USE OF LEPTIN IN I NH Bl TI ON OF ENDOTHELI AL CELL PROLI FERATION Field of the
I nvention The present invention relates to reversible inhibition of

endot hehg}g gfdosgdr Ol i feration and to nodul ation of angi ogepesirhobes2s he
femal e reproductive system Mre particularly, the present invention
relates to the use of leptin or |leptin honol ogues or derivatives,
optionally together with inhibitors of VEGF action or inhibitors of VEG-
synthesis, in the preparation of a nedi ganent for inhibiting angi ogenesis
or nodul ati ng angi ogeni ¢ processes. The present invention further relates
to the use of leptin or leptin honol ogues or derivatives, together with

i nhibitors of VEG- action or inhibitors of VEGF synthesis, in the
preparation of a medi cament for nodul ati on of angi ogenesis in the fenale
reproductive system Background of the Invention As used herein, the term
"angi ogenesi s" neans the generation of new bl ood vessels into a tissue or

organ. Under nor nal physi@gE%F%quqﬁifN?ﬁﬁ(}]ﬂm@ﬁ ani mal s under go
e

angi ogenesis only in very specific restric situations. For exanple,

angi ogenesi s is normal IBNDEFEAFIAAD CRLLPREAIFERAMEGN and enbryonic
devel opnment, formation of the corpus |uteum endonetrium and placenta and

grow h of adi pose tissue. The term "endot heliuntf neans a thin |ayer of flat
epithelial cells that lines serous cavities, |ynph vessels, and bl ood
vessel s° Both controlled anduncontrol | ed angi ogenesi s are thought to

proceed in i m | ar manner. Endothehal cells and pericytes, surrounded by
a basenent ﬁhﬂﬁﬁ?&h%}“?’%‘?%"

The present invention relates to reversible inhibition of endothelial cell
proliferation and to modulation of angiogenesis in the female reproductive
system. More particularly, the present invention relates to the use of leptin or

10 leptin homologues or derivatives, optionally together with inhibitors of VEGF
action or inhibitors of VEGF synthesis, in the preparation of a medicament for
inhibiting angiogenesis or modulating angiogenic processes. The present
invention further relates to the use of leptin or leptin homologues or derivatives,
together with inhibitors of VEGF action or inhibitors of VEGF synthesis, in the

16 preparation of a medicament for modulation of angiogenesis in the female

reproductive system.

Background of the Invention
As used herein, the term "angiogenesis" means the generation of new
20 blood vessels into a tissue or organ. Under normal physiological conditions,
humans or animals undergo angiogenesis only in very specific restricted
situations. For example, angiogenesis is normally observed in wound healing,
fetal and embryonic development, formation of the corpus luteum, endometrium
and placenta and growth of adipose tissue.
25 The term "endothelium" means a thin layer of flat epithelial cells that lines

serous cavities, lymph vessels, and blood vessels. Both controlled and



capillary bl ood vessels. Angi ogenesis begins with the erosion of the
basenent nenbrane by enzynes rel eased by endot hehal cells and | eukocytes.
The endotfisbhpisese! | S, which Iine the [umen of bl ood vesselgsr/iilaghoseE ot r ude
t hrough the basenment nenbrane. Angi ogenic stinulants induce the endot hehal
cells to mgrate through the eroded basenent nenbrane. The mgrating cells
forma "sprout" off the parent bl ood vessel, where the endothehal cells
undergo mitosis and proliferate. The engot hehal sprouts nmerge with each
other to formcapillary |oops, creating the new bl ood vessel. Persistent,
unr egul at ed angi ogenesis occurs in a nultiplicity of disease states, tunor
net ast asi s and abnormal growth by endot hehal cells and supports the

pat hol ogi cal damage seen in these conditions. The diverse pathol ogi cal

di sease states H}(lf\gul ch. unre ul at ed an ogeneS| S resent .?ave been
grouped t oJBEPRFO aﬂ@‘%%"é"r? € #&he QFSifgnnc %At dBAfI<Leases.

The hypot h%fgt}feliﬁ} c[tE:HFmén(gr ?%%'ss sﬂthﬁ’@ﬁp% ﬁﬂ%‘?%eﬂ@?al{é " frm

proposed in Unor angi oge eS|s erapeu

i nplicati onspillbky Eltﬁid vésselsMxthgigB&iesk1Begis With tHO Elosiod Bfithe basEMERS!

terns it states: "Once tunor 'take' has occurred, every increase in tunor
cel I popul adnobranesby benzmmtsede&amd dry iemdoteedial i cellsewndaprukioayiess The
converg ng on the tu r 'take' is_currently understood to indicate
a preva culeﬁﬁio%ﬁ]é%lec“gps t"ﬂﬁﬁlﬂ @@d@@Humn\m blpod Yféﬁ‘iﬂﬁaihe@np@f(m@@rfhm@
occupyi ng |rret ers vol.u nat .exceedi w I |on
cells, can UE%%G%HTI%% gz{qené\%ggewg? vag%t 1§du<§(ﬁ-§n %Q{E‘B]Fel ?ﬁrﬂ? Yol une
beyond t hi $,iBhAS Ghf ' RS eldiRd! BfIhe InahpRRY, 9AR) higfind' OAR Y&mPd -

For exanpl e pul nonary m cronmetastases in the early
"sprout” off the parent blood vessel, where the endothelial cells undergo mitosis

and proliferate. The endothelial sprouts merge with each other to form capillary
10 loops, creating the new blood vessel.

Persistent, unregulated angiogenesis occurs in a 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

15 together as angiogenic dependent or angiogenic associated diseases. The
hypothesis that tumor growth is angiogenesis-dependent was first proposed in
1971. (Folkman J., Tumor angiogenesis: Therapeutic implications. N. Engl. J.
Med. 285:1182-1186, 1971). In its simplest terms it states: "Once tumor 'take' has
occurred, every increase in tumor cell population must be preceded by an

20 increase in new capillaries converging on the tumor." Tumor 'take' is currently
understood to indicate a prevascular phase of tumor growth in which a
population of tumor cells occupying a few cubic millimeters volume and not
exceeding a few million cells, can survive on existing host microvessels.
Expansion of tumor volume beyond this phase requires the induction of new

25  capillary blood vessels. For example, pulmonary micrometastases in the early

prevascular phase in mice would be undetectable except by high power



prevascul ar phase in mce woul d be undetectabl e except by high
power mi croscopy on histol ogi cal sections. Vascul ar norphogenesis is

regul at edyg¥;/idhgo hypoxi a-i nduced vascul ar endot hehal gr owt Bt /aGhRbs26 VEGH)
and its endothehal cell receptors FIkI and Ft 1. Two other angi ogenic

factors, angiopoietin- 1 and 2 (Angl and Ang2), which bind to a common
endot hehal cell receptor (Tie2), were identified (S. Davis, et al., Cel

87, 1161-1 169, 1996; P. C. Misonpierre et al., Science 277, 55-60,

1997). Angl is a receptor agonist (C. Suri, et al., Science 282, 468-471,
1998). constitutively expressed in many tissues, whereas Ang2 is a receptor
ant agoni st, whose expression is limted to sites of vascul ar renodeling. So
far, Ang2 was identified in fetal tissues, in endothehal cells, in snooth
muscle cells. and in f r.eproductive organs of adult mce and hunans (P.
C. Mai sonpi"@fFFECORY O IStOEIﬁ%aﬁéSCW 55-60, 1997; B. Wtzenbichler, P. C

Mai sonpi erre, P. ) o] I

185 14-1 8521, 1\/9%3{?&@‘ ‘@T’}Bﬁa@? & ﬂékﬁf“’t?] bﬁegﬂpeer%%hrac’%ﬂﬁb&ia @%2859
1998) . Bot kn¥&EeliaNgrAng? fAte (WEGEQUARL 6@ éntdteeTRll ecdl ERERGPUSTS | MR 1 OAiRNS
upon vascul ar nor phogenesi s, whereas only Ang2 is expressed upon bl ood
vessel regiédsioro gthg? apgmbicy facolss angegpeistesdelsd 20(AnggrasbiAngdy an

apoptotic nechani.sm although induction of apoptosis by Ang ultured
endot heRal VdEfh rsl)%@r%tcomw sodathebig! call ngreptenKilead)emverp. ldemfg ed (5.

e SO i 9025 5. B VETBEZE: & alopbReL o SsPly 33727
e, So50pe 7 AR 100 A0Sy soRRERC! el iPOGHRB IR
of growth aboghremstiturhrely Wxdkessedhcimahl tyssues, whereas Ang2 is a receptor
antagonist, whose expression is limited to sites of vascular remodeling. So far,
10 Ang2 was identified in fetal tissues, in endothelial cells, in smooth muscle cells
and in female reproductive organs of adult mice and humans (P. C. Maisonpierre,
et al., Science 277, 55-60, 1997; B. Witzenbichler, P. C. Maisonpierre, P. Jones,
G. D. Yancopoulos, J. M. Isner, J Biol Chem 273, 18514-18521, 1998; S. J.
Mandriota, M. S. Pepper, Circ Res 83, 852-859, 1998). Both VEGF and Ang2
15 are up-regulated in female reproductive organs upon vascular morphogenesis,
whereas only Ang2 is expressed upon blood vessel regression. Ang2 probably
marks these vessels for regression by an apoptotic mechanism, although
induction of apoptosis by Ang2 in cultured endothelial cells has not been
obtained (B. Witzenbichler, P. C. Maisonpierre, P. Jones, G. D. Yancopoulos, J.
20 M. Isner, J Biol Chem 273, 18514-18521, 1998; J. Holash, et al., Science 284,
1994-1998, 1999; D. Hanahan, Science 277, 48-50, 1997).
A specific antibody against VEGF reduces microvessel density and causes
"significant or dramatic" inhibition of growth of three human tumors, which rely
on VEGF as their sole mediator of angiogenesis (in nude mice). The antibody
25  does not inhibit growth of the tumor cells in vitro. (Kim K J, et al., Inhibition of

vascular endothelial growth factor-induced angiogenesis suppresses tumor



on VEG-F as their sole nediator of angiogenesis (in nude mce). The anti body
does not inhibit growh of the tunor cells in vitro. (KKkmK J, et al.,

| nhi bi ti ewo of/186@scul ar endot hehal growt h factor-induced arR§iTigeMeSRS
suppresses tunorgrowth in vivo. Nature 362:841-844, 1993). A specific

angi ogenesi s i nhibitor (AGW1470) inhibits tunor growth and netastases in
vivo, but is nmuch less active in inhibiting tunor cell proliferation in
vitro. It inhibits vascul ar endothehal éell proliferation hal f-maximally at
4 1 ogs |lower concentration than it inhibits tunor cell proliferation.

(I ngber D, et al., Angioinhibins: Synthetic anal ogues of fumagillin which

i nhi bit angi ogenesis and suppress tunor growth. Nature, 48:555-557, 1990).
There is also indirect clinical evidence that tunor growh is angi ogenesis

dependent . ﬁ%@ﬂf‘ﬁvi%.sﬁ%r@@ i regpul %'99_1 is unique within the vascul ar
S

system bec&use of the capam?%/:%o? this systemto grow throughout nost of
adult life (D. la sgdcafidahgiogbnesds inhiiusEGM-147@ inlilbits tuvher geiwtbudnat i on

4, 2 11-232, 1997). Indeed, brown and white adi pose tissues have an

ext ensi ve meatastaszs duivataybat snduelx prseastivé ghinhgvishg temovec ptwliferatian &xf f ey,
W O WIkison, B. M Spiegel man, J Biol Ch 267, 1 17-16322, 92; Q
X. Zhang, &ttrg)lt ,mlglbg@,rvgxspggr gndothghalieg]] Pli‘gg)%@tloﬁh]@é?"]?atxq@ Xlaéa%??g?at
angi ogepesi s plays a jor.rol.e.i r . Jraint e Lpose
angt 0genes) 2yl SR ATERRT GRS AL, SRR TARe, 96 adhpose
the adi posg iéiﬁHE)ge(ggy'sirgg}g&rcea%ﬁ-log%%?cifffﬁma%ﬁiﬂﬁR@ﬂcﬁsnﬁmi%@%&&sm f at

relative to IFfean is associated with inportant psychol ogi cal and

medi cal nogippstesd Rﬁnortglﬁwtﬁtlﬂ@ﬂwé,mg:ﬂﬁ-ﬁ@hﬂﬂﬂ)t Eheieois,alel evatetclmioald
i pids, and Type Il or non-insulin-dependent diabetes nellitus (N DDV .
There are 6vitened thait gumor growth is angiogenesis dependent.
Adipose tissue microcirculation is unique within the vascular system
10 because of the capacity of this system to grow throughout most of adult life (D.
L. Crandall, G. J. Hausman, J. G. Kral, Microcirculation 4, 211-232, 1997).
Indeed, brown and white adipose tissues have an extensive microvasculature and
express high levels of VEGF (K. P. Claffey, W. O. Wilkison, B. M. Spiegelman,
J Biol Chem 267, 16317-16322, 1992; Q. X. Zhang, et al., J Surg Res 67,
15 147-154, 1997). Thus, it is clear that angiogenesis plays a major role in the
growth and maintenance of adipose tissue. If this angiogenic activity could be
repressed or eliminated, then the adipose tissue will regress.
Obesity, defined as an excess of body fat relative to lean body mass, is
associated with important psychological and medical morbidities, the latter
20 including hypertension, elevated blood lipids, and Type II or
non-insulin-dependent diabetes mellitus (NIDDM). There are 6-10 million
individuals with NIDDM in the U.S., including 18% of the population of 65
years of age (Hanis et al., Ira. J. Obes., 11:275-283, 1987). Approximately 45 %
of males and 70% of females with NIDDM are obese, and their diabetes is

25  substantially improved or eliminated by weight reduction (Harris, Diabetes Care,

14(3):639-648, 1991).



individuals with NNDDMin the U S., including 18% of the popul ation of 65
years of age (Hanis et al., Ira. J . Qobes., 11:275-283, 1987).

Appr oxi myteb vigfm % of males and 70% of females with N DDM @@ 9h6sses and
their diabetes 1's substantially inproved or elimnated by wei ght reduction
(Harris, D abetes Care, 14(3):639-648, 1991).Y. Zhang et al (Nature, 372,
425-43 1, 1994) suggest that one of the nolecules which plays a key role in
energy bal ance regulation is the ob progein also terned |eptin. Zhang et al
al so report the cloning and sequenci ng of both nouse and human | eptin.

Uni ted Ki ngdom patent specification No. 2292382 relates inter alia to

pol ypepti des, ob pol ypeptides or allelic variants or anal ogs thereof and
their use for nodul ati ng body weight. In particular, GB 2292382 di scl oses

For the. tr oat ot QA0S NARect . (2B 1 bW Erlicot fpar"Ohe of fhe 'S
2l pocyL AR, WP RSP Bhc3fch B ANENE B
Lo )P o bR s ko Ly o Bopec
di vi ded bynsugsarad hemght leptinmUniteth&ingdan epatoaty speti fiesion &d.i 2292382f f ect
as an inhibitor of food intake and the high |evels of leptin in obese
i ndi vi dual k168 inT ahie tonpalyperides) optpalypaides pfcaliclicavaants Qiggelessng
hat obesel adlL VoL, 9900k HERRRRY b Rl AL AABLLR, Gt |
1oL 1 B ARAURBIALLER AR Sl SEURy T Sl gyl s o,
therefore asdgfepdfdrorthe ceemeent i off abesinet Hadesd)i dh eaR  found that the
adipocyte-derived leptin regulates food intake in rodents through its action on an
10 hypothalamic receptor. Yet, later studies have shown that serum leptin is elevated
in obese individuals and that there is a direct correlation between serum leptin
and the body mass index (weight in kg divided by squared height in m.). The
discrepancy between leptin’s effect as an inhibitor of food intake and the high
levels of leptin in obese individuals led to the theory of “leptin resistance”, a term
15 suggesting that obese individuals do not respond to their high leptin levels and
maintain their high body mass. Thus it is clear that leptin by itself is not efficient
in reducing the adipose tissue mass (P. Prolo, M. L. Wong, J. Licinio, Int J
Biochem Cell Biol 30, 1285-1290, 1998).
There exists therefore a need for a composition and method which can
20  inhibit the unwanted growth of blood vessels, especially into tumors and adipose
tissues. The composition 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
preferably be non-toxic and produce few side effects. If angiogenic activity could

25  be repressed or eliminated, then tumor, although present, would not grow and

adipose tissue will regress. In the disease state, prevention of angiogenesis could



inhibit the unwanted growt h of blood vessels, especially into tunors and
adi pose tissues. The conposition should also be able to nodul ate the

formati Onwgfmﬁﬁﬂi)' laries in other angiogenic processes, SUSETASoNBsHRd
heal i ng and reproduction. The conposition and nethod for inhibiting

angi ogenesi s should preferably be non-toxic and produce few side effects.

I f angiogenic activity could be repressed or elimnated, then tunor,

al t hough present, would not grow and adigose tissue will regress. In the

di sease state, prevention of angi ogenesis coul davert the damage caused by
the invasion of the new m crovascul ar system Therapies directed at control
of the angi ogenic processes could lead to the abrogation or mtigation of
these diseases. Mce lacking leptin are infertile because Ieptin is

required for rel.ease of gona |n releaS| horrmne fromthe
ot bl amiercHatnage SRe s o @%.lv\éwor@ S hEn ibeeatala SPIE e

rel ease of i, GRRAARLA APINS. dR AN ,g{z%%ﬁf*c LBUEGL] QB0 14,8PLd Mk O

| epti n-deffici m ce resuce earra ave

adi pose ti sbyeedi®Sor RftidadidOnGTIReRf digddbet es or anor eX| a nervosa patl ents
are infertile due to insufficient |evel of the adipose tissue-produced

leptin. One of tMeechakat keptistdre snfifrtitehbesite destirc yctauiredafoarikase of
angi ogenesi s, which takes, place duri ng the maturation of the follicle in

the ovary. g@ﬁﬁéaﬁr@p@freﬂwémgomrmr@ -RH) feam ghe Mpﬂﬂ@l%ﬂ%ﬁ et ar e
o oxpr ecs Gk SIS i hel i FESTGA BEVEE A AT NER Sorb iRt ="
processes idt Ng] f idleA. NARCABHCHE EpSy Sloe TR ALLErI S Alife Tebhddd kieir

Sunmmary of the Tnventioh
sterility. Feamales who have low adipose tissue mass, as the case of athletes or

anorexia nervosa patients are infertile due to insufficient level of the adipose
10 tissue-produced leptin.

One of the characteristics of the estrous cycle is ovarian angiogenesis,
which takes place during the maturation of the follicle in the ovary. Rupture of
the follicle and formation of the corpus luteum are associated with extensive
blood vessel regression. These tissues were shown to express VEGF and Ang2.

15 Therapies directed at control of angiogenic processes in the female reproductive

system could regulate fertility.

Summary of the Invention
The present invention relates to the use of leptin, a leptin homologue or a
20 derivative thereof, optionally together with an inhibitor of VEGF action or of
VEGF synthesis, in the preparation of a medicament reversibly inhibiting
endothelial cell proliferation.
In one aspect, the invention relates to the use of leptin, a leptin homologue
or a derivative thereof in the preparation of a medicament for modulating
25  angiogenic processes.

More particularly, the use in inhibition of angiogenisis is contemplated.



The present invention relates to the use of leptin, a | eptin honol ogue or a
derivative thereof, optionally together with an inhibitor of VEG- action or
of VEGF syoohesi#s, in the preparation of a nedicament reverGi/A0go4s2Hhi biting
endot hehal cell proliferation. In one aspect, the invention relates to the
use of leptin, a leptin honol ogue or a derivative thereof in the
preparation of a nedi canent for nodul ati_ng angi ogeni ¢ processes. More
particularly, the use in inhibition of dngiogenisis is contenplated.!n

anot her aspect, the invention provides for the use of leptin, a leptin
honol ogue or a derivative thereof together wth an inhibitor of VEG- action
or VEGF synthesis in the preparation of a nedicanent for regulating
fertility in a manmal. Any known pharnmaceutically acceptabl e VEG- inhi bitor

may be enpl oyedy] r it i 14 1.0 €d i | S99
relates to phar rlrgcr:hé%??ééa ggtefrﬁlg%ilﬁ}/%ﬂg)dngfﬁgétsi ﬁogr gl%g?%é;éﬁ?écétggo%é?glens or

body wei ghthogiolbgiid bt htdercaripe itlsdrogf togptlicn, with lheghhibitoe ol VBGE asticn bept i n
derivative optionally together with an inhibitor of VEGF action or VEGF

synt hesi s. \Hr@F evyabhagist inetheoprepatatioo rofi & neaditanyerd fon ragwlatnedesilsy nadi at ed
di seases. Brief Pescri ption of the Figures Figure 1 shows a |leptin induced
bl ood vesséldP@gtressi on and apoptosis in adi pose tissues of C57BL-o0b nice.

C57CB- ob m ce wey 'ﬂ%cﬁ% eghWrﬁ&e%EillW Eg&tpitzﬂalé 2XAE @B Pnidltot ﬁf'ayo gnd 9
h. Abdom nal adi pose 1issues were
employed in accordance with the invention.

The invention also relates to pharmaceutical compositions modulating
angiogenic processes or body weight or fertility comprising leptin, a leptin
homologue or a leptin derivative optionally together with an inhibitor of VEGF

10 action or VEGF synthesis.

Preferably the composition is employed in angiogenesis mediated

diseases.

Brief Description of the Figures

15 Figure 1 shows a leptin induced blood vessel regression and apoptosis in

adipose tissues of C57BL-0b~- mice. C57CB-0b~- mice were injected with
murine leptin (2x1 pg/g) at time 0 and 9 h. Abdominal adipose tissues were
removed at 24 and 48 h. Blood vessels were visualized in tissue sections by
immunostaining with antibodies to Factor VIII (DAKO A/S, Denmark). Note
20  that the number of stained blood vessels has decreased in 24 and 48 h post
injection.
Figure 2 shows a dose-response curve of the blood vessel regression in
adipose tissue of 0b~- mice 24 and 48 h post leptin injection.

Figure 3 shows a time course of the blood vessel regression in adipose

25 tissues of b~/ mice injected with murine leptin (2x1 pg/g).



removed at 24 and 48 h. Bl ood vessels were visualized in tissue sections by
i munostaining with antibodies to Factor VIII (DAKO A/S, Denmark). Note

t hat t he woobeswsof stai ned bl ood vessel s has decreased i n BA/HA000835 h post
injection. Figure 2 shows a dose-response curve of the blood vessel
regression in adi pose tissue of b/ mce 24 and 48 h post leptin injection.
Figure 3 shows a tinme course of the blood vessel regression in adi pose
tissues of ob ' mice injected with nmurife leptin (2x1 ng/g).Figure 4 shows
a leptin-mediated i nduction of angiopoietin-2 (Ang2) as anal yzed by reverse
transcription-PCR of RNA from adi pose tissues. Lane 1, control (no RNA);

| ane 2, RNA of adi pose tissue fromnormal C57BL nouse; |ane 3, RNA of

adi pose tissue from C57BL nouse injected with leptin (2x5 ng/g) |ane 4, RNA

of adi pose tiss 0 - N y : LPOSe A hSHuULe, from
C57BL-0 b museﬁ%‘}@c?g’gg &@h}fgpgg[@ %a%ﬁidsﬁ{%‘/: g??%’%ﬁ?ﬁ@%&%@ &
t er m nat ed ahgly@E® byafevetdel @BnscripBoRFPORS 6f RINANGEm &éipeBanissiecdsaeon, no.

AF004326, corresponded to positions 637-657 (sense) and 1167-1 147
(reverse) . chiigolr e@cbRMNousane 2i N Aol sdipose tingR metuapimal by 7Bépmawsen

adi pose tissue Qf ob mce. Lepti 2 / was .adm nistered to.,C57BL-0 b_
mi ce,  tot alinich Eye wadingss Rue ok 37T RousS e avinh RRTnAngS el 7
by RNA blottin ith probes to use , VEGE and actin._ Figure.6 shows a
dose reépoﬁfg@ ﬁgfﬂ%g@fp Bt OHCTFa i e 0P S SUSSH 15 5 RN 4IRS n was
adm nistered to C57BL-0 b m,ce and adi pose . protei NS, Lere exlgéﬁct ed.at 48 h.
Ang2 was déﬁ%lenfrﬁéucéymnﬁﬁﬁom%tsedﬁbﬂcg%q withslgphy (2x5 ug/g). reactions

were terminated before saturation. PCR primers of Ang2, GeneBank Accession

no. AF004326, corresponded to positions 637-657 (sense) and 1167-1147

(reverse).

10 Figure 5 shows a time course of Ang2 induction by leptin in adipose

tissue of 0b~/~ mice. Leptin (2x5 pg/g) was administered to C57BL-0b~- mice,
total adipose RNA was extracted at the indicated times and analyzed by RNA
blotting with probes to mouse Ang2, VEGF and actin.

Figure 6 shows a dose response of Ang2 induction in adipose tissue of

15 ob mice. Leptin was administered to C57BL-0b~/- mice and adipose proteins
were extracted at 48 h. Ang2 was determined by immunoblot analysis (50 pg
protein/lane) with specific antiserum (Santa Cruz Biotechnology, Santa Cruz,
CA). The non-specific band (N.S.) serves for normalization of the immunoblot.

Figure 7 shows induction of Ang2 by leptin in cultured adipocytes.

20  Cultures of undifferentiated mouse 3T3-F442A pre-adipocytes and differentiated
adipocytes were induced with leptin (1 pg/ml). Total RNA was extracted at
different time points and subjected to RNA blotting with probes to mouse Ang2,
VEGEF and actin. Notice the punctuate induction of Ang2 in adipocytes at 24 h
and the reduction in VEGF level following differentiation of pre-adipocytes into

25  mature adipocytes.



protein/lane) with specific antiserum (Santa Cruz Bi ot echnol ogy, Santa
Cruz, CA). The non-specific band (N. S.) serves for normalization of the

i mrunobl i e 7 shows induction of Ang2 by leptin in gutidbB6ss
adi pocyt ﬁ?o@@%r es of undifferentiated nouse 3T3- F442A pre- ag? pocytes and

differentiated adi pocytes were induced with leptin ( 1 ng/m). Total RNA
was extracted at different tinme points and subjected to RNA blotting with
probes to nmouse Ang2, VEGF and actin. Ngtice the punctuate induction of
Ang2 in adi pocytes at 24 h and the reduction in VEG- | evel follow ng
differentiation of pre-adi pocytes into mature adi pocytes. Detail ed
Description Recently, leptin was reported to act as an angi ogenic factor.
It i nduced human unbilical vein endothehal cell proliferation in vitro,
enhanced the forpation qof capillary-like tubes in vitro and induced
neovascul aMesai¢bReseripipReas of mice and in a chic chorioal l antoic

Boul oun o, H - CReFR-dF PURWRS epsFled orcteli, 88 hafidmig 39637 dngdedes

1998). Al thgygh thesBcat VeineSndb@gnast ]f‘délllt AdlifleBRdnN ifRYidddugitarReal ggenesi s

at its site of production, the role of leptin as an angiogenic factor in

t he adi poséoriasivne ofinchpilbartUiker subedsimotitry einddrdusidugicodascutariragohemn
found in accordance with the present invention that |eptin, optionally
t oget he? wieimeas hed agist sandicti’ #s ichigucehoridallangye vessdrancegtssin in

ATy LR T T M S C T A
?—ﬂh@ofgpi : ?})’??@%g?{lﬁ%{a?&\}ﬁéxﬁgﬁﬂg%e‘, TiANRLP3821H 591066 NPoRHS ARuBh NEE
studies suggested that leptin may induce angiogenesis at its site of production,
the role of leptin as an angiogenic factor in the adipose tissue and in tumors has
10 not yet been studied.

It has been found in accordance with the present invention that leptin,
optionally together with other agents, acts as inducer of blood vessel regression
in tissues and in tumors. Leptin potently induces the expression of the angiostatic
factor angiopoietin-2 (Ang2) in various tissues, including adipose tissues and

15 tumors. Ang?2 is angiostatic in the absence of VEGF. Thus leptin is effective for
modulating angiogenesis, and inhibiting unwanted angiogenesis, especially
angiogenesis-related to tumor growth, adipose tissue growth and the estrous
cycle.

The present invention includes the use of leptin, or homologues of leptin,

20 or derivatives of leptin, optionally together with one or more inhibitors of VEGF
production or VEGF action (hereinafter: “VEGF inhibitors”) as inhibitors of
tumor angiogenesis and modulators of angiogenesis in the female reproductive
organs.

The present invention also includes the use of leptin, or homologues of

25 leptin, or derivatives of leptin, together with VEGF inhibitors to induce

adipose-tissue regression and to modulate angiogenesis in the female



nmodul ati ng angi ogenesi s, and inhibiting unwanted angi ogenesis, especially
angi ogenesi s-related to tunor growh, adi pose tissue growh and the estrous

cycl e. Tr\gogmﬁﬁgt invention includes the use of leptin, opc~Paeloeayes of
| eptin, or derivatives of leptin, optionally together with one or nore

i nhi bitors of VEGF production or VEG- action (hereinafter: "VEGF
inhibitors") as inhibitors of tunor angi ogenesis and nodul ators of

angi ogenesis in the femal e reproductiveigrgans. The present invention al so
i ncludes the use of leptin, or honol ogues of leptin, or derivatives of

| eptin, together with VEGF inhibitors to i nduce adi pose-tissue regression
and to nodul at e angi ogenesis in the fenmal ereproductive organs.

Adm ni stration of leptin, or honologues of leptin, or leptin derivatives,
either alone or,  together with VEG- inhibitors to a human or animal wth
prevasculaﬂ?E%Hhﬁﬂ?%Qﬂﬁgﬁzed tunmors will prevent the growth or expansion of

those tunors. AduhngstyatdBrfpdierld RomBloNQUDIOQNRS BF (LR iPriy QivdeePt i N
ni) I}lfg’ mﬁl potﬁerlnlg

derivative_s, in’'co Fnation w _ ors of _ Itors _C)f
angi ogenesigithep £16A@ IS tdlettier Rl AFEGRNHhAIERESI0S al RumnBBi br r@RhAHUEkH ve

organs. Di seases and processes that are nedi ated by angi ogenesi s incl ude,
but are notprévasctiadized, mbesmsgedmamaelwil pumens thdl grod it arnexpansions pf
| eukem a, netastasis, telangiectasia, psoriasis, scleroderm, pyogenic
granuloﬁa,thﬁﬁﬁaﬂuﬂ&l angi ogenesis, Crohn's disease, plaque
neovaSUlor |t LA RO S SRighu£ 2 8 Bedvatives, i
combination with VEGF inhibitors or other inhibitors of angiogenesis to females
will modulate angiogenesis in their reproductive organs.
Diseases and processes that are mediated by angiogenesis include, but are
10 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, cerebral collaterals, arteriovenous malformations, ischemic limb
angiogenesis, corneal diseases, rubeosis, neovascular glaucoma, diabetic
15 retinopathy, retrolental fibroplasia, arthritis, diabetic neovascularization, macular
degeneration, wound healing, peptic ulcer, Helicobacter related diseases,
fractures, keloids, vasculogenesis, hematopoiesis, ovulation, menstruation,
placentation, and cat scratch fever.
Administration of leptin, or homologues of leptin, or leptin derivatives,
20 together with VEGF inhibitors or other inhibitors of angiogenesis to human or
animal will reduce abberant angiogenesis associated with the aforesaid diseases
more effectively than the VEGF inhibitor alone or other inhibitors of
angiogenesis when applied without leptin.
It is also possible to modulate angiogenic processes by gene therapy as will be

25  described hereinafter.

The present invention includes the method of treating an



angi ogenesi s, corneal diseases, rubeosis, neovascul ar gl aucoma, diabetic
retinopathy, retrolental fibroplasia, arthritis, diabetic
neovasculwioioragoson, nacul ar degeneration, wound heal i ng, pe@IIldoQIEer ,
Hel i cobacter rel ated di seases, fractures, keloids, vascul ogenesis,
hemat opoi esi s, ovul ati on, nenstruation, placentation, and cat scratch
fever. Admnistration of leptin, or honol ogues of leptin, or leptin
derivatives, together with VEG- inhibitdts or other inhibitors of

angi ogenesis to human or animal will reduce abberant angi ogenesis
associated with the aforesaid di seases nore effectively than the VEG-

i nhi bitor alone or other inhibitors of angi ogenesis when applied w thout
leptin. It is also possible to nodul ate angi ogeni c processes by gene

therapy as aW?idgeQ@s@%%ét@&%sﬂﬁﬁ@Wﬁf deéffectiR RhESRNYT IbPYEVr Rmbloghedes
t he nethod of {reating anangi ogenesi s-nedi ated di sease wWith an efféctive

anount of lofdeptin, or ahleptih odrdatiobs,| epliomallyotogatieepyvith VEGH alitbests or
optionally together with VEGF i nhibitors or other inhibitors of
angi ogenesiothertnbibstore ef iangiogenesis. bhe eEgetive amounbablenjiePrdiomelggres or

B Cerl ey LRI 0Rt U, it VERE  ERRS S ROACE
or asont of no ot AR RED A AP RAE s Bt dreli i R B PR ARl "o
l'eptin thatacédplatsie coRRsRAlI i nhibitory activity. Honol ogues of leptin
refer to proteins, in which one or nore of the am no acid residues of a
natural |eptin &rs todpl ackedstbyd didtftee prdseaninventon & cagenipéaed or iranlede
del eted, or one or. nore am nho acid residues are added to the natur.al
sequence ofthe use of any homologues of leptin that induce endothelial inhibitory activity.
Homologues of leptin refer to proteins, in which one or more of the amino acid
10 residues of a natural leptin are replaced by different amino acid residues, or are
deleted, or one or more amino acid residues are added to the natural sequence of
leptin, without changing considerably the activity of the resulting products as
compared with the wild type leptin. These homologues are prepared by known
synthesis and/or by site-directed mutagenesis techniques, or any other known
15 technique suitable therefor.

Any such homologue preferably has a sequence of amino acids
sufficiently duplicative of that of leptin, such as to have substantially similar
activity to leptin. One such activity is the ability of a leptin homologue to reduce
the body weight of ob/ob mice. Thus, it can be determined whether any given

20 homologue has substantially the same activity as leptin by means of routine
experimentation.

In a preferred embodiment, any such mutein has at least 40% sequence
identity or homology with the sequence of either leptin. More preferably, it has at
least 50%, at least 60%, at least 70%, at least 80% or, most preferably, at least

25 90% sequence identity or homology thereto.

Homologues of leptin polypeptides, which can be used in accordance with



| eptin, w thout changi ng considerably the activity of the resulting
products as conpared with the wild type |eptin. These honol ogues are

pr epar ed om}gw synthesi s and/or by site-directed nutagepesiisobsshni ques,
or any other known techni que suitable therefor. Any such honol ogue

preferably has a sequence of am no acids sufficiently duplicative of that
of leptin, such as to have substantially simlar activity to leptin. One
such activity is the ability of a |eptit honol ogue to reduce the body

wei ght of ob/ob mice. Thus, it can be determ ned whet her any given

honol ogue has substantially the sanme activity as leptin by means of routine
experinentation. In a preferred enbodi nent, any such nutein has at | east
40% sequence identity or honology with the sequence of either leptin. Mre
preferably, it has at |east 50% at |east 60% at_|east 70% _at |east_. 80%
or, most pHEr BFSEBRY MVENtPRAOF W}Blge@fﬁ‘.@ﬁ@élr}gdél%ﬁrﬁ% ORCIRAFR djtet $drdt o,

ol ogues, ol RN L ARLYRERYL e 0 R PR, ASBLFRTES LI

pr esent i nventiaon, r

subst ant i alJhycleed 68 RARFINY oBRALIINGESN @S, SHIIRAN &Gl R tiReR] §RAoQ undue
pol ynucl eoti des which can be routinely obtained by one of ordinary skill in

the art, wetpwihentador bagedr omreind atdohingsbask guadanchepresanéd hgsciandogai dance
presented herein. For a detailed description of protein chem stry and
struct ut e, deladeddsserptian pf peptely chemystiycapd sueurgr seedehudzy Gelt-ugteal .

and Vol ecul BPCBIShaRk 1201 NI el BEman PR e, Vol Ve Ceh: 1955, A ch
e e OISk B P RIS o T AP WHeRi &
Co., San Francisco, 1983, which are hereby incorporated by reference. For a
presentation of nucleotide sequence substitutions, such as codon preferences, see
10 Ausubel et al, supra, at §§ A.1.1-A.1.24, and Sambrook et al, supra, at
Appendices C and D.

Preferred changes for homologues in accordance with the present
invention are what are known as "conservative" substitutions. Conservative
amino acid substitutions of leptin polypeptides may include synonymous amino

15 acids within a group which have sufficiently similar physicochemical properties
that substitution between members of the group will preserve the biological
function of the molecule, Grantham, Science, Vol. 185, pp. 862-864 (1974). It is
clear that insertions and deletions of amino acids may also be made in the
above-defined sequences without altering their function, particularly if the

20 insertions or deletions only involve a few amino acids, e.g., under thirty, and
preferably under ten, and do not remove or displace amino acids which are
critical to a functional conformation, e.g, cysteine residues, Anfinsen,
"Principles That Govern The Folding of Protein Chains", Science, Vol. 181, pp.
223-230 (1973). Proteins and muteins produced by such deletions and/or

25  insertions come within the purview of the present invention.

Preferably, the synonymous amino acid groups are those defined in Table



Ausubel et al, supra, at A 1. 1-A 1.24, and Sanbrook et al, supra, at
Appendi ces C and D. Preferred changes for honol ogues i n accordance with the
present iRwehiQAp are what are known as "conservative" subﬁéfﬁﬂwmgﬁg
Conservative amno acid substitutions of leptin polypeptides may I nclude
synonynmous am no acids within a group which have sufficiently simlar
physi cochem cal properties that substitution between nenbers of the group
wi |l preserve the biological function ofi3the nol ecul e, G antham Science,
Vol . 185, pp. 862-864 (1974). It is clear that insertions and del etions of
am no acids nmay al so be made in the above-defined sequences w t hout
altering their function, particularly if the insertions or deletions only
i nvol ve a feM/anino acids, e.g., under thirty, and preferably under ten,
and do not ace am no acids which are criti

I Sp cal.tq.a
funct i onal lcolRrePReler tiaeaynorw%%ﬁ" %l%lé@é@pwfﬁt%r&ﬁwﬁﬂﬂ&a& Ies
That GoverR,.T Y/ 3- 230
(1973). Prg{égﬁgﬁgndbﬂg?g%ﬁg pr%%%éggﬁ%gng?ﬁ @éfog%sﬁégg%§9d$ﬁﬁkg I ons
come w t hi mgpnerpur vi ew of the present invention. Preferably, the
synonynous am no acid groups are those defined in Tablel . Mre preferably,
t he synonynous am no acid groups are those defined in Table Il; and npbst
preferably the synonynous am no acid groups are those defined in Table
[11. TABLE | Preferred G oups of Synonynous Am no Acids Am no Acid
Synonynous G oup Ser Ser, Thr, Ay, Asn Arg Arg, Gn, Lys, GQu, Hs



Leu He, Phe, Tyr, Met, Val, Leu Pro Ay, Ala, Thr, Pro Thr Pro, Ser, Ala,
@y, Hs, Gn, Thr Ala dy, Thr, Pro, Ala Val Mt, Tyr, Phe, He, Leu, Val
Ay Aa, F)msﬁg(p, Ser, Ay e Met, Tyr, Phe, Val, Leu, He &henlbbos2det .,
Tyr, He, Val, Leu, Phe Tyr Trp, Met, Phe, He, Val, Leu, Tyr Cys Ser, Thr,
Cys Hs Qu, Lys, Gn, Thr, Arg, Hs Gn du, Lys, Asn, H's, Thr, Arg, Gn
Asn G n, Asp, Ser, Asn Lys Qu, Gn, Hs, Arg, Lys Asp Qu, Asn, Asp Qu
Asp, Lys, Asn, Gn, H's, Arg, Gu Met Phe, He, Val, Leu, Met Trp TrpTABLE
Il More Preferred Groups of Synonynmous Am no Acids Amino Acid Synonynous
G oup Ser Ser Arg Hi's, Lys, Arg Leu Leu, He, Phe, Met

TABLE 1
Preferred Groups of Synonymous Amino Acids

Amino Acid Synonymous Group

Ser Ser, Thr, Gly, Asn
5 Arg Arg, Gln, Lys, Glu, His
Leu Ile, Phe, Tyr, Met, Val, Leu
Pro Gly, Ala, Thr, Pro
Thr Pro, Ser, Ala, Gly, His, Gln, Thr
Ala Gly, Thr, Pro, Ala
10 Val Met, Tyr, Phe, lle, Leu, Val
Gly Ala, Thr, Pro, Ser, Gly
Ile Met, Tyr, Phe, Val, Leu, lle
Phe Trp, Met, Tyr, Ile, Val, Leu, Phe
Tyr Trp, Met, Phe, lle, Val, Leu, Tyr
15 Cys Ser, Thr, Cys
His Glu, Lys, Gln, Thr, Arg, His
Gln Glu, Lys, Asn, His, Thr, Arg, Gln
Asn Gln, Asp, Ser, Asn
Lys Glu, Gln, His, Arg, Lys
20 Asp Glu, Asn, Asp
Glu Asp, Lys, Asn, Gln, His, Arg, Glu
Met Phe, Ile, Val, Leu, Met

Trp Trp



Pro Ala, Pro Thr Thr Ala Pro, Ala Val Vval, Met, He Ay Ay He He, Met, Phe,
Val, Leu Phe Met, Tyr, He, Leu, Phe Tyr Phe, Tyr Cys Cys, Ser H's H's, Gn,
Arg G n ®lok1/18d49, H s Asn Asp, Asn Lys Lys, Arg Asp Asp, REAIRDUN0S5u, G n
Met Met, Phe, He, Val, Leu Trp TrpTABLE H Most Preferred G oups of
Synonynous Am no Acids Am no Acid Synonynous G oup Ser Ser Arg Arg Leu Leu,
He, Met Pro Pro 5

TABLE I1
More Preferred Groups of Synonymous Amino Acids

Amino Acid Synonymous Group

Ser Ser
5 Arg His, Lys, Arg

Leu Leu, Ile, Phe, Met
Pro Ala, Pro
Thr Thr
Ala Pro, Ala

10 Val Val, Met, Ile
Gly Gly
Ile Ile, Met, Phe, Val, Leu
Phe Met, Tyr, Ile, Leu, Phe
Tyr Phe, Tyr

15 Cys Cys, Ser
His His, Gln, Arg
Gln Gly, Gln, His
Asn Asp, Asn
Lys Lys, Arg

20 Asp Asp, Asn
Ghu Gly, Gln
Met Met, Phe, Ile, Val, Leu

Trp Trp



Thr Thr Ala Ala Val Val dy Ay He He, Met, Leu Phe Phe Tyr Tyr Cys Cys,
Ser Hs HHs Gn Gn Asn Asn Lys Lys Asp Asp GQu Gu Met Met, He, Leu Trp
Met Exanesi/mdod4@r oducti on of am no acid substitutions in REALEV/MS2HNI ch
can be used for obtaining honol ogues of |eptin polypeptides or proteins for
use in thepresent invention include any known nmethod steps, such as
presented in US patents RE 33,653, 4,959,3 14, 4,588,585 and 4, 737,462, to
Mark et al; 5,1 16,943 to Koths et aI.,1ﬁ,965,195 to Nanmen et al; 4,879,1
11 to Chong et al; and 5,017,691 to Lee et al: and |ysine substituted
proteins presented in US patent No. 4,904.584 (Shaw et al). In another
preferred enbodi nent of the present invention, any honol ogue

TABLE I1I
Most Preferred Groups of Synonymous Amino Acids

Amino Acid Synonymous Group

Ser Ser
5 Arg Arg

Leu Leu, Ile, Met
Pro Pro
Thr Thr
Ala Ala

10 Val Val
Gly Gly
Ile Ile, Met, Leu
Phe Phe
Tyr Tyr

15 Cys Cys, Ser
His His
Gln Gln
Asn Asn
Lys Lys

20 Asp Asp
Glu Glu
Met Met, Ile, Leu
Trp Met

25 Examples of production of amino acid substitutions in proteins which can

be used for obtaining homologues of leptin polypeptides or proteins for use in the



of leptin has an am no acid sequence essentially corresponding to that of

l eptin. The term "essentially corresponding to" is intended to conprehend
pr ot ei ns wbhissnor changes to the sequence of the natural P@rO0e0526hi ch do
not affect the basic characteristics of the natural proteins, particularly
insofar as their ability to i nduce angiostatic activity. The type of
changes which are generally considered to fall within the "essentially
correspondi ng to" | anguage are those whi€h woul d result from conventi onal
nmut agenesi s techni ques of the DNA encoding these proteins, resulting in a
few m nor nodifications, and screening for the desired activity in the
manner di scussed above. It is to be understood that the present invention
is contenplated to include the use of any derivatives of leptin that induce

endot hehal iréy%hﬁiiﬁ%n\f'oﬁcfﬂc‘ﬂ&ey a %oﬁ’zﬂplrﬁ&ﬂo@%ttélpﬁn%hw atsogfésgﬁtredv‘fnt e VEG
gr ot her ' imn e

i nhi bi tor I'bitors of- angl ogenesr s. present 1nvention

i ncl udes t patenseREI 3RO5BNM, 05831 £04,588 5RO, 73 Ne6Us® Mharlder alyatinees4pf the
| eptin protein and the use of biologically active fragnents of the leptin
protein. D& iKeathsvessalof H&60iIPS5ate d¥aney dtoalt He87hV éhticofhleagectoak @rd nore

chem cal i et] attached thereto, including water-sol uble polyners such
as pol yet E&%‘#@&& spcfa?e. e‘P%F 9@5 IR RSEES PERIEIIS RIF S it PoaRdeaiNean be
nono-, di-, i gylated e. g., N-term nal nonopegyl at ed.

Prefer rgd Ié\lllétdellr’sngszfr)lgﬁar%&l)%tg%zgl yated derivatives of leptin, optionally having

a (pegylated) mgg Iah@meﬂ?rﬁtmw%nmoh%eﬁwﬁhyqﬁk% invtHtidnt 8hp hemoVesie

activity or VEGF production have been described and may be used in
conbi nat i opf WMt hephn aniino acitesequencd bidentiaBy googepaslisg ténwivatpft lepan.
'nhibitors T?lreeter?l)ﬁ Z’égsieg?iglrl]}y lc;)lrégpro%%?rgg )t/(l”xiiniflpeinggé [t)(l)vgz)(l)ﬁprgl?enAdzl;r%?éigg (\)Vri]{hSt ’
minor changes to the sequence of the natural protein which do not affect the
10 basic characteristics of the natural proteins, particularly insofar as their ability to
induce angiostatic activity. The type of changes which are generally considered
to fall within the "essentially corresponding to" language are those which would
result from conventional mutagenesis techniques of the DNA encoding these
proteins, resulting in a few minor modifications, and screening for the desired
15 activity in the manner discussed above.

It 1s to be understood that the present invention is contemplated to include
the use of any derivatives of leptin that induce endothelial inhibitory activity
when applied optionally together with a VEGF inhibitor or other inhibitors of
angiogenesis. The present invention includes the use of an entire leptin protein,

20 the use of derivatives of the leptin protein and the use of biologically active
fragments of the leptin protein. Derivatives of leptin according to the invention
have one or more chemical moieties attached thereto, including water-soluble
polymers such as polyethylene glycol. Polyethylene glycol derivatized
derivatives can be mono-, di-, tri- or tetrapegylated e. g., N-terminal

25  monopegylated. Preferred N-terminal monopeglyated derivatives of leptin,

optionally having a (pegylated) methionine at the N-terminus.



7- (bet a- hydr oxyet hyl )t heophyl | i ne, 8-phenyl t heophyl|ine, the adenosi ne A2
recept or antagoni st CSC ( 8-(3-chlorostyryl)caffeine), theobrom ne, an

ant agoni Sth e/ Mesd variant, the soluble VEGF receptor sSFLT-derfiloddbd2ast .

8- (3-0x0-4,5.6-tri hydroxy-3h-xant hen-9-yl)-1-naphthoic acid, suramn and
platelet factor-4 (E. Hashinoto, et al., Biochem Bi ophys Res Conmun 204,
318-24, 1994; S. Fischer, R Knoll, D. Renz, G F. Karliczek, W Schaper,
Endot hel i um 5, 155-165, 1997; H Takagi1i8 G L. King, G S. Robinson, N
Ferrara, L. P. Aiello, Invest Ophthal nol Vis Sci 37, 2165-2176, 1996; E.
Barcz, et al., Oncol Rep 5, 517-520, 1998; G Sieneister, et al., Proc Natl
Acad Sci U S A 95, 4625-4629, 1998; W Roeckl, et al., Exp Cell Res 241,
161-170, 1998, S. Konmaya et al., Br J Pharnmacol 121, 537-545, 1999: K

| hi t | . I nt J. . Med 1-215, 1998: . | t b t .,
O el T car Vafios infisrs cole VERGE gactghiabeny EHoArb drcian dve ey o
Ch 270, - 15 , . i hrhi.hit or: i LS : b
Gocer bay S0 S mdnot uslino Bt ofifh Qe SO 9EAGS | iRfkR Doen

angi ogenespfgitpegesed.f ecti vel xnfdagn when uggsk al one. AmBgofshese i nhpki tors
are KI-5 (Cao, R et al, Proc Nafl Acad Sci US A, 96, 5728-5733, 1999),

angi ost at i 8,7-émaibyli ipropBBy Bdndnide(ABMIPXY)70 (Bergens G et Al-anSgoamte284,
808-812, 1999). Also conprised by the present invention is the use of
expres s9 on7d§€ %dsr@ﬁﬁ@m’ﬁ@ep@bi/ﬁw_eor gT%ﬂyhh‘Fﬂﬂm“é@eueéh? pRECRQSERE bﬁ‘Qg_ene
(herapy. opLLARgl | STt I, DL aE 0 Rl o
L RALGETRECE S RSTRL ST VISR DEL L it
nasal , or a8-1(6onmslfﬂ,maﬁWydiékj/%l‘-yanthen@-yl)-linaphthoic acid, ‘suramin and
platelet factor-4 (E. Hashimoto, et al., Biochem Biophys Res Commun 204,
10 318-24, 1994; S. Fischer, R. Knoll, D. Renz, G. F. Karliczek, W. Schaper,
Endothelium 5, 155-165, 1997; H. Takagi, G. L. King, G. S. Robinson, N.
Ferrara, L. P. Aiello, Invest Ophthalmol Vis Sci 37, 2165-2176, 1996, E. Barcz,
et al., Oncol Rep 5, 517-520, 1998; G. Siemeister, et al., Proc Natl Acad Sci U S
A 95, 4625-4629, 1998; W. Roeckl, et al., Exp Cell Res 241, 161-170, 1998, S.
15 Komaya et al., Br J Pharmacol 127, 537-545, 1999: K. Igarashi et al., Int J Mol
Med 2.211-215, 1998; J. Waltenberger et al., J Mol Cell Cardiol 28, 1523-1529,
1996; S. Grengrinovitch et al., J Biol Chem 270, 15059-15065, 1995).
Various inhibitors of angiogenesis have been described and may be used
in combination with leptin in order to inhibit angiogenesis more effectively than
20 when used alone. Among these inhibitors are K1-5 (Cao, R. et al, Proc Natl Acad
Sci US A, 96, 5728-5733, 1999), angiostatin, endostatin, BB-94 and AGM-1470
(Bergers G. et al, Science284, 808-812, 1999).
Also comprised by the present invention is the use of expression vectors
encoding leptin or leptin homologues, provided by gene therapy, optionally

25  together with inhibitors of VEGF action or production or other inhibitors of

angiogenesis for inhibition of angiogenesis in tumors. Such medicaments can be



systens. Al so conprised by the present invention is the use of expression
vectors encoding leptin or leptin honol ogues, provided by gene therapy, in
conbi nat momowisosn | nhi bitors of VEGF action or production ARCTHLA0525

i nhi bitors of angi ogenesis for regression of adi pose tissues. Such therapy
may be useful in treating a disorder selected fromthe group consisting of
di abetes, high bl ood pressure and high chol esterol and as part of

conbi native therapy with a medi cament f18r treating such disorders. Such
medi caments can be enployed in therapeutic nmethods involving intravenous,
intraarterial, intraperitoneal, intramuscular, subcutaneous, nasal, oral or
pul monary delivery systens. The angi ogenesi s nedi ated di seases i nclude, but
are not limted to, obesity; solid tunors; blood born tunors such as

| eukem as; eﬁﬁ?‘l%csl nefas ch?%l%éutil%e NLEMM TS0l iRk eXAPRIBoDE MeRdiaresal,

acoustic neu , heur romas, trachomas, and pyogeni c granul onas;

r heumat oi dingapbridonesl, ipsanueails:, sobuhaneanyimgenictaldos pakasnarfyodeleveaypl e,
di abetic retinopathy, retinopathy of prematurity, macul ar degenerati on,
corneal graftemsj ection, neovascul ar gl aucoma, retrolental fibroplasia,

rubeosi s; Gsier-Wbber Syndrone; ocar di al. angi,ogenesi.s; pl aque
neovascul ari zatfBR; CQURPEA -%&p%eﬂ%mﬁmlpp é\gﬂ]‘%}l?ﬁ 9,% eﬁﬂ%isﬂgpbvreé’ﬂ? and

o, 9 M gl B P e S v

e
i nhi bi t or sy ahenHBAbH of WHME abtieRbPBRSdIREioH! sreREer Rihiliksie 9Tiangicienasipor mal

stinmulation of endothehal cells. These di seases include, but are not
limted toforimpestionabf adiiesscotissue€r Shoh stherapy may be useful in treating a
disorder selected from the group consisting of diabetes, high blood pressure and
high cholesterol and as part of combinative therapy with a medicament for
10 treating such disorders. Such medicaments can be employed in therapeutic
methods involving intravenous, intraarterial, intraperitoneal, intramuscular,
subcutaneous, nasal, oral or pulmonary delivery systems.

The angiogenesis mediated diseases include, but are not limited to,
obesity; solid tumors; blood born tumors such as leukemias; tumor metastasis;

15  benign tumors, for example hemangiomas, acoustic neuromas, neurofibromas,
trachomas, and pyogenic 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

20 angiogenesis; plaque neovascularization; telangiectasia; hemophiliac joints,
angiofibroma; and wound granulation.

Leptin, or homologues of leptin, or leptin derivatives, optionally together
with VEGF or other inhibitors of angiogenesis inhibitors are useful in the
treatment of disease of excessive or abnormal stimulation of endothelial cells.

25 These diseases include, but are not limited to, intestinal adhesions, Crohn's

disease, arteriosclerosis, scleroderma, and hypertrophic scars, i.¢., keloids.



di sease, arteriosclerosis, scleroderma, and hypertrophic scars, i.e.,

kel oi ds. Leptin, or honol ogues of leptin, or leptin derivatives, optionally
t oget herwwi c1th8d4&G- | nhi bitors or other inhibitors of angi cyamesdeoseny be
used in conbination with other conpositions and procedures for the
treatnment of diseases. For exanple, a tunor may be treated conventionally
with surgery, radiation or chenotherapy conbined with |eptin, or honol ogues
of leptin, or leptin derivatives, opticdfally together with VEGF inhibitors
or other inhibitors of angiogenesis and then |leptin, or honol ogues of

| eptin, or leptin derivatives, optionally together with VEGF inhibitors or
ot her inhibitors of angiogenesis may be subsequently adm nistered to the
patient to extend the dormancy of m cronetastases and to stabilize and
inhibit the gr iPforddm i i : it | i.n, or
honol ogues of Io%\ét%ﬂr’)\,oror |‘§§?P§§Jg£3ﬁfé‘??’\%e,tﬂgrgtéﬁ’%ﬁgﬁs’yb?gglé%%eﬁ 'téﬁ VEGF
i nhi bi torswoh VBGF inhibitrs osrs otherangiibgene st sang@ogeresixbinngd bai tubed in

phar maceutical | y acceptabl e excipients. Conpositions suitable for

par ent er al coaginaiien r withonthenc remposigives uandmropeduras uivu she tiegatmeny rifect i on

solutionaﬁrhich ngé&contahg anti-oxidaqéf, buffers, bacteriostats and
sol utes RRESFENGRY SEARPEonp JLIMOT oAy Bt dFRAECANCPRVEHEIY (ol 110 SEEETY:
i ntended regi.pient: - | p | Ons ich
|t ended SELRRT cAOLORITE SR OTRIERIE 3 Bohfosspensigns i
be presentighih AetPhtivedOdBtiShal Middet O SHitE YHGE MeRiditofLbr SRFRIEbitS8aifed
anpoul es and vials, and may bé stored in a freeze-dried (Iyophilized)
condi ti on anzgegenicnly amd yherhdeptddi o dlonoflogins sf deptie bi deptin adernviagves,f or
exanple, water for injections, inmediately prior to use. Extenporaneous
i nj ecti on eBlameilsrezether wirbpCRGFomgitigys ve ofaspahibdtory efrangiogenesis may

be subsequently administered to the patient to extend the dormancy of

10 micrometastases and to stabilize and inhibit the growth of any residual primary

tumor.

Additionally, Leptin, or homologues of leptin, or leptin derivatives,
optionally together with VEGF inhibitors or other inhibitors of angiogenesis, are
combined with pharmaceutically acceptable excipients. Compositions suitable

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

20 multi-dose containers, for example, sealed ampoules and vials, and may be stored
in a freeze-dried (lyophilized) 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.

25 Compositions may optionally include sustained-release matrix, such as

biodegradable polymers, to form therapeutic compositions. A sustained-release



sterile powders, granules and tablets of the kind previously descri bed.
Conpositions may optionally include sustained-rel ease matri x, such as

bi odegr adgl| &/ 8YMErs, to form therapeutic conpositions. ABcraroenes2s
sust ai ned-rel easematri x, as used herein, is a matrix nmade of materi al s,

usual |y polynmers, which are degradabl e by enzymatic or acid/base hydrolysis
or by dissolution. Once inserted into the body, the matrix is acted upon by
enzynmes and body fluids. The sustai ned-rgl ease natrix desirably is chosen
from bi oconpati ble materials such as |iposones, polylactides (polylactic
acid), polyglycolide (polynmer of glycolic acid), polylactide co-glycolide
(co-polyners of lactic acid and glycolic acid) pol yanhydri des,

pol y(ortho)esters, polypeptides, hyaluronic acid, collagen, chondroitin

sul fate, carboxylic acjds, fatty acids, phospholipids, polysaccharides,

nucl ei ¢ aci'BalXydf wasd h@reabilag,maéﬁmaa#c@%@agea@#ﬁ,ﬁuﬁheagﬁymeam waich are

tyrosine, isol eucin ol ynucl eotides an olyvinyl pyrrol.idone. A preferred
b! odogr adatierTUpIe By iEBPMALE of FoiES A0 Br o arDY D1 Rlbf daRee hebhEl

pol ygl ycol ijde, (RE melyy!@et ind&i€ s gdd&pld;%ﬁ 6§ ey hAd %od P GhiiGs. 2Fhe and
glycolic acid). The polynmers being inplanted in the vicinity of where drug
delivery i sudesngdertledsermevcbnpésrabdy i bRokal frosebidcoaipatibie atateriss tsachf a
tunor or_ inplanted, so that the leptin, or leptin derivatives, optionally

t oget he® wiashlipgsamgsnpobilagidesdipobtiadic peid).bpalpglycotidaipplgearesi glycslig] owl y

el ased SyeLAm el 15, BLoteqr 20501 ROLYIRLS, AN AMEL] 9S8 Seia) aae
(1051 ol PR KIGORIBNStad, Dol st RIcepl ks LA Ly
present i nvgphtitiARyifaR, dadRxyHe abidBUEAOhciae phRph SN dSEyol P cRAMiBdsSt er ed
nucleic acids, polyamino acids, amino acids such as phenylalanine, tyrosine,
10 isoleucine, polynucleotides and polyvinylpyrrolidone.

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). The polymers being implanted in the vicinity of where drug
delivery is desired, for example, at the adipose tissue or at a site of a tumor or

15 implanted, so that the leptin, or leptin derivatives, optionally together with VEGF
inhibitors or other inhibitors of angiogenesis is slowly released systemically. The
biodegradable polymers and their use are described, for example, in detail in
Brem et al., J. Neurosurg. 74:441-446 (1991), which is hereby incorporated by
reference in its entirety.

20 The angiogenesis-modulating pharmaceutical compositions according to
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 administered orally; the therapeutic creams may be administered topically.

25  The implantable dosage units may be administered locally, for example at a

tumor site, or may be implanted for systemic release of the therapeutic



by any known route of adm nistration. Exanples of solid therapeutic
conposi tions include pills, creams, and inplantable dosage units. The pills

may be adgph ed orally; the therapeutic creans nay be @@Ty{ i ed
t opi cal | ;Wb E’E@ﬁm ant abl e dosage units may be adm ni stered o]gug)l?of)é},% for

exanple at a tunor site, or may be inplanted for system c rel ease of the

t her apeut i cangi ogenesi s-nodul ati ng conposi tion, for exanpl e subcutaneously.
Exanpl es of liquid conmpositions includeg2conpositions adapted for injection
subcut aneously, intravenously, intraarterially, and conpositions for

topi cal and intraocular adm ni stration. Exanples of aerosol conpositions

i ncl ude inhal er conposition for admnistration to the lungs. It should be
understood that in addition to the ingredients, specifically nmentioned

above, the conposiiion cording to the present inventio i ncl ude

ot her agent'®! W@ﬁf@Bﬁ‘éﬁﬁpﬂ cpﬁg)%é}t{orh 0% %@am@gaﬁ%w@n?w?x;%%ﬂreples 0
conposi ti of,i; ; [ Qn e I LS F l,hcor at ed
compost {1 ORauif AR FRIADAhesi B OLEALE B9 M Bel BB ARRIAR!
derivati veiatrao@iduenal intrde@efaller Md Neorsdsitiody ot Ofchi@l ghdemuddblRit ors
of angi ogenesis, to provide dual ther apy to the patient. The conpositions
accor di ng adminksgratione hixiaotplesanf keresbii congtositéshsbinchiden ddraterr carhpssitibn
general_, the gonb.i nat i ons y be admi nistered by the topical (including
buccal 2and 0§ a8MiNgtatign t(bﬁhrégblﬁ%t eral (including subcutaneous,

I aper Lol P e d A BT B RSB DRSS
bt hai m o RO e S PaLhs dcCoraHERl) My Rbfne FSERTin may
adm ni st rahelade other agents conventional in the art having regard to the type of
composition in question. Optionally, cytotoxic agents may be incorporated or
10 otherwise combined with leptin, or homologues of leptin, or leptin derivatives,
optionally together with VEGF inhibitors or other inhibitors of angiogenesis, to
provide dual therapy to the patient.
The compositions according to the invention can be administered by
standard routes. In general, the combinations may be administered by the topical
15 (including buccal and sublingual), or parenteral (including subcutaneous,
intraperitoneal,  intramuscular, intravenous, intradermal, intracerebral,
intracerebroventricular, intracranial, intraspinal, intratracheal, and epidural),
transdermal, intravaginal, intrauterine, oral, rectal, ophthalmic (including
intravitreal or intracameral), or intranasal, administration.
20 Osmotic minipumps may also be used to provide controlled delivery of
high concentrations of leptin, or leptin derivatives, optionally together with
VEGF inhibitors or other inhibitors of angiogenesis through cannulae to the site
of interest, such as directly into a metastatic growth or into the vascular supply to
that tumor.
25 The dosage of the leptin, or leptin derivatives, optionally together with

VEGF inhibitors or other inhibitors of angiogenesis of the present invention will



GCsnotic m ni punps may al so be used to provide controlled delivery of high
concentrations of leptin, or leptin derivatives, optionally together with
VEGF i nhi}j r other inhibitors of angi ogenesis throug to the
site of |‘§{)§%@t‘“? such as directly into a netastatic growt C'(F)/?Lrhlﬂ}rq{)%gt he
vascul ar supply to that tunor. The dosage of the leptin, or leptin
derivatives, optionally together with VEG-F inhibitors or other inhibitors
of angi ogenesis of the present inventigg wlldepend on the disease state or
condition being treated and other clinical factors such as wei ght and
condition of the human or animal and the route of adm nistration of the
conpound. For treating humans or aninmals, between approximately 0.5

ng/ kil ogramto 10 ny/kilogramof the leptin or leptin honologue or leptin
derivative, can,be adnj.ni stered, optional]y together th a suitaple dose of
a VEGE | niIoBPR Onghe Girfat SHHC oF ORGP RIDE(TeedAnd ke FIRIFY; BSHSS of
angi ogenesi i p De hal-f i f the_l.epti rl.epti

honol og_uessltl)l?hl %Wﬁghg%n@agpggﬁﬁ ?heﬂlgaﬁlﬁf@ﬂll é)? %111%]1!%9”%' Q%ﬁ? Wgng(tr’lﬁt?h(e)fl eptin
or |eptin JagiTRIs@aHEn O6f 18O ddmEGIHd aF bV Qrecaﬁﬂgbﬁuﬁﬂﬂ’s NS LAk REIsP e esh
several tinmes per day to once a week. Preferied unit dosage conpositions
are those appridamatalg @ Sdang/kildgmen oo W0I ing/Kiddgrgns Wi- desdepn @n leptin
appropriate fraction thereof, of the adm nistered ingredient. The nethods
of thedpr wamlogus entemin derivatiys eam beadiniaisierede bptigralhyteggsher with a

adm ni strations, ,givep ej .Si.ul t aneousl.y or an extended period of
Cimer The EAtErode FE ot VG idhBas Brmnaytarno 6 SR, Pod Eanbas: SPghe. may
conveni ent ]y ; - ne; r
convent | ondtio RS BE 3ERoBthodh. Bl Y hE RN VL 2Fs RETRASF Yol op o
homologue or leptin derivative in the particular animal or human. the leptin or

leptin homologue or leptin derivative can be administered between several times

10 per day to once a week. Preferred unit dosage compositions are those containing
a daily dose or unit, daily sub-dose, or an appropriate fraction thereof, of the
administered ingredient. The methods of the present invention contemplate single
as well as multiple administrations, given either simultaneously or over an
extended period of time.

15 The leptin or leptin homologue or leptin derivative compositions may
conveniently be presented in unit dosage form and may be prepared by
conventional pharmaceutical techniques. Such techniques include the step of
bringing into association the active ingredient and the pharmaceutical carrier(s)
or excipient(s). In general. the compositions are prepared by uniformly and

20 intimately bringing into association the active ingredient with liquid carriers or
finely divided solid carriers or both, and then, if necessary, shaping the product.

Preferred unit dosage compositions are those containing 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, specifically

25 mentioned above, the compositions of the present invention may include other

agents conventional in the art having regard to the type of composition in



bringing into association the active ingredient and the pharnmaceuti cal
carrier(s) or excipient(s). In general, the conpositions are prepared by

uni form ywwagidedg i Mately bringing into association the actpMgighdssi ent
with liquid carrtlsers or finely divided solid carriers or boétl—ﬁl, and‘gthen, if

necessary, shaping the product. Preferred unit dosage conpositions are
those containing a daily dose or unit, daily sub-dose, or an appropriate
fraction thereof, of the adm nistered iMdgredient. It should be understood
that in addition to the ingredients, specifically nentioned above, the
conpositions of the present invention may include other agents conventional
in the art having regard to the type of conposition inquestion. It is to be
understood that the present invention has application for both human and
veterinary 38 nThis invention is further illustrated by the foll ow ng
exanpl es, |cﬂ ‘are not to be construed in any way as inposing limtations

upon the scope 1 heieok- ufderdtbsd Qﬁ’é}tﬂhéree{-esé Oih%ﬁtﬂg[nbﬁasch EéaYio'ﬂ.nﬂﬁrb%tHOd

that resort may be had to various oth e I ments, no I cations, and
equi val entlurhireaedietehinaty, usf t er readi ng the description herein, my

suggest thensel ves to those skilled in the art w thout departing fromthe
spirit of the pllusenventonestiughenitisoatadnby sleo falwringhexanpendebichl aie ns.
Exanpl gs ExagBIbe 1 I nduct.ion of bl oad vessei. r.egr essi on % | epti.n To_test
| eptins iHEROOTPIHIYEH 1) el AhSrdBYI0aEIes | ITHAEADF UPQRi (BB SEORS S85E0L nur i ne
leptin (0.odRe g&[ntgary, Sis!tg) beecélggrlﬂf Rinbrtb S t1the 306h,P rrpayt Be 8ad Qov\\%?i%ﬁsm d
other embodiments, modifications, and equivalents thereof which, after reading
the description herein., may suggest themselves to those skilled in the art without
departing from the spirit of the present invention and/or the scope of the

10 appended claims.

Examples

Example 1
15 Induction of blood vessel regression by leptin
To test leptin’s effect on blood vessel homeostasis in adult adipose tissue,

murine leptin (0.1-5 pg/g) was injected ip at time 0 and 9 h to 8-10 weeks old

obese (CS7BL-0b"/-) female mice, lacking endogenous leptin. A noticeable
weight loss was observed at 48 h in mice receiving > 2x1 pg/g leptin (65.4+0.5 g
20 vs.62.7£1.0 g, n=6). Abdominal fat was removed and fixed 24 and 48 h after the
first injection, and blood vessels were counted after staining paraffin sections
with antibodies to Factor VIII (D.D. Wagner et al. J Cell Biol 95, 355-360
(1982)). A significant reduction in the number of blood vessels was observed
(198+1 vessels per 5 high power fields (HPFs, x400) in control mice; 159+2.5
25  vessels per 5 HPFs in leptin-treated mice (2x1 pg/g) at 24 h and 106+7.5 vessels

per 5 HPFs at 48 h. Figure 1 shows micrographs of blood vessels in adipose



obese (C57BL-ob ) female mi ce, |acking endogenous |leptin. A noticeable
wei ght | oss was observed at 4 8 h in mce receiving > 2x1 ng/g leptin

(65.40.5 gousasfe- 71 -0 g, n=6). Abdom nal fat was renovedpafgh doiosed 24 and
4 8 h after the first injection, and bl ood vessels were counted after

staining paraffin sections with antibodies to Factor VIII (D.D. Wagner et
al. J Cell Biol 95, 355-360 (1982)). A significant reduction in the nunber
of bl ood vessels was observed (1981 vesXel s per 5 high power fields (HPFs,
x400) in control mce; 159=1=2.5 vessels per 5 HPFs in leptin-treated m ce
(2x1 mg/g) at 24 h and 106=1=7.5 vessels per 5 HPFs at 4 8 h. Figure 1
shows m crographs of bl ood vessels in adiposetissue sections. Figure 2
shows the dose-response curve of the bl ood vessel regression and Figure 3

shows the ti r his regressign. Exanple 2 Leptipn induces

Ang! opoi et 1105 FRUBES Pledrd 2 hEWSTRE, BeerimiBiien i Bh yRe Anene sesty

| nduced { e oRlsgR AfRSPRIurt SAHBRIAE il AULBOSE il Fskessiyps studied by -
measuring its effect on the expression [evel of angiogenic and angi ostatic
factors. Total RNA was isolated from adi pose tissue of C57BL and C57BL-0 b-
mce at time O and 24 h after the first leptin adm nistration. Total RNA
was isolated with the TRI reagent. Reverse transcription was carried out in

20 m &gl uge usilng RNase H reverse transcriptase (Superscript |1,
G BCO BRL) ¥4 “ny (N) random priner (New Engl and Biol abs) according to

t he manuf ek S NS [ ' . e reverse

transcri p?‘?%%?%@%ﬁg [\I‘/\g hl(s)%gﬁ% %?Abw\}/ﬁ %ﬁ‘@éﬁ%‘%{%}pm ynmerase (New

Engl and Bi ol absTh@msechBgishpbl ovhitth RpfASnaANEePHd HRIRE VEIsLBESessib\ig - 2

MRNA. GeneBank Accession No. AF4326 nucl eotides 637-657 and 1147-1 167,
adipose tissues was studied by measuring its effect on the expression level of

angiogenic and angiostatic factors. Total RNA was isolated from adipose tissue

10 of C57BL and C57BL-06"- mice at time 0 and 24 h after the first leptin

administration. Total RNA was isolated with the TRI reagent. Reverse

transcription was carried out in 20 pl volume using RNase H- reverse

transcriptase (SuperScript II, GIBCO-BRL) with 1 pg (N)g random primer (New

England Biolabs) according to the manufacturer's instructions. Aliquot (2 pl) of
15 the reverse transcription product was used for PCR with VENT DNA polymerase
(New England Biolabs) and the following sense and antisense primers: muAng-2
mRNA, GeneBank Accession No. AF4326 nucleotides 637-657 and 1147-1167;
muVEGF, GeneBank Accession No. M95200 nucleotides 385-406 and 962-980;
muActin mRNA, GeneBank Accession No. J00691 nucleotides 1670-1691 and
20 2452-2431. PCR reactions were terminated before saturation. It was found that

Ang2 mRNA is expressed in adipose tissue of normal mice and not in that of the

ob-/~ mice. Furthermore, injection of leptin induced the expression of Ang2 in
both types of mice (Figure 4). These results demonstrate that leptin is a potent
inducer of the angiostatic factor Ang2.

25 The levels and induction of Ang2 mRNA by leptin in the adipose tissue of



MUVEGF, GeneBank Accession No. M35200 nucl eoti des 385-406 and 962-980;
muActin MRNA, CGeneBank Accession No. J00691 nucl eotides 1670-1691 and
2452- 243 Wwo obP@¥840 eacti ons were term nated before saturati oprct/itooses:sf ound
that Ang2 nRNA i s expressed in adi pose tissue of normal mce and not in
that of the ob ' mce. Furthernore, injection of leptin induced the
expression of Ang2 in both types of mce (Figure 4). These results
denonstrate that leptin is a potent i nddfcer of the angi ostatic factor Ang2.
The | evel s and induction of Ang2 nRNA by leptin in the adi pose tissue ofb
m ce was then studied by RNA blotting with specific probes to Ang2 and
VEG-. Total RNA from adi pose tissue was isolated wwth the TRI reagent kit
(Mol ecul ar Research Center Inc.). Sanples of RNA (15 ng) were resol ved by

| ect h is..th 1% | jn.MOPS-. f dehyde buffer,
Cranst of 16l olHYT R TORD AREC By dona: RICUBEPILAETIC FONESCAOPER antha ¢ he
was pros hynr 2 og A 90 SIRRE ikl B oo R b e iR R i

50% f or maniMe]ectk B sedrdhebated I8¢ $ 0B binpy @NBNWA 5% wefe [regtllvéd ByDNA
probe (1x10" cpminl), prepared by random primng, was then added and
hybri di zat ¢leatrephnresisedhoogh 18 “noagarase 42C. inThMORSHfoemeldehzde hbnffershed

3 i%%h, ' SRS S foumylon israirane SRIROTAIN) ARISHR b1 DS BT Bnét s
Show equa TSN SPhotel Fhsed P PRBER AP RDEERA Y ihubity, TUERAREL vas”
obt ai ned fﬂbh@ﬂhﬂlﬂvda@ﬁfréfhy%ﬁ@'i_igdsgg 3}8 H%‘*’C)( %ﬁit%odéjna;t&legy SdiRArsptmBDMNA 24 N

and 16.00.3 1 fold. P<0.0V, n=3 a Figure 5). The kinetics of Ang2
expressi on(100 pg/ml in 50% formamide, 5xSSC, 4xDenhard's solution and 0.5% SDS). A

[32P)dCTP DNA probe (1x100 cpm/ml), prepared by random priming, was then
10 added and hybridization continued for 18 hours at 42°C. The membrane was then
washed at room temperature (1xSSC, 0.1% SDS twice, 0.25xSSC, 0.1% SDS and
0.1xSSC, 0.1% SDS twice, 30 min. each wash) and autoradiographed. Blots were

then re-hybridized with 32P-labeled probe corresponding to mouse actin to show

equal amounts of RNA in the blot. A significant induction of Ang2 was obtained

15 following leptin administration (2.9+0.4 fold, P<0.05, n=3 at 24 h and 16.0+0.31

fold, P<0.01, n=3 at 48 h: Figure 5). The kinetics of Ang2 expression

corresponded to that of the apoptosis and blood vessel regression. The level of
VEGF mRNA was only slightly induced (1.4+0.1 fold, n=3 at 48 h; Figure 5).

The dose-response of leptin-induced Ang2 in adipose tissues was studied

20 by immunoblotting 48 h after the first injection of leptin. Cell extracts from

adipose tissue were isolated using the TRI reagent kit (Molecular Research

Center Inc.) in parallel to total RNA extraction. Fifty micrograms protein were

separated on 10% SDS-polyacrylamide gel. Immunoblot analysis was carried out

with 5 ug of a specific goat anti-human Ang-2 antibody. Ang2 was below the

25 level of detection in adipose tissue of control 05~/~ mice, whereas administration



corresponded to that of the apoptosis and bl ood vessel regression. The
| evel of VEGF nRNA was only slightly induced ( 1.40.1 fold, n=3 at 48 h;

Fi gure 5)wal se-response of leptin-induced Ang2 in adi j S was
st udi ed bW‘%ﬁ%@bl otting 48 h after the first injection o?eﬁglﬁéd("?.ﬁ%eu
extracts from adi pose tissue were isolated using the TR reagent kit

(Mol ecul ar Research Center Inc.) in parallel to total RNA extraction. Fifty
m crograns protein were separated on 10% SDS- pol yacryl am de gel . | nmunobl ot
analysis was carried out with 5 ng of a specific goat anti-human Ang-2

anti body. Ang2 was bel ow the | evel of detection in adipose tissue of

control ob_ mce, whereas adm nistrationof 2x1 ng/g leptin was sufficient
for high level induction of Ang2 (Figure 6). Exanple 3 Leptin induces

Angi opoietin.2. (A in cultyed adi pocytes Several peripheral activities
of leptin \BZrzé‘l;i’rggg%%ﬁg‘I Yyas %‘bfgl’rcﬂf‘éﬁ%? lg%.le‘ﬁléﬁﬁi‘a‘iﬂ%hﬁ)fgﬁﬂag,(F&Ul'ﬁlﬁ.)-. Sci ence
281, 1683-1686, 1998; A Bouloume, H C. Drexler. M Lafontan, R Busse,
Circ Res 83, 1059-1066. 1998; B. Cohen, D. Novick. M Rubinstein. Science
274, 185-1 188, 1996; D. Barkan. et al., Endocrinology 140, 173 1-1738,
1999). To test if leptin may act directly on adi pocytes, we studied the

ef fect of I|Ex@ampledh nurine 3T3- F442A pre-adi pocytes, known to give rise to
adi pose-like tjissue upon inplantation in athymc mce (H Geen, O

Kehi nde® J Legtin indpsep Angiapoietin-21(Ang2)dngultigedvadipoaytes . M Loftus. Q
A. MacDougal d, I§ P.  Kuhajda, M. D. Lag?, Proc Nat | Aca? Sci  USA 94,

4300- 4305, 1997) SCYHR PRPECE ACHVIHRS AR [ERIN XRTE gty kIshHTeRgrEReh (Mo R.

Ko e Sttt 179 gers e Y (90 papfiRi e
Drexler, M. Lafontan. R. Busse, Circ Res 83, 1059-1066.1998; B. Cohen, D.
Novick, M. Rubinstein, Science 274, 1185-1188, 1996; D. Barkan, et al.,

10 Endocrinology 140, 1731-1738, 1999). To test if leptin may act directly on
adipocytes, we studied the effect of leptin on murine 3T3-F442A pre-adipocytes,
known to give rise to adipose-like tissue upon implantation in athymic mice (H.
Green, O. Kehinde, J Cell Physiol 101, 169-171, 1979); S. Mandrup, T. M.
Loftus, O. A. MacDougald, F. P. Kuhajda, M. D. Lane, Proc Nat! Acad Sci U S 4

15 94, 4300-4305,1997). Swiss 3T3 F442A murine pre-adiopcytes (H. Green, O.
Kehinde. Cell 5, 19-27, 1975) were grown in DMEM (GIBCO) and 10% calf
serum. For differentiation, confluent cells were maintained in DMEM
supplemented with 10% fetal bovine serum (FBS) for six days. Medium was
replaced every 48 hours. By the end of the period most of the cells acquired the

20 characteristic adipocyte morphology as determined by biochemical and
morphological criteria. Leptin (1 pg/ml) was added to cultures of differentiated
and non-differentiated cells. RNA was isolated from the cultured cells as
described for the adipose tissues of Example 2 and subjected to RNA blot
analysis. It was found that leptin induced Ang2 mRNA expression in

25  differentiated 3T3-F442A adipocytes and not in pre-adipocytes. Ang2 mRNA
appeared punctuate at 24 h. VEGF mRNA was constitutively expressed in



suppl emented with 10% fetal bovine serum (FBS) for six days. Medium was
repl aced every 48 hours. By the end of the period nost of the cells

acqui r edwig@/186war act eri sti c adi pocyte norphol ogy as det er rcmadoomgs2s

bi ochem cal and norphol ogical criteria. Leptin ( 1 ng/m) was added to
cultures of differentiated and non-differentiated cells. RNA was isol ated
fromthe cultured cells as described for the adi pose tissues of Exanple 2
and subjected to RNA blot analysis. It2&as found that |eptin induced Ang2
MRNA expression in differentiated 3T3- F442A adi pocytes and not in

pre- adi pocytes. Ang2 nRNA appeared punctuate at 24 h. VEGF nRNA was
constitutively expressed inpre-adi pocytes and was further induced by

| eptin. The level of VEGF nRNA was significantly lower in mature adi pocytes
and was n hani.f i YA ti0: ( Rhgure. 7)

suggest tﬁg%a?%%%?%g?ﬁgﬁ%ggﬂgﬁggﬁﬁﬁ%gég?ﬂ@ﬂgfg%%ﬁegﬁ(#Eygpgﬁgﬁﬁﬁégg5%5 and
angi ogeni gio%i I 1dwe fr AhReCAdiSSeytEX AR Was? nbf SRS fiCintlyeRidule®Ibis a
VEGF i nhi bitor on adi pose nmass reduct’ion The angi ostatic activity o

| epti n-i ntkpted(Bigaee 7p Theserssadt suggeitahpr kpandadudes \dnGngibstatihsipmal ;m  a
nodest induction of VEGF by |leptin was noticed in the previous exanples.
Ther ef or e Matfe] adepocaises and g ogemig signalssinimpadinasyigs- at tine 0 and 9 h to
8-10 eks ol d obese (C57BL-ob ) femal e mce, |acking endogenous leptin. In
paral lel, 8-10 weeks ol d obese (C57BL-ob _ ) female mice were injected at
times O and 9 hipwith nmurine leptin (0. 1-5 ng/g) together with the
adenosi ne 2 receptor antagonist CSC, known to function as a VEGF inhibitor
(H Takagﬁmaﬁ"ﬂb4 King, G S. Robinson, N Ferrara, L. P. Aiello, Invest
Opht hal nol Vis Sci 37, 2165-2176, 1996). A noticeable weight |oss was
observed #ffe¢8ofiléptin plus a VEGF inhibitor on adipose mass reduction

The angiostatic activity of leptin-induced Ang2 is reversed in the presence
10 of VEGF. Furthermore, a modest induction of VEGF by leptin was noticed in the

previous examples. Therefore, murine leptin (0.1-5 pug/g) is injected ip at time 0
and 9 h to 8-10 weeks old obese (C57BL-ob~/~) female mice, lacking endogenous

leptin. In parallel, 8-10 weeks old obese (C57BL-ob~-) female mice were
injected at times 0 and 9 h ip with murine leptin (0.1-5 pg/g) together with the
16 adenosine 2 receptor antagonist CSC, known to function as a VEGF inhibitor (H.
Takagi, G. L. King, G. S. Robinson, N. Ferrara, L. P. Aiello, nvest Ophthalmol
Vis Sci 37, 2165-2176, 1996). A noticeable weight loss was observed at 48 h in
mice receiving > 2x1 pg/g leptin alone (65.4+0.5 g vs. 62.7+£1.0 g, n=6). A
significantly higher weight loss is observed in mice treated with a combination of

20  leptin and CSC.
It should be understood that the foregoing relates only to preferred
embodiments of the present invention, and that numerous modifications or
alterations may be made therein without departing from the spirit and the scope

of the invention as set forth in the appended claims.
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m ce receiving > 2x1 ng/g leptin alone (65.40.5 g vs. 62.71.0 g, n=6). A
significantly higher weight loss is observed in mce treated with a

conbi nat i leptin and CSC. It should be understood th goi ng
rel ates 3%3'99%84% ef erred enbodi nents of the present inveﬁ%cl%/fr]ff%/g%?t hat
numer ous nodifications or alterations may be made therein w thout departing
fromthe spirit and the scope of the invention as set forth in the appended
clainms. CLAIM5: 1. The use of leptin or 78 | eptin honol ogue or derivative
optionally together with an inhibitor of VEG- action or of VEGF synthesis
and/ or an inhibitor of angiogenesis, in the preparation of a nedi canent
reversi bly inhibiting endothehal cell proliferation. 2. The use according
to claim1 for nodul ati ng angi ogeni c processes. 3. The use according to
claim2 for_inhibiting angi ogenesis. 4. The use according to claim 3,

i ncl udi ng @kAdMdSogenesis inhibitor. 5. The use according to anyone of the
preceding clainms wherein the VEG- inhibitor is selected from DWX, an

A2- ant agoni st 7- (bet ahydroxyet hyl )t heophyl Ii ne, 8-phenyltheophylline, the
adenosi ne t ' ] : LSbI G WEGF
vari ant, sléfrrﬁeeggeo%'ﬂfﬁﬁpa@%q @gﬁf(\él%?%éo%ﬁlﬂg(?gﬁ%@?ﬁgv&%?};/d?}gs}l]@)%gg%@g%%t\ﬁgl ) -

1- napht hoi ¢ asiigdhibioand M VEGE pkeabel @t of MHEGF - Anthdsis Anglaramesiibitealof
conposi tion for reversibly inhibiting endothehal cell proliferation

conpri §i ng | 8pgipgenssisa irephe nprepatitivgueion dwdiceanénte royarsibhal inhitivget her

Wi th an inhi bi(sol(l of VEGF f‘fti on or of VEGF synthesis and/or an
endothelial cell proliferation.

o

. The use according to claim 1 for modulating angiogenic processes.

10

('S

. The use according to claim 2 for inhibiting angiogenesis.

4. The use according to claim 3, including an angiogenesis inhibitor.

i

. The use according to anyone of the preceding claims wherein the VEGF

15 inhibitor is selected from DMPX, an A2-antagonist
7-(betahydroxyethyl)theophylline, 8-phenyltheophylline, the adenosine A2
receptor antagonist CSC, theobromine, an antagonistic VEGF variant,
sFLT-1, Tranilast, 8-(3-ox0-4,5,6-trihydroxy-3h-xanthen-9-yl)-1-naphthoic
acid, suramin and platelet factor-4 .

20

6. A pharmaceutical composition for reversibly inhibiting endothelial cell

proliferation comprising leptin or a leptin homologue or derivative optionally
together with an inhibitor of VEGF action or of VEGF synthesis and/or an
inhibitor of angiogenesis.

25

7. A pharmaceutical composition according to claim 6 for modulating



i nhi bitor of angi ogenesis. 7. A pharnmaceutical conposition according to
claim6 for nodul ati ngangi ogeni ¢ processes. 8. A pharnmaceutical conposition
accordi ngwbglﬁi(%bm 7 for inhibiting angiogenesis. 9. A netpeffi8hos2s
reversi bly inhrbrting endothehal cell proliferation in mammals conpri sing
adm nistering to a subject a pharmaceutical conposition according to any
one of clains 6 to 9 in a suitable dosage formand by a suitable route of
adm nistration. 10. A mixture conprisimg |leptin and a VEG- inhibitor.

angiogenic processes.

8. A pharmaceutical composition according to claim 7 for inhibiting

angiogenesis.
5

9. A method for reversibly inhibiting endothelial cell proliferation in mammals
comprising administering to a subject a pharmaceutical composition according to
any one of claims 6 to 9 in a suitable dosage form and by a suitable route of
administration.

10
10. A mixture comprising leptin and a VEGF inhibitor.

15
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