retoulum ser ay Pgo Is_zﬁqur dln ¢ys Leu
LyS Ay a0 €70
175 Fnr 800 1Ly s ﬁeélg%s (,’Iilng?'y Thr Ydi Ala Val Thr Gu Ser
dy Hs - 0. 7 185
190 40 o© Thr Cys A n Arg Tr/@»@e Gu @n Thr Pro H's Lys
His Asn Arg Thr S 50001 1954+ 200
205 S /

S 7

> 2500 /

xg o B Angiostatin

E 1 L 1 ] 1 ]

0 10 20 30

Treatment Day

FIGURE 21

SUBSTITUTE SHEET (ROLE 26)



Pro Gu Asn Phe Pro Cys Lys Asn Leu Qu G u Asn Tyr Cys Arg Asn . 45

210 215 220 Pro Asp Ay Qu
Lys Ala Pro Trp Cys Tyr Thr Thr Asn Ser du Val 225
230 235 - 240 50 Arg Trp Qu Tyr
Cys Thr Ile Pro Ser Cys 245
250 WOORSHE5774
PCT/ US96/ 05856 129FCTIUS6/05856
(2) I NFORMATI ON FOR SEQ I D NO: 34: (i) SEQUENCE
CHARACTERI STI CS: (A) LENGTH 160 ami no acids 5
(B) TYPE: amino acid . ( 29/ 46 RANDEDNESS:
(_D_)_TCPC]_OGY llrﬁp!\ﬂ) ANGIOSTATIN 56 ,}‘E/&ECULE TYPE: protein 10
(iii) HYPOTHETI CAL: 5.q. every 12 hou rs("'l'%/ ANTI - SENSE: _NO
2000+
E SALINE TREATED
g 2100+
sl
o
: 1400+ -
& iy 22
ANGIOSTATIN TREATED
T/C = 0.003
0+ == —fn o o.. 0o
o} o] 20 30 40
TREATMENT DAY
50001 ANGIOSTATIN 50 mg/kg
S.q. every 12 hours
’E 4000- SALINE TREATED
E
=
£ 3000-
=t
(@]
>
% 20004 __'z:.—»
S wr_23
- = y A
1000+ ANGIOSTATIN TREATED
T/C = 0.05

o 10 20 30 40 S0
TREATMENT DAY

SUBSTITUTE SHEET (RULE 26)



15 (v) FRAGVENT TYPE: N-terni nal (vi) ORI G NAL

SOURCE: (A) ORGANI SM Muri ne 20 (vii)
| MVEDI ATE SOURCE: (B) CLONE: Kl1-2 25 (xi)
SEQUENCE DESCRI PTI ON: SEQ | D NO 34: Cys Lys Thr Gy Ile Ay
Asn Ay Tyr Arg Gy Thr Met Ser Arg Thr 1 5
10 WO 96/357745 30 Lys Ser Ay Val Al a COpgrfgsekssss 1" P
Gy Ala Thr Phe Pro H s Val 20
25 30 Pro Asn Tyr Ser Pro Ser Thr Hi's Pro
Asn Qu Ay Leu Gu Gu Asn 35 40
45 35 Tyr Cys Arg Asn Pro Asp Asn Asp Qu G n @y Pro
Trp Cys Tyr Thr 50 21/46 55
60 Thr Asp Pro Asp Lys Arg Tyr Asp Tyr Cys Asn Ile Pro Qu
Cys G.u 40 65 70 75

GQu Au Cys Met Tyr Cys Ser Ay GQu Lys Tyr Au Ay Lys
Il e Ser 85 90
95 45 Lys Thr Met S Lau Alauglrp Asp Ser_ @ n
Ser Pro HIND Mo?g\é‘ PEABMIKO 6N 1(5’? NA |
110 L BE Ala Hs Ay Tyr Ile Pro Ala Lys Phe Pro Ser Lys Asn
Leu Lys | g 115 120 125
50 MeSSAsRATyr Klys KRs A&h PKd AdSSAy Ju Pro Arg Pro Trp
Cys Phe Imao ] 1 |135 Y 77 7 7}

ATG l § Xba 1 TlA .
pck P2 | .
TAA
MOUSE

[_" ANGIOSTATIN __|

SS PA Kl K2 K3 K4 HA
H]ND Iﬂl%ﬁ\w 1 | Xba 1

ATG
|->Mv 7 /

pRC/CMV - angiostatin

rwa; 24

SUBSTITUTE SHEET (RULE 26)



WD 96/ 35774 PCT/ US96/ 05856

130 Thr Thr Asp Pro Thr Lys Arg Trp Qu Tyr Cys Asp Ile Pro
Arg Cys 145 150 155
160 5 (2) 1 NFORVATI ON FOR SEQ I D NO 35: (1)
SEQUENCE CHARACTERI STI CS: (A) LENGTH: 160 am no acids
(B) TYPE: ami rwo o6isthe 10 (C) STRANDEDNESS: PCTIUSSE0S
(D) TOPOLOGY: |i near (ii) MOLECULE TYPE: protein sﬁfS
(iii) HYPOTHETI CAL: NO (iv) ANTI-SENSE: NO
(v) FRAGVENT TYPE: N-term nal 20 (vi) ORI G NAL SOURCE:
(A) ORGANI SM Honp sapi ens : @2y | MVEDI ATE SOURCE: 25
(B) CLONE: K1-2 800 —
—QO— MOCK
——@— VECTOR §
; —— AST 37
&
E . 400+
2
O 2004
(o)
0
2500
. 2000-
2
LS
gs 1500
)
E 1000
3
=
|
) 500
- o




(xi) SEQUENCE DESCRI PTI ON: SEQ | D NO 35: 30

Gy Asn Ay Lys Asn Tyr Arg Ay Thr Met Ser Lys Thr

5 10 15

Thr Cys A n Lys Trp Ser Ser Thr Ser Pro His Arg 35
20 25 30

Pro Ala Thr Hwobss7er A u Ay Leu Qu A u Asn

40 45 40 Tyr Cys Arg Asn
G@n @y Pro Trp Cys Tyr Thr 50

0 g 45REl o Bt NS o CokERor
80 45 G-40 G30 Q0s -Met oHi 3

Lys Il e Ser L L et 35 4
95 . MpexThr Met Ser Gy LeLGIuQ/s Adn
Ser Pro 50 100 =

110 Hs Ala Hs Ay Tyr Ille Pro Ser Ly{
Leu Lys 120

% CHANGE OF CELL NUMBER (VS. CONTROL)

Cys Lys Thr
1
Lys Asn Ay lle

Pro Arg Phe Ser
PCT/US96/058563
Asp Asn Asp Pro

55
Cys Asp Ile Leu Qu
75

Pro

0020 SB0 Gy G u Asn Tyr Asp Gy
90

Ala Trp Asp Ser Gn
105

Phe Pro Asn Lys Asn

125

PCT/ US96/ 05856

_V-ie;7 26A

-50 -40 30 20-10 0 10 20 30 40 50

I 1 H [ ] 1 [ ] |

MOCK —}—

VECTOR 6 oA

l/]/

77
57772

L

AST 25  —

AST31 +

AST 37 bP——}

72

% CHANGE OF CELL NUMBER (VS. CONTROL)

Wi 268
e

-50 -40 -30 20 -10 0 10 20 30 40 50

MOCK H
VECTOR 5 p—
VECTOR 6 .._E_,

ast2s W7

AST 31

AST 37




131 Lys Asn Tyr Cys Arg Asn Pro Asp Arg Qu Leu Arg Pro

Trp Cys Phe 130 135 140
5 Thr Thr Asp Pro Asn Lys Arg Trp Qu Leu Cys Asp Ile Pro Arg Cys
145 150 _ 155 160
(2) | NFORMATI ON FOR SEQ | D NO: 36: 10 (i) SEQUENCE
CHARACTERI STI G 96135774 (A) LENGTH: 160 anmino a (ﬂ%ssslossss
(B) TYPE: am no acid (C) STRANDEDNESS:
(D TOPOLOGY: |inear ' (ii) MOLECULE TYPE: protei n
(i1i) HYPOTHETI CAL: NO 20 (iv) ANTI-SENSE: NO
(v) FRAGVENT TYPE: N-terminal. 25 24/749/i) ORI G NAL SOURCE:
(A) ORGANI SM Rhesus nonkey (vii) 1 MMEDI ATE SOURCE:
(B) CLONE: Ki1-2 30 (xi) SEQUENCE DESCRI PTION: SEQ ID
NO 36:. 35 Cys Lys Thr Gy Asn Ay Lys Asn Tyr Arg Gy Thr Met
Ser Lys Thr 1 5 10
15 Arg Thr Ay Ile Thr Cys A n Lys Trp Ser Ser Thr Ser Pro
Hs Arg
120007
] NON-TRANSFECTED
o~ 1000 VECTOR 5
E VECTOR 6
-
E 8000
=S 6000-
>
g
E 4000- CLONE 25
TIC = 0.34
= CLONE 31
2000+ TIC = 0.21
CLONE 37
TIC = 0.13
o)
o 7 14 21
DAY AFTER IMPLANTATION

_ia; 27
o T

SUBSTITUTE SHEET (RULE 26)



20 25 30 40 Pro Thr
Phe Ser Pro Ala Thr H's Pro Ser Qu Ay Leu Gu Ju Asn

35 40 45 Tyr Cys Arg Asn
Pro Asp Asn Asp Ay G n Ay Pro Trp Cys Tyr Thr 45 50

55 60 Thr Asp Pro Gu GQu Arg Phe Asp Tyr
Cys Asp |l e Prewdgdsmsizgs G u ' 65 _

75 80 50 Asp Gu Cys Met Hi' s Wgcgigrs @y Gu
Asn Tyr Asp Gy Lys Ile Ser 85

90 : 95 WD 96/ 35774

PCT/ US96/ 05856 132

Lys Thr Met Ser Gy Leu Gu Cys G n Ala Tes/Aep Ser G n Ser Pro
110

Hs Ala Hs Qy

100 105

Tyr Ile Pro Ser Lys Phe Pro Asn Lys Asn Leu Lys 5 115
120 125 Lys Asn Tyr Cys Arg Asn Pro Asp Gy
Gu Pro Arg Pro Trp Cys Phe _ 130 135

140 10 Thr Thr Asp Pro Asn Lys Arg Trp Qu Leu Cys Asp Ile Pro
Arg Cys 145 150 155

160 .

Plasminogen

/

: \
Angiostatin —————

K1 K2 K3 K4
LA/ NN I

K1 K2 K3

/777777 NN I
K2 K3

K1 AN A——

Ko
K3

K4

FIGURE 28
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(2) 1 NFORMATI ON FOR SEQ | D NO 37: 15 (i) SEQUENCE

CHARACTERI STI CS: (A) LENGTH. 160 am no aci ds

(B) TYPE: am no acid (C) STRANDEDNESS: 20

(D TOPOLOGY: |inear (ii) MOLECULE TYPE: protein

(iii) HYPOTHETI CAL: NO 25 (1v) ANTI-SENSE: NO

(v) FRAGVENT Wres3ste4t er mi nal 30 (vi) ORI G NAL SOpiotiosesessse
(A) ORGANI SM Por ci ne (vii) | MVEDI ATE SOURCE:

(B) CLONE: K1-2 35 (xi) SEQUENCE DESCRI PTION: SEQ I D
NG 37: 40 Cys Lys Thr dy Asn Gly Lys Asn Tyr Arg Gly Thr Thr
Ser Lys Thr

15 Lys Ser Gy Val |le QIS G n Lys Trp Ser Val Ser Ser Pro
Hs Ile 20 25

30 . 45 Pro Lys Tyr Ser 256/&6] u Lys Phe Pro Leu Ala Gy

Leu Au du Asn

45 Tyr Cys Arg Asn Pro’ Asp Asn és/ gy Pro Trp Cys
Tyr Thr 50 50
Thr Asp Pro Gu Thr Arg Phe Asp Tyr Cys Asp IIe

65 70
kD
200—
07— e
69—
46— -
30— e»
215— =
AN
- ® .
14,3 -

1 2345
FIGURE 29A
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WD 96/ 35774 PCT/ US96/ 05856

133 Asp Gu Cys Met H's Cys.SerGIyGIu Hs Tyr u Ay
Lys Ile Ser ' 85 90
95 5 Lys Thr Met Ser Ay Ile Qu Cys A@n Ser Trp Ay Ser Gn
Ser Pro 100 105
110 s Ala Hs Ay Tyr Leu Pro Ser Lys Phe Rrsernsosossses Asn
Leu Lys wo seas7il 115 120 125
10 Met Asn Tyr Cys Arg Asn Pro Asp Gy GQu Pro Arg Pro Trp
Cys Phe 130 135 140
Thr Thr Asp Pro Asn Lys Arg Trp A u Phe Asp Ile Pro Arg Cys 15
145 - 150 2 160
(2) | NFORMATI ON FOR SEQ | D NO 38: L (i) SEQUENCE
CHARACTERI STI CS: - - A)  LENGIH 7160 "am no aci ds
(B) TYPE: anino acid B (Q ST SS:
§
gt T ¥
07— anm
A
30"‘ -
o
' 143— =
FIGURE 29B
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(D TOPOLOGY: |inear 25 (i) MOLECULE TYPE: protein

(iii) HYPOTHETI CAL: NO 30 (iv) ANTI-SENSE: NO
(v) FRAGVENT TYPE: N-term nal (vi) ORI G NAL SOURCE: 35
(A) ORGANI SM Bovi ne (vii) | MVEDI ATE SOURCE:
(B) CLONE: KI-2 40 (xi) SEQUENCE DESCRI PTI ON: SEQ I D
NG 38: wooeissyis OYs Lys Thr Ay Asn Gy A n Thr Tyr ArgcfassesnBdse Thr
Ala Gu Thr 45 1 5 10
15 Lys Ser Ay Val Thr Cys A n Lys Trp Ser Ala Thr Ser Pro
H s Val 20 25
30 50 Pro Lys Phe Ser Pro (kg/4¢'s Phe Pro Leu Ala Gy Leu Qu
G u ASn 35 45
WO 96/ 35774 i PCT/ U$96/ 05856
| § o g Py
u! . Ss
: E.
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134 Tyr Cys Arg Asn Pro Asp Asn Asp Qu Asn Gy Pro Trp Cys
Tyr Thr 50 55 60

Thr Asp Pro Asp Lys Arg Tyr Asp Tyr Cys Asp Ile Pro Qu Cys Gu 5
65 70 75 80
Asp Lys Cys Met H's Cys Ser Ay QQu Asn Tyr Qu Ay Lys Ile Ala
85 : WO 9&!3577%0 95 10 Ly MWSSWSGSG r
Gy Arg Asp Cys n Ala Trp Asp Ser A n Ser Pro .
100 105 110 Hs Ala Hs Qy
Tyr Ile Pro Ser Lys Phe Pro Asn Lys Asn Leu Lys 115
120 125 15 Met Asn Tyr Cys Arg Asn Pro
Asp Ay Qu Pro Arg Pro Trp Cys Phe 130
135 140 Z84a6Thr Asp Pro A n Lys Arg Trp
G u Phe Cys Asp Ile Pro Arg Cys 20 145 150
155 160 (2) I NFORVATI ON FOR SEQ I D NO 39:
25 (i) SEQUENCE CHARACTERI STI CS: (A) LENGTH: 352
am no aci ds (B) TYPE: am no acid
(C) STRANDEDNESS: (D TOPOLOGY: |inear 30
(ii) MOLECULE TYPE: protein (iii) HYPOTHETI CAL: NO 35
(1v) ANTI-SENSE: NO (v) FRAGMVENT TYPE: N-term nal
20

S ' bFGF alone -

& 0

E

=

< .20

=

[\1)

o

£ 401

m -

Y K1i-4

S 60—

S K1-3

&

® B

-100 1 1 i l ]
0 20 40 80 160 320

Protein Conc. (nM )

FIGURE 31
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(vi) ORI G NAL SOURCE: 40 (A) ORGANI SM Murine

(vii) | MVEDI ATE SOURCE: ' (B) CLONE: K1-4 45

(xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 39: Q/s Lys Thr Gy Ile
Gy Asn Ay Tyr Arg Ay Thr Met Ser Arg Thr 50 5
10 15 Lys Ser Gy Val Al a Q/s G@n Lys Trp
Ay Ala Thr Phewvesesstiss Val 20

25 30 WO 96/ 35774 PCT/US96/05856
PCT/ US96/ 05856 30/46 135

Pro Asn Tyr Ser Pro Ser Thr His Pro Asn Glu Gy Leu Qu GI»@

35 . 5 ys Arg Asn
Pro Asp Asn Asp Qu G&ﬂgm %S Tyr Th‘.p' {9 ,(g. w 50

55 J NI 0AS-R -y Asp Tyr
q/sAsnIIeProGluQ/sGlu _g

E 2

2

8 “r

£

® 60~

5

s ¥r

® -100

FIGURE 32B
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65
du
85

100
Tyr
120

140
Arg
160
Cys
175

190
Arg
35

210
Thr
230
du
245
Ser
260
Tyr
275

70
Met Tyr Cy
90

Cys @dn A
10
Pro Trp Cy
Thr

Asp
Pro

Arg

25
Lys

Thr

Ala Pro Trp Cys

Tyr Cys Qu IIeIg,

Ser Val Pro Prog

Gn Ser Asp Ay &
28

% Change in Cell Number

75 80 10
s Ser Ay GQu Lys Tyr Qu Ay Lys Ile Ser
95 Lys Thr Met Ser
a Trp Asp Ser An Ser Pro 15
5 110 Hs Ala Hs Gy
e Pro Ser Lys Asn Leu Lys PCT/US96/05856¢ 115
5 20 n Tyr Cys His Asn Pro Asp Gy
s Phe I\ﬁtl“% 130 135
Thr Asp Pro Thr Lys Arg Trp Gu Tyr Cys Asp Ile Pro
145 » 150 155 _
Thr Thr Pro E*. Pro o Pro Ser Pro Thr Tyr dn
& ¢ e &' £ 165 170
Gy U AT Tyr Arg oy Jhr Val Ser Val Thr Val Ser
- 185
r G@n Thr Pro Hs Arg H s Asn
200 205
Plpg u Gu Asn Tyr Cys Arg Asn
5 Asp Ay Qu
> FIGURE 33&225 :
5 40 Arg Trp
0.68 Ser Pro
0 Asp G n Ser Asp
uﬁ_u & n Thr 45 .
6 270 G@n du Cys
nogar Tyr Arg Ay Thr Ser |Ser
ot 785
FIGURE 33B
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50 Thr Thr Ile Thr Gy Lys Lys Cys @ n Ser Trp Ala Ala Met Phe Pro

290 295
PCT/ US96/ 05856

300 WD 96/ 35774
136

His Arg His Ser Lys Thr Pro Qu Asn Phe Pro Asp Ala Ay Leu Qu

305 310
325

315 320

Met Asn Tyr C\/WOM@'Msn Pro Asp Gy Asp Lys Gy Pro Trp Cys Ticrmseenssss
330 335

Thr Thr Asp Pro

Ser Val Arg Trp Au Tyr Cys Asn Leu Lys Arg Cys

340 345

| NFORNVATI ON FOR SEQ | D NG 40:

(A) LENGTH 352 am no acids
(C) STRANDEDNESS:
(i1) MOLECULE TYPE: protein

350 10 (2)
(i) SEQUENCE CHARACTERI STI CS:
15 .32/4&) TYPE: amino acid
(D TOPOLOGY: |inear
20 (iii) HYPOTHETI CAL: NO

97—
69—
46— o
- S
21.5—
14.3—
1 2
'FIGURE 34A
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(iv) ANTI -SENSE: NO 25 (v) FRAGVENT TYPE: N-terni nal

(vi) ORI A NAL SOURCE: (A) ORGANI SM Honp sapi ens
30 (vii) | MVEDI ATE SOURCE:. (B) CLONE: K1-4
35 (xi) SEQUENCE DESCRI PTI ON: SEQ I D NO. 40: Cys Lys
Thr Ay Asn Gy Lys Asn Tyr Arg Ay Thr Met Ser Lys Thr 1
5 15 40 LyecTAISH6M5856 | | e
Thr Cys A n Lys %mp éer Ser Thr Ser Pro His Arg
20 25 30 Pro Arg Phe Ser
Pro Ala Thr Hi s ProSerGIuGIyLeuGluGluAsn 35
40 45 45 33/46y; Cys Arg Asn Pro Asp Asn
Asp Pro An Gy Pro Trp Cys Tyr Thr 50
55 60 Thr Asp Pro Gu Lys Arg Tyr Asp Tyr
Cys Asp Ile Leu Au Cys Gu 50 65 70
75 . 80 GQu Au Cys Met Hs Cys Ser Ay du
Asn Tyr Asp Gy Lys Ile Ser 85
90 95 - '

B ° &

e’gs\ &bp

s
] o

% Change in Cell Number
&

-120

FIGURE 34B
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WD 96/ 35774 PCT/ US96/ 05856

137 Lys Thr Met Ser Ay Leu Qu Cys G n Ala Trp Asp Ser G n
Ser Pro 100 105
110 5 Hs Ala Hs Ay Tyr Ile Pro Ser Lys Phe Pro Asn Lys Asn
Leu Lys - 115 120 125
Lys Asn Tyr n Pro Asp Arg Gu Leu Arg Pro Trp Cys R
130 o fdrie 140 10 Rirosgpesesy
Asp Pro Asn Lys Arg Trp Qu Lou Cys Asp Ile Pro Arg Cys 145
150 155 160 Thr Thr Pro Pro
Pro Ser Ser Ay Pro Thr. Tyr G n Cys Leu Lys Gy 15 :
165 . 170 B4746 Thr Gy Au Asn
Tyr Arg Ay Asn Val Ala Val Thr Val Ser Ay H's
180 | - 185 190 20 Thr Cys @ n H's
Trp Ser Ala A n Thr Pro H's Thr H's Asn Arg Thr 195
200 205 Pro Gu Asn Phe Pro Cys Lys Asn Leu
Asp G u Asn Tyr Cys Arg Asn - 210 215
220 25 Pro Asp Gy Lys Arg Ala Pro Trp Cys Hi's Thr Thr
Asn Ser dn Val o _ 225 235
240 Arg TrpFd uzéyr er Ser Pro
Val Ser 30 . s
255 Thr Gu dn ®eu : e eu Thr Pro
Val Val : 270
wn
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35 Gn Asp Cys Tyr Hs Ay Asp Ay Gn Ser Tyr Arg Gy Thr Ser Ser

275 280 285 Thr Thr Thr Thr
Gy Lys Lys Cys A n Ser Trp Ser Ser Met Thr Pro : 290

295 300 40 Hs Arg Hs @n Lys Thr Pro

A u Asn Tyr Pro Asn Ala Gy Leu Thr 305 310
315 . W09635714320 Met Asn Tyr Cys Arg Ascrfiognssd Al a
Asp Lys Ay Pro Trp Cys Phe 45 ' 325

330 335 : Thr Thr Asp Pro Ser Val Arg Trp Gu
Tyr Cys Asn Lou Lys Lys Cys 340

345 | 350 50 WD 96/ 35774

PCT/ US96/ 05856 138 (2)
| NFORMATI ON FOR SEQ I D NO 41: (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH: 378 ami no acids - 5 (B) TYPE: am no acid

(C) STRANDEDNESS:

35/46

kD 1 2 3

98-
64-
50-
36-
30-

el n

FIGURE 36A
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(D). TOPOLOGY: Ilinear (i) MOLECULE TYPE: protein 10

(iii) HYPOTHETI CAL: NO (iv) ANTI-SENSE: NO 15 (v)
FRAGVENT TYPE: N-term nal (vi) ORI G NAL SOURCE:

(A) ORGANI SM Muri ne 20 (vii) 1 MVEDI ATE SOURCE:

(B) CLONE: K1-4BKLS 25 (xi) SEQUENCE DESCRI PTI O\I

NG 41: Leu Phe G u Lys Arg Val Tyr Leu Ser @glgfys Thr
Ay lIle dy wo9%/35774 1 5

15 30 Asn Ay Tyr Arg Gy Thr Met Ser Arg Thr Lys Ser Gy Val
Al a Cys 20 25

30 G@n Lys Trp Ay Ala Thr Phe Pro His Val Pro Asn Tyr Ser
Pro Ser 35 40 45
35 ° Thr His Pro Asn Au Ay Leu Au Qu Asn Tyr Cys Arg Asn
Pro Asp 50 55 60

Asn Asp Gu A@n Ay Pro Trp Cys Tyr Thr 'Bﬁ[mp Pro Asp Lys Arg 40

65 70 80

Tyr Asp Tyr Q/sAsnIIeProGIUQ/sGIuGIuGIUQ/sI\/Et Tyr Cys

85 - 90 95 5 er Ay Gu Lys
Tyr Au Ay Lys Ile Ser Lys Thr Met S@ Gy Leuz 3

100 105 110

FIGURE 36B
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Asp Cys A n Ala Trp Asp
115 120
Lys Phe Pro Ser Lys Asn
130 135
PCT/ US96/ 05856

Pro Asp Ay d wWoeessi4g
145 150
Arg Trp Au Tyr Cys Asp
165 170
Tyr A n Cys Leu Lys Ay
180 185
Val Thr Val Ser @y Lys
200 . 205
Thr Pro Qu Asn Phe Pro
220 15

Gy GQu Thr Ala

240

Cys Qu

Ser dn

Leu Lys

Pro Trp
I'le
Arg Gy
Thr Cys

Cys

Pro

Ser

Met

Cys
Arg
Au
Adn

Pro

Asn

Phe
Cys
Asn

Arg

Hs Ala Hs Ay Tyr Ile
125 50 Pro Al a
Tyr Cys His Asn
140 WO 96/ 35774
139
Thr Thr Asp Pro Thr L
1ok ﬁrd'mswossss
Thr Thr Pro Pro Pro Pro 5
175 Pro Ser Pro Thr
Tyr Arg
190 10 dy Thr Val Ser
Trp Ser 195
Qu dn Thr Pro Hs Arg H's Asn Arg
210 215

Lys Asn Leu Qu G u Asn Tyr Cys Arg Asn Pro Asp
225

230 235

Pro Trp Cys Tyr Thr Thr Asp Ser Gn Leu Arg Trp Gu Tyr

37/46

30—

kD 1 2 3

FIGURE 37A




20 _ 245 250 255
Ile Pro Ser Cys A u Ser Ser Ala Ser Pro Asp G n Ser Asp Ser Ser

260 265 270 25 Val Pro Pro Qu
Gu d@n Thr Pro Val vVal Gn Au Cys Tyr A n Ser : 275
280 285 Asp Ay @n Ser Tyr Arg Ay Thr Ser
Ser Thr Thr || ew®lesss®y Lys 290 PCT/US9/08AS6
300 30 ’ Lys Cys @ n Ser Trp Ala Ala Met Phe Pro H's Arg
H's Ser Lys Thr 305 310 315
320 Pro Gu Asn Phe Pro Asp Ala Gy Leu u Met Asn Tyr Cys
Arg Asn 35 325 330

335 Pro Asp Ay Asp Lys Ay Pro Trp Cys Tyr Thr Thr Asp Pro
Ser Val 340 345

350 - 40 Arg Trp Qu Tyr Cys Asn Leu Lys Arg Cys Ser u Thr Ay
dy Ser ' 355 360 365
Val Val Qu Leu Pro Thr Val Ser Gn Gu 38/46 370

375 45 (2) | NFORVATI ON FOR SEQ | D NO 42: (i)
SEQUENCE CHARACTERI STICS: . (A) LENGTH: 378 anmino acids
50 (B) TYPE: am no acid (C) STRANDEDNESS:

(D) TOPOLOGY: |i near

1 2 3

FIGURE 37B
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WD 96/ 35774 PCT/ US96/ 05856

140 (i1) MOLECULE TYPE: protein (i)
HYPOTHETI CAL: NO 5 (1v) ANTI-SENSE: NO (v)
FRAGVENT TYPE: N-term nal (vi) ORI G NAL SOURCE: 10
(A) ORGANI SM Honp sapi ens (vii) | MVEDI ATE SOURCE:
(B) CLONE: Kl1-Wepe5774 15 (xi) SEQUENCE DESGighirie
| D NO 42: ' Leu Phe Qu Lys Lys Val Tyr Leu Ser du Cys Lys
Thr Gy Asn Ay 1 5 10
15 20 Lys Asn Tyr Arg Ay Thr Mt Ser Lys Thr Lys Asn
Ay Ilg Thr Cys. 20 25
30 an Lys Trp Ser Ser Thr Ser Pro H's Arg Pro Arg Phe Ser
Pro Al a 25 35 40 45
Thr His Pro Ser Qu Ay Leu Qu Gu Asn Tyr Cys Arg Asn Pro Asp
50 55 60 30 Asn Asp Pro @ n
Gy Pro Trp Cys Tyr Thr Thr Asp Pro GQu Lys Arg 65
0 & 80 39/46

s

FIGURE 38A
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Tyr Asp Tyr Cys Asp Ile Leu Qu Cs Gu Qu Qu Cys Mt H s Cys

85 90 95 35 Ser Ay
G u Asn Tyr Asp Ay Lys Ile Ser Lys Thr Met Ser Gy Leu
100 105 110 - Au Cys An Ala
Trp Asp Ser Gn Ser Pro Hs Ala Hs Gy Tyr Ile 40 115
120 WO 961357385 Pro Ser Lys Phe Pro Asdrbsogndse Leu
Lys Lys Asn Tyr Cys Arg Asn 130 135
140 45 Pro Asp Arg Qu Lau Arg Pro Trp Cys Phe Thr Thr Asp Pro
Asn Lys 145 150 155
160 Arg Trp Qu Leu Cys Asp Ile Pro Arg Cys Thr Thr Pro .Pro
Pro Sef 123 170
175 50 Ser Ay Pro Th#%f4% G n oys Leu Lys Ay Thr Ay
Gu Asp Tyr Arg 180 185
190 . WD 96/ 35774 '
PCT/ US96/ 05856 : 141
Gy Asn Val Ala Val Thr Val Ser Ay H's Thr Cys G n H's Trp Ser _QA
195 200 205 - g
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Al a
210
du
230
Thr
245
Asp
260
Pro
275
Tyr
295
Pro
315
Thr
330
Phe
345
Lys
360
Leu
FOR

G@n Thr Pro Hs Thr H's Asn Arg Thr Pro A u Asn Phe Pro Cys 5
215 220 Lys Asn Leu Asp
Asn Tyr. Cys Arg Asn Pro Asp Ay Lys Arg Ala 225
235 240 10 Pro Trp Cys Hi s
Thr Asn Ser Gn Val Arg Trp A u Tyr Cys Lys
WO 96/35730 255 'l Cys
Ser Ser Pro Val Ser Thr Gu @n Leu Ala Pro : ortitsehss
265 270 15 Thr Al a
Pro Au Leu Thr Pro Val Val @ n Asp Cys Tyr Hs Qy
. 280 281 /46 Asp Ay dn Ser
Arg Ay Thr Ser Ser Thr Thr Thr Thr Gy Lys 20 290
300 Lys Cys G n Ser Trp Ser Ser Met Thr
Hs Arg Hs Gn Lys Thr 305 30
320 25 Pro A u Asn neAa Ay Leu
Met Asn Tyr Cys PArg Asn 55 ©
335 Pro Asp Al a 2®ro Trp Os
Thr Thr Asp Pro [Ber Val Eo
350 30 Arg rE2@s &u Leu
Lys Cys Ser @y [fThr Glu Al a Ser §'g o
B65 Val Val Al a o Val | Leu
35 370 375 | NF | ON
SEQ I D NO 43: (i) SEQUENCE CHs L= 0
(A) LENGTH. 30 base pairs B -2 %Ci =
(C) STRANDEDNESS: sihgl e e O
b= g
< &
2
g
5 é T v T T 1
: . (=] (=] o
w g 8 g 8 °
saseisejoly Hun- doeyns "ON
£
8
o
g2
G2
=8 X
ar]
(=4
3 4
;- 3
<
o]
' =
bw s 2 8 g g °

sasejsevy Gun- eoeing °‘ON

SIIBSlInﬂESIIEEr(mzs)



45 (ii) MOLECULE TYPE: DNA (genonic) (iii)

HYPOTHETI CAL: NO (1v) ANTI-SENSE: NO {v)
FRAGVENT TYPE: N-term nal WO 96/ 35774
PCT/ US96/ 06856 142
(vi) ORI A NAL SOURCE: (A) ORGANI SM Honp sapi ens
(vii) | MVEDI %@é (B) CLONE; Pri merpdyfidsocrossse
(xi) SEQUENCE TI ON: SEQ | D NO 43: 10 ATCGCTCGAG
CGTTATTTGA AAAGAAAGT G 30
(2) | NFORMVATI ON FOR SEQ | D NO 44: 15 (i) SEQUENCE
CHARACTERI STI CS: (A) LENGTH. 28 base pairs

42/46

FIGURE 40
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(B) TYPE: nucleic acid (C) STRANDEDNESS: single 20

(D) TOPOLOGY: i near (i1) MOLECULE TYPE: DNA (genom c)
(iii1) HYPOTHETI CAL: NO 25 (1v) ANTI-SENSE: NO
(v) FRAGVENT TYPE: N-term nal 30 (vi) ORI A NAL SOURCE:
(A) ORGANI SM Honp sapi ens (vii) | MVEDI ATE SOURCE:
(B) CLONE:. Priwobedsaia 35 (xi) SEQUENCE Richnisvéiosssd\:
SEQ I D NO 44: 40  ATCGGAATTC AAGCAGGACA ACAGECGG
28 (2) | NFORVATI ON FOR SEQ I D NQO 45: 45 (1)
SEQUENCE CHARACTERI STI CS: (A) LENGTH 28 base pairs
(B) TYPE: nucleic acid (C) STRANDEDNESS: single
(D) TOPOLOGY: i near 50 (ii) MOLECULE TYPE: DNA
(genomi c) - (iii1) HYPOTHETI CAL: NO

43/46

FIGURE 41
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WD 96/ 35774 PCT/ US96/ 05856

143 (iv) ANTI-SENSE: NO (v) FRAGVENT TYPE:
N-t er m nal -5 (vi) ORI A NAL SOURCE:
(A) ORGANI SM Honp sapi ens (vii) 1 MVEDI ATE SOURCE: 10
(B) CLONE: Primer 156 (xi) SEQUENCE DESCRI PTION: SEQ ID
NO. 45: 15 ATCGTACGTA TTATTGAAA AGAAGTG '
28 WO 96/35774 144 PCT/US96/05856
Cl ai ns .
44/46
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~

W claim 1. A met hod of inhibiting endothelial cell
proliferation conprising adm nistering to an endothelial cell a
proliferation inhibiting amount of a conposition conprising an angiostatin

fragment corresponding to approximately a kringle 1 region. 2.
The method of Claim 1, wherein the angiostatin fragment has an endotheli al
cell EDerr] of |ess than about 500 nM 3. The nmethod of Claim

1, wherein th oadgggﬁgtatl n fragment is derived frommurine phasEhiness:
human pl asm nogen, rhesus plasmi nogen, porcine plasm nogen or bovine

pl asm nogen. 4. The nethod of Claim1, wherein the angiostatin
fragment conprises an amino acid sequengg a8l ect ed fromthe group.
consisting of SEQID NO7;, SEQID NO8; SEQID NO9; SEQ ID NO 10; and SEQ
I D NO 11; or a conbination or a functional honol ogue thereof. 5.
A net hod of inhibiting endothelial cell proliferation conprising

admi ni"stering to an endot ng anmount of a
conposi tion conprising an pngiostatin fragnment coff=espondi ng} t o
approximately a kringle 2 fegion. 6. T rret od of daimb5,
wherein the angiostatin fr grrem.ohas an endot hel i EDf err] of |ess
t han about 500 nM The net hod of C 5OV\/ne ein the .
angi ostatin fragnent is deyi VE rom murine plasnt nil hunpgo pl asmi nogen,
rhesus pl asni nogen, porcing pled nogen or bovine rﬂ_)mge'l"' 8.
The method of Claimb5, whefei@) angi ostatin frdrc:mtﬁ:orrp ises an am no
aci d sequence selected fromthe group consisting,of ND 12; SEQ ID
NO 13; SEQ ID NO 14; SE(Q IPD'&‘JS and SEQ | D MO conbi nati on or
a functional honol ogue t hefeof. \\ :
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145 9. A method of inhibiting endothelial cell proliferation
.conprising adm nistering to an endothelial cell a proliferation inhibiting
anount of a conposition conprising an angiostatin fragnent corresponding to
approximately a kringle 3 region. : 10. The nethod of Claim9,
“wherein the angiostatin fragnment has an endothelial cell EDerr] of |ess

t han about 500 nM 11. The nethod of Claim9, wherein the

angi ostati n fwawEpsiai s derived from nmuri ne pl asm nogen, hunmporpkesmssseogen,
rhesus pl asm nogen, porcine plasm nogen or bovi ne plasm nogen. 12.
The method of Claim9, wherein the angiostatin fragnment conprises an am no
aci d sequence selected fromthe group consisting of SEQ ID NO 17; SEQ ID
NO 18; SEQ ID NO 19; SEQ I D NO 20; anaeg® | D NO 21; or a conbination or
a functional honol ogue thereof. 13. A met hod of inhibiting

endot Qelial cell prolif eretioR—corpiisihg—adiipfsterlng-toan endot hel i al

cell a proliferation inhijbiting anmount of a corrposj_gi oneggonfpri si ng an
angi ostatin fragnent cor fesp g ng to approxi nat el W8a kindl e 1-2 region.
14. The method of daif 13%= @herein the angi ostagrgf Q@grfent has an
endothelial cell ED[err] fof #£56$ than about 500 nMSsts 1l
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15. The method of Cdaim13, wherein the angi ostatin fragrrent I s-derived
from murine pl asm nogen, human pl asmi nogen, rhesus pl asni nogen, por ci ne

pl asm nogen or "bovi ne pl asm nogen. ‘ ~16. The nethod of C aim 13,
wherein the angiostatin fragrrent conpri ses an am no acid sequence sel ected

fromthe group consisting of SEQSIDNOSB SE%IDNOSQ SEQ I D NO 40; SEQ

I D NO 41; and SEQ I D NGO 42; or UBSEITHe TE TS functional honol ogue

t her eof . 17. A net hod. of inhigd4ting endothelial cell
proliferation conprising admnistering to an endotheli aI cell a
proliferation inhibiting “amount of a conposition

- 146 conprising an angi ostatin fragnment imSponding to approximately a
kringle 1-3 rewe®him: 18. The nmethod of Claim17, wherein the

angi ostatin fragment has an endothelial cell EDerr] of |ess than about 500
nM 19. The nmethod of Caim17, wherein the angiostatin fragment

is derived from murine pAaﬁmHudgeﬂ,mlhbﬁmg phé® el 0l prdlEfetision! @cﬁﬂpﬁﬂﬁ en,

B 5 m a7 wner SEREPyBinglfth BFaRha Ry E R Bibicerion r@ébﬁ%arawrﬂ&faepmpegﬁaance |

sel ect ed fr om ¢dmprising.qn angiestatin [t‘nagmelfxt cSEQspoﬁdiﬂ@th 2ppro&iQately a kringle 1 region.

| 2.  The method of Clalm 1, wherein the angiostatin fragment has an
endothelial cell EDsg of less than about 500 nM. )

3. The method of Claim 1, wherein the angiostatin fragment is derived
from murine plasminogen, human plasminogen, rhesus plasminogen, porcine
~ plasminogen or bovine plasminogen.

4. The method of Claim 1, wherein the anglostatm fragment comprises an
amino acid sequence selected from the group consisting of SEQ ID NO:7; SEQ ID
NO:8; SEQ ID NO:9; SEQ ID NO:10; and SEQ ID NO:11; or a combination or a
functional homologue thereof.

5. A method of inhibitiﬁg endothelial cell proliferation comprising
administering to an endothelial cell a proliferation inhibiting amount of a composition
comprising an angjostatin fragment corresponding to approximately a kringle 2 region.

6. The method of Claim 5, wherein the angiostafin fragment has an
endothelial cell ED5g of less than about 500 nM.

7.  The method of Claim 5, wherein the angiostatin fragment is derived
~from murine plasminogen, human plasminogen, rhesus plasminogen, porcine
plasminogen or bovine plasminogen. '

8. The method of Claim 5, wherein the angiostatin fragment comprises an
amino acid sequence selected from the group consisting of SEQ ID NO:12; SEQ ID
NO:13; SEQ ID NO:14; SEQ ID NO:15; and SEQ ID NO:16; or a combination or a
functional homologue thereof.
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NG 33; SEQ I D NO 34; SEQ I'D NO 35; and SEQ I D NO 36; or a conbination or a
functi onal honol ogue thereof. - ' 21. A nmet hod of inhibiting

endot helial cell proliferation conprising adm nistering to an endot heli al
cell a proliferation inhibiting amount of a conposition conprising an

angi ostatin fragment correspondi t [ OXi ely a kringl € 2-3 region.
22. The nmethod of C aim 21, mggﬁsﬁ'ﬁﬁ% n%ttati n fragnent has an :
endothelial cell EDerr] of |less than apgut 500 nM 23. The net hod
of Claim 21, wherein the angiostatin fragnent is derived from nurine :
pl asm nogen, human pl asm nog%n, r hesus pl asm nogen, porcine plasm nogen or
bovi ne pl asmi nogen.”: A method of 1“1'%’@“#&%{5’6‘“&?%13@‘:5&@@1#“ QR CIOMRIHNg
angi ost ati n f radgiinisferifi®¥pan éxﬁi%ttiﬁﬁapéﬂlm%@ﬁfdiatﬁﬂﬂﬁﬁﬂmﬁx &fnt 6fla Edsxﬁpa@m&x

' ' I sti f. SEO ID NQ.27: SEO I D NO 28;  SEQ | 29 .S D. NO 30;
and SEQ 1'D NOSIRPTSE AR ARRAGMILH fBS PG COrTyRRAin IAPPRNBR Y Kinel 4 7gion.
25. The method of Caim1, wherein the conposition conprises an

jostatin f t i . ' i_ngl ' d
an_angi ostati n v agtent 1 RRERd CRFES, WHeRH The' afeitstall, fadhalS i

147 endothelial cell EDsq of less than about 500 nM.

11.  The method of Claim 9, wherein the ahgiostatin fragment is derived
from murine plasminogen, human plasminogen, rhesus plasminogen, porcine R
plasminogen or bovine plasminogen.

12.  The method of Claim 9, wherein the angiostatin fragment comprises an
amino acid sequence selected from the group consisting of SEQ ID NO:17; SEQ ID
NO:18; SEQ ID NO:19; SEQ ID NO:20; and SEQ ID NO:21; or a combination or a
functional homologue thereof.

13. A method of inhibiting endothelial cell proliferation comprising
administering to an endothelial cell a proliferation inhibiting amount of a composition
comprising an angiostatin fragment corresponding to approximately a kringle 1-2
region,

14,  The method of Claim 13, wherein the angiostatin fragment has an
endothelial cell EDsq of less than about 500 nM.

- 15. ~ The method of Claim 13, wherein the angiostatin fragment is derived
from murine plasminogen, human plasminogen, rhesus plasminogen, porcine
plasminogen or bovine plasminogen.

16.  The method of Claim 13, wherein the angiostatin fragment comprises an
amino acid sequence selected from the group consisting of SEQ ID NO:38; SEQ ID
NO:39; SEQ ID NO:40; SEQ ID NO:41; and SEQ ID NO:42; or a combination or a
functional homologue thereof.

17. A method of inhibiting endothelial cell proliferation comprising
administering to an endothelial cell a proliferation inhibiting amount of a composition

. RN AR PR




26. The net hod of- C aim 25, wherein the kringle 1 protein conprises an
am no acid sequence of SEQ ID NO 8 or a functional honol ogue thereof and
the kringle 2 protein conprises an am no acid sequence of SEQ ID NO 13 or
a «functional honol ogue thereof. 27. The nethod of Claiml,

wherein the conposition conpri seg an angl ostatin fragrent correspondl ng to
approximately a kringle 1 region EBtin fragnment correspondi ng
to approximately a kringle 2-3 regl on. 145 28. The nethod of Claim .
27, wherein the kringle 1 protein conprises an am no aci d sequence of SEQ
ID NO 8 or a functional honol ogue thereof and the kringle 2-3 protein -
conpri ses an- &9MPSISHE o segjiostptie fmgmsnOcrnrsgondBE o sppPFeKimalely al kringiolehue
t her eof . region29. The met hod of Claim1l, wherein the conposition
conprises an angiostatin fragnment corresponding to approximately a kringle
1 region, an angiostatin fragnent corresponding to approximtely a kringle -
2 region and an ang]ia)sta[rhdlm‘etmn@fncmmr IR spheteinnthet ahgagdpdtoX fra@hentyha an
kringle 3 reglo? lial cel ] d_ne tﬂgg)r%fd Claim-29, wherein the kringle
‘1 protein corrp gtgg aéﬁ 5@5‘?3“:38? -%%%8 "SEQ ID NGO 8 or a functional-
honol ogue thereof, the kringle 2 protein conprises an amno acid sequence
of SEQ I D NO 130r f t

protein conprises angaamuir:‘ﬁ(;e Iggl ghg%h{g?&ﬁ%ﬁgqﬁ%%ggi@]ﬂag&é unc ﬁ‘é%%l '
honol ogue t herfesn. murine plasmgipgen;Thumant plesmisfogenairhesss mlagmisiogennporcine
conposi ti on CyIRMiAcEnd? bavigde phkmldoged.” 2gment corresponding to -
approximately a kringle 2 region and an angi ostatin fragnent correspondi ng
to approximtely a kringle 3 region. 32. The method of Caim 31,
wherein the kringl aoz prmeanah@mamlaﬁesmahaﬁhmlﬁe oitaﬁacfragﬁeﬁtafmp‘i’ﬁ&w

NO 13 or a functio honol o ere and the. kr|n

Nonor L ses an' AinG 368 ssH0dR SHeGel PORERE BPNROistns W I IO SR FEAD gue

t her eof . NO:33; SEQ ID NO:34; SEQ ID NO:35; and SEQ ID NO:36; or a combination or a
functional homologue thereof.

21. A method of inhibiting endothelial cell proliferation comprising
administering to an endothelial cell a proliferation inhibiting amount of a composition
compnsmg an angiostatin fragment corresponding to approx1mately a kringle 2-3
regxon

22.  The method of Claim 21, wherein the angiostatin fragment has an
endothelial cell EDsg of less than about 500 nM.

23.  The method of Claim 21, wherein the angiostatin fragment is derived
from murine plasmmogen human plasminogen, rhesus plasmmogen porcine
plasmmogen or bovine plasmmogen

24.  The method of Claim 21, wherein the angiostatin fragment comprises an
amino acid sequénce selected from the group consisting of SEQ ID NO:27; SEQ ID

NO:28; SEQ D NO: 29; SEQ ID NO:30; and SEQ ID NO:31; or a combination or a
functional homologue thereof

25. The method_ of Claim 1, wherein the composition comprises an )
angiostatin fragment corresponding to approximately a kringle 1 region and an
angiostatin fragment corresponding to approximately a kringle 2 region.
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148 33. Use of an effective anmount of a conposition.conprising an
angi ostatin fragnent selected froman angiostatin fragnent corresponding to
approximtely a kringle 1 region, a kringl'e 2 region, a kringle 3 region, a
kringle 1-2 region, a kringle 1-3 region, and a kringle 2-3 region or a
conbi nati on thereof~in a preparation of a medicanent for treating an

angi ogeni c- medi at ed di sease i n SUBSTHIUTESHEET t her eof . 34. The
use of Caim33, wherein the mammal i g4/ hunman. -~ 35. The use of

Cl aim 33, .wherei n the angi ogeni c-nedi ated di sease is selected fromthe
group. consi sting of cancer, arthritis, nmacul ar degeneration and diabetic
reti nopat hy. The use of Caim 33, wherein the angiostatin

36.
consi <t ng o SE0 7B No e %%&?ﬂ%*@%@%%%%%?%&%éﬁb%&%@b D
NO 11; SEQ |#ming acid sequearq pf RBQ I3 NGB Dfuyctional: h g thereof ;nd3hEE | D

NO 16: SEQ I oo : - ID
N 217 SEQ z%?%%%f‘épﬁé% o i 3t LN i

NO 31: SEQ | C'9fslggue D NO 33; SEQ ID NO 34: SEQ ID NO 35; SEQ I D
NO: 36: SEQ ID NO 38; SEQ ID NO:39; SEQ ID NO 40; SEQ ID NO 41 and SEQ I D

NG 42. or a conbination.or a,fun {: onal honol ogue t hereof. 37. The
use of O aim 33, ere?ﬁe?’ﬁg‘ogﬁg ki‘é‘?‘g‘r e gﬁ%p?ﬁégo%ﬁ’%lfﬁi Helial cell
ED err] of | emrgidstatin feagomeht codfdspddding to approxidtately)s &ringle dregibf emd an/e anount

f : it i QF i Sj . ' i | ected f -
an angi oot at | B EEHE Aol BpRRIcRIP b Kitap W TYIch, ol ected Trom

28.  The method of Claim 27, wherein the kringle 1 protein comprises an
amino acid sequence of SEQ ID NO:8 or a functional homologue thereof and the
" kringle 2-3 protein comprises an amino acid sequence of SEQ ID NO:25 or a functional

homologue thereof.

- 29.  The method of Claim 1, wherein the composition comprises an
' angiostatin fragment corresponding to épproximately a kringle 1 region, an angiostatin
| fragment corresponding to approximately a kringle 2 region and an angiostatin fragment
corresponding to approximately a kringle 3 region. -

30. The method of Claim 29, wherein the kringle 1 protein comprises an
amino acid sequence of SEQ ID NO:8 or a functional homologue thereof, the kringle 2
protein comprises an amino acid sequence of SEQ ID NO:13 or a functional homologue
thereof, and the kringle 3 protein comprises an amino acid sequence of SEQ ID NO:18
or a functional homologue thereof. '

31. The method of Claim 5, wherein the composition comprises an
angiostatin fragment corresponding to approximately a kringle 2 region and an
-angiostatin fragment corresponding to approximately a kringle 3 region.

32, The method of Claim 31, wherein the kringle 2 protein comprises an
amino acid sequence of SEQ ID NO:13 or a functional homologue thereof and the
kringle 3 protein comprises an amino acid sequence of SEQ ID NO:18 or a functional

. homologue thereof. | '
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Rringle 1 region, a kingle 2 region, a kingle 3 region, a kringle 1-2
region, a Kringle I-3 region, and a kringle 2-3 region, 7#‘& sealnatj on

Lhereoﬁhﬂsgheatmgg&glk lacedd of a nedi canment for treating an THIS SHEET HAS BEEN

sease in a mammal in need thereof. REPLAED Theyp
‘use of in the mammal is a human.

149 r maceut i c&UMUgiE$HEE'EOWpri sing an angiostatin _
fragnent, wherein the angiostatin fragpgnt is selected froman angiostatin
fragment corresponding to approximately a kringle 1 region, a kringle 2
region, a kringle 3 region, a kringle 1-2 region, a kringle 1-3 region, and
a kringle 2-3 regi®h, oA methothof treatig Homauinuy wthoan angibgeni-nediatddedismte

endot hel | ai  caorspibdRinibAh gl mabEs o rchfnPOficiot ot 3¢BHphyifEY 2"
conposi ti on COMPHSIREAT angiessatin timgraen)i selecied nfrpmadie ARgIostatiar fragment om

nurine pl asmd&&@ﬁ@n&waﬁ@ﬁmﬁagmnmﬁ%glaha%nkrﬂ@@a rep hCh'k?in le 3
pl asm nogen or bowénlggj CI ai m

on
40, wherein t158&9%4n :E é@‘?ﬁf‘“&%‘ﬁp‘r ?§€§1°§na%‘?enan‘8'm£3‘? N é ‘é‘hc‘é’ a
sel ect ed fromd:ﬁtﬂnafonulibredfnm sting of SEQID NO 7; SEQ ID NO 8; SEQ | D
NG 9; SEQID NO 10; SEQID NO 11; SEQ ID NO 12; SEQ ID NO 13; SEQ ID
NG 14; SEQ ID NO 15; SEQ ID NO 16; SEQ ID NO 17; SEQ ID _
. . 34.  The method of Claim 33, wherein the mammal is 2 human.

angloge

g

35. The method of Claim 33, wherein the angiogenic-mediated disease is
selected from the group consisting of cancer, arthritis, macular degeneration and
diabetic retinopathy.

. 36.  The method of Claim 33, wherein the angiostatin fragment comprises an
amino acid sequence selected from the group consisting of SEQ ID NO:7; SEQ ID
NO:8; SEQ ID NO:9; SEQ ID NO:10; SEQ ID NO:11; SEQ ID NO:12; SEQ ID NO:13;
SEQ ID NO:14; SEQ ID NO:15; SEQ ID NO:16; SEQ ID NO:17; SEQ ID NO:18; SEQ
ID NO:19; SEQ ID NO:20; SEQ ID NO:21; SEQ ID NO:27; SEQ ID NO:28; SEQ ID
NO:29; SEQ ID NO:30; SEQ ID NO:31; SEQ ID NO:32; SEQ ID NO:33; SEQ ID
NO:34; SEQ ID NO:35; SEQ ID NO:36; SEQ ID NO:38; SEQ ID NO:39; SEQ ID
NO:40; SEQ ID NO:41 and SEQ ID NQ:42, or a combination or a functional
homologue thereof.

'37. The method of Claim 33; wherein the angiostatin fragment has an
endothelial cell EDsg of less than about 500 nM.

38.. A method of treating a mammal with an angiogenic-mediated disease
comprising adnﬁhistering to the mammal a treatment effective amount of a composition
comprising two or more angiostatin fragments selected from an angijostatin fragment
corresponding to approximately a kringle 1 region, a kringle 2 region, a kringle 3
region, a kringle 1-2 region, a kringle 1-3 reglon and a kringle 2-3 region, or a
combination thereof.

39.  The method of Claim 38, wherein the mammal is a human.

L '



NO 18; SEQ ID N@ 19; SEQ ID NO 20; SEQ ID NO 21; SEQ ID NO27; SEQID
NO 28; SEQ ID NO 29; SEQ ID NO 30; SEQ ID NO 31; SEQID NO 32; SEQID
"NO 33; SEQID'NO 34; SEQ ID NO 35; SEQ ID NO 36; SEQ ID NO 38; SEQ ID
NO 39; SEQ ID NO 40; SEQ ID NG 41 and SEQ ID NO 42, or a conbination or a
functional honol ogue thereof. ' ubsfantialty isol ated

angi ostatin fragnent correspondiwggrrig‘iﬁg tely a kringle 2 region.
45.. The angiostatin fragnment of C ai mgl4, wherein the angiostatin
fragment is derived frommurine plasm nogen, hunman plasm nogen, r hesus

- pl asmi nogen, porci pl asm nogen or_ bovi ne pl asm nogen. The
“angiostatin f ragme"ﬁg of APharmagenticgheQmpesitie: COMBIiSHE AN %namsagwar@gment

conprises an whefen abkda &t@ﬁﬁefrs ent @fl skreerdt M@rﬁumngmsdtﬁl“&%nﬁmsm
ID NO 12; SE IDN??W% ID NO 15

r a
combi nation of"EFSPORIERE B%B&IHEWN‘SSHL?ekflﬂgFe]ofegmn’ a knngqe region, a mgle 3
150 ' Arggion\ askrirglewrit2 aegipn, 5 driagled]-3negivet ahd m mmgmm region, or a

correspondi ngf""eﬂ&'g{)ﬁ&?b@‘g%%ﬁbkﬂﬁher gh;%ﬁe% region. The

angi ostatin fragnen he angi ostatin fragrrent S
derived from nurine plasm nogen, human pl asm nogen, rhesus plasm nogen,

porcine plasm nogeg; or gy é&ﬁp&h@tﬂ%ﬂr@ﬂﬁﬂ 40, wherein the angiostatin fragment has an
endothelial cell EDsg of less than about 500 nM.

42.  The composition of Claim 40, wherein the angiostatin fragment is
derived from murine plasminogen, human plasminogen, rhesus plasminogen, porcine
plasminogen or bovine plasminogen. | '

43.  The _composition' of Claim 40, wherein the angiostatin fragment
comprises an amino acid sequence selected from the group consisting of SEQ ID NO:7;
SEQ ID NO:§; SEQ ID NO:9; SEQ ID NO:10; SEQ ID NO:11; SEQ ID NO:12; SEQ
ID NO:13; SEQ ID NO:14; SEQ ID NO:15; SEQ ID NO:16; SEQ ID NO:17; SEQ ID
NO:18; SEQ ID NO:19; SEQ ID NO:20; SEQ ID NO:21; SEQ ID NO:27; SEQ ID
NO:28; SEQ ID NO:29; SEQ ID NO:30; SEQ ID NO:31; SEQ ID NO:32; SEQ ID
NO:33; SEQ ID NO:34; SEQ ID NO:35; SEQ ID NO:36; SEQ ID NO:38; SEQ ID
NO:39; SEQ ID NO:40; SEQ ID NO:41 and SEQ ID NO:42, or a combination or a
functional homologue thereof. |

44, A substantially isolated angiostatin fragment correspondmg to
approximately a kringle 2 reglon

45.  The angiostatin fragment of Claim 44, wherein the angiostatin fragment
is derived from murine plasminogen, human plasminogen, rhesus plasminogen,
porcine plasminogen or bovine plasminogen.

46. The angiostatin fragment of Claim 44, wherein the angiostatin fragment

. comprises an amino acid sequence selected from the group consisting of SEQ ID

NO:12; SEQ ID NO:13; SEQ ID NO:14; SEQ ID NO:15; and SEQ ID NO:16; or a
combination or a functional homologue thereof.

————v—_’"—'_-_’___ .
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4’9. The angi ostatin fragnment of Cl aim 47, wherein the angiostatin fragnent
conprises an am no acid sequence selected fromthe group consisting of SEQ
ID NG 17; SEQ I'D NO 18;  SEQ I D NGO 19; SEQ I'D NO 20; and SEQ ID NG 21; or a
conbi nati on or a functional honol ogue thereof. 50. A
substantially isolated angi ostatin_fragnent~corresponding to approxinmtely
a kringle 1-2 region. | 5§UBSI$&LE@$ Edtin fragment of- Gl aim 50,
wherein the angiostatin fragnent is derjyged from nurine plasm nogen, human
pl asm nogen, rhesus plasm nogen, porcine plasm nogen or bovi ne pl asm nogen.
52. The angiostatin fragment of Claim50, wherein the angiostatin fragnent
conprises an anino 4ti d Besuksitmially isolatad fangiostatén dfiregmpeniopetresfionding tSEQ
I D NO 38, SEdegr&Qnaﬁlyﬁﬁg%pz. MRigt0; SEQ I'D NO 41; and SEQ I D NG 42; or a
conmbi nation or ‘a functional "honologue thereof. 53. A substantially
| sol ated angiostatin fragnment corresponding to approximately a kringle 2-3 .

regi on. _ 5448. ThEheagicstdtiatftagnicne8NERIm 47, Wherki thdangibredtil flagdnitt -
angi ostatin fragpent .is derived from muri ne I asgli nogen uman PI asm nogen,
rhesus pl asm r1‘83££ﬁl,veﬁoq?.%rf‘n‘é‘“fﬂ‘3§rlﬁﬁ%‘ﬁ%e‘br j f@s nGYSHS plasminogen, 5o
The angi ost at i por¢ineplasminogén 6 Govinejdasmihegeni n t he angi ostatin fragnent
conprises an am no acid sequence selected fromthe group consisting of SEQ
| D NO 27; SEQ I D NO 28; SEQ ID NO 29;; SEQ I D NO 30; and SEQ ID NO 31; or a
conmbi nation or a futbti ohke angiestatiadagmenteClaim 47, wherein the angiostatin fragment

comprises an amino acid sequence selected from the group consisting of SEQ ID
NO:17; SEQ ID NO:18; SEQ ID NO:19; SEQ ID NO:20; and SEQ ID NO:21; or 2
combination or a functional homologue thereof.

50. A substantially isolated angiostatin fragment corresponding to
-approximately a kringle 1-2 region.

51. The angiqstatin- ﬁ_'agrhent of Claim 50, wherein the angiostatin fragment
is derived from murine plasminogen, human plasminogen, rhesus plasminogen,
porcine plasminogen or bovine plasminogen. '

52.  The angiostatin fragment of Claim 50, wherein the angiostatin fragment
comprises an amino acid sequence selected from the group consisting of SEQ ID
'NO:38; SEQ ID NO:39; SEQ ID NO:40; SEQ ID NO:41; and SEQ ID NO:42; or a
combination or a functional homologue thereof.

53. A substantially isolated angiostatin fragment corresponding to
approximately a kringle 2-3 region. '

~ 54.  The angiostatin fragment of Claim 53, wherein the angiostatin fragment
is derived from murine plasminogen, human plasminogen, rhesus plasminogen,
porcine plasminogen or bovine plasminogen.

- '55.  The angiostatin fragment of Claim 53, wherein the angiostatin fragment
comprises an amino acid sequence selected from the group consisting of SEQ ID -
NO:27; SEQ ID NO:28; SEQ ID NO:29; SEQ ID NO:30; and SEQ ID NO:31; or a
combination or a functional homologue thereof. '
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151 '56. A conpositi-on conprising an isol ated DNA sequence that
codes for an angiostatin fragnent having an endothelial cell proliferation
inhibiting activity, wherein the angiostatin fragnent is slected from an
angi ostatin fragnent corresponding to approximately a kringle 1 region, a
kringle 2 region, a kringle 3 rggggqng?grg’m"@fg 1-2 region, a kringle 1-3
region, and a kringle 2-3 region, or a functional honol ogue thereof.

57. The conposition of C aim56, whdidi n t he angi ostatin fragnent is
derived from nurine plasm nogen, human pl asm nogen, rhesus plasm nogen,
porci ne plasm nogen or bovi ne pl asni nogen. 58. The conposition of
Cl aim 56, wherein the angiostatin fragment conprises an am no acid sequence
sel ected from the 3§ oup ERBPSitionGPmrisBEan isplaed DNAEGUeDcebaBsodsE o 4n
NO:9; SEQID dt0kin &9 heing An extidth | SrdliferEon lifhi o0 1 14;
SEQ I D NO 15: %E%D %16; SE%:I;}{% Ngif@ Mgﬁp}g&[ﬁﬁ NO i’g?Ms?“ g‘ftb\'ﬁﬁgv%f%};"mglz(g

| D NO 20 SESQ #hBipstatin fragmenis gelested fepre anranggsssatin fspgment oqesesmpndgmya D
N 35, SEQ | D NOL 36,200 1 B NG Ao S D NS SEOS B NG 40, *‘f§SE " 520 41
And SEQ 1 D NEEIR: HRATER {3 tReteR ARG RnBlfer3 (iR R ol Btiend fomlpeue

59. The conpleseafi on of Caim56, further coenprising a vector associ ated

wi th the DNA sequence encodi ng angi ostatin fragnment, wherein the vector is
capabl e of expressing the angiostatin fragnment when present in a cell.

60. ‘The conposi tiddn ofThel eimpasgions of Claim 8Gnwhereimtheaangidstatiro fraginennis sai d—

vect or. deri Q@ i rrﬂﬂkf% Stk t i Ng an
endot hel i al cggﬁ%%ﬂlﬁ%%?on ﬁﬁ%%ﬁ% pg&gt I VI eg' %%%mlgrﬁg%éﬁgggﬂg?i ng

in cell a vePlaSMUNqgRRPEPPVIRGRIAYBIPEN. cont ai ns a DNA sequence encodi ng sai d
angi ostatin fragnment, wherein the vector

58.  The composition of Claim 56, wherein the angiostatin fragment
comprises an amino acid sequence selected from the group consisting of SEQ ID NO:7; '
SEQ ID NO:8; SEQ ID NO:9; SEQ ID NO:10; SEQ ID NO:11; SEQ ID NO:12;-SEQ
ID NO:13; SEQ ID NO:14; SEQ ID NO:15; SEQ ID'NO:16; SEQ ID NO:17; SEQ ID
NO:18; SEQ ID NO:19; SEQ ID NO:20; SEQ ID NO:21; SEQ ID NO:27; SEQ ID
NO:28; SEQ ID NO:29; SEQ ID NO:30; SEQ ID NO:31; SEQ ID NO:32; SEQ ID
NO:33; SEQ ID'_NO:34; SEQ ID NO:35; SEQ ID NOQ:36; SEQ ID NO:38; SEQ ID
NO:39; SEQ ID NO:40; SEQ ID NO:41 and SEQ ID NO:42, or a combination or a
functional homologue thereof.

59.  The composition of Claim 56, further comprising a vector associated
with the DNA sequence encoding angiostatin fragment, wherein the vector is capable of
expressing the angiostatin fragment when present in a cell.

. 60.  The composition of Claim 59, further comprising a cell containing said
vector. ' "

61. A method of expressing angiostatin fragment having an endothelial cell
proliferaﬁon inhibiting activity comprising transfecting in cell a vector, wherein the
vector contains a DNA sequence encoding said angiostatin fragment, wherein the vector
is capable of expressing angiostatin fragment when present in the cell, and wherein the
angiostatin fragment is selected from an ahgiostatin fragment corresponding to
approximately a kringle 1 region, a kringle 2 region, a kringle 3 region, a kringle 1-2

L




15 capabl e of expressing angiostatin fragnment when present in the cell, and
wherein the angiostatin fragment is selected froman angi ostatin fragnent
porresponding'to approximately a kringle 1 region, a kringle 2 region, a
_kringle 3 region, a kringle 1-2 :

152 region, a kringle 1-3 reglgim@fﬁ. e 2-3 region, or a
functi onal honol ogue or conbi nation ereo f-{ﬁﬁjr 62. The nethod of

Claim 61, wherein the angiostatin f r agh®ht is deri ved from nurine
pl asm nogen, human pl.asm nogen, rhesus pl asm nogen, porcine plasn nogen or

bovi ne pl asm n t of Ca

angi ost gt in fﬂflgg)r?;léﬁtkng gle k Psrg‘%lggharﬁlrﬁ EBHQE fiag SR g@g@%&@\@tﬁomp&gﬁ R&
group consi st¢qmy)1mt108Eh§r¢® NO 7; SEQID NO8; SEQ ID NO9; SEQ I D NO 10;
SEQ ID NO 11; SEQID NO 12; SEQID NO 13; SEQ ID NO 14; SEQ ID NO 15;
SEQ I D NGO 16; SEQ¢IDNO 17, SE(?IDNO 18; . SEQ I D NGO 19; SEQ I D NG 20;
SEQ I D NO 21; SEQ b NOL be7method of (S 1nja 68 wsggmtbemmtatnﬂ;mgmmmvedfq

D NO 31; SE s 3 DN
NO 36 SEQ | grbng g@ e ﬁgﬁm eNoh%%m Fﬁsm o é&%&g’lﬁo Mozen, pgg%‘l D

NO. 42, or a fRJ?I%’P‘PB%P&‘I“ PHS‘P(P gm%%&?eof A conposition for

inhibitlng endot hel i al cell proliferation conprising substantially purified
aggregate angiosta ere t e | ost | S a reconbinantly
produced protein c%# T esﬁ% df’geﬁ‘b‘g%xgﬁgﬁéﬂggﬁn&?ﬁ éaginegt PURPETS 88 a
pl asni-nogen rmhiaowc&i sdquelhcermhecm!tfrdmethe igeoupt aonsisting of SEQ ID 6¥D:7; SEQeID
conposi tion m @@)a n gﬁﬁ(l a[yﬁ ul ar
wei ght of apgﬁom mat ﬁNg\?’t Q) W Oggﬁ sﬁgsﬁdgF m nte)glzbifpe c¢ﬁ‘§
SEQ ID NO: 14 SEQ ID NO:15; SEQ ID NO:16; SEQ ID NO:17; SEQ ID NO:18; SEQ
' ID NO:19; SEQ ID NO:20; SEQ ID NO:21; SEQ ID NO:27; SEQ ID NO:28; SEQ ID
- NO:29; SEQ ID NO:30; SEQ ID NO:31; SEQ ID NO:32; SEQ ID NO:33; SEQ ID
NO:34; SEQ ID NO:35; SEQ ID'_NO:36'; SEQ ID NO:38; SEQ ID NO:39; SEQ ID
NO:40; SEQ ID NO:41 and SEQ ID NO:42, or a functional homologue thereof.

64. A composition for inhibiting endothelial cell proliferation comprising
substantially purified aggregate angiostatin, wherein the aggregate angiostatin is a
recombinantly produced protein corresponding to approximately a kringle 1-4 region of -
a plasminogen molecule which has not been renatured.

65.  The composition of Claim 64, wherein the aggregate angiostatiri has a
molecular weight of approximately 45 to 65 kilodaltons as determined by reducing
polyacrylamide gel electrophoresis. |

66. The composition of Claim 64, wherein the aggregate angiostatin is
derived from a plasminogen fragment beginning at approximately amino acid number
98 derived from human plasminogen, murine plasminogen, bovine plasminogen,
rhesus plasminogen or porcine plasminogen. '

67.  The composition of Claim 64, wherein the aggregate angiostatin is
capable of inhibiting an angiogenesis-mediated disease.

68. . The composition of Claim 67, wherein the disease is selected from the
group consisting of cancer, arthritis, macular degeneration and diabetic retinopathy.
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69. A nmet hod of inhibiting endothelial cell proliferation
adni ni 82.er i Agmethodhef émidbiting eadothelidl celipprilift@riahi @inprising

B g -

appr oxi mat el yRNg1Q8t4ting Wherein the:gggragase angiobtatiniin e gecombihantlyl prodicedhproteds not

been renat ur &drresponding to apProximatd) I-ereﬁg?bﬂ gﬁsmﬂ%g%giﬂélekgﬁtvghig%

aggregat e angi ost

ki | odal t ons

tion has a, nolecular I ght appr oxi
&8?@"'&1’?\'&9“5‘} reduci ng pol yacryl am de gel el ectrophoresis.

7 1. The nethod of Caim69, wherein the am no aggregate angiostatin is
~derived froma pl I N n fra ‘hegi.pni ng at approxi nately am no acid
nunber 98 derived Q'ro %WW%@@%H@QQ: W#%W%é“gﬁ%@ﬁ%ﬁ%d&ﬁ%s%\ﬂ% a

pl asm nogen, moleeslas welight of apprerimatelyotSciongs kiledalions gedetermined by reducing

polyacrylamide gel _electrophoresis.

71.  The method of Claim 69, wherein the amino aggregate angiostatin is
derived from a plasminogen fragment beginning at approximately amino acid number
98 derived from human plasmiilogen_, murine plasminogen, bovine plasminogen,

rhesus plasminogen or porcine plasrhinoger;.

72.  The method of Claim 69, wherein the aggregate angiostatin is capable of
inhibiting the angiogenesis-mediated diseases.

73.  The method of Claim 72, wherein the angiogenesis-mediated disease is
selected from the group consisting of cancer, arthritis, macular degeneration and
diabetic retinopathy. '

74. A method of treating a mammal with an angiogenic-mediated disease
comprising administering to the mammal an arigiogénic-mediated disease treatment
effective amount of aggregate angiostatin, wherein the aggregate angiostatin is a
recombinantly produced brotein corresponding to approximately a kringle 1-4 region
of a plasminogen molecule which has not been renatured. |

75. A method of producing aggregate angiostatin for inhibiting endothelial
cell proliferation, wherein the aggregate éngiostatin is a recombinantly produced protein
corresponding to approximately a kringle 1-4 region of a plasminogen molecule which
has not been renatured comprisihg, |

' recombiantly expressing angiostatin,
substantailly purifying angiostatin, and
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*]2'. The method of O aim 69, wherein the aggregate angiostatin is capable
of inhibiting the angi ogenesis-nedi ated di seases. 73. The

"~ smethod of Caim 72, wherein the angi ogenesis-nedi ated disease is selected

fromthe group consisting of cancer arthritis, macul ar degeneration and
di abetic retinopathy. ﬁg—ﬁﬁ% fective anmount of aggregate
angi ostatin in a preparation of a medi cament tor treating an

angi ogeni c- medi at ed di sease in a mamul34i n need- thereof wherein the
aggregate angiostatin is a recorrbi nantly produced protein corresponding to

boon renatursd 0 Tufict s geihadte B @CRRRRRER. 00 00 € Angiostain
for inhibiting endothelial cell proliferation, vvherei n the aggregate
angi ostatin | 5,2, PRROTAk b BF UG, R Ao SRR ERRININ phiormaaty
been renat uré@t@%ﬂﬁ@ﬂﬂgﬂﬁm ' reconbl antly expressing
angi ostatin, substantailly purifying angiostatin, and

,-
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76, The met hod dF1-Gl S MENSIRERAAI T aGR StR et S5P FSPRIFRSR o by

*approximately 24 hours with at least three changes of dxalysate

78.  The method of Claim 76, wherem the dlalyzmg step is performed at
approximately 4°C.

79.  The method of Claim 75, wherein aggregate angiostatin' has a molecular
weight of approximately 45 to 65 kxlodaltons as determined by reducing polyacrylamide
gel electrophoresis.

80. A product made by the pfocess of Claim 75.
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dj al'yzi ng the angiostatin. 77.  The nethod of d 4i
the dialyzing step is performed for approxi mately 24 hours wtfzgto%z@g
three changes of dialysate. 78. The net hod of Claifm I n

the dialyzing step is performed at gpgroximately 4[err]C.
The nethod of C aim 75, -wherei n aggregate angi ostatin has nol ecul ar

wei ght of appr ox33at elige 46f t an 6&f fed Oiked tanmsurals o tee rqumpexs ITTETEdUCT NQ

' p?gggg;ygﬁﬂkﬁﬁ%,ggl_}%gbegﬁrg,q&%%%g%? B%Saﬂnen@o beisdhdl Gt Jpde by the
gCT/ US96/ 058Bgiostatin fragment corresponding to approximatelpsm

84. The CRE@H@&E' Qnréélgxa'g‘k§§mgié”ﬁ hf‘égf&mf’ré 5!&1”191 e 3 region,
sust ai ned-rel eaSe mat r| X. he Cﬁ(drgsjlosmlon of

Cai m 83, wReKELRILRelaggFaghier. °a kringle 1-3 r%ﬁlb‘?"bstaé”tq \a ngl®l ecul ar
wei ght of appBOxegmbﬁl gria tombInktionath@rsofsin a preparation dfeterm ned

by reducing pOI ?.8.[;\ Iq'En :d.grggreaeLfgérg hgtrngéésenlc-medlated disease

in a mammal in need thereof.

34. The -use of Claim 33, whercin the mammal is a human.

35. The wuse of Claim 33, wherein the angiogenic-mediated disease is
sclected from the group consisting of cancer. arthritis, macular degeneration and
diabetic retinopathy.

36. The use of Claim 33, wherein the angiostatin fragment comprises an
amino acid sequence selected from the group consisting of SEQ ID NO:7; SEQ ID
NO:§; SEQ ID NO:9; SEQ ID NO:10; SEQ ID NO:11; SEQ ID NO:12; SEQ ID'NO: 13;
SEQ ID NO:14; SEQ ID NO:15; SEQ ID NO:16; SEQ ID NO:17: SEQ ID NO:18; SEQ
ID NO:19; SEQ ID NO:20; SEQ ID NO:2{; SEQ ID NO:27; SEQ ID NO:28; SEQ ID
NO:29; SEQ ID NO:30; SEQ ID NO:31; SEQ ID NO:32; SEQ ID NO:33; SEQ ID
NO:34: SEQ ID NO:35; SEQ ID NO:36; SEQ ID NO:38:. SEQ ID NO:39; SEQ ID
NO:40; SEQ ID NO:41 and SEQ ID NO:42. or a combination or a functional

homologue thereof.

37. The .use of Claim 33, wherein the angiostatin fragment has an
candothelial cell ED5g of less than about 500 nM.

38. Use of an effective amount of a composition
comprising two or more angiostatin fragments selected from
an angiostatin fragment corresponding to approximately a
kringle 1 region, a kingle 2 region, a kingle 3 region, a
kringle 1-2 region, a kringle 1-3 region, and a kringle
2-3 region, or a combination thereof in a preparation of
a medicament for treating an angiogenic-mediated disease
in a mammal in need thereof.

39, The use of Claim 38, wherein the mammal s a human.
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69. A method of inhibiting endothelial cell proliferation comprising
administering to the endothelial cell a proliferation inhibiting amount of aggregate
angiostatin, wherein the aggregate angiostatin is a recombinantly produced protein
corresponding to approximately a kringle 1-4 region of a plasminogen molecule which
has not been renatured. |

70.  The method of Claim 69, wherein the aggregate angiostatin has a
molecular weight of approximately 45 to 65 kilodaltons as determined by reducing
polyacrylamide gel electrophoresis.

71. The method of Claim 69, wherein the amino aggregate angiostatin is
derived from a plasminogen fragment beginning at approximately amino acid number
98 derived from human plasminogen, murine plasminogen, bovine plasminogen,

rhesus plasminogen or porciné plasminogen.

72. The method of Claim 69, wherein the aggregatc angiostatin is capable of

inhibiting the angiogenesis-mediated diseases.

73.  The method of Claim 72, wherein the angiogenesis-mediated disease is
selected from the group consisting of cancer. arthritis, macular degeneration and
diabetic retinopathy.

74. Use of an effective amount of aggregate

angiostatin in a preparation of a medicament for .treating
an angiogenic-mediated disease in a mammal in need' thereof

wherein the aggregate angioétatin is a recombinantly produced
protein corresponding to approximately a kringle 1-4 region
of a plasminogen molecule which has not been renatured.

75. . A method of producing aggregate angiostatin for inhibiting endothelial
cell proliferation, whercin the aggregate angiostatin is a recombinantly produced protein
carresponding to approximately a kringle 1-4 region of a plasminogen maolecule which
has not been renatured comprising, '

recombiantly expressing angiostatin,
substantailly purifying angiostatin, and
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(S7) Abstract

Fragments. and an aggregate form of an endothelial cell proliferation inhibitor and methods of use therefor are provided. The
endotheliat proliferation inhibitor is a protein derived from plasminogen, or more specifically is an angiostatin fragment. angiostatin
ﬁagnemgenmﬂycmpoﬁmkﬂnkhsmﬂmwmngmﬁm&emﬂo&dmnpmmmum inhibitor. Angiostatin ig also prepared
in an aggregate form. The endothelial cell inhibiting activity of the angiostatin fragments and the aggregate angiostatin provide a means
for mlu'bmng angiogenesis of tumors and for mr.ing angiogenic-mediated disease,
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