1 5 USE OF LEPTIN IN I NH BI TI ON OF ENDOTHELI AL CELL PROLI FERATION 10
Field of the Invention The present invention relates to inhibition of
endothelial cell proliferation and to nodul ation of angi ogenesis in the
femal e reproductive system Mre particularly, the present 15 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 nedicanment for inhibiting angi ogenesis
or nodul ati ng angi ogeni ¢ processes. The present invention further rel ates
to the use of leptin or leptin honol ogdes or derivatives, together with

i nhibitors of VEG- action or inhibitors of VEGF synthesis, in the
preparation of a medicanent 20 for nodul ati on of angi ogenesis in the

femal e reproductive syst tign 25 As used herein,
the t&rm "angi ogenesi s" @ﬁﬁﬁﬁﬁm‘@&wmﬁ@/@ood vessels into a
ti ssue or organ. Under nornmal physiological conditions, humans or ani mals
undergo angi ogenesi s ENDOTHRIFAL GBELf PROEERERABONI t uati ons. For
exanpl e, angi ogenesis is normally observed in wound healing, fetal and
enbryoni c devel opnent, formation of the corpus |uteum endonetrium and
placqpta and growt h of adi pose tissue. 30 The term "endot hel i unf neans a
thin layer of flat epithelial cells that |ines serous cavities, |ynph
vessel s, Field of thednvestiohs. Both controlled and 35 2 wuncontrolled

angi ogenesi s are thought to proceed in a sim/lar manner.

The present invention relates to inhibition of endothelial cell proliferation and to

modulation of angiogenesis in the female reproductive system. More particularly, the present

15 invention relates to the use of leptin or 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 preparation of a medicament

20  for modulation of angiogenesis in the female reproductive system.

Background of the Invention

25 As used herein, the term “angiogenesis” means the generation of new blood vessels
into a tissue or organ. Under normal physiological conditions, humans or animals undergo
angiogenesis only in very specific restricted situations. For example, angiogenesis is normally
observed in wound healing, fetal and embryonic development, formation of the corpus luteum,
endometrium and placenta and growth of adipose tissue.

30

The term “endothelium” means a thin layer of flat epithelial cells that lines serous

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

35



Endot helial cells and pericytes, surrounded by a basenent nenbrane, form
capillary bl ood vessels. Angi ogenesis begins with the erosion of the
basenment nmenbrane by enzynes rel eased by endothelial cells and | eukocytes.
The 5 endothelial cells, which line the lunmen of blood vessels, then
protrude through the basenent nenbrane. Angiogenic stinulants induce the
endothelial cells to mgrate through the eroded basenent nenbrane. The
mgrating cells forma "sprout" off the parent blood vessel, where the
endothelial cells undergo mtosis and proliferate. The endothelial sprouts
nmerge with each other to formcapillary 10 |oops, creating the new bl ood
vessel . Persistent, unregul ated angi ogenesis occurs in a multiplicity of

di sease states, tunor netastasis and abnormal growth by endothelial cells
and supports the pathol ogi cal damage seen in these conditions. The diverse
pat hol ogi caincopireded eargiggeresisn ki dhoughtedil Rrasgedndl ogesuvilar | apaarsent

have been ouped. 15 toget her as. angi ogeni,c,dependent or, angi,ogeni

associ at edg%f{d@é{l@i.ce*ﬁean&ﬁ%icﬁgﬁ %“Frg?éﬂ?d%ﬁimf aggamer}tsme%lbrgne, Form

angi ogenesi Sz i : i 107 .
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under st ood Eo i ndi cate a prevascul ar phase of tunor growh in which a
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early prevascul ar pha In mce woul'd be undet ectabl e except I gh power

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



3 mcroscopy on histol ogical sections. Vascul ar norphogenesis is regul ated
by the hypoxi a-i nduced vascul ar endothelial gromh factor (VEGF) and its
endot helial cell receptors FlkI and FItl. Two other angi ogenic factors,
angi opoietin-1 and 2 (Angl and Ang2), 5 which bind to a common endot hel i al
cell receptor (Tie2), were identified (S. Davis, et al., Cell 87,
1161-1169, 1996; P. C. Maisonpierre, et al., Science 277, 55-60, 1997).
Angi 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, 10 Ang2 was identified in fetal tissues, in endothelial cells, in
snooth nmuscle cells and in femal e reproductive organs of adult mce and
humans (P. C. Maisonpierre, et al.. Science 277, 55-60, 1997; B.

W t zenbi chlBiCroseopy. onNgis g rerscetiom. Jones, G D. Yancopoul os, J.

M
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apoptosis by Ang2 in cultured endothelial cells has not been obtained (B.
W t zenbidchlwehichFbing. tovai @emposr emelotlitlial arwdlsreceptod. (Ted) openal wlentified 26. M
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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



25 does not inhibit growh of the tunor cells in vitro. (KkmK J, et al.,

I nhibition of vascular endothelial growth factor-induced angi ogenesi s
suppresses tunor 4 growth in vivo. Nature 362:841-844, 1993). A specific
angi ogenesi s i nhibitor (AGW1470) inhibits tunor growh and netastases in
vivo, but is much less active in inhibiting tunor cell proliferation in
vitro. It inhibits vascular endothelial cell proliferation half-maximally
at 4 logs 5 |l ower concentration than it dinhibits tunmor 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. Adi pose tissue mcrocirculation is unique within the vascul ar

system 10 because of C P AY LS systemto grow t hroughout nost

of adult | i&f%W?b!n VIVO. @%EZB?C@%SZ@I’ 1E§B§rran, J. G Kral, Mcrocircul ation
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X. Zhang, et al., J Surg Res 67, 15 147-154, 1997). Thus, it is clear that
angi ogenesitrpl Hyishibitsayasculaoleadpthetink cely pookiferatian halfrmexiadly of 4 d88pose
tissue. If this angiogenic activity.could be re rfgssed oi%é)lsei nfgna{)eg, t hen
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There are 6- mllion” individuals with NFDDMin the U.S., including 18%

of the popwvaddnea tidt temor 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 11 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).



years of age (Hanis et al., Ira. J. Obes., 11:275-283, 1987). Approxi mately
45 % of males and 70% of fenmales with NI DDM are obese, and their diabetes
is 25 substantially inproved or elimnated by weight reduction (Harris,

D abetes Care, 14(3):639-648, 1991). 5 Y. Zhang ct al (Nature, 372,

425- 431, 1994) suggest that one of the nolecules which plays a key role in
energy bal ance regulation is the ob protein also terned |eptin. Zhang et
al also report the cloning and sequencing of both nouse and human |eptin.
United Ki ngdom patent specification No. 2292382 5 relates inter alia to
pol ypepti des, ob pol ypeptides or allelic variants or anal ogs thereof and
their use for nodul ating body weight. In particular, GB 2292382 di scl oses
that |l eptins and certain anal ogs thereof, such as agonists, would be
useful for the treatnent of obesity. Indeed, it was found that the

adi pocyt e- deri ved Fbpag rﬁtrfdgﬁﬂatlées Bt Intake 104} suggess that @Gghof tle

action on an 10 h aI ecept a Yet ter studi.es.hgve t hat
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individuals led to the theory of "leptin resi stance a term 15 suggesting
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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



ti ssues. The conposition should also be able to nodulate the formation of
capillaries in other angi ogenic processes, such as wound healing and
reproduction. The conposition and nethod for inhibiting angi ogenesis should
preferably be non-toxic and produce few side effects. |If angi ogenic
activity could 25 be repressed or elimnated, then tunor, although present,
woul d not grow and adipose tissue will regress. In the disease state,
prevention of angi ogenesis could 6 5 avert the damage caused by the

i nvasi on of the new m crovascul ar system Therapies directed at control of
t he angi ogeni c processes could |l ead toesthe abrogation or mtigation of

t hese diseases. Mce lacking leptin are infertile because leptinis
required for rel ease of gonadotropin- 10 rel easing hornone (GN-RH) fromthe
hypot hal anus. GN-RH acts on the pituitary gland and is essential for the
rel ease gf 0 [y H. doi b 2 |0, I It o
opt b dit I BARRRCEARRNY B lton &f (e AB) iRl el B,

“adi pose tirentaseatmestrol eidhe Aegiogeaisepregesgeh ratdlpag to fgorhuegation oF vitigationef ent s
are infegkld gisgiesto insufficient | evel of the adipose tissue-produced

| eptin. 15 One of the characteristics of the estrous cycle is ovarian

angi ogenesi s, which takes place during the maturation of the follicle in
the ovary. Rupiied Bclhg lepth Arelihfetilecoeradsd leptiait rauired for tdieaser gusadotrbgiim ar e

associat%g W th extens] Eﬁoo vessel  reqr jon.. These .tissues were
showt? t o "&SG51¢ "V/E@:(ﬂﬁigg'—' aﬁ%W@Pﬁﬁla&gdﬁE@f%ﬂs gy ?héa Y Q%Pdgﬁgfsogeni c
pr ocessessdential 26 thdiesidaseraf e yepadutupins ¥8Hsyd LEinmndeed, thjgaig bletinftedeptini t y .
summary afglag Aqi@%%gqc%‘ e Wi Feaftes 'w’?%eiﬁb Wy fra@i'p@éeeﬁssfu@ r{1£5% YS fheOf
leptin, a l'éptin honol’ogue or a derrvative thereof, optionally together
Wi th an icass bi atbletesf on/EiEFexe meonsa matignts/BGEintgrile [t to, insyificigns level of the

adipose tissue-produced leptin.

15
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. Therapies directed at control of angiogenic processes in

20  the female reproductive system could regulate fertility.
Summary of the Invention

25 The present invention relates to the use of leptin, a leptin homologue or a derivative
thereof, optionally together with an inhibitor of VEGF action or of VEGF synthesis, in the

preparation of a medicament inhibiting endothelial cell proliferation.

In one aspect, the invention relates to the use of leptin, a leptin homologue or a

30  derivative thereof in the preparation of a medicament for modulating angiogenic processes.

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

35



preparation of a nmedicanment inhibiting endothelial cell proliferation. In
one aspect, the invention relates to the use of leptin, a | eptin honol ogue
or a 30 derivative thereof in the preparation of a nedi canent for

nodul ati ng angi ogeni ¢ processes. Mre particularly, the use in inhibition
of angiogenisis is contenplated. 35 7 |In another aspect, the invention
provides for the use of leptin, a | eptin honol ogue or a derivative thereof
together with an inhibitor of VEG- actioh or VEG- synthesis in the
preparation of a medicanent for regulating fertility in a mmmal. 5 Any
known pharmaceutically acceptable VEGF inhibitor may be enployed in
accordance with the invention. The invention also relates to pharmaceuti cal
conpositions nodul ati ng angi ogeni ¢ processes or body weight or fertility
conprising leptin, a.leptin  honologue or a .l.eptin derivati\ve.opti |y
Cogbt her i t - ar ARAF bvtsh "DEced i D orfHED OUARE N A HERHERh HPBRL: Lo
t he conposiyj ' I i | g%§§§' Ind: it aBioebr
Descriptiogkg@ﬂpﬁge%?gd%%g%%geéﬁggpg 1 sﬁgagﬁg ng%??ﬁuﬁﬁgﬁgggﬁzlood vessel
regressi on dRGFapanhess $n ithe pagpapmis of 8 suedicahetbiBLregblatingnfectlity in a
C57CB-0b-1- mce were injected with murine leptin (2x1 g/g) at time 0 and
9 h. Abdonimamnmdi pose tissues were renpved at 24 and 48 h. Bl ood vessels

LA TR N AT IR N R R N N
vessel s has, (86( ERfifded Mafiteanth iR AvRRSSn.

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).



injection. Figure 2 shows a dose-response curve of the bl ood vessel
regression in adipose tissue of ob-/- mce 24 and 48 h post leptin
injection. Figure 3 shows a tinme course of the blood vessel regression in
adi pose 25 tissues of ob-/- mce injected with nurine leptin (2x1 g/g). 8
Figure 4 shows a | eptin-nedi ated i nduction of angiopoietin-2 (Ang2) as

anal yzed by reverse transcription-PCR of RNA from adi pose tissues. Lane 1,
control (no RNA); lane 2, RNA of adiposé tissue fromnornmal C57BL nouse;

| ane 3, RNA of adipose tissue from C57BL nouse injected with leptin (2x5
gg9/g) 5 lane 4, RNA of adipose tissue from C57BL-0b-1- nouse; |ane 5, RNA
of adi pose tissue from C57BL-0b-1- nouse injected with leptin (2x5 gg/g).
PCR reactions were term nated before saturation. PCR priners of Ang2,
GeneBank Accessin AF004 COort osLtion A ense)
and 1167-1147 (I“?‘EUE‘F geﬁho“?oa i?lgh‘r %ﬁ‘g ‘ﬂb?%t %%%}PB%‘C - K‘éggz)né%cti on
by leptin iy I p

adm ni st er e t%%bgg@gﬁ‘;éb% H‘;anﬁ’ér R)ntlggg Q?J{I’B‘%Sgﬂo% (aaﬁbssggi%%g%\?%%neatl t he

i ndi cat ed tdon@®] amél RaVAD ykad ZQyRIRNAoflquidsb nswé o mobes] G5 7Biuseouwdeg?2,
VEGF and actin. Figure 6 shows a dose response of An%z i nduction in adi pose

tissue of lame dHRINA af adiposeissun fren GUiBIninxuse dnjecsdositBlepsin (2XSrHEB) and
adi pose proteins were extracted at 48 h. Ang2 was determ ned 8}{ i mmunobl ot

anal ysi § (3angé Rpifooeadiposnsysugi ﬁrhms(faéZ;Bhai? armpees; lang SaRNA of adipose

Bi ot echnol ogy, Santa Cruz, CA). The non-specific band (N.S.) serves for
nor mal i zat itsRuofranh € § HhHedb onouse gieased veHoleptinn et u@’rg)oPCRn@CbWS eptin
'neultur e%ve?rgltggﬁ%ta%% 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 Ang?2,
VEGF 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.



20 Cultures of undifferentiated nouse 3T3- F442A pre-adi pocytes and
differentiated adipocytes were induced with leptin (1 gg/m). Total RNA
was extracted at different tinme points and subjected to RNA blotting with
probes to nmouse Ang2, VEGF and actin. Notice the punctuate induction of
Ang2 in adi pocytes at 24 h and the reduction in VEG- | evel follow ng
differentiation of pre-adipocytes into 25 mature adi pocytes. 9 Detailed
Description Recently, leptin was report to act as an angi ogenic factor.
It induced human unbilical vein endothelial cell proliferation in vitro,
enhanced the formation of capillary-like tubes in vitro and i nduced
neovascul ari zation in 5 corneas of mce and in a chic chorioallantoic
menbrane (M R  Sierra-Honigmann, et al., Science 281, 1683-1686, 1998; A
Boul oume, H C  Drexler, M Lafontan, R Busse, Crc Res 83, 1059-1066,
1998) . Al t HietgHed Adsseripsiondi es suggested that | eptin may induce

ool ogent ¢ 1 act decenly nEphar BesaRarello aRd%F Aot EIEBPEHBLAED. HondYesd peen
studied. It found.in ordance, W t resent i i.an at
| eptin, o&%ﬁ%ﬁaﬁ?@%%et\%g’r S g) ﬂjeégﬁecre%ad)ééFge,r&i%r{)sﬁag&g?fdB:}ég?ﬁdc? l:t)}f'gc])od

vessel regreasigsh dfcdgiRyeBkandbéd ih WIRDLS and eRLBe P Gc@Vhiculdreidioas id he
expression of the angiostatic factor angiopoietin-2 (Ang2) in various

ti ssuesb i rolnedsngfadinpese ahd ssnesa antiicl5 choriodléantéieg 2miesntaagd ogvVat i B. i n
t he absence of VEGE. Thus leptin is effective for nodul ating angi ogenesis,

and i nhi bi Sierge-dirmagmenn.agigilogttieaies28bsheti-a089, 19Myi dgBesdewnicethted to
tumor growt (. A9 RPI%ebARUR. Budl T A%, 595696, 19685 Although these
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



The present invention includes the use of leptin, or honol ogues of |eptin,
20 or derivatives of leptin, optionally together with one or nore

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

angi ogenesis in the femal e reproductive organs. The present invention also
i ncl udes the use of leptin, or honologues of 25 leptin, or derivatives of
leptin, together with VEG- inhibitors tog nduce adipose-tissue regression
and to nodul ate angi ogenesis in the female 10 reproductive organs.

Adm ni stration of leptin, or honologues of leptin, or leptin derivatives,
either alone or together with VEGF inhibitors to a human or animal wth
prevascul ari zed netastasized tunors will prevent the growth or expansion of
5 those tunors. Administration of |eptin, or honol ogues of leptin, or

| eptin derinegrodussiveiongansonbi nation with VEGE inhibitors or other

i nhibitors of an eneS|s to females, will npdu ene n their
reproductive or gg nisfration ISHHn’pPBQQQBOé‘%g‘i%a‘?% gqpémmé’ 8 pivatives,

angi ogenesi syl RCLfe, oPYleh: wifh NEGE! Biifflokore NETRRACBR. ol dykHTor s,

bl ood borne tunors, | euk asi s, anglecta5|a psori asis,

scl er oder rmprewmwuédgfr@m{&aamd HOG ARl Eﬂre@é}ﬁ'l‘%e@%%’tﬁ orCe issorfliofease,
pl aque neovascul ari zation, coronary collaterals, cerebral collaterals,

art eri ovenothsserairharsmat i ons, i schemic |inb angiogenesis, corneal diseases,
rubeosi s, neovascul ar tgl aucomm, diabetic 15 retinopathy, retrolental .
fibropl asia, artAfMinisiragpnpELsniing eshasleaRssdt lepHn., %@mlarderweg@@ferlatu on,

wound heal 'cn(ghbl%ep grll (\:NIHI YFar lfr'ﬁubﬁgr%a&rt(ﬁflerr Fnlh?bl cgjrs %If %%glso?gsehesm 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



fractures, keloids, vascul ogenesis, hematopoiesis, ovulation, nmenstruation,
pl acentation, and cat scratch fever. Adm nistration of leptin, or

honol ogues of leptin, or leptin derivatives, 20 together with VEG-

i nhibitors or other inhibitors of angi ogenesis to human or animal wl|l
reduce abberant angi ogenesis associated with the aforesaid di seases nore
effectively than the VEGF inhibitor alone or other inhibitors of

angi ogenesi s when applied without leptifdl It is also possible to nodul ate
angi ogeni ¢ processes by gene therapy as will be 25 described hereinafter.
The present invention includes the nethod of treating an 11

angi ogenesi s- nedi ated di sease with an effective anmount of leptin, or

honol ogues of leptin, or a leptin derivatives, optionally together with

VEGF i nhi bi atn I (i%e%r F1s%@<ﬁﬁt eidn(ﬂ%é%isgg\?‘i?h of e?f@?ti' fggr%ghtsof 1EB6n 86 ﬁ&%{)%g#@?oum

of leptin, erivatives,

t oget her Wdfhle}ﬁﬁ':ok'bhlé?)‘t'hoﬂén%tw'%sObfiﬁbnéll}h't@géﬂ%rsw‘i)tﬁl YRGPGRR®ROEs bE
adm nistered to patients in a pharnaceutically acceptable conposition. It

is to be unsbesinhdsitdrhatl dnigtogenesientThe rfteotive anmine oifitlephu, adreldomnoldgmes ude
t he use of an honol ogues, of | eptin that induce endothelial inhibitory
activity. Flﬁg@ééi &ﬂptmeé@rw]atrveeﬁepptl@naﬁbbﬁ@qﬁlger WithwiECHE dnlaib &prSrreFe of

th ' 1 f at t l b di t
am-enf;‘ma@% b BT, oY Bhemeatrdl srndimights Do BiatEin R onamte il cs
are added tﬁc%é‘g?ﬁz&’?ﬁﬂ Spuence of leptin, wthout changing consi der abI y

the activity | ng products as conpared with the wld type
leptin. These hqmy eobtesnddrSiopteRa @E prysehndwWeniidH Né besiesAndd o ilude

site-directed nutagenesis techniques, or any other known

the 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



15 techni que suitable therefor. Any such honol ogue preferably has a
sequence of amno acids sufficiently duplicative of that of leptin, such
as to have substantially simlar activity to leptin. One such activity is
the ability of a |eptin honologue to reduce the body weight of ob/ob m ce.
Thus, it can be determ ned whether any given 20 honol ogue has substantially
the sane activity as leptin by nmeans of routine experinentation. In a
preferred enbodi nent, any such nutein h@? at | east 40% sequence identity
or honol ogy with the sequence of either Teptin. Mire preferably, it has at
| east 50% at |east 60% at |east 70% at |east 80%or, nost preferably, at
| east 25 90% sequence identity or honol ogy thereto. Honol ogues of leptin
pol ypepti des. which can be used in accordance with 12 the present
invention, or nucleic acid coding therefor, include a finite set of

subst ant i althg peesenespeendiong o picescid scagtig tthengforoinpladei aldmitsr set of

pol ynucl eoti des .which can ge routinely obtained by Qae of ordin ry ski |

"n The art SUGHERGAILY ShTBcRROndIngCIaHERRCI SHPS HELER MSRLEALOT RAYAIAGETdRY

Chem sty AICRERnLp oo Biitiy oBlaif oS ehEor St MERF SR IRe By RUALR! paye |

Structure, eRpérim@aiati¥ar basbd Bﬁvﬂlé’%ifchi%gﬂlﬁzhd agiﬂdargee%%@éﬁed her&in. Foraof ei ns:

Structure and Mol ecul ar Properties, W reeman ., San Franci sco.
1983. whi clietaledhdasebptiom odrpoteat etichystrehrd estmeturEpseea Schules énEatt ah, of
nucl eoti de sequence substitutions, such as codon preferences, see 10
Ausubel et Fapciplapr 8] Broteig 1Smugtune, 2 Spriager-SsrBeookest ¥prk.sdgrd; and

'S‘nggﬁi ces C(';'elagrl:'lgon[,)'T.E.r, E};}%;eri%j: ﬁ‘pﬁcr}gf?esaizc? Mo@ggzﬂlng 9856)[123,8“%19[( %{f‘ene(fref‘anWE?Lt h the
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



i nvention are what are known as "conservative" substitutions. Conservative
am no acid substitutions of |eptin polypeptides may include synonynous

am no 15 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 of the nolecule. G antham Science,
Vol . 185, pp. 862-864 (1974). It is «clear that insertions and del etions of
am no acids may also be made in the abqgye-defined sequences w thout
altering their function, particularly if the 20 insertions or deletions
only involve a few amno acids, e.g., under thirty, and preferably under
ten, and do not renove or displace amno acids which are critical to a
functional conformation, e.g., cysteine residues, Anfinsen, "Principles
That Govern The Fol ding of Protein Chains", SC|ence Vol . 181, pp.  223-230
(1973). Prdt Mors F&ﬂ&rﬂ%b’eﬁhﬁssmﬁ@ﬂn@éﬁ amyne acid gtetps arsribosmdefared ipsTable

insertions one, Wi thin purvi ew of the present invention. Pre Y,
the synony ugn%eﬁ%pa%ftﬁ@%éy S8 SRR Rd PO AR Boss deghedih >

pref erabl y, ynonynmous ami no acid groups are those defined in Table
11; and nos pre erably the synonynous ami no acid groups are those defined
in Table Ill. 14 TABLE I Preferred G oups of Synonynous Am no Aci ds

Am no Acid Synonynous G oup Ser Ser, Thr, dy, Asn 5 Arg Arg, G n, Lys,
GQu, Hs Leulle, Phe, Tyr, Mt, Val, Leu



Pro Gy, Ala, Thr, Pro Thr Pro, Set, Ala, Ay, H's, Gn, Thr Aa dy, Thr,
Pro, Ala 10 val Met, Tyr, Phe, Ile, Leu, Val dy Ala, Thr, Pro. Ser. Qy
Ile Met, Tyr, Phe, Val, Leu, Ile Phe Trp, Met, Tyr, Ile, Val, Len, Phe Tyr
Trp, Met, Phe, Ile, Val, Leu, Tyr 15 Cys Ser, Thr, Cys H's Gu, Lys, Gn,
Thr, Arg, Hs Gn Gn, Lys, Asn, H's, Thr, Arg, Gn Asn Gn, Asp, Ser, Asn
Lys Qu, Gn, Hs, Arg, Lys 20 Asp Qu, Asn, Asp Qu Asp, Lys, Asn, Gn,
H's, Arg, Gu Mt Phe, Ile, Val, Len. Wet Trp Trp 15 TABLE Il More
Preferred Groups of Synonynous Ami no Acids Am no Acid Synonynous G oup Ser
Ser 5 Arg H's, Lys, Arg Leu Leu, Ile, Phe, Met Pro Ala, Pro

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



Thr Thr Ala Pro, Ala 10 Val Val, Met, Ile dy dy lle lle, Mt, Phe, Val,
Leu Phe Met, Tyr, Ile, Leu, Phe Tyr Phe, Tyr 15 Cys Cys, Ser His H s,
Gn, Arcg Gn Qu, Gn, Hs Asn Asp, Asn Lys Lys, Arg 20 Asp Asp, Asn
Qu du, Gn Met Met, Phe, Ile, Val, Leu Trp Trp 16 TABLE IIl Most
Preferred Groups of Synonynous Am no Acids Am no Acid Synonynous G oup Ser
Ser 5 Arg Arg Leu Leu, lie, Met Pro Pro Thr Thr

15

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



Ala Ala 10 vVal val dy dy Ilelle, Met, Leu Phe Phe Tyr Tyr 15 Cys
Cys, Set His Hs Gn Gn Asn Asn Lys Lys 20 Asp Asp GQu Gn Mt Mt,
Ile, Leu Trp Met 25 Exanples of production of amino acid substitutions in
protei ns which can be used for obtaining honol ogues of |eptin polypeptides
or proteins for use in the 17 present invention include any known net hod
steps, such as presented in US patents RE 33,653, 4,959.314, 4,588,585 and
4,737,462, to Mark et al; 5,116,943 tolBoths et al., 4,965.195 to Nanen et
al; 4,879,111 to Chong et al; and 5,017,691 to Lee et al; and |lysine
substituted proteins presented in US patent No. 5 4,904,584 (Shaw et al).

I n anot her preferred enbodi nent of the present invention, any honol ogue of
| eptin has an am no acid sequence essentially corresponding to that of

leptin. T ABLE NI
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



The term "essentially corresponding to" is intended to conprehend proteins
with mnor 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
correspondi ng to" | anguage are those which would result from conventiona
nmut agenesi s techni ques of the DNA encodilig these proteins, resulting in a
few m nor nodifications, and screening for the desired 15 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 |eptin that

i nduce endot hel i al inhibitory activity when applied optionally t oget her
with a VEG=_inhibitor i bitors of ngi o e esi s. pre
vent on ME e SRS SETHFE 2n0 kv Tieloen i aien T arenai b 3fs
der i vat | vesyplnd I b #8551 DEOTUN43RY J3eukeR 797 48DOL PglRld ¥ 350116/64

fragnents ptin protein rivatives of 1eptin accor |ngtot

invention tbaKetlanet at., marschesmitcaNamehett 68 4Bradhadtd [@hoglgoet lanchm@h ng
wat er - sol ubl e  pol yrrers such as pol yethyl ene glycol. Polyethylene g@ycol
derivati zedS 0HapP | 40 Leest ehnanddysoasubstdited protmnbpresmtﬁép@ nafent

N-ter m ate Preferred N-term nal nonopegl yated derivatives
of |eptl n, fg%‘{?g%%l%”ﬁé@ Png a (pegyl ated) nethionine at the N-term nus.

18 Various | N8R Qe NERE ASKH BF NESE B ANGHIAD B9 RRASRu:

describedandmay e us inco I'on w inin or 0 1 nhl
angi ogenesigt. le]?i"@'l‘lgs hh%il@mb%'icb'sé(ﬁfe?lc@r&serﬁl’aﬁgcﬂdﬁgsb&hdlng to that of leptin.

| - pr opar gyl xant hi ne(DVPX), an A2- ant agoni st
7- ( bet a- hy drlexyeemhiesydninatip hylrtes pendiBg pdie isyintdreled | domyerehée padene svitte . A2
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
16 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.



receptor antagonist CSC ( 8-(3-chlorostyryl)caffeine), theobrom ne, an

ant agoni stic VEGF variant, the soluble VEG- receptor sFLT-1, Tranil ast,

8- (3-0x0-4,5,6-tri hydroxy-3h-xant hen-9-yl)-1-napht hoic acid, suram n and
platelet factor-4 (E. Hashinoto, et al., Biochem Bi ophys Res Conmun 204, 10
318-24, 1994; S. Fischer, R Knoll, D. Renz, G F. Karliczek, W Schaper,
Endot hel ium 5, 155-165, 1997; H Takagi, G L. King, G S. Robinson, N
Ferrara. L. P. Aiello, Invest (phthal mhgVis Sci 37, 2165-2176, 1996; E
Barcz, et al., Oncol Rep 5. 517-520, 1998; G Sieneister, et al., Proc
Nat| Acad Sci US 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. lgarashi et al., Int J Mol Med 2. 211-215, 1998; J. Wiltenberger et

al., Jwbl Cell Cardiol 28, 1523-1529 1996; S. _Gengrinovitch et al.,

JBi ol Chem 270, Vi®085. i8okitors 1065y EGHapreuisy iashMbiGhr rroghctenyi inyenbess have

been descriped.an y be used .in conmbi.nation wt .eptin i.n order.t.

Ch bt anggydnes Bt pRs BE ried Juipiaan iongviheltptioin drifte 1o ATBIRIC: hese
i nhibitors 5. (Cao, R , Proc Acad Sgj . , 96,

5728- 5733, a?gg)g}é?lesg%gi ostati ﬁ“,lzﬁoe%dost ati nméé 94 anqu%;\éf@ﬁ@O (Bergreers G

et al, ScienreaBéthyBA8Bpdrgy2AMine@MPXXRMPri sed dpy the prasefadoniant i on

is the use of exEression vectors encoding leptin or |eptin honologues,
provi del by/-geteehydroxapthyotdpbydiney 82shanydtbeophyllineh thehiddenosise ofAZVEGF

gl ogenes TSGR uRBREOT SR Stodilcatbed | GaHy B8 o] yEPPRIEherdbet | c
oo R TS Vi SRSIRST LRI, i,
8-(3-0x0-4,5,6-trihydroxy-3h-xanthen-9-yl)-1-naphthoic  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 Ieptin 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 U S 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



Al so conprised by the present invention is the use of expression vectors 5
encodi ng leptin or leptin honol ogues, provided by gene therapy, in
conbination wth inhibitors of VEG-F action or production or other

i nhi bitors of angi ogenesis for regression of adipose tissues. Such therapy
may be useful in treating a disorder selected fromthe group consisting of
di abetes, high blood pressure and high cholesterol and as part of

conbi native therapy with a nedicanent ft 10 treating such disorders. Such
medi canments can be enployed in therapeutic nethods involving intravenous,
intraarterial, intraperitoneal, intramuscular, subcutaneous, nasal, oral

or pul nonary delivery systens. The angi ogenesi s nedi ated di seases i ncl ude,
but are not limted to, obesity: solid tunors; blood born tunors such as

| eukem as; tumor nmetastasis; ..15 benign t [ f e k [ S,
acousti o e BRES HeurBerBruite eodnot i B MuSiaRbs, IRTRRRAr

r heumat o dirﬁlfa:ﬁ)'afit%eal, REARART QthBheofN9hAGRNIAI Gk SRARRRary QELIRXSND! €,
di abetic retinopathy, retinopathy of prematurity, macul ar degeneration,
corneal grgfdternej ection, neovascul ar glaucoma, retrolental fibroplasia,
rubeosis; Gsler-Wbber Syndrone; nyocardial 20 angi ogenesis; plaque
neovascul ari zat Adsp cempriped brttheipacsent imysmitionas theuse 9 CXRIFSON iGHE, and

d | at . eptin, .or_honol f leptin, | eptin derivatives,
opt 1 oned |y Rt bR OB Re P o HES B e gferang) b EpEBinafidh VoS
oL e . . o o . |
st ot o B HRESH of A OE aelibh B Pl Rlonto S GARE o BSE I Mo fbncaRTEH M
limted tofoy Fﬁg@és’?siid}ﬁ'ofaﬁﬁlﬁéieoﬁ%ue@f FuehSthedaseassy bar ussfubsel eaigs a

scl eroderma, and hypertrophic scars, i.e., keloids. 20 Leptin, or
honol oguesdsbrdee ptlestedofromethiei grodp rdonaisting ©f dogatemdigly blanglepiessure 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.e., keloids.



with VEGF inhibitors or other inhibitors of angi ogenesis may be used in
conbi nation with other conpositions and procedures for the treatnent of
di seases. For exanple, a tunor may be treated conventionally with surgery,
5 radiation or chenot herapy conbined with I eptin, or honol ogues of |eptin,
or leptin derivatives, optionally together with VEG- inhibitors or other
i nhibitors of angiogenesis and then |leptin, or honol ogues of leptin, or
| eptin derivatives, optionally togethe20 with VEGF inhibitors or other
i nhi bitors of angi ogenesis nay be subsequently adm nistered to the patient
to extend the dormancy of 10 mi cronetastases and to stabilize and inhibit
the gromh of any residual primary tunor. Additionally, Leptin, or
honol ogues of leptin, or leptin derivatives, optionally together with VEG-
inhibitors or other inhibitprs of .angiogenesi.s,, are . conbined,w
phar mmceut i cal |y autP B rbRERef of S EIERNT e fuv TR s fgper
par ent er al walmViiGET AiBifors N6t UAiRed GHERHSAM. AOM0RBHAR Y % el MieCti on
sol utions which nmay contain anti-oxidants, buffers, bacteriostats and
sol utes whdmbimagndeswitthetbameogipgdsiivnss ahdnpcedtfest fier khe ogeamenheof
i ntended recipient; and aqueous and non-aqueous sterile suspensions which
may i ncl ud@issispehiar xampjent stvary iiyckeresjedigonventianalyc ovigositgeshs may
be presented.in unit-dose or 20 |.ti -dose ,containers, for ex | e, seal ed
ampoul o5 adi4He o hEmolpE conhingd Wi dSpikeok hapialaSersy BHAFIITL 2
condi tion [ aTo e . i 5] t t-ey il LAl d Ler.e for
exanpl ¢, wsPan erReLieE Eoligfaffde iR Pl MEOR Fh{tifors ot BT IEABHL R0 | 2
injection sadivkéRss and thusPePSHOBS H@Moﬂ@gu@g Fa¥eBnf rPMepiihedériativewders,
granul es and tablets of the kind previously described. 25 Conpositions nay
opt i onal | yopmaialiyetogetheawigdVE€i e agabnatsranothauinhitasors if adggrgededs enay
polymers, to faormtherapeutic conpositions. A sustained-release

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



21 matrix, as used herein, is a matrix made of materials, usually

pol ynmers, which are degradable by enzymatic or acid/ base hydrolysis or by
di ssolution. Once inserted into the body, the matrix is acted upon by
enzynmes and body fluids. The sustained-release matrix desirably is chosen
from bi oconpati ble materials such 5 as |iposones, polylactides (polylactic
aci d), polyglycolide (polyner of glycolic acid), polylactide co-glycolide
(co-polymers of lactic acid and glycolicyacid) polyanhydrides,

pol y(ortho)esters, polypeptides, hyaluronic acid, collagen, chondroitin
sul fate. carboxylic acids, fatty acids, phospholipids, polysaccharides,
nucl ei ¢ acids, polyam no acids, am no acids such as phenyl al ani ne,
tyrosine, 10 isol eucine, polynuclcotides and pol yvi nyl pyrrolidone. A
preferred bi odegradable matrix is a matrix of one of either polylactide,
pol ygl ycol i tefrixraspskd hautinde acvagixymetié dénfatarigisl usmelly potyrherst whidcird and
glycolic acid). e pol yners. bei ng npla ed in the vicinity of where drug
delivery i sd%éréfi%@e byrgizy Blakigareacidf a&@rﬂé‘/cﬁe%&s@ By disselugiongPnge dhsesiedt a

o RSt AR R AR, B bRBDR, S5 AL ‘s The

angi ogenesi §us'ta?médi PeNse BlaBRS @@sﬁa\bﬂfy%"c%@kéry from%lo@n‘?ﬁﬁﬂﬂ@mkﬁalﬁ%ﬁéﬂer S
and their use are described, for exanple, in detail Bremet al.

Neur osuryy. a#AlipddomésH Iioljalﬁm)ldewpod:yiamsc faerd@bpoiyrg@aroﬂmdea(lpe@zrbyr of gt}e:ohnce in
its entirety. 20 The angi ogenesi s-nodul ati ng pharnmaceuti cal conpositions

accor di ng t @cid}.heolylastidatca-glysptide d camplpace 96|la@ilc |aptqhandoglya@ls00§§1 Jand

be ad t b t t f
ol 1 0 t her apRRERE Cridsan o B S FrreRuaBofinepdes  BapBirody aoipl Ratash
dosage uni t g, g 'ddlﬁtgacl%rb&?yli%%& & Q&d?rﬂ{ds%hohl?ﬁst P&t aRERbtiGeET eams

may be adm nistered topicC
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



25 The i npl antabl e dosage units may be adm nistered locally, for exanple at
a tunor site, or may be inplanted for system c rel ease of the therapeutic
22 angi ogenesi s-nodul ati ng conposition, for exanpl e subcutaneously.
Exanpl es of |iquid conpositions include conpositions adapted for injection
subcut aneously, intravenously, intraarterially, and conpositions for
topical and intraocular admnistration. Exanples of aerosol conpositions

i nclude inhaler conposition 5 for adm#ystration to the lungs. It should
be understood that in addition to the ingredients, specifically nentioned
above, the conpositions according to the present invention may include

ot her agents conventional in the art having regard to the type of
conposition in question. Optionally, cytotoxic agents may be incorporated
or 10 otherwi se conbined with I eptin, or honol ogues of leptin, or leptin
deri vat i vednglogergsinaiodylatingesameposiiien foEeramply sibcotanconslyt Heamplasiafi t or s
of angi ogepesis, to .provid ual thera to the.patient. The conpositions
accor di ng [}gukdh%oqlﬂ%ﬁw%wcilé BQIHQBWW%ta@PB@Gb@r 181egHAR Y F‘b‘@f‘g&ﬁ N
Do L rdenae A% aIRe. B0 OARSIRLNPY o oliOR Gy irtadduft! U N0
buccal and sublingual ), or parenteral (1 ncluding subcutaneous,

i ntraperi t advalistratiun, Ereseplearof é@biﬁv%&itibﬁ iiRJEdTBhhal b EhApBEGBhAl -
intracerebroventricular, intracranial, intraspinal, intratracheal, and

epi dur &), fortadarisseratian to it uagagi nal , intrauterine, oral, rectal
adri st 1 at | on. [GBBGHDE! WGAHPR Al FayPIHIGE: B (o6 SHERgioNARSSTEHY T o | ed
delt ety Shen . SUSETAEAMR o BRSPS Bl SRR may
angi ogenesinghiddr ouah s @RveRbME ™ UBe 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



of interest, such as directly into a netastatic growh or into the vascul ar
supply to that tunor. 25 The dosage of the leptin, or leptin derivatives,
optionally together with VEG- inhibitors or other inhibitors of

angi ogenesis of the present invention wll 23 depend on the disease state
or condition being treated and other clinical factors such as weight and
condition of the human or animal and the route of admnistration of the
conpound. For treating humans or ani nal-.s, between approxinmately 0.5

ng/ kilogramto 10 ng/kilogramof the leptin or leptin 5 honol ogue or leptin
derivative can be adm nistered, optionally together with a suitable dose
of a VEGF inhibitor or inhibitor of VEG- production or other inhibitors of
angi ogenesi s. Dependi ng upon the half-life of the leptin or leptin

honol ogue or leptin derivative in the particular animal or human. the

| eptin or dépspdion thendisersaestase dregsmiditieie beingt ireased and sher limicel &ceers

bet ween sevelhal tinmes 10 per day to once .a week. Pref rrea nit dosage
conposi ti oti¥afe YA %Q#:t%n it}yﬁj‘ of |Rpnegdk Pro ANjIRGL an alhey IQUs- ®dse, or
an appropr] . i e 1 Ni d.j .edi en

met hggs gféﬁ@%ga@?ént% l?ié\l\ee%(?ﬁ%éﬂurg%n?gﬁpﬁrgﬁggsih?féfagﬁ 8}5%\%{/@%%535&%;5? igpl e
adm ni st radﬂﬁ?@ﬁimﬁél‘yeo.ﬁirhﬁﬂkﬁlo%}dﬂﬂ i@ﬂ@oﬁé/llégggra@f'{ €51 dhe %Eiﬁn@?dleﬁﬁﬁ! od of

tinme. 15 The leptin or |eptin honol ogue or in derivative conpositions
may convemmolbigye e lppes eletiedtive canite admagstefsl; mopaiodalinyopehpr epdr ed by
bri gl g 1SWEbkSS6w af i i ABiHIIRE oipseienot AECE Brshetraceoieal
Car e (BB P, BRASRE e CRTRI IE 20 DB
with 11 quiyth f@bgL€'® 18ptin 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



finely divided solid carriers or both, and then, 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 ingredient. It should be understood that in addition to the

i ngredients, specifically 25 nentioned above, the conpositions of the
present invention may include other agents conventional in the art having
regard to the type of conposition in 2494 question. It is to be understood
that the present invention has application for both human and veterinary
use. This invention is further illustrated by the follow ng exanpl es, which
are 5 not to be construed in any way as inposing limtations upon the
scope thereof. On the contrary, it is to be clearly understood that resort
may be had to various other enbodi nents, nodifications, and equival ents

t her eof whflB#S%%fter reading the description herein. may suggest

t hensel ves to tho i i n .t rt without departing,.fromthe spirit
of the present ﬂnl\ggtﬂﬂ% ohlll ‘geﬁa'!f’gff‘ tpgte c%rﬁéelbfmtvﬁ'énorgg‘aﬁﬁtha%t&P%& ilPr%tB

Exanpl es  fxaiRRd Veldinapdusd i on of bl ood vessel regression by Ieptin To
test leptin's effect on bl ood vessel honeostasis in adult adi pose tissue,

murine | eptin (Ohik-iavedtin wallirihe ¢ldtechted battht ifoRo@iranexdnples owBichOareeeks

old obese (C57BL-o0b-/-) fenmle mce, |acking endogenous leptin. A

not i ceabl eNOW8; bfhronsaeduasambway asdinzposiigz hmitatigng ipoacidievicage shagofl g/ g

[ .. 62.71. =6) . ' f

:c ?525”226293(%&% c%ptzrgrf)%{ z; 1s§3 rrzg)egel cPea?l’y unndGe)rstoo ?ﬁ’é{] rrégcl)rt rr?atly ngiﬂardetgo\ya?%jou%nd
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 (C57BL-0b-/-) female mice. lacking endogenous leptin. A noticeable
weight loss was observed at 48 h in mice receiving > 2x1 ug/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  wvessels 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



first injection, and blood vessels were counted after staining paraffin
sections wth antibodies to Factor VIII (D.D. Wagner et al. J Cell Biol 95,
355-360 (1982)). A significant reduction in the nunber of blood vessels was
observed (1981 vessels per 5 high power fields (HPFs, x400) in control

m ce; 1592.5 25 vessels per 5 HPFs in leptin-treated mce (2x1 g/g) at 24 h
and 1067.5 vessels per 5 HPFs at 48 h. Figure 1 shows m crographs of bl ood
vessel s in adi pose 25 tissue sections.ofigure 2 shows the dose-response
curve of the blood vessel regression and Figure 3 shows the tinme course of
this regression. 5 Exanple 2 Leptin induces Angiopoictin 2 (Ang2) in adipose
ti ssues The nmechani sm by which I eptin induced the bl ood vessel regression in
adi pose tissues was studied by nmeasuring its effect on the expression |evel
of angi ogeni c and, angi gstatic factors. Total RNA was isol ated from adi pose
tissue 10 &fsussiEitionad Figw 2oshpwirithe deseresponee awave oththsf bloedt wessel r st

leptin admnistrati Tot.al s isol ate ith the TRI reagent. Reverse
transcr i pt Peesaat ahd FredfEings W tims s Phie s gPmidiSetny fever se

transcri ptase (SuperScript I, ABCOBRL) with 1 g (N)6 random prinmer (New
Engl and Bi ol abs) according to the manufacturer's instructions. Aliquot (2 1)
of 15 the reverse transcription product was used for PCR with VENT DNA

pol ymerase (New Engl and Bi ol abs) and the foll owi ng sense and anti sense
primers® mixagple 2rRNA, GeneBank Accession No. AF4326 nucl eotides 637-657
and 1147-1167;. .muVEGF. GeneBank _.Accessi.on No. MP5200 nucl eoti des 385-406
and 962-98 ,P“Hu‘}r;ét“icﬁs g paietin B 220 dB adipeseNdssue®0691 nucl eot i des

1670- 1691 and 20245202430 \RORHAPHIANM AL hEWIbOFVR: AT BH&SBA i 2t on

It was found tha
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-0b”- 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



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 inducer of the angiostatic factor Ang2. 25 The |evels
and induction of Ang2 nRNA by leptin in the adi pose tissue of 26 ob-/- mce
was then studied by RNA blotting with specific probes to Ang2 and VEG-.
Total RNA from adi pose tissue was isolagéd with the TRl reagent kit

(Mol ecul ar Research Center Inc.). Sanples of RNA (15 g) were resol ved by

el ectrophoresi s through 1% agarose gel in MOPS-fornmal dehyde buffer, 5
transferred to nylon nmenbrane (Hybond N, Amersham in 20XSSC buffer and the
menbrane was then heated for 2 hours at 80C in a vacuum oven. The nenbrane
was pre-hybr;pized (6 h, 42C) with_denatured Sal non-sperm DNA (100 pg/m in
50% f or maniodd;” BisSTas thepesitidied' by B Atiletingnwith spesifogrobes 1¢ mlg%@m% DNA

probe (Ix1 , epar ed random pri m ng, ,was, the added .and
hybri di zat R&&Emt%,uggfﬁ 2?0@83 st‘%stue4‘§€‘§ lsﬁ{@teﬁe\ﬁﬁhaﬁg%\ég et Kibshed
at roomte : %. SOS & W : S y 19 1xSSC,
0. 106 905 1 RaC e RERSFRNG i A S LA Tkl WhrE R R 8 5
re-hybri di z&dmoiphbres’P-thahgdhed] g %ar@sér rgﬂ PeRdIMIQPSOfgFRiasde Rl Mhuiffershow
equal amounts of RNA in the blot. significant induction of Ang2 was

obt ai nefl 1%rahefertedi tognyleptmembthrieniHybamd bin ArRebam ) fiol )X $80. WEfemagl at 24
h and 16.00.31 fold. P<0.01, n=3 af 48 h; Figure 5). The kinetics of Ang2
expr essi on e GGBRIBHRIWES then hgateds %qrh% %@b@gﬁ% Catitl 3 VBSHEHNG cQEAY. The

ne3 ot 4o RORR0FSFay BrerrialT e ane BT ek gpflnd SAREE Ant 1NAui pose
ti ssues wag1§d H8/BHin 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-]abeled 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 Ang?2 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 pg 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



20 by inmmunoblotting 48 h after the first injection of leptin. Cell extracts
from adi pose tissue were isolated using the TRI reagent kit (Ml 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. | mrunobl ot anal ysis
was carried out with 5 pg of a specific goat anti-human Ang-2 anti body.
Ang2 was bel ow the 25 | evel of detection in adi pose tissue of control ob-/-
m ce, whereas adm nistration 27 of 2x1 g leptin was sufficient for high

| evel induction of Ang2 (Figure 6). Ex le 3 5 Leptin induces Angiopoietin
2 (Ang2) in cultured adi pocytes Several peripheral activities of leptin were
previously reported (M R  Sierra-Honi gnann, et al., Science 281,

1683- 1686, 1998; A Bouloumie, H C. Drexler. M Lafontan. R Busse, Crc
Res 83, 1059-1066, 1998:: B. Cohen. D. Novick, M Rubinstein, Science 274,

1185- 1188, 4P96} npg 1Bpfikavhs seiffidient fokGigntiaet intuictoy of4hg2l(f@guie 88, 1999).
To test if leptin may act directly on adipocytes, we studied the effect of

| eptin on murine 3T3-F442A pre-adi pocytes, known to give rise to

adi pose-like tissue upon inplantation in athymic mce (H Geen, O

Kehi nde, J Cell Physiol 101, 169-171, 1979); S. Mandrup, T. M Loftus, O
A I\/acDougagd F.l . Kuhajda, M D. Lane, Proc Natl Acad Sci USA 15 94,
4300- 4305, 198MPI&Ri 55 373 F442A nurine pre-adiopcytes (H. Green, O

Kehi nde. Oe%h)?n iﬂaﬁg&Aﬁ%%@oié’ﬁ 9 (A2 ih CultifFld GEifePrestnd 10% cal f

serum For erentiation, confluent cells were maintained in DVEM
suppl ement ed wi t Bevddb betipherabactieitiesr afigpiSveto previouslay sepoktedi (vh ks
repl aced every 48 hours. By the end of the period nost of the cells acquired
the 20 char SicrerHenigmandi, go@)+ écmcprﬂﬂloglﬂgsl@& dO%nes Boulsustpekh @I and
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 Natl 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



nor phol ogi cal criteria. Leptin (1 g/m) was added to cultures of
differentiated and non-differentiated cells. RNA was isolated fromthe
cultured cells as described for the adi pose tissues of Exanple 2 and
subjected to RNA blot analysis. It was found that |eptin induced Ang2 nmRNA
expression in 25 differentiated 3T3-F442A adi pocytes and not in

pr e- adi pocytes. Ang2 nRNA appeared punctuate at 24 h. VEGF nRNA was
constitutively expressed in 28 pre-adigpocytes and was further induced by

| eptin. The level of VEGF nRNA was significantly | ower in nmature adi pocytes
and was not significantly induced by Ileptin (Figure 7). These result
suggest that leptin induces an angiostatic signal in mature adi pocytes and
angi ogeni c signals in pre-adi pocytes. 5 Exanple 4 Effect of leptin plus a

B TEh e i SCES G W B, o
d i nd . f .VEGF. by | in i i he . i | .
Ther of or E,S‘fgﬁl'ﬁ?ﬁ%ﬁx 35 i iR hpRF R c RS e SRR HBuREoRP L oF
8- 10 - " abf « e i 4 eptin.
wee %],S?ﬂug _(g ngés@}g{% rggxelfs gﬁ%%cgf@ia? I%Ptlﬁﬁmd]'y@é\skérpgn_ ReQEERMM] i eptin

In parallel 7/BL-0b-/-) female ce were injected
at tines (namg &dipotyedahd anpiogseicl segidlfin Preladipgéyggs.t ogether with the 15
adenosi ne 2 receptor antagonist CSC, known to function as a VEGF inhibitor
(H Takagi, G L. King, G S. Robinson, N. Ferrara, L. P. Aiello, Invest
Opht hal nol  Vis Sei 37. 2165-2176, 1996). A noticeable weight | oss was
observed at 48 hin mce receiving ? 2x1 g/g leptin alone (65.40.5 g vs.
62.71.0 g, ﬂa:rg})lef‘ significantly higher weight loss is observed in mce
treated vvl}{‘ arconbi nation of

Effect of leptin 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 pg/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-0b~/~) female mice were
injected at times O 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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20 leptin and CSC. It should be understood that the foregoing relates only
to preferred enbodinents of the present invention, and that nunerous

nodi fications or alterations may be nade therein w thout departing from
the spirit and the scope of the invention as set forth in the appended
claims. 25 29 s CLAIMS: 1. The use of leptin or a | eptin honol ogue or
derivative optionally together with an inhibitor of VEG and/or an

i nhi bitor of angiogenesis, in the preparation of a nedi cament useful for
10 treating angi ogenesis. 2. The use according to claim1, including an
angi ogenesis inhibitor. 15 3. The use according to anyone of the preceding
clains wherein the VEGF inhibitor is | ected from DMPX, an A2-ant agoni st
7- (bet ahydr oxyet hyl ) t heophyl I i ne, 8- phenyltheophylline, the adenosi ne A2
receptor antagoni st CSC, theobrom ne, an antagonistic VEG- vari ant,

SFLT- 1, gﬂgghkgst, 8- (3-0x0-4,5,6-tri hydroxy-3h-xant hen-9-yl)-1- 20
naphtﬁoi > suramn and platelet factor-4. 4. The use according to any
one of clainms 1 to 3 wherein said angiogenesis is related to adipose
tissue growth. 25 5. A pharmaceutical conposition for inhibiting

angi ogenesis conprising leptin or a leptin honol ogue or derivative

opt i onal Hy Tregekhéfeptin biha kptin hdmdedusror oleriwE@-optivdAllyr togathermithwintindribitef of

angi ogenesi \§EGI§gnd/or an inhibitor of angiogenesis, in the preparation of a medicament useful for

10 treating angiogenesis.

2. The use according to claim 1, including an angiogenesis inhibitor.

15
3. The use according to anyone of the preceding claims wherein the VEGF 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-oxo-4,5,6-trihydroxy-3h-xanthen-9-yi)-1-

20 naphthoic acid, suramin and platelet factor-4.

4. The use according to any one of claims 1 to 3 wherein said angiogenesis is related to
adipose tissue growth.
25

5. A pharmaceutical composition for inhibiting angiogenesis comprising leptin or a leptin
homologue or derivative optionally together with an inhibitor of VEGF and/or an inhibitor of
angiogenesis.

30

6. The pharmaceutical composition of claim 5 wherein said angiogenesis is related to adipose

tissue growth.
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6. The pharmaceutical conposition of claim5 wherein said angi ogenesis is
related to adi pose tissue growh. 35 30 5 7. A nethod for inhibiting

angi ogenesi s in mammal s conprising adm nistering to a subject a

phar maceuti cal conposition according to claim5 or 6 in a suitable dosage
formand by a suitable route of admnistration. 10 8. The nethod according
to claim7 wherein said angiogenesis is related to adi pose tissue growh.
9. A mxture for use as an inhibitor of angiogenesis conprising |eptin and
a VEGF inhibitor.

30

5 7. A method for inhibiting angiogenesis in mammals comprising administering to a subject a
pharmaceutical composition according to claim 5 or 6 in a suitable dosage form and by a

suitable route of administration.

10 8. The method according to claim 7 wherein said angiogenesis is related to adipose tissue
growth.

9. A mixture for use as an inhibitor of angiogenesis comprising leptin and a VEGEF inhibitor.



