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is capable of inhibiting angi ogenesis rel ated di seases and 25

nodul ati ng angi ogeni ¢ processes. In addition, the present o
invention relates to diagnostic assays and kits for angiostatin s
measurenent, to histochem.cal kits for l|ocalization of : . e
angi ostatin, to DNA sequences coding for angiostatin and '

nol ecul ar probes to nonitor angiostatin biosynthesis, to- 30

anti bodies that are specific for the angiostatin, to the

devel opment of peptide agonists and antagonists.to the

angi ostatin receptor, to anti-angiostatin receptor-specific

anti body agoni sts and antagonists, and to cytotoxic agents

| i nked to angi ostatin peptides. -35 WO 95/ 29242
PCT/ US95/ 05107 . o
Background of the Invention
"angi ogenesi s" neans the

a tissue or organ. Under

humans or ani.nmal s undergo 5
restricted situations. For
observed i n wound heal i ng,
formati on of the corpus

2
As ‘used herein, the term
generati on of new bl ood vessels into
nor mal physi ol ogi cal conditions,
angi ogenesis only in very specific
exanpl e, angi ogenesis is normally"
fetal and enbryonal devel opnent. and
| ut eum endonetrium and placenta. The
term "endot hel i unt means a thin layer of flat epithelial cells
that |ines serous 10 cavities, |lynph vessels, and bl ood vessels.
Both controll ed and uncontrol |l ed angi ogenesis are
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t hought to proceed in a simlar manner. Endothelial cells and

pericytes, surrounded by a basenent nenbrane, form capillary
bl 0bd vessavess/m2et ogenesis begins with the erosion = 15 Pﬂ@ﬁ’%ﬂ“”
basenent nenbrane by enzynes rel eased by endothelial - ~cells and
| eukocytes. The endot helial cells, which Iine the | umen of
bl ood vessel s, then protrude through t he basenent menbr ane.
Angi ogeni ¢ stinulants induce the endothelial cells - to mgrate
t hrough the eroded basenent nenbrane. The 20 - mgrating cells forma
"sprout" off the parent blood vessel, where the endot heli al .
~cells undergo mtosis and prollferate The endot helial sprouts
nerge with each other to form. : capillary loops, creating the
new bl ood vessel. - Persi stent, unregul ated angi ogenesi s
occurs ina = 25 nultlpI|C|ty of dlsease stat’'es, tunor netastasis
and abnormal b ndot a S
pat hol ogi cal . Mgios‘%&ﬁ%g@d ﬁ%ﬁ' g {]ﬁ"é +° oﬁb*‘ﬁﬁ'ﬂg #pga)%{‘%@{)gﬁs
pat hol ogical § . +di sease states i n which unregulated angi ogenesi s
I's present have ' been grouped together as angi ogeni c dependent
or angi ogenic 30 - associ at ed di seases. The
hypot hesi s that tunor growth is ‘angi ogenesis- dependent was
first proposed in 1971.. (Fol kman J., Tunor angi ogenesi s:
Therapeutic inplications., N Engl. Jour. Med. 285: 1182 1186,
1971) Inits sinplest terns it states: "Once 35 tunor 'take' has
occurred, evel@ increase in tunor cell WD 95/ 29242

- PCT/ US95/ 05107 | R o 3

Cross-Reference to Related Applications
This application is a continuation-in-part application of
U.S.S.N." 08/326,785, filed October 20, 1994, which is a
15 continuation-in-part of U.S.S.N. filed April 26, 1994.

Field of the Invention
‘The present invention relates to endothelial inhibitors,
- called angiostatin, which reversibly inhibit proliferation of
20 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
25 ‘modulating angiogenic 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
30 antibodies that are specific for the angiostatin, to the
development of peptide agonists and antagonists to the
angiostatin receptor, to anti- anglostatm receptor-spec1f1c
antibody agonists and antagonists, and to cytotoxic agents
linked to angiostatin peptides. -



popul ati on nust be preceded by an increase in new capillaries

converging on the tunor." Tunor 'take' is-currently under st ood
t o i ndivp@dsn9aqpr evascul ar phase of tunor growth in PCT/USOS/IOSMT ch* a
popul ation of. tunor cells occupying a few cubic - 5 mllinmeters

vol une and not exceeding a fewmllion cells, can - survive on
exi sting host mcrovessels. Expansion of tuﬁDr N ' vol unme beyond
this phase requires the induction of new - capillary bl ood
vessels. For exanple, pul nonary m cronetastases in the early
prevascul ar phase in mce would 10 - be undet ect abl e except by high

power m croscopy oBack round of thetInventieh secti ons.

nolbdes rec%?vﬁ%ﬁ"*%{%?kﬁ ﬁ?ﬁit“ﬁﬂﬁaﬁeﬁélﬁ”nﬁsmﬁﬂﬁwm

subcut aneous tr ansgenenatiohoftmew bloodi vessels intova sissueiorcorgan. Under

bef ore neovascul ar t

after neovascul ari ;‘g’? nplz%]ﬁlégﬁag %aﬁﬂg\)ﬁscu ar S?ede{g-nals undergo
of normal And nal i gmegemssonlw in wery| spegificurestricted sityations. For
of mce to wounds elah éd&ld’?@ﬁbﬁﬁhll? 6bserveddnt wousd heatth

e ol devlopment 334 Svslen A it
ltor ol i fteL ate alre |'i jutetnin} endoinewiurhuind placenta. ‘I'hleetelmmt dendpthgliumd >1000
imes this volune
becone neovascul ar:@g%ng %mﬂyﬁr of ggt epltﬁéﬁgf%em %Dﬁn?@h%}%gg I n
i sol ated P@rfused cayities, lymph vessels, and blood vesselsut h and netastasis of . {
bi opsy material in rabb'H fﬂ‘y ‘??@g d uncontroll%‘i‘l“%b@%ﬁé&is“adxe
h 0

segnents. Annal s of Su
(3) Tunor growth ||ﬁh9“ SPGQP% éﬁmm%mf E@dOthehal eellsapdand at

eovacoul ar sat | on PR i sureniey by, @ patement membraned!forw
and neovascul ar i zatciaﬁﬁhw Bmypﬁiq#’al‘a‘ﬂglﬁse%ﬁ&egms with the erosior
15 of the basement membrane by enzymes released by endothelial
cells and leukocytes. The endothelial cells, which line the
~ lumen of blood vessels, then protrude through the basement
membrane. Angiogenic stimulants induce the endothelial cells
to migrate through the eroded basement membrane. The
20 migrating cells form a “sprout” off the parent blood vessel,
where the endothelial cells undergo mitosis and proliferate.
The endothelial sprouts merge with each other to form
' capillary loops, creating the new blood vessel.
Persistent, unregulated angiogenesis occurs in a -
25 multiplicity of disease states, tumor metastasis and abnormal
growth by endothelial cells 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 angmgemc dependent or anglogemc
30 associated diseases. -

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
35 tumor ‘take’ has occurred, every. increase in tumor cell




the rabbit cornea. J. Natl. Cancer Institute 52:41-427, 1974)

(4) Tunors suspended in the aqueous fluid of the 35 anterior
| chanber ,of WRS2%MBi t eye, remain viable, avascular VIO POTRRIASI07
. PCT/ US95/ 05107 4

land linmted in size to < 1 m’r{err] Once they are |rrpl anted on

the iris vascul ar bed, they beconme neovascul ari Zed and gr ow

rapidly, reaching 16,000 tines - their original volume within 2

weeks. (G nbrone MA Jr., et al., Turmr dormancy in vivo 5 by
prevention of neovascul ari zation. Exp. Med. 136:261- 276)
- (5) When tumors are |rrrinm auonrimmbbemmedadrmoan increase in new capillaries

chorioal |l antoi c nenbra r# n ’
3 E% J: HEMymét ” "Tuifior taﬁg is currently

~avascul ar phase of >72 ho r ot exceed a

di aneter of 0.93 + 0.2% Epﬂmt%ﬂmaéﬁuﬁ'cnh&se of tumor growth in
Wi thin 24 hours after t\hmdlﬂ%eydp‘ulaﬁéhaéfl’ﬁﬁﬁb?aéélwoc%il yitig a few cubic

day 7 these vagcul ari zed..t.unors reac |ame er g
+ 2.5 nm (Knighton D. “‘J&@‘é’é‘i‘&? M é{’!géffew million cells, can

tumor growth in the chlsm'vwebrqmex&mn shosk. nﬁﬂovessew Expansiod of tumor

fggbl t1 9I7|73/er reveal - volume béﬁ&%{@%ﬁhé?fqﬁﬁg?%gfhﬁ‘g&héﬁ éfa%%‘g

but show a rel ativel'y capillary bloogi fxessels: - dor p@xampde, t ipubnoaazy
~whi ch vascul ari zati on 'tﬁlcrox%etastases in tHe‘eHly P‘%V?&;r a ﬁagé'iﬁrr?ﬁéé’wodﬂd

avascul ar up i 1 mMmi eovascu aril ze
beyond that di¥neter. gq_q dendetectable except by high power microscopy on
- : histological sections.
‘Examples of the indirect evidence which support this
concept include:
(1) The growth rate of tumors implanted in
15 subcutaneous transparent chambers in mice is slow and linear

~ before neovascularization, and rapid and nearly exponential
 after neovascularization. (Algire GH, et al. Vascular reactions
of normal and malignant tumors in vivo. I. Vascular reactions
of mice to wounds and to normal and neoplastic transplants. J.
20 Natl Cancer Inst. 6:73-85, 1945)

- “(2) Tumors grown in isolated perfused organs where
_blo'od_Vesséls do not proliferate are limited to 1-2 mm3 but
expand rapidly to >1000 times this volume when they are
u'ansplanted to mice and become neovascularized. (Folkman J,

25 et al, ‘Tumor behavior in isolated perfused organs: In vitro
' growth and metastasis of biopsy material in rabbit thyroid and
canine intestinal segments. Annals of Surgery 164:491-502,
1966) _
: (3) Tumor growth in the avascular cornea proceeds
30 slowly and at a linear rate, but switches to exponential growth
. -after neovascularization. (Gimbrone, M.A., Jr. et al., Tumor
growth and neovascularization: An experimental model using

the rabbit cornea. J. Natl. Cancer Institute 52:41-427, 1974)
' - (4) Tumors suspended in the aqueous fluid of the
.35 anterior chamber of the rabbit eye, remain viable, avascular



W, et al., The blood supply of experinental |iver netastases.
1. A mcrocirculatory study of normal and tunor vessels

the |i VE@I§@IM2t he use of perfused silicone rubber. SUrgg?{’msmm" s :

68: 334- 340, 1970) 25 (7) In transgenic mice which devel op
carcinomas in the beta cells of the pancreatic islets,
pre-vascul ar hyperplastic ' islets are limted in size to < 1. .
nm At 6-7 weeks of age, 4- + 10% of the islets becomne

neovascul ari zed, and from these i sl et S ' arise large

vascul ari zed tunor t of the
pre-vascul ar islet Zdﬂ?{ Pgﬁsﬁghﬂﬁﬁzé 1 %ucﬁ%‘? ﬁ?ey are lmpl&ﬁ{égfs

angi ogenesi s duri ndherigis vaseu lar be ,rtheyh becomeaneovascularized and grow

neopl asia. Nature E@J{l@f TeacHitiz®16,000 times their ori 1qal(‘f3 iﬁiﬁ

anti body agai nst VI asC ﬁ rowt actor)
reduces micr ovesselWeRkS t( I&Sh'one MA IJr, et aleag&iﬁm Wﬁl@}éﬂﬂ wvo

dranmatic" §nhibiti 5/ -
bCr LS9/ Og s &y qfrevéﬁtifbh ef révvascularizaifoh: JZ%@? Med 136:261

human tunors which 2r7¢§)y on VEGF as their sole nediator of _
angi ogenesi s (in nude ni(5)) WHére tamorsodre d aeplaneed ioxhithetchick embryo

of Vascul ar endot n& ‘103195?%%#4 embidld). iﬁei §7by. ABMY ‘diting an
suppresses tunor gravaseular phase ofit»/2 heurg4butado neoexceed a mean
(9) Anti-phGr ”D”O‘Hxﬁﬂfétwf'af'@%y endgm?no “Rapid tumor expafiSioRf beflirsOf

grow h of a nouse t h™is on, secre bon of {
bFGF as its only mgmt oyﬁg n@g gnset of neovasculan zation, an

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 Brmsh J. Cancer, 35:347-
15 - 356, 1977)

(6) Vascular casts of metastases m the rabbit liver reveal
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
20 diamieter, but are neovascularized beyond that diameter. (Lien
W., et al., The blood supply of exper_in_iental liver metastases.
II. A microcirculatory study of normal and tumor vessels of
the liver with the use of perfused sxhcone rubber Surgery
68:334-340, 1970) | '
25 (7) In transgenic mice whxch develop carcinomas in the
beta cells of the pancreatic islets, pre-vascular hyperplastic
islets are limited in size to < 1 mm. At 6-7 weeks of age, 4-
10% of the islets become neovascularized, and from these islets -
arise large vascularized tumors of more than 1000 times the
300 °  volume of the pre-vascular islets. (Folkman J, et al., Induction
~ of angiogenesis during the transition from hyperplasia to
neoplasm. Nature 339:58-61, 1989) .
- (8) A specific. antibody agamst VEGF (vascular
 endothelial growth factor) reduces ‘microvessel density and
35 causes “significant or dramatic” inhibition of growth of three




The anti body does not inhibit growh of the tunor cells in 10
~vitro. (Hori A et al., Suppression of solid tunor growth by L
i rmrunoneut|’\’!§!I’f’-7’_25!3§;2 nonocl onal anti body agai nst human basi c ~PCI/US9505107

- fibroblast growth factor. Cancer Research, 51:6180-6184, 1991)
(10) Intraperitoneal inj ectizon of. bFG- enhances growt h 15 cof a -
primary tumor and its met ast ases by stinul ati ngsgrowth of

capillary endothelial cells in the tunor. The tunor ceI S -
thensel ves | ack receptors for bFGF, and bFGF I's not a m t ogen
for the tunors cells ip vitro. (Gos al I\/bdulatlon of
solid tunmor growth in JUBILS W ‘3!:1'31)' o0 VEGF astheir sele sne

Res. 31:79, 1990) , e |
i bi tor (AGH 1)470) angiogenesis (m du"de Xm‘ée%P The! ﬁnﬁBéd 936ES not mhlblt

turm s.ln
vivo, but is much | ess&rowth of the m‘B@f P? it Ylﬁm biﬁ%ﬁ? r&frageixﬁ'ﬂ ition
proliferation in vitroofl vascilapiéifdothelial growth \faét?cbﬂ-ﬁidlmwfah ibgéndsik |

roliferation jalf-maximall 5g t an
Ut inhibits tior cell SBPBF%S%%&FM 8f°W&" in vivo. NQW& @Bﬁlieéﬁm i%é)h '
Angi oi nhi bi ns: Synt heti c- an€9)guenticbFGF monoclona‘luramxwdy chuses | 709bi t

1990)  Thor e 19 al o | RHUMAEH of growth of g Aotk Bt Wiiteris Bebipiplen:

growt h i s angi ogenesi smnesmnnon oBbFGF as its only nmlmﬂan%angxogenems

retinobl astomas that a @0k AGE inhibit growth of 'theChitfiof Cetls°
i nto avascul spher0| restri SS
m{ err] despaig t he fa(‘fl’t’pna Pﬁ’eg i;/- gﬁpﬁfﬁﬁlon of solid tumo ¥r&!'9?‘f§gn‘é¥e

3H t hyni dine (when r emingaufioneumaliginginicdonal antibody agatié Mishan tdsie ed
E?:T/Vbtség 05107 Vo 95/ i%z??last growth factor. Cancer Research, 51:6180-6184,
- (10) Inu'aperitoneal injection of bFGF enhances growth
15 - of a primary tumor and its metastases by stimulating growth of
-capillary endothelial cells in the tumor. The tumor cells
themselves lack receptors for bFGF, and bFGF is not a
‘mitogen for the tumors cells in vitro. (Gross JL, et al.
| “Modulation of solid tumor growth in vivo by bFGF. Proc.
20 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 half-maximally at 4 logs
25 - 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.
30 - " (12) Human retinoblastomas that are metastatic to the
| vitreous develop into avascular spheroids which are restricted
to less than 1 mm3 despite the fact that they are viable and
incorporate 3H-thymidine (when removed from an enucleated
eye and analyzed in vitro). |



6 (13) Carcinoma of the ovary netastasizes to the
peritoneal rrenbrane as tiny avascular white seeds (1-3 rrm err;
These iWOI%R#2rarely grow larger until one or nore of t

becones neovascul ari zed. 5 ' (14) Intensity of :
nheovascul ari zation in breast cancer : (Weidner N, et al., Tunor
angi ogenesi s correlates wt h astasis in invasive breast
carcinoma. N Engl. J. I\/Ed ' 324:1-8, 1991, and Weidner N, et
al ., Tunor angi ogenesi s: new significant and i ndependent

prognostic indicator in st age brea t _cakrci nona, J Nat | .
Cancer Inst. 84:1875- 188@85) Carcinoma of oths avary \msiastasizes. o :
(Vi dner N, Carrol IpétitonEahmembrane as tiny avaﬁhﬂanlwlﬂtel sEédEQllﬁTmf') Turnor

eng ! 3 orCVnhgR, implans raply Yo b B ok G5t Hea  ©

1993) correl ates hibgdomes neevasculamedx risk of future metastasis. '
(15) Metasgasis from hu or to
A pﬁéﬁ&% Ovasc 95§cd ?.rfz%'ifon in breast c:iméE .

neovascul ar| zation. _The ariza
i ncreased t hi cknes(Weldner Nsiefna ndT&moncaagmggmmskcorrelates with of

g?;ﬁ?;?f:;ﬁce (() fs“t\ljatﬁb?d’s%aﬁs Pﬁlxyvasﬁé%redrikﬂﬁt%iﬂ ZIV En I J. Med.
(0.76-4.0 mm t hi ck;%‘k\iaﬁngbgimr%‘d &ﬁ%ﬁneﬁ rﬁpﬁ{ ﬂg# umor anglosenesw A

I133: I419;123, 1988) new significant and mdd;tﬁndent ticandécatot lin earl)nar y
eve (0] : (0)

o oo 10 55 stage b} URRITOMELY Nt "Cibcel Tnft, 940 €14 84

(Nguyen M et 1992) anddn. prastateacancerc(Weidner By Garyody PR, j de,

basi c fi brobl ast r tPrT er
patients. J. Natl. Blumenfeld W &Wn’gt ﬂg@oﬁﬁﬂ@g@%n%&d@a&éﬁf&
Thus, it is clear tWith %%ﬂaé%%sms%YMeaPﬁ%@Fe rGATEIRGMA. Jymerican: he
metastasis of a canfournaliofiPatholbgy 143(2):401409, y1993)l correlates hlghly

15 with risk of future metastasis.
' (15) Metastasis from human cutaneous melanoma is rare
prior to neovascularization. The onset of neovascularization
'leads to increased thickness of the lesion and an increasing risk
of metastasis. (Srivastava A, et al, The prognostic
20 significance of tumor vascularity in intermediate thickness
(0.76-4.0 mm thick) skin melanoma Amer. J. Pathol.
133:419-423, 1988) -
' (16) In bladder cancer, the unnary level of an
- angiogenic peptide, bFGF, is a more sensitive indicator of
25 status and extent of disease than is cytology. (Nguyen M, et
al., Elevated levels of an angiogenic peptide, basic fibroblast
growth factor, in urine of bladder cancer patients. J. Natl.
Cancer Inst. 85:241-242, 1993) |
~ Thus, it is clear that angiogenesis plays a major role in
30 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 the invasion of
~ the new microvascular system. Therapies directed at control



repressed or elimnated, then the tunor, although present,

woul d not grow. In the disease state, preventlon of

" andi ogenesiWO@Y242avert the damage caused by. the invasion SCIUSISNSIO7
~the new m crovascul ar system Ther api es directed at control WO

95/ 29242 .. PCT/ US95/ 05107

7 of the angl ogenl c processes cduld | ead to the abrogation
or mtigation of these diseases. What is
needed therefore is a conposition and net hod _ whi ch can

i nhibit the unwanted growth of bl ood vessels, 5 especially into

[
Itum)lrs Al s?hneeded i staf thee imglbgenﬁﬁpflogﬁms could lead tg tgigegﬁif)tieg abl%q?g
= osg?clofr:an?he gctcf)\rlrf)?f/l o#‘?@%%%_ ggﬁggef@w?ﬂses factors in
~prenetastatic tunors and pré€ ishreé¢dedrtherefore is a compositiontdid method
Cahor s The cogpesi ¢ | onVEl 5‘9%?%‘2*'@*‘“#& Uhdafiied @bt of bidod vesgeld,"
ant i bodi es spegp fic to aQSpec i;mmmm&hwsq needediis zmethod for detecting, -
to nodulate the format 'Iﬂéaéﬁnﬁgp'ahﬂald@aﬂlixggoﬁi?E s?ﬁﬁﬂ' The composition
processes, such as vvounss‘%ﬁa End Be ro rﬁb
composi tion and met hod Q) OXREFQIE §|3§t§ﬂ%p§ endogenous growth
pr eL e(r]I ably be tnﬁgdt ]9>C<)Ir Cfaemi-sprmémgm?lﬁﬁgﬁrﬁéfseahda rvent the formation of
B?ﬁd?ngl :I ?egef or the c‘gﬁp@qlﬁ&?sg@ % turors r}gsgeqaf Bﬁ’cggaﬂgh&ﬁ growth of
of the conposi®ion. Théhedumers.i Fheacompesition; fragments of the composition,
~conposi tion shoul d be caRPRnGbOHiddIpkLifie to th! EmpBsitidle should also be able
: . to modulate the formation of capillaries in other angiogenic
processes, such as wound healing and reproduction. The
composition and method for inhibiting angiogenesis should
15 preferably. be non-toxic and produce few side effects. Also
- needed is a method for detecting, measuring, and localizing the
binding sites for the composition as well as sites of biosynthesis
of the composition. The composition and fragments of the
B composition should be capable of being conjugated to other
20 -  molecules for both radioactive and non-radioactive labeling

purposes

Summary of the Invention
In accordance with the present invention, compositions
25 and methods are provided that are effective for modulating
angiogenesis, and inhibiting unwanted angiogenesis, especially
~angiogenesis related to tumor growth. The present invention
includes a protein, which has been named “angiostatin”,
defined by its ability to overcome the angiogenic activity of
30 endogenous growth factors such as bFGF, ir 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
35 kilodaltons and 45 kilodaltons as determined by reducing



. sequence honol ogy

20 nmol ecul es for both radi oacti ve and non-radi oactive | abeling

pur poses Sunmmary of the Invention - In
accor daWOIS@P24A t he present invention, conpositions 25 PCT/USISASMT npt-hods'
are provided that are effective for nodul ating angi ogenesi s,
and i nhi biting unwant ed angi ogenesis, especially - angi ogenesi s
related to tunor growth. The present invent 8n ' I ncl udes a
protein, which has been named "angi ostatin", ' defined by its
ability to overcone the angi ogenic activity of 30 -endogenous
grow h factors such as bFG-, in vitro, and by it . amno acid

rylamide gelieletrophoresisamd having an aminotagidal

. y_polyatrylamide!g . , .
B no aci d 05, AngSEaReRe: sUBSARGBILY SnHAY B Rl of a fragmeny of Bufiifie" 0"
mol ecul ar wei ght ofplasminegem: beginning at antino acikl number 98ofdan tintactand 45
ki | odal tons as det ?ﬁiﬁlﬁé$19¥miﬁ8gb‘ﬁ %lecule'&&sfﬁ%ﬁ):ﬁ.

PCT/ US95/ 0501 7 nogen PIONG2).
pol yacryl ai de gel el ectilshamise acishsequencs) of-angiostatin ivaries slightly

sequence substanti Yekwesh ;g'g‘!ee{est_ Wépeﬁﬁg@lé,gfg H{Fﬁﬁﬁ 'atﬂi%idgtﬁﬁﬂ‘ the amino

pl asm nogen begi nni ng, at no .aciq n .0J, an I pnract - .
nuri ne pl asm nogen 3¢t SEQUEDCEHS § S@Eﬁﬁy simjlar to e sequengé.of theo acid
sequence of angi osiabove described ' mubide/ plasminogen fragaientcalthoaghean For
cxample. 0, MU Aeshikiah b dIbAR, seqpence may stit e RN A3
- ! acid number 97 or 99 of an intact human plasminogen amino . = {
acid sequence. Further, fragments of human plasminogen has
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 molecule may vary and all amino acid
15 sequences that have endothelial inhibiting activity are
contemplated as being included in the present invention.
The present invention provides methods and
compositions for treating diseases and processes mediated by
undesired and uncontrolled angiogenesis by administering to a
20 ‘human or animal a composition comprising a substantially
purified angiostatin or angiostatin derivative in a dosage
sufficient to inhibit angiogenesis. The present invention is
particularly useful for treating, or for repressing the growth
of, tumors. Administration of angiostatin to a human or
25 animal with prevascularized metastasized tumors will prevent
the growth or expansion of those tumors.
The present invention also encompasses DNA sequences
encoding angiostatin, expression vectors containing DNA
| sequences encoding angiostatin, and cells containing one or
30 - 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. - ST

—



above descri bed nurine

active hunman a ost at
- aciid nunbeﬂ”Q?N%”MQQ 0

pl asm nogen fragnent, although an
I n sequence.nay start at either am no 10

f an intact human pl asm nogen am no - PCT/USISASIOT ;¢ g
sequence. Further, fragnents_of human pl asm nogen has simlar
anti -angi ogeni c activity as shown in a nouse tunor nodel . It -
Is to be understood that the :nunber of am no acids in the
active angiostatin nolecule may vary and all amno acid 15
sequences that have endot hel:iil inhibiting activity:are
contenpl ated as being |ncluded In the present .invention.

The present invention provi dbke presenfsinyention also lncludes:mmosuc)meth@ds
neant 191 L ed angt ogane IRk date FoPdegictibiband meaf%%’emen”%%%‘@?“%ﬁ@né a
conposi ti on conpri si ngiﬁ LQ% ?ﬁﬂw@# tls%ues, and for W@4¥@%ﬁ§l@&%§tﬁﬁnor

angi ostatin derivative
angi ogenesi s. he pres

‘treating, or for-repre

Adm ni stration of angi
prevascul ari zed net ast

inntissuéssaud cells The diagnestié metitd andiKitidant be in

@ft.a presenb invention alsthincludes aatibodies\spécific for

%&yngﬁiﬁghﬁ@% well known to thog'of Giifly sKAF it mé”"

- expansi on of those tum)qrﬁgzﬁijglbgfm{lls d%iécui)é Pa‘ﬂal'#%nb?%s &?’“ﬁvéﬁpe%ﬁg%sor

~enconpasses DNA sequen
_vectors cont ai ni ng DNAanglostann The%é%iﬁﬂf(ﬁﬁeﬁ*%ﬂdb@g)oi il 3ritibodi
- cells contalniﬁg one or

' sequences enc

i ng
enconpasses gene
encodi ng angi ostatin
I n vivo angiostatin
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15

dbat inhibit the bindiag rof dies rspesificesfa rort e

noL.e res n ve contajin
monoclonal, #tiaedictn The anithadies SBREIE, T ( er
angiostatin"eambg mdhnd&agnosﬁb}klﬁl% detegetse presence

and quantity pjf,ﬁpgi% EART %c@sisz ggqéznactos'uecmor tporogcﬁ%su

for the occurrence or recutrence of cancer or other disease
mediated by angiogenesis. 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.

20

The present invention also includes diagnostic methods
and kits for detecting the presence and quantity of antibodies
that bind angiostatin in body fluids. 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 anti-angiostatin

‘receptor-specific antibodies that bind to the angiostatin

25

receptor and transmit the appropriate signal to the cell and act
as agonists or antagonists.

The present invention also 1nc1udes angiostatin peptide
fragments and analogs that can be labeled isotopically or with

- other molecules or proteins for use in the detection and

30

visualization of angiostatin binding sites with techniques,
including, but not limited to, positron emission tomography,

“autoradiography, flow cytometry, radioreceptor binding

35

assays, and immunohistochemistry. :
These angiostatin peptides and analogs also act as
agonists and antagonists at the angiostatin receptor, thereby



9 The present invention also includes diagnostic

met hods and kits for detection and neasurenent of angiostatin
in W0 9529242 D ol ogical fluids and tissues, and for PEEEFISMon of
angi ostatin o in tissues and cells. The diagnostic nethod and
kit can be in 5 any configuration dvel | known to those of ordinary
skill in the _ art. The present 1nvention al so includes

ant i bodi es specific for t he angi ostatin nol ecul e and portions.
t hereof, and anti bodi es - that inhibit the binding of

e LE?SLFinZFGS'nI  Eabincldf or blocking the HOMARF Seflvidl SF Gufbiblaagl o oo
ant i bodi es specifi Suah pﬂﬁl es are used m wclamon ohith Beangiastatin .

di agnostic kits torésﬁﬁfd t he presence ) and quantity of

angi ostatin which is glgl%é)stlc or pregnostic for the,
occurrence or recurrenc Prasent olrn‘fﬁnfépndla}éﬁsénd“des angm“aﬂt!’dl ated

by angi ogefesis. Anngiosiatin sfrag niemsfqm wmﬁaahﬁsera,lar angiost@tinal so
be adm nistered to aggéﬁgﬁnag%ﬁl.@g&q ﬂlﬁl SSI Vi 9¥ptor antagomsts hptgag{)u ze
t he human or ani nal ng .
angi ogeni ¢ i nhi bit |0g|1|0tox1c agents for therapeﬂ'ibe and sresearch applications
el uies ) st S e, el O SRR MR,
body fluids. The dian§iseta.i angiostasin receptor agomstsaand nngmsaatme'epry
configuraggon wel | a'ﬁ'iﬂﬁﬁnﬁs? s (dt@S€oftibined with IPhqrm &Aé' eckptdblet he
e 0

art.

sen ent I 0 §
anti-angi ostatin excipients, ‘f&!’é’gﬁfmﬂ pﬂﬁtN@‘ﬁ'ﬁ? Casai @%mnd& R to
the angiostatin  Zbmpositions,esuch asd Biodegradable polymers,ate fomgnal to

The present i nvent MBFFARENSic somBRSBRI. "o 2t n popti do.
fragments and anal ogs t [Ehe present inyention includes molegular probes for the
other ol gsul es or rpheh&tIkic Acid'Sand" dedkytfBGRhERIc2a6id involved in
transcription and translation of angiostatin. These molecular
probes provxde means to detect and measure anglostatm

biosynthesis in tissues and cells.
Accordingly, it is an object of the present invention to
20 . 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. |
It is yet another object of the present invention to
25 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
30 processes that are mediated by angiogenesis including, but not
- limited to, hemangioma, solid tumors, blood borne tumors,
leukemia, metastasis, telangiectasia, psoriasis, scleroderma,
pyogenic granuloma, myocardial angiogenesis, Crohn's
disease, plaque neovascularization, coronary collaterals,
35 _cerebral collaterals, arteriovenous malformations, ischemic



30 visualization of angiostatin binding sites with techniques,
I ncl udi ng, but not limted to, positron em ssion tonography,

autaoradnogr‘ﬁﬁﬁw ow cytonetry, radioreceptor binding PCT/USISNS107
assays,. and i nmmunohi stochem.stry. These angi ostatin
pepti des and anal ogs al so act as - agﬁm sts and-antagoni sts at -
t he angi ostatin receptor, thereby WO 95/ 29

PCT/ US95/ 05107 ' ' 10

enhanci ng or bl ocki ng the bieiogical activity of angi ostatin.

Such peptides are used,in,the isolation of th i'ostati,n
| receplto olro - limb, EW%%§eﬁPmﬁ§€rﬁﬁ§%@§eél- sBibeqsis, agovascular
angi ostatin, 5 glaueoma),stchhbetid apeEnb athi}ﬂ,gl mralemaanfibwﬁasm

- angi ostatin e onlstsadanlostatl e to
antagoni sts linked to arthﬁﬁg %&eggﬂ“cﬂm‘: AHOD; d?a?\ql@l" é%g‘?’?if%
research applications. wound healing, péptic! ulcers lféellcabgr:wt zelated diseases,
angi ostatin fregnments, t

recept or agonlgts and egngl 0S dtlénmrlg ngculogeJx_lgsf’f ﬁéﬁag?gtg‘%g#_ﬁo ‘E"Z‘“&?’@“ ~
conbi ned with phar rracet!'mmlll%u%cﬂpcmtaﬁlon and cat scratchefeveri ents, and
optionally sustained-rel ease[t??ﬁﬁ@tl‘i&isoﬁfect of the present 1&&&&5& ??awﬁ‘ﬁh

as bi odegr adabl e polyners erapeuti c sItions

The present invention 9 510#0{860@?%9113@%@3%1 € gro of a cancer.
ri bonucleic acid. and deoxyr Iboisuaheiobject Gf the! pﬁ@hem 1nvent10n to provide

AT RIS & %ié@l@@@%pﬁ&ﬁtﬁviﬁe@ng. Jii B §e8liiion or activie

_ of enzymes that produce angiostatin in vivo or in vitro.

It is a further object of the present invention to provide
angiostatin or anti-angiostatin antibodies by direct injection of

~ angiostatin DNA into a human or animal needing such

15 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.

| - Still another object of the present invention is to provide
20 a composmon 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 the detection or prognosis of cancer.

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

It is .yet another object of the present invention to

. prov1de a composition for use in detection and quanuﬁcatmn

30 of anglostatm biosynthesis. :

It is yet another object of the present invention to

| provide a therapy for cancer that has minimal side effects.
_ Still another object of the present invention is to provide
a composition comprising angiostatin or an angiostatin peptide

j




bi osynthesis in tissues and cells. Accordingly, it is

an object of the present invention to 20 provi de a conposition
conpri swogsasedangi ost atin. It is anotPCIVUSIHPHOET of t he’
present invention to provide a met hod of treating di seases
and processes that are nedi ated by angi ogenesi s.

It is yet anhother object of the present invd@ion to 25 - provi de a
di agnostic or prognostic nethod and kit for . - detecting the
presence and anpunt of angiostatin in a body _ fluid or tissue.
It is yet another object of the present invention to provi de
a method and conposlinked toratcytatoxic digemtsfor areating 30r repressipgothesses
that are nediated b ncl udi ng, but not . limted
to, henmangi ong, solgro&‘pgirmgrq? %‘:‘%%Jd borne tunors, | eukem a,

netastasi s, telangiect asAellOtthrQluGﬁ:tsof stheepreaenmnvennon is to provigeaeni c
granul ome, nyocar di gle el °$6Pe~°tP§g @h'liéhvg%y of angmf‘toa?ﬁ?%lafe&q“e
&ra .

"neovascul arj zati on, coronary col
col l ateral @ art eri SOBROSItE ¥Q)$m1ﬁ§r19¢a¥1§8$rem c WD 95/ 29242

r%ugggf ggég(:si S cornezetdfgggger ob) CCt of the m\ygnguon is 1 prOVIde
gl aucoma, di abetic F@ "%QPW FStmﬁFﬁﬂ&%Uﬁquﬁoafasmea&lefap)’ for the
arthritis, diabeticmodulatonloframgiogenic pmhses degenerat i on,
wound heal i ng,” peptic ul &Eﬁ,c 1 .8€
fractures, kel oids, vascgﬁg(ﬂ%:@g é éﬁegﬁl@éﬁgeg ?ﬁ%gﬂtages of the
10 present invention will become apparent after a review of the . ¢
following detailed description of the disclosed embod.lments '
and the appended claims.

~ Brief Description of the Figures
15 Figure 1 shows SEQ ID NO:1, the amino acid sequence
~ of the whole murine plasminogen. | |
~ Figure 2 shows the begmmng sequence of the angiostatin
for murine (SEQ ID NO:2) and compares the murine sequence
with corresponding human (SEQ ID NO:3), Rhesus monkey
20 (SEQ ID NO:4), porcine (SEQ ID NO:5) and bovine (SEQ ID
' NO:6) plasminogen peptide fragments The mouse sequence is
listed first, followed by human, Rhesus, porcine and bovine.
Figure 3 shows BrdU labeling index of tumor cells in
_ the lung in the presence or absence of a primary tumor.

25 Figure 4 shows Matrigel 'analySis" of the influence of a
Lewis lung primary tumor on bFGF dnven anglogenesxs in
vivo. '

‘Figure 5 shows dose response curve for serum derived
~ from mice bearing Lewis lung carcinoma (LLC-Low) versus

30 serum from normal mice. Bovine capillary endothelial cells

~ were assayed in a bFGF-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 endothehal mlubltory activity
35 in the serum.



menst ruati on, | pl acentation, and cat scratch fever. It
I s anot her object of the present invention to provide a
- COonposi ti orWO8s29242at i ng or repressing the growth of a cancePCT/USISOS10T

It is an object of the present invention to provide 10 - conpounds
that nodulate or mimc the production or activity of enzymes .
~that produce angiostatin in vivo or in vitro. 13 It is a

further object of the present invention to provide
- angiostatin or anti-angiostatin antibodies by direct injection of
angi ostatin DNA into a hunman or ani mal needi ng such 15

aBgl OtSt a]E in or a?t I - anglt ost. F‘igﬁr@m shhowisca . C4 Reverse Phase Chromht%graplm:
obj ect of present inven pro in
and quantifying the pr %ﬁ?% %ﬁ Bﬁﬂ‘@ﬂ& bBW%he‘P serum Or ulgB%C % ﬁbﬁ% )

angi ostatin in a body bearidg animals. Stil'l anot her Obj ect of

the present invention is toﬁ?é% §es}1é)\3§’surface lunﬁ &gm*és m?{;% 13t

of antibodies to angiostati Ive fTor. speciiic
regions of thé angi ost tneatment cofumicenwith intact plasminogennmolesuleyractive

pl asm nogen. fraction from & lislﬁﬁ%ﬁ@mg? RE'T ‘[if H&t%ﬁﬁ‘human

i nvention to provide a e |on or prognos

of cancer. 25 plasminogen, conggntrated b‘ﬂngc o mﬂpr ATDE o ls on
to provide a .~ concenardsufine frof negmal iidesual i zi ng and
guantitating sites of . a statin. di v a

vitro. - Figyre ?e?h%\% gh{" at'legtths ﬁégaé' ﬁ%aw’em

i nvention to 10 of miveovwith almcpoglasnnn’ogenusmulecukﬂ eof i human

qualntsi ;iatca;ingtnher obj eBEaW'?{‘.%é‘E ésai?é ﬁ‘vem%ﬁ Pysme binding s1te Ie

a therapy for cancer t preparation, qoncensrated dﬂmet m tumor bearing mlce an

Still another object Othaen&ﬁ@iFﬁﬁnbrffBﬂi thieelr ovi de a
-conposi tion conprising angi tatl o/ an tatln
i w 9 andl ﬁ 0is & schetnatic repreé%n?aﬂon of the pTrcHis

15 vector.

- Figure 11 deplcts an immunoblot of E.coli expressed
human angiostatin from a 10L scaled-up fermentation, probed
with monoclonal antibody against human plasminogen kringle
region 1-3. Arrow shows recombinant human angiostatin. A)

20 shows recombinant angiostatin eluted with 0.2 M amino
caproic acid; B) shows the last wash with 1 X PBS of the lysine
column; and C) shows clarified lysate from cracked cells.

Figure 12. Is a graph depicting percent inhibition of
. growing bovine capillary endothelial cells as a function of
25 dilution of stock; Al, A2, Bl, B2, and E are recombinant
| | clones that express human angiostatin anit-angiogenesis
“activity; C1, C2, D1 and D2 controls are negative controls
clones containing vector only without the human DNA
- sequence coding for angiostatin. -
- 30 - Figure 13 shows the inhibitory effect on proliferation of
o o recombmant human anglostaun on bovine capillary endothelial
cells in vitro.
~ Figure 14 shows the growth prollferatlon index and -
apoptotic index after removal of the primary tumor and
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12 - linked to a cytotoxic agent for treating or repressing
the W0 9529242 growt h of- a cancer. PCRAISOSOSI0D D) ect of
the present invention is to provide a nmet hod for targeted -
delivery of angiostatin-related - 5 conpositions to speci fic

| ocati ons. : Yet another bbject of the invention is to
provi de conposi tions and met hods useful for gene therapy for
t he nodul ati on of angi ogeni ¢ processes. _

These and ot her objects, features and advant ages_of the 10

present invention Wweatmentowithpgalinetonfa dumagillincanalogwe with anti-

foll ow ng detail edﬂ%i | t he di scl osed .enbodi nent s
and the appended cla Ggéﬁi’c&‘ﬁ\ﬁfy Brief. Description of the E_aglur es

15 Fi gure f@%ﬁsl%@qw Nber inhibitign; @ &m%ﬂt&fu@n

of the whole muri nq»ﬁiﬁﬁwmﬁﬂﬁrin mice by treatment. wnh %1 ihhe
begi nni ng gequence _qf t at. n erl (SEQ |

NO 2) and sorrpar es WHe g“éﬁ&@ﬁegon of 40 mg/kg/dax,, th correspondi ng ‘
human (SEQ I D NG 3), thﬁguredr&ehows the mhxbmdﬁSEQ growti ¢f a BRC-LM (SEQ
fragnents. The mouPHIEaLY Simor in mice by teafteny Bifly BupSat AnBidiundfin 1,

* human, Rhesus, por dive aitwandosescof 40 mg/kg per dose (80 mg/kglday). shows BrdU
|abel g | ndex of tumr Fighirg 17)shows the effect {}P‘ihé%gnbﬂalt Be PLesgce o

- absence oiaprlma t uno rlgl
anal ysi s 9 the |nf DEnEargipoma primary tumor g ¢u§§P\H }ts: duBg on. ‘

bFGF driven angi ogqnggggsegl _ _ Vi vo.
' Figure 18 shows the growth proliferation and apoptotic
index after tumor resection

Figure 19 shows the effect of administration of

15 angiostatin protein to mice having implated T241 fibrosarcoma
cells on total tumor volume as a function of time.

Figure 20 shows the effect of administration of
angiostatin protein to mice having implated Lewis lung
carcinoma (LM) cells on total tumor volume as a function of

20 time. |

Figure 21 shows the effect of administration of
angiostatin protein to mice having implated reticulum cell
sarcoma cells on total tumor volume as a function of time.

| Figure 22 shows the effect of administration of

25 angiostatin protein to immunodeficient SCID mice having
implated human prostate carcinoma PC-3 cells on total tumor
volume as a function of time over a 24 day period.

Figure 23 shows the effect of administration of
angiostatin protein to immunodeficient SCID mice having

30 ~ implated human breast carcinoma MDA-MB cells on total
tumor volume as a function of time over a 24 day period.

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

35 angiostatin encompasses mouse plasminogen kringle regions 1-



Figure 5 shows dose response curve for serumderived from

mce bearing Lewi s |ung carcinoma (LLC-Low) versus 30
- normal mic 058%%% capill ary -endot helial cells Pc\’;/ere assayed
' in a bFGF-driven 72-hour proliferation assay. ' Figure 6 -
t shows that both | ow and high netastatic tunors contain
endot helial mtogenic activity in their asci tel,5 but only _ the
| ow netastatic tunor |ine has endothelial inhibitory activity 35
in the serum W95/ 29242 '
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. .1 . '
Figure 7 shows a C4 Re%ergquﬂgg@mm%ﬁrﬁhQn reaction,; ©P1 is oths P/-gngs

partially purified sermhgt:mm:‘leoeuielr Oprimrer for PCR; P2 lnsartheg 3hend s.
Figure 8 showe sur! aoc BB RRRARE SHangk' By PPERL S Hesigrbtes the signal
fraction froma |ysi nesdqueuhcengGexsl the manlslaanmlmfuaQOaodon, TAA is the
pl asmi nogen, ~goncent ratrrﬁﬂsfé'ii r%t@@ Coddn; BFA" k&retlents gﬂ@ hemagelutinin g

concentrated Urine from norna

wei ght after the 13 dagpltmataenﬁYPYlDd/PDYASI.e); Krl,cKZMKihanﬁKArepresent
pl asm nogen ol ecul & Gho4EYlasminogen knn%lE' 91672, ?ﬁﬁd\@rédgiéa:?jl e

from lﬁﬁ%?eb*e’;r”?'nggms'é ¥Wgis the cytomegaloia pintaotei, 11 15 She (Bporaria

mi ce. phagé promderi PA represeniscpre-activation’ peptidess and

pTreHis 1549 Ve§f’8 is the Sp 6 promoter. o
' 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 expressing clones

15 (AST 31 and AST 37). Panel (a) represents the results of
: transfection of T241 cells. Panel (b) represents the results of
N LL2 cells.

Figure 26 shows the results of culture medium derived
from E. coli cells containing the angiostatin clone on cell
20 "~ number. Non-transfected cells (mock); cells transfected with
- the vector alone, without the DNA sequence coding for
"angiostatin (Vector 5), and three angiostatin expressing clones
(AST 25, AST 31 and AST 37). Panel (a) represents the
| _ results of incubation of culture medium from control (mock)
25 - and all angiostatin clones (expressing and non-expressing) on
cell number. Panel (b) represents the results of incubation of
culture medium from control (mock), vector alone (vector 6)
and angiostatin clones expressing mouse angiostatin on cell
_ number. Panel (c) represents the results of incubation of
30 punﬁed culture medium from control (mock) and angiostatin
| clones expressing mouse angiostatin on cell number, wherein
the culture medium was purified over a lysme-sepharose
colume to yield lysine binding components. -
| Figure 27 shows the effect on total tumor volume as a
35 function of time of implanting T241 fibrosarcoma cells in



Figure 11 dep~i cts an i mmunobl ot of E.coli expressed human

angi ostatin froma 10O. scal ed-up fernentation, probed wth
nonocl owealesasdag body agai nst human pl asm nogen kringl e PCT/US95/05107 r egi on
1-3. Arrow shows reconbi nant human angi ostatin. A) 20 shows
recombi nant angi ostatin eluted with 0.2 M am no : caproi c aeid;
B) shows the last wash with 1 X PBS of the §@sine col-um; and
C) shows clarified |lysate fromcracked cells. ' Figure 12.
| s a graph depicting percent inhibition of growi ng bovi ne
capillary endothelial cells as a function of 25 di lution of stock;

A, A2, B, B2, andnieerwhersthi®ifitidsarcoma cells have beegarirvféectedowiths

hurran angi ost atin anit nes J t and
D2 controls are nedat¥ e\?ﬁ"‘% 3?%%“8 a DNA sequeacgnggc}f@(gffg; %OV@B'PO
only w thout the thmtem\JAand where the seegtorcés Coapable’ of G?\'GSSI

?gCOﬂbl nant hunman WS&%}?&]%# e Iﬂgbﬂ %gﬁlﬁég kgﬁﬂ%ﬁ[ﬁ él?éﬂe(&n o

cells in vBtro. 41 ﬁbrosarcomachllselmplantnd; inhenipeowt hVpetor er at i on
gggex a”dv\o 95/ 592 ngpres%ﬁﬁ?t'FMP fibHeSArcdrha cdﬁ%fe%&d Qﬁtﬁ’ thé®eétdr Mor
PCT/ US95/ 05107 only, which does not contain the DNA sequence coding for

treatment with sal izifyiestatin proeeih! iﬁlpiﬁﬂie‘iﬂh? ﬂﬁdeh 2Clbne 25, Clone 31

angi ogenic activity " re 15 ovvst elnh |t|o of
growth of a T241 and Clone 37" represent | ler?

“0

human
angi ostatil@ in T241 fibrosarcoma cells transfected with a vector containg the -
: DNA sequence coding for angmstauon protein implanted in
ice. It . |

Detalled Description :

15 : The present invention mcludes compositions and
methods for the detection and treatment of diseases and
processes that are mediated by or assocxated with angiogenesis.
The composition is angiostatin, which can be isolated from
body fluids including, but not limited to, serum, urine and

20 ascites, or synthesized by chetmcal or biological methods (e.g.

| cell culture, recombinant gene expression, peptide synthesis,
and in vitro enzymatic catalysis of plasminogen or plasmin to
yield active angiostatin). 'Recombinant'techniques include gene
amplification from DNA sources using the polymerase chain

25 ~ reaction (PCR), and gene amphﬁcatlon from RNA sources
using reverse transcriptase/PCR. Angiostatin inhibits the
growth of blood vessels into USsues such as unvascularized or
vascularized tumors.

The present invention 'also'ehcom’paSses a composition

30 ~ comprising; 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,

KR ~ and wherein the vector is capable of expressing angiostatin

A



5 Vi vo withasingleinjection of 40 ny/ kg/ day.

Figure 16 shows the inhibition of growth of a LLC LM rinmary
tuRDr i n NWOEOS®Y242r eat nent wi th human angi ostatin in PCWS’S@*P!P& at

- two doses of 40 ng/ kg per dose (80 ng/kg/day). : Figure 1
shows the effect of the renoval of a Lew s 10 | ung carci noma .
primary tunor on the growh of its lung 17 netastases.
Figure 18 shows the gromh proliferation and apoptotic i ndex
after tunor resection - Figure 19 shows the effect of

adm ni stration of 15 angi'gstati n_protein to mce having jnp|ated
T241 fi brosarcona when presentin ¢he celloramd a methodocomprising, fmplanting of
(e, 0 - e i
angi ostatin protein tom-tocée?#aw ng,ri rrpl atl'ltg(lgﬁtgvi\]/lhgﬁﬁll aﬁéeﬂ% o ﬁg d 980‘_@}’
carcinoma (LM cel s oWhesein thenvrecterusentaing ﬁJ-llSNgI%nSGﬂuenQ@ encoding
tine. o ' SWhes: f¥f @?M : ' of
~angiostatin protein toa%?caesgﬁfﬁ?l? aﬂldi Ia?ﬁgquet i%ﬁ?ﬁ%ce I Off expresitig
sarcoma cel | s %on. t ot al 2RGASA Vﬁ%&ﬁ%@ﬁ%éﬁ?&ﬁ.of time.
Figure 22 shows tgef ef f ect ggikllg:iﬁﬁmhsg; a_tl'wnpwésenﬂﬁnvent_ion;mgicollmgllpa_isses
protein to I mmunode! 'Céﬁgé Lm g&i gg/%}ﬁg fragments ané-\% %&é lfg&[lla
prostate carci noma PC 9 & r 1rag ’ g ?
function of tine over angiostagilpereceptor agonists or angiestatin I8Ceptor
the effect of adm ni st 4a{datin; ¥ \ | '
I mmunodeficient SCI D mégg@g\l/%gl at %rg c,o mbme‘?%@? e cngiri]ﬁ%}ﬁ('leggg:eeptable
car ci noma MD cel | se¥@ipients, and optionally ﬁumnegmﬁea% compaunds oh
tinme over a 24 day perggfhpositions, such as biodégradablé pdlynferbend iform

representation of .clonjing. of the . nouse seguence codikn or
nouse angi ostatin prot th%apeuﬁc comp.qsm(?&s'r vLij 1% ’31" %H’cﬁ\“@#\m

The mouse 35 angicompositioncomprising anamtibody thdtrspeeificaliy 9inds to
regions 1- ~ angiostatin, wherein the antibody does not bind to
15 plasminogen.

- More particularly, the present invention includes a
protein designated angiostatin that has a molecular weight of
‘approximately 38 to 45 kilodaltons (kD) that is capable of

_ ~overcoming the angiogenic activity of endogenous growth
20 - factors such as bFGF, in vitro. Angiostatin is a protein having
- a molecular weight of between approximately 38 kilodaltons

and 45 kilodaltons as determined by reducing polyacrylamide

- gel elect__rophoresis and having an amino acid sequence

| substantially similar to that of a murine plasminogen fragment
25  beginning at amino acid number 98 of an intact murine
| , plasminogen molecule. The term "substantially similar,” when

~ 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,

30 which also has a high degree of sequence homology to the
- peptide fragment of mouse plasminogen beginning
approximately at amino acid number 98 in mouse plasminogen

and weighing 38 kD to 45 kD. A high degree of homology

means at least approximately 60% amino acid homology,

35 ~desirably at least approximately 70% amino acid homology,
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15 4. PCR means pol ynerase chain reacti on; Pl is the

5[ er r | wamgisr29242 _ ol i gonucl eotide prinre for PCR PECT@SWIW[ err]-end
ol i gonucl eotide prinre for PCR; SS designates - the signal _ .
sequence; ATG i-s the translation initiation codon; TAA is the 5

transl ation stop codon; HA represents the H@mggl utinin

epi tope tag (YPYDVPDYASL); K1, K2, K3 and K4 represent nouse
pl asm nogen kringle regions 1, 2, 3 and 4 respectively. CW is
the cytonegal ovirus pronoter; T7 is the bacteria phage

pronmoter; PA repr easdtmore edesital apleasriap @Gnrﬂﬂﬁl 80% amino @ERdis the

Funct fon of |~ homology, The e g‘#q@eﬁ%@eé@%ebﬂisgﬁﬁﬁ&”‘) ifg° o °

transfected with herein meanst ithevaapabilitynof va t molecute fNAinhkibience

ggglrggsr ﬁé cl ones anglgge?lagi W%ﬁgwngﬂ Im(til)‘: g %‘Qg}]t s the

results oP of bovine gapi endothetial icalls ins culture presence:nt s
the results of  of fibrobi tﬁm fa}t Or. Figure 26 shows
the results of culture rve

tI[lrom E. coli cells
cont ai ni ng 't he angi osta m&mdemequeme of the ,camplete murine

Non-transfected cep  niclecalé igshigwada Figire 1 and in SEQtIID?
vector alone, wt h se uen e codi f.or tatin
(Vector 5), and tht lahg' g’rﬁf% n%%gms appmnma%e 25,
AST 31 arld AST 37)anﬁ>noeﬂcldaes r eAca;venhumaneangmstann may stastuat elthér |
o 1Tt e SEBREE A TSR 99 6 St fjman pldilbdidn
molecule. The amino acid sequence of the first 339 amino
acids of angiostatin from mouse is shown in Figure 2, (SEQ ID
NO:2), and is compared with the sequences of corresponding

15 ~ plasminogen peptide fragments from human (SEQ ID NO:3,

: Rhesus monkey (SEQ ID NO:4), porcine (SEQ ID NO:5) and
bovine (SEQ ID NO:6) plasminogen. Given that these
sequences are identical in well over 50% of their amino acids,
it is to be understood that the amino acid sequence of the

20 angiostatin is substantially similar among species. The total
number of amino acids in angiostatin is not known precisely
but is defined by the molecular weight of the active molecule.
The amino acid sequence of the angiostatin of the present
invention may vary depending upon from which species the

25 plasminogen molecule is derived. Thus, although the
angiostatin of the present invention that is derived from human
plasminogen has a slightly different sequence than angiostatin
derived from mouse, it has anu-anglogemc activity as shown in
a mouse tumor model.

30 - Angijostatin 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

35 smooth muscle cells, bovine retinal pigment epithelium, MDCk



cell nunmber. Panel (b) represents the results of incubation of
cul ture medi um from contr ol (nock), vector alone (vector 6)
and angi-osWQ9¥2924bnes expressi ng nouse angi ostatin on cell PCT/US95/05107
nunber. Panel (c) represents the results of incubation of 30
. purified culture nedium fromicontrol (nobck) and angiostatin
" cl ones expressing nouse angiostatin on cell nug?@r wher ei n

the culture nmediumwas purified over a |ysine-sépharose col une
to yield |ysine binding conponents. Figure 27 shows the
effect on total tunor volune as a function of tinme of

| ant T241 fib
'p[f,"}, 629'5?85 107 _' OS¢k Or&aﬁﬁ{é ?ex'larl eplthehum% 138 Zells (human fetal lung

mce, where the fibr osﬁlbwobtas(:sal EFN zells (emurine diesalefibeoblasts) and LM cells
a vector containing a a or

protein, and where thew 8@%%#3%) %aggg@.‘gé hﬂgl osmna: ina ttumor
angi ostatin protein. "beringrmouseds eqtgmats biting.metastases at a systemic
T241 fi brosarapma cel |

represents Tz?i fi brosf'?'triclgeil h]%ﬁ b? @g{b lfd%svaptlrgtlﬂé ace __%srtatln/kg body
only, which does not cWRIgRk t he DNA sequence coding for

angi ostatin protein, inpl an%ﬁi‘ idstﬁtiﬂiﬁ haS oae ?cn‘fi@nﬁhﬂe d1mens1onal

and Cl one 37" represent t| ree tat.l Ns nes
T241 fibrosarcoma. cel | SORIQHRA % th g@rﬁiﬁ’?ﬂﬁlpn eglon of the

DNA sequence codi ng foplmmmgen lmoletmde.el(kobmnanﬁéc , The plasminogen-

m ce. 10 plasmin enzyme system” Hemostasis and Thrombosis, Basic

S Principles and Practice, 2nd Edition, ed. by Colman, R.W. et

al. J.B. Lippincott Company, pp. 340-357, 1987) There are

" five such kringle regions, which are conformationally related

" motifs and have substantial sequence homology, in the NH2

15 ~ terminal portion of the pl_asminogen 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 c.ont'ains approximately 80 amino acids and contains 3

20 disulfide bonds. This cysteine motif is known to exist in other

biologically active proteins. These proteins include, but are

not limited to, prothrombin, hepatocyte growth factor, scatter

- factor and macrophage stimulating protein. (Yoshimura, T, et

al., “Cloning, sequencing, and ‘expression of human

25 macrophage stimulating protein (MSP, MST1) confirms MSP

‘as a member of the family of kringle proteins and locates the

MSP gene on Chromosome 3” J. Biol. Chem., Vol. 268,

No. 21, pp. 15461-15468, 1993). It is contemplated that any

isolated protein or peptide having a three dimensional kringle-

30 . like conformation or cysteine motif that has anti-angiogenic
activity in vivo, is part of the present invention.

The present invention also includes the detection of the

' angiostatin in body fluids and tissues for the purpose of

“diagnosis or prognosis of diseases such as cancer. The present

35 ~ invention also includes the detection of angiostatin binding sites



Det ai | ed Description 15 The present invention includes

conpositions and ' nmet hods for the detection and treatnent of

di seas W0 25129242 processes that are nediated byPEFUSEBW el with
angi ogenesi s. The conposition is angiostatin, which can be

| sol ated from body fluids including, but not limted to, -
serum urine. and 20 ascites, or s@fhesized by chem cal or

bi ol ogi cal net hods (e.qg. . cell culture, reconbinant gene
expression, peptide synthesis, and in vitro enzymatic

catal ysis of plasm nogen or plasmn to - yield active

angi ostatin). Recoahdneceptershin qels and-tisseesscThe present invention also
i oo o SRS Yo o M gt e .
reverse transcript and/ poscessesi inclading] rbutoinot lineited to, arthritis camdut h of
vascul ar 2pd ¢ unor Sors BY Stfishdting U2 HBoHoR of anglostain, adior by
enconpassés a conpadministeringcsubstantially puritied Angiostatine rorcangiostatiy a DNA
sequence encodi ng agonists or ant_agaﬂiéi&t Qﬁwglbr ﬂﬁgbﬁfﬂ_id Afitised OF antiseppabl e
of exXpr essi ng K . angiostatin en present 1n a cell, .
conposi tion conpri $ifeGted agalgst'anglostggm a%'gmra.m g PAUGBEL érd‘ﬁm@@él n the
;/ect or tcgng ?i Qﬁa?oﬁ'“f‘ﬁ‘er“‘ fmcthods- anam%??niﬁ%mgbﬁsan%immﬁn,
(ragrents o o2l sl dEhER ragmens, angigstafchpdlohe dhdiBEeali hilidch
PCT/ US95/1@5107 or angiostatin receptor agonists and antagonists linked to =~ {
when present in thgydibkic agend. Teis 5 be Ulddrstadt tHdfthe Hrgi8statin can
E : be animal or human in origin. Angiostatin can also be
produced synthetically by chemical reaction or by recombinant
| techniques in conjunction with expression systems. Angiostatin
15 can also be produced by enzymatically cleaving isolated
plasminogen or plasmin to generate peptides having anti-
angiogenic activity. Angiostatin may also be produced by
compounds that mimic the action of endogenous enzymes that
cleave plasminogen to angiostatin. Angiostatin production may
20 - also be modulated by compounds that affect the activity of
| plasminogen cleaving enxymes. -
Passive antibody therapy using antibodies that
specifically bind angiostatin can be employed to modulate
| angiogenic-dependent processes such as reproduction,
25 development, and wound healing and tissue repair. In addition,
~ antisera directed to the Fab regions of angiostatin antibodies
can be administered to block the ability of endogenous
angiostatin antisera to bind angiostatin.
The present invention also encompasses gene therapy
30 whereby the gene encoding angiostatin is regulated in a patient.
Various methods of transferring or delivering DNA to cells
for expression of the gene product protein, otherwise referred
to as gene therapy, are disclosed in Gene Transfer into
Mammalian Somatic Cells in vivo, N. Yang, Crit. Rev.
35 Biotechn. 12(4): 335-356 (1992), which is hereby incorporated



Into a human or non-human animal a cell containing a vector,
wherei.n the vector contains a DNA sequence encodi ng
angi ost.ati WO¥/24herein the vector is capable of expre55| ng ms%"msm’

angi ostati n when present in: the cell. Still further, the
present invention enconpasses angi ostatin, angiostatin -
fragnments, angiostatin antisera, - ayjgi ostatin receptor agonists
or angiostatin receptor _ antagonlsts that are conbined with
phar maceuti cal |y acceptabl e 10 . excipients, and optionally

sust ai ned-r el ease conpounds or conpositions such as

-

bi odegr adabl e pol yner Sp Peif fafde. Gene thera;i)h%r
particul ar, the |nvent| n.1nchudes 05| on r|5|n an
antibody that specifi cRINA sgequenaes into somatic ce a@glm QT use

antibody does not Dbi ndejther exlvivo or in Wvﬁsﬂie?ﬁﬂyn Gene therapy functions d&re
particularly, the present invention inclu

desi gnat ed angi ost at | nTeplace genes, aygment &0%419% abpormal geﬁ)e %mcuon’ and
appr oxi mat el y $8. t 0" 45tk chaststtinfiectidud diseases and ottedr! pathblogies.

cuch 25 DRGF, in vi tror Angouakeles or MERHEE Hese pdifal peoblems wit gebe ©
mol ecul ar wei ght of betherap yamnlndemhecayemc lsnttawlgiesosmh as identifying thei
45 kil odal tons as dete ?ﬁ é))a/g# léygpg’g@ pYETHA gl a"ffifetional gene to eftfiler

el ectrophoresis and hav

substantially similar replace: the funnupnnefpmesdefﬁfgwe BeAgnOR1to a‘ZSmem a

begi nni ng at no aci , such

Rt e ﬂgg&f@%hﬂéssméﬁ ¢ ph, omogen, s
used in reference to aAgAiREaR| ECBE; &b?dp nPEeteine will treat the
an anmino aci d sequencecbaditionardr -thagi eddthi maket ithet tissu¢ or organ more

uhi chal'so has o hi gn SebyEetBRe 48 - ReButeil fgjbieyl | 43 an eXimple of a

peptide fragment of nopsephylacticrsirategyegigenensuch as angiostatin apay bgiplaced y
at amno aci dygumnber 9§n'd‘pﬂp ent aﬁpaﬁﬁisnﬁ&?\)%nt occurrence of ﬂﬁﬁ}d{?ﬂé‘ﬂié’%ﬁﬁ

;E& gxﬁﬁaﬁ 5| y 68:%? deﬁ%regé. Y mkgsytumor cells more sugcsepell:{ble to tradlatlon
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
20 angiostatin regulatory sequences are envisioned in this
" invention. Transfection of promoter sequences, other than one
normally found specifically associated with angiostatin, or
~ other sequences which would increase production of
angiostatin protein are also envisioned as methods of gene
25 therapy. An example of this technology is found in
| Transkaryotic Therapies, Inc., of Cambridge, Massachusetts,
‘using homologous recombination to insert a "genetic switch”
“that turns on an erythropoietin gene in cells. See Genetic
'Engineering News, April 15, 1994. Such "genetic switches”
30 ‘could be used to activate angiostatin (or the angiostatin
receptor) in cells not normally expressing angmstatm (or the

.- angiostatin receptor)
Gene transfer methods for gene therapy fall into three
broad categories-physical (e.g., electroporation, direct gene
35 transfer and particle bombardment), chemical (lipid-based

Un




35 desirably at | east approximtely 70% am no aci d honol ogy, WO
95/ 29242 PCT/ US95/ 05107

18 WO 9529242 and nore desirably at |east approxi nat BCP/USESNSHY no’ aci d
honol ogy. ‘The term "endot helial inhibiting activity" as used

herein neans the capability of a nolecule to inhibit -

angi ogenesis in general and, for exanple, 22 inhibit the growth 5

of bovine capillary endothelial cells in culture in the presence

of fibroblast gromh factor. - The amino acid sequence of
the conplete nmurine pI asm nogen nol ecule is shown in Figure 1
and in SEQ ID carriers, oN@thér fdon-viealiaectofs)r andobivlbgical Keiruss

SThr et i ther  dfived vectof RAlf rBieftos hpalRe). POV RRARTHIG, oEic ™

pl asm nogen vectors mayebe usedhwhich rincladef hpqsmnes coatede with st 339
| >
(SEQ 1 D DNQS fgwﬁiﬁé*@%i%g“ dm#??%*fs g“b difeetly
correspond ng 15m1ecte npimm ¥ninte oeawag d thak th&sEQ 1D
NG 3, sife/DNAcro éPai‘@céhceﬁ&h@éd\?n theDiver Wﬁeﬁé and

are i dentical EO of JRIVE0 958 A To:RiesopBiaes and Kuptfer TesTTS°7,
be understood that ’Ittimeameﬂs aredlongutived aind Mthus Prpvide lomgitermatin is
e ds T angt ost a CRPFESSRAP o 16 dElivetsd DNA' Addicionally, yectBfPE 188 5T, 0°
the nol edf ar wei ghnaked't 13N tof, thergeneumay be directly injected into the {
desired organ, tissue or tumor for targeted dehvery of the
therapeutic DNA.
Gene therapy methodologxes can also be described by
delivery site. Fundamental ways to deliver genes include ex
15 vivo gene transfer, in vivo gene transfer, and in vitro gene
- transfer. In ex vivo gene transfer, cells are taken from the
patient and grown in cell culture. The DNA is transfected into
the cells, the transfected cells are expanded in number and then
re_implantéd in the patient. In in vitro gene transfer, the
20 transformed cells are cells growing in culture, such as tissue
culture cells, and not particular cells from a particular patient.
These "laboratory cells" are transfected, the transfected cells
are selected and expanded for either implantation into a patient
or for other uses. :
25 In vivo gene transfer involves mtroducmg the DNA into
the cells of 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
30 taken up by a percentage of cells in which the gene product
protein is expressed. Additionally, the other methods
described berein, such as use of a "gene gun," may be used for
in vitro insertion of angiostatin DNA or angiostatin regulatory
sequences. -




The ami no acid sequence of the angiostatin of the present

I nvention may vary dependi ng .upon from whi ch species the 25 ,

. pl asmi negeWO®829248 ¢ i s derived. Thus, although the PCT/US95/05107
angi ostatin of the present invention that is derived from human -

' plasm nogen has a slightly different sequence than angi ostatin

derived fromnouse, it has anti-angiogenic acti2dty as shown in

a nouse tunor nodel . 30 Angi ostatin has been shown to be
capabl e of inhibiting the gromh of endothelial cells in
vitro. Angiostatin does not inhibit the growth of cell lines

deri ;/]ged Irom Et her f:eI:I t yp€hemical methods ofipene }‘ﬂmhl l,py,mayq'm%lk l@éianlib?d;
no e ec on ew s un | - : e .11 Nnes

epithelium 3T3 fi brobﬁaiqai&ﬁiiih“%m%cesseefyahpogqm&{E fmfiﬁgmv%,
bovi/ ne r /‘eti nal pi gnent aeyosshthie cell ivisthbrane. \Iipefeeds or cytofectins, lipid-
PCT/ US95/ 05107

cells (canine Jyenal eptl)ﬁleeq PS%“"W %’@Itlbén‘iigmaﬁé’tey cpﬂ'ﬂéed DNA, make_
fibrobl asts) BFN cel | sa(Gamplex thaticanicnoss| the: ell membyane and provide the
l(J”“.” ne connective tiSPNA -ir_ﬁ_@dﬁiﬂéﬁ&“ﬁ:ﬁ%%ﬂﬂ | éﬂfe‘x”@'iemical mgthod
ering nouse is effective at Inhibjting nefastases at,a systemc_ k6 -

concentration of appr=o¥$?§at?€F9P@T‘hg_sﬁgﬁ @ttpmskgwﬁéy lnvo(i‘_’e_s binding a
\é\gln? 2? ﬁat ion that is ds e'ciﬁeﬁngﬁtﬁuatdk rai %ﬁf ewgé%fpt?ﬂ ity éhVSlb‘iiiﬁgadnd
pl asm nogen nol ecul e. g‘ gﬁgﬁgﬁg #.]E.CFOSST&’& ﬁ?ﬁ%ﬁ%@ﬂe el"he ligand binds to
10 the. DNA and the whole complex is transported into the cell.

| The ligand gene complex is injected into the blood stream and
then target cells that have the receptor will specifically bind

the ligand and transport the ligand-DNA complex into the cell.

~ Many gene therapy methodologies employ viral vectors

15 to insert genes into cells. For example, altered retrovirus

' vectors have been used in ex vivo methods to introduce genes

into peripheral and tumor-infiltrating lymphocytes,
hepatocytes, epidermal cells, myocytes, or other somatic cells. -

These altered cells are then introduced into the patient to

20 provide the gene product from the inserted DNA.

~ Viral vectors have also been used to insert genes into

cells using in vivo protocols. To direct tissue-specific

- expression of foreign genes, cis-acting regulatory elements or

promoters that are known to be tissue specific can be used.

25 Alternatively, this can be achieved using in situ delivery of

- DNA or viral vectors to specific anatomical sites in vivo. For

example, gene transfer to blood vessels in vivo was achieved
by implanting in vitro transduced endothelial cells in chosen -
. sites on arterial walls. The virus infected surrounding cells
30 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 retrovirus vectors has also been
35 demonstrated in mammary tissue and hepatic tissue by



10 . pl asm n enzynme systent Henostasis and Thronbosis, Basic
Principles and Practice, 2nd Edition, ed. by Colman, R W et

al . J. Bvolgspagaacott Conpany, pp. 340-357, 1987) Ther e aré’cm’S”"'ﬂm *five
such kringle regions, which are confornationally related

motifs and have substantial sequence honol-ogy, in the NH2 15
termnal portion of the plasm nogen nol ecul @4 The three :

di mensi onal conformati on of angiostatin is believed to

enconpass pl asm nogen kringle regions 1 through 3 and a part

of kringle region 4. Each kringle region of the plasm nogen

nol ecul e contains aﬁﬁé@ﬂbﬂ&ife{he gltered RANRACIMtd WVBQS’élQQeidmgzﬁ the
di sul fide bonds. Thi§ cysteine notif is known to exist in other

bi ol ogi cal |y acti veo‘pﬁacﬁgel ns. These proteins include, but are

][lot limi tgd to, pLot hr onWiiral weptorscthat drave rbd;emctu@ed fortgene therapy
Al " Coning. Zﬁqﬁﬂlﬁﬁhbwaﬁéhﬂ%p?’i@s%” ngp AR 18, séwobiruses, ogher, o

stinul atin® prot ei NRNSPYIrnss such asi pmhoms or Smdbls virus aadenowimis; of
the famly of kr'n a on
neram'y o s %ﬁbﬁﬁﬁ?%&@ hefpéd Viruses, SY 40 Zxaéﬁ'ﬁxﬂ%f‘d
15461- 15468, 1993) oqhen ?{inénvmpat eReplication,defective murine rasspviral

DL Lt oReBL! o o @ e mearidysiniacbyene wadlter vesuihe
activity in vivo, i|YUpRe qgﬂk?ma&gé’é!m“sﬁﬁ@éﬁt&mgose& of a single strand e
present ifdgenti gndaRMm:mmexedlthhea quiclear cbre protein and polymerase = . ¢
i agnosts or pr OSno K Y&W@%&é‘?ﬁé@% W’é P&Q%&@Wﬁéagi ged furrounged
i nvention al so i ncl by glyeopratein eavelapefgnv) that dewwrmineg hastange. WO
95/29242 ~ The genomic structure of retroviruses inclade the>gag1 o1,
' and env genes enclosed at by the 5' and 3’ long terminal
15 ~ 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 packaging,
infection and integration into target cells providing that the
viral structural proteins are supplied in trans in the packaging
20 - cell line. Fundamental advantages of retroviral vectors for
gene transfer include efficient infection and gene expression in
most cell types, precise single copy vector integration into
target cell chromosomal DNA, and ease of manipulation of the
retroviral genome. : :
25 - The adenovirus is composed of hnea:, double stranded
DNA complexed with core proteins and surrounded with
‘capsid proteins. Advances in molecular v1rology have led to
the ability to exploit the biology of these organisms to create
‘vectors capable of transducing novel genetic sequences into
30 ‘target cells in vivo. Adenoviral-based vectors will express
gene product peptides at high levels. Adenoviral vectors have
high efficiencies of infectivity, even with low titers of virus.
Additionally, the virus is fully infective as a cell free virion so
injection of producer cell lines are not necessary. Another



20 and receptors in cells and tissues. The present invention

al so wo ; ch udes nethods of treating or preventing angi ogenic

di séases ° and processes i ncl udi ng, but not |in te®CIAISISO5107
arthritis and tunors by stinulating the production of

jangi ostatin, and/or by 5 . adm ni stering substantially purified
angi ostatin, or angiostatin - ' agoni&t s or antagoni sts, and/or
angi ostatin antisera or antisera ' directed agai nst angiostatin
antisera to a patient. Additional treatment nethods include
adm ni stration of angiostatin, angiostatin fragnents,

angi ostatin anal ogs, mgennahtadvaatageetm adenowyiral vectors ihghesabidity to
receptor .agoni et s and sBHAROR ng feri BfBfedsion ofheterologou§§"eﬁ%§¥h Gigent s.

It is to be understoo angl 0S ni mal , or

human in origin. Angiostati mﬁb()ds Of NA deh"{ﬁfb!d@@&ﬁf sogenic
synthetical |y by Chenﬂfﬁﬂ Ve%%lés SilcR'as! sﬁﬁﬂé@bﬁ%er vesicles for membrane
t echni ques ingconj unc e tens. An 1ostat|

can al so be p?oduced W;H’A@ Rﬁpp QCQSPB g cationic hpld such
pl asm nogen 0[ pl ?sm astli A} aly slﬂe;rdadum adnsfer of DNA, direct
angi ogeni ¢ activity a y 0,Pe. pr

conmpounds that mmc ﬁﬁgcﬁi)h %ﬂf’ﬁxeﬁ%@ 'qj)#%glgnt #:\PNA into germ or
cl eave pl asmi nogen tosangm;scellsnpnéugmtmally rdqhwdedtIDNA-mQated mrtlcles

al so be nodul ated by g %nﬂﬁ bbfd pattiéres dsda ﬁfb' '?Sén\éegﬁl?],[ ,%%dy

pl asm nogen géeaw ng enx

usi ng anti botWes that Chemlcal aPPma@!ﬁﬁcBﬂ:b@SI 9almm phgsphatg: transfestion

11 apy

RIS SRR Ao, et s sty ey
In addition, | com&%ﬁ‘pge{@ E?N {ViEkt t§PQ‘H§aF aBa '

angi ostati n anti bodi eDNA conjugates, toadiréet mriDNAtteraespamﬁblcnikot tissue.
ngi ostatine o DoTOUS Tt has hedFoBN it HHidafig é@@h@g%%'é‘ses dene
therapy 3015 ‘whénusslet nellgeyiclgsn dighnpercantageaof thescellsy whichjare a
patient. 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
20 proteins 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
25 -provide treatments for genetic diseases or for prophylactic use.
The DNA could be reinjected periodically to maintain the gene
product level without mutations occurring in the genomes of
the recipient cells. Non-integration of exogenous DNAs may
| allow for the presence of several different exogenous DNA
30 constructs within one cell with all of the constructs expressing
- “various gene products. |
Particle-mediated gene transfer methods were first used
~-in-transforming plant tissue. With a particle bombardment
device, or "gene gun,” a motive force is generated to
35 . accelerate DNA-coated high density particles (such as gold or




Various nethods of transferring or delivering DNA to cells for

expression of -the gene product protein, otherw se referred to
as genovobseey, are disclosed in Gene Transfer into PCT/USISNSIO il i ah
Somatic Cells in vivo, N. Yang, Crit. Rev. 35 Bi ot echn. 12(4):
335-356 (1992), which is hereby I ncor por at ed WO 95/29242 -

PCT/ US95/ 05107 26 21

by reference. Gene therapy enconpasses incorporation of DNA

sequences into somatic cells or germline cells for use in

either ex vivo or in vivo therapy. Gene therapy functions to

repl ace genes, augrtangstem)ntd athighnveladity eulnatfaliaowwpenwdmn of the
to conbat infectio S o]

Strategies for trodfh g?‘?@@é 3&%&%9@@% ARG bombardment can be
therapy include thaisedeim in vitro=sysgems, oncwithsex wiva ot yit vive itechniques
def ecti ve gene and fs a gf#e her

repl ace thg functi oﬁqo E b?mtllﬂ\%bbgﬁehs ot 8t JI
slightly fdnctional gen e@ﬁ%‘?ﬁﬂ%ﬂ‘hc Ic Watt@ er %ﬁﬁsn% electrical

addi ng a gene for 00 friakd 661 rbrtﬁlﬁéudy' susc ﬁble to@lectroporation-
condition orthatvmll ethetls
susceptible to a t r‘Eﬁm gr?ﬂ?%mtﬁ‘ imgpulse with a given

prophyl actic strat €geld estx;mgths shucedaug'mﬁmase they permeability ofla
02 PRty ent and,t EaNE Yy SGEH'A SUEF b DA HPERIes Sanpencirat
coul d be 1@serted dntp thecelladi Fhisotechhique cannbe usediin inavigeo systems, (
or with ex vivo or in vivo techniques to introduce DNA into
cells, tissues or organs.
Carrier mediated gene transfer in vivo can be used to
transfect foreign DNA into cells. The carrier-DNA complex
15 can be conveniently 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, lipofectins or cytofectins, can be used.
Liposomes can be developed which are cell specific or organ
20 specific and thus the foreign DNA carried by the liposome will
be taken up by target cells. Injection of immunoliposomes that
are targeted to a specific receptor on 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
25 used is the asialoglycoportein/polylysine conjugate systemn for
-carrying DNA to hepatocytes for in vivo gene transfer.

* 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.

30 - DNA can be coupled to carrier nuclear proteins in specifically
engineered vesicle complexes and carned directly into the
- nucleus.
Gene regulation of angiostatin' may be accomphshed by
‘administering compounds that bind to the angiostatin gene, or
35 control regions associated with the angiostatin gene, or its |



increased killing of the tumor cells. Many protocols for

transfer of angiostatin DNA or 20 angi ostatin regu%l

seguences S‘f‘b’@??ﬁ Lioned in this : i nvention ﬁt’ﬁé%‘ﬂ’b% of
pronot er sequences, other than one ' _ nor-mal 'y found
specifically associated wth angiostatin, or ot her sequences
whi ch woul d i ncrease production of 27 angi ostatin protein are

al so envi si oned as nethods of gene 25 "therapy. An exanple of
this technology is found in Transkaryotic Therapies, Inc., of
Canbr i dge Massachusetts, usi ng honol ogous reconbi nati on to

insert a "genetic swit6RTresponding RNA: gansorips do amodify htbeoirate nof
gene in cells. See Ge“ﬁ‘dlﬁcnguon or umslﬁ@%“e?{dﬁd@& lh' ﬁsfeﬁ?&f’

Such "genetic switches"” e use angl ost a

(or the angiostatin With a DNA sequenge; ﬁn@gdlggnoangmtatmy may be
expr essi ng angi ost at i naﬂﬁhn‘iﬁt@red to a patient & Irovidé! dn ' HC RS Jource of

ot cgor e, phydoa ¢ cfkickiABa: i*a}pémml cqidells Sy be trapsfected with s~

transfer and part i cl e weotoargbntaining @hnucleid atid mqhémbe@hcodmg\mﬁéiﬁﬁﬁﬂ
PCT/ US95/ 05107

carriers, or other non-vi r al \?esms)vezs’ﬁ%r bP&‘Eﬁ&chF“‘(‘% Héis a camer that

derived vector and rec6am cnontpmam)assoo\atemthlspemﬁo micleic acid sequences,

vectors may be used whigich rfﬁhh'fignk (58%8{?6 rf &R Sectiicnucleic  acid sequehbes

uch | i poso (?NA corrpl exes npy
i nt ravenousIm;( to the %4 Ggﬁ QfeP é’@é@fﬁ H&Glll%Plasmlds and infective
Imcroorgamsms such as Vlmses, or non-viral vectors such as

ligand-DNA conjugates, liposomes, lipid-DNA complexes. It
may be desirable that a recombinant DNA molecule
comprising an angiostatin DNA sequence is operatively linked
15 - to an expression control sequence to form an expression vector
' capable of expressing angiostatin. The transfected cells may be
cells derived from the patient's normal tissue, the patient's

_diseased tissue, or may be non-patient cells.
_ .For example, tumor cells removed from a patient can be
20 - transfected with a vector capable of expressing the angiostatin
protein of the present invention, and re-introduced into the
patient. The transfected tumor cells produce angiostatin levels
in the patient that inhibit the growth of the tumor. Patients
- may be human or non-human animals. Cells may also be
25 transfected by non-vector, or physical or chemical methods
- known in the art such as electroporation, ionoporation, or via
a "gene gun." Additionally, angiostatin DNA may be directly
injected, without the aid of a carrier, into a patient. In
- particular, angiostatin DNA may be injected into skin, muscle

30  orblood.

The gene therapy protocol for transfecnng angiostatin
~into & 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-
35 replicating DNA construct in the cytoplasm or nucleoplasm of




i posofre/ DNA conpl exes are concentrated in the Iiver where

they deliver the DNA to macrophages and Kupffer cells. These
cells aMWOP¥9342 i ved and thus provide long term - PCT/USE58051®s si on of -
the delivered DNA. Additionally, vectors or the 10 “naked" DNA of
the gene may be directly injected into the : desired organ,.
tissue or tunor for targeted delivery of th@8 : t her apeutic DNA
- Cene therapy nethodol ogies can al so be descri bed by ' - delivery
site. Fundanmental ways to deliver genes include ex 15 Vi vo gene
transfer, in vivo gene transfer, and in vitro gene . - transfer.

| ndeX Vi vo geneI It r atheef eell.cekhgi@staﬁhatbxpréstﬁmtxfigﬁy 'tcontinue for a Péﬁg-fﬂte
wn in cell cyliupe ; : 0 ..

cel | gr “the transf ec#%‘éageqq gﬂg B%irhf;mgﬁﬁﬁt@n%&&qlhw maintain a

reinpl anted in the gesiredievelrof the angiostatin proteiﬂfiﬁrmetcba_sll, theissue or

t f d |1 | ' t . such as tissue

cLﬁ?argrggl I ge aﬁda‘?l ﬁf;g#%%ﬁl}%# :Bés.w?(;l#ghpart i cul ar patient.

These "l abératory cel | s" Aagiostatinsean: be dsolated omaan HRLEICdetolumn (see

are selected and expghRed)f %eeahgwmqarg'p”rpiah'ﬁ%lh?éc?a@ d 35% in an

or for other uses. 25 er 1 nval ves

L . VO gene .lrans o
i ntroduci ng the Dn@¢¢loRitrile gradient. thbﬂ:eﬂl SSQﬁlu_Me chéﬂt swéate he
redi ated gene trancrer etneade gel clectropbias (FAGE el alder Y.,
t ne tran e e poni i .
'[rﬁel Seﬁe |gﬁ t he paﬁ?@i\c@ ‘Conditions, _the pr?ﬁ%M%@kéﬁnW ¢luted as 4 ¢ ein
the patied® and t hesipgle peak agapproximateky 38ukilodaltoms:r cent age of cells |n‘ _

the other methods. .. The m"F%f%f%rﬁ%ﬁéﬁ@?@n?ﬁ%&5%3_5‘30\39@’3#1‘1??2%2'né’
gun,"” may be used ft$mor 1s associated with\ther releass: intoothe bleodistraamiof DNA
or angiostatin reguipecifi¢ inhibitor(s) of endotheRAFeEll proliferation, including
: angiostatin which can suppress angiogenesis within a metastasis
15 and thereby inhibit the growth of the metastasis itself. The
source of the angiostatin associated with the primary tumor is
not known. The compound may be produced by degradation
of plasminogen by a specific protease, or angiostatin could be
- produced by expression of a specific gene coding for
20 angiostatin. | o
* The angiogenic phenotype of a primary tumor depends
on production of angiogenic peptides in excess of endothelial
cell inhibitors which are elaborated by normal cells, but are
. believed to be down-regulated during transformation to
25 neoplasia. While production of angiostatin may be down-
regulated in an individual tumor cell relative to production by
its parent cell type, the total amount of inhibitor elaborated by
the whole tumor may be sufficient to enter the circulation and
suppress endothelial growth at remote sites of micrometastases.
30 Angiostatin remains in the circulation for a significantly
| “longer time than the angiogenic peptide(s) released by a
primary tumor. Thus, the angiogenic peptides appear to act
locally, whereas angiostatin acts globally and circulates in the
blood with a relatively long half-life. The half-life of the
.35 angiostatin is approximately 12 hours to 5 days. '
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23 Chemi cal - met hods of gene therapy may involyve a
lipid + WO09529242 based conpound, not necessarily a |i posoi 5'7“éw7y t he
DNA across the:cell menbrane. Lipofectins or cyt of ect i ns,

. Lipid- based p05|t|ve lons that bind to negatively charged

- DNA, nmake 5 a conpl ex that can cross 29 cell nembrane and provide
t he DNA into the interior of the cell. Another chem cal nethod

uses receptor-based endocytosis, which involves binding a
specific ligand to a cell surface receptor and envel opi ng and
transporting it across the dgthoughbnenavaiting! tade bmmik byo the ifollowing

e e oL Bl 4B, O o o

~then target cells that ahgmgexhe itereleases ome |orspmrefangpgynm peptides (e.g.,

the |igand and transpo I | tet c

Many gene therapy net h(%‘gqogl es énv%pm rgg G)M %E?g: g Which aCt locall Ft.

genes into celds. For &argesien @ma borhood of a anor‘%mﬁéve '

been used in ex vivo "‘H{&?P%ﬂt ‘éx'tfﬁ\fd%@d%' @iféction, and do not eirzulate (or
in

peripheral and tunor-

ratin
epi dermal cells, myocyCtEcn BFe B‘flﬁé glggﬁﬁ't %’@fﬁ'yﬂk These angloggm-pnﬁééﬁaes
altered cells are then mﬂStfbé uprosduced ih hen rahoant sufficiéit to overcome dbe

have el so neon. used 1 0 RO OF séﬁ&%loceﬂ inhibitor Gnhibjprs Of Fagitentin)

protocols. TbHOdirect fossauqmnmyf tumor to connnue éepexpand ity papi

e L o bl ity e s i v iy
can be achi eved usi ng Feleasey \h—ﬂi reel mhlblmrs 18t fheyC F‘Eﬁlﬁl@b@tnors
to specific anatom cal gtéRdding tyithis h§96thes1s these inhibdtorsrict regrotely at a

trans_f er to blood Vessechs nce" gron espac IeV(%umor target capillary endothelium

15 of a metastasis from an intravascular direction, and continue to
' circulate. Thus, just at the time when a remote metastasis
might begin to initiate angiogenesis, the capillary endothelium
in its neighborhood could be inhibited by incoming angiostatin.
_ Once a primary tumor has reached sufficient size to
20 cause angiostatin to be released continuously into the
circulation, it is difficult for a second tumor implant (or a
micrometastasis) to initiate or increase its own angiogenesis.
If a second tumor implant (e.g., into the subcutaneous space,
~ or into the cornea, or intravenously to the lung) occurs shortly
25 - after the primary tumor is implanted, the primary tumor will
"~ not be able to suppress the secondary tumor (because
angiogenesis in the secondary tumor will already be well
underway). If two tumors are implanted simultaneously (e.g.,
: - in opposite flanks), the inhibitors may have an equivalent
30 inhibiting effect on each other. '
‘The angiostatin of the present invention can be:
(i) Administered to tumor-beanng humans or animals as
antx-anglogemc therapy; -
. (ii) Monitored in human or ammal serum, urine, Or
35 tissues as prognostic markers, and



by inplanting in vitro transduced endothelial cells in chosen

sites on arterial walls. The virus infected surrounding cells 30
whi ch MWO95R%42essed the gene product. A viral vector cah Gy @IS9sNs107
delivered directly to the in vivo site, by a catheter for

exanple, thus allowing only certain areas to be infected by the
virus, and providing long-term site speci B0 gene expression..

In vivo gene transfer using retrovirus vectors has al so been 35
denpnstrated in mammary tissue and hepatic tissue by WD 95/ 29242
-PCT/ US95/ 05107 24

injection of the alterediii) r'Used rasothe dbasis ¢osanalyzeasérumtand hurine of

Cher apy cancgr periehd for {FGAEF %ﬂé@@%ﬁ@?ﬁ%éeﬁof oo

retroviruses, other B is contemplmdnasm czi:tlie present, inventiom tha ndbl s

vi rus, adenovirus, bﬁ?¥a%%ﬁ§ [ res.
40, vaccinia and anglostatm can Vi r ses %ﬂ‘fm s%ﬁ??&ect I ve
murine retPoviral urine of panent%aroﬂbeaaegima&astcm producedeBygene

transfer vectors. recombinant DNA' rEtHOU Y §¥ﬂﬁiéti’é’ | féfftede elferppegios d

of a single strand Iexed

~and pol yner ase methOds that, arg We\iﬁ% §%(Pfg9r ng’EY)tsg?ﬁ 50 eI(gag)
and surrounded  art. Protemmur&ﬁchuonpmuthodseareeweIiEkbewn inhdte art

'nclude the gag,  pdfid a specific =mr*!&§?éﬂ&“§@ﬂ§ﬁé£¢%§é§%{mé\%ﬁﬁ%ﬁ??i |

and 3[err 10l ong terandmassaymgafor inhibitor pctivity(isTprovided inwthegxamples:
systems exploit thepdsh.  "iolation of human endogenous angiostatin s
accomplished using similar techniques. -
One example of a method of producmg angiostatin using
recombinant DNA techniques entails the steps of (1)
15 identifying and 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
20 - sequence using polymerase, (5) inserting the amplified
sequence into an appropriate vector such as an expression
vector, (6) inserting the geme containing vector into a
microorganism or other expression system capable of
expressing the inhibitor geme, and (7) isolating the
25 recombinantly produced inhibitor. Appropriate vectors
include viral, bacterial and eukaryotic (such as yeast)
expression vectors. The above techniques are more fully
described in laboratory manuals such as “Molecular Cloning:
A Laboratory Manual” Second Edition by Sambrook et al,,
30 Cold Spring Harbor Press, 1989. The DNA sequence of
. human plasminogen has been published (Browne, M.J,, et al,,
"Expression of recombinant human plasminogen and
aglycoplasminogen in HeLa cells” Fibrinolysis -Vol.5 (4). 257-
260, 1991) and is incorporated herein- by reference
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a mni-mal vector containing the 5 and 3" LTRs and the
packagi ng SI nal ~are sufficient to allow vector packaging,

i nf-ecti on ?‘@grat ion into target cells providing that {BI/USISN5107
vi ral structural proteins are supplied in trans in‘'the packagi ng 20
cell line. Fundanental advantages of retroviral vectors for

gene transfer include efficient infection and d&ne expression in
nost cell types, precise single copy vector integration into

target cell chromosonmal DNA, and ease of manipul ation of the
retroviral genone. 25 The adenovirus is co osed of

linear, double stranded  The gene for mostat;n axaadahq be dso t¢ﬂ frarmreellsnd

surrounded with R

virology have led to or- tlssue i fli)éol |ty 0 expleipkeiﬂ?'lgﬁ%o y o?f
these organisns to cre3pgiostatin by (1) iso mmpgg gue,
novel genetic sequence@)i usm revéise transdriptasé t@egéﬁetdie\théocorre ondlcnlgs

pdepovi vl beged, oct 5N WGREREE and then (3) using s, Bolvbsebs Sain
infectivity, even witlreaction (RCR)owith rthe. appropriate pnme!%d@btammfy%'tihe;he
" bccer o || e DIYA Y, 58y Yl e sngpaiaablhd A
PCT/ US95/ 05107 Sequence -
potential advantage to adenggt rahomﬁt Olh'éthé t kg ?thwl\llg angiostatin, or
achi eve Iong erm exprtgaipo.n eter 0gous gene
Mechani cal hods of pg is Y peptide synthesis.
Once a blologlcally active fragment of an angiostatin is found
using the assay system described more fully below, it can be
sequenced, for example by automated peptide sequencing
- methods. Alternatively, once the gene or DNA sequence
15 - .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
- prov;_des information regarding the amino acid sequence.
20 Thus, if the 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 peptide is known,
25 - the fragment can be synthesized by techniques well known in
- the art, as exemplified by “Solid Phase Peptide 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
30 larger fragments. These synthetic peptide fragments can also
be made with amino acid substitutions at specific locations to
test for agonistic and antagonistic activity in vitro and in vivo.
- Peptide fragments that possess high affinity binding to tissues
can be used to isolate the angiostatin receptor on affinity
35 ~ columns. Isolation and purification of the angiostatin teceptor




i pid vesicles such as |iposones or other vesicles for menbrane 5°
fusion, lipid particles of DNA incorporating cationic |lipid such

as | i pefeassaong2 pol yl ysi ne-nmedi ated transfer of DNA, di r eB€CT/USISHOS5107
i njection of DNA, such as microinjection of DNA into germ or
somatic cells, pneumatically delivered DNA-coated particles,

such as the gold particles used in a "gene33un," and inorganic 10
chem cal approaches such as cal ci um phosphate transfection.

Anot her net hod, |igand-nmedi ated gene therapy, involves
conplexing the DNA with specific ligands to formligand- . DNA
conjugates, to dirixca fumiamantai'aeppmards ehididatingi the.mechanism of

yi el ds hi gh percen ect and
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el et ons, or  ai t oPLSE 18 moRifor 88! 1gtarity} B SVathesis of the rehEPfin ' "
genone. Long-t er nusing imsitmandssolution hybridization gechmology. Furthdrer of
t her apeuti c genes ﬂ{% ggéggggéi.ctﬁf! ﬁg@aﬁi rece’PW?ﬁg“'DﬁE ggﬁrﬂggnts for

It has been found ?Eﬁbn'cﬂ? ﬁ%{@&%g%&&;{f\éfwaﬁéios'taﬁ?rraeggﬁfdre fgl S

genetic di seases of ylactic . o]
rei nj ect d@ peri odi HgQrporatachint:an expression vector and tzansfected dnto
wi thout mutations eslis)scias Patiefit AARGFREIito increase the dHifiy pEaPbaNt
cells. Non-int egra&lon ﬁfé exogenous DNAsb@/ C . .oV f.or 1 f
presence of sever afYRftsf PESUEG O tBHNG 1Q Aanglostain 1Rit dogaf hi n

one cell with all a_ﬁgidgenesisstrpcts expressing - ' vari ous gene
st used i Angoff | TR, fEaink' dREasts %%b&?%%s@?r °
bonbar dmd that are-mediated byyrinyolve, angiogenesis: c Thespresest at ed
to 35 accel efrivéntidif- iiieIa8€s 'the" mithdd! \bfPRehtinlee an( AHglogendspé d o
: mediated disease with an effective amount of angiostatin, or a -
biologically active fragment thereof, or combinations of
angiostatin fragmetns that collectively possess anti-angiogenic
20 activity, or angiostatin agonists and antagonists. The
| 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
25 granulomas; rheumatoid arthritis; psoriasis; ocular angiogenic
diseases, for example, diabetic retinopathy, retinopathy of
prematurity, macular degeneration, corneal graft rejection,
neovascular glaucoma, retrolental fibroplasia, rubeosis; Osler-
Webber Syndrome; myocardial angiogenesis; plaque
30 " neovascularization; telangiectasia; hemophiliac joints;
angiofibroma; and wound granulation. Angiostatin is useful in
the treatment of disease of excessive or abnormal stimulation
of endothelial cells. These diseases include, but are not limited-
. to, intestinal adhesions, Crohn's disease, atherosclerosis,
35 scleroderma, and hypertrophic scars, i.e., keloids. Angiostatin
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26 tungsten) to a high velocity that allows penetration of
t he ' WO09529242 ar get organs, tissues or cells. Particle 8V can
be used in in:witro systens, or with ex vivo or in vivo '
. tech‘ni ques . tointroduce DNA into cells, tissues or organs.
' 5 El ectroporation for gene transf8r uses an electrica

“current to make cells or tissues susceptible to electroporatlon-
medi ated gene transfer. A brief electric inpulse with a given
field strength is used to increase the perneability of a

~menbrane in such a waycaiabeDNfsed! asulaesbizety Denﬁdlat@gent by preventllntg)

WS Suaor | oo BeaAeRo Binifhd bbbl iheffnaron. Angiosuatn °
- cells, tissues or orgaissuseful in the treatment ofd.@ases ﬂiatdmvwamgiogenesls asa

et “he cary er - onbat ﬁ%f‘f’ consequence such d5°6a¢ 5@%‘2@[‘@%%%?#@%&%
into body fluils. or theing ¢a qumtosa)anldlldsal;s (Helicobactenpyleri).c '

o oot 11 btaons and. bor yey THe synthetic peptid®‘GaBuiéntt OF heidstalih
| i pof ectins or cytofec 11 ‘{qmtueofﬁgw The peptide that b@@é@dﬁ’&aﬂﬂﬁs@@n

Olﬁve:c oped VVhiDKIR are _Ceféceplwrrtl il lﬁghosmiﬁcltﬁﬁnd av1d1t§'pr%ctdd1§l%ﬂedfmib‘l
target cells. Inj ecti HBOYER, {95 PBal7ation, and quantitation OF bihtfing il
to a specifid®ecept o_rusmg:mntaradlographmuanuemembrane binding teclﬂnqaes :
Che receptor: Another SO a %E%“?’%%%a iipoffint ‘diagnostic and resbfith "0
tools. owledge of the binding properties of the angiostatin
receptor facilitates investigation of the transduction
- mechanisms linked to the receptor.

15 o In addition, labeling angiostatin peptides with short lived
isotopes enables visualization of receptor binding sites in vivo
using positron emission tomography or other modern
radiographic techniques to locate tumors with angiostatin

_ binding sites. ,

20 | Systematic subsumnon of amino acids within these
synthesized peptides yields high affinity peptide agonists and
antagonists to the angiostatin receptor that enhance or diminish

“angiostatin binding to its receptor. Such agonists are used to
suppress the growth of micrometastases, thereby limiting the

25 ~spread of cancer. Antagonists to angiostatin are applied in
situations of inadequate vascularization, to block the inhibitory
effects of angiostatin and promote angiogenesis. For example,
this treatment may have therapeutic effects to promote wound

_ healing in diabetics.
30 ~ Angiostatin peptides 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 sequencing. Using this
- information the gene or genes coding for the angiostatin
35 receptor can be identified and isolated. Next, cloned nucleic

4




25 used is the asial ogl ycoportein/polylysine conjugate system for
carrying DNA to hepatocytes for in vivo gene transfer.

The 't r aWex9s29248 DNA may al so be conpl exed with ot her PCT/USISAS107 ki nds of
carriers so that the DNA is carried to the recipient cell and-
then resides in the cytoplasmor in the nucleoplasm - 30 DNA can

be coupled to carrier nuclear proteins in sgacifically

. engi neered vesicle conplexes and carried directly into the

nucl eus. . CGene regul ation of .angi ostatin may be
acconpl i shed by adm ni stering conpounds that bind to the

ool cat ot Sone,  ohcid sefuences s G4Blaphd foBiaseionTago dceiont pables
pC‘gr/ US95/ 05 187 *of expressing the receptor. These t&@qms are well known to
correspondi ng RNA  theses skilledt in mhé fart.t Transfectién of th lei id
transcription or trg%ﬁ%qin Al iBéi ' a# A %se&zs?bsfenf&ggf eic acl

wi th a DNA sequence 5)59&? t@i g’lﬁ T 1 Igeﬁicﬁ“étered
to a lpat i erﬁlc I.t o proanhdexpression of theweceptor by the transfectedgumuoracells For
exanple, cells my Rhen ; : cq t | N} a
nucl eic acid sequen:anéﬁgé)%%&gg%%%& g@ e3s of these cellé’%. a{d&é#@st gir;]%
"vector” as used heP¥Pgeneussanginstatinr andathereby decreasingathe oratei of or

associ ate with speciyfdtgstatie! @i ?ﬁi d sequences, whi ch
functions to transport t eclfic nuclejc acid sequence 10 A
e %qssas agenits, uch) asHF, arddinked so apgiostatin,

into a cell. Exanpl es of é
mi croorgarfi(ems suchand highsaffinivy raugiostatin vpeptide i ts, thereby . = (

1'gand-DNA conj ugat S?ovih'iRBSaOE?&’ for -Béé’&%ﬁoﬁ%ﬁf’téﬁs that bind angiostatin.

These cells may be found in many locations, including but not

limited to, micrometastases and primary tumors. Peptides

| linked to cytotoxic agents are infused in a manner designed to

15 maximize delivery to the desired location. For example, ricin-

linked high affinity angiostatin fragments are delivered

through a cannula into vessels supplying the target site or

directly into the target. Such agents are also delivered in a

_ controlled manner through osmotic pumps coupled to infusion

20 cannulae. A combination of angiostatin antagonists may be co-

applied with stimulators of angiogenesis to increase

vascularization of tissue. This therapeutic regimen provides an

effective means of destroying metastatic cancer.

Angiostatin may be used in combination with other

25 compositions and procedures for the treatment of diseases.

For example, a tumor may be treated conventionally with

surgery, radiation or chemotherapy combined with angiostatin

and then angiostatin may be subsequently administered to the

patient to extend the dormancy of micrometastases and to

30 stabilize and inhibit the growth of any residual primary tumor.

Additionally, angiostatin, angiostatin fragments, angiostatin

antisera, angiostatin receptor agonists, angiostatin receptor

antagonists, or combinations thereof, are combined with

pharmaceutically acceptable excipients, and optionally




may be desirable that a reconbi nant DNA nol ecul e conprising an
angi ostatin DNA sequence is operatively linked = 15 to an o

expr essi:on WORSR¥42sequence to form an expression vector  PCI/USISNOS107
capabl e of expressing angiostatin. The transfected cells may be

cells derived fromthe patient's normal .tissue, the patient's

- di seased tissue, or may be non-patient cells. 3§ For

- exanpl e, tunor cells renoved froma patient can be 20 . transfected
| With a vector capable of expressing the angiostatin protein of
| the present invention, and re-introduced into the patient. The

"transfected tumor cell sustaidedereieaseoniattix) sutehs biodegradable pM}fn&&% to

Eﬁﬁr:aﬁnt)rt Eg‘}[’l Lﬂrr]r:alﬁl ;nf 3@@%@“@?%@‘3’05}9 57 I ents transf ect ed by

nonhvect olr or physical or: dheststainedereiease matnx, as usedldmn,l is ahmatrik
such as e ectroporatlo%aa%mﬁ@g %ﬁl\tﬁ' 1 rs whlchﬁ' gg}ggggﬂib
Addi tional ly, angiostatin yP &’0 ymers, ﬁj y
without the aid of a cA&NZyEMALc 0MHaci serhydnolysls or by dissolution.c Qace
angi ostatin DNA may be W sﬁ

The gene therapy prot ocg o??ﬂ%:gs C ggan |o&éagf%aed u:lP:;béR‘ibbygsa
patient may either be @Rdy ustapped-release matrix; ggsirapty iis
DNA into the genone of dlim%eneﬂém bibeomp atible mater'ifalk' %ﬁbﬁ”%ol?%s@hl a

c

separate replicating or truct int

epliC
cyt opl asm or nucl eopl aPf §Pa°“d°3 V(@cgg)%ﬁzac‘ P&Y%C(’ﬁ (polymer 0?
PCT/ US95/ 0510%0 - glycolic acid), polylactide co-glycohde (co-pBlymers of lactic

acid and glycolic acid) polyanhydrides, poly(ortho)esters,

- polypeptides, hyaluronic acid, collagen, chondroitin sulfate,
carboxylic acids, fatty acids, phospholipids, polysaccharides,

. nucleic acids, polyamino acids, amino acids such as

15 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). '

20 : - The angiogenesis-modulating therapeutic composition of
the present invention may be a solid, liquid or aerosol and may
be .administered by any known route of administration.

- Examples of solid therapeutic compositions include pills,
~ creams, and implantable dosage units. The pills may be

25 - administered orally, the therapeutic creams may be
administered topically. The implantable dosage unitst may be

- administered locally, for example at a tumor site, or which
' may- be implanted for systemic release of the therapeutic
‘angiogenesis-modulating composition, for ‘example

30 subcutaneously. Examples of liquid composition include
formulations adapted for injection subcutaneously,
intravenously, intraarterially, and formulations for topical and
intraocular administration. Examples of aersol formulation

" include inhaler formulation for administration to the lungs.




the cell. Angiostatin expression may continue for a Iong-
period of tinme or may be reinjected periodically to nmaintain

desi r eVP&Y824df the angiostatin protein in the cell, thgqr@gwlﬁ"r

organ or a determ ned bl ood | evel. 5 Angi ostatin can be
I sol ated on an HPLC C4 col um (see Table 3). The angiostatin
protein is eluted at 30 to 35%in an 36 acetonitrile gradient.
On a sodium dodecyl sulfate - pol yacryl am de gel

el ectrophoresis (PAGE) gel under reduci ng conditi ons, the
protein band with activity eluted as a 10 singl e peak at

approxi matel y 38 ki | oda/Fhehangiostatin of the present inveation/alsoccan ba\medhown
that a growing priggr t ase
into the blood str ggngéq;rate antibodies t!llﬁ?em §p§§ﬁ§f§f@€e}‘ﬁl§ﬁ6¢d} el ial
cel | proliferationreseptotdiThe antibodies Can beejthert polyclonal QSIMSr ess
angi ogenesi s w thi 'inén??loh%%ﬁhbodlé@ These alﬁﬂﬂ)dléf sp él!l?ﬁeaﬂ tl:fiﬁdgr owt h

of the nmetastasis its ource o

e ang ost
* associ at ed® wi t h théopa?mlﬁ’&mn iof angiostatin recmorﬁnm Qd)rﬁ%ound
may be produced by disgnosm 'rﬁéthods and kits that aﬁéawenrmsmbw @hcs@@lff ic

Speci 11 ¢ gene. codi AECHALY Sl in’the gt fo, detect or Aty ¥/ agfietitia 3 °' ©
angi ogeni ¢ phenot ylangméstannrremp,totwmra bedynflaid or tissue. Resnﬂtsofminct i on

"nii byt or 5. whi ch oS %ﬁéﬁﬁ@%@ﬁﬂ@ﬁ*@%@ or pdigt the occfiffehce or
bel i eved @ be dowdeewgence of ajqanm and:o erranglpgnmq)mechated diseases. (
S e any o MRSE e e e g e
its parent cell ty gﬁe (#&?Ctaﬁﬂqrﬁu%? ury, aog lb(%ﬁe%lcéﬂ;’g? ‘B‘}ldlng
the whol e tgm{)[] o yangiostatii. glt‘lwse knsevlmﬂdt trd@deenbnnogrmkculaténg
s endothel L SHta Bk ol R e Ghrac
| onger tih® than tmqmgmgmsespaptthqep@senceea eangapstann secreted by
Dot wier o SRFAPy RSB yer| PARENPELA Hate Wich cirulatng
a tx-anglostatm antibodies may be more Efkely to cfevelop
multiple tumors and cancers, and may be more likely to have
recurrences of cancer after treatments or periods of remission.
20 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 reduce the removal of
circulating angiostatin by anti-angiostatin antibodies, thereby
25 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 angiostatin in the system.
30 This treatment can be important in treating abnormal-
ovulation, menstruation and placentation, and vasculogenesis.
This provides a useful tool to examine the effects of angiostatin
removal on metastatic processes. The Fab fragment of
_ angiostatin antibodies contains the binding site for angiostatin.
35 This fragment is isolated from angiostatin antibodies using




blood with a relatively long half-life. The half-life of the 35

angiostatin is approximately 12 hours to 5 days. WO 95/ 29242
PCTF/ US95/ 0O 95129242 . 29 PCT/USISI05107
Al though not wanting to be bound by the following hypotheS|s
it is believed that when a tunor becones : angiogenic it
~rel eases one or nore angi ogenic pepti des (e.0.,37 aFG-, bFGF,
VEG-, IL-8, GWCSF, etc.), which act locally, 5 t ar get
endot heliumin the nei ghborhood of a pri.mary tunor ' from an
- extravascul ar direction, and do not circulate (or circulate
with a short half-li felecﬁhﬁﬁfesaﬂmwltﬁ @Béﬁﬁdmlled in the art. T F
produced in an anount %u 0 overcOnE actj on o
[

endot hel i al cel | i nhi bitF AR08 %@wa{@sa&q used AS antigens,fo,
primary tumor to conti rgenerat gwdwbum ofoanhal-‘abrfragment serum. InfGsiom ofich

a pl’l mary tunor S gro m ggmrgﬁ?oﬁab fl'agments ofrel eaSE?%

endot hel i al cell |nh|b
to this hypot h®sis, th(pxeventa ahgiostatint fromubindingt tos angiostatin antibodies.

of “a motastasi s 1rom anetepERtic héhg E."#i@ﬂ%ﬁéd S efiFlidly gnddgenous

circul ate. Thus, just apttmalptheana bUetbklchng the binding of

m ght begintoinltlat NES |

in its nei ghborhood coul tﬁﬁﬁ &glﬂti%dpﬂg% ntgl % ?%tghn. The et _
Once a primary tunor h&34G GPFIPGP h?tt% e ty of endoggngus

angi ostatin tlObe rel eemmilmng iamgdostatini 1 reddhetarget cells, thereby idegréRingn.
it is difficult for a fﬁggﬁ&é&gpﬁlém& (or a

It is to be understood that the present invention is
-contemplated to include any derivatives of the angiostatin that
have endothelial inhibitory activity. The present invention
15 includes the entire angiostatin protein, derivatives of the
angiostatin protein and biologically-active fragments of the
angiostatin protein. These include proteins with angiostatin
activity that have amino acid substitutions or have sugars or
other molecules attached to amino acid functional groups. The
20 . present invention also includes genes that code for angiostatin
= and the anglostann 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
25 substantially purified proteins and protein fragments in
pharmaceutically acceptable formulations 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,
30 transdermal, intraperitoneal, intracranial,
| ‘intracerebroventricular, intracerebral, intravaginal,
intrauterine, oral, rectal or parenteral (e.g., intravenous,
intraspinal, subcutaneous or intramuscular) route. In addition,
the angiostatin may be incorporated into biodegradable
35 polymers allowing for sustained release of the compound, the



m cronetastasis) to initiate or increase its own angi ogenesis.

If a second tunor inplant (e.g., into the subcutaneous space, '

or intwo¢smeedr nea, or intravenously to the |ung) occursggFNF?Wlm 25
after the primary tunor is inplanted, the primary tunor wll

not be able to suppress the secondary tunor_(because

angi ogenesis in the secondary tunor wl|l al3 ady be wel |
underway). If two tunors are i nplanted sinultaneously (e.g
in opposite flanks), the inhibitors may have an eqU|vaIent - 30

i nhibiting effect on each other. The angi ostatin of the
present invention qolymaers being implanted in the) vigimity fevehener drug |
t unor - beari ng huma e Jg] py;
(i) Monitored in %&é’ﬁ@?hﬂﬁﬂ’%ﬁer“ﬁx&ﬁ%‘e’ at* e st 5'““‘*“9‘ Py
prognost i ¢ mar ker s;i nted so that the anglostatm is slowly geleased

(iil) Used as the %@%mmmmxﬁmw@mmmgsrma o Gresd eeprovide f or

sim | ar angiostatic “nol egul,e

t d a t
present invention t4PRITG ﬂo?@!ﬂq{yc&f Bégshsﬁgﬁg hgﬂs par *‘?Whnsuch
as bl ood or urine chroagh emmme td ¢hersjiecof imtesestaisubh asrddacﬂg imgo a

cnown 2?%5@%?%5%?%&8@%#&?&\‘ i 58 enE v EIRaMaF gty N e RimBE e
are wel | known in tFee hipdegradablpcpolymersand theix uaerm'ehdelsmbed;ufolf yi ng
angi ostatin, and assayhple, ief deiil th'Bfem et al., J. Neurosurg. 74:441-446 |

10 (1991), which is hereby incorporated by reference in its (
entirety. - |

The dosage of the anglostatm of the present invention

will depend on the disease state or condition being treated and

_ other chmcal factors such as weight and condition of the
15 human or animal and the route of administration of the
compound. For treating humans or animals, between
approximately 0.5 mg/kilogram to 500 mg/kilogram of the
angiostatin can be administered. Depending upon the half-life

of the angiostatin in the particular animal or human, the

20 angiostatin can be administered between several times per day
to once a week. It is to be understood that the present
invention has application for both human and veterinary use.

The methods of the present invention contemplate single as
well as multiple administrations, given either smultaneously

25 or over an extended period of time.

The angiostatin formulations 1nclude those suitable for
oral, rectal, ophthalmic (including intravitreal . or
intracameral), nasal, topical (including buccal and sublingual),
intrauterine, vaginal or parenteral (including subcutaneous,

30 intraperitoneal, intramuscular, intravenous, intradermal,
intracranial, intratracheal, and epidural) administration. The
angiostatin formulations may conveniently be presented in unit

- dosage form and may be prepared by. conventional
pharmaceutical techniques. Such techniques include the step of

35 bringing into association the active ingredient and the




activity is provided in the exanples below. |solation of human endogenous
angi ostatin is acconplished using simlar techniques. One exanpl e of
a net hod ofweosizh2ez ng angi ostatin using reconbi nant DNA t echRCHUSSS/SINTI | s
the steps of (1) identifying and purifying angiostatin as discussed above,
and as nore fully described below, (2) determning the N-term nal am no

aci d sequence of the purified inhibitor, (3) sy3hetically generating
5[err] and 3' DNA oligonucleotide priners for the angiostatin sequence, (4)
anplifying the angi ostatin gene sequence using pol ynerase, (5) inserting
the anplified sequence into an appropriate vector such as an expression
vector, (6) inserting tvlmmmtnmulacamercschrexdipibm(so Crmrgmmﬂ Qhe

ot her expression syste preSS| n e | nhi.b r ,

i solating the reconbi n?ﬂfﬁ@ﬁ%ﬁ’ rﬂ’r'FBiaFgﬁi wmio n] eg?act‘B t%a'
include viral, bacteri ahnmgmgaunm wssoclanonhthes ay:awt ingpalhensnthhmqmds
The above technl ques a t cheas
"Ml ecul ar doping: A |°§B§rea 8&#%&?9{‘@3@%&‘%&?&% @{/"Qﬁb%@hkﬂ@ QF

Col d Spring Ha bor Prewceam shapi Qspr,p.dlmte of human pl asm nogen has ’
been published (Browne,

pl asm nogen and a gl ycoﬁ lgﬁggdtlln &"gill n@mlsé&@jﬁﬂ@ ﬁ
257-260, 1991) and is it Eﬁkg’l) Qus rnqg-aq&penér&t@n mjmm@ Btloaach
a_reconbi nant expr essi avhiths n84y | cortadh eintiloxddants, affers) B’écﬂeﬁostats and

pcl{fiffé?ai?éoi‘vﬁgl?f’é&ki%%%&%&%ﬂ%f 0N Shorpaie WS HBbISE of
Desi gnati on NbO 98231 dhgamemdbwrreclpxehe;r afd, aqlﬁétﬁxs and ndﬂﬁp‘ieb@x%ﬂenle
PCT/ US95/ 05107 suspensions which may include suspending agents and
thickening agents. The formulations may be presented in unit-
dose or multi-dose containers, for example, sealed ampules and
vials, and may be stored in a freeze-dried (lyophilized)

15 condition requiring only the addition of the sterile liquid
carrier, for example, water for injections, immediately prior
to use. Extemporaneous injection solutions and suspensions
may be prepared from sterile powders, granules and tablets of

. the kind previously described.

20 " Preferred unit dosage formulations are those contmmng
a daily dose or unit, daily sub-dose, or an appropriate fraction
thereof, of the administered ingredient. It should be
understood that in addition to the ingredients, particularly
mentioned above, the formulations of the present invention

25 may include other agents conventional in the art having regard
to the type of formulation in question. Optionally, cytotoxic
agents may be incorporated or otherwise combined with
angiostatin proteins, or biologically functional peptide

' fragements thereof, to provide dual therapy to the patient.

30 - Angiogenesis inhibiting peptides of the present
invention can be synthesized in a standard microchemical
facility and purity checked with HPLC and mass
spectrophotometry. Methods of peptide synthesis, HPLC
purification and mass spectrophotometry are commonly known

35 to those skilled in these arts. Angiostatin peptides and




31 The gene for angiostatin may al so be isolated from

cells _ ‘or tissue (such as tumor cells) that express high |evels
of W09529242 angi ostatin by (1) isolating nmessenger RPCTHYS9508 tissue,
(2) using reverse transcriptase to generate the corresponding - 5

DNA sequence and then (3) using the polynerase chain reaction
(PCR) with the appropriate priners to anpli @ the DNA sequence
coding for the active angiostatin amino acid _ sequence.

Yet anot her nethod of producing angiostatin, or 10 bi ol ogically
active fragnments thereof, is by peptide synthesis. ‘Once a

bi ol ogi cal 'y acti veaghastatin ofeceptorsi opeptidesi safeoualso produced imising
t he assay systemd ggw
sequenced, for exarrp olrgﬁﬂlgﬁa n’a{:gg e e{eégfldchl Eg“emss and purified

nmet hods. Al ternati v%’ﬂ C ogateguap sequénce whi ch
codes for angiostalin 'svxg&eﬁegaegtmeb%&gﬁi&tbyof the dmtact angiostafi] nods
manual or &ut.omat edeBNA 8 tﬂYé\!besmed for use in,seye &PD atnsr t -

The ngd ei ChaCl d Sem&md 'bdttﬁét limited to the fopftdeidge]fas' %ﬁ t*é‘l“i?st tStntheI |
notive fragnent 1o GEYAIORBIHGE Specific antisera, 8 aonisss, A dntagihish *

t Lypt i c digests, oractive ae afn@qstatm binding sites, as peptides to bel hnlacpileo,ceg
the remai nin amno S t he
correspondi ng DNA s Paies%g ﬁg%ﬁlﬁmon with, °YB$8§P€@%§§ r?ggefcéfgé@aquence
of the pegde is klﬁﬂlmg of calls that bindcangiegtasin. Theaminoacid sequences, (

t echni ques wel | knotiati eﬁd& | dhbal
Phase Peptide Synt hesi. dbmpnse these p s%dte saipcR@ ol EE%ﬁ))‘)ftg!retion and

| cal
R C. Sheppard, |RL Posmon on thq:’leé%nobd%lﬁnsEﬁgAﬁ’pﬁdm GRulg Al MR tiple
fragnents can be accessible forsbihdirsg 20dantisera. <The sarabivs) ward Icnrlbbmyled

together to form termini of angiostatin, as well as the mid-region of the

15 molecule are represented separately among the fragments to be
-synthesized. .

- These peptlde sequences are compared to known
sequences using protein sequence databases such as GenBank,
Brookhaven Protein, SWISS-PROT, and PIR to determine

20 - potential sequence homologies. This information facilitates
elimination of sequences that exhibit a high degree of sequence
homology to other molecules, thereby enhancing the potential
for high specificity in the development of antisera, agonists
and antagonists to angiostatin.

25 Angiostatin and angiostatin derived peptides can be
coupled to other molecules using standard methods. The
amino and carboxyl termini of angiostatin both contain
tyrosine and lysine residues and are isotopically and
nonisotopically labeled with many techniques, for example

30 radiolabeling using conventional techniques (tyrosine residues-
chloramine T, iodogen, lactoperoxidase; lysine residues-
Bolton-Hunter reagent). These coupling techniques are well
known to those skilled in the art. Alternatively, tyrosine or
lysine is added to fragments that do not have these residues to -

35 facilitate labeling of reactive amino and hydroxyl groups on



30 | arger fragnents. These synthetic peptide fragnents can al so
be nmade with am no acid substitutions at specific |ocations to

test for aguw0i98R9242and ant agoni stic activity in vitro and in PET({595/05107
Peptide fragnents that possess high affinity binding to tissues

can be used to isolate the angiostatin receptor on affinity 35

colums. Isolation and purification of the angi4dst atin receptor WO
95/ 29242 y : ' PCT/ US95/ 05107
32 is a fundamental step towards elucidating the nechani sm
of action of angiostatin. Isolation of an angiostatin receptor
apfll i ]gent the peptide. oThar@puphm .taclnyqnesnsymnam 4behasis; of
Wi aci
of the 5 _ anldll%?uﬁf ﬂﬁﬁrﬁegeaﬁgﬁ pat Mh%t sc‘dg ‘hﬁdi‘ﬂi
afct i Vi Ity. . : aott imitest tQ nanm@e tﬁﬂé’boi‘ b %@l’l@?’r -
of nucl eotide daapte.t t

and inidakoke Vaﬁ%il reag bhts used d»e esencoaplingsf
t he receptor, dj arr? tulsanﬁB ’ yt‘fei:gqtih l,.on pig
technol ogy. Fu¥ther, inclu ° Sbﬁaeg lashxaﬁ: 4@&&?@@%% '

:)e |s]9l a: e(cji th catwﬂﬁ beénzoquinpnessi on vector and
ransfected into

increase the ability of a ceﬂ‘gms asﬂn pepgd%st#ﬁé*‘%é@?%?%ﬁo ﬁgt%ye
angi ostatin and inhi bi enzymes, carrier proteinsyi oytotexic. agents, fluorescent

ore mediated by, or i héﬁﬂf‘éﬁ&l&ﬁé‘f%‘g‘gﬁéﬁﬁﬁ% cbigfiiififescerit and oftét!
i nvention i nclQdes t he compounds for a-vatiety-ef &PBM@@QB& The efficiency of the
‘medi ated disease wth %\ﬁfﬁﬁgtfe%u%@i@tdétérﬁﬂwsﬁﬁhgndxﬁ‘éréht techniques
. appropriate for the specific reaction. For example,
radiolabeling of an angiostatin peptide with 1237 is
accomplished using chloramine T and Na'?’I of high specific
15 activity. The reaction is terminated with sodium metabisulfite
' and the mixture is desalted on disposable columns. The labeled
- peptide 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
20 Na'®Iis separated from the labeled angiostatin peptide. The
peptide fractions with the highest specific radioactivity are
stored for subsequent use such as analysis of the ability to bind
to angiostatin antisera. -
_ Another apphcatmn of peptide conjuganon is for
25  production of polyclonal antisera. For example, angiostatin
| peptides containing lysine residues are linked to purified
- bovine serum albumin using glutaraldehyde. The efficiency of
the reaction is determined by measuring the incorporation of
radiolabeled peptide. Unreacted glutaraldehyde and peptide are
- 30 separated by dialysis. The conjugate is stored for subsequent
use. . :
 Antiserum against angiostatin, angiostatin analogs,
peptide fragments of angiostatin and the angjostatin receptor
_can be generated. After peptide synthesis and purification,
35 " both monoclonal and polyclonal antisera are raised using



bi ol ogically active fragment thereof, or conbinations of

angiostatin fragnetns that collectively possess anti-angi ogenic 20

acti vi wo9sie2engi ostatin agoni sts and antagoni sts. The PCT/USISO5107 °

angi ogenesi s nedi ated di seases include, but are not limted to,

solid tunors; blood born tunors such as | eukem as; tunor

net astasi s; benign tunors, for exanple henaﬂglonas acoustic _
neur omas, neuroflbronas trachonas and pyogenic 25 gr anul onas;
rheumatoid arthritis; psoriasis; ocular angi ogeni c di seases,
for exanpl e, diabetic retinopathy, retlnopathy of prematurity,

macul ar degenerati bégg,@ es Kt ar
gl aucoma, retrol entegfa rga rub.eOS| h%cg{):se skilled in tBE%\/‘EEt
Syndr ome; nyocar di SP‘%FOQ al antisesa may raised incsabbits,) %m%t i on;

tel angi ectasi a; hegoakd bl'a@thb@ ammals Anglostatln ﬁéiﬂidﬁs' gon {t‘fgatédctov\@und
granul ation. Angiostatin_i e trea nt Sg@pdl sease

of excessive or abf8¥igl MQ fﬁ‘aﬂl% as bovine serum a'ib
These di sélses i nchself, 1butombmed>twithrun adljuvant mixture, emulsxﬁedsand\al

adhesi ons, Crohn's: ) 0 and
hypert roph| c scar anie%géégk ‘%i%hg %it@!“mpfé sxmwlbépggif%? qﬂc@
PCT/ US95/ 05107 flanks, and somehmes in the footpads. Booster Byjections are

can be used as a bipjjde 39gbgﬁia@ﬁﬁefv£x Eﬁ?l’{%té%z to 4 weeks. Blood

vascul ari zati on re urr at1on gl 0S

nbryo
~is useful in thet ﬁ%fmwyﬁmm omk%“éb“&the
pat hol ogi mconsequmﬁulcbamem afteraditaion s approinestedy 7 to 19 days - |

mnalia quintosa) agal ULLH Sm_feH?{o'nC O9he' Blodd 's ' mﬁles are allowed to clot
overnight at 4C and are centrifuged at approximately 2400 X g
at 4C for about 30 minutes. The serum is removed, aliquoted,
: and stored at 4C for 1mmed1ate use or at -20 to -90C for
15 - subsequent analysis.

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

20 blots and density analysis, and also with precipitation of
radiolabeled peptide-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

25 ‘commercially available. Angiostatin peptides are coupled to the
gel in the affinity column. Antiserum samples are passed
through the column and anti-angiostatin antibodies remain
bound to the column. These antibodies are subsequently eluted, -

. - collected and evaluated for ‘determination of titer and

30 specificity.

The highest titer angiosta_tin antisera is tested to
establish the following; a) optimal antiserum dilution for
highest specific binding of the antigen and lowest non-specific
binding, b) the ability to bind increasing amounts of

35 angiostatin peptide in a standard displacement curve, c)




The synthetic peptide fragnments of angi ostatin have a variety

of uses. The peptide that binds to the angiostatin recept or
wi t:h hi gh Wiease242ity and avidity is radiol abel ed and PCT/USISRgINI| oy ed
for visualization and quantitation of binding sites 10 usi ng. -
. aut or adi ogr aphi ¢ and menbr ane bi ndi ng techni ques. Thi s
"~ application provides inportant diagnhostic and M8search " tools.

Know edge of the binding properties of the angiostatin

receptor facilitates investigation of the transducti on ' ,
mechani sns | i nked to the rece]E)tor - In addition, |abeling
angi ostatin pepti-des wpobential crd;ss»‘mctlvxty with relatescblpuptﬂiesnahdeprotems,

o oei on ¢ Lﬁﬂg?Lpﬂicﬁfi SipBiA¢ didsiiGged dnt'dflo gngiogiarin of 5%?%#%%@? o
| ocate tunors with angdd<bility to detect angmstauncpegpdes mssxtrms of plasma,
?ﬁ% ﬁng Izgdsgbs:i : E:Iggl Slﬁg gﬁﬂgﬁﬁs aﬂ‘??ﬂ %Hte&elﬂpﬁge agonl sts and

ant agoni st s tg)t he angi osta @t:gpﬁasnr@m&n rﬂng@smuandwﬂmwangmstann
angi ostatin bi ndi ng tOreéﬁptfdiceﬂfé”alsﬁu%rﬁe éd%@é&?ﬁ 6P the present

suppress the-growth of. mcromet stases ere
spread of cancer. Antalf} LRyfaton. 2 ”bﬂg ;eranaspemficxty

situations of i nadequaand\mmcdtwct angxo:snanncpephw infextradts loftplasma, urine,

Chis treat mon. ?thyaLliCﬁ?ﬂ%#’ CABE, ) AAREE, Soedi¥ af ftfer examined to
healing in dilbetics. establish easy to use kitgifor: rapid, refiables sensitivey| andd.
to develop affinity specxﬁc maﬁﬁbﬂiéh’i ang H‘o%ﬁh?hh&'ﬁ of &ﬂgg%ﬁifs

receptor fromcultured cel urcfi ca§| on

of the angiostatin assay kits ?%‘?J@ﬂ@omri’qts are| P@Wehn!ﬁeanimoﬂ&: following
sequencing. Using thistechniques; competitive oind hen@isitorpetitive widays

r\lg;t t hgl gﬂghoﬁhgf gln . radioimmuhSEERy° bisHimiRes ke ahd chenul'u%r?{naetsggnce
15 - assays, fluorometric' assays, sandwich assays,
immunoradiometric assays, dot blots, enzyme linked assays
including ELISA, microtiter plates, antibody coated strips or
dipsticks for rapid monitoring of urine or blood, and
immunocytochemistry. For each kit the range, sensitivity,
20 precision, reliability, specificity and reproducibility of the
assay are established. Intraassay and interassay variation is
established at 20%, 50% and 80% points on the standard

curves of displacement or activity.
One example of an assay kit commonly used in research
25 - and in the clinic is a radioimmunoassay (RIA) kit. An
angiostatin RIA is illustrated below. After successful
- radioiodination and purification of angiostatin or an
angiostatin peptide, the antiserum possessing the highest titer is
-added at several. dilutions to tubes containing a relatively
30 - constant amount of radioactivity, such as 10,000 cpm, in a
suitable buffer system. Other tubes 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,
35 and centrifuged at approximately 2000 - 2500 X g at 4C to
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34 aci d sequences are devel oped for insertion into vectors -
capablwq.gslzguz of expressing the receptor. These PCHESASHSY are wel |
known to : those skilled in the art. Transfection of the
nucleic acid sequence(s) coding for angiostatin receptor into
tunor cells, 5 and expression o he receptor by the transfected
tunmor cells enhances the responsiveness of these cells to
endogenous or . exogenous anglostatln and thereby decreasing
the rate of metastatic_growh t ot oxi c

agents such as ri cprf;cxpnatelthaeocompelemes)saﬁtam;bodylbound to dabeledyh

affinity angi ostat % ng a
t ool for destructliil)iﬁlIt g?ﬁ'n?’? Md angl 0S a.? 1?1y asplratxon Hﬁﬂ m#mse
cell's may be foundradaoaeuyltb'dcaa fbw qﬁm iga gasema counter. The
limted to, m cronﬁ@mmmmmm&s%nMI £0 to 40 % of the

i i ze. 36l | ver'y [0SR PEROKEAEL SUPTBFOR G (e, ApROpSLFas funding i
i e

di rec?l y into the tar eﬁ%é%ﬁbm @@SSBJM& @]1 hg to 10 ng)
control |l ed manner. of rgwgrangmstatmnppepudeomeddfon development of the

I A conbi
;gglnrjegevin t hcgt | IrrE?ﬁtltlor S O#?@Gﬁﬁ%&@d ﬁg%ﬁﬁ aﬁdnﬁ)@ éfthe peptide
|

angj ogen 0 lncr
vascul ar itfati on ofta mcomgmmagmgw@ %Wﬂégnﬂﬁ After
effective nmeans Ofaﬂ%diﬁbhammvﬁi@ﬁ' erﬂ‘Cﬁir example 24 to 48 hours,

Conposi 11 ons. and_ pPHRERBs %&%ﬁ'ﬂp@?ﬁ%ﬂﬂ%‘” Cptrifighd, ‘supernatant
" For exanple, a tummmdbandrdmaadmamvinyoml the pellet counted. The
- displacement of the binding of radiolabeled angiostatin peptide

15 by the unlabeled angiostatin peptide (standard) provides a
standard curve. Several concentrations of other angiostatin
peptide fragments, plasminogen, angiostatin from different
species, and homologous peptides are added to the assay tubes
to characterize the specificity of the angiostatin antiserum.

20 Extracts of various tissues, mcludxng but not limited to
primary and secondary tumors, Lewis lung carcinoma,
cultures of angiostatin producing cells, placenta, uterus, and
other tissues such as brain, liver, and intestine, are prepared

~ using extraction techniques that have been successfully

25 employed to extract angiostatin. After lyophilization or Speed
Vac of the tisssue extracts, assay buffer is added and different
aliquots are placed into the RIA tubes. Extracts of known
angiostatin producing cells produce displacement curves that

~ are parallel to the standard curve, whereas extracts of tissues

30 that do not produce angiostatin do not displace radiolabeled
angiostatin from the angiostatin antiserum. In addition,

. extracts of urine, plasma, and cerebrospinal fluid from animals
with Lewis lung carcinoma are added to the assay tubes in
increasing amounts. Parallel displacement curves indicate the

P



surgery, radiation or chenotherapy conbined with angiostatin
and then angiostatin may be subsequently adm nistered to the
~ pati ent »t OWX95R9242 he dor mancy of micronetastases and to RGI/USISI0S107
~stabilize and inhibit the growth of any residual prinary tunor.
~ Additionally, angiostatin, apgiostatin fragnents, angiostatin
antisera, angiostatin receptor agonists, angi odtin recept or
ant agoni sts, or conbi nations thereof, are conbined with

pharmaceutical |y acceptabl e excipients, and optionall y V\095/ 29242
- PCT/ US95/ 05107

sust ai ned-rel ease matr mhtymﬁqﬂmsangmtaﬁmaaaﬂ)étq)m% angbostatm in tissues

form t herapeutic conposind 96@%& A sust ai ned-rel ease
matri x, as used herein, Is

rx | t
usual Iy pol ymers, which ar e%é@“%tma@t%ﬁhat contain anglosm%%@ tighally

aci d/ base hydrol ysis o u
the body. the patrix | cﬂﬁ%‘?eékbﬁﬁ%kl b%oﬂlbj%ﬁﬁg aliquots to reverse phas& GHJPL(II.O

fluids. The sudtained- refU&d€e ﬁg‘PPPP%d #laﬁpchéed dried in §1P éﬁo?&ﬁ:
from bi-oconpati bl e mat eecehstituted as RiAdwuffes and analyzed in the angiostatin

0,1 L AT i il o MRl i i

acid and glycolic aci d)lopatedamther fractions ciorrespondjeg tethe elutlon posmon of
~pol ypeptides, hyal uronig, g&ﬁ ncol I agen, chondroitin sulfate,
~carboxylic acids, fatty phosphol |,p| ds, pol ysacchari des
“nucl ei ¢ aci ds10pol yami no acibBe assay dkitdPrardess 1nstructlons, antiserum,

angiostatin or angiostatin peptide, and possibly radiolabeled
angiostatin and/or reagents for precipitation of bound
angiostatin-angiostatin antibody complexes. The kit is useful
for the measurement of angiostatin in biological fluids and
15 . 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, angiostatin antiserum, and possibly

blocking serum and secondary antiserum linked to a |
20 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 immunohistochemistry kit
permits localization of angiostatin in tissue sections and
25 cultured cells using both light and electron microscopy. It is
| “used for both research and clinical purposes. For example,
tumors are biopsied or collected and tissue sections cut with a
microtome to examine sites of angiostatin production. Such
~ information is useful for diagnostic and possibly therapeutic
30 purposes in the detection and treatment of cancer. Another
~method to visualize sites of angiostatin biosynthesis involves
radiolabeling nucleic acids for use in in situ hybridization to
_probe for angiostatin messenger RNA. .Similarly, the
angiostatin receptor can be localized, visualized and quantltated

35  with immunohistochemistry techniques.




15 phenyl al ani ne, tyrosine, isoleucine, polynucleotides, polyvinyl
propyl ene, polyvinylpyrrolidone and silicone. A preferred

bi odegwpmiotneaggatrix is a matri x of one of either ponIaBCIG§*MB“W

pol ygl ycol i de, or polylactide co-glycolide (co-polyners of

| actic acid and glycolic acid). 20 The :
angi ogenesi s- nodul ati ng therapeutic corrp05|46 on of t he
present invention nay be a solid, liquid or aerosol and may

be adm ni stered by any known route of adm ni strati on.
Exanpl es of solid therapeutic conpositions include pills,
creams, and inpl antabl e dosadthisninvention pis |further bidlustratexb by the

adni ni st er ed oral |y,

adm ni stered topi ca? Wﬁf% Eﬁ&t %lﬁEﬁ osaéjggtyhéglstﬁonsmﬂg In any way
admi ni stered | ocal B§, lmppsa;@ riimitations tupen the scope \memof On the
may be inplanted fehngdbyeit i3 fcﬁbéaélé?ﬂ? ﬁﬂﬂeﬂsrt%d‘ﬁﬁﬁf fésort may be had

Sibcuranecioly . ExEonNaious biber embodiments, Blodificatigns, and equivalents
fO{mall ati Onis adap: thlefeof wmht ' theﬁUﬁsadm the! description herem may
I ntravenously, I ntraar or mu (0]

i nt raocul ar adm ni §P35%§to¢en§é3 g%hb %ﬁé‘ﬂ%%hﬁuﬂgt&Bﬁ%m%ng

i ncl ude inhal er fofmmaheospmmofahmpmsenainmnﬁmuhd/¢mtl§;~ssco of \the
95/ 29242 : PCT/ US95/ 05107

36 appendeqﬁe angi ostatin of the present invention also can
be used 10 'to generate antibodies that are specific for the
inhibitor and its - recept (Exaﬂ’ﬁlea'l“ bodi es can be either

pol ycl onal

ant| bOd'Cehsozce of an animal-tumor system in whick growth of
metastasis is inhibited by the primary tumor and is accelerated
. after removal of the primary tumor.

15 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-week-old male mice
were injected (subcutaneous dorsum) with 1 x 106 tumor cells.

20 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 left intact in the second group after a
sham operation. Although tumors from 500 mm3 to 3000 mm?3

25 inhibited growth of metastases, 1500 mm3 was the largest
primary tumor that could be safely resected with hxgh survival
and no local recurrence.

After 21 days, all mice were sacrificed and
autopsied. In mice with an intact primary tumor, there were

30 four +2 visible metastases, compared to 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

closely with tumor burden, as has been previously

demonstrated. There was a 400% increase in wet lung weight



nmonocl onal anti bodi es. These anti bodi es that specifically bind 5
to the angiostatin or angiostatin receptors-can be used in
~ di agnosti c WROR3¥2and kits that ar e well known to those of PCT/US95/0S107
tordinary skill in the art to detect or quantify the angi ostatin or
~angiostatin receptors in a body fluid or tissuesyResults from

~these tests can be used to di agnose or predict.?%e occurrence or 10
recurrence of a cancer and.other angiogenic nediated diseases.

The angiostatin also can be used in a diagnostic nethod and

kit to detect and uanty

angi ost ati n. Theseqkl s &‘el 0 g Fﬁ&@f‘@@eﬂ' g“ﬁ{ﬂfgc‘%%%q c%npared to mice

angi ostatin anti bodi es 1which the nanex: remained éntact{ p < 0.9001 ).

.rri cronet astases in the presence ﬁiétﬁﬁf?ﬁé&é][eg w reproducible data
I%ﬁt experi BYr P

primary tunors in situ. (ﬁtlents cirecu
anti-angi ostatin anti b @Wmmﬁﬂbdﬁs 1 le. This tumor is

mul tiple tumor§ and caflabefed “ADewittude c&?émdm&e'w métaxﬁuc” (LLG~Low).
. recurrences of cancer mr t.reat nts or . %efdn()ds of remy ssion.

The Fab fragments of t tymor. éig? SUPRre mttiaataéssrwabaeaﬂy identical
used as antigens to gerpattera inSCHDaniecé,awhichadre’ dafictetit in both B and T
antisera which can be Em tralize anti-angiostatin
anti bodi es. Such a net educe the renoval of
circulating angiostatin by anti-angiostatin anti bodi es, t her eby 25
effectively ejgvating CI r cul atl ng angi.ost at hﬁé
Anot her aspect of the invention is od “of
bl ocking the action of &! b yarman eﬁéewsdung cargigowa tumor that is
be done by passively i highlyi metastatitanwherhRr"Br nbk Nthe primary tumor is
anti bodi es specific for _the updesired angiostatin in the system
This treatnent can be i t in treating abnornal
ovul ation, nenstruation and pl acékt kighly avetastatic! vaeimsti of Lewis lung

Thi s providesyg useful dhpghg h?a‘ii‘%?egﬁo%%@g&@?f&&ﬁfméﬁeeiﬁw dell line of

removal on rret astatic pfocesses
angi ostatin antibodi es les 1t 18 pnadgroupi of mice sand chasitheen isclated

This fragnent is isol araeeotamg ot (e hethGds | 466kr3pedSid 9Example 1 and
- repeatedly transplanted. This tumor (LLC-High) forms more
_ . than 30 visible lung metastases whether or not the pnmary

20 . tumor is present.

D}

~ Example 3 |
* Size of metastases and proliferation rate of tumor cells within
them. Effect of the primary tumor that inhibits metastases
25 ( LLC-Low). |
C57BI6/] 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. At 5, 10 and 15 days after the tumor had been removed,
30 mice were sacrificed. Histological sections of lung metastases
' were obtained. Mice with an intact primary tumor had
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
35 after tumor removal. In contrast, animals from which the
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37 t echni ques known to those skilled in the art. The Fab
f ragmery@ofdozggndi ostatin antisera are used as anti gens tBCT/USISO5107
generate production of anti-Fab fragnent serum | nfusion of

this antiserum agai nst the Fab fragnents of angiostatin 5
prevents angiostatin from binding to angi os{g@tin anti bodi es.
Therapeutic benefit is obtained by neutraliZli ng endogenous

anti-angiostatin antibodi es by bl ocking the binding of
angiostatin to the Fab fragnments of anti-angiostatin. The net

ci 1 oul ati ng angi os PHIRATY otpndey Ak, pbcid créVilel Jatest r‘&%i‘ﬁﬂ%ﬂ%d -

the spread of met ametas&ases as early as 5 days aftertoperationbdheselanetastases hat

the present 1avent ypderwent a further 4-fofd"?ﬁ@f€%ké‘ﬁﬁdvélﬁrﬁé‘g% P5th day

derivatives of the angl os
i nhi bitory activi tyftembem@hm&momd (as reflected by lwng weightandnt i re

angi ostatis protei histdtgYR! | Approkiditely 50% of the atifidls' Whionhaidope! n

?@)r@ﬁl
and bi ol ogi cal | act:ve$¥arre tatln tein.
These i nclgude p?/ot FFE‘QEQP&Q‘%Q‘* a’ed of lung metas?éﬁg gﬂ

am no aci d substi twflnhese etiments Al ranigials with an mtactophmany)hﬁmkes

?tntlgﬁPiegnt gl ggl ch?m §r}§’te n%éq%ggﬁgwmﬁﬂﬁ? statin present and

t he angi ostatin receptor, ancRephq:ntwmlrate ofaumorcellp withini metastases
by t gg;ieos nes.  was determined by colfntiig'micléi 8tiingd With"BFIBOWHILR W '
had been previously injected into the mice. The high
percentage of tumor cells incorporating BrdU in small,
avascular metastases of animals with an intact primary tumor
was equivalent to the BrdU incorporation of tumor cells in the
15 large vascularized metastases of mice from which the primary
tumor had been removed (Figure 3). This finding suggests
that the presence of a primary tumor has no direct effect on
the replication rate of tumor cells within a metastasis.
| In Figure 3, the left panel shows BrdU labeling
20 index of tumor cells in the lung in the presence or absence of a
primary tumor. Before immunohistochemical staining,
sections were permeabilized with 0.2 M HCI for 10 minutes
and digested with 1 pg/ml proteinase K (Boehringer
Mannheim GmbH, Mannheim, Germany) in 0.2 M Tris-HCl, 2
25 mM CaCl; at 37° C for 15 minutes. Labeling index was '
estimated by counting 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 intact or removed
5, 10 and 15 days after operation. Animals were sacrificed 6
30 hours after xntrapentoneal injection of BrdU (0.75 mg/mouse).




activity described above can be provided as isol ated and 25
substantially purified proteins and protein fragnents in
phar maceut WQ9¥2924%cept abl e fornul ati ons using fornul ati on PCTUSISNS107

met hods known to those of ordinary skill in the art. These
. formul ati ons can be adm nistered by standard routes. In
' general, the conbinations may be administered H9the topical, 30
t ransder nal , i ntraperitoneal, i ntracrani al,
i ntracerebroventricular, intracerebral, intravagi nal
Intrauterine, oral, rectal or parenteral (e.g., intravenous,

i ntraspinal, subcutaneous or intramuscul ar)Example 14 addition,

t he angi ostatin may be jj r ' :

ol ymors al Lowi ng For - ALAFIHRR: () GfioRene s NTUE MRl fpaseSin the presgnce of
95/ 29242 an intact primary tumor. “ PCT/ US95/ 05107

38 pol ymers bei nqg ﬁﬁéﬁﬁr@&hb%%ﬁﬁe%ﬁ vaséulabizatiosy i Yang

delivery is degired, for_ex le,.at the site.of,a tynor or .. ]
i npl anted so that the %ﬁ%&r@?i tissues weye, SFQPGQS\%‘T" antibodies against von

sys: err} faljl é' | Osnot i Cf Nz’aﬂlﬁhm %ﬂ% lencmlweht 'apsgé?lﬁéimarker'é available

controlle elirvery O ' C r gﬁ oL _ a O.S. n mal

t hrough cannul ae to thg s@tga%?’ Br ) Lefid, )dl Ema%eﬁtgoén animals

netastatic growth or i Wightintactdumorsrformed @ thin tcwdff (B« tumor cell layers)
Yy

The bi Ode?Lagabl e pol y%ﬁné'&i*t‘i‘ﬁé ?ﬁ@%@ﬁ%ﬁ@%%@ﬂﬁ@r the, endothelial

exanpl e, ail in Bremet al., L
(1991), whi chfé s her ebfeﬁ_ﬁ&ir%\ﬁﬁ_ﬁﬁl bping; Be arciew gells were positive for von
entirety. - Willebrand factor. In contrast, lung metastases of animals 5

days _aftér removal of the primary tumor were not only larger
but were also infiltrated with capillary sprouts containing
endothelial cells which stained strongly for von Willebrand

15 factor. : o

~ In immunohistochemical analysis of the presence
of endothelial cells in lung metastases, a lung metastasis with
the primary lung tumor intact 19 days after inoculation, had a
cuff of tumor cells around a pre-existing microvessel in the

20 lung. The metastasis was limited to 8 to 12 cell layers. There

- was no evidence of neovascularization around the microvessel,
and it did not contain any new microvessels. This was typical
of the maximum size of an avascular pre-angiogenic
metastasis.

25 . - In an immunohistochemical analysis of tissue
collected five days after the primary tumor was resected (19
days after inoculation of the primary tumor), the metastasis
surrounded a pre-existing vessel in the lung: In contrast, in
the sample where the primary tumor was not resected, the

30 tumor was neovascularized. Thus, an intact primary tumor
inhibits formation of new capillary blood vessels in metastases,
but proliferation of tumor cells within a metastasis are not

 affected by the primary tumor. |



The dosage of the angiostatin of the present invention wi ||
depend on the disease state or condition being treated and

ot her owowoseel2 f act ors such as wei ght and condition of t PECT/USONE5107
human or animal and the route of adm nistration of the

conpound. For treating humans or ani nmals, between

approximately 0.5 ng/kilogramto 500 ng/kil§@ram of the

angi ostatin can be adm ni stered. Dependi ng upon the half-life

of the angiostatin in the particular animal or human, the 20

angi ostatin can be adm ni stered between several tinmes per day

to once a week. It is to be understood ERam dp[ee Present

i nventi on has appli,cati.on for bot U#uéﬁn and.veteri, naré d

The methods of t hePISBATY; HUBAT| BHIOYS: GHSFOENETis . a,second tumor

well as nultiple admplantedain the mousevormed eiGeowth bﬁrthzmsécond tithor

or over an extende f tinme. The angi ostatin
fornmul ati ons incl ug‘%?ﬁ#ﬁ% Sui table for oral, rectal,

ophthal mi &3 (including i nt r AiQ.2840 06rmm2 Lew1s lung tumor (146 Iaow) -
nasal , topical (ing m d aqd SkR

intrauterine, vagi ngfi renteral, ﬁ(| nc u 1N squl?trgr?aouon dago

i ntraperitoneal, Palhtyﬁveﬁé giogenesis 1n the mouse

STl ]SS20 ATGAHIS 900 ey mor s
dosage form and ma§l Mr‘@bi“ ﬂ Wﬁnﬁﬁuw cells suli)cuttaneously
phar maceut@ cal tecmnlthaedorsﬁmheithehrd on<k days/before ithe tomeal imy
bri ngi ng 11t 0_assogragy e 'diy B8 corbsF hiFThn ¥k 416 7 sV\th?/:ﬁém
- corneal implant. Control mice received the comeal implant but
not the subcutaneous tumor. Other control mice received the
corneal implant and an inoculation of LLC-High tumor cells in
15 the dorsum 4 days before the corneal implant. The corneas
were evaluated daily by slit-lamp stereomicroscopy for the
growth of the corneal tumor (measured by an ocular
micrometer) and for the growth of new capillary vessels from
the edge of the corneal limbus.

20 In control mice not bearing. a primary
subcutaneous tumor, a majority 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
vascularized corneal tumors had reached approximately a

25 quarter of the volume of the whole eye. In the presence of the
primary subcutaneous LLC-Low tumor, the corneal implants
did not become vascularized if the primary tumor was in place
by at least 4 days or more before the corneal implant (Table
1). In the absence of neovascularization, corneal tumors grew
30 slowly as thin, white, avascular discs within the cornea.
However, if the primary tumor was not implanted
until 4 days after the corneal implant, corneas became
vascularized and 3/3 corneal tumors grew at similar rates as
the non-tumor bearing controls. In the presence of the primary
35 subcutaneous LLC-High tumor, the majority of corneas (2/3)

(



pharmaceutical carrier(s) or excipient(s). In general, the
formul ations are prepared by uniformy and intimately
bri ngi ng* i nWG’éQg&i ation the active ingredient with |iquid PCTUSISNSI07

carriers or finely divided solid carriers or both, and then, if 5
necessary, shaping the product. Formul ati ons suitable
for parenteral adm nistration - i ncPlde aqueous and non- aqueous
sterile injection solutions- _ whi ch may contain anti-oxidants,
buffers, bacteriostats and sol utes which render the

formul ation isotonic wifh the hl ood of 10 .the intended, recipient;

and aqueous and non-aq Ope rﬂ¢%vasculaﬁzaﬁoln stast_;ggears days/ vafter, ‘?meal
i ncl ude suspendi ng agerjpiphiiftation and continéiig " idey AE"By dag 10, the

formul ati ons may be presented.in,unit- ose or .l ti-dose
ached

containers, for exanpl eVa5§ d, corneal gymors again had re | APPrOXIMALe] Yy e

stored in a freeze-dri ,@qﬁbmplmifl-ﬂleatﬁlume ob the wholeceyuji tion requiring
only the additigon of the sterile liquid Table 1. carrier, for exanple,

wat er for injecti-ons, imediatel s . e
Ext enpor aneous i njection spluti o%’éﬁﬂ'ﬂﬁi%ﬁe‘w gloé.e%egfs tn the ﬁagr&n&zy
prepared from sterile foREURATY SHBGHIANCONS JUMOS. ¢ Il primary tumors are -
ki nd previously descri Heaw exceps (*) which is LLCFHigh).r ed unit dosage

formul ati ons are those containing a daily dose or ‘unit, daily -

sub-dose, or an appropr B’q?;éféféiﬁ-ﬁlant 0 0 t.ﬁ'er—emﬁ'ﬁefo_ 0

adm ni stered i ngl’edi entr T oou-o T rerefstootrtITatt—rm =3
addition to the ingredi aw ﬁgtp,'u pary /’7 -4 -a* r’rgnt [ oﬁgﬁeaﬁ'&ve, '*"?he :
fornul ati ons of the prepBHROL bn 25 may_include other agents

conventional in the art|Naumberrefarmice{2/10 0/9 2/> tBBtypMBof3/3 2/3

formul ation in question|wiH i aew |corneal pt oxic agents may be
i ncor porated or otherw 7 &Qi@ \ybt h : .angi ostatin proteins,

or bi ol ogi cal m functi ol = =8
the

provi de dual “therapy tqytiign@dbiexBbcted thai®/10 comeas would show nﬁﬁGﬂEﬁgﬁgﬁfdns
it bi {1 ng pept des of whn ey, LLELow subcurkbos sl ianied 7 dys
synt hesi zed in a st andajelordithé &y ¥afioF Bhplant (i.e.-7). HoweveR % dff thy/ nifbtts P2/10) had
checked wi th 'i";'-c and "Be2dme necrotic because they were too large (> 3 cm3).

‘Example 6

Primary intact tumor inhibits angiogenesis induced by a
secondary subcutaneous implant of basic fibroblast growth

factor (bFGF.). | |
20 - Although the experiments described in Examples
V and VI show that a primary tumor inhibits angiogenesis in a
secondary metastasis, these studies do not reveal whether the
primary tumor: (i) inhibits endothelial proliferation (or
. ang'iogehesis)_ directly, or (ii) indirectly by down-regulating
25 the angiogenic activity of the metastatic tumor cells. To
distinguish between these two possibilities, a focus of
subcutaneous angiogenesis was induced by an implant of
matrigel containing basic fibroblast growth factor (bFGF).
. ‘(Passaniti A, et al., A simple, quantitative method for assessing
30 " ‘angiogenesis and anti-angiogenic agents using reconstituted
basement membrane, heparin and fibroblast growth factor.
Lab. Invest. 67:519, 1992) '
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spectrophotonetry. Methods of peptide synthesis, HPLC
purification and mass spectrophotonmetry are conmonly knomn 6
t hose WIOI95/282i n t hese arts. Angiostatin pept i des and : M9242

PCT/ US95/ 05107
angi ostatin receptors peptides are al so produced in

recombinant E. coli or yeast expression sy82ems, and purified
wi t h col um chromat ography. D fferent peptide fragnents

of the intact angiostatin 5 nol ecul e can

be synthesized for use

in several applications including, but not limted to the
foll owing; as anti gens for tMatrigel (an extrmtvmfopbasmmt Jpembrane

antisera, as agoni sidielid), SOAGRAIR either 25 or 50 H/P FFGE 5h e "

bi nding sites, as

0 e
conbi nati on with, saes'( M@mnawwmsetgdstbcﬂtan@ously onﬂ:qwmgl of
celI's that bind armrfsé@wfmmm mrtarmﬁl-s W(LLC-Low) Midéhat

oot 1 on dn & he. oVEFS SRCHOSEHS GAYS et Andhe Eglobl Eobcenadon i

accessi bl e for bi nthengel wasnmeasuzed Toequantify dilood avésse) formation. It

termni of angi OSt%kﬁ%&a‘?@ M%g%gag” e[ﬁ% ?g qé;? vessels

nol ecul e are repre
synt hesi zed.

known u tpi
GenBank, conct ) ¢ ﬁ_?g@?ggﬁﬂv A ngi? girn1ne
20 lobotentlaJIL?sﬁzuxﬁ - LGS : =5y ho iﬁht

15

20

25

30

35

which enter theTmatrigelpiis deome&amd:emﬂ)r dmmoghnbm to

Hellman and S Rosenberg, edltors, J.B. L1pp1ncott
Philadelphia 1985) Some gels were also prepared for
histological examination. In normal mice, matrigel pellets
which contained 50 ng/ml bFGF were completely red. They
were heavily invaded by new capillary vessels, and contained
2.4 g/dl hemoglobin. Matrigel which lacked bFGF was
translucent and gray and contained only 0.4 g/dl hemoglobin (a
6-fold difference). In contrast, matrigel from mice with a
primary tumor contained only 0.5 g/dl (Figure 4).

The near complete inhibition of angiogenesis in
this experiment suggests that the presence of a Lewis lung
pnmary tumor can inhibit bFGF-induced angiogenesis
directly.

Example 7
Transfer of serum from a tumor-bearing animal to an animal
from which the primary tumor has been removed suppresses
metastases. | _'
Mice were implant_ed with Lewis lung carcinoma
as described above. After 15 days, when tumors were
approximately 1500 mm3, the mice were randomized into four
groups. Three groups underwent complete surgical resection
of the primary tumor; 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



el im nation of sequences that exhibit a high degree of sequence
honol ogy to other nolecules, thereby enhancing the potential -

for high spQR¥39%42y in the devel opnent of antisera, agoni st RCT/USISAS107

and .ant agoni sts to angi ostatin. 25 Angi ostatin and
~angiostatin derived peptides can be 5 coupl ed to other nolecul es
usi ng standard nethods. The anm no gnd carboxyl termni of

angi ostatin both contain tyrosine and |ysine residues and are
i sotopically and noni sotopically | abeled with rrany t echni ques,

for exanple 30 ad| ol abel | sing_convantional te ni.
(tyrosine residues- sahne’ E*F%o&ﬁ?ﬁnnélofma i}88é“mqra Bﬁgﬁé)ip’cﬁ%e,
| ysine residues- ~  serum frompirtice-witht 500 m@rl.&wﬁlhmgoamnbmaﬁ The

techni ques are wel |l r

Al ternatively, tyrosi n8T8PP of nheg%i% pﬁé F@ﬂ&&é gef{' ‘i@&?retﬁ{”e%

do not have these resiinteaperitoneaisaline injections.: Alb migecwerne tegated fori2;

am no and hydrgxyl gro 0 9

A 0 ol oy Qrx) daysOafter whfdthe%afifmals were euthanized and lung
the peptide. The coupl MmRjastaseswere counged {Tablen2).-he basis of

the functional groups avail able on the am-.no aci ds including,

but not limted to am no, sulfhydral, carbo phenol , ,

and im dazole. Various reagents used to efféi‘tabtlﬁgze coupl i.ngs 5

I ncl'ude anong others,.glutaraldehyde,-diazotlzed benzi di ne,

car bodi i m de, and p-b§nzoqur none. Primary Tumor mtmat atin_ Primary
pepti des are chem cal |y coupl ed to isot oes enz nﬂ'!n,mor Intact|

carrier proteins, cyt(Tgsment _ " T
: (Intraperitoneal . normalmxce tumor- - Injections

Injections) ' bearing mice
Number of Lung
Metastases: : 55%5 504 72 3+1

10 . - o
These results were confirmed by lung weight. p = < 0.0001
for the difference between the two groups [(55 & 50) vs. (7 &
3)]. Similar results have been obtained using angiostatin from

; the urine of tumor-bearing animals.
15

Example 8
Bovine capzllary endothelial (BCE) cell assay
BCE cells are used between passages 9 and 14
~ only. At day O, BCE cells are plated onto gelatinized (1.5 %
20 ge_latin in PBS at 37°, 10% CO; for 24 hours and then rinsed
with 0.5 ml PBS) 24 well plates at a concentration of 12,500
cells/well. Cell counts are performed using a hemocytometer.
Cells are plated in 500ul DMEM with 10% heat-inactivated
(56°C for 20 minutes) bovine calf serum and 1% glutamine-
25 pen-strep (GPS). |
" BCE cells are challenged as follows: Media is
removed and replaced with 250 pl of DMEM/5%
BCS/1%GPS. The sample to be tested is then added to wells.
_ (The amount varies depending on the sample being tested)
30 ~ Plates are placed at 37°C/10%. CO; for approximately 10



nol ecul es, cheni | umi nescent, bi ol um nescent and ot her 10
conpounds for a variety of applications. The efficiency of the

coupl | W@ 95282i on

i s deternined using different techni qusI/US9SAS107

appropriate for the specific reaction. For exanple,
radi ol abel i ng of an angi ostatin peptide WI%R [err]l is

acconpl i shed using chloramne T and Na[err

activity. The reaction is termnated with sodi um netabisulfite
and the m xture is desalted .on di sposable colums. The | abel ed

KT o P g8 RS B S i o

@[6123: ]efl :2 gegggTWFG@m thdddﬂtm&mwnr THee £ fitidlearidid is 500u¥(bf
peptide fracti 8nsww° m%@iﬁfﬁg‘ aHg@étpqe%rd Jrlke plate is

stored for subsequemweﬂetcsBGHCABO%@@fmcuﬁatbhfonﬂwhcbursto bi nd

to angl ostaatin ant

ord o § At day 4, cells are chgmtﬁgof%ﬁﬁggﬁ Al ' el

of peptid& conj ugatlon is f

antisera. For exarmediumnand then mryps1mzmg all wells (0.5emd ittiepsi

| ysi ne residues argye

al bum n using gl ut

dlaﬁﬁu%& 'g'pﬁ c§usgended cells are theﬁod‘éﬁﬁef&rdh“m

ar a
reaction is deter rﬁmaaﬁisaonemlsl .mbiim&all @ndocounted using a

r adi ol abel ed pepti

anal ogs,
angi ostatin recept
synt hesi s and puri

separ at ed by d| al ygleglta%rﬁd;ﬁ?gﬁﬂ gAugﬁ{tabﬂt%gr ed fﬁritg?)hmﬁr of serum 30
PeSalais Coftainiiy ABFHOS AR AL a1 GARARIEOF BTOGUGINg halfy i

maximal inhibitiodeof capilbarysemdotheliab proliferatioh When

¢Hdotheligl cells are incubdi2d iBBEGE m&g (0P phgHd. ' e

pol ycl onal antisera are raised using - WD 95/ 29242

PCT/ US95/ 05107
15

20

Example 9
Serum from mice bearing the low metastatic Lewis lung tumor
(LLC-Low) inhibits capillary endothelial cell proliferation in
vitro.
Bovine capﬂlary-endotheh'al'cells were stimulated

by basic fibroblast growth factor (bFGF 1 ng/ml), in a 72-

hour proliferation assay. The serum of tumor-bearing mice

- added to these cultures inhibited endothelial cell proliferation

30

in a dose-dependent and reversible manner. Normal serum

was not inhibitory (Figure 5). Endothelial cell proliferation

was; inhibited in a similar manner (relative to controls) by
serum obtained from tumor-bearing nu/nu mice and SCID
mice. After the primary tumor was 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 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

of high specific’ 15

T|A1) ng

(



42 establ i shed techni ques known to those skilled in the

art. For exanpl e, polyclonal antisera may be raised in
rabbits; SsWwo93529242 - goats or other aninmals. Angi oSRGR/USPSHSHT des
conjugated to a ' > carrier nolecule such as bovine serum

. albumn, or angiostatin 5 itself, is _conbined with an adjuvant -
m xture, emulsified and I nj ect ed38ubcut aneousl y at nultiple
sites on the back, neck, fl anks, and sonetinmes in the '

. foot pads. Booster injections are rrad'e at regular intervals,
such as every 2 to 4 weeks Bl ood npl-es are obtained by

veni puncture, for exanfibroblastsy aortic smaoth musclermil;g mink lung epithelitine,
dil ation, approximately fl.ﬁ_“ﬂa? tal lung ﬁbroblast%f ter each injection.
' I ovve% F

The bl ood sanples are overnight at 4C and are
centrifuged at approxi matel y 2400 X g at 4C for about 30
m nutes. The serumis rem)ved al i quoted, Exam ple 10 and stored at 4C

for i mmedi at e.use or 90C f ubsequent Si S.

Al serum saépl es frgg? rfé'Pm |"6’r¢eoge%|"$c?}%#ms ung fumor (ﬂlﬁ?}é B or -
rred: a sgrrFI esdf:om prcnhaztdoes Qiotnbihblmh?étastafsets, does not ¥nHibi éapilﬁzry -
anal yzed for deternin | i

establ i shed t hrough Se%]gtgﬁghgg:}g"bﬁlqﬂlftg an Vdgriong dot 20

bl ots and density anal ysis, and Seﬂnnvirompnmabeamngcmpnfmary tumor of the

radi ol abel ed pepti de- C -
secondary anhbser a, co dé’?ﬁ?h @i?(;hﬁl“i coacl%s x?‘hﬁbﬁf é}‘ther%tlon of bFGF
by activity Masurenerttimulated cbovine gapidlaryriendotheliel cells relative to

odr o s o ol il o s ity e v
gel in the affinity colteR® %fo W‘?ﬁaﬁﬁ‘ggﬂ’iﬁ 'a§ (ﬁggggd:hromatography and

t hrough the col um ancgdnfi}tmtmm)st ahgiostatinb adtivdty ewasnnot found in any
" bound to the col um. %ﬁéﬁ ﬁgtl bodi es are subsequently el uted,
col l ected an? eval uat e PR3t er mi nat.i on of titer and

Example 11

Ascites from Lewis lung carcinoma (low metastatic), also

- generates angiostatin serum.
' Mice received mtrapéritbneal injections of either
20 LLC-Low or LLC-High tumor cells (106), and one week later,
- 1-2 ml of bloody ascites was obtained from each of 10-20
- mice. Mesenteric tumor seeding was seen. The mice were then
euthanized. Serum was obtained by cardiac puncture. Serum
was also obtained from normal, non-tumor-bearing mice as a
25 control. Serum and ascites were centrifuged to remove cells,
| and the supernate was assayed on bovine capillary endothelial
cells stimulated by bFGF (1 ng/ml) (see Example IX). Ascites
originating from both tumor types stimulated significant
- proliferation of capillary endothelial cells (e.g., 100%
30 proliferation) over controls after 72 hours (Figure 6). In
contrast, serum from the low metastatic mice inhibited
endothelial cell proliferation (inhibition to 79% of controls).
The serum from the high metastatic line was stimulatory by
200%. | -
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30 specificity. : The hi ghest titer

angiostatin antisera is tested to establish the Eﬁ! | oW ng; a)
opt i mal W9sR&42um di | uti on for : hi ghest spediFX ng' of
the antigen and | owest non-specific bi nding, b) the ability
to bind increasing amounts of 35 aggi ostatin peptide in a standard
di spl acenent curve, c¢) WO 95/ 29242 '
PCT/ US95/ 05107 43

potential cross-reactivity with reI ated peptides and proteins,

i ncl udi ng pl asm nogen and aI statin of .rel ated species

d) ability to detect angi ost tagshow, that, ih@sa ite Lfthe low

urine, tissues, ancineaswd:é liné éuﬂﬁnﬂ?@ ﬁredomuﬁmce of endothelidll growtty

measur enment of angi ostai and the an

| Ost receptor, are
“al'so contenpl ated 3UPYIL Of {0l ADZIOS This"condition i, ADAIOZHUS I @ <er a
that possess the higiiRkprimary nundrsﬁam}fermdm angiostatin acuweyldppea'sdet ect

and in cel B bul tur dt b SopAL B thoRels I well tpoppoged by stimplpigr,

easy to use kits factivigyd, This ipattern isesimilavdo thel solid primary tuquem fic

nmeasur enent and Io of g | e Kits
i ncl ude but are not l&&p&éﬁ& LES ?&?’Irtég ffonz%?mmg: meta?a%c sﬂaf
conpetitive and norf; valsgs appears to contain a prédomiRANGS Qfy '
bi ol um nescence ancerduthielidl'teRstifthtor, B@t . angl iostatif Tafot bel identifikld | C

bi ot 2. endfne | i nkdd Becsgrum.  including ELISA meretiter
pl ates, antibody coated stri ps or '
Example 12
Fractionation of angiostatin from serum by column
chromatography and analysis of growth-inhibitory fractions by
15 SDS-PAGE.

' - To purify the angiostatin(s), serum was pooled
from tumor-bearing mice. The inhibitory activity, assayed
according the above-described in vitro inhibitor activity assay,
was sequentially chromatographed using heparin-Sepharose,

20 Biogel AO.5mm agarose, and several cycles of C4-reverse
phase high performance liquid chromatography (HPLC).
SDS-PAGE of the HPLC fraction which contained endothelial
inhibitory activity, revealed a discrete band of apparent
reduced M; of 38,000 Daltons, which was purified

25 . approximately 1 million-fold (see Table 3) to a specific

' activity of approximately 2x107. At different stages of the
purification, pooled fractions were tested with specific
antibodies for the presence of known endothelial inhibitors.
Platelet factor-4, thrombospondin, or transforming growth

30 factor beta, were not found in the partially purified or purified
fractions. :



di psticks for rapid nonitoring of urine or blood, and

i mmunocytochenmi stry. For each kit the range, sensitivity, -

preci si on, WOSS28M2| i ty, specificity and reproducibility of the’ 88585197

assay are established. Intraassay and interassay variation is

~established at 20% 50% and..80% points on the §17andard ' curves
of displacenent or activity. One exanple of an assay kit

comonly used in research 25 and inthe clinic is a

radi oi nmunoassay (RIA) kit. An - angiostatin RIAis illustrated

bel ow. After successful _ radi opodi hation and purification of

angi ostatin or an apgiostatin i §e. the antiserum

possessi ng the highest tifer is . : Speelﬁedcatrltyev@oid plirificagon |t o

tubes containing a relatiyely 30 : unt of
radi oactivity, such as 10 '
system O her tubes contal R°B#X er or 169 prei mune serlum to

det erni ne t he non-speci f i ¢ Hepagim§ephanose 14.92 i ncubati 88 at 4C
for 24 hours, protein A i$Big AQiShhe tubes 69.96 ar 4 jvédrt exeq

i ncubated at room tenpera WP CAT490 ni nutes, 7 - and]osigs f uggd
at approxi mately 2000 - 2500~Xgat—4C-tv : ‘\,23:1?5/29242

PCT/ US95/ 05107 *A umt of acuv e&%ﬂ H&x unt of m ﬁgﬂtanmffangiostatm that is
i

precipi.tate the conpl eogpablefl Oiaﬁltdd irfal of capillary endothelial

antigen. The sgper nat arﬁtohferitﬁﬁpw édofifelial édlls@fe Aifibdte® in bFGF 1 ng/ml for 72
radi oactivity in the pedur§ts counted in a ganma counter. The

anti serumdilution that binds approximately 10 to 40 % of the 5
I abel ed peptide after subtraction of the rERaffpte ¥ binding is

Fractionation of angiostatin from urine by column
10 chromatography and analysis of growth-mhzbttory fractions by
SDS-PAGE.
~ 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
15 . 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 urine of non-tumor
bearing mice and from mice with LLC-high tumors.
20 - 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).
| Figure 7 shows C4 reverse phase chromatography
of partially purified serum or urine from tumor-bearing
25 animals. All fractions were assayed on bovine capillary
endothelial cells with bFGF in a 72-hour proliferation assay as
described in Example IX. A discrete peak of inhibition was
seen in both cases eluting at 30 - 35 %  acetonitrile in
fraction 23. , SDS-polyacrylamide gel electrophoresis of
30 inhibitory fraction from the third cycle of C4 reverse phase
chromatography of serum from tumor-bearing animals
showed a single band at about 38,000 Daltons. _

This Sheet Has Been Replaced




further characteri zed. _ Next, a dilution range

(approximately 0.1 pg to 10 ng) of the angiostatin peptide
used f ayo9gyRigppnent of the ~antiserumis ePCIIIS9%OSIBY addi ng
known anounts of the peptide - 10 to tubes containing radi ol abel ed
peptide and antiserum After . an additional. i ncubation period,
for exanple, 24 to 48 hours, : §8otein A is added and the tubes
centrifuged, supernatant : renoved and the radioactivity in the
pel l et counted. The "~ displacenent of the binding of
radi ol abel ed angi ostatin peptlde 15 by the unl abel ed angi ostatin
peptide (standard) provides a . standard curve. Severa

concentrations of other angiostatin .
pl asm nogen, angiostatin fromdiffer eniExample 1
horol ogous pept i deCharacserization of icércadating angéastatin.

characterize the speC|f|C|ty |

Extracts ﬁ% var i ou;ht [ Sg‘;&s@; ncﬁgww é‘alp % ﬁga?fg accfﬂ;mg to
primary andi seconddn§ e glescribed; ipal mk: . giostatin w@st ur és
of angiostatin prO‘i's!Gl'aUQdQﬁi ASym¢ HPILE'C4 colithn. (Synchrom, In@t her

ti ssues such as br I|vertLﬂ3dﬂg§3§a e, are

usi ng extraction t QECW@SFS&J aty30 to 35%y) oyed
to extract angiost aiceton vadiedti zatQan @r s6diemh dodecyl sulfatéac of

the t t ff
Al quots are pl raiébsqlﬁf%ﬁé “Bsto cTeciophitetly ' EEYE) gel under
angi ost at 10 pr oducireducing sopditions (f-mercaptoethanol(5% \{/w),t the protein (
are parall el to_th ?i?ijiéﬁ\y"?y a&gt fg rn%%
ngj 0S o no IO Ibel e

that do not produce at Id} spl ace r
angi ostatin fromt H'G HENS fonditions; i the: protein ‘H(! Acsyity € uted at 28

extracts of urine, l&loiﬁlﬁ)nsaﬂﬂhéw Psﬁﬁlnd ht'bihﬂh@@?o@ﬂsfwhéther the

with Lewis lung cargin ar e, added t. e

i ncreasi nlg anount s 18 ggaqaéppbq s}?flaécéﬁ% | &PﬁaPE frpm serum.
Activity was not detected thh 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 extracted with a water/chloroform

| mixture (1:1), the activity was found in the aqueous phase
20 only.

4 peptide fragnents,
speci es, and

Example 15 |
Purification of inhibitory fragments from human plasminogen:
- Plasminogen lysine binding site I was obtained
235 ~ from Sigma Chemical Company. The preparation is purified
human plasminogen after digestion with elastase. Lysine
binding site I obtained in this manner is a population of
peptides that contain, in aggregate, at least the first three
triple-loop structures (numbers 1 through 3) in the plasmin A-
30 chain (Kringle 1 +2+3). (Sotrrup-Jensen, L., et al. in Progress
in_Chemical Fibrinolysis and Thrombolysis, Vol. 3, 191,
Davidson, J.F.; et al. eds. Raven Press, New York 1978 and
Wiman, B., et al., Biochemica et Biophysica Acta, 579, 142
_ (1979)).. Plasminogen lysine binding site I (Sigma Chemical
35 Company, St. Louis, MO) was resuspended in water and



VO 95/ 29242 PCT/ US95/ 05107

45 utility of the angiostatin assay to nmeasure

angi ost atl WO 98/292425 UES and body fl ui ds. PCT’US95’05107
- Tissue extracts that contain angiostatin are additionally
| characterized by subjecting aliquots to reverse phase HPLC. 5

" Eluate fractions are collected, dried in Speed39ac

reconstituted in RIA buffer and analyzed in the angiostatin

RI A. .The maxi mal anount of angi ostatin i mmunoreactivity is

| ocated in the fractions correspondlng to the elution position of

angi ostatin. 10 applied to a Gdwevessedkphaseovodumn nthatubadorheen
ant i serum equilibraféti WitiR'HPLC- WA F TEAL TRE ¢olumn
possi bly radi ol abel ed angfosg.at| nrén or r&ag% }fg

precipitation of bound%as eluted with a,gradieati olnwaser a odhp

conpl exes, The E't| i s acetonitrile/0.1% TFA andfﬁhch%sﬁw olldcted mto
angl ot at |1 113 b1 0101 Sl ki s, An Siquor of ebdt Vi S¥kpGiSiSd S o
Another kit is used fospdenb&hc,zmsuspenﬂednemﬁmm and applied to BCEs in a

oot aes st ructi ono. PTINKREGA. 4fhay AR SHAEARRE SpY Bbeated two times

bl ocki ng serum and secfnrdethy imhibitoryn fractions: using a similar gradient for
fluorescent nolecul e Sl ”Fhéf oty Eéﬁﬂtgcéiﬁf?d 4t 3U-35% acetonitrile
sone other r ent use.d t | | ze the r ser
| nrunohi st oc stry t’é‘cﬁﬁ 6@@1amnme ﬂ%m&a F@ilumﬂse %S PAGE of the
skill ted :n tlhe a{t Thmshlbiw s feddtion mavmt edt 3clpstrete Yoands of apparent
ermts OCall zatl on Q Ln I SS e
(F:)ul tured cells using b{ﬁ(ﬁﬁgﬂgﬁ}ﬁéﬁ@a&rg@ﬁ ’cggsﬁoﬂfzﬁ kfls SDS-PAGE
used for both researchunder choniredugingp corrditions eevwaled three bands of
tumors are bi 0psi ed orpiibd GaddS0! 323! andf 35 N Fesprvely! 2

15

- | Example 16
Extractwn of inhibitory activity from SDS-PAGE
- - Purified inhibitory fractions from human
| plasminogen based purifications were resolved by SDS-PAGE
20 under non-denaturing conditions. Areas of the gel
corresponding to bands seen in neighboring 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 polypropylene tubes. The supernatant was removed
25 and dialyzed twice against saline for 6 hours (MWCO = 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
30 ~ fibroblast growth factor in a 72 hour assay. Protein extracted
from each of the three bands inhibited the capillary endothehal
cells.



m crotone to exam ne sites of angiostatin production. Such

I nformation is useful for diagnostic and possibly therapeuti 30
pur poswd 9529242 det ecti on and treatnment of cancer. Anot heGT/USISHS107 =
method to visualize sites of angiostatin biosynthesis involves

radi ol abeling nucleic acids for use in in sifu hybridization to

probe for angiostatin nessenger RNA. Sim | y, the

angi ostatin receptor can be |ocalized, visualized and quantitated 35
wi t h i nmunohi st ochem stry techni ques. WO 95/29242

PCT/ US95/ 05107 ' - 46

This invention is further illustrated E-ymmple 17 fol |l ow ng _ _
exanpl es, which ar @laswin é@ﬁFmgﬁiehﬂﬁ‘eaﬁnéﬁWSMes as inposing

limtations upon the scope tRere ontrar it isto
be clearly understood that E{ﬁetwﬁﬁ?%g’ HBEFd w“g‘ LeWISCI 19919% her
enbodi ment's, nodi fandtunderwendressotmnsemhen the tumors we:‘eeISOO-M(&h

2Ol read g, e, R o O S opdBtion, guice were rald¥RgDE {bﬁ§"‘§'p.v?.st
of the present .nvgnoups ofi/ 6r mice seagh.of The mice receivedpglaily

clai nms. 10
Chot 08 o ar ani milfntra eritoneal 1nject1 s ngt}h tvt\llteh piipiffed 1nh1b1tor% tasi s
Ehuman plasmmom er

i s inhibited by thérqﬁmmsygfi; STEInQEeR, ovhe

renoval of the pri ueine fwfﬁrtumor-_&anng animals, urine fropi SefAADMite?
variety ofgmirine LU e 3BaR stoup of tumor-bearing animals that had only a (
sham procedure was treated with saline injections.
Immediately after removal of the primary tumor, the mice
receive an intraperitoneal injection of 24 pug (1.2
mg/kg/day/mouse) of the inhibitory plasminogen fragments as
15 a loading dose. They then receive a daily intraperitoneal
injections of 12 pug of the inhibitory fragment (0.6
mg/kg/day/mouse) for the duration of the experiment. Control
mice receive the same dose of the whole plasminogen molecule
| after tumor removal. For the urine treatments, the urine of
20 . 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 urine concentrate, either from tumor bearing mice or .
normal mice, in two intraperitoneal injections on the day of
25 ~ removal of the primary tumor as a loading dose. They then
receive daily intraperitoneal injections of 0.4 ml of the
dialyzed and concentrated urine for the course of the
experiment. Treatments were continued for 13 days at which .
point all mice were sacrificed and autopsied.
3¢ ' | 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
35 shows the mean number of surface lung metastases that was




of inhibiting their owmn netastases, a Lew s |ung carci noma was
selected in which the primary tunor nost efficiently inhibited
- | ung netasW@PS2928/ ngenei ¢ C57BI 6/ J si x-week-old-male mce PCT/US95/05107

"were injected (subcutaneous dorsun) with 1 x 106 tunor cells. 20

Visible tunors first appeared after 3-4 days. When tunors -were
approximately 1500 mmjerr] in size, mce were random zed - into
two groups.” The primary tunor was conpletely excised in the
first group and left intact in the second group after a sham
operation. Although tunors from ) 3000 bited
growt h of netastases, M&‘ §F°rrmpthe mean. pfAisrrgﬂ‘?WPu@¢

that could be safely rgereupedfvmﬁdse thnIh she rifdary tumor presemnshowetone!

sacrificed and metastasgs, , The i 3, . Ve T RrifatY, fmpy, was

tumor, there were  30resected fand wereitreated nwithstsaline showededxtensivety

(S TEastases 57 metastagddl® THE 9@?@“@%‘%&}&*@0%%@&&@# |

correl ates plasminogenfragmentshowed ao, metastasesh cEhe prigei treated

d trated. There wasyahdGQ¥Hn . ,
PeCTn;)ngg?oglm ere wasyith?GRHolé CpeasiRihogeh éHWe&e'e&*EEns%e Metaseaséd

in the mce that had tHemcatm)rElmtemea/wﬁpmgmwsﬁaemolecule has no
in which the tunor rengnddtheliabcinhibitofyOactivity. Those mice treated with

I s exper o2l odela; i SROIECRhEAE) dyrin from tumor bEMn}"fice
- showed no metastases. Mice treated with concentrated urine
A : from normal mice showed extensive metastases. When the
- weight of the lung was measured, similar results were obtained
'(Flgure 9.
15 .
- Example 18
Amino acid sequence of murine and human angiostatin.
The amino acid sequence of angiostatin isolated
from mouse urine and angiostatin isolated from the human:
20 lysine binding site I fragment preparation was determined on
- an Applied Biosystem Model 477A protein sequencer.
Phenylthiohydantoin amino acid fractions were identified with
‘an on-line ABI Model 120A HPLC. The amino acid sequence
| determined from the N-terminal sequence and the tryptic
25 digests. of the murine and human angiostatin indicate that the
sequence of the angiostatin is similar to the sequence beginning
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
30 " 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 beginning amino
35 . ~acid sequence of the murine angiostatin (SEQ ID NO:2) is



5 | abel ed "Lewi s lung carcinoma - |ow nmetastatic" (LLC Low).
The tunor al so suppressed netastases in a nearly identical '
patt erweios/2982 D mice, which are deficient in both .B and PFT’US”/“IW :

| ynphocyt es. - 10 o Exanpl e 2

I solation of a variant of Lewis lung carcingma tunor that is

hi ghly nmetastatic, whether or not the pri tunor is

r enoved. _ A highly netastatic variant of Lewi s
| ung 15 carcinoma arose spontaneously fromthe LLC Low cel

| i ne of ' one group of mce and has been

i sol at ed shown uaigzm #g e Hength ifithe amino,ae1d seguenes e 1
and maybe ;i lomgerrorshicider thirs thatSHown ify thb(ﬁ“iguf@r B
nor e 1 than 30 visible lung netastases whet her or not. the
primry 20 tunmor is present.

Exanpl e 3 - Si' Ne teriminal mammawsisi and aypiic degests)f

[T]

Lumor cel g Wt of he aggive fractic]' S e TySind Hinling ite T(8Ee 1"

C57BI 6/ J nice wer eExamplenl 3) showpthatrdhet sequence of the fracnom/begmeaed

I nocul ated subcut Y ays
| ater the pri mryag’égﬁ%w;moﬁ‘ﬁlf% fgpa?ﬁ;m p::;nhnogen ce.
5, 10 and 15 days t ARGIOSHA nbéén OO us wi e muring ce
wer e SaC“ ficed. "hﬁ%\‘wsﬁﬁﬁam% ﬁﬁﬁ:rlrgfa&ﬂ §é<ili’ét?o°e of the human

wer e obt ed. Mce th an Jntact u

mi cronet dot ases i nAPEIOSIARR m @-‘Wé% A g dﬁa?h‘%‘@ﬂ in Figure 2,

Il'hese net gs;azes \/\GSEQ&D NO: 8} t‘ﬁhe dindnot atidosedderice ©f murine and _'35

. r n | not can r e

artor tamor  removapani Bppioiiatin Y boploalel I8! BRe"¢ T Lordiionding
internal amino acid sequences from plasminogen of other
species including porcine, bovine, and Rhesus monkey

15 .plasminogen, indicating the presence of angiostatin in those
species.
Example 19
Expression of human angtostatm in E. coli,

20 The pTrcHisA vector (Invitrogen) (Fig. 10) was used to

: obtain high-level, regulated transcription from the trc

promoter for enhanced translation efficiency of eukaryotic

genes in E. coli. Angiostatin is expressed fused to an N-

terminal nickel-binding poly-histidine tail for one-step

25 purification using metal affinity resins. The enterokinase

cleavage recognition site in the fusion peptide allows for

subsequent removal of the N-terminal histidine fusion peptide

from the purified recombinant protein. The recombinant

human angioststin protein was found to bind lysine; is cross-

30 reactive with monoclonal antibodies specific for kringle

regions 1, 2 and 3, and inhibits bFGF-driven endothehal cell
proliferation in vitro.

To construct the insert, the gene fragment encoding,

_ human angiostatin is obtained from human liver mRNA which

35 is reverse transcribed and amplified using the polymerase

At
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48 primary tunmor was renoved, reveal ed | arge ized
nmet-ast asesWISBIM42y as 5 days after operation. These net asteéséeis”égﬁgi&

. underwent a further 4-fold increase in volume by the 15th day

"~ after the tumor was renoved (as reflected by | gag wei ght and 5"
hi st ol ogy). Approxi mately 50% of the ani mals V\ﬁg had a primary
tunmor renoved di ed of |ung netastases before the end of the
experinment. Al animals with an intact primary tunor ' survi ved

to the end of the exper t

tunor cells within )éﬁgtqlg@ﬁegggactloquCR) anMPe&éﬁSrPﬁlHﬁ'g ;ﬁi%m Eeof)f
mrlltcl elt hstal ned \4\nht thrlilBlz\lrbaSe pairs encodes amindecacidsr83itoudP) iofj hunm

into the mce. e hi

[ ncorporatl ng BrdU i ngé‘lﬁ&mmogen Thepglrn(iﬁgﬁgge{ﬁgfﬁ#goas agg %4 lgﬁ?rraes
with an intact primr thmHKpnI site of pTroHisAquand | the: resultast grenstruct

ot oS o T rAfistotmeY liifo X1.PB (avmlaﬁlérﬂ%rﬂaﬁﬁﬂi%gégdli coli

nmet ast ases of “mce fr
renoved (Figure 3). Thaest celsng Am@i clone containing Kgg é’@ﬁ&f of

a primary tumor has nO%'Fi'éHfstA 2lone w4l transformed inot X1¢1B=E!. icofit hest ¢ells

of tunmor cells within

the left panel shows ERUWE gbtéfhﬁgdmez'é referred tq,gs the vectar, copbol £Bp; | .
lung in the presence oBodbehomes were purified identically asrdescribed beldw! or e

0.2 MHG £o0l0 m nut os | Expressing °8L@ﬁ§e§%¢f§3§&lﬁﬁ9pfér@%bfhlﬁ%vﬁ "

prot ei nase K (Boehri ngmanner. Colony llfl.&arofh heyrgene n
Eaﬁe:\’: Ié' fnggx W(,Zis Zencoding™ngrfstaih’ ]wé?e 3g?b%i] off fIPTG511ﬁp@Hgﬁﬁted
nitrocellulose filters and overlaid on an LB agar plate.
Following IPTG induction of expression, colonies were lysed
- 15 on nitrocellulose filters. The nitrocellulose lifts were blocked,
rinsed and probed with two separate monoclonal antibodies
(mAbs Dcd and Vap; gift of S.G. McCance and F.J. Castellino,
University of Notre Dame) which recognize specific
conformations of angiostatin. Strongly expressing colomes
20 recognized by the mAbs were selected.
To 1dent1fy the optimal time for maximal expression, |
cells were collected at various times before and after IPTG
" induction and exposed to repeated freeze-thaw cycles, followed
by analysis with SDS-PAGE, 1mmunoblottmg and probing
25 with mAbs Dcd and Vap.
: From these, clone pTrcHisA/HAsH4 was selected.
Induction with IPTG was. for 4 hours after which the cell
pellet was collected and resuspended in 50 mM Tris pH 8.0, 2
mM EDTA, 5% glycerol and 200 mg/ml lysozyme and stirred -
30 " for 30 min. at 40C. The slurry was centrifuged at 14,000 rpm-
for 25 min. and the pellet resuspended in 50 mM Tris pH 8.0,
2 mM EDTA, 5% glycerol and 0.1% DOC. This suspension
was stirred for 1 hr. at 40C, and then centrifuged at 14,000
_ rpm for 25 min. The supernatant fraction. at this step contains
35 expressed angiostatin. The E. coli expressed human angiostatin



estimated by counting percentage of positive nuclei at 250
power. The right panel of Figure 3 depicts an analysis of t ot al

| ung wev@Ps29282 t unors with primary tunors intact or renpP€FUSISHSIT - o
10 and 15 days after operation. Animals were sacrificed 6 30 ° hour s
after intraperitoneal injection of BrdU (O'ZE ng/ nouse) . WO 95/ 29242
PCT/ US95/ 05107 . - : 49

Exanpl e 4 I nhi bition-of angiogenesis in lung netastases in

t he presence of an intact pri rrary tunor.

To measure the degree vasgcul ari zati on ' met a.stases

. 5
ti ssues were stai néﬁaﬁm pugR tlteom05§e&§athetpﬁxglcal property of \jpati¥e- and
factor (an endot helg osminftl@atﬂﬁs hhr'e abilaty Qb' bind lysine. The E.r epliDako

Inc., Carpenteria, t.as rome&qnl e 1 hh i nt act
tumors formed a t hi G;q’\élat%ng_lgs us| BHrL 951 over a lysine-sepharosg,,
exi sting pul nonary (Phasniacia for Signia) c‘o&nnmldnt hetingle step) Elution ofcel I s

of i e vesgel 11 %ﬁe@m@w GOl 88 Wi 0,2 gbillon-amino--
e e tw@gweﬁﬁ; oo "”gerl 101
P! a
endot el 1l cel 3 o e et TR FLbAIRAERE w e
R i 3 W?ﬁ?@iﬂdﬁmﬁ?t o
i nocul ati ig had a Were pelleted And & uspen&ed 1850w Trid pRf7 5, SratRed & {
10,000 psi thrice chilling at 10 °C .m-between passes. The
lysate obtained was clarified by centrifugation at 10,000 rpm
for 30 min at 4°0C, and expressed angiostatin isolated over
lysine-sepharose (Fig. 11). |
15 | Purified E. coli expressed human angiostatin was
d1alysed 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
20 capillary endothelial (BCE) cell assays in vitro, as described in
EXAMPLE 8, pg.39. Similarly, the control clone containing
the vector 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
25 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 angiostatin, and controls were obtained from
: different induction and fermentation batches as well as seperate
30 purification runs, and were all coded at EntreMed, Maryland.
BCE assays were performed with these coded samples in a
blinded fashion at Children's Hospital, Boston.
The results of BCE assays of recombmant human
anglostatm showed that human angiostatin expressed in E.coli
35 inhibited the proliferation of BCE cells due to bFGF (used at 1




cuff of tunor cells around a pre-existing mcrovessel in the 20

lung. The netastasis was limted to 8 to 12 cell layers. There ,

. was no eviWOrsBIMR neovascul.arization around the nicrovesselPCI/USISO5107

and it did not contain any new mcrovessels. This was typical

' of the maxinmum size of an avascul ar pre-angi ogenic -
- In an i nohi st ochem cal anal ysi s of

nmet ast asi s. 25 _

ti ssue collected five days after the primary tunor was
resected (19 days after inoculation of the primary tunor),
the netastasis o surrounded a pre-existing vessel in the lung. -
“In contrast, in ng/ml) (Fighd2).akhesstankrrecombipantrangiostatin immedia
resected, the 30 at abou¥ PR | Ar4 3e€. 177 X, rdf‘ﬁféi
primary tunor ( bﬂn?n':ﬁtﬁ t s)for ﬁ?’la(*)nét éq'gwl'cgolpisaﬁd:?yz% ooa o
vessel s in net ast ases, Percent mhibition was;caleulated asfollawsi ¢ unor cel | s
within a netastasis are not affected by the primary tunor.

WO 95/ 29242 PCT/ US95/ 0510

50 5 number of cellg-withangiogtatin - number olgceli@tlgpy ry
tumor inhibits angi ogenekbi s-of .a_second tunor inplanted in the
nouse cornea. G owh of this second tu . : I s _1.nhipited 5
A0.25to0 0.5 mR2 Lewi s |ung turﬂb’fnq’(em@%mﬂ‘bFGFﬂme ) %50*9#5‘593&1% n
t he nouse cornea on day O. , (Mut hukkaruppan Vr., et al.,

Angi ogenesi s in the nouse . cornea. Science 205:1416-1418, 1979)

A pri t
Primary tH8" " The percent inhibition of BCE cell proliferation was

comparable or higher to that of plasminogen derived

angiostatin at similar concentrations. The results from a repeat
run of the BCE assay are depicted in Fig.13, where at a 1:5

dilution of the stock, recombinant angiostatin gave similar

15 ~ percent inhibitions to those obtained with plasminogen derived

angiostatin. Figure 13 shows the surprising result that human

recombinant angiostatin protein inhibits over 60%, and as

much as over 75% of BCE proliferation in culture.

20 o ~ Example 20
Angiostatin maintains dormancy of micrometastases by
increasing the rate of apoptosis. '
Following subcutaneous inoculation of C57 BL6/J
‘mice with Lewis lung carcinoma cells (1 x10°), primary
25 - 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 were
~ sacrificed and their lungs prepared for histological
- examination. Animals with resected primary tumors showed
30 ~ massive proliferation of micrometastases compared to sham
' operated controls (Fig. 14). These changes were accompanied
by a significant increase in lung weight. _
Analysis of tumor cell proliferation, as- measured by
uptake of bromo-deoxyuridine (BrdU) showed no differences
35 between animals with intact primary tumors or resected



formed by inoculating 1 x 10[err] LLGC Low cells subcutaneously 10 ~in
the dorsum either 4 or 7 days before the corneal inplant; - .. or
on t he wiaysmkaz he corneal inplant; or 4 or 7 days after PRE/USISOSI07 ~°
corneal inplant. Control mce received the corneal inplant but

not the subcutaneous tunor. Qther control mce received the

corneal inplant and an inocul ation of LLC H6§h tunor cells in 15

t he dorsum 4 days before the corneal inplant. The corneas wer e
eval uated daily by slit-lanp stereom croscopy for the ' growt h
of the corneal tunor (measured by an ocul ar mcroneter) and

for the growth of riaunoepiati3r§ andsk3 sdaysnindicating that thenineregsecin t he
| Tinbus. . 3 ek '
corneal ‘linbus.  2fmor mass could not be tXpldififd !B;{/l%%&ﬁséd’??ﬁ‘?%x‘/ag@ﬁ

primry ) { aneous {unpr, ] Ori corp )
devel oped (Fig. ngg)fa ardingly, oeell; death, yvas 'WQ‘?} in ghese after
cor neal : anihmsanA%fgglﬁsi%Dﬁ provess wingell Geatly that iPdependént the

vascul ari z corneal tunors reached approxi,natel v a 25 . . arter
of “the vol ge. of ¢ 1R \ABRges 1B, B4TF ERoresHIi. ALY ancoues for emination of T 7y
E ubcut aneousI LLC- Looelis: rdﬁu'ing ldevelopmeht iand il_ltmplidly proliferatingi tissweés
econe vascul ari ze t pr ry. r. : a .y at
| east 4 days or no?seﬁ%léf o?é\. tqg,'@cosrrhégr i‘mﬁéﬁ?‘%a&f%s examme.d % In
t he absence of neoviamunohistochemicallyndabelingofragmented BINA with thew y
as thin, white, avagrhli aﬁ?}i t {184 ;
However, if the prinmar ﬁt%;apr ﬂsﬁﬂg ﬁf‘kgﬁﬁﬁ%%%e (TdT) tec}mlﬁ P|e1 ﬁays
after thel@orneal i3RPRARHC mgsasbg%mn at each time, of sareificgedhihd 3/
corneal tumors gr ew&hoﬁmﬁﬁmnﬁmrs caused a statibdcally- Sigilficlrer i ng
sy

controls. In the PrEREBgs P 5% to 4%0ld) in R AIGHBALinde K O
~all times examined (Fig. 15). :
- Supporting evidence was obtained by treating mice with

15 ~ 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-
angiogenic activity. Subcutaneous injection of TNP-1470 (30

20 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).

25 : 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

30 metastatic growth by increasing apoptosis in tumor cells. These
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

35 of micrometastases. | - |



51 devel oped neovascul ari zation starting at day 7 after corneal
I npl antation and continuing to day 10. By day 10, the vascullﬂéj@g neal
oH

- tunors. agaW@M@¥42cached approximately a quarter of the vol whol e
. eye. T _ Tabl e 1. | nhi bition of tunor
angi ogenesis in the cornea by a primary subcutgapeous tunor. (Al primry -
tunors are LLC Low except (*) which is LLC-H gh). Day of eye inplant

0 0O 0 0 O O O Day of primary tunor inplant -7 -4 4* 0. none +4
+7 Nunmber of mice with new 2/10 0/9 2/3 2/3 6/8 3/3 2/3 corneal vessels at
day 10 S It would be expected that 0/10 corneas woul d show

‘neovascul ari zati on when the primary LLC Low subcutaneous tunor was -

i npl-anted 7 days before the eye tunor inpExamplec217). However, 2 of the

tumors (2/10) had bec%dgﬁﬁwEdm'?ﬁmﬁgﬁmywmr&eé@gtdﬁg v‘zﬁ? cnB).

Exanpl e 6 - Primary intact i s angl og s 1 nduced by a
secondary subcut aneous i nplAngiestatinswaspurifiedafrom kuman ptamn@mby.

Laout, e, 3457 TG BRI o AR ERAc 15 dove
| 9 od Kngiostat?n 'was resusp@ﬁded in phosphate-buffered saline for
administration into six week old male C57BI6/J mice. Animals
were implanted subcutaneously with 1 X 10° tumor cells of
either the Lewis lung carcinoma or T241 fibrosarcoma.
10 - Treatment with angiostatin is begun after four days when
tumors are 80-160 mm’ in size. Mice received angiostatin
injections in either a single injection of 40 mg/kg or two 80
mg/kg injections via intraperitoneal (ip) or subcutaneous (sc)
routes. Animals were sacrificed at various times after
15 treatment extending to 19 days. - o
Angiostatin, administered at a daily dose of 40 mg/kg ip,
produced a highly significant inhibition of the growth of T241
primary tumors (Fig. 17). This inhibitory effect on growth
| was visibly evident within 2 days and increased in magnitude
20 . throughout the time course of the study.By day 18,
angiostatin-treated mice had tumors that were approximately
38% of the volume of the saline injected controls. This
difference was statistically significant (p<0.001, Students
ttest). | 3 |
25 ~ Angiostatin treatment (total dose of 80 mg/kg/day,
administered 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.
30 ~ 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 which was significantly different
(p<0.001 Students t-test). .
In another series of experiments angiostatin was
35 - administered (50 mg/kg q12h) to mice implanted with T241

),



net astasi s, these studies do not reveal whether the primary tunor: :
i nhi bits endothelial proliferation (or angi ogenesis) directl org_él i)
i ndi r eqyd ysr4ziown-r egul ati ng the angi ogenic activity of PFI'Q?/ atic
tunor cells. To distinguish between these two possibilities, a focus of -
subcut aneous angi ogenesi s was i nduced by an inplant of _matri gel containing
basic fibroblast growmh factor (bFGF) (Pas#giti A et al., A sinple,
guantitative nmethod for assessing angi ogenesis and anti-angi ogeni ¢ agents
usi ng reconstituted basement nenbrane, heparin and fibroblast growh
factor. Lab. Invest. 67:519, 1992). WO 95/ 29242

:\D/aCtT/ US9|5/ ((35 107 t f%brosarcoma, IEew1s lung carcinoma (LM) obZeticulum cell

rlge an extrac of bas n ral r

cont ai ni ng either 33rema ﬁg?EmF gcﬁ E‘H\%‘ cell type, t.h@ “BF%&%%EB"BS
heparin, was inj ectangiostatin: hadosubstantiatlyereducedatumor size. Figureul9ace of

001 i Lo Leﬁ%haﬁﬁﬁ%%c&hkfﬁ“ﬂw Hbrosdtcoma, (hg“fgiitaih’ °°¢ ¢

measured td quant i tseased quice-hadi mean tiumom volumes that were onlyaQS% ®fi ousl y

been shown that th I
- matrigel is correl i& giﬂvf\fé%teﬁgﬂfé’% &gaiﬁ 24. Figure 20 dencentr t| on. ‘gol kman
J., Angiogenesi s adefWissIung, care1apma RL ),1@3 anglostatmﬂmta es in
Oncol ogy 1985" Wr&ééﬂtmno? volumes that were Shly 83%6€ tife ungeated hice

oo oS, 3.8, H PP 24, Figue 21, el %“ai%ﬂméi&ri% RSP o,
matrigel P@llets 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 angxostatm is an
extremely potent inhibitor of the growth of three different
15 primary tumors in vivo.

Example 22
 Treatment of human cell-derived primary tumors in mice with
angiostatin in vivo.

20 ' The effect of angiostatin on two human tumor cell lines,
human prostate carcinoma PC-3 and human breast carcinoma
MDA-MB, was studied. Immunodeficient SCID mice were
implanted with human tumor cells, and the mice treated with
50 mg/kg angiostatin every 12 hours essentially as described in

25 Example 21. The results demonstrate that the 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 tumor volume compared to the untreated control

30 mice at day 24. Figure 23 shows that for human breast
carcinoma MDA-MB, he angiostatin treated mice had only 8%

- of the mean tumor volume compared to the untreated control
mice at day 24. -



whi ch contained 50 ng/mM bFGF were conpletely red. They 15 wer e

heavily i nvaded by new capillary vessels, and contai ned - 2.4
g/ dl herogwabeanme2dsht ri gel which | acked bFGF was . PCTUSAS{OSIE ¢
and gray and contained only 0.4 g/dl henoglobin (a 6-fol d

- difference). In contrast, matrigel frommce wé& a : primary -
tunor contained only 0.5 g/dl (Figure 4). 20 The near
conpl ete i nhibition of ‘angi ogenesis in t hi s experinment
suggests that the presence of a Lewis lung ' primary tunor can
I nhi bit bFGF-induced angi ogenesi s - ' diregtly. 25
Exanple 7 Transfer of serumem*ﬂmph% -bearing animal to an
ani mal fr Gend Therapsp -PEffERt bof transfeetionbof the @Wi@ﬂaﬁn ene
suppr esses rTFt astas%%ﬁ ft f . F ce wer eg
inplanted with Lewis | QHgrWBPEVQswEe. 30 as déscribed above. After

15 days, when turrorz wer e fA 1380 base paimDNArsezjuenge fop @ngidstatih, derieed

m ce were randgni zed i . : r ' s \ent
conpl ete sur g?sc)al rese cﬁghﬁ%use plasmlnogfn? ﬁml @Wﬁﬁ&mﬁaﬁi nﬁgtgééﬁé\&gup '
the tunors were left i Type Culture Callectionf (&TE€CHancodingc4or mouse
"~ procedure). The mice i : 2 : i t

p ) pﬁég_ﬁxengg&? acids 1 £ SHOC W80 ﬁg@ﬁﬂ%d #éing PCR

received daily intrape I.nj ections

~ PCT/ US95/ 05107 and inserted into an expression vector. £Xpression vector
of saline, serum from RpdsTefrangfécted ke’ T fibrosarcoma cells and the
10 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-expressing
transfected cell clones were used in the experiment. Mean
15 ‘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.
 The mouse DNA sequence coding for mouse angiostatin
20 protein is derived from mouse plasminogen cDNA. The
mouse angiostatin encompasses mouse plasminogen kringle
regions 1-4. The schematic for constructing this clone is
shown in Figure 24. | |
_ The mouse angiostatin protein clones were
25 transfected into T241 fibrosarcoma cells using the
LIPOFECTIN™ transfection system (available from Life
Technologies, Gaithersburg, MD). The LIPOFECTIN™
reagent is a 1:1 (wiw) liposome formulation of the cationic
. lipid N-[1-(2,3-dioleyloxy)propyl]-n,n,n-trimethylammonium
30 chloride (DOTMA), and diolecoyl phosphotidylethanolamine
(DOPE) in membrane filtered water.
The procedure for transient transfection of cells is
as follows: -



serum frommice with 1500 nmB Lew s | ung carci nomas. The _ gr oup

of mce with the tunors left intact received ' I nt raperitoneal
sal i newenpsaodons. All nice were treated for 21 5  PCT/USYMSIOT ot or
whi ch the animals were euthanized and.| ung o - net astases were
counted.(Table 2). Table 2 -
Primary Tunor Renoved Primary 70 -

Tunor | ntact : Tr eat ment Sal i ne Serum from Serum
from Saline (I'ntraperitoneal normal m ce tunor-

I nj ections Injectlons) beari ng

m ce NP4 dicellsnare grown in 60 cni@ﬁ%ii@éﬁ&ure dishes, seed355
504 72 results were confirmed -

by lung weight. p = < ’ﬁi%%O’i 105 cells in 29l ﬁ | APPIeRHAte LTRWH { 1o
two groups [(55 & 50) nediym ﬁlpplemented mth%b}unﬁl mltar results have been

obt ai ned using angiostatin from = - - the uri ne of t unor - beari ng

ani mal s. 15 npl e 8

Bovi ne caf Ilary eﬂdothmuhate (theEgteldelat 32'Gyin a CO, mcubator until the BCE
cells are used betweeng a BCE
cells are plated ont o I Ni zeg ?gegﬂl@uent 2‘8111 usually 185% HPE P
37[err], 10% CQ err] e gmadm wamnglqeilaaypes e T241 Wmﬁfo 5 m
PBS) 24 well plates atcdllyeonflih rokihfiflely 70%. cells/well.
Cell counts are perforned using a' ermcy onet er. Cells are
plated in 500[err]l DVEM W th 10% heat -i nacti vat ed (56[err]C

for 20 nilQutes) bo8i nePrepdresthe: followitty solutiohsidn 12 ®575 mm sterite st r epf
(GPS). BCE cells are chal | enged as follows: Media

s rermv%%’eghd replaced with 250 | Jl of DVEM 5%
Solution A: For each transfectmn ilute S ug of DNA in

100 pl of serum-free OPTI-MEM I Reduced Serum
| Medium (available from Life Technologies) (tissue
15 ‘culture grade deionized water can also be used).
Solution B: For each transfection, dilute 30 ug of
LIPOFECTIN in 100 ul OPTI-MEM medium.

_ 4. Combine the two solutions, mix gently, and incubate at
20 - room temperature for 10-15 min.

5. Wash cells twice with serum-ﬁ_'ee_' medium.

6. For each transfection, add 0.8 ml serum-free medium to

25 each tube containing the LIPOFECTIN™ reagent-DNA
complexes. Mix gently and overlay the complex onto
- cells. o |

. 7. Incubate the cells for approximately 12 h at 37°C in a CO2
30 ~ incubator. -

8. Replace the DNA containing medium with 1 mg/ml
selection medium containing serum and incubate cells at
37°C in a CO; incubator for a total of 48-72 h.

35 | |



BCS/ 1%3PS. The sanple to be tested is t hen added to wells.
(The anmount varies depend| ng on the sanple being tested)
Pl at es ar eWpI958842at 37[err]C/10% CJerr] for approxi matel >?¢If6’s95'0510v\o

95/ 29242 PCT/ US95/ 05107

54 mnutes. 250 [err]l of DIVEM % BCS/ 1% GPS with 2ng/ m
bFGF is added to each well. The final nedia is ElOO[err]I of
‘DMEM 5% BCS/ 1%3PS/ with 1 ng/m bFG-. The plate is ~ returned to
37[err]C10% Cgerr] i ncubat or for 72 hours. 5 At day
4, cells are counted é’ ving the medi um and then
trypsinizing all wells s$ay tGelb exiractsafor gene activity fasr 48-72 B post

m nutes. The suspended celﬁﬁngfeg ibgen transferred to
scintillation vials with 9.5 Henetal | and counted using a
Coul ter counter. A unit of act|V|ty is that anount of serum 10

cont ai |m nghagglt Ostat:cn thatTranm(;!éu ﬁcelns Féaﬂllfe ressayed- for expresslon of
maxi mal i nhi ion o en elial prolif
endot hel i al ll.s are &ﬁﬁ#&g& “_Ls Rg/ ANELQS af@ﬁBG\éiﬁc antibodies.

Exanpl e 9 .15 SeAlternatively cafteleabomg 10Rb4 Idays) G4t zesistantdolohiesy
:)‘rjgﬂ Ceration in - (Llifppeated xﬁ*tpé'éM?aﬁiéxhéféﬁne&gﬁéﬁ%ké&'rﬁﬁB@m JAlso,

~capillary endotheli al a aumber of clones weraiseen in the vectonyalone itransfected
fibroblast growh factdonedfdt ﬂot'“ﬁ{ the ug&ﬁn?fe?:?ed cloties. The'G418 resistant
proliferatiogyassay. P ones r\»lljemreoselecte 'for their & expressmn of angiostatin, using a

immunofluorence method.
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

15 and 26.
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
20 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 tumor volumes were only 21% and 34% of the
“control tumor volumes, respectively. These results
| demonstrate that the DNA sequences coding for angiostatin can
25 " 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 vive to
reduce tumor growth.

30 Example 24
. Localzzatwn of in vivo site of angiostatin expresszon
To localize the in vivo site of expression of
angiostatin protein, total RNA from various cell types, Lewis.
lung carcinoma cells (mouse), T241 fibrosarcoma (mouse),
35 and Burkitt's lymphoma cells (human), both from fresh tumor



added to these cultures inhibited endothelial cell proliferation

I n a dose-dependent and reversi ble manner. Normal seru was
not i vwobsnpe2ay (Figure 5). Endothelial cell proliferat %ﬁrws’ms'm ' was’
inhibited in a simlar manner (relative to controls) by 25 serum
obtai ned from tunor-bearing nu/nu mce and SCI D ~ mce. After
the primary tunor was renoved, angiostatin 72 activity

di sappeared fromthe serum by 3-5 days.

Tunor - bearing serum al so i nhi bited bovi ne aort | c endot hel i al
cells and endothelial cells derived froma spont aneous nouse
hemangi oendot hel i o

Laborat ory I nvesgyggh oﬁﬁﬂml% ﬂter several R@ﬁﬁﬁ?%@%@ghgpla&ie%ew ved
cell line, Its use ﬁemum&hefpnesence of angiostatin sransgripts EniNartherm!

Cell Biology," Lab s .of°

Biol : % 16¥)>showed an absence 269 any°Qghaf did
t hibit L
22 " 'fibrogwaitgy%ﬁﬁngw%&btcgnm@maﬂmhgesscph&amf. or

Lo, bres ] soesal e iy RNA. howiag 8 sogle ygfER < 1

i nhi bit netastases! PHB&L“%?C ymht‘bl&% g’ ng to %nzmse plasminogen.
Northern analysis of human samles show an absence of any
signal hybridizing with human anglo_s_taun sequence from all
samples except that of normal human liver RNA showing a

10 single signal of approximately 2.4 kb corresponding to human  {
plasminogen.

Reverse transcnptxon ‘polymerase chain reaction
(RT-PCR) analysis showed an absence of any product from all
samples probed with mouse angibstaﬁﬁ sequences except that

15 of the normal mouse liver. RT-PCR analysis showed an

~ absence of any product from all human samples probed with
human angiostatin sequences except that of the normal human
liver (expected size of 1050 bp for mouse and 1134 bp for
human).

20 : 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

25 produced by the above human samples. The positive signals
obtained in normal mouse/human liver is from hybridization
with plasminogen. | :

Example 25

30 | Expresswn of Angiostatin in Yeast

The gene fragment encodmg amino ac1ds 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
35 yeast Pichia pastoris. Similarly, the gene fragment encoding



endot heli al cell prollferatlon In vitro. Serum fromm ce

beari ng P{Drl marX tumor of the LLG-H gh did not significantpyrigsdsidr.
prolifera %FGF- stinul ated bovi ne capill ary endot hel | cells
relative to controls Al so, when this serumwas subjected to the first tvvo
. steps of purification (heparin-Sepharose chromatzyraphy and gel

" filtration), angiostatin activity was not found in any fractions. -
Exanple 11 Ascites-fromLewis lung carcinonma (low netastatic), also

generates angi ostatin serum M ce recei ved i nt raperitoneal
i njections of either LLaminw acids!93 té 470 ofthunsz | en Wwasaolbnedeinto

Mesenter ¢ tumor seed ﬁﬁ%@gﬁ&sﬂl@fﬁ B RIS ﬂfﬂ fn gt i e
obt ai ned b)t/) cardi ac pungecneted %’[‘g‘ﬁﬁg?;é@%ﬁg;}:fmg lthmmffacgg;é;elcretlgg
non-t unor - bearing nice gHAIGH e dp 3ok é@ otihﬁ

renove cells, d the supernate wa assaye vin el'Tal
cel I's stinulated by bFCROZIOSRfINProteiRein-thessl systgms axill gecmmgy advaniages
fromboth tunor types sbvepltﬁbgé §¢& t R ot F &l | ﬁ’m
endothelial cells (e.g 100% rﬁgi on over copntro s a ter our
(Figure 6). In cont r ast PrtEIn, ‘ﬁ% énﬁdk@c#m anchusive of

endot hel i al cell prolifglytosylatiemhi biti on to 79% of controls). The serum
{Dglmutsggl 8'5%87”'“ astatic |ine was ey 0li8h ¥ séhte ff P pastoris’§t d2séiBedin )
Sreekrishna, K. et al. (1988) High level expression of
heterologous proteins in methylotropic yeast Pichia pastoris.
J. Basic Microbiol. 29 (4): 265-278, and Clare, J.J. et al.
(1991) Production of epidermal growth factor in yeast: High-
level secretion using Pichia pastoris strains containing multiple
15 gene copies, Gene 105:205-212, both of which are hereby
mcorporated herein by reference.

. Example 26
 Expression of angiostatin proteins in transgenic animals and
20 plants
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. Additionally edible
25 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
30 applications, Semin. Cell. Biol. 1994 5(5):315-325, which is
hereby incorporated herein by reference.
It should be understood that the foregomg relates
only to preferred embodiments of the present invention, and
that numerous modifications or alterations may be made



56 These data show that the ascites of the | ow
netastatic |ine contains a predom nance of endothelial growth

stimul atYPISVM2angi ostatin. This condition is anal ogous tRETAISISHSI07
solid primary tunmor. Furthernore, angiostatin activity appears 5

in the serum as though it were unopposed by stinulatory

activity. This pattern is simlar to the solddl primary tunor

(LLGC-Low). The ascites fromthe high nmetastatic tunor

(LLC-Hi gh) al so appears to contain a predonm nance of

endot helial cell stijulator, but angiostatin cannot be identified 10

in the serum therein without departing from the spirieandeth#?scope of the
Fractionation of angg ' SR ' PRI

chr omat ogr aphy and an%tgqs ag%égﬁl\%nﬁﬁ#{&rﬁw&lpgafqlm'ons by 15

SDS- PAGE. To purify the angiostatin(s), serum was
pool ed fromtunor-bearing nmice. The inhibitory activity,
assayed ~according the above-described in vitro inhibitor
activity assay, was sequentially chromat ographed using -
hepari n- Sephar ose, 20 Bi ogel AO 5nm agar ose, and several cycles of
CA-reverse ' - - phase high performance |iquid chromnat ography
(HPLCO) . SDS- PACGE of the HPLC fraction which contained

endot hel i al - inhibitory activity, reveal ed a discrete band of
appar ent reduced Merr] O 38,000 Daltons, which was purified
25 approximately 1 mllion-fold (see Table 3) to a specific
activity of approximately 2x10[err]. At different stages of the ' _'(
purification, pooled fractions were tested with specific

antibodies for the presence of known endothelial.inhibitors.
Pl atel et factor-4, thronbospondin, or transform ng growth 30
factor beta, were not found in the partially purified or purified



fractions. Bi 0-gel AQO 5m 69. 96

41. 4 HPLC C4 2x10[ err] I.2x|0[err; :
unist- of »acW09S29242s t hat anmpunt of serum contai ni ng angi ost aREHUSSHS1A7s -
capabl e of- produci ng hal f-nmaxi mal inhibition of capillary endotheli al
proliferation when endothelial cells are incubated in bFG-F 1 ng/m for 72-
hour s. _ I L Ex le 13 Fractionation of

angi ostatin fromurine by colum chromat'dgraphy and anal ysis of

growt h-inhibitory fractions by SDS-PA GE. '
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Purification of the endothelial cell inhibitor(s) fromserumis hanpered by
the small volunme of serumthat can be obtained fromeach nouse and by the
| ar ge WO9S®924df protein in the serum Uri ne BCHPIBONY pear | ng
m ce was anal yzed and found that it contains an inhibitor of endothelial
cell proliferation that is absent fromthe urine of non-tunor bearing -mce
and frommce with LLGhigh tunors. Purification of the endothelial cell
inhibitory activity was carried ou?6by the sane strategy that was enpl oyed
for purification of serum (described above) (Figure 7). Fi gure
7 shows C4 reverse phase chromat ography of partially purified serum or
urine from tunor- bear(?hgn&'ﬁﬁml’@“ POR SER.ER i"‘@n% vere assayed on bovine

capill ary endot heli al ceI .r proliferation assay as
descri bed in Exanple 8. A hﬁﬁbﬂ ;tih n was seen in both
cases eluiing at 30 - 35% ace Qn bE | on 23. SDS-pol yacryl am de
gel el ectrophoresis of inhibit®rgrhianEbiess rom the third cycle of C4
reverse phase chromatography ) EePemGYfrnmaatunDr-bearl ng ani mal s showed a
singl e band about 38,000 Dal tons. WD 95/ 29242

PCT/ US95/.05107 : (ii) MOLECULE TYPE: protein 58

Exanpl e lﬁ qrgﬁg ﬂ;ALon f circulating angi ostati n.

Endot hel i al inhibition \svas assaye accorxégng to

{vi) ORIGINAL SOURCE:
{A) ORGANISM: Murine

15
20 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:1l:
Met Asp His Lys Glu Val Ile Leu Leu Phe Leu Leu Leu Leu Lys Preo
1 S . 10 15 :
Gly Gln Gly Asp Ser Leu Asp Gly Tyr Ile Ser Thr Gln Gly Ala Ser
25 _ 20 25 _ : 30
. Leu Phe Ser Leu Thr Lys Lys Gln Leu Ala Ala Gly Gly Val Ser Asp
35 40 , 45
30 Cys Leu Ala Lys Cys Glu Gly Glu Thr Asp Phe Val Cys Arg Ser Phe
- 50 55 60
Gln Tyxr His Ser Lys Glu Gln Gln Cys Val Ile Met Ala Glu Asn Ser
X 65 70 75 . 80
35 '
Lys Thr Ser Ser Ile Ile Arg Met Arg Asp Val Ile Leu Phe Glu Lys
_ 85 90 95
Arg Val Tyr.Leu Ser Glu Cys Lys Thr Gly Ile Gly Asn Gly Tyr Arg
40 . 100 105 110
Gly Thr Met Ser Arg Thr Lys Ser Gly Val Ala'Cys Gln Lys Trb Gly
115 120 125
45 . 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
145 : 150 155 ' 160
50

Gly Pro Trp Cys Tyr Thr Thr Asp Pro Asp Lys Arg Tyr Asp Tyr Cys
165 170 175



5 t he procedure described in Exanple 9. Angiostatin was
i sol ated on &chropak HPLC C4 col umm. (Synchrom Inc.

Laf: ayettewolﬁ%” e inhibitor was eluted at 30 to 35% PCT/US9SNS107
acetonitrile gradient. On a sodium dodecyl sulfate _

: pol yacryl am de gel el ectrophoresis (PAGE) gel under 10 reduci ng

- conditions ([err]-nercaptoethanol (5% v/v), the protein band
with activityeluted at 38 kil odaltofk. Under non- _ reduci ng

conditions, the protein with activity eluted at 28
kil odaltons. The activity is found at sim | ar points whether the
initial sanple was3r8otkst 8uc fGFlunfys iGl Ghu Fi@rﬁ%eﬂ%ﬁm’ryr Q% Ser Glxcﬂ\vw?

was not detect ed vvlth any ot H&® bands. 19Rctivity

assoct ated Wt  NybaoHl>cpSoste Witye mr et ser FApLIARLELH] Sl

10 m nutes§ or tre trypsin 200

activity was extracted with a water/chl oroform _ m xture (1:1),
the activity was f GundaspnSeheslagsen Propinas@la i@ Gly Tyr INW Pro Ala Lys Phe
Exanpl e 15 : 210pyri fication of2151h| bitory fragn@®s from hunman

pl asm NOgEN: P : | asm no en I ysr ne binding site | was
obt ai ned "~ 25 zggﬁﬁfn?“!‘:?gﬁ?é‘ Hr‘e?éga*e'cbﬁ‘b Erﬁ‘a?ﬁ? AR FY gl“
purified human pl asm n n after.di gest with el ast ase.
Lysine Prdi xY BGo ShrbCoys PRbatICdni Msbhbso FRRNG/s aSg arrBOFI k0N
of pepti des that copamin, in aggregapsp at |east the #39s '
t hree 15 triple-loop structures (nunmbers 1 through 3) in the-
plasmin A 30  C¥s Asphiile RrRr Arg)Cy¥s 1The2 FRY PrQSbtq Pup-Bron 8oy Ser, Preefthy| .. .
in Progress in @8nical Fibrinoly85s and Thronbol ¥dPs. Vol . 3,
191, i £hS.0 I S r

and 20 W%n%n&%ngz Lew f‘yt;t.cé?oﬁg:giya et E%‘ %Bﬁy%r C 850\(':1:}% 47(&':“}732}3)142

©(1979)). Pl asm nogen |ysine b| nding site | (Sr gma Chem cal 35
Conpany, St. Loui sVvVaM3Jhrnalsl rmusnen&edrnmcmtcam Ayl Trp Ser Glu Gln Thr Pro

290 295 300
25 His Arg His Asn Arg Thr Pro Glu Asn Phe Pro Cys Lys Asn Leu Glu
305 310 315 . _ 320
Glu Asn Tyr Cys Arg Asn Pro Asp Gly Glu Thr Ala Pro Trp Cys Tyr
_ 325 . 330 335
30 : .
. Thr Thr Asp Ser Gln Leu Arg Trp Glu Tyr Cys Glu Ile Pro Ser Cys
. - 340 345 350
Glu Ser Ser Ala Ser Pro Asp Gin Ser Asp Ser Ser Val Pro Pro Glu
35 358 ' 360 365
Glu Gln Thr Pro Val Val Gln Glu Cys Tyr Gln Ser Asp Gly Gln Ser
370 _ 375 ' 380
40 Tyr Arg Gly Thr Ser Ser Thr Thr Ile Thr Gly Lys Lys Cys Gln Ser
385 . 390 © 395 400
Trp Ala Ala Met Phe Pro His Arg His Ser Lys Thr Pro Glu Asn Phe
- 405 410 - 415
45 _
Pro Asp Ala Gly Leu Glu Met Asn Tyr Cys Arg Asn Pro Asp Gly Asp
420 o 425 430
Lys Gly Pro Trp Cys Tyr Thr Thr Asp Pro Ser Val Arg Trp Glu Tyr
50 435 440 445

Cys Asn Leu Lys Arg Cys Ser Glu Thr Gly Gly Ser Val Val Glu Leu
450 455 460 '



WO 93/ 29242 ' PCT/ US95/ 05107

59 applied to a C4-reversed phase columm that had been
equi | i byatesdeapt h HPLC- grade water/0. 1% TFA. The col uim PCT/US9508107 Was
eluted with a gradient of water/0.1% TFA to

acetonitrile/0.1% TFA and fractions were collected into 5

pol ypropyl ene tubes. An aliquot of e ch was evaporated in a

speed vac, resuspended wth water, applied to BCEs in a

proliferation assay. This procedure was repeated two tines for
thelnhlbltoryfractlon u m |.ar_gradi ent on
The inhibitory acti\j &Fg%eé't 53'0 O/P% gf’én % %fgglﬁsp Ser Gly, ‘f'mf aég
final run of the C4 coI um. SDS—PAGé of t he i nhi b|tory
fraction reveal ed 3 ofssgéttrgr bARdasOc1PRAT @8 Tyr Arg Gly Lys TRElUQadval Thr
mol ecul ar nAss of 40, 42.5, and 488kd. SDS-PAGE 490 under 495
non-reduci ng conditions reveal ed three bands of nol ecul ar mass’

30, 32.5, and 35 kd MES@&FF’VE’%{% Pro fys Gln Gly Trp Ala Ala Gln Glu Pro His Arg
Exanple 16 | ExtractTon of inhibitor ysoéct ivity from So&%pacE

Purified i @b' bi t or y !-{J.rsa§éf gGhe ljl'feoﬁx.h%gncln Thr Asn Pro %Qsﬁﬂﬂgﬁr},&a&ﬁﬁ Lys
purifications were resol vegipy SDS- PAGE 2@32¢ under nomzglenat uring
conditions. Areas of the-gel correspondi ng to bands seen in
nei ghboring | anes | dedeTynCirh Arg Asn Pro Asg By sepeVahshe@lybPrsiTreefys Tyr
st ai ni ng e cut from¥%¥e gel and 535 ~ incubated $4P 1 nl of

phosphate ffered t 4] e C for
pol ypropyl ene tubess‘q?he sg‘ %r%ﬁt L?“ef%("/eﬁfp %?s’g " §<Ji (r}:r(?l AR é*é@ (
tw ce against saline tor 6 hours ( :

Ala Ser Ala Ser Ser Phe Glu Cys Gly Lys Pro Gln Val Glu Pro Lys

20 565 _ 570 575
Lys Cys Pro Gly Arg Val Val Gly Gly Cys Val Ala Asn Pro His Ser
' S80 - 58% 590
25 Trp Pro Trp Gln Ile Ser Leu Arg Thr Arg Phe Thr Gly Gln His Phe
595 . 600 : 605
Cys Gly Gly Thr Leu Ile Ala Pro Glu Trp Val Leu Thr Ala Ala His
© 610 . 615 620 :
30 . .
Cys Leu Glu Lys Ser Ser Arg Pro Glu Phe Tyr Lys Val Ile Leu Gly
625 630 635 640
Ala His Glu Glu Tyr Ile Arg Gly Leu Asp Val Gln Glu Ile Ser Val
35 645 650 655
Ala Lys Leu Ile Leu Glu Pro Asn Asn Arg Asp Ile Ala Leu Leu Lys
660 665 670
40 Leu Ser Arg Pro Ala Thr Ile Thr Asp Lys Val Ile Pro Ala Cys Leu
’ 675 680 685
Pro Ser Pro Asn Tyr Met Val Ala Asp Arg Thr Ile Cys Tyr Ile Thr
690 695 700
45 ' : ' :
Gly Trp Gly Glu Thr Gln Gly Thr Phe Gly Ala Gly Arg Leu Lys Glu
705 710 715 . 720
Ala Gln Leu Pro Val Ile Glu Asn Lys Val Cys Asn Arg Val Glu Tyr
50 . : 725 730 735

Leu Asn Asn Arg Val Lys Ser Thr Glu Leu Cys Ala Gly Gin Leu Ala
740 , 745 . 750



8000) and tw ce against distilled water for 6 hours. The '
di al ysate was evaporated by vacuum centrifugation. The r oduct
was resuspwodse9242 sal i ne and applied to bovine PC@'@H’F’P@\‘L&YI .
endot helial cells stinulated by 1 ng/m basic 30 fibroblast growh
factor in a_72 hour assay. Protein extracted fromeach of the
three bands inhibited the capillary endgéhelial cells. WO
95/ 29242 _ o : PCT/ US95/ 05107
60 ' Exanpl e. 17 _
Pl asm nogen Fragment Trga} @)tvall Web @Rr cys Gln Gly Asp Ser Gly Gly FYoCEeWWhE cys
inplanted with Lewi s | ung car crgsonas 760 and underwent me8secti ons
when the tunors were 1500-2000 ~ 5- mjerr]. On the day of '
operation, mice were rabRbo@lrckd/s Asp I§s Tyr Ile Leu GlmyG3up@rlofhp SercBrre§dn Leu
The nice received daily 770 i ntrap@Ptoneal “injecti 6% with the
three purified inhibito fra nt.s o 1 '
whol e human pl asmi nogen$Z§ Cys Ala Arg Prﬁr%ﬁglﬁg?o%f’t é}?g&qgg%g %{na#rg% s,ser 2’5%
urine fromnormal nice, 10 or saline. One group of tunor-bearing '
animal s that hHX only aphe val Asp Trp Ikaclypnesasiuw Met\vargtXxsrafes W th saline
i njections. | medi atel y &t er renoval of 8Be primary tunor,
the mce receive an intraperitoneal injection of 24 [err]g
(1.2 ny/ kg/ day/ nouse) of the inhibitory plasm nogen fragnents
as 15 %P a | oadi ng dose. They then receive a daily intraperitoneal

2

i nj ections of T2 [err]g of zhewdoaipida ur [SEB0EE No: 4 . 6 -

(i) SEQUENCE CHARACTERISTICS:
- {A) LENGTH: 339 amino acids
20 (B) TYPE: amino acid .
(C) STRANDEDNESS:
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

25
(iii) HYPOTHETICAL: NO
_{vi) ORIGINAL SOURCE:
. (A) ORGANISM: Murine
30 ' .
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:
35 Val Tyr Leu Ser Glu Cys Lys Thr Gly Ile Gly.Asn Gly Tyr Arg Gly
1 5 10 15
Thr Met Ser Arg Thr Lys Ser Gly Val Ala Cys Gln Lys Trp Gly Ala
20 25 _ 30
40 | IR
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
45 50 : 55 ' . 60 '
. Pro Trp Cys Tyr Thr Thr Asp Pro Asp Lys Arg Tyr Asp Tyr Cys'Asn
65 70 75 _ 80
50 Ile Pro Glu Cys Glu Glu Glu Cys Met Tyr Cys Ser Gly Glu Lys Tyr
85 90 _ 95
Glu Gly Lys Ile Ser Lys Thr Met Ser Gly Leu Asp Cys Gln Ala Trp
100 : 105 . 110
55 _

Asp Ser Gln Ser Pro His Ala His Gly Tyr Ile Pro Ala Lys Phe Pro
115 120 . 125



ng/ kg/ day/ nouse) for the duration of the experinent. Control

m ce receive the sane dose of the whol e plasm nogen nol ecul e . _

after tWO@S292oval. For the urine treatnents, the urine X§I/USS@S107° - -
normal or tunor bearing mce is filtered, dialyzed extensively,

| yophilized, and then resuspended in sterile water to obtain a

250 fold concentration. The mice areggiven 0.8 nml of the '

di al yzed urine concentrate, either fromtunor bearing mce or

normal mce, in two intraperitoneal injections on the day of 25

removal of the prinmbdet Lys§Misnafed LiydaltNgshla9e. cyld @Y s tAMANPro Asp Gly Glu Pro
receive daily intraperitusmeal injectionsiad 0.4 nl of theldo

di al yzed and concentrated urine for the course of the
experiment. .Tr eat ey Rep Sreofks FhediFrofhy dsgafxe Fhr fiyschrg Trp Glu Tyr Cys

poi nt all m'sce- were ¥8crificed and atﬁsd’psi ed. 30 198 , Hhe
results of the experifiehio 48 &P'Wsifhr Thr Pro Pro prg';w 850 Be@Nbkd TnEingur
8 shows surface |ung netastases afiger 1kge 13 day treat et .
Surface lung .-netastases refers to the nunber of netastases
seen in thdll ungs ofGirheysiles Wys SI¥oPpIyGly Glu Asn Tyr Axd 6lerMborVal Sstdfad
was used 'to count the netastas®®? Figure 8 3E8S shows t hE®%hean

gg})leJrSQEI Ogl{rOf?ace ! LIH%. qgi assetraéleys Lgrga'{‘hr\,\@;?s Gln Az\'/g)ng/Sze%é%gu gz:sz Thr Pro His

195 200 .
counted andst he standard error of the nean. ,gs shown, the
group of mce wth tiwy His ThyAfdME RFCERNASANPANE Pr8CCys Lys Asn Leu Glu Glu
net ast ases. The m ce i n2which the prinargi%unor was 220 resect ed ‘

and were treated with saline showed extensive .
Asn Tyr Cys Arg Asn Pro Asp Gly Glu Thr Ala Pro Trp Cys Tvr Thr

20 225 1230 235 240
Thr Asp Ser Gln Leu Arg Trp Glu Tyr Cys Glu Ile Pro Ser Cys Glu
245 250 . 255
25 Ser Ser Ala Ser Pro Asp Gln Ser Asp Ser Ser Val Pro Pro Glu Glu
260 ' 265 . 270
Gln Thr Pro Val Val Gln Glu Cys Tyr Gln Ser Asp Gly Gln Ser Tyr
27% 280 285
30
’ 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
35 305 310 315 320
Asp Ala Gly Leu Glu Met Asn Tyr Cys Arg Asn Pro Asp Gly asp Lys
' 325 330 335
40 Gly Pro_-Trp
45 (2) INFORMATION FOR SEQ ID NO:3:
(i) SEQUENCE CHARACTERISTICS H
{A) LENGTH: 339 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS:
50 . (D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

: - (iii) HYPOTHETICAL: NO
55 (vi) ORIGINAL SOURCE: .
(A) ORGANISM: Homo sapiens



5 met ast ases.
pl asm nogen fragnent showed no netast ases.
wi th whol e WOMSEPMBgen showed extensive netastases
that the whol e pl asm nogen nol ecul e has no
~inhibitory activity. Those mce treated with
. concentrated urine fromtunor bearing m

nmet astases. Mce treated with concentrated urine

10

The mce treated with the human derived
The mce treated

PCT/YRFO3Y i ng
endot hel i al :
di al yzed and
showed no
from nor ma
wei ght of the |ung
(Figure 9). 15

m ce showed extensive netastases. Wen the

was neasured, simlar results were obtained

Exanpl e 18 Am No @) dSECMIENEE CESORIFTUON NSEQNID INoEmN

angi ostati n. The ami no aci d sequence of angiostatin

i sol ated f r‘vh Bt deuusemBlaysahys F5r BIvn2sr Al Bt PeBAvirharg cly
human - 20 5 |ysine binding site3 fragnent prepatdtion was deternthed
on

an Appli | t
Phenyl t hi ohydant oi n am-nﬁgag%lg%%?a%%
an on-1ine ABI Mdel

ons re i

W't h

M?{-’e:'. 541;‘6\33%%3%; glazsqggeaﬁ:eiys ';‘zé'p Ser Ser

120A HPLC. The am no acid sequence

determi ned frodft he Nt eThyi Aet Byocionaeg cire Ale Pheygeri ero A8 Thr His Riogost Slu

of the murine and hunman angi ost3®tin indicate th#0 the

ni n at
g'ﬁfé‘ gro Asp Asn Asp aPrﬁongln Gly

of the angiostatinis si#yl r tG t he
ami no aci d nunber 98 of rEﬁr‘é Pa lﬁffﬁ.u ;
acid sequence gk the angiostatin is a nol ecule
protein having a nol eculpo wep @k Bfr BRE WBRNAsp 3P0
ki | odal tons and 45 kil odésl t ons ‘as det er med

pol yacryl am de gel el ectrophoresis and having an
sequence subst %Bti al |y sthfi ke G158 E¥Faflecly &M CHe
fragnment begi nffirng at amno acid nunb&P 98 of

pl asm nogen nol ecul e. Thg
murine angi ostatin (SEQ I

§eq ence beqi
8%e

r

. in . _
ﬁﬁg'g?ﬁiggiaELPQbys gﬁ% Met

Ser Gln Ser Pro His

25 Asp Ala His
115 120
Asn Lys Asn Leu Lys Lys Asn Tyr
130 135
30
Arg Pro Trp Cys Phe Thr Thr Asp
145 150
Asp Ile Pro Arg Cys Thr Thr Pro
35 165 _
Gln Cys Leu Lys Gly Thr Gly Glu
180
40 Thr Val Ser Gly His Thr Cys Gln
195 200
Thr His Asn Arg Thr Pro
210 215
45 7 -
Asn Tyr Cys Arg Asn Pro Asp Gly
225 230
Thr Asn Ser Gln Val Arg Trp Glu
50 245
Ser Ser Pro Val Ser Thr Glu Gln
260
55 Leu Thr Pro Val Val Gln Asp Cys
275 280

45 sequence

. conprising a
Glu Lys 2R8I Bd WBH @lvy O asp

sy reduci ng 80.
amno acid
Met His Cys Ser ﬁp%sqﬁun gyr
90 an i ntact nuftne

ser 8% LICGHERGE Ak A rrp
105 110
Ile Pro

Ser Lys Phe Pro

125

Gly Tyr

Asn Pro Arg Glu Leu

140

CYs Arg Asp

Pro Asn Lys Arg Glu Leu

155

Trp Cys

160

Pro Thf
175

Pro Pro Ser Ser Gly

170

Tyr

Val Ala
190

Asn Tyr Val
185

Arg Gly Asn

Gln
205

His Trp Ser Ala Thr Pro His

‘Glu Asn Phe Pro Cys Lys Asn Leu Asp Glu

220

Lys Arg Ala Pro Trp Cys His Thr
235 1240

Tyr Cys Lys Ile Pro Ser Cyé Asp
' 250 255

Leu Ala Pro Thr Ala Pro Pro Glu
265 270

.Tyr His Gly'Asp Gly Gln Ser Ty

285 -



WD 95/ 29242 PCT/ US95/ 05107

62 shown in Figure 1. The length of the am no acid sequence
may be woiogidasy | onger or shorter than that shown in the PETJIS9505107

1. N term nal amno acid analysis and tryptic

di gests 5 of the active fraction of human |lysine binding site.l
(See Exanpl e 15) show jhat the sequence of the fraction
begi ns at approxi mat el ¥ am no acid 97 or 99 of human

pl asm nogen and t he hunan angiostatin IS honnrogous with the
mur i ne A28 o542t egi npin 0 .aci S eg of
human 10 angi gs }%%g(és rars erhl% ?‘ %hﬁgr aci gy f %2%\?\%% 1) |1£¥Bre
2, : (SEQ ID NO 3). The anlno aC|d sequence of nurine and

human angi ostati n | SexOsPaMRE THY Pr@ Wi Rrd ®is WInCEPHMUrNPro Glu Asn Tyr Pro

i nternal anfno aci d ®squences from pl&9m nogen of'othéﬂs ' 320

speci es including porcine, bovine, and Rhesus:nonkey

pl asni nogen, i ndi cat‘?sl’?g”tﬁé‘lﬁr’e%’eg'gg Mst AstyiTest ngl' @SPhB%Asp Ala Asp Lys

speci es. . 335
Expr essi onjgf human éggbpgﬁ inin E coli. The pTrcHi sA
vector (Invitrogen) (Fig. 10) was used to obt ai n hi gh-1evel,
regul ated transcription fromthe trc _ promnot er for enhanced
translation efficiency of eukaryotic genes in E. coli.
Angi ostatig is expressed fused to an N term nal
ni ckel - bin Png poly-histidine tail for one-step 25 purification
using netal affinity resj NSwrofiterof! RIROkESADENO:4: : i
(i) SEQUENCE CHARACTERISTICS:
20 (A) LENGTH: 339 amino acids

(B) TYPE: amino acid
(C) STRANDEDNESS:
(D) TOPOLOGY: linear
25 : (ii) MOLECULE TYPE: protein
(iii) HYPOTHETICAL: NO

(vi) ORIGINAL SOURCE:
30 : (A) ORGANISM: Rhesus monkey

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:

35 _ , _
Val Tyr Leu Ser Glu Cys Lys Thr Gly Asn Gly Lys Asn Tyr Arg Gly
1 - _ 5 - ' 10 15
Thr Met Ser Lys Thr Arg Thr Gly Ile Thr-Cys Gln Lys Trp Ser Ser
40 20 - 25 : 30 :
" Thr Ser Pro His Arg Pro Thr Phe Ser Pro Ala Thr His Pro Ser Glu
' 35 ' 40 : 45
45 Gly Leu Glu Glu Asn Tyr Cys Arg Asn Pro Asp Asn Asp Gly Gln Gly
S50 S5 60
Pro'Trp Cys Tyr Thr Thr Asp Pro Glu Glu Arg'Phe Asp Tyr Cys Asp
65 70 ' 75. . 80
50 : _ : _
Ile Pro Glu Cys Glu Aasp Glu Cys Met His Cys Ser Gly Glu Asn Tyr
' 85 90 95
Asp Gly Lys Ile Ser Lys Thr Met Ser Gly Leu Glu Cys Gln Ala Trp
55 ' 100 105 110

Asp Ser Gln Ser Pro His Ala His Gly Tyr Ile Pro Ser Lys Phe Pro
115 _ 120 125



cl eavage recognition site in the fusion peptide allows for

subsequent renoval of the N-termnal histidine fusion peptide

from the pWOP¥¥242 econbi nant protein. The reconbi nant PCT/USOSO50% e n

angi oststin protein was found to bind lysine; is cross- 30 c
. reactive with nonocl onal antibodies specific for kringle -
'regions 1, 2 and 3, and inhibits bFGF-d%bven'endothelial cel

proliferation in vitro. : - To construct the insert, the -
gene fragment encodi ng human angi ostatin is obtained from
human |Iiver nmRNA which = 35 I's reverse transcribed and anplified

using the polynmerase  asn\#9s9R¢r?92d42Lys Lys Asn Tyr Cys Arg Asn Pro Asp Gly Glu Pro
PCT/ US95/ 05107 130 - 135 830
chain reaction (PCR) and specific prinmers. The product of _
1131 base pairs encodes A8 TR Gy= Fhe gha Byrohsm ffgffsn Lys Arg Trp Glu Leu Gys
pl asm nogen. The anpli £t fragment was ?Oned into the 133
Xhol / Kpnl site of pTrcHaghh11anged Aeq! GSUIhA HnrCARS BEYBro Ser Se? Gly Pro Thr Tyr
transforned into. XL-1B (avail abl e frojgsStratagene) E. ol i 175
host cells. A dntrol clone containing the plasm d vector
pTrcHi sA al one was transiordyedLéwndys iyl Bhi Glyotlu RestTyrehts Gly Asp Val Ala Val
~as well. This clone is referred t388s the vector cd8rol clone. 190

Bot h cl ones were purifig,gi\finiclly asTgescri d_bel ow. 19
: . s Al Thr Pro Hi
Expressing col pyi es wer §eaec%§§j%|lﬁ e Elqyg\/\f(%gcgy B ser Ala 205 TANNET .
Colony lifts of E. coli transformed with the gene encodi ng
angi ostatin were grown ahr |HEGSAPEGOMH @8lo Glu Asn Phe Pro Cy#lillysoms Leh 0sp Glu -
filters and overlaid on an 3418 agar plate. 215 220
20 _ Asn Tyr Cys Arg Asn Pro Asp Gly Glu Lys Ala Pro Trp Cys Tyr Thr
225 : 230 ' 235 240
. Thr Asn Ser Gln Val Arg Trp Glu Tyr Cys Lys Ile Pro Ser Cys Glu
_ 245 250 258 :
25 : .
Ser Ser Pro Val Ser Thr Glu Pro Leu Asp Pro Thr Ala Pro Pro Glu
260 265 270
Leu Thr Pro Val Val Gln Glu Cys Tyr His Gly Asp Gly Gln Ser Tyr
30 ' 275 : 280 285
Arg Gly Thr Ser Ser Thr Thr Thr Thr Gly Lys Lys Cys Gln Ser Trp
290 295 : 300
35 Ser Ser Met Thr Pro His Trp His Glu Lys Thr Pro Glu Asn Phe Pro
305 310 315 320
Asn Ala Gly Leu Thr Met Asn Tyr Cys Arg Asn Pro Asp Ala Asp Lys
325 330 335
40
Gly Pro Trp
45

- (2) INFORMATION FOR SEQ ID NO:5:

(i) SEQUENCE CHARACTERISTICS:
50 (A) LENGTH: 339 amino acids
(B) TYPE: amino acid ’
{(C) STRANDEDNESS:
_{D) TOPOLOGY: linear

55 ' (ii) MOLECULE TYPE: protein

(iii) HYPOTHETICAL: NO



Fol Il owi ng | PTG i nducti on of expression, colonies were |ysed 15
on nitrocellulose filters. The nitrocellulose |lifts were bl ocked,

ri nsedwares/9242bed with two separate nonocl onal anti bodi eRCT/USISHS5107
(mAbs Dcd and Vap; gift of S.G MCance and F.J. Castellino,
University of Notre Dane) which recogni ze specific '

conformati ons of angi ostatin. Stronghy expressi.ng col oni es 20
recogni zed by the mAbs were sel ected.” To identify the:
optimal tinme for maxi mal expression, cells were collected
at various tinmes before ang; aloke&daTSburcE: I nduction and
exposed to repeated freeze-thayag 1sM:0bbAVrad : _ by
anal ysis with SDS- PAGE, inmunoblotting and probing 25 wi th mAbs
Dcd and Vap. _ From these, clone pTrcH sA/ HAsH4
was sel ect el . Induction with |PTGwas for. 4 hours after
whi ch the cell (xi) SEQURNCE: DERCRIRTIM:CERQ IR 138suspended in 50
nmM Tris pH 8.0, 2 ﬂp%ED 0 CEro 2 %% g,
: 1 Gl
| ysozyne and. sti rreé e trr L%‘b Ser ‘;’ %Efgoér{g %wafg%kue‘?#f:g ggéli.ggry _
centrifugetpat 14,000 rpm - , for 25 mn. and the pellet
resuspended in 50 nithdrig pét &y6, Thr Lys Ser Gly Val Il2 odé [EIRALyS%rgl seaeveal
and 0.1% DOC. Thi s suspensi on20 - 2@as stirred for BOhr. at
4[err] C, and then centrifuged at 14,000 _ : ;pn1£or 25 m n,
The super npg ant fra@?i’cﬁ‘?"a?“f & LTheprR JNEaTyR Ser Pro Gku Lys Phe Byg Leu gip
angi ostatin. The E. coli eXpressed human angl ostatin VK§§5/29242
PCT/ US95/ 05107 Gly Leu Glu Glu Asn Tyr Cys Arg Asn Pro Asp_As§4Asp Glu Lys Gly '
was found to possess ‘tts physical propergsy of native 60 -
20 Pro Trp Cys Tyr Thr Thr Asp Pro Glu Thr Arg Phe Asp Tyr Cys Asp
65 70 _ 75 80
Ile Pro Glu Cys Glu Asp Glu Cys Met His Cys Ser Gly Glu His Tyr
85 : 90 95 -
25
Glu Gly Lys Ile Ser Lys Thr Met Ser Gly Ile Glu Cys Gln Ser Trp
- 100 105 110
Gly Ser Gln Ser Pro His Ala His Gly Tyr Leu Pro Ser Lys Phe Pro -
30 _ 115 120 S 125 :
Asn Lys Asn Leu Lys Met Asn Tyr Cys Arg Asn Pro Asp Gly Glu Pro
1130 135 ' 140
35 '~ Arg Pro Trp Cys Phe Thr Thr Asp Pro Asn Lys Arg Trp Glu Phe Cys
145 150 155 160
Asp Ile Pro Arg Cys Thr Thr Pro Pro Pro Thr Ser Glf Pro Thr Tyr
165 170 ' 175
40 : :
Gln Cys Leu Lys Gly Arg Gly Glu Asn Tyr Arg Gly Thr Val Ser Val
180 185 - 190
Thr Ala Ser Gly His Thr Cys Gln Arg Trp Ser Ala Gln Ser Pro His
45 195 200 205
Lys His Asn arg Thr Pro Glu Asn Phe Pro Cys Lys Asn Leu Glu Glu
210 218 220
50 Asn Tyr Cys Arg Asn Pro Asp Gly Glu Thr Ala Pro Trp Cys Tyr Thr
225 - 230 235 240
Thr Asp Ser.Glu Val Arg Trp Asp Tyr Cys Lys Ile Pro Ser Cys Gly
245 250 _ 255
35 '

Ser Ser Thr Thr Ser Thr Glu His Leu Asp Ala Pro Val Pro Pro Glu
260 _ 265 270



angi ostatin, that is the ability to bind |ysine. The E. coli

expressed angiostatin was thus purified over a |ysine-sephar

(Phar maei aW9599%#%) colum in a single step. Elution of 9%?1%95/05107
angi ostatin fromthe colum was with 0.2M epsil on-am no-n-.

caproic acid pH7.5. _ Subsequent to these

- experinments, scale-up 10 L gsf ernent ati on batches of clone
pTrcH sA/ HASHA was - performed. The cells obtained fromthis
scal ed-up i nduction 10 were pelleted and resuspended in50 nM Tri s
pH7.5, cracked at Gln Thr PrdGr2Q0M1pSintA¥p Ces aRi| Atg1GlatashOfBY GLQ Ser Tyr
i n- bet ween passes. The 275 | ysat e obt aBhed was cl arifi 28 by

centrifugation at 10,000 rpm : for 30 mn at 4[err]C_and
expressed angi ogtatin i %Pa@;édebVe‘?rer Ser Thr Thr Ile |Thj Gl %%t%@o@és GApfer Trp

11). 15 o Purified E. cp?sls expressed hundn "angi ostatin
Was di al ysad sxhaustintebyo 392 Ay n¥@lah and thy Gl 617 @6n fieepro
expressed hunman angi ostalggn was resuspendad i n nedi a 315 . (DVEM 320
5% BCS, 1% Gentanycin/ penicillin/streptonycin) . to an '

estimated concdftrati on Ash BlaigiylLeualk MebdAsm Tho\dyeeArg Asg Pro Asp A3p|dsp fvs
endothelial (BCE) cell assays in vitr#25as described i#?® 335
EXAMPLE 8, pg.39. Siml ?I Ve t he control clone containing t he
vector . al one was treatedFn t*hé*Pdentical fashion as the

clone pTrcH sAj§iAsH4. It was induced with IPTG identically, '

and the bacterial lysate used to bind lysine, eluted with 0.2 M 25

am no caproic acid, dialysed exhaustively and |yophilized. This

control preparation was resuspended in nedia also at an

estimated conc ﬁt ration of (3) JYFARMATERYN EOR BEQ JDOY0:6:
r econbi nant ang ostatin, and c qﬁr %ﬂRﬂ@ﬂEﬁf s M
di fferent induction and fernentatio S #5% Weldo asi@eperate 30

purification runs, and were all cod@ﬂ f¥pENbhaMedcidvhr vyl and.
BCE assays were perforned with thesg)cerradiDEENRSESEeS i n a

bl i nded fashi o@5at Children's Hospi ttal TOR3OEYN linear

The results of BCE assays of reconbi nant human .
showed that human angi ostatin ExXpri¥d&sLy TYEEL FFptein

(iii) HYPOTHETICAL: NO

angi ostatin

30
{vi) ORIGINAL SOURCE:
(A) ORGANISM: Bovine
35 {xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:
Ile Tyr Leu Leu Glu Cys Lys Thr Gly Asn Gly Gln Thr Tyr Arg Gly
1 5 10 15
40 Thr Thr Ala Glu Thr Lys Ser Gly Val Thr Cys Gln Lys Trp Ser Ala
20 25 30
Thr Ser Pro His Val Pro Lys Phe Ser Pro Glu Lys Phe Pro Leu Ala
_ 35 40 45
45 :
Gly Leu Glu Glu Asn Tyr Cys Arg Asn Pro Asp Asn Asp Glu Asn Gly -
50 55 60
Pro Trp Cyé Tyr Thr Thr Asp Pro Asp Lys Arg Tyr Asp Tyr Cys Asp
50 65 70 75 80
Ile Pro Glu Cys Glu Asp Lys Cys Met His Cys Ser Gly Glu Asn Tyr
. 8S : 90 95
55 Glu Gly Lys Ile Ala Lys Thr Met Ser Gly Arg Asp Cys Gln Ala Trp

100 105 110

Asp Sex'éln Ser Pro His Ala His Gly Tyr Ile Pro Ser Lys Phe Pro



35 inhibited the proliferation of BCE cells due to bFG- (used at 1

WD 95/ 29242 PCT/ US95/ 05107

65 . W 95/29242 - ng/m) (Fig. 12). The stock reconbi PEHUSRNEIWLt at'in ih
medi a (at about 3 ug/m) was used at a 1:5, 1:10 and 1:20 -
di lution. Percent inhibition was cal cul ated as foll ows:

5 nunmber of cell 536"4 th angiostatin - nunber of cells at
day O ' nunber of cells with bFGF al one - nunber
of cells at day O 10 The percent inhibition of BCE cell
proliferation was 115 conpar abl g,gr hi- gher to thapgof

pl asm nogen derived - angiostatin at sim/lar concentrations.
The results from a rmeRfs Asn Leu Lys Met Asid l'mrodyst heg Bsh pss agp a0y dbpirebed
in Fig.13, where at a 11% 135(11 I utlon of t hel#¢t ock,

r econbi nant 5ang| ost at| n_gave simlar ercent i nhi bitions to

t hose obtained wit h 5 ﬁ@ewsdg}‘?\%ﬁ;hr ASP Pr° c1d Lysaﬁfﬂ JEp fiu, Ph ?Zlcggre

13 shows the surpri SI ng result that h r econbi nant

angi ostatin protein Agphirid tp$oOMQY P Unraduck Q’§o Pro Pro Ser Ser GIPUER B5s @yer
75% of BCE1frol i ferat lon in cultuaes 1170 175

Exanpl e 20 Angi ostatin mai nt al ns -dor mancy. of

m cromet ast ases by ©1n Cys Leu i'la’: Gly (fhrcBly ﬁgstfgf-%’f @chhtbé'bfdgi%sbla Val

15 Thr Glu Ser Gly His Thr Cys Gln Arg Trp Ser Glu Gln Thr Pro His
195 200 | 205 o

Lys His Asn Arg Thr Pro Glu Asn Phe Pro Cys Lys Asn Leu Glu Glu

210 : 215 N 220
20 ' : .
Asn Tyr Cys Arg Asn Pro Asp Gly Glu Lys Ala Pro Trp Cys Tyr Thr
225 230 ) 235 240
Thr Asn Ser Glu Val Arg Trp Glu Tyr Cys Thr Ile Pro Ser Cys Glu
25 245 250 255
Ser Ser Pro.Leu Ser Thr Glu Arg Met Asp Val Pro Val Pro Pro Glu
260 265 270
30 Gln Thr Pro Val Pro Gln Asp Cys Tyr His Gly Asn Gly Gln Ser Tyr
275 . 280 g 285
Arg Gly Thr Ser Ser Thr Thr Ile Thr Gly Arg Lys Cys Gln Ser Trp
290 ' 295 : ' 300
35 -
Ser Ser Met Thr Pro His Arg His Leu Lys Thr Pro Glu Asn Tyr Pro
- 305 310 ' 315 320
Asn Ala Gly Leu Thr Met Asn Tyr Cys Arg Asn Pro Asp Ala Asp Lys
40 325 : 330 , 335
Ser Pro Trp
45

50



Fol | ow ng subcut aneous inocul ati on of C57 BL6/J m ce W ith
Lew s - lung carcinona_cells (1 x 10[ferr]), primary 25 t unors of
appr oxi matWows29®2cnB devel oped. Aninals were PCTAR9A307 ¢

. either surgical renov tunor or : sham |

! surgery. At 5, 10 andaHanmnmﬂ “HHB gery, nmice were : : —

sacrificed and their |uhgst prepdr ed for histol 8di c PLACF?OSHEETS SG
howdtE =

exam nation. Animals with resected primry tunors s _
massive-proliferati-on of m cronetastases conpared t haci tion : paged-...7.. 10 paged ...

operated controls (Fig. 14). These changes were acc Eigl aged 7.
bs a significant i Emrease in lung weight. Claims I Claim(s) paggn--fﬁ-s}%pag%d =,
tunmor cell proliferati cﬁiﬁﬂmasured by 1 Drawiogi$)akRaged -« to pagea «--
br ono- deoxyuri di ne (Br% showed no differences stract : pagedt.aieeito paged ---.
animals with intact primary tunors or resected _ 5/ 29242 :

PCT/ US95/ 05107 1. 66
tunors at 5, 3 and 13 days, indicati ng tg#lat the increase in.
tumor nmass codl d not be expl ai ned by i ncreased proliferation

(Fig. | 15) ApACfordi ngly, cell de?lh i eat@ﬁte?ﬁgt of Claim 1, compr15slng a
ani mal s. Apopt osi s, of ce

on changes in gene ex ﬁggéii%oﬁagm éc{%ﬂ o‘f’e’éﬂhtn‘#ig&ﬁeafappmnmately
cel I's during devel opne38 kah‘zdaltonmpndl duhbdzﬂmm asgletermimed by reducin
such as the small int d g
I mmunohi st ocli m cal | y?(; B’gmmr aggr@ ?ﬁg%%eflﬁ %% having an amino acid
ternminal deoXY¥nucl eot |S@ﬂleﬂﬁﬁ tyraimilae ¢o that.of anmurine plasminogen
apoptotic index was df&m@‘beghﬁ%“ghattaﬁﬁdﬁnﬁéfy‘ arifio abi number 98 of

a murine plasnunogen molecule.

. 3. Angiostatin of Claim 2, wherein the amino
15 acid sequence is a plasminogen fragment derived from human
plasminogen, murine plasminogen, bovine plasminogen,

Rhesus plasminogen or porcine plasminogen.

- 4.  Angiostatin of Claim 3, wherein the amino
20 * acid sequence is selected from the group consisting of SEQ ID
NO:2, SEQ ID NO:3, SEQ]DNO4 SEQ ID NO:5, and SEQ

ID NO:6.

_ 5.  Angiostatin of Claim 1, wherem the protein
25 is capable of mlubmng angiogenesis.

6. Angiostatin of Claim 3, wherein the
plasminogen fragment has endothelial inhibiting activity.

30 -~ 7. Angiostatin of Claim. 1, wherein the protein

is capable of inhibiting the angiogenesis-related diseases.

8.  Angiostatin of Claim 1, wherein the
35 - angiogenesis related disease is cancer. '
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removal of primary tun@t—s—saused—&ﬁt—at—istically significant

i ncrease (approx apopt o
al | tiveooszezed ned (Finﬂwmul“““ "IJL" l“l Suppor?q@sgﬁﬁﬂgtce was
obt ai ned by treating renoved primry-tunmors with an
exogenous suppressor of angi ogenesi’s. This substance, - TNP-
1470 (O chl or oacet yl car bam§8 fumagi | 1ol , previously named
AGW 1470), is an anal ogue of fumagillin with reported anti -

angi ogeni c activity. Subcutaneous injection of TNP-1470 (30 20
my/ kg every two days) produced results that were strikingly
simlar to those descri bed above for aninmals that had |ntact

primary tunors. These ani nal di sp, M

equi valent proliferative i nd Aﬁé@g@égﬁﬁg ?1

conpared to saline-injected cont rd prorein hedjing a msolecular wexght Dfese
data indicate that m m? cel |
proliferatjon is ba ancé 6’65%}.8&2?; o and 45 kilodaltd

death. Thedrenoval £ eduerngopolyacry elecu'ophoresxs, .

increase in the growth of rret aStaStﬁé r%j é!ﬂet(ﬁleblndmg lysme,
renoval of angi ogeneai s inhibitors ( ngi ost ati I ch control

netastati c growh i ncreasing apoptosis in tunor cells. These
effects are siml ar to t hose seen thel ppmmg ibaingalcaphbieioﬁrmmbmng

tunors and admnis ' an exogenous I nhi bi tor of
angi ogenesi s. Takehhgigé#gis t hese data suggest ‘that the
primary tl0or rel eases angi ostatin which maintains dormancy 35 | of‘

m cr onet ast ases. WO 95/ 29242

PCT/ US95/ 05107 Q7
10. A method of treating a human or animal

with an angiogenic mediated disease comprising administering
to the human or animal with the angiogenic mediated disease
15 an effective amount of angiostatin.

11. A method of Claim 10, wherein angiostatin
is a protein having a molecular weight of between
approximately 38 kilodaltons and 45 kilodaltons as determined

20 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 a
murine plasminogen molecule.

25 12. The method of Claim 11, wherein the
amino acid sequence is a plasminogen fragment derived from
human plasminogen, murine plasminogen, bovine
plasminogen, Rhesus plasminogen or porcine plasminogen.

30 13. The method of Claim 11, wherein the
amino acid sequence is selected from the group consisting of
SEQ ID NO:2, SEQ ID NO:3, SEQIDN04 SEQIDNOS
and SEQ ID NO:6.
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Exampl e 21 Treatnment of primary tunors with angiostatin in
Vi vo. —Angiostatin was purified from hung gen
by : 5 wo09s129242nmi t ed el ast ase digestion as described in I%réﬁlﬁ@gﬁ

- above. ' An uspended in phosphat e-buffered

;. sal i ne for . Hlmmﬂmulmﬂﬂluml nto s week old male C57BI 6/J

- mce. Animals wer e i npl aht ed subbétaneously with 1 X 10[err]
tunmor cells of either the Lewis lung carcinoma or T241
fibrosarcona. 10 Tr eat mant vvith angiostatin is begun after four
days when tunors a ] receiv d
angi ostatin ~inj ect ns | %l% ‘i Qk S:Ii%lmnjl Ctl(hFS\‘ 4
nmg/ kg or two 80 anglogemﬁudxlseasemscselec&d/fmmnthea upoctmdlsﬁng)of)r

. }*Pnﬁ.jgt er. (S%  canger,,, Authtis, emﬁ‘ﬂ LB (\ﬁgggggﬂmg CEfld* didbletRd's

Angi ostatin, adm ni st eretthapathydal ly dose of 40 ng/ kg ip,

produced a highly significant inhibition of the growth of T241

primary tunmors (Fig. 17). This inhibitory effect on growth

was visibly evident within 2 daydSandAngiostatiniof Cleimnl; wherein angiostatin
throughout the tinme coy bﬁﬁ est Ne study. By day 18,

angi ostatin-treated m ce

Tunor s t hat wer e appro e
38% of the volume of the saline AnPRIEHY l@mg&fsnofﬁ?ﬂiar v&lelght of between
di fference was statist appfd:nn%tery 8806 d4lesHs AAd 45Skilddaltons as determined

t-test t t t f 80 :
ny/ Ealzjay, 21% by f&é#!ﬁ%?@if@ﬁ’?’h@ﬁ%&f’f 1%“%@‘%%&;? ?p or sc)
al so significantl ytlne mmhtblem capabierm&bmdmgllysm pndmar y

tunors (Fig. 17). T_hl_s I nhi bltor?fh 6te‘i’ﬁs g%rlgg @%@éﬁgaﬁ ggnbmng

and increased in magnitude at al equent

On the last day of theaBgigenesis: '(day 19), angi ostati n-treated
m ce possessed a mean tunor volune that was only 20% of the

15

16. A method of diagnosing a disease or
determining the prognosis of a disease mediated by
angiogenesis comprising the step of determining the
concentration of a protein having a molecular weight of
20 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 a murine plasminogen molecule.

25 | .
| 17. The method of Claim 16, wherein the
disease is cancer. |

18. A composition comprising, an isolated DNA
30 sequence that codes for angiostatin.

| 19. The composition of Claim 18 wherein the
DNA sequence codes for an amino acid sequence substantially
similar to SEQ ID NO:2, and wherein the amino acid sequence
35 has anti-angiogenic activity in a mouse tumor model.
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saline-injected controls which was significantly different

(p<0.001 Students t-test). I n. anot her series of

exper i mOnesRIM2gi ost ati n was 35 adni ni stered (50PGHPRIF§I%N) to
mce inplanted with T241 WD 95/ 29242

PCT/ US95/ 05107 68

fi brosarcoma, L ung carcinoma (LM orMet i cuI um cel |

sarcona cells. Foy type, the mce receiving

angi ostatin had s ‘Imgg!“ﬁmmm“ ed tunor size. Figure 19

denonstrates that 1-0f ¢ 1 ?ibYosarcoma, the angiostatin 5 o
treated m ce had nean tunor volunes that were only 15% of t he

untreated mice at day 24. Figgr §§ﬂﬁ§ﬂe§ft@p&;n{ qls wherem the

e %ﬁ?
L | t at X t
oot uod val cro DR sokiehts P0G 35 4 simino pRidstbenph delected from o
day 24. Figure 21 tHergronly comsistiglof SEQ EDINO:Q/SEQOWNO:3, SEQID  the

10% of (1 unt ?223@%%?@%@5&%@%@5@%? ) the

average of 4 m'ce at each tinme point. These results
denonstrate that angiostati S e e | bitor
of the growth of three di ffgient af'helgompom&on ét} ?gﬁiﬂ‘sq@ﬁ \%5%{3}
Exanpl e 22 comprisinge& aatost assaaiatad| withe thecDNA mequengeors i n
mce wth encodin®"Ur¥fib8tatin] "whe¥éin the vector is capable of

10 expressing anglostann when present in a cell. | o

22. A composition comprising a cell containing

a vector, wherein the vector contains a DNA sequence

_ encoding angiostatin, and wherein the vector is capable of
15 expressing angiostatin when present in-'tt";e cell.

23. The composition of Claim 22, wherein the
DNA sequence codes for an amino acid sequence selected from
the group consisting of SEQ ID NO:2, SEQ ID NO:3, SEQ ID
20 . NO:4, SEQ ID NO:5, and SEQ ID NO:6.

24. A method comprising, implanting into a
human or non-human animal a cell containing a vector,
wherein the vector contains a DNA sequence encoding

25 angiostatin, and wherein the vector is capable of expressing
angiostatin when present in the cell.

25. The composition of Claim 24, wherein the
DNA sequence codes for an amino acid sequence selected from .
30 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.

26. A composiﬁon comprising angiostatin and a
_ pharmaceutically acceptable excipient.
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20 The effect of angiostatin on two human tunor cell Iines,
human pros %Sgs gﬁém n_onn'_‘PC”S—aﬁd_humrr‘breast carci noma  pCT/US9S05107

MDA- MB, « wa Dmce wer e i mpl ant ed
Wi th "human tunor cell sT-mIﬂ mﬁ‘lﬂ ated with. = 50 ny/ kg
angi ostatin every 12 hou«rswsse Y+ as descgiibed in 25 Exanpl e
21. The results denonstrate that the angiostatin ' protein of
the present invention is a potent inhi-bitor of human - tunor
cell growth. Figure 22 shows that for human prostate carci nona
PC-3, the angiostatin treated m g% ha 'gh%”'db ??dﬁtlon of claim 26¢ fiRther
tunor vol une conpared to the,untreate m ce at day 24.
Figure 23 shows that fePMPHSHRS 3 Wstained-release mamxcarm noma MDA- MB, he
angi ostatin treated m ce had onIy 8% of the mean tunor vol unme
conpared to the untreated contro ' L Ce '

95/ 29242 28. The compositiSt -8, Pfef ;26 whetén
Gﬁ _ iy 5 f angiostatin is a proteirchaving a2folecular weight ofebetween
Therapy - Effect of tr t |

turor Vol ure. Wﬁﬁ?&ﬁ%é@@@&*ﬁéﬁ 4&&@@3"3%8 gs fepermiriéd
angi ostatin derived bya'educmg polxaarytamadq) and thavibg any om

Qrg;irncﬁggen am no aci ds gfég (%u@ﬂbbﬁﬁfﬂs‘?ﬁ&lﬁﬁgﬁhéw ﬂihtf@f a”ﬁlﬁ?ﬁle

inserted into-an expreBls'RSHHnPSEF ?Q)lamd number 98 O?Was
transfected ilfxo T241 fmﬁimplmdgehlmmmhe

29. A composition comprising an antibbdy that
specifically binds to angiostatin, wherein the antibody does not
bind to plasminogen. -

15

.This Sheet Has Been Replace

HIIIIHIIIH llll Il ll!




10 transfected cells were inplanted into mce. Control mce

recei ved qab%g{z#l?n transfected T241 cells, or T241 cells PCT/US95/05107
transfecte he vector only (i.e. non-angiostatin

expressing transfected cells). Three angi ostati n-expressing

transfected cell clones were used in the experinent. Mean . 15

tunor vol une determ ned over time. The results show t he

surprising and dramatic reduction in nmean tugor volune in mce
for the angiostatin-expressing cells cIonedpE%'donpared W th

t he non-transfected and non-expressing control cells

The nouse DNA sequence codi ng for nouse 20 protein is
derived from nouse plasm nogen cDNA Théﬁqgsngklgrl nouse angiostatin
enconpasses nouse pl asm nogen kringle regions 1-4. The
schematic for constructing this clone is . " shown in Figure 24.
The nouse angiostatin protein clones were 25 transfected into
T241 fibrosarcoma cells using the LI POFECTI N[ err]
transfection sy Qe (aﬁ&ﬁqmﬁ r%mqm Technol ogi es,

Gai t her sburg, MD). LIP [ reagent. is a 1:1 (m/mb
| i posone for mul g() Qﬁ ﬁtF ngal ile leu leu| leu leu leu leu lys

N-[ 1- (2, 3-di ol X ASR- FF AR ile ser thr ﬁﬂd‘r'
o, e o Cs° S SRy szliém Lap
ser 1

z: 2 tyr his val ile
transi ent trans,{‘@g:tépg 8 cg ﬁssb§ lys thr ser asp
95/ 29242 val ile leu phe glu lys arg val ty: leup Nﬁ%@ﬁ thr
70 gly ile gly asn gly tyr arg gly thr met ser arg lys ser

gly val ala cys gln lys trp gly ala thr phe pro h;s val pro
asn tyr ser pro ser thr his pro asn g¢glu gly leu glu glu asn
Lyr Cys arg asn pro asp asn asp glu gln gly pro trp cys tyr
thr thr asp pro asp lys arg tyr asp tyr cys asn ile pro glu
Cys glu glu glu cys met tyr cys ser gly glu lys tyr glu gly
lys ile ser lys thr met ser gly leu asp cys gln ala trp asp
ser gln ser pro his ala his gly tyr ile pro ala lys phe pro
ser lys asn leu lys met asn tyr cys his asn pro asp gly glu
pro arg pro trp cys phe thr thr asp pro thr lys arg trp glu
tyr Cys asp ile pro arg cys thr thr pro pro pro pro pro ser
pro thr tyr gln cys leu lys gly arg gly glu asn tyr arg gly
thr val ser val thr val ser gly lys thr cys gln arg t:p ser
glu gln thr pro his arg his asn arg thr pro glu asn phe pro
cys lys asn leu glu glu asn tyr cys arg asn pro asp gly glu
thr ala pro trp cys tyr thr thr asp ser gln leu arg trp glu
tyr cys glu ile pro ser cys glu ser ser ala ser pro asp gin
ser asp ser ser val pro pro glu glu gln thr pro val val gln
glu cys tyr gln ser asp gly gln ser tyr arg gly thr ser ser
thr thr ile thr gly lys lys cys gln ser trp ala ala met phe
pro his arg his ser lys thr pro glu asn phe pro asp ala gly
leu glu met asn tyr cys arg asn pro asp gly asp lys gly pro
trp Cys tyr thr thr asp pro ser val arg trp glu tyr cys asn
leu lys arg cys ser glu thr gly gly ser val val glu leu pro
thr val ser gln glu pro ser gly pro ser asp ser glu thr asp
cys met tyr gly asn gly lys asp tyr arg gly lys thr ala val
thr ala ala gly thr pro cys gln gly trp ala ala gln glu pro
his arg his ser ile phe thr pro gln thr asn pro arg ala asp
leu glu lys asn tyr cys arg asn pro asp gly asp val asn gly
pro trp cys tyr thr thr asn pro arg lys leu tyr asp tyr <Ys
asp ile pro leu cys ala ser ala ser ser phe glu cys gly l¥5
pro gln val glu pro lys lys cys pro gly arg val val gly gy

cys val ala asn pro his ser trp pro trp gln ile ser l?u acg
thr arg pre thr gly gla his phe cys gly gly thr leu :.e 3.2
pro glu trp wval leu thr ala ala his cys leu glu lys s2r sec
arg pro glu phe tyr lys val ile leu gly ala his glu giu =vT
ile arg gly leu asp val gln glu ile ser val ala lys leu ..2
leu glu pro asn asn arg asp ile ala leu leu lys leu ser arc3
pro ala thr ile thr asp lys val ile pro ala cys leu pro ser



1. T241 cells are grown in 60 cn? tissue culture dishes, seed
[err]1-2 x cells in 2 m of the appropriate growh
ke, PCTISSor

medi um sup with serum - 5 . 2. Incubate the C

37[err]Cin a CJerr] incubator until the cells are

40- 70% confluent. w |l wusually take 18-24 h, but - the tine
wll vary anong cell types. The T241 tunor cells

confl uency was approxi mately 70% .10 3. Prepare the follow ng
solutions in 12 x 75 mmsterile 7ubes:

Solution A: For each transfection, dilute SI‘%r % of DNA in

100 [err]l of serumfree OPTI-MEM | Reduced Serum Medi um
(avail able from Life Technol ogi es) (t+issue 15 cul ture grade
dei oni zed water can al so be used). ' Sol ution B: For each

transfection, dPFRta&SB0 ofal ala asp arg thr il@ERETipri D1d06nr
[err]| OPTI- MEMFFROFI §lu thr gln glyl. thitgplve ngly Mi@ﬁdﬁim,lﬂxgii
gently, and incf ﬁtg lewypro val ile glwoasn clysrvdlireys casniOaddp val. glu
5. Wash cells t{¥tetfPt ASTASR A% valklilys ser thr glu le.cyscaalaagly gln
transfection, aff®0232n@l¥c@ly: Made anRiiser tavs oln gly asp ser egly glyepro
cont ai ning the } Sy FLUONYS asp lys tyr ile leunglxegly Wal thr
gently and overlgy gipl &io €Ys ala arg pro asndys pro gly val tyr
7. Incubate thgege ZShr AFSRRS Vab 48R tTp e (Y ARS Fierret amp
i ncubat or. : 8. Replace the DNA containing nediumwth 1 ng/m



sel ection nedi um contai ning serum and i ncubate cells at

37[err]C ia,oa”%&rr] i ncubat or for a total of 48-72 h.

9529242

71
transfecti on.
expr essi on of
anti bodi es.

9. Assay cell

5

resi stant col oni es

T241 cells. Al so,
al one transfected
The (A18 resistan

t

-10

of angiostatin, using a
Interestingly, the in vitro cel
|l ung cells transfected with angi ostatin was not

ot herw se adv?{
Fi gure 27 depi
Al'l three of

cl ones produc
substantial ly

m ce.. The nmean tunor volunme of the mce inplanted
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val
val
ile
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ser
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gly
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y affected,

Alternatively, afte
appeared in
a nunber
clones b
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extracts for gene activity at 48-72 h post

Transfected cells can be assayed for
angi ostatin protein-using angi-ostatin-specific

d? bout 10-14 days, 418
bEZ'QM\/-_angi ostatin transfected

es were seen in the vector

HEURE

tﬁe unt r ansf ect ed cl ones.

cl ones were selected for their expression
I mmunof | uor ence net hod.

as shown in Figures 25
he results of the transfection

n- expressi ng T241

nor volunes-in m ce t hat
drelative to the tunor volunme in

RS%I?%%E“ |
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gly
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ile
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val
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glu
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met
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met
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growmh T241 cells and
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with Clone 37 was only 13% of the control, while C one 31

expressing angiostatin protein by inplanted . cells,

and
Clone 25 tyaRisp¥shumes were only 21% and 34% of the PCT/US95/05107 ol
t uror vel unes, respectively. These results denonstrate that
t he DNA sequences coding for angiostatin can 25 be transfected
into cells, that the transfected DNA sequences are capabl e of

and t hat

t he expressed angiostatin fucntions in vivo to reduce tunor

gromh. - 30 Exampl e 24
Localization of in vivo site of angiostatin, expression

To localize the in vivo site of expressi&?}%%&a angi ostatin
i S | ung
and

Burkitt's |ynplaspa sesl igin( iseramro biiish SI20milsr g1y tyfOile pro M1y e pro

protein, total RNA fromvarious cell 'types,
carcinoma cells (nmouse), T241 fibrosarcoma (nouse), = 35

PCT/ US95/ 05107 asp ser gln ser pro his ala his gly tyr ile’pro
or cell cultur sy tser giveser passigss ala hianglysegrt fle pro
deternine the @lassesegdn seg getathiis talanhisi gly. tider Learpro
anal ysi s of samfRe$eshalad sex pirocids afllaalissgdyakyr ile pro
hybridi zing with thn sequence fromall sanples except that of
normal nouse |iver RNA show ng a single signal of
approxi nat el y BF RffSc3Sfedf¥ndivifgMes Wsis&YE! S¥&4i higeasn pro
Nort hern anal y&S® d¥Shasin levnlys %ﬁ@W‘&H-&H?éﬁU& 8FJaf§n pro
asn lys asn leu lys lys asn tyr cys arg asn pro
asn lys asn leu lys met asn tyr Cys arg asn pro
asn lys asn leu lys met asn tyr Cys arg asn pro

arg pro trp cys phe thr thr asp pro thr lys arg
arg pro trp cys phe thr thr asp pro asn lys arg
‘arg pro trp Cys phe thr thr asp pro asn lys arg
arg pro trp cys phe thr thr asp pro asn lys arg
arg pro trp cys phe thr thr asp pro gln lys arg

- asp §le pro arg cys thr thr pro pro pro pro pre
asp ile pro arg cys thr thr pro pro pro ser ser
asp ile pro arg cys thr thr pro pro pro ser ser
asp ;le pro arg cys thr thr pro pro pro thr ser
asp ile pro arg cys thr thr pro pro pro ser ser

gln cys leu lys gly arg gly glu asn tyr azg gly
gin cys leu lys gly thr gly glu asn tyr arg gly
gln cys leu lys gly thr gly glu asn tyr arg gly
gln cys leu lys gly arg gly glu asn tyr arg gly
gln cys leu lys gly thr gly lys asn tyr gly gly

thr val ser gly lys thr cys gln arg trp ser glu
thr val ser gly his thr cys gln his trp ser ala
thr val ser gly his thr cys his gly trp ser ala
thr ala ser gly his thr cys gln arg trp ser ala
thr glu ser gly his thr cys gln arg trp ser glu

arg his asn arg thr pro glu asn phe pro cys lys
thr his asn arg thr pro glu asn phe pro cys lys
thr his asn arg thr pro glu asn phe pro cys lys

lys h;s asn arg thr pro glu asn phe pro cys lys

lys his asn arg thr pro glu asn phe pro cys lys

asn tyT cys arg asn pro asp gly glu thr ala pro
asn tyr cys arg asn pro asp gly lys arg ala pro

asn tyr cys arg asn pro asp gly glu lys ala pro

asn tyr cys arg asn pro asp gly glu thr ala pro
asn tyr cys arg asn pro asp gly glu lys ala pro

ser
ser
ser
ser

asp
asp
asp
asp
asp

lys phe
lys phe
lys phe
lys phe
5

gly glu
arg glu
gly glu
gly glu
gly glu

glu cyr
glu leu
glu leu
glu phe
glu phe

pro thr
pro thr
pro thr
pro thr
pro lys

val ser
val ala
val ala
val ser

val ala

thr pro
thr pro
thr pro
ser pro
thr pro

leu glu
leu asp
leu asp
leu glu
leu glu

cys tyr
cys his
cys tyT
cys tyT
cys tyrT

pro
pro
pro
pro

pro
leu
pro
pro
pro

cys
cys
cys
cys
cys

thr |

thr -

thr
thr
thr



signal hybridizing with huran angi ostatin sequence from all
sanpl es eXyBRsbiat of normal human |iver RNA showi ng a PCT/USISNOS10E i ngl e
signal of approximately 2.4 kb corresponding to hunman -

pl asm nogen. Reverse transcription pol ynerase
chain reaction (RT-PCR) anal ysis showed an absence of any
product from all . sanpl es probed with nouse angi ostatin
sequences except that 15 of the normal nouse liver. RT-PCR

anal ysi s showed an absence ogggnF;fﬁzduct-fron1all human
sanpl es probed with human andt I sequences except that

of the normal hunman liver (expected size of 1050 bp for npuse
and 1134 bp for ' human) . 20 Thus it
appears that use anglost anscripts assuning identity
wi th anino ac;-%ér %lﬂ}hﬁg trp glu tyr cysighu ( PrarEenAYS glu
produced by al% rtrﬂes’htﬁﬁ/’e &FP glu tyr cys lysdileRFP S/F SR ASP
transcripts ( ft g €rp glu tyr cysi S okl e PIR S £U5 Glu
human pl asnin )2 91“ arg Pe&YE CY$el¥® RERFSER R ILY
The positive sTindt¥ ser ‘glu va - arght ﬁyﬁoFﬁiltﬁﬁ ? RFAETT RS (u

from hybridi zgt] -
Exanpl e 25 Ber al

Ia LN al pro pro glu glu

t
se: zo \Iff

i 78 AL HEENIE gL 2 P 2 o
. The gene fragngdy &NCGdd ﬁm leu asp pro t ?ﬁ r”&éb glu
' plasm i nogen (oY} g
p gen Vésr & é'%g} is leu asp ala p prc :olglu
- PHIL-SI (I nvi t regende %QSE{;% met asp val proe%PIG
"~ proteins using the P secretlon signal in'the %5 yeast Plchla
pastoris. Si md]arlgh.. g gﬁledilasymﬂtglwew B9r gln ser asp gly gln ser tyr
' - leu thr pro val val gln asp cys tyr his gly asp gly gln ser tyr

leu :h.r pro val 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 lys lys cys gln ser trp
arg gly thr ser ser thr thr thr thr gly lys lys cys gln ser ctrp
arg gly thr ser ser thr thr thr thr gly lys lys cys gln ser trp
arg gly thr ser ser thr thr ile thr gly arg lys cys gln ser crp
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 his 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 pzo trp
gly pro trp
ser pro trp
ser pro trp



WD 95/ 29242 PCT/ US95/ 05107

3 WO09s29242 2ahino acids 93 to 470 of hurran pl asm nogeANRsesPned
into : - the SnaBl/EcoRl site of pPIC9 (Invitrogen) which

al lows the secreted expression of proteins using the
[err]-factor secretion 'Si gnaléi ?e yeast Pichia pastoris:
The expressed human 5 angi ost at i /p;j eins in these systens '

will have mappeadwantages . over those expressed in E. coli
such as prot eggdpr ocessi ng, 1.0qrorer ot gy

posttrans:étleo | nmodification inclupive 04/ cpsyl ati on.
. Expressi orzof 7ggne. in P. pastoris: iy dgsc Fed |n) '

- Sreekri shrg, et al. (1988) Hi gh | pvel gxpgessi on of

het er ol og 5 1N rret hyI otrop c geast JPichia pap B NTACT TuMOR

- J. Basic E ) ; ang @4 O TUMOR ResecTee
- (1991) Pr h fgctor

| evel secrgti 5 Skl lje 15

gene copi a§, pf

~incor porat®d herei’ ng by reg renc
Exanpl e 26 DAYS AFTER é
ani mal s and 8 O’Eﬁ?ﬁ]

0.0
§| on of an%ﬁfm g&&%ﬂé I n transgenic

Transgeni c

animal s such as of the bOV|ne or procine famly are created
whi ch express the Ijranscrlpt The
transgeni ¢ ani mal !gﬁg;igiigﬁgsggtatln proteln]?I(; for exanple
in the mlk of these aninals. Additionally edible - 25 transgenic
pl ants which express the angi ostatin gene transcri pt ' _ . are
construct ed. ' Constructing transgenic ani mal s

t hat express foreign DNA is described in Smth H
Phyt ochr one . _ - '

. Normal mice
O Tumor bearing mice

hemoglobin (g/dl)

25 ng/ml 5O ng/ml
Y™ brgr T T

FIGURE 4
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transgeni cs: functional, ecol ogical and biotechnical

30

appl i cati ongoeS88s4a. Cel | . Biol. 1994 5(5):315-325, which is pCT/usesns1o
her eby imncorporated herein by reference.

I t
i shoul d be understood that the foregoing rel ates : only to
- preferred enbodi nents of the present invention, and t hat
numer ous nodi fications or alterations may, %Qﬂade WO 95/ 29242
PCT/ US95/ 05107 74
therein without depmgiing fromthe spirit and the scope of tge
invention as set foagi N4ddoR 4 pge cl gt | 9242
PCT/ US95/ 05107 -
a2 j Control Sérum
22
08 30000
T~ )
X
we
—
S 290004
=8
a9 A Tumor Serum
Oa — -
10000 s 10 s 20 2§
Serum Added / Well
(microliters)
FIGURE § -
g LOW METASTATIC HIGH METASTATIC
< E 200 300
83 1 1
> ol  ggeites
g 200 - 399 c——y— gerum from mic
- 1 1 with asdtes
- - from
gf— 100 10 _ —C— 'mm mice
B . -
38 o °
3« . v {00 pepm—p——p—r—t . ¢ ' ¥
-100 L e s SN )
g.omzoaoaos_ow °‘°3°°°‘°”w
VOLUMEOF SAMMLE () VOLUME OF SAMPLE
FIGURE 6A ~ FIGURE 6B
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SEQUENCE LI STI NG 5 (1) GENERAL | NFORMVATI ON:

(i) APPLI Cihgosiiiiz CH LDREN S MEDI CAL CENTER ' PCT/US95/05107
CORPORATI ON ' 10 - (ii) TITLE OF 1 NVENTI ON:
Angi ostatin and Method of Use : (i) NUMBER OF
SEQUENCES: 6 15 - (iv) ,CORRESPONDENCE ADDRESS:
(A) ADDRESSEE: Jones & Askew é / (B) STREET:
. 191 Peachtree greet , 37th Fl oor . (O dTY:
' Atlanta 3§ SERUM , (D) STgrE :
(E) COUNTQ%.- Us
(v) cowP 33
| TYPE: Fl offp§ £3 (8
~conpati bl 8% (O (‘.DE | NG SY 3
PC- DOS/ MSJ‘{QS élg_ OFTWARE: PHt ent I n
Rel ease #% §, . e @] (vi) dIRRENT
APPLI CATI DATA 30 33 (A)] APPLI cal IFC]\luNU ER:
- - Y Fracuen 23 (B) FILING 3FE™ Ve
;(C) CLASS|§CA;Q, N: e3 w0 /
s
2 0 v v v v v v a 504 Y v v v v v
06 ¥ 2 W © N & ¢ €W 3 X & N «w
Fraction Number Fraction Number
FIGURE 7A FIGURE 7B

(Mean & Standard Error) |
¥ 8 8§ 8 &8 d

-
o

CJLIIAPIII IS IS

SANNNNNNNY

Number of Surlace Lung Metastases

-

Sailne Saline Plasminogen Plasminogen LLC-LM Uﬂ Normal Urine
' Fragment
Tumor . |
Intact Tumor Removed

FIGURE 8
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(vii) PRI OR APPLI CATI ON DATA: 35 | (A

APPLIL CATI ON WONBSE®242US 08/ 248, 629 B

FI LI NG DATE: 26- APR- 1994 (vii) PRIOE FON
DATA: : (A) APPLI CATI ON NUI\/BER US 08/ 326, 785
40 ' - (B) FILILNG DATE: 20-QOCT-1994

(viii) ATTORNEY/ AGENT | NFORVATI ON: (A

NAVE: Johnson, James D. (B) REG STRATI ON
NUMBER: 31, 771 ' 45 (C REFERENCE/ DOCKET NUMBER:
05213-0122 (1-x) TELECOMMUNI CATI ON | NFORIVATI ON:
(A) TELEPHONE: 404-818-3700 q 2 (B) TELEFAX:
404- 818- 3799 o 50 WD 95/ 29242 / 7

PCT/ US95/ 05107 ' 76
(2) 1 NFORVATI ON FOR SEQ I D NO 1:

-
8

Lung Weight (mg)
(mean £ Standard Error)
8§ 8 8 § 8§

-l

Saline Saline Plasminogen Plasminogen LLCAMUrine Normal Urine

Fragment
Tumor =
Intact

Tumor Removed

FIGURE 9
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(i) SEQUENCE CHARACTERI STICS: (A) LENGTH: 812

~am no aci dswo 95126242 _ (B) TYPE: am no aci d PCTUS95/05107
(©) * STRANDEDNESS: (D) TOPOLOGY: i near

(i) MOLECULE TYPE: protein 10 - (iii) HYPOTHETI CAL:
- NO (vi) ORI G NAL SOURCE: : :

(A) ORGANI SM Muiri ne 15 _ (xi) SEQUENCE

DESCRI PTI ON: SEQ I D NO 1: Met Asp His Lys Qu Val Ile Leu
Leu Phe Leu Leu Leu Leu Lys Pro ' 5

10 15 Gy)&ki—ﬂy Asp Ser Leu Asp Ay Tyr
Il e Ser ThrGInGIyAIaSer 25 20

25 30 © Leu Phe Ser Leu Thr_Lys Lys G@n Leu
Ala Ala Ay dy Val Ser Asp 35. Lo —p—==40
45 30

Cys Leu Ala Lys Cys A u Glg A u Thr’ Isp
S 55

Ser Phe
A@n Tyr Hs
65 :

Mé’aééﬁgg“fg

ujjjiordwiN

Sphl

V2.4-140105sa

FIGURE 10
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Lys Thr Ser Ser Ile
85

Ser * Gl u CywossnsTly

- 100

Ser Arg Thr Lys Ser
115 :

H's Val Pro Asn Tyr
135 _

Arg Asn Pro Asp Asn
155 :

Asp Pro Asp Lys Arg
170 : :
PCT/ US95/ 05107

Pro Qu Cys Qu Qu-

Ile Arg Met Arg Asp Val Ile Leu Phe G u Lys

90 95 Arg Val Tyr Leu
Gy lle Ay Asn Gy Tyr Arg 40 PCI/USOSS167
105 110 _ Gy Thr Met
Ay Val Ala Cys @n Lys Trp Ay . .
120 - 125 45 Ala Thr Phe Pro
Ser Pro Ser Thr His shr n 130

140 ' I?(g)cg&?]y Leu Gu Gu Asn Tyr Cys
Asp Au dn .. 145 150

160 50 ~ Qdy Pro Trp Cys Tyr Thr Thr
Tyr Asp Tyr Oys . 165
175 WO 95/ 29242

_ Asn |l e
Au Cys M

FIGURE 11
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180 185. 190 Tyr AQu Ay Lys

Ile Ser Lyswgbdnolgt Ser Gy Leu Asp Cys G n Ala 5 PCT/US95/08187

200° o 205 Trp Asp Ser G n Ser Pro Hs Ala Hs Gy
Tyr Ile Pro Ala Lys Phe: + 210 215

220 10 Pro Ser Lys Asn Leu Lys Met Asn Tyr Cys Hi's Asn Pro Asp Ay
Au 225 230 235

240 Pro Arg Pro Trp Cys Phe Thr Thr Asp Pro Thr Lys Arg Trp Gu
Tyr 245 . 250 '
255 15 Cys Asp Ile Pro Arg Cys )'r;?/T’er Pro Pro Pro Pro Pro Ser
Pro Thr 260 v 265

270 . Tyr Adn Cys Leu Lys Gy Arg Ay GQu Asn Tyr Arg Ay Thr Val
Ser 20 ' 275 280 . 285

Val Thr Val Ser Ay Lys Thr Cys G n Arg Trp Ser Au G n Thr Pro

290 295 300 25 == ANSEQMBINANTHAS
Arg Thr Pro Gu Asn Phe Pro Cys Lys Asn Leu G u 305 . ont

310 315 320 e T S e iy e Vn
Arg Asn Pro Asp Gy GQu Thriedga Pro Trp Cys Tyr seesQOre=s  B1 RECOMBINANT HAS
325 330 j 335 30 ;hr W@j
A@n Leu Arg Trp G u Tyr Cys ulle o Ser Cys 0
345 350 ‘

U Ser Ser Al a Ser-<REio-Asyro@inaL Ser
\
0\0 . R - Qm
N | we«@=== DICONTROL
N\ .
\, ceve- DacONTML
~-@-~ ERECOMBINANT HAS

Asp Ser Ser Val Pro Pro Gu

%INHIBITION
%

.....
LT
LYY

Dilution
‘ FIGURE 12
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35 : 355 360 365
G u An Thryfognesqds Val A n Au Cys Tyr An Ser Asp Gy G N pefusesosior
370°¢ ! 375 380 40 Tyr Arg Ay Thr
~Ser Ser Thr Thr Ile Thr Ay Lys Lys Cys A n Ser 385
. 390 - 395 400 Trp Ala Ala Met
| Phe Pro Hs Arg Hi's Ser Lys Thr Pro G u Asn Phe
- 405 410 415 45 Pro Asp Ala Ay
‘Leu Gu Met Asn Tyr Cys Arg Asn Pro Asp Ay Asp ' 420
425 430 Lys Gygyg]‘?p Cys Tyr Thr Thr Asp
‘Pro Ser Val Arg Trp Gu Tyr 50 5 = 440
1 445 " Cys Asn Leu Lys Arg Cys Ser Au Thr Ay Gy Ser val vVal Gu
' Leu : 450 455 ' 460 WO
195/ 29242 PCT/ US95/ 05107
8 £ A1RECOMBINANT HAS
B 51 RECOMBINANT HAS
§ ERECOMBINANT HAS
Bl 01 CONTROL
B ciconTRoL
B orcr
9

] orcr

9 INHIBITION

PRy

3

DILUTION

FIGURE 13
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Pro
465

Cys

485

Thr
500
Phe
515
Arg

535

Tyr

: 555
: Lys
570

Cys
585
Thr
600
du
620
Val

640

Thr Val 'Ser Adn

Pro
Thr
Asn
Asp
Pro

Val

Cys
Pro
Pro
Tyr
dn

Al a

Phe

Val
30
Leu

“Met Tywwdshsnoden

Gu Pro Ser Ay Pro Ser Asp Ser A u Thr Asp

470 475 480
Ay Lys Asp Tyr Arg Bly Lys Thr Al a Val ptwuseses1od
490 495 Ala Ala Ay
Gn Ay Trp Ala Ala Gn GQu Pro Hs Arg
505 510 10 His Ser lle
Adn Thr Asn Pro Arg Ala Asp Leu G u Lys '
520 525 o S Asn Tyr. Cys
Asp Gy Asp Val Asn Ay Pro Trﬂl.(f;/s%:}/r , 530
540 - 15 r Thr Asn Pro Arg Lys Leu
Cys Asp Ile Pro Leu Cys 545 550
560 Ala Ser Ala Ser Ser Phe Gu Cys Gy
Val G u Pro Lys 20 C 565
575 . Lys Cys Pro Ay Arg Val val Ay Ay
= 59 “Ar g
Thr Ay dn
: 60 a Pro
Leu Thr Al a - 615
' yr Lys
G Vianor” 635
. removed
Primary
fumor
intact

FIGURE 14
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Ala Hs Qu Gu Tyr Ile Arg Ay Leu Asp Val dn du Ile Ser Val 35

645 wW09529242 650 655 PéY/BsIsR107€ U
Il'e'Leu Gu Pro Asn Asn Arg Asp Ile Ala Leu Leu Lys '
1660 665 670 . 40 Leu Ser Arg
:Pro Ala Thr Ile Thr Asp Lys Val Ile Pro Ala Cys Leu _
1675 680 . 685 o Pro Ser Pro
"Asn Tyr Met Val Ala Asp Arg Thr Ile Cys Tyr Ile Thr 690
695 700 45 Trp Ay Gu Thr An Qy
Thr Phe Ay Ala Gy Arg Leu Lys GQu } 05 710
. 715 720 Ala dnfLeu’'Pro Val Ile Gu Asn Lys
IVal Cys Asn Arg Val Gu Tyr . 50 : . 725
i 730 . ' 735 0.8 _lLeu Asn Asn Arg Val Lys Ser Thr GQu
Leu Cys Ala Gy Gn Leu Ala _ " addl0
. 745 750 WO} 95/ 29242 -
. PCT/ US95/ 05107 - S 0.6 79
, 2 ) 7Y
' 2 : :
go 0.4+
> 1 e |FIGURE 15A
g | g
3 0.2 :
-
0.0- !
S -9 13
100
? <
_t 80
c
2 1 - :
§ 60
g FIGURE 15B
Q 40+ | | |
Q
-s 9
= 204
E <
@ . |
5 9 13
aq [ L X} a8e sae

FIGURE 15C

Apoptlotic Index (%)
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Gy Gy Val Asp Ser Cys A n Ay Asp Ser Ay Gy Pro Leu Val Cys

755 W0 95129242 760 765 . s
Asp*Lys Tyr Ile Leu dn Ay Val Thr Ser Trp Ay Leu .5 l,Bjivi"sgldgl&"y770
775 780 Gy Cys Ala Arg Pro Asn Lys Pro
‘dy Vval Tyr val Arg Val Ser Arg 785 790 .
795 800 10 Phe Val Asp Trp Ile Gu Arg Qu
Met Arg Asn Asn 805 810 -

15 (2) | NFORVATI ON FOR %Q NO: 2:
‘(i) SEQUENCE CHARACTER! STI CS: | 7 ng (A) LENGTH 339
YP

am no acids 20 : (B) am no aci d.
(C) STRANDEDNESS: (D TOPOLOGY: I'inear
(ii) MOLECULE TYPE: protein 25 (iii
HYPOTHETI CAL: NO _ 0.8 T——————tH—CRI-G-NA-SSRCE .
. (A) ORGANI SM Mirine 30 | | ses
B 0.6+
:s-' ) 68 ’
3 0.4 FIGURE 16A
o
S
- 0.2-
0.0« §
) 9 13
100
© e~ 4
'.§ 80 -
c
8
8 63- |
a FIGURE 16B
S 40 - -
Q
K=
8 ‘
- |
: 5 9 13
- 3 se ssse ’ ses
)
3 6-
)= < FIGURE 16C
.Q 4-. .
S ) _
a
8. 2 X
<
C-
)

13
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(xi) SEQUENCE DESCRI PTION: SEQ I D NO 2: 35 Val Tyr Leu Ser Gu

Cys Lys Thrwolosmédse Gy Asn Ay Tyr Arg Gy

5% S 0 s PORISL,,
'Arg Thr Lys Ser Ay Val Ala Cys Gn Lys Trp Ay Ala

120 25 ' 30 40 . o Thr Phe .
tPro Hi's Val Pro Asn Tyr .Ser Pro Ser Thr His Pro Asn Au _

35 40 - - Ay Leu Qu du

Asn Tyr Cys Arg Asn Pro Asp Asn Asp GUE—Z/%M? 50
|55 60 Cys Tyr Thr Thr Asp Pro Asp
'Lys Arg Tyr Asp Tyr Cys Asn 70

75 ' 80 50 : IIeF{:oGuQ/sGuGuGuQ/s

Met Tyr Cys Ser Ay Glu Lys Tyr . 85

90 : Au Lys Ile Ser Lys Thr Met Ser
'@y Leu Asp Cys A@n AIaTrp o 100

-105 . 110 §5 D Asp Ser An Ser Pro Hs Ala
Hs Ay Tyr Ile Pro Ala Lys ge Pro - 115 : ‘
120 125 WD 95/ 29242 <

PCT/ US95/ 05107

Treatment Day
FIGURE 17

§ 0§ 8 &

(o ww) ammol\ Jownyg

2000 -
0
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Pr o
‘Pro

Arg
Lys
Ar'.g
Pro
Leu

Asp

WO 95/29242

Trp
Pro
dy
Thr
Thr
Asp
Arg
Adn

Cys Phe
Arg
Au

Ser Lys Asn Leu Lys Met Asn Tyr Cys His Asn Pro Asb Gy
130 135 . rcrmsssmsm&‘lo
Thr Thr Asp Pro Thr Lys Arg Trp G u Tyr Cys
150 : © 155 . 160
Thr Thr Pro Pro Pro Pro Pro Ser Pro Thr Tyr
170 175 A@n Cys Leu Lys
Tyr Arg Ay Thr Val
185 Z Thr Val Ser
Arg Trp Ser Au Gdn Thr |s
200 205 Arg H's
Asn Phe Pro Cys Lys As L&u Gu Gu
215 220 Asn Tyr. Cys Arg
Thrél a Pro Trp Cys Tyr ﬁr 20 225
23 240 '@ °o Thr Asp Ser
Tyr 8ys Qu lle Pro Ser @ Gu re
250$y 255 N .25 Ser Ser Ala Ser
Ser '
265 270 Cﬁj
©
L
® ®©
«aQ ™
-
&b
g &
Q
E =
s ©
-
=
<
] M 1 ©
- o
2 g g
& ® <
P

(e

‘Wit) sWnjoA Jownyg
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An Thr Pro Val Val Gn GQu Cys Tyr Gn Ser Asp Ay G n Ser Tyr

275 WO 95129242 280 285 30 PCT/USSNs307C Y
Thr *Ser Ser Thr Thr Ile Thr Ay Lys Lys Cys G n Ser Trp

290 ) 295 _ 300 Ala Ala Met
Phe Pro H's Arg His Ser Lys Thr Pro A u Asn Phe Pro 35 - 305
310 315 ' 320 Asp Ala Ay
Leu Gu Met Asn Tyr Cys Arg Asn Pro Asp Ay Asp Lys

325 330 335 40 Ay Pro Trp
(2) I NFORMATI ON FOR SEQ | D NQO 3: 45 (i)
SEQUENCE CHARACTERI STI Cs: : (A) LENGTH: 339
am no aci ds ' : (éﬂﬁ%ﬁ) am no acid

(C) STRANDEDNESS: 50 : ' (D) TOPOLOGY: |inear

(i1) MOLECULE TYPE: protein (iii) HYPOTHETI CAL: NO

55 S (vi) ORI G NAL SOURCE: (A
ORGANI SM  Honp sapi ens : '

12000 T241 Fibrosarcoma Saline
«
E
£ 8000}
h S
S
3
S
5 40001 " T/C=0.5
g .
= Angiostatin
1 1 1 1
0 5 10 15 20 25
' Treatment Day
FIGURE 19
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WD 95/ 29242

PCT/ US95/ 05107
81 WO 95/29242 (xi) SEQUENCE DESCRI PTI ON: SEQ p&rbkssasior
‘Val 'Tyr teu Ser Gu Cys Lys Thr Gy Asn Ay Lys Asn Tyr Arg Ay
1 5 10 15
gT'hr Met Ser Lys Thr Lys Asn Gy IIe Thr Cys @ n Lys Trp Ser Ser -
120 ' 25 30 10 Thr Ser Pro His
gArg Pro Arg Phe Ser Pro Ala Thr H's Pro Ser GQu 35
140 45 ' . a u Gu Qu Asn Tyr Cys Arg Asn
'Pro Asp Asn Asp Pro Gn Qy _ éQZ ?0 55
60 15 Pro Trp Cys Tyr Thr p Pro Au Lys Arg Tyr
Asp Tyr Cys Asp 65 ' 75
: 80. - —tte—trer-grrtysT o o0 G U oY o |v HE Cys Ser Ay du
tAsn Tyr 20 85 ™ -} 90
195 Asp Ay Lys Ile Ser Lys Thr IVEF'SemGIy Leu Gu Cys Gn
!Ala Trp 100 Q v 10
1110 ) n 9O
R— (=2
= Q. € o
9p) - < TN
~ 4 &
= <
3 x S
N
=] - Q E
g T B
g 5 2
=
. g
S E E
] 4 (qg _
o -
20 ~
=
- - w
2
* owg
E
L ! Jo
=] L=
= g 8 |
N - <
F
(eww ) sWN[OA Jown |
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25

115
fLeu
1135

155
‘Pro
1170
Asn
185
‘Hi's
200
‘Phe
1220
Trp
1240
os
255
Pro
270
Ser
285

‘Lys

Pro
Pro
Tyr
Trp

Pro

Asp
Gu

Tyr

Asp Ser An Ser Pro Hs Ala Hs Ay Tyr Ile Pro Ser Lys Phe Pro
. Wo9sn9242 120 125 PEPOSIZNIB104S N
bys Asn Tyr Cys Arg Asn.Pro Asp Arg Qu Leu 130
140 30 Arg Pro Trp Cys Phe Thr Thr
Asn Lys Arg Trp Gu Leu Cys . 145 S 150.
160 Asp Ile Pro Arg Cys Thr Thr Pro
Ser Ser Ay Pro Thr Tyr 35 : 165
' 175 | yﬂzyyls Leu Lys Ay Thr dy Qu
Arg Gy Asn Val Ala Vval | 23’ 180
190 40 Thr Val Ser Ay H's Thr Cys G n
Ser Ala Ap_Thr Pro H.s - — 195
205 Thr H's Asn Argl Thr Pro Qu Asn
Cys Lys Adn Leu Asp Qu |21 : 215
45 Asn Tyr Cys Arg Asrrf’ro‘&sp Gy Lys Arg Ala Pro
H's Thr 225 o W30 235
Thr gsn Ser Gn Val Arg Tnp G@ Tyr Lys Lys Ile Pro Ser
50 = 245 o 250
SerS&er Pro Val Ser Thr Cg A8 Leu AL ro Thr Ala Pro
% 260 E 26?‘)g -
55 L Val G n Asp iF Ay Asp Ay Gn
=
- i
- f ®©
g Q o
S g B
g -
] g -
2 < U
b Qe
Q o O M
o {1 *:
g
-
om—y
: -
O
3
(=2 |
o
=1
8 B 2 ]

(pww) -a'wn;oA Jowny
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WD 95/ 29242 PCT/ .US95/ 05107

82 . , WO9s29242 Arg Gy Thr Ser Ser Thr Thr Thr Thr Gy defsy S
Gn Ser Tip . 290 205 Solsabr/
300 Ser Ser Met Thr Pro Hs Arg HHs A n Lys Thr Pro Qu
Asn Tyr Pro 5 305 310 315
320 Asn Ala Ay Leu Thr Met Asn Tyr Cys Arg Asn Pro Asp
Al a Asp Lys _ 32 330
335 10 Ay Pro Trp 1522 '27 (2)
| NFORMATI ON FOR SEQ | D NO 4: (i) SEQUENCE
CHARACTERI STI CS: 20 (A) LENGTH. 339 am no aci ds
- ] .
) ]
] °
o 2
= s
te
2 e _ e
= go | =
& 5 "
50
L=
o
e
<

FIGURE 22

Treatment Day

Anglostatin 50 mg/kg
s.q. every 12 hours
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(B) TYPE: am no acid

5 8 3

(¢ W) SWINJOA Jowny

| (C) STRANDEDNESS:
(D TOPOLOGWo é419984y 25 (ii) MOLECULE T n
(iii) HYPOTHETI CAL: NO - ' (vi) ORI G NAL W&}
‘(A) ORGANI SM Rhesus' nonkey (xi) SEQUENCE
'DESCRI PTI ON: SEQ | D NO 4: 35- Val Tyr Leu Ser Au Cys
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(i) SEQUENCE CHARACTERI STI CS: 50 (A) LENGTH: 339

am no acid (B) TYPE: ami no ‘acipdTNUS95/05107
(O STIR’A\NDE\RIE%?:Mz : (D TOPOLOGY: |inear 55
(ii) MOLECULE TYPE: protein b}2 (iii) HYPOTHETI CAL: NO
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195 200 205 Enp, cofd e
Arg Thr P_U_G’U_AS‘H_PHG—PI‘@—Q/S Lys Asn Leu G P GpEpLACEMENT SHEETS 85210
215 Asn Ty Iy Schbitbn gkt o‘nsma@ =
oo o I S i
235 Thr Asg ?%5 g{s)vaﬁagéﬂ g—%ppags@::. !
Tyr Cys Lys Ile Pro Ser Cys Ay L stract aged 2t6 aed ,,,,,
250 255 .55 iQbstagt i RAETR; 7 ﬁG@ i
GQu Hs Leu Asp Ala Pro Val Pro Pro Qu -1997 :
265 270 WD 95/ 29242 DATE OF RECEIPT .......ooooveeeer 97;
PCT/ US95/ 05107 85
G@n Thr Pro Val Ala An Asp Cys Tyr Ar§7GIy Msn Gy Gu Ser Tyr
275 280 2 Arg Gy Thr
Ser Ser Thr Thr Ile Thr Ay Arg Ly&@élﬁg Ser Trp

We claim:

1.  Isolated angiostatin, wherein angiostatin is a

Thr Ala Ser Gy H's Thr Cys A n Arg Trp Ser Ala A n Ser Pro s

protein having an endothelial cell proliferation inhibiting
activity and having a molecular weight of between
approximately 38 kilodaltons and 45 kilodaltons as determined
by reducing polyacrylamide gel electrophoresis, and wherein
the angiostatin further has an amino acid sequence substantially
similar to that of a plasminogen fragment beginning at

approximately amino acid number 98 of a murine plasminogen
molecule.

2. The angiostatin Claim 1, wherein the
angiostatin contains approximately kringle regions 1 through 4
of a plasminogen molecule.

3.  The angiostatin Claim 2, wherein the amino
acid sequence is a plasminogen fragment derived from human
plasminogen, murine plasminogen, bovine plasminogen,
Rhesus plasminogen or porcine plasminogen.

4. The angiostatin of Claim 2, wherein the
amino acid sequence is 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.

5. The angiostatin of Claim 1, wherein the
angiostatin is capable of inhibiting angiogenesis.

REPLACEMENT SHEET

27 OCT 1997




S 290 295 300
Val Ser Met Thr Pro Hs Arg Hs Qu Lys Thr Pro Ay Asn Phe Pro
305 310 315

10
Asn Ala Ay Leu Thr Met Asn Tyr Cys Arg Asn Pro As

%5 >0 (2) | NFORMATI O\ISI:);SO? SEQ |E‘,ﬁ‘mmﬂllmﬁm ;Trp

(i) SEQUENCE CHARACTERI STI CS: (A LENGTH: 339
am no acids 88 (B) TYPE: am no acid

(C) STRANDEDNESS: 25 (D TOPOLOGY: |inear
(ii) MOLECULE TYPE: protein (iii) HYPOTHETI CAL: NO
30

(A) ORGANISM Bovine (ﬁhe%@&ﬁtﬁgﬁpf%‘?%&m&eﬁgc&‘ﬁn ON:

SEQ | D NO 6: angiostatin is capable 9f inhibitingd angiegenesisrredagedsn QG y
A@n Thr Tyr ﬁ;&ﬁeg _

7.  The angiostatin of Claim 6, wherein the
angiogenesis related disease is cancer.

- 8. Isolated angiostatin, wherein the angiostatin
is a protein having an endothelial cell proliferation inhibiting
activity and having a molecular weight of between
approximately 38 kilodaltons and 45 kilodaltons as determined
by reducing polyacrylamide gel electrophoresis, and wherein
the angiostatin contains approximately kringle regions 1
through 4 of a plasminogen molecule, the protein being

capable of binding lysine, and the protein being capable of
inhibiting angiogenesis.

9. A method of treating a human or animal
with an angiogenic mediated disease comprising administering
to the human or animal with the angiogenic mediated disease
an effective amount of angiostatin, wherein angiostatin is a
protein having an endothelial cell proliferation inhibiting
activity and having a molecular weight of between
approximately 38 kilodaltons and 45 kilodaltons as determined
by reducing polyacrylamide gel electrophoresis, and wherein
the angiostatin further has an amino acid sequence substantially
similar to that of a plasminogen fragment beginning at amino
acid number 98 of a murine plasminogen molecule.

10. The method Claim 9, wherein the

angiostatin contains approximately kringle regions 1 through 4
of a plasminogen molecule.
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Thr Thr Ala G u Thr

- 20

5 10
25

Arg Asn Pro Asp Asn Asp Qu Asn Ay

55
Lys Arg Tyr
75
H s Cys Ser
90
Gy Arg Asp
105
Ay Tyr lle

PCT/ US95/ 05

Lys Ser @Ay Val Thr Cys An Ly‘y—'Fr-p*SeT—At—a——

Pro H| S
Val Pro Lys Phe Ser Pro Au Lys Phe Pro Leu Al a IIMIMIWI!ﬂﬂlﬂ 'IL
40 45 45 Ay L yr Q/s

60 §>§o Trp Cys Tyr Thr Thr -Asp Pro Asp

Asp Tyr Q/s Asp 50 65 70
Ile Pro Gu Cys Qu Asp Lys Cys Met

Ay GQu Asnl Iyr The method of C1a1m 10, wherei®® the
9 Gu ITe Ala a/%rThr Met Ser

@gn@ a,cy;f §eqp5nce is a plasmmogen %raément dexiye

uman %smmo gen, murin®sP pRisidifo®Ent obbviipt @ Hi s

0 Ser Lé/ ﬁ'ﬂ WC 95/°29242
1gf;asm1nog ,» Rhesus plasmmogen or porcine plggminogen.

12. The method of Claim 10, wherein the
amino acid sequence is 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.

13. The method of Claim 9, wherein the
angiogenic disease is selected from the group consisting of
cancer, arthritis, macular degeneration and diabetic
retinopathy.

14. A method of diagnosing a disease or
determining the prognosis of a disease mediated by
angiogenesis comprising the step of determining the
concentration of angiostatin, wherein angiostatin is a protein
having an endothelial cell proliferation inhibiting activity and
having a molecular weight of between approximately 38
kilodaltons and 45 kilodaltons as determined by reducing
polyacrylamide gel electrophoresis, and wherein the
angiostatin further has an amino acid sequence substantially

similar to that of a plasminogen fragment begmmng at amino

acid number 98 of a murine “plasminogen molecule.

15. The method Claim 14, wherein the

angiostatin contains approximately kringle regions 1 through 4
of a plasminogen molecule.

16. The method of Claim 14, wherein the
disease is cancer. REPLACEMENT SHEET
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Asn
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200
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220
Trp
240
Cys
255
Pro
270
Ser

285

Lys
Pro
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Tyr
Trp

Pro
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Pro

Tyr

Met
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Ay
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Cys
20
Tyr

du
30

120 . 125 Asn Lys Asn
Asn Tyr Cys Arg Asn Pro Asp Ay Qu Pro 130

140 5 Arg Pro Trp Cys Phe Thr Thr
Lys Arg Trp G u Phe Cys Jm 150

160 asp 11e e STHSISHIRNIAL -
Ser Ay Pro Lys Tyr 10 DL 51

175 G@n Cys Leu Lys Ay Thr Gy Lys
dy Thr Val Al a Val 180

190 15 Thr Au Ser Gy H's Thr Cys A n
Gu @n Thr Pro His 90 195

205 Lys Hs Asn Arg Thr Pro A u Asn
Lys Asn Leu Gu Qu 210 215
Thr 17. Asfsoﬁ%&g&%g%%ta’%fﬁ‘, &h%résyg@%ﬁio%a%irli 18 aAI apr 835

rotein havings arSeéndbthélihl Acell TproliferdtiorOinhibitinge Pro Ser
5. . . 245 . 2 6@
activity apd Qaving a,meleayilaty woighteofaetdees o val
approximagely 38 kilodaltons and&5 kilodaltons as deteiined
by reducing pI)rigfaE{'ﬁla\g/%idg rgoeleefec'%f'gpﬁ\é%e% ahd whbreRl Gy @n
the angiostatin further has an amino acid sequence substantially
similar to that of a plasminogen fragment beginning at
approximately amino acid number 98 of a murine plasminogen
molecule, for use in a medicament. )

. 18. The angiostatin Claim 17, wherein the
angiostatin contains approximately kringle regions 1 through 4
of a plasminogen molecule.

. 19. The angiostatin for use as a medicament of
Claim 18, wherein the amino acid sequence is 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.

20. Use of angiostatin wherein angiostatin is a
protein having an endothelial cell proliferation inhibiting
activity and having a molecular weight of between
approximately 38 kilodaltons and 45 kilodaltons as determined
‘by reducing polyacrylamide gel electrophoresis, and wherein
the angiostatin further has an amino acid sequence substantially
similar to that of a plasminogen fragment beginning at
approximately amino acid number 98 of a murine plasminogen
molecule, for the manufacture of a medicament for treating a
human or animal with an angiogenic mediated disease.
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290

Arg Ay Thr Ser Ser Thr Thr Ile Thr Ay Arg Lys Cys @ n Ser Trp

295 300 35

Met Thr Pro His Arg H's Leu Lys Thr Pro A u Asn Tyr Pro

Ser Ser
i 305

g e s o s v o Y
325 330 33 Ser® Pr'o Trp
45 50 91

CLAI M5

21. The use of angiostatin of Claim 20, wherein
the angiostatin contains approximately kringle regions 1
through 4 of a plasminqgen molecule.

22. The use of Claim 21, wherein the amino
acid sequence is a plasminogen fragment derived from human
plasminogen, murine plasminogen, bovine plasminogen,
Rhesus plasminogen or porcine plasminogen.

23. The use of Claim 21, wherein the amino
acid sequence is 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.

24. The use of Claim 20, wherein the
angiogenic disease is selected from the group consisting of

cancer, arthritis, macular degeneration and diabetic
retinopathy.

25. A composition comprising, an isolated
DNA sequence that codes for angiostatin, wherein angiostatin
is a protein having an endothelial cell proliferation inhibiting
activity and having a molecular weight of between
approximately 38 kilodaltons and 45 kilodaltons as determined
by reducing polyacrylamide gel electrophoresis, and wherein

the angiostatin further has an amino acid sequence substantially |

similar to that of a plasminogen fragment beginning at

approximately amino acid number 98 of a murine plasminogen
molecule.

26. The composition Claim 25, wherein the
angiostatin contains approximately kringle regions 1 through 4
of a plasminogen molecule.
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W claim

and 45 kil
el ectropho
that of a
nol ecul e.

1. An isolated angiostatin protein, conprisi
protein having a nol ecul ar wei ght of between approximately 38 kil odal t ons

odal tons as determ ned by reducing pol yacryl am de gel

ng a

resis, and having an am no acid SequenC_—ETﬁﬁﬂfﬂﬁﬁﬁﬂ4ﬁf4H4ﬂ lar to

plasn1nogen fragment begi nning at am no

f a Iasn1nogen
2. An isolated angiostati n ﬂ ,ﬂ& | ng a

protei n having an approximately a kringle 1 throug
pl asm nogen nol ecul e and havi ng anti - angi ogeni c act|V|ty

angi ostatin protein of Claim1l or 2, wgerein the proteinis a plasn1nogen

fragment of human plasm nogen, murine plasm nogen, bOV|ne pl asm nogen,

Rhesus pl asm nogen or porcine plasmn nogen.

protein of

selected fromthe group con5|st|n

NO 4, SEQ |
of Claim1l
endot hei r al
cell assay

A angi ostatin

Caim1l or gy hayyRoc Sn?ggéﬁgggﬁft)%?@l @Ed“ﬁ%}!‘%@étﬁesg@ ID
NS

squence sades fonamsamino acid sequesce salgc from protein

| T
tﬁ&eéﬁogﬁwégg o%flsn anpl Iﬁgg’fgmy I n Uag’bw ng]endo?hetral

NO:4, SEQ ID NO:5, and SEQID N

28. The composition of Claim 25, further
comprising a vector containing the DNA sequence encoding
angiostatin, wherein the vector is capable of expressmg
angiostatin when present in a cell.

29. The composition of Claim 28, in a
unicellular orgamsm capable of expressing angiostatin.

30. A method comprising, implanting into a
human or non-human animal a cell containing a vector,
wherein the vector contains a DNA sequence encoding
angiostatin, wherein angiostatin is a protein having an
endothelial cell proliferation inhibiting activity and having a
molecular weight of between approximately 38 kilodaltons and
45 kilodaltons as determined by reducing polyacrylamide gel
electrophoresis, and wherein the angiostatin further has an
amino acid sequence substantially similar to that of a
plasminogen fragment beginning at approximately amino acid
number 98 of a murine plasminogen molecule, wherein the

vector is capable of expressing angiostatin when present in the
cell.

31. The method Claim 30, wherein the

angiostatin contains approximately kringle regions 1 through 4
of a plasminogen molecule.

REPLACEMENT SHEET

27 OCT 1997

A



88

3 6. Angiostatin protein of aiml or 2~ wherein
t he protein is capabl e of inhibiting"""""_"t'ﬁél gromh of a
cancer, A

Angi ostatin protein of Claim6, wherein the | \M“\\m“‘“w“m“sm ferted

fromthe group consisting of prostate neert b*east "cancer,
col on cancer and |lung cancer A conposition conprising, an isolated

nucl eoti de nol ecul e having a sequence PRat codes for protein
havi ng anti - angt ogeni c activity, having a nolecul ar weight of

bet ween approsi mat W‘ﬁﬁc L3l ! Qe ey aed
by reducing polyacryl a%?de g’glgjllé{éﬁgg rop orgiéllr@??!ihd an&;%q#g Q(EudA sequence

subst ant i al | seguentercedeyifosanmaminoe esidwequenge selected frgmotherat el y
am no acid 98youp consistiftf 8f SR IMIROR' SEOHID NO:3, SEQ ID
NO:4, SEQ ID NO:5, and SEQ ID NO:6.

33. A composition comprising a
pharmaceutically acceptable excipient and angiostatin, wherein
angiostatin is a protein having an endothelial cell proliferation
inhibiting activity and having a molecular weight of between
approximately 38 kilodaltons and 45 kilodaltons as determined
by reducing polyacrylamide gel electrophoresis, and wherein
the angiostatin further has an amino acid sequence substantially
similar to that of a plasminogen fragment beginning at

approximately amino acid number 98 of a murine plasminogen
molecule.

34. The composition Claim 33, wherein the
angiostatin contains approximately kringle regions 1 through 4
of a plasminogen molecule.

35. The composition of Claim 34, further
comprising a sustained-release matrix.

36. A composition comprising an antibody that
specifically binds to angiostatin, wherein angiostatin is ‘a
protein having an endothelial cell proliferation inhibiting
activity and having a molecular weight of between
approximately 38 kilodaltons and 45 kilodaltons as determined
by reducing polyacrylamide gel electrophoresis, and wherein
the angiostatin further has an amino acid sequence substantially
similar to that of a plasminogen fragment beginning at
approximately amino acid number 98 of a murine plasminogen
molecule. REPLACEMENT SHEET

27 OCT 997




9. A conposition conprising,

an isol ated nucl eoti de nol ecul e havi ng

"a sequence that codes for angiostatin protein having anti-angtogenic
of activity wherein the angiostatin protein contains. ringle
1 through 4 of a plasnlnogen nol ecul e.

regi ons
89

94

Hllllll L IIII

37. The composition of Claim 36, wherein the
angiostatin contains approximately kringle regions | through 4

of a plasminogen molecule.
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cr>mpoett-b-n Al --_ tsqWANMAA=tES- A A p oAU AN rzeuef JER ERENT SHEET( 10.
The conposition'of Aaim8 or 9, wherein the nucl eot “@PLALHEM ng for
a protein am no acid sequence sel ecged fromthel group co“sl' i rjg {of
havi ng a begi nni ng SEQ ID N0 2, SEQ ID NO 3, SHQ | DUIU! @Q IiD INO 5,
and SEQ I D NO 6. prwW ‘Hal .4t V' *3V rin {hdof
hella COW claim 1l : The conposition....angiostatin protein has{in
vitro endothlial cell proliferation ikhibiit+ag—aettvity in a

borine endothelial cell;aspR¥q s the basis to analyze serunt'addidde ‘of fhcer
conposition....a colon‘cdncer & a | ung cancer. _
patients for similar ang1os%at1c molecules.

It is contemplated as part of the present invention that
angiostatin can be isolated from a body fluid such as blood or urine
of patients or the angiostatin can be produced by recombinant
DNA methods or synthetic peptide 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 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 uéing '
recombinant DNA techniques entails the steps of (1) identifying
and 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 appropriate vector such as
an expression vector, (6) inserting the gene containing vector into a
microorganism or other expression system capable of expressing
the inhibitor gene, and (7) isolating the recombinantly produced
inhibitor. Appropriate vectors include viral, bacterial and
eukaryotic (such as yeast) expression vectors. The above
techniques are more fully described in laboratory manuals such as
“Molecular Cloning: A laboratory Manual” Second Edition by
Sambrook et al., Cold Spring Harbor Press, 1989. The DNA
sequence of human plasminogen has been published (Browne,
M.J.,, et al., “Expression of recombinant human plasminogen and a
glycoplasminogen in HeLa cells” Fibrinolysis Vol. 5 (4). 257-260,
1991) and is incorporated herein by reference. One example of
such a recombinant expression system is Escherichia coli strain
XL-1B pTrcHisA/HasH4 available upon permission from the
American Type Culture Collection 12301 Parklawn Drive,

Rockville, Maryland 20852 under ATCC Designation No. 98231
deposited on October 23, 1996.



claim14 : The conposition....the vector s capabl e of expressing ..
angj ostation protein when present inacell.

90 An a$xi d of P e R AT S O - 4Qsr tr
C ' 15. An net hod of exprquﬁﬁéAQ M  5§5§§ n, protein
conprising,....sequence that codes for aggiostdtijn pr ot €i n havi ng
anti-anfiogenic _ activity, having a nnleCuI@g\Mﬁqgﬂm 01 bet ween
approxi mately 38 and 45 kil odal tons as determ rec by {edluci ng

pol yacryl am de gel el ectrophoresis, and A am o actdT sgquence
substantially simlar to that of a plgsm nogen fragnent {begi nning
at approximately am no acid 98 of a plasm nogen

Otwin the etiOF rs capCbIe O x nol ecul e, wherein the vector is

capabl e of expressin i oSt [otei.n when the cel
P P 3 glope% vascu anzftlon starting aP rdea nit aiter corneaf

implantation and continuing to day 10. By day 10, the
vascularized corneal tumors again had reached approximately a
quarter of the volume of the whole eye.’
Table 1.
Inhibition of tumor angiogenesis in the cornea by a primary
subcutaneous tumor. (All primary tumors are LL.C-Low except (*)
which is LL.C-High).

Day of eye implant 0 0O 0 0 O 0 0

Day of primary tumor implant |-7 -4 -4* 0 none +4 +7
Number of mice with new|2/10 0/9 2/3 2/3 6/8 3/3 2/3
corneal vessels at day 10 |

It would be expected that 0/10 corneas would show
neovascularization when the primary LLC-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 cm?).

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 4 and 5
show 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 by
an implant of matrigel containing basic fibroblast growth factor
(bFGF) (Passaniti A, et al.,, A simple, quantitative method for
assessing angiogenesis and anti-angiogenic agents using
reconstituted basement membrane, heparin and fibroblast growth
facwur. Zab. Invest. 67:519, 1992).



16. A nmethod of expressing....a cell a vector wherein the vector_contains a

nucI eoti.de nol ecul e. angi ost atl n protert

anti-angi ogeni c acti vi ty and contai ni ng appr oxi tht&dﬁﬂghﬂnﬁl%% ons 1

t hrough 4 of a pl asm nogen nol ecul e, eln the cell
capable....angiostatin protein. Caim 1755 The thoglgqmwil%‘«um 5 or 16,
wherein the expression is in vitro. The net hod
of claim15 or 16 Gaftim , wherein tih ucteot 1 de seqLence
encodes for a beginning am no aci d sequence sel gcted from t he
group consisting of SEQID NGO 2, SEQID NG 3, SEQTD NO4 SEQ I D
NO 5, and SEQ ID NO. 6. insert clains 19 & 20 2l . An

anti body capabl e of selectively binding to angiostatin protein
havi ng a IVIt and havi nol ecul a t, of bet

approxi mat el y 38 ﬁf;l @P S tSBHéJO'i’s h@dmlﬂi} lung CB&&@HBB.

pol yacryl am de geWE&htunmphietaldung f@hnd)blasts an am no acid sequence
substantial ly simlar to that of a plasm nogen fragment begi nning
at approximately amno acid 98 of a pI asm nogen nol ecul e.
91 22. An anti déxigmpled® e of selectively binding
to r

activity, and Serum fré’tﬂ Bédﬁng t%%é%z?a%hggtu%ﬁ&r‘ {BI; ?gfg)t <
contai ns appr oxi Hikaé| Jorsi rgt dni toﬁgetqstases does not in zbzt capz

endothelial cell proliferation in vitro.

Serum from mice bearing a primary tumor of the
LLC-High did not significantly inhibit proliferation of bFGE-
stimulated bovine capillary endothelial cells relative to controls.
Also, when this serum was subjected to the first two steps of
purification (heparin-Sepharose chromatography and gel filtration),
angiostatin activity was not found in any fractions.

Example 11
Ascites from Lewis lung carcinoma (low metastatic), also
generates angiostatin serum.
Mice received intraperitoneal injections of either
LLC-Low or LLC-High tumor cells (10%), and one week later, 1-2
ml of bloody ascites was obtained from each of 10-20 mice.
Mesenteric tumor seeding was seen. The mice were then
euthanized. Serum was obtained by cardiac puncture. Serum was
also obtained from normal, non-tumor-bearing mice as a control.
Serum and ascites were centrifuged to remove cells, and the
supernate was assayed on bovine capillary endothelial cells
stimulated by bFGF (1 ng/ml) (see Example 8). Ascites
originating from both tumor 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 (inhibition to 79% of controls). The serum from the
high metastatic line was stimulatory by 200%.



through 4 of a pl

asm nogen npl ecul e. 23. The anti body

Caim2] or 22 wherein the angi ostag; 13 protein has a beginning am no

aci d sequence sel ected fromthe group consisting of NC: 2,
SEQ ID NO 3, SEQID NO 4, SEQ ID NO 5, and SEQ AEMENIP ai m
24:. The antibody of claim 21 or 22, wheggein the arfgifostat has in
vitro endothelial cell prollferatl_on infibiting acffiVityg IW I

borine endothelial cell assay., claim 25: The aptjbody B I 2 or

22, wherein the angiostatin protel n i s capabl e of vt h - of

a cancer.

Specific activity . Fold purification
(units*/mg)
Serum : 1.69 . 1
Heparin Sepharose 14.92 8.8
Bio-gel AO.5m 69.96 414
HPLC/C4 2x107 1.2x106

*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 ng/ml for 72
hours. '

Example 13
Fractionation of angiostatin from urine by column
chromatography and analysis of growth-inhibitory fractions by
SDS-PAGE.

_ 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 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).
Figure 7 shows C4 reverse phase chromatography of
partially purified serum or urine from tumor-bearing animals. All
fractions were assayed on bovine capillary endothelial cells with
bFGF in a 72-hour proliferation assay as described in Example 8.
A discrete peak of inhibition was seen in both cases eluting at 30 -
35% acetonitrile in fraction 23. SDS-polyacrylamide gel
electrophoresis of inhibitory fraction from the third cycle of C4
reverse phase chromatography of serum from tumor-bearing
animals showed a single band about 38,000 Daltons. '
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TnO R Saf I'Kr | 4, 27. A nethod of detecting angiostatin I n
a sanple, the angi ostatin protein having ant W@Tﬁgﬁa—%ﬂ:’tﬂy, :
having a nol ecul ar wei ght of between approxinately 38

ki | odal tons as determ ned by reduci ng pol yacr am de E‘“Bﬂ“ﬂ

and an am no acid sequence substantially si m r to t asm ﬂogen

fragment begi nning at approximately am no acid 98 of a pl asm nogen
mol ecul e, s Claims

1.  An isolated angiostatin protein, comprising a
protein having a molecular weight of between approximately
38 kilodaltons and 45 kilodaltons as determined by reducing
polyacrylamide gel electrophoresis and having an amino acid

10 sequence substantially similar to that of a plasminogen
fragment beginning at amino acid 98 of a plasminogen
molecule.

2. - An isolated angiostatin protein, comprising a
15 protein having an amino acid sequence of approximately a
kringle 1 through 4 region of a plasminogen molecule and

having anti-angiogenic activity.

3. Angiostatin protein of Claim 1 or 2, wherein the
20 protein is a plasminogen fragment of human plasminogen,
murine plasminogen, bovine plasmmogen, Rhestis plasminogen

or porcine plasminogen.

4. Angiostatin protein of Claim 1 or 2, having a
25 beginning 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.

5.  Angiostatin protein of Claim 1 or 2, wherein the

30 plasminogen fragment has in vitro endothelial cell
proliferation inhibiting activity in a bovine endothelial cell
assay.

6. Angiostatin protein of Claim 1 or 2, wherein the

35 protein is capable of inhibiting the growth of a cancer.

7.  Angiostatin protein of Claim 6, wherein the
cancer is selected from the group consisting of prostate cancer,

Preast cancer, colon cancer and lung cancer. @L ACEMENT SHEET

09 JUN 1999




conprising: a. conbining a sanple...antibody; and b. detecting the

presence...in the sanple. : 28. A nethod of detecting anfiostatin
protein in a sanple, wherein the angiostatin protei
approximately kringle regions 1 through 4 of a pl a m‘magﬂlmm“ ml and
has anti-angi ogenic activity, conprising: - a.* conbkni hg & sanpl e
suspected of containing angiostatin gg protein with an angiostatin
protein-specific binding anti body and b. detecting the presence of binding
bet ween angi ogt atin protein and the antibody, thereby detecting
angi static protein in the sanple. , 93
29. The nethod of CI aim28.or 28 conpositiontdom gmgstaiusol]ateﬂ aucldotide
begi nni ng t
consi ating of SEQ | D AP ARREEsatNES ﬁ%ﬂ 66885’ 16 angiosguifl 3 en;
and SEQ I D NQO 6. having anu-angogemmamvnﬁmh@vmg ai modgcuwlar 2geight of
wherein the a E@Rfd
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1 reducing po yacrylamide gel electropl ore31s and an amino

assay.
acid sequence substantially similar to that of a plasminogen

fragment beginning at approximately amino acid 98 of a
plasminogen molecule.

15 9. A composition comprising, an isolated nucleotide
molecule having a sequence that codes for angiostatin protein
having anti-angiogenic activity, and wherein the angiostatin
protein contains approximately kringle regions 1 through 4 of
a plasminogen molecule.

20

10. The composition of Claim 8 or 9, wherein the
nucleotide sequence codes for a protein having a beginning
amino acid seqliéhce selected from the group consisting of
SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5,

25 and SEQ ID NO:6.

11. The composition of Claim 8§ or 9, wherein the
angiostatin protein has in vitro endothelial cell proliferation
inhibiting activity in a bovine endothelial cell assay.

30

12. The composition of Claim 8 or 9, wherein the
angiostatin protein is capable of inhibiting the growth of a
cancer. '

35 13.  The composition of Claim 12, wherein the cancer
is selected from the group consisting of a prostate cancer, a
breast cancer, a colon cancer, and a lung cancer.
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34. Use of an effective amount of....in a mammal wh

angi ostatin protein contains apprOX| rratel y kringle,

of a plasm nogen nol ecul e, and has anti-angi ogentic
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nmol ecul e. claim 36 :

and SEQ I D NO 6
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expressing angiostatin protein when present in a cell.

15. A method of expressing an angiostatin protein
comprising, transfecting a vector into a cell, wherein the
vector comprises an isolated nucleotide molecule having a
sequence that codes for angiostatin protein having anti-
angiogenic activity, having a molecular weight of between
approximately 38 and 45 kilodaltons as determined by
reducing polyacrylamide gel electrophoresis, and an amino
acid sequence substantially similar to that of a plasminogen
fragment beginning at approximately amino acid 98 of a
plasminogen molecule, wherein the vector is capable of
expressing the angiostatin protein when present in the cell.

16. A method of expressing an angiostatin protein
comprising, transfecting into a cell a vector, wherein the
vector contains a nucleotide molecule having a sequence that
encodes for an angiostatin protein having an anti-angiogenic
activity and containing approximately kringle regions 1
through 4 of a plasminogen molecule, wherein the cell is.
capable of expressings the angiostatin protein.

17. The method of Claim 15 or 16, wherein the
expression is in vitro .

18. The method of Claim 15 or 16, wherein the
nucleotide sequence encodes for a beginning 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.
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94 claim 37: The use according to claim34 or 35, wherein the angiostatin
protein .has endothelial cell proliferation inhibiti ngm ne
engot helial cell assay. cl ai m 38: The use accor ﬁ“\
or35, wherein the mammal has a di sease or condition ne m m“““

angi ogenabis. claim39 : The use accordi ng to claim 38 erai nut hé nhmal

5 19. The method of Claim 15 or 16, wherein the
nucleotide sequence encodes for an angiostatin protein capable
of inhibiting the growth of a cancer.

20. The method of Claim 19, wherein the cancer is
10 selected from the group consisting of breast cancer, colon
cancer, lung cancer, prostate cancer, fibroblast cancer and

reticulum cancer.

21. An antibody capable of selectively binding to
15 angiostatin protein having anti-angiogenic activity, having a
molecular weight of between approximately 38 and 45
kilodaltons as determined by reducing polyacrylamide gel
electrophoresis, and an amino acid sequence substantially
similar to that of a plasminogen fragment beginning at

20 approximately amino acid 98 of a plasminogen molecule.

22. An antibody capable of selectively binding to
angiostatin protein having anti-angiogenic activity, and
wherein the angiostatin protein contains approximately kringle

25 regions 1 through 4 of a plasminogen molecule.

23. The antibody of Claim 21 or 22, wherein the
angiostatin protein has a beginning amino acid sequence
selected from the group consisting of SEQ ID NO:2, SEQ ID
30 NO:3, SEQ ID NO:4, SEQ ID NO:5, and SEQ ID NO:6.

24. The antibody of Claim 21 or 22, wherein the
angiostatin protein has in vitro endothelial cell proliferation
inhibiting activity in a bovine endothelial cell assay.

35
25. The antibody of Claim 21 or 22, wherein the

angiostatin protein is capable of inhibiting the growth of a

cancer.
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26. The antibody of Claim 25, wherein the cancer is
selected from the group consisting of a prostate cancer, a
breast cancer, a colon cancer, and a lung cancer.

27. A method of detecting angiostatin protein in a
sample, the angiostatin protein having anti-angiogenic activity,
having a molecular weight of between approximately 38 and
45 kilodaltons as determined by reducing polyacrylamide gel -
electrophoresis, and an amino acid sequence substantially
similar to that of a plasminogen fragment beginning at
approximately amino acid 98 of a plasminogen molecule,
comprising:

a. combining a sample suspected of containing

angiostatin protein with an angiostatin protein-specific

binding antibody; and

b. detecting the presence of binding between

angiostatin protein and the antibody, thereby detecting

angiostatin protein in the sample.

28. A method of detecting angiostatin protein in a
sample, wherein the angiostatin protein contains approximately
kringle regions 1 through 4 of a plasminogen molecule and has
anti-angiogenic activity, comprising:

a. combining a sample suspected of containing

angiostatin protein with an angiostatin protein-specific

binding antibody; and

b.  detecting the presence of binding between

angiostatin protein and the antibody, thereby detecting

angiostatin protein in the sample.

29. The method of Claim 27 or 28, wherein the
angiostatin protein has a beginning 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.
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30. The method of Claim 27 or 28, wherein the
angiostatin protein has endothelial cell proliferation inhibiting
activity in a bovine endothelial cell assay.

31. The method of Claim 27 or 28, whetein the
sample is taken from the body fluid of a mammal.

32. The method of Claim 31, wherein the mammal
has an angiogenesis mediated disease or condition.

33. The method of Claim 32, wherein the mammal
has a cancer.

34, ‘yse of an effectivé amount of angiostatin protein ,
in preparation of a medicament for inhibiting angiogenesis in
a mammal wherein the angiostatin protein contains approximately
kringle regions 1 through 4 of a plasminogen molecule and has
anti-angiogenic activity.

35. Use of an effective agount of angiostatin protein
in the preparatioh of a medicament for inhibiting angiogenesis
in a mammal wherein the angiostatin protein, has anti-angiogenic
activity, has a molecular weight of between approximately
38 kilodaltons and 45 kilodaltons as determined by reducing
volyacrylamide gel electrophoresis,‘ and has an amino-terminal
amino acid sequence beginning at approximately amino acid 98 :
of a plasminogen molecule.

36. The use according to Claim 34 or 35, wherein the
angiostatin protein has a beginning amino acid sequence
selected from the group consisting of SEQ ID NO:2, SEQ ID
NO:3, SFQ ID NO:4, SEQ ID NO:5, and SEQ ID NO:6.

37. The use according to Claim 34 or 35, wherein the

angiostatin protein has endothelial cell proliferation inhibiting



A
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activity in a bovine endothelial cell assay.

38. The use according to Claim 34 or 35, wherein the
mammal has a disease or condition mediated: by_angiogenesis.

39. fThe use according to Claim 38, wherein the mammal

has a cancer.
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