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ANl MALS Field of the Invention This invention relates to nethods and
conposi t i wosfoassogontrol 1 i ng angi ogenesis in an ani nal . MoTaSsoastbeul arly,
the present invention relates to 5 materials and nethods for the treatnent
of diseases in which angiogenesis is a factor. Mst specifically, the
invention relates to nethods and materials for controlli ng angi ogenesi s by
t he use of conpounds which interact with galectins. Background of the

I nvention 10 Medi cal science has recogni zed that angi ogenesis is an

i nportant fact or METHOR FOR CONTROIAANG ANGHDGENERISIN ANIMAIZ ge nunber

of diverse disease conditions. ; lu ed herein, the term "angi ogenesis"
means the generation and growh b 98ssels into a ti ssue or
organ. Under nor mal p;phy5d @ R%etids &P RtktddeNshd st dfRt RdatromAE Ml S

only undergo angi ogenesis 15 in very specific, restricted situations. For
exanpl e, angi ogmiEshssis 51 aroamualal.y Mab perticaldrly nthepuesenthisaenting, refaggsdP and

enbryoni c _devel oprent, .and i h formati on. of the corpus. | ut
endonetri3n1anﬁmgpﬁgéﬁgéW§Wﬁgf%?@@ég?ﬁﬁ?ﬁ°§HSF%§%1egﬁghﬁggmﬁggﬁ%g%ﬁnd to be
altered in a npgier Mbstdpeansalystiad Bventditdreldles WWBMEthods bad eeSerialsfor

pat hol ogi cal damage associated wth the disease is related 20 to,

uncontrol | ed aswgitiolingesngiog@ssis bynthe obsee @f a¢rmpBEnt WHICh etitea?yi BHBnesi s
are thought to %rﬁceed in a simlar manner. Endothelial cells and
pericytes, sur Potfiided by a basenent nenbrane, formcapillary bl ood

vessel s. Angi ogenesi s begi ns wBabkgértasandofsheolmvenfion he basenent nenbrane by

enzynes rel eased by endothelial cells and 25 | eukocytes. . The endot heli al
cells, wilch |ine tMsdicahssiense hay iseegnized dbatangiogenesisgs 8f imadtanh 5t h t he

baserrent menbr ang. (Gl RQCH G0 bIGTHLANS of NUUES. hbeCBECHRLY Blsofiel S to

n‘igratethroug'ﬁ1 ase rane. magrating cells forma
"sprout” off tkmdiinentAshiseddereas sied termtiangiogenesis” means the generation and

growth of new blood vessels into a tissue or organ. Under normal

physiological conditions, humans and other animals only undergo angiogenesis
15 in very specific, restricted situations. For example, angiogenesis is normally

observed in wound healing, fetal and embryonic development, and in the

formation of the corpus luteum, endometrium and placenta. The process of

angiogenesis has been found to be altered in a number of disease states, and in

many instances, the pathological damage associated with the disease is related
20 to uncontrolled angiogenesis.

Both controlled and uncontrolled angiogenesis are thought to proceed
in a similar manner. Endothelial cells and pericytes, surrounded by a basement
membrane, form capillary blood vessels. Angiogenesis begins with the erosion
of the basement membrane by enzymes released by endothelial cells and

25 leukocytes. The endothelial cells, which line the lumen of blood vessels, then
protrude through the basement membrane. Angiogenic stimulants induce the
endothelial cells to migrate through the eroded basement membrane. The
migrating cells form a “sprout” off the parent blood vessel, where the
endothelial cells undergo mitosis and proliferate. The endothelial sprouts

30 merge with each other to form capillary loops, creating new blood vessels.



endothelial cells undergo mtosis and proliferate. The endothelial sprouts
30 nerge with each other to formcapillary | oops, creating new bl ood
vessel s. WD BRAI$908 PCT/ US02/ 37400 2 Creation of the newmiseeswascul ar
systemcan initiate or exacerbate disease conditions. Persistent,

unr egul at ed angi ogenesis occurs in a nultiplicity of disease states, tunor
nmet astasi s and abnormal growth by endothélial cells and supports 5 the
pat hol ogi cal damage seen in these conditions. The diverse pathol ogi cal
states created due to unregul ated angi ogenesi s have been grouped together
as angi ogeni cCrtafiemaénhe aewangrogenia systeoceat pitiae seasawrbalthdisegsees
directed at control of the angi ogenic processes could lead to the
abrogation or ¢Andit Y&fi on of these diseases. 10 One exanpl e of a di sease

medi at ed by angi ogepgsisgnd, %nfé%ma?e‘a an%ﬁ%%ﬁ&?s%&ﬁrscmsaeﬁﬁﬁrphzﬂy of dissgaese is
characterized by invasion of new blood ™ vessels into the structures of the

eye such as thﬂaueettumar mestasiasinerd abrtoringl grhe’thrbxstmdoctlm}mbwlbaiuééumoml i ndness
and is inyolve .0 tely tmen di se )

macul ar degene a{)}ﬁﬁg ﬁ% ‘g’g‘?gﬁlsgefneﬂl #%%é?%?%rﬁ f%’ersree&?e’ao& gatlby an

i ngrowt h of Chﬁﬁt’e@'cﬂz@{edccﬁiléltb|uﬂfdgﬁ§1tédhz§r%h@%néb@§ B#leShden gBsupel t6getiaerior ane
with proliferation of fibrovascular tissue beneath the retinal pigment

epi t hel i um Angngmwmmde@am@gém angegsoicassesidted digeases hTramet digeciediatnopat hy,
retinopathy of trroI ?EH' tééioga ?@ées%sso{lldrlghffbt fhgrllbdﬁt?iﬂ&?ﬁfzﬂh atighaucora

and retrol ent¥ eases and con I ons associated with
cor neal 20 neoaﬁﬂggélcagdag@tl on include, but are not limted to, epidemc

kerat oconjunctivitis, vitamn A deficiency, contact |ens overwear, atopic
keratitid0 superiorOng n@ia@lpi%r%ft iot idéseasst aRsiiaten e raRgloEPRSst d%a"cug]rogr en's,

acne rosacea, QXéc%i:atr LQsi i’hlg%ﬂé%laéé is cha{'\gégé?igé’&i)grlh sfoﬂfcﬁcﬁe'\xpﬂﬁ)odl i pid

degener ati on, em cal burns acteri al ul cers, herpes
si mpl ex inf ectvamss irﬂ&tﬂweqtmema@ﬁtlﬁ’reyershelmas thxnsc;tu;arartcoman It mt@cmosjns

Kaposi S sarcomm, e Sf RISy and' & Boived Bh UphiidSdR Bhdthy e
mar gi nal  ker at $Iy8PR  Capste QfliprRess and is involved inapp ey y €Y
diseases. In age-related macular degeneration, the associated visual problems
15 are caused by an ingrowth of chorioidal capillaries through defects in Bruch’s
membrane with proliferation of fibrovascular tissue beneath the retinal pigment
epithelium. Angiogenic damage is also associated with diabetic retinopathy,
retinopathy of prematurity, corneal graft rejection, neovascular glaucoma and
retrolental fibroplasia. Other diseases and conditions associated with corneal
20 neovascularization include, but are not limited to, epidemic
keratoconjunctivitis, vitamin A deficiency, contact lens overwear, atopic
keratitis, superior limbic keratitis, pterygium keratitis sicca, Sjogren’s, acne
rosacea, phylectenulosis, syphilis, Mycobacteria infections, lipid degeneration,
chemical burns, bacterial ulcers, fungal ulcers, herpes simplex infections,
25 herpes zoster infections, protozoan infections, Kaposi’s sarcoma, Mooren’s
ulcer, Terrien’s marginal degeneration, marginal keratolysis, rheumatoid
arthritis, systemic lupus, polyarteritis, trauma, Wegener’s sarcoidosis, scleritis,
Stevens-Johnson disease, pemphigoid, radial keratotomy, and corneal graft
rejection.
30 Diseases associated with retinal/choroidal neovascularization include,

but are not limited to, diabetic retinopathy, macular degeneration, sickle cell



arthritis, systemc lupus, polyarteritis, trauma, Wagener's sarcoi dosis,
scleritis, Stevens-Johnson di sease, penphigoid, radial keratotony, and
corneal gwara/4smgecti on. 30 Di seases associ ated with retipcalysobor4od dal
neovascul ari zation include, but are not limted to, diabetic retinopathy,
macul ar degeneration, sickle cell WO 03/045908 PCT/ US02/37400 3 anem a,
sarcoi d, syphilis, pseudoxanthoma el astitum Paget's di sease, vein
occlusion, artery occlusion, carotid obstructive di sease, chronic
uveitis/vitritis, mycobacterial infections, Lyme disease, system c |upus
er yt hemat osus, anensd, i sao@ad, hyyphﬂlsprpmmmthqma Eidsteurdi Begat's, diBwkeevein
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pars planiti S1m§?$Ub‘a@ﬂeﬁalr ghfeB@dns, dEYAE NaRBdse, NyRERYd SKBES t oty Sigelosuss,
t oxopl asnosi s rauma and post - [ aser conplications. Oher diseases

i ncl ude, but awetnopsthy ofhmemtw@y Enlescdiscase, Bobeelcs diseage. infortionsaysing
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prolifera ous I'ssue™inc or’ms of

proliferative mydgigorspticnqe) hStarghrivtsheliscaies epse  iphanits, cbhmmgu agemesi s i s
believed to be involved is rheumatoid arthritis. The bl ood vessels in the
synovi al | i ni ndgtashment HyppmissosiyhaadEsmesn {05 Ramesis, riymaded PPYNATH f or ni ng

new vascul ar NESickions! NCoder §h Q{e@elncﬁﬂde% Sur o‘?aﬁrglté@%ord%e%w

reactive oxygen species t ha annus rowt cart
destruction. Tzh;@ocﬁzﬁed ith rlubmis\/(adovasaﬂargaaogmnéﬂlesarﬂ{te) andclisesseb yausmht ribute

to, and help naintain, the chronjca i nfl ate of
arthritid0 Fackoths %%%’@Hei‘lal?régfe\ﬁﬁtt% %FJ é?r&j%sﬁ er "él%u%&\?ﬁ“{;‘? 8]: e in
Factors contriBmeg B e e Toint. AL & | ater stage. ﬂe
angi ogenei ¢ factor sAmhéxddqscascmnedeWabgmgerfe@ls rathebened Tioebea poatved is
It R;er vention tr?lgltim trogvenhr?tls %he %rl]()eodd\e/cassgéllsj(ilg It en S}gr%lil/lla lpn?ngt o%khe Pon%gr ess of
undergo angiogenesis. In addition to forming new vascular networks, the
15 endothelial cells release factors and reactive oxygen species that lead to pannus
growth and cartilage destruction. The factors involved in angiogenesis may
actively contribute to, and help maintain, the chronically inflamed state of
rheumatoid arthritis.
Factors associated with angiogenesis may also have a role in
20 osteoarthritis. The activation of the chondrocytes by angiogeneic-related
factors contributes to the destruction of the joint. At a later stage, the
angiogeneic factors would promote new bone formation. Therapeutic
intervention that prevents the bone destruction could halt the progress of the
disease and provide relief for persons suffering with arthritis.
25 Chronic inflammation may also involve pathological angiogenesis.
Such disease states as ulcerative colitis and Crohn’s disease show histological
changes with the ingrowth of new blood vessels into the inflamed tissues.
Bartonellosis, a bacterial infection found in South America, can result in a

chronic stage that is characterized by proliferation of vascular endothelial cells.

30 Another pathological role associated with angiogenesis is found in



di sease and provide relief for persons suffering with arthritis. 25 Chronic
i nfl ammati on may al so i nvol ve pathol ogi cal angi ogenesis. Such di sease
states aswal w@asosve colitis and Crohn's di sease show hi straToggoeat400 changes
with the ingrowth of new bl ood vessels into the inflanmed tissues.

Bartonel l osis, a bacterial infection foqu in South America, can result in
a chronic stage that is characterized by proliferation of vascul ar

endot helial cells. 30 Another pathological role associated with

angi ogenesis is found in WO 03/045908 PCT/ US02/ 37400 4 atheroscl erosis.
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Angi ogenesi s i gfiat&er s¥R@Nadlceeatoclifieplagombliciidnsn [Sestedid foyms difseases
such as Osl er-Wber - Rendu di sease, or hereditary henorrhagic

t el angi ect asi ahenmangiomas, dhe heangiemeyossss Bakea dHah dpqriality, dfeny TR pl e

smal | —angi o ”%gs%tfgg%rgan%?ﬁésgﬁgst Yhrat! KHRR b\éec%?édswitlyﬁger%ghmﬁreﬁf@ found

in the skin an s, often acconpanie y ‘epl staxi s
(nosebl eeds) oihukb. gastroi ntestinal bl eeding and sonetines with pul nonary

Format ofdand. et asbBEPEETeSAnt 8GRNEROPNE dot e LOURL T BuhP4LEY e atod
with several s Féagest SHBH SasS W%lébr-\ﬁ@oe?-@%{?ﬂprﬁi%%,cem&recﬁﬁﬂj RRbashgea, Ew ng
sarcoma, neuroblastoma, and ost eosarcoma. A’'tunor cannot expand wi t hout
a bl ood suppl ytetangjeciaviadeThis s raneinheriteh diseastostmrastdrizad dyy walipbs sm3nors i n
whi ch angi Ogengnsgiiosmzils? tumors of blood or lymph vessels. The angiomas are found in the
skin and mucous membranes, often accompanied by epistaxis (nosebleeds) or
15 gastrointestinal bleeding and sometimes with pulmonary or hepatic
arteriovenous fistula.
Angiogenesis is prominent in solid tumor formation and metastasis.
Angiogeneic factors have been found associated with several solid tumors such
as rhabdomyosarcomas, retinoblastoma, Ewing sarcoma, neuroblastoma, and
20 osteosarcoma. A tumor cannot expand without a blood supply to provide
nutrients and remove cellular wastes. Tumors in which angiogenesis is
important include solid tumors, and benign tumors such as acoustic neuroma,
neurofibroma, trachoma and pyogenic granulomas. Prevention of angiogenesis
could halt the growth of these tumors and the resultant damage to the animal
25 due to the presence of the tumor.
It should be noted that angiogenesis has been associated with blood-
born tumors such as leukemias, any of various acute or chronic neoplastic
diseases of the bone marrow in which unrestrained proliferation of white blood

cells occurs, usually accompanied by anemia, impaired blood clotting, and

30 enlargement of the lymph nodes, liver, and spleen. It is believed that



i mportant include solid tunors, and benign tunors such as acoustic neurona,
neur of i broma, trachoma and pyogeni ¢ granul omas. Prevention of angi ogenesis
coul d hal wads@w4spoewt h of these tunors and the resultant dacagesoro74ahe
animal 25 due to the presence of the tunmor. It should be noted that

angi ogenesi s has been associated with bl ood- born tunors such as | eukem as,
any of various acute or chronic neopl ast?c di seases of the bone marrow in
whi ch unrestrained proliferation of white blood cells occurs, usually
acconpani ed by anem a, inpaired blood clotting, and 30 enl argenment of the

| ynph nodes, |angiogenesidplayd ®amie inl the iabndymialitesad thehbane\WIRrOBy Cipb 9D rise

PCT/ US02/ 37400 .5 angi agenesis plays a role in the abnormalities in the
bone marrow thtﬁtle‘lﬁegﬂa'ﬁg%@mqrﬁ | eukemi a-1i ke tunors. Angi ogenesis is

inportant in two stRgeseQfesis YWRhipdRhas! RRl faged b€ tirhéShetaSthdge THO EFe
angi ogenesi s stinulatfon is inportant is in % he vascul ari zation of 5 the
tunmor, which althgewsherampgiogendsts stinudationris timpotiinddel i theewasewladzation ®ifr cul at e

t hroughout the,body. After the tunor cells have, ] eft the pni Lte, and
have set?led ﬁhﬁ?ﬁ%?%é”}gébﬁlmE‘;‘,rnorrré?liss%eé’lteﬁg? Pfeo,c’dggﬁ?%élg%g?%gurlr%ét occur
before the nemrdughBit theBody. Onfiante xpavdlls Raes lefiaheprimagyee amihave contr ol
of angi ogenesis could lead to the prevention of netastasis of tunors and

p?ssih bi'y | 10 fc&f—ﬁledi into the saeandreys Metastasis\itp, anSiqgsBeshy Myl 9ecer peforadiew edge
of the role of_angi nesi s._ i e | ht e n s/ unor s
has led to a prrlec%%lcl)lglg ?CC%?ln |O(l§xgtag$ ?%?h(g'r egg%%art%cg?e.v gﬁkgls%grr%oég? f o\

neovascul ar i zadrigispehesigcbuld 1datigo fiid praventibn oD mevamsid elf eunonsedd Ipyssitdpunt i ng
the m crovessel density in the area of the npst intense 15
neovascullfr i zaganénn fhe Heaplasticroptioaidhe RAUPYYF5Ra. A high | evel of

m orovessel  JonS! L uBRILoUAd o 60T B! ALBUN LTE ARAHIGEACGa Cont Ol

of angi ogenesi s erapeuti ¢ neans can to cessation o
recurrence of mmbsthsisrof sumdéndiasdahtsa pragaosticsiadicatoo farebleash camrenalThe

hysi ol ogi | i i
RnéiSIog engISicg i gnrugﬁl?iso es??a;gﬁalg?aziﬂlrlietﬁ&nodd chtille %%n?a?}g tl\ll\rlg)lgrn\C)ivasI;1 Egtlell’rrrlll%éd by

counting the microvessel density in the area of the most intense

15 neovascularization in invasive breast carcinoma. A high level of microvessel
density was found to correlate with tumor recurrence. Control of angiogenesis
by therapeutic means can lead to cessation of the recurrence of the tumors.

Angiogenesis is also involved in normal physiological processes such
as reproduction and wound healing. Angiogenesis is an important step in

20 ovulation and also in implantation of the blastula after fertilization. Prevention
of angiogenesis could be used to induce amenorrhea, to block ovulation or to
prevent implantation by the blastula, thereby preventing conception.

In wound healing, excessive repair or fibroplasia can be a detrimental
side effect of surgical procedures and may be caused or exacerbated by

25 angiogenesis. Adhesions are a frequent complication of surgery and lead to
problems such as small bowel obstruction.

Clearly, the development and progress of many disease conditions can
be controlled by controlling the process of angiogenesis. In that regard, the art
has made many attempts to develop materials and therapies which are capable

30 of controlling angiogenesis. However, many materials which appear promising

in vitro have proven to be relatively ineffective when applied in vivo.



20 ovulation and also in inplantation of the blastula after fertilization.
Prevention of angi ogenesis could be used to induce anenorrhea, to bl ock
ovul at i orworospessopr event i nplantation by the blastula, thecelsopsaventing
conception. In wound healing, excessive repair or fibroplasia can be a
detrinmental side effect of surgical procedures and may be caused or
exacerbated by 25 angi ogenesis. Adhesi ofls are a frequent conplication of
surgery and | ead to problens such as small bowel obstruction. Cearly, the
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angi ogenesi s. The invention further recognizes that conpounds which
interact with gegiegenesisplesna t@dditrol di sease conditions in which

angi ogenesi s plays a role. Bryg LRL I nvention There
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t herapeutically effective anount of a conpound which binds to a.gal ectin.
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_ t
with rhamose re Uas? K other i e conpound nay be
characterized gscifle ampodiyrentsi ¢hd alodedpenecdilyv effieptive dengivaind scodgpsedient
t herefrom whi ch side chains are (tler i nat ed b(}/ a (_:lNa}I1 ct.ose or a({ab' nose
unit. In speci sybstanfially, demethoxylated polygalacturonic acid “Which 1s” interrupted wit

rhamnose residues. In other instances, the compound may be characterized as
15 a polymeric backbone having side chains dependent therefrom which side
chains are terminated by a galactose or arabinose unit. In specific instances,
the compound comprises a modified pectin, and particular modified pectins
comprise pH modified pectin, enzymatically modified pectin or thermally
modified pectin.
20 The therapeutically effective compound may be administered orally,
transdermally, topically or by injection.
In particular embodiments, the therapeutic treatment of the present
invention is directed to diseases which are dependent upon neovascularization.
The invention also includes compounds for controlling angiogenesis in an
25 animal. These compounds include a first functional portion which is operable
to bind to the carbohydrate binding side of a galectin, and a second functional
portion which is operable to denature a protein.

Detailed Description of the Invention

The present invention recognizes the role of galectins in angiogenesis,
30 and provides a therapeutic material which will advantageously interact with

galectins so as to moderate or prevent the manifestations of angiogenesis-



t he conpound conprises a nodified pectin, and particul ar nodified pectins
conprise pH nodified pectin, enzymatically nodified pectin or thermally
nodi fi ed weaBioms9o20 The t herapeutically effective conmpouna®Crasolar400

adm nistered orally, transdermally, topically or by injection. In
particul ar enbodi ments, the therapeutic treatment of the present invention
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ani mal . These compounds include a first functional portion which is

operabl e to bdependent tdiscasar b@pgdifiatlty, bihedipresesti devenfiom tgabgizdsn thadind a

second functional, ortjon which js o l.e,to d t . i
Det ai | ed Descridt§# 63" ?Wélr‘ftﬁv’é‘ﬁttepﬁlﬁp‘ef'hgq’b’?%stgn?re?)ﬂvg&% gw?ﬁrr%cég‘éﬁ?zes t he

role of gal ectifngihd ABALOLEPGRbASy (1R ARCtaRiAV WiEScalluld aftARRIKs, Gndat er i al
which wi Il advantageously interact with galectins so as to noderate or

prevent the mnethefeby tartiodasgiogengpigi ogenesi s WO 03/ 045908 PCT/ US02/ 37400 7
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eSO ALY I YRR e bl ki
angi ogenesi s idtructtirés; @and galectin-3 has been demonstrated to promote angiogenesis in
vitro.

While galectins are known to bind galactose and other such simple

15 sugars in vitro, those simple sugars are not therapeutically effective in
moderating angiogenesis in vivo. While not wishing to be bound by
speculation, the inventors hereof presume that such relatively small sugar
molecules are incapable of blocking, activating, suppressing, or otherwise
interacting with other portions of the galectin protein. Therefore, preferred

20 materials for the practice of the present invention generally comprise molecules
which contain an active galectin binding sugar site, but which have somewhat
higher molecular weights than simple sugars. Such molecules preferably have
a minimum molecular weight of at least 300 daltons, and most typically a
minimum molecular weight in the range of 300-2,000 daltons. Some

25 specifically preferred materials have yet higher molecular weight ranges.

A preferred class of therapeutic materials comprises oligomeric or
polymeric species having one or more sugars such as galactose or arabinose
pendent therefrom. The oligomeric or polymeric backbone may be synthetic or
organic. Materials of this type are disclosed in U.S. Patent No. 6,423,314 the

30 disclosure of which is incorporated herein by reference. Such materials will

preferably have a molecular weight in the range of 300-50,000 daltons. It
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specul ation, the inventors hereof presunme that such relatively small sugar
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preferred 20 materials for the practice of the present invention generally
conprise nol ecules which contain an active galectin binding sugar site,
but whi ch havesipanrebbaept ini gmhelr thaotheesisasomveeinhtest nheemtagityph encleqydars. Such

nol ecul es preferably have a m.ninum Iecul&ﬁié\éve ht of at | east goo

dal tons, and n¥&ght spsugements, of Hilali‘l’ﬁﬁ War ¥e Yyhates. fndacdsiiele of

300- 2, 000 dal t QRRcuIRPWeight® WREBE | donfdwhat RiepéRich€ @nMBicChictlod Bgdeforet
hi gher nol ecul ar wei ght %anges. A preferred class of therapeutic materials

conpri ses ol i gmeesuriag die mplebylmeweight pioleeslahaeights given beremmrebasgdans such
as gal actgse or, arabi nose endent theref.rom The ol.i ic or polyneric
backbone gray b‘é‘s%%?HYIﬁ‘éetaFLEeIBEnts’&naéﬁ'lbt.ec}f?é‘ﬂléelsiaiﬁ kpopm 1{1%1?@2_7? 'ype are di scl osed
in US Patent No. 6nd23,upldf hderal ehls astirett gudvralhclass dongatsponat ed

herein by reference. Such materials wll preferablf(/ have a nol ecul ar

wei ght in the subgetidly dotisybos! priygaasturonic ang Beklprsdesingairnymss/ 37400
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nmeasured ol eguhial Waiagteké oM drhbiheses oneswpaidedefondahé taoktdre bimdtod used
for measuring the nol ecul ar weight. Ml ecular weights given herein are

based onl05 vigdesin proteiag ur dbentenaining Bulk nok g, mejeade patentigtiinthen t he

art. One group_of erials: ing Wit hion ot fld28SiSQ8RE1 ses a

substantially Ce%(fn]'ﬁgxsy Cgif)gdﬁ %quf%gé%@@ﬁisggﬁgﬁgﬁl%bone hzivi ng r hammose

resi dues pendendreinbigsvef tggrinvehtorss vidle potedishivag ta he musd itgl speofilatibi,s t ype,

the term nal ga! act ose or arabi nolﬁe units endeth fromthe backbone bind
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to 10 gal ecti nbgreye &g dhe repaiRg By iolﬁéheolﬁf’lglg'blFeE ¢ iptsrastLIVEh FIPURPEat es t he

portions of the galectin protein and/or prolongs the binding of the sugar portion

15 thereto. Materials of this general type are described by formulas I-V
hereinbelow, and it is to be understood that yet other variants of this general
compound may be prepared and utilized in accord with the principles of the

present invention.

B-D-Galp—> X, =Y )
—|a-D-Galpa-(1 > 4)-a~D-Galp4), -

20 X (1)

a—L— Arap

—|a-D-Galpd—(1 > 4)-a-D~-GaipA4), -

(II0)

wheren > 1.



conpound' s action in noderating i nmune system response,
the inventors,

her ei nabove,
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( and as di scussed
: whil e not wi shing to be bound by specul ati on,
bel i eve twatostoh®os ermrai ni ng bul k of the nol ecul e either

remaining portions of the galectin protein and/or prolongs the binding of
the sugar portion 15 thereto. Materials of this general type are described
by formulas 1-V hereinbelow, and it is Po be understood that yet ot her

variants of this general

with the principles of the present invention. /3-D-Glp - Xn -Y (I)
- D- GlpA - (1 4)-afpIalGtn T 20 X'-] (I11) T a-L-Arap - [a -
GalpA - (1 4)-a-D-GalpAl" T Xn_, (I11) T/3-DGalp where n > 1. WO
03/ 045908 PCT/ US02/37400 9 ,QD-Galp Xn-1 (1V) -[a-L-Rhap-(1--
4)-a-D- Gl pA-(1- 2)],, - wéfe n > 1. a-L-Arap IXn-1 (V) YY) -[a-L-Rhap- (1
- 4)-a-DGlpA-(1 - 2)]" -
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15

20

~[e=L-Rhap-(1 > 4)-a—~ D~ GalpA-(1 - 2)], -

wheren> 1.
a—L—Arap
J
Xn—l (V)
J

—[a-L - Rhap —(1 > 4)-a - D -GalpA-(1— 2)], -

wheren > 1.

Pectin is a complex carbohydrate having a highly branched structure
comprised of a polygalacturonic backbone with numerous branching side
chains dependent therefrom. The branching creates regions which are
characterized as being “smooth” and “hairy.” It has been found that pectin can
be modified by various chemical, enzymatic or physical treatments to break the
molecule into smaller portions having a more linearized, substantially
demethoxylated polygalacturonic backbone with pendent side chains of
rhamnose residues having decreased branching. This material is known in the
art as modified pectin, and its efficacy in treating cancer has been established.
U.S. Patent 5,895,784, the disclosure of which is incorporated herein by
reference, describes modified pectin materials, techniques for their preparation,
and use of the material as a treatment for various cancers. The material of the
“784 patent is described as being prepared by a pH based modification
procedure in which the pectin is put into solution and exposed to a series of
programmed changes in pH which results in the breakdown of the molecule to
yield therapeutically effective modified pectin. The material in the ‘784 patent
is most preferably prepared from citrus pectin; although, it is to be understood

that modified pectins may be prepared from pectin starting material obtained

D -

conmpound may be prepared and utilized in accord

[a



where n > 1. 5 Pectin is a conplex carbohydrate having a highly branched
structure conprised of a polygal acturonic backbone with nunerous branching
si de chawwsoddemesadent therefrom The branchi ng creates ragitovs2shioch are
characterized as being "snooth" and "hairy.” It has been found that pectin
can be nodified by various chem cal, enzymatic or physical treatnents to
break the 10 nolecule into smaller porti‘dns having a nore |inearized,
substantially denethoxyl ated pol ygal acturoni ¢ backbone with pendent side
chains of rhamose residues having decreased branching. This material is
known in the fiom athemsalirtésedugeas |app1eapmt1ntasldethe|ld@cyA|lsq>, tm@hﬁwﬁlgncancer
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pectin and th I'on  processes nmay be acconplished by

ﬁnzymat ict reﬁl-rmgdilodiﬁltdrhencpeﬁd $pecifiergrbyp ob:lny&nahlhapaomﬂs«sﬂm vm]gltt s
eating. Further disclosure of nodified pecti n and hn for their
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i ncor por at ed hereln erence pectins of thisS type generally
have nol ecul arm\a&nght}&vmg a telecidageeight ih-tbOrdngk 0820-461kd, with agpartpuddrer r ed

group of such materjals has n avera e wei ght of about 1-15
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As disclosed in the prior art, such modified pectin materials have
15 therapeutic efficacy against a variety of cancers. These materials interact with
galectins, including galectin-1 and galectin-3, and in that regard also have
efficacy in controlling diseases and conditions in which angiogenesis is a
factor. In accord with the present invention, angiogenesis can be controlled or
moderated by the use of modified pectin materials and other materials which
20 interact with galectins. These materials may be administered orally; or by
intravenous injection; or by injection directly into an affected tissue, as for
example by injection into an arthritic joint. In some instances the materials
may be administered topically, as in the form of eye drops, nasal sprays,
ointments or the like. Also, other techniques such as transdermal delivery

25 systems, inhalation or the like may be employed.

While the foregoing discussion has been primarily directed to
therapeutic materials based upon modified pectins, it is to be understood that
the present invention is not so limited. In accord with the general principles of
the present invention, any member of the broad class of compounds which can

30 interact with and block galectins may be employed to treat immune moderated

diseases. These materials, in a preferred embodiment, comprise carbohydrate



10 approxi mately 10 kil odalton. Another preferred group of such materials
has a nolecular weight in the range of 15-60 kd, with a particular group
of these woaenisas s havi ng a nol ecul ar wei ght in the rangecafusde3z0o kd,
with a particular material having a nol ecul ar wei ght of about 25 kd. As
disclosed in the prior art, such nodified pectin materials have 15
therapeutic efficacy against a variety ofl cancers. These materials interact
with galectins, including galectin-1 and galectin-3, and in that regard
al so have efficacy in controlling diseases and conditions in which
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materials conprise one particularly pre group of carbohydrate
materi al s. Li kpottise of sheghiettirc paitein,serndn- aoyive lpettian ofamitigyprothier wbichsuch as
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or other chalcogen elements alone or in combination such as thiols, sulthydryls
15 and the like. Other active species may comprise cyano groups, thiocyanates,
alkylating agents, aldehydes and the like.

The compounds described above can be provided as pharmaceutically
acceptable formulations using formulation methods known to those of ordinary
skill in the art. These formulations can be administered by standard routes. In

20 general, the combinations may be administered by the topical, transdermal,
oral, rectal or parenteral (e.g., intravenous, subcutaneous or intramuscular)
route. In addition, the combinations may be incorporated into biodegradable
polymers allowing for sustained release of the compound, the polymers being
implanted in the vicinity of where drug delivery is desired, for example, at the

25 site of a tumor. The biodegradable polymers and their use are described, for
example, in detail in Brem et al., J. Neurosurg. 74:441-446 (1991).

The dosage of the compound will depend on the condition being
treated, the particular compound, and other clinical factors such as weight and
condition of the patient and the route of administration of the compound. It is

30 to be understood that the present invention has application for both human and

veterinary use. For oral administration to humans, a dosage of between



nol ecul es which have a first portion, which is typically a carbohydrate,
and which is capable of binding to galectins, joined to a second portion
whi ch i neota3xwaies or ot herw se noderates the activity of peTprsoeei#0 Thi s
second 10 portion need not be a carbohydrate and can conprise a nmateri al
which cross |inks or otherw se denatures the segnent of protein conprising
an active portion of the galectin prot di?n, or an active portion of another
protein which interacts with the galectin. Such materials include active
speci es such as sulfur or other chal cogen el enents alone or in conbination
such as thi ol sappsottifriagedy Yl s tal 85@malg/kdiday, i eeferablyh betwaen i appragpeatelysO.fray
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if necessary, shaping the product.

15 Formulations of the present invention suitable for oral administration
may be presented as discrete units such as capsules, cachets or tablets each
containing a predetermined amount of the active ingredient; as a powder or
granules; as a solution or a suspension in an aqueous liquid or a non-aqueous
liquid; or as an oil-in-water liquid emulsion or a water-in-oil emulsion and as a

20 bolus, etc.

A tablet may be made by compression or molding, optionally with one
or more accessory ingredients. Compressed tablets may be prepared by
compressing, in a suitable machine, the active ingredient in a free-flowing form
such as a powder or granules, optionally mixed with a binder, lubricant, inert

25 diluent, preservative, surface active or dispersing agent. Molded tablets may
be made by molding, in a suitable machine, a mixture of the powdered
compound moistened with an inert liquid diluent. The tablets may be
optionally coated or scored and may be formulated so as to provide a slow or
controlled release of the active ingredient therein.

30 Formulations suitable for topical administration in the mouth include

lozenges comprising the ingredients in a flavored basis, usually sucrose and



The formul ations include those suitable for oral, rectal, ophthalmc 5
(including intravitreal or intracaneral), nasal, topical (including buccal
and subl wogusakjoes vagi nal or parenteral (including subcut @Caaus?2/37400

i ntranmuscul ar, intravenous, intradermal, intratracheal and epidural)

adm ni stration. The fornulations may conveniently be presented in unit
dosage formand nmay be prepared by convlgnti onal pharmaceutical techniques.
Such techniques include 10 the step of bringing into association the active
ingredient and the pharmaceutical carrier(s) or excipient(s). In general,

t he fornul ati omsciare trapacapth; astiblgs corprsing theantivé mgradeang fity arieridiaglg i nt o

association the active, .ingrediient. wth liquid carri.ers _or finel i vi ded
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cont ai ni ng a pr edet Bermiukasipng rivitehle dpr topicahadmjrisiraipnetn &t skiagmay Sewder or

granul es; _.as a_sol uti on.qr a sus S| i . i.qul.dy:

non- aqueotls | Pgurrerd aSrongénegtr?’ %rfegr-%grg-e\%/a (elrrs a%lgsqlailolg emﬁ‘lshleghrgrg?lglg B be

wat er-in-oil egthigis@fed sl ApharmatButival Wsceptible cérricabl @& prefyrrdk tomck by

conpression or nolding, optionally wwth one or nore accessQry | n%r edi ent s.
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the active ingy hgﬁ%edn a free-flowng form such as a powder or granul es,

optionally m xed w a binder, lubricant, inert 25 diluent, preservative,

surface active or diepmiagiong &gentctalMadohédstraiohemsaymehe presentede abyanol di ng,

in a suitable machine, a m xtur f the powdered coqpound r{')oi stened with
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and may be fof%kﬁ%ﬁ:@' so as to provide a slow or controlled release of the
active ingredient”therein. 30 Fornul ations suitable for topical
admini stration in tFenmbations isnicdble fr rasal eduydssteasiopy Wdieren theecaimigriedi ents i n
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of 20 to 500 microns which is administered in the manner in which snuff is
15 administered, i.e., by rapid inhalation through the nasal passage from a
container of the powder held close up to the nose. Suitable formulations,
wherein the carrier is a liquid, for administration, as for example, a nasal spray
or as nasal drops, include aqueous or oily solutions of the active ingredient.
Formulations suitable for vaginal administration may be presented as
20 pessaries, tampons, creams, gels, pastes, foams or spray formulations
containing in addition to the active ingredient such carriers as are known in the
art to be appropriate.
Formulations suitable for parenteral administration include aqueous and
non-aqueous sterile injection solutions which may contain antioxidants,
25 buffers, bacteriostats and solutes which render the formulation isotonic with the
blood of the intended recipienf; and aqueous and non-aqueous sterile
suspensions which may include suspending agents and thickening agents. The
formulations may be presented in unit-dose or multi-dose containers, for
example, sealed ampules and vials, and may be stored in a freeze-dried

30 (lyophilized) condition requiring only the addition of the sterile liquid carrier,

for example, water for injections, immediately prior to use. Extemporaneous



acacia or tragacanth; pastilles conprising the active ingredient in an
inert basis such as gelatin and glycerin, or sucrose and acacia; and

nout hwashe® 03masms i si ng t he i ngredient to be adm ni st er ed POT/EB0%/BT40@b| €
liquid carrier. Formulations suitable for topical admnistration to the
skin may be 5 presented as ointnents, creans, gels and pastes conprising
the ingredient to be admnistered in a 1p“har maceuti cal acceptable carrier.
A preferred topical delivery systemis a transdernal patch containing the
ingredient to be admnistered. Fornulations for rectal adm nistration nmay
be presented amJ@tloﬂ()sohumps)sanﬂCHuypmulehs anayube mmrdﬁaﬁentémh BOWEErS.f or

exanpl e, cocoa butter ate. t| ons suitable for nasal
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which is adm nistered in the manner in which snuff is 15 adm ni stered,
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the powder held e. u t he se. Suitable fornulations, wherein the
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glaucoma and retrolental fibroplasias, epidemic keratoconjunctivitis, vitamin A

15 deficiency, contact lens overwear, atopic keratitis, superior limbic keratitis,

pterygium keratitis sicca, Sjogren’s, acne rosacea, phylectenulosis, syphilis,

Mycobacteria infections, lipid degeneration, chemical burns, bacterial ulcers,

fungal ulcers, herpes simplex infections, herpes zoster infections, protozoan

infections, Kaposi’s sarcoma, Mooren’s ulcer, Terrien’s marginal degeneration,

20 marginal keratolysis, trauma, rheumatoid arthritis, systemic lupus, polyarteritis,

Wegener’s sarcoidosis, scleritis, Stevens-Johnson discase, pemphigoid, radial
keratotomy, and corneal graft rejection.

Diseases associated with retinal/choroidal neovascularization that can

be treated according to the present invention include, but are not limited to,

25 diabetic retinopathy, macular degeneration, sickle cell anemia, sarcoid,

syphilis, pseudoxanthoma elasticum, Paget’s disease, vein occlusion, artery

occlusion, carotid obstructive disease, chronic uveitis/vitritis, mycobacterial

infections, Lyme disease, systemic lupus erythematosus, retinopathy of

prematurity, Eales’ disease, Behcet’s disease, infections causing a retinitis or

30 choroiditis, presumed ocular histoplasmosis, Best’s disease, myopia, optic pits,

Stargardt’s disease, pars planitis, chronic retinal detachment, hyperviscosity



for exanple, water for injections, imediately prior to use. Extenporaneous
WO 03/ 045908 PCT/ US02/ 37400 14 injection solutions and suspensions nay be
prepar ed wWoosgiesi | e powders, granules and tablets of threTkised3piwevi ously
described. Preferred unit dosage fornul ations are those containing a daily
dose or wunit, daily sub-dose, as herei ove recited, or an appropriate
fraction thereof, 5 of the admnistered-ingredient. It should be
understood that in addition to the ingredients particularly nentioned
above, the formnul ations of the present invention may include other agents
conventional i syntdmn@r t tokeplasngosise gauing oarldh@ostylp%er ofomplicatipas i oMthay

t f t abl.e t | ud
10711 avor i ng. agaee ishidio e it oBL L 1 i fenfP e b RGE ER aSbAL) on

that can be tr@ﬁb@ﬁculaﬁmbﬂl BY the 4dk&)PAIRE &icaieldV €Alist@ by Nk Lgbgotind] ar e not
limted to, diabetic retinopathy, retinopathy of prematurity, corneal

graft rejecti oprolifesaicas cfl dibrovgsaularonn Abrguy e&issew ecding il domay £
d to t t |
g\eler \ilrena? %2,[ gpProﬁEééal}{%l\{lt\{ésoréén BXﬂh&%‘{lhé 04'?10{3%%% %t??gx)ﬁ’h cﬁ?&:&e}%él umeEZr atitis

sicca, Sjogren's, aDieasedsveiutedoWythativa@icllifansmatsyrpbar be treafelt dobthet er i a
i nfections, |ipi d degenerati on, chem cal buns, .bacterial ul cers f ungal

ul cers, her pesCYNRASIERS iepd @asthesisof thepiseent Ieentien i THssasgsoRgh SEPP)tPB’foan
i nfections, Kagxg Sroriic S T?tmn“@?lyﬁ@ 1rﬁlaﬁlrﬁ§ -B%erl lIRBass @ﬁ(f}gdsr@tlohn’

degeneration mar gi nal keratolysrs, rau rheumatoird arthritis,
syst em ¢ | upusdisgmet yad tudedrative, colw,gmua’ms swcoidisttosids rhesiolagmid tarthritis.

St evens- Johnson di sease, 0 d| a ker at ot o and corneal graft
rejecti o) Di sé&%‘@ge%éléd%{’)g?rga '%ie’i‘tﬁh‘i‘té TSR 8??0‘?‘@?‘6‘3} %gﬁ?@ﬁg%‘ﬁ Wation
that can be tggated agrOrHid® ifdniRatRmeagihdd ResddtRlohd Grifdfion It are
not limted to, 25 diabetic retinopathy, nmacul ar degeneration, sickle cell
anemi a, sarcoi cb,plliayplspﬂous topsaut&uxanmfblmfehﬁ&mn@m Cﬁé@e?hglrtﬂugeﬁade vein
83;: ;J |S!s;)\r/]| t?lrtg% ﬁhjﬁ rr}gjgélg pro I}CE %%nlui/omacéla%ﬁqﬁus m%pnrtegrrllsl fhe

chronic 1nﬂammatory state. Inhibition of angiogenesis by the compositions

15 and methods of the present invention would prevent the formation of the
granulomas and alleviate the disease.

The compositions and methods of the present invention can be used to
treat patients with inflammatory bowel diseases such as Crohn’s disease and
ulcerative colitis. Both Crohn’s disease and ulcerative colitis are characterized

20 by chronic inflaimmation and angiogenesis at various sites in the
gastrointestinal tract. Crohn’s disecase 1s characterized by chronic
granulomatous inflammation throughout the gastrointestinal tract consisting of
new capillary sprouts surrounded by a cylinder of inflammatory cells.
Prevention of angiogenesis by the compositions and methods of the present

25 invention inhibits the formation of the sprouts and prevents the formation of
granulomas.

Crohn’s disease occurs as a chronic transmural inflammatory disease
that most commonly affects the distal ileum and colon but may also occur in
any part of the gastrointestinal tract from the mouth to the anus and perianal

30 - area. Patients with Crohn’s disease generally have chronic diarrhea associated

with abdominal pain, fever, anorexia, weight loss and abdominal swelling.



i nfections, Lyne disease, system c |upus erythematosus, retinopathy of
prematurity, Eales' disease, Behcet's disease, infections causing a
retinitisworos@@shoroi ditis, presumed ocul ar hi st opl asnosipsT/URBex57480

di sease, myopia, optic pits, Stargardt's disease, pars planitis, chronic
retinal detachnent, hyperviscosity WO 03/ 045908 PCT/ US02/ 37400 15
syndrones, toxoplasnosis, trauma and po 5| aser conplications. O her

di seases include, but are not Iimted to, diseases associated with rubeosis
(neovascul ari zation of .t he ankle) and di seases caused by the abnor nal
proliferation Dlcetdtive woliicid also ar cHrotic onmspéafiaanflaromattiry gndulcefadives of 5

proliferative yitreoretinopath T whet her or .nqgt a§soci tetﬁ w th dioz%bet es.
Di seases assoct3fa8 A 1@&1}60@/@1?[{“03%&94 6%8@5% Piecd %é(a 8 By Che
conposi tions apdodEliiRAs. of the present invention. Diseases with synptons

of chronic inflammation include inflanmatory bowel diseases such as Crohn's
di sease and ul ceratThe doflanmatoryhsbeivaki diseasss c gilos skovan X HABLATHR d

arthritis, 10 Angi.ogenesis js_a_key n -t he i.G. dnflLamat ory
di seases ﬁave f%sgaﬁr\%%.s eascﬁ*ré%nileglo?%:‘al tasrlﬁ&rlgtal %%%&dégeeﬁgéﬁgeﬁﬁ%égnwnuous

formation of p@EAMMAON HAr Sigiceehesisrahdican ceur atninbiix sés bthiet alramather y
cells. The influx and presence of the inflammtory cells produce,

granul omas andgastiouitestipglitagh- nd he sempesiviens and methegemed e Presealt 1BYent9R bi ti on
of angi ogenesi t L ; t.he: Nt dsnvent i on
woul d prevent % 2a¥ or ﬁ%@?gﬁ?%?ﬁéﬁgl%s%gggﬁgBﬁg&gﬂﬁnégﬁee%%%%%%é%dissease.
The conposi ti orduéing theahfiodsf iaflamhmtqy edsrdnditin/esivh domedionbe used to treat
patients with inflanmmataory bowel Q(ﬂlsea es .such_as Crohn's di sease and

ul cerati \}9 colitis. S@%?iﬁoqﬁ ofh' NYPEeaSE YR "Eﬂaé’_é‘i‘léttome_db%"l‘siet it atar‘é _
characterized g0 Dy 60§ %e'acnaumsly%e;giﬁ%ﬂagﬁlgﬁmu@ragg_oewneﬁh@ ghhuloAfis s Sites

in the gastrointestinal tract. I sease i s characterized by chronic
gr anul omat ous thix disews® triag ot pmpwicoelin thhdodmand tius thestyimpaems depsnd @onsi st i ng
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are created by the angiogenic capillary sprouts providing a constant supply of
15 inflammatory cells.

The compositions and methods of the present invention can also treat
the chronic inflammatory conditions associated with psoriasis. Psoriasis, a skin
disease, is another chronic and recurrent disease that is characterized by
papules and plaques of various sizes. Prevention of the formation of the new

20 blood vessels necessary to maintain the characteristic lesions leads to relief
from the symptoms.

Another disease which can be treated according to the present invention
is theumatoid arthritis. Rheumatoid arthritis is a chronic inflammatory disease
characterized by nonspecific inflammation of the peripheral joints. Tt is

25 believed that the blood vessels in the synovial lining of the joints undergo
angiogenesis. In addition to forming new vascular networks, the endothelial
cells release factors and reactive oxygen species that lead to pannus growth and
cartilage destruction. The factors involved in angiogenesis may actively
contribute to, and help maintain, the chronically inflamed state of rheumatoid

30 arthritis. Another disease that can be treated according to the present invention

are hemangiomas, Osler-Weber-Rendu disease, or hereditary hemorrhagic



25 invention inhibits the formation of the sprouts and prevents the
formation of granul omas. Crohn's di sease occurs as a chronic transnural

i nf | ammatwoyw3dikease that nost comonly affects the di st@cTiiseat«and col on
but may al so occur in any part of the gastrointestinal tract fromthe
nmouth to the anus and perianal 30 area. Patients with Crohn's disease
general ly have chronic diarrhea associ atldd with abdoni nal pai n, fever,
anorexi a, weight |oss and abdom nal swelling. WO 03/045908 PCT/ US02/ 37400
16 U cerative colitis is also a chronic, nonspecific, inflammatory and

ul cerative dishagectasiassalig omblohé toolconinprsnasdsequired inynetradefieacy zed by
the presence of _bloody diarrhea. The inflammatory bowel diseases al so show
extrai nt esti nalY"®Mfani f est ati ons such as skin lesions. Such lesions are

characterized by ifjd S{HES1EOF (ROPredd iRERAGS hi® iRibEafdin @R eiferident@ny Sites
other than the gastrointestinal tract. The conpositions and nethods of the

present i nventseoies wenich asesesctheaiffost of attherapdutig cerbebrdmiesmatggalgf heevent i ng

t he angi ogenesi s, nggll{%%qoélg?ngiéé{ll)ghitggttﬁghg{chsgs;(of%fﬂ%%g&{egﬂpatory cells and the

| esi on for mat i YfS° ¢ inflammatory di sease

that is characterigpgh@axid idTuh ihtsya! pa OFf anplogersiel andlitte edesrimehtud
granul omas of this disease may form anywhere in the body and thus the
synpt oms depengrien demieasteitesethef effase of rrameddirdsrectin MABTHALPT thiePsdlase is

active. The granul onas . . CI eaf. -t rren L6 o aRi el inspiiout s
provi ding a colr’ilg?rétlr?tn %u%’%[bﬁmggf gﬁ%ﬁ%@%ﬁa%&i@or yo@gﬁﬁ)s.o T]Ee ec}gt:'rrrrposi tions and
net hods of t hesepiegshBt effedy @ftthorhemoatahaantt vaaatlar thdotiodiiabrarewthnfacammat or y
condi tions associated with psoriasis. Psori aaii S ?%m di sease, |s
anot her ¢r oni VE(Y) obumpprambiicabyge endothelial cefls, aet D2 Wm‘%%dpul es and
pl aques of varius, sigsy BLEVGRIIORON LNGalOIMEbLR S LiB:paMigh bl ood
vessel s necessary {0 maintain the characteristic |esions leads to relief
from t he synptesfor, HUVEC cells were grown to approximately 80% confluency. The
cells were suspended in basal media and placed in a transwell plate on
fibronectin coated membrane inserts at 50,000 cells per insert. Varying
15 concentrations of VEGF were added to the bottom chamber of the transwell
plate, and the plates incubated for 4 hours at 37°C with a 5% CO, atmosphere.
Following incubation, the membranes were fixed and stained. Nonmigrated
cells were removed by mechanical abrasion and cells that migrated through the
membrane were counted. Data from this first experiment is shown in Figure 1.
20 As will be seen, VEGF is a chemotactic agent which induces cell migration,
which process is crucial to angiogenesis. Based upon the first experimental
series, it was found that VEGF concentrations of 10-30 ng/ml produce a strong

chemotactic effect. Three runs were made. Data from the experiment is

summarized in Table 1 hereinbelow.

25 Table 1
1 ng/ml 3 ng/ml 10 ng/ml 30 ng/mt | 100 ng/ml
Samples NEG. VEGF VEGF VEGF VEGF VEGF
Cell count 123 607 950 1144 898 1650
Cell count 300 766 1136 938 1448 901
Cell count 250 830 1573 1140 1078
AVERAGE 224 734 1043 1218 1162 1210




Anot her di sease which can be treated according to the present invention 1is
rheumatoid arthritis. Rheumatoid arthritis is a chronic inflammtory

di sease wioaBageiwesi zed by nonspecific inflammtion of the Poarigobarsad
joints. It is 25 believed that the blood vessels in the synovial |ining of
the joints undergo angiogenesis. In addition to form ng new vascul ar
networ ks, the endothelial «cells rel easé actors and reactive oxygen
species that lead to pannus growh and «cartilage destruction. The factors
i nvol ved in angi ogenesis nmay actively contribute to, and hel p maintain,
the chronically inflnarestcatdapertvh ohdherespironeg@ thet ¢fifgot iof. a Aheraprticdi sease
that can be treated accordin the present invention r e henangi,onas,
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PCT/ US02/ 37400pentd aﬁﬁb%&ﬂ&iﬁi%@ssé\élua&gl i TheQhatRHi QDR EE a itbdfic peenacqui r ed
i mmune deficiency syndrone. The principles of the present invention are

il lustrated i nwhiehekpewimmeancially seailabls \fiont h\GlysgEsrasys,t hic- epf Besi: a

t herapeutic c ohydr at e terial of the S ] i j

i nhi bi t | né, th21("%?S&glé‘ésétt%f“rg‘?ﬁg{th‘Leﬁle%Sf‘%‘?n &(‘g’ﬁg@gx?@% @gﬁéﬁdﬁ%g“glrgg “Part of
angi ogenesi s, gOVHMicSIEMRRS indekitéd in aekdrewell pmmestitaVEGH, hadeddrgag of a
nodi fied pectin material of the present invention in_ inhibitjng.

angi ogenesi s. ¢ancentfations qfothei therapeutiq anatsaiady updert senditiqns; as desgbeds f ect of
t he chenpattractant, vascy ar | f 1 human
unbi | i cal vein eé%‘&%‘%%vgl et S%fﬁggt?!tt Cl)VEg:‘rvaP(s)%agg)r??]? ?%‘d.jip‘ ‘Srri\fggéﬁ g’?i ment
was carried ougxpefim@nis] aefiyewkreplimdubatedndithn VEGHainattho mbserver ef othe HUVEC
cells were grown to approxi nately 80% confl uency. The cells were suspended

ppr oxi

in basal Ifedi acasbrhygraie Bl #nd hsre EPFTIRFNE seryfl 25 f BPYR¥E CPH YodE ed

(embrane 1nser i 2’8 etrtintntells\ak lincubafed it frwARHGRIA ahyons of
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VEGF wer e adde ott anber the transwel plate, and the
pl at es i ncubat gsl VREGF 4r htberaseutit Gvohwiltake, aanB%hisCRroap rsosptiersea negdive owi ng

i ncubation, the nenbranes were fixed and st ai ned. i grat cells were
renoved by mectiiotaln BpreRIBIRS SABCTUBFIE CPH%etmrﬁf‘%‘PSQ'?ggg &ﬁ%ﬁﬁ&faPﬂgg

from 0.001% to 0.1% were employed. The data from this experimental series

15 is summarized in Table 2 hereinbelow.



menbrane were counted. Data fromthis first experinment is shown in Figure
1. 20 As will be seen, VEG-F is a chenptactic agent which induces cel

m gr at i onwoO osfo4gde8 pr ocess i s crucial to angi ogenesi s. BasedTupom3tdoe fir st
experinental series, it was found that VEGF concentrations of 10-30 ng/m

produce a strong|[_chenpilagiic effect. Three runs were made. Data fromthe
experinment is su%ﬁgrized in Table 1 hereinbelow. 25 Table 1 1 ng/m 3
ng/m 10 ng/mM 30eng/ m |100,ng/ M  Sanpl es NEG VEGF VEGF VEG- VEG- VEG-
Cell count 123 60% BBV AI|E44| 898 1650 Cell count 300 766 1136 938 1448 901
Cel | count 250 83& Xb73'|T140 1078 AVERAGE 224 734 1043 1218 1162 1210 WO
03/ 045908 PCT/US(%Q%74OO 18 In a second portion of the experinent, the
effect of a therageuti|c | ¢arbohydrate naterial of the present invention, in
noder ati ng chenmotfaxi,B5,| gnd | hence angi ogenesi s, was eval uated. The materi al
conprised a nndif%ﬁﬁ pedt i which is comrercially available from

d ycoGenesys, In¢&Bf [Bgstioh, 5 Massachusetts, under the designation

n
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5% itehBal series, HUVEC cells were incubated in a
VEGE|Tand varying concentrations of the therapeutic
ns described hereinabove. The concentration of
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h imgdilum and no VEGF or therapeutic carbohydrate, and
gative control. In the remaini ng experinents,
e |33s{Tp0 ranging from 0.001%to 0.1% were enpl oyed.
xper|i meptal series 15 is summarized in Table 2
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As will be seen, the GCS-100 material strongly inhibited cell migration,
and the inhibition is concentration dependent. As established by this
experimental series, the GCS-100 material is a potent inhibitor of the
angiogenic process, and as such will have utility in the treatment of diseases in
which angiogenesis is a factor. The GCS-100 material is known to bind to
galectins which are found on the surface of cells such as HUVEC cells;
therefore, other such carbohydrate materials which bind to galectins will be
expected to exert a similar effect in inhibiting cell migration and angiogenesis.

The foregoing is illustrative of particular embodiments and features of
the present invention. In view of the teaching presented herein, one of skill in
the art could readily prepare and select other materials for use in controlling
angiogenesis and disease conditions. The foregoing drawings, disclosure,
examples and discussion are not limiting upon the present invention but are
illustrative of the principles thereof. It is the following claims, including all

equivalents, which define the scope of the invention.
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ENof en NOM- N v-=-W 000 UUU W 03/045908 PCT/US02/ 37400 20 As
wll be seen, the GCS-100 material strongly inhibited cell mgration, and
t he i nhi bwi4§9es concentrati on dependent. As est abl i shed Payr/udo2/37400
experinental series, the GCS-100 material is a potent inhibitor of the

angi ogeni ¢ process, and as such will have utility in the treatnent of

di seases in 5 which angiogenesis is a fadtor. The GCS-100 material is known
to bind to galectins which are found on the surface of cells such as HUVEC
cells; therefore, other such carbohydrate materials which bind to
galectins will be expected to exert aChiimsl|ar effect in inhibiting cell

m gration_and angi ogenesis. Th fEooregoi ng is illustrative of .parti.cul ar
embodi ments and f eal-ur esfomet ?g i0R OB RLIBE t ANBIRBERTSISH ! aPnor\g?réé)Pof 1fclhe

t eachi ng pr ese&gﬁgdgg&?hflngzone of skill in the art could readily prepare
and select other materfals for use in controlling angiogenesis and di sease

condi tion3. The f orabpinisteritgdnisaigsergaliisulaotharapeuticaltasffeetty eamapudit 9€@ssi on

are not limting upon th resent inyention but are illustrative of the
princi pl e& the?cg’bqogmatwhlé‘ tﬁﬂ% tP(?IgakiX%ﬂ'g claims, including all 15

equi val ents, which define the scope of the invention. WO 03/045908

PCT/ US02/ 37400 21 Clains 1 1. A nethod for controlling angi ogenesis in an
organi sm lsaid 2 nmdthodTkomgthodiofglaim hawhereiatsaid grdectis 18 preeryrgaiesm a

therapeut bcal | Xellesfufr agé o2t RIS Laid érggnism.

1 3. The method of claim 1, wherein said compound binds to
2 galectin-1 or galectin-3.

1 4. The method of claim 1, wherein said compound comprises a
2 substantially demethoxylated polygalacturonic acid which is interrupted with
3 rhamnose residues.

1 5. The method of claim 1, wherein said compound comprises a
2 polymeric backbone having side chains dependent therefrom, said side chains
3 being terminated by a galactose or arabinose unit.

1 6. The method of claim 1, wherein said compound comprises a

2 modified pectin.

1 7. The method of claim 6, wherein said modified pectin comprises

2 a pH modified pectin.

1 8. The method of claim 6, wherein said modified pectin comprises
2 an enzymatically modified pectin.
1 9. The method of claim 6, wherein said modified pectin comprises

2 a thermally modified pectin.



4 conpound which binds to a galectin. 1 2. The nmethod of claim1, wherein
said galectin is present on the 2 cell surface of a tissue of said

or gani smwo 3/045bhe net hod of claim 1, wherein said conpourdTiisozis7sp® 2
galectin-1 or galectin-3. 1 4. The nmethod of claim1, wherein said conpound
conprises a 2 substantially demethoxyl ated pol ygal acturonic acid which is
interrupted with 3 rhammose residues. 225, The method of claim1, wherein
sai d conpound conprises a 2 polyneric backbone having side chains
dependent therefrom said side chains 3 being term nated by a gal act ose or
arabinose unit. 1 6. The nethod of claim1, wherein said conpound conprises
a 2 nodified pectin thod o | ai. m 6 erein said nodified
pectin cohprises 21% pH¥% gg’fﬁgé‘f’iqf’u.w%freg? S%@weﬁdﬁcﬁ? CRRI'PR°6,
wherein said Rat=Toli onprises 2 an enzynatically nodified pectin.
1 9. The %ethggq%Pﬁgﬁaln1 ee1i}\fﬁereln said nodified pectin conprlses 2 a
thermal [y nodified pectin. WO 03/045908 PCT/U802/37400 22 10. The net hod
of claim®6, wherein said ctln ri ses difi trus
pectin. 1!11. The n%fhod gn ﬁ@§ﬁ¢§ P@Pﬁlkﬁ? C%BW%I ﬁgsﬁguﬁgnﬁ%lecular
2 veight of atwkRassf a39RsAot@Mton 1 12 The met hod of claim6, wherein said
nodi fied pectin has a 2 nolecular weight in the range of 1-50 kil odal ton.

1 13. The method of claim®6, wherein said nodified pectin has a 2

mol ecul ar \]m\/\/el ght in ihe f n%letl%)od % ﬁgrggé,;\gﬂéﬂeﬂqo&id Iddfied PecdEhiod of

cl ai m 6, erein thé an
2 molecular weight in the range of 1-50 kilodalton.
1 13.  The method of claim 6, wherein said modified pectin has a
2 molecular weight in the range of 25-40 kilodalton.
1 14.  The method of claim 6, wherein the modified pectin has a
2 molecular weight of approximately 25 kilodalton.
1 15.  The method of claim 6, wherein said modified pectin has a
2 molecular weight of approximately 10 kilodalton.
1 16.  The method of claim 1, wherein said step of administering said
2 compound to said organism comprises injecting said compound into said
3 organism.
1 17.  The method of claim 1, wherein said step of administering said
2 compound to said organism comprises topically applying said compound to
3 said organism.
1 18.  The method of claim 1, wherein said step of administering said
2 compound to said organism comprises administering said compound

3 transdermally.



2 nol ecul ar wei ght of approximately 25 kilodalton. 1 15. The nmet hod of
claim6, wherein said nodified pectin has a 2 nol ecul ar wei ght of

appr oxi mawel 03/04®0&i | odal ton. 1 16. The nethod of claim 1, peTarsee/ms74e@i d step
of admi nistering said 2 conpound to said organi smconprises injecting said
conpound into said 3 organism 1 17. The method of claim1l, wherein said
step of admnistering said 2 conpound t% sai d organi sm conprises topically
appl ying said conpound to 3 said organism 1 18. The nethod of claim1,
wherein said step of admnistering said 2 conmpound to said organism

conpri sesladm ni st et9.ng Thé chettmdpefunidm B, whenmdbe stebl of. adwinie®1i0g 5808

PCT/ US02/ 37400 23 1 19. The nethod of cl ahm&lm\z\gerei n.the step of

adni ni st efi ng SANRPUNY tQ &3t GTEIRISPLCALRTFCH PGHN ALTHIL YRS WL CUpRUnY-

adm ni stering said conpound. 1 20. A nethod for the therapeutic treatnent
of a disease in an 2 animal, the progress of which disease is dependent
upon neovascul ari za20.on Anmegodhéort thesthempertios ficatment odl 2 dsgase wbtahod

conprising: 4 adm pistering t aid,.ani mal . a therapeutically effective
amount of ga Sa@gﬂq{;éﬁﬁaroﬁ}ﬁg%HPB’?IWE‘sdlfe(?SGalsgdngb GPL?&% FPEBRyHE F%floglolhpound
decreasesst he f tiste8 oPbaid BEInRAYARThE&hédEorAg@@scul ari zation in said

tissues. 1 21. The nmethod of claim 20, wherein said conpound binds to 2
gal ectin-4 or gal ecedminstering2tp. sajtha@nineal i thesgpentieally effectiyp amoupt hiad

conpound conprises a. 2, .substanti al e ic acid
which is Snt er?ﬂﬁ?oél&ldvﬁv }t“ﬁﬁ”%én G%ﬁgrf%gé%ag‘ég?ﬁ E%@léaiﬁ E%B%%cggrée(?%tg%g gl;% claim
20, wherepn sajde cldHRMEBAksEAINE meseScdlarizhtipaliy said tissubackbone havi ng si de

chai ns dependent therefrom said side chains 3 being term nated by a
gal act ose or arabinose unit.

1 21.  The method of claim 20, wherein said compound binds to
2 galectin-1 or galectin-3.

1 22.  The method of claim 20, wherein said compound comprises a
2 substantially demethoxylated polygalacturonic acid which is interrupted with
3 rhamnose residues.

1 23.  The method of claim 20, wherein said compound comprises a
2 polymeric backbone having side chains dependent therefrom, said side chains
3 being terminated by a galactose or arabinose unit.

1 24.  The method of claim 20, wherein said compound comprises a

2 modified pectin.

25. A compound for controlling angiogenesis in an animal, said
compound comprising:

a first functional portion operable to bind to the carbohydrate binding
site of a galectin, said first functional portion including a terminal galactose or
arabinose; and

a second functional portion operable to denature a protein, said second

NN N R W

functional portion including a member selected from the group consisting of



1 24. The method of claim 20, wherein said conpound conprises a 2 nodified
pectin. 1 25. A conmpound for controlling angiogenesis in an animal, said 2
conmpound won@rusiong: 3 a first functional portion operabl edmussentiodbo the
carbohydrate binding 4 site of a galectin, said first functional portion
including a termnal galactose or 5 arapjnose; and 6 a second functi onal
portion operable to denature a protein, 4aid second 7 functional portion

i ncluding a nenber selected fromthe group consisting of WO 03/045908

PCT/ US02/ 37400 24 8 chal cogen el enents, thiols, sulfhydryls, cyano groups,
t hi ocyanaBes, elidtgdgah ielemen®, telst s thpdiylsc oydmorgroumsn thiedyenaes, alkyl@®g The
conpound qf claim 25, wherein sg{d first and second 2 functional portions

are attacHed t@gegtspgfp@,q:@p 1patipns efij’cfmeri ¢ backbone.

1 26. The compound of claim 25, wherein said first and second

2 functional portions are attached to a polymeric or oligomeric backbone.



