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FIELD OF THE INVENTIOR

. The present invention relates generally to methods for
treating prostate cancer.

BACKGROUND OF THE INVERTION

The incidence of many forms of cancer is expected to
increase as the population ages. For example, prostate cancer
is the most cominonly diagnosed cancer in United States men as
well as the second leading cause of male cancer deaths. It is
projected that in 1994 there will be 200,000 new cases of
prostate cancer diagnosed as well as 38,000 deaths from prostate
cancer and these numbers are expected to continue to rise as the
population ages. Approximately 50% of patients diagnosed with
prostate cancer have disease which has or will escape the
prostate, Prostate cancer metastasizes to the skeletal system
and patients typically die with overwhelming osseous metastatic
disease. As yet, there is no effective curative therapy and
very little palliative therapy for patients with metastatic
disease,

The process of tumor cell metastasis requires that cells
depart from the primary tumor, invade the basement membrane,
traverse through the bloodstream from tumor cell emboli,
interact with the vascular endothelium of the target organ,
extravasate, and proliferate to form secondary tumor colonies as
described by E.C. Kohn, Anticancer Re., 13, 2553 (1993); and
L.A., Kiotta, P.S. Steeg, W.G. Stettler-Stevenson, Cell 64, 327
(1991). '

It is generally accepted that many stages of the
metastatic cascade involve cellular interactions mediated by
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intravenous (i.v.) injection into the tail vein of syngeneic

mice resulted in a marked inhibition of tumor 1lung colony
development as described by L. Meromsky, R. Lotan, A. Raz,
Cancer Res. 46, 5270 (1991). Transfection of low metastatic,
low galectin-3 expressing uv-2237-cll5 fibrosarcoma cells with
galectin-3 ¢DNA resulted in an increase of the metastatic
phenotype of the ‘transfected cells as described by A. Raz,
D. Zhu, V. Hogan, J. Shah, T. Raz, R. ‘Karkash, G. Pazerini,
P. Carmi, Int. J Cancer 46, 871 (1990)., ' Furthermore, a
correlation has been established between the level of galectin-3 -
expression in human papillary thyroid carcincma and tumor stage
of human colorectal and gastric carcinomas as described by
L. Chiariotti, M.T. Berlinjieri, P. DeRosa, C. Battaglia,
N. Berger, C.B. Bruni, A. Fusco, Omeogene 7, 2507 (1992);
L. Irimura, Y. Matsushite, R.C. Sutton, D. Carralero,
D.W. Ohanesian, K.R. Cleary, D.M. Ota, Int J Cancer 51, 387
(1991); R. Lotan, H. Ito, W. Yasui, H. Yokozak, D. Lotan,
E. Tahara, Int J Cancer 56, 474 (1994); and M.M. Lotz,
C.W. Andrews, C.A. Korzelius, E.C. Lee, G.D. Steele, A. Clarke,
A.M. Mercurio, PRAS, USA 90, 3466 (1993).

Simple sugars such as methyl—a._lpha-D lactoside and
lacto-N-tetrose have been shown to inhibit metastasis of Bl6
melanoma cells, while D-galactose and arabinogalactose inhibited
liver metastasis of L-1 sarcoma cells as described by J. Beauth
et al., J Cancer Res Clin Oncol 113, 51 (1987).

It is known that intravenous injection of Bl6-F1 mur:lné- :
melanoma cells with cit:_‘us pectin or modified citrus pectin into
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modified pectin, preferably water soluble pH modified citrus
pectin, as described herein to inhibit metastasis.

In another aspect, the present invention provides a
composition for the treatment of cancer in mammals which
' comprises a mixture of modified pectin, preferably pH modified
citrus pectin, and a pharmaceutically acceptable digestible
carrier for oral administration.

In still another aspect, the method and compositions of
the present invention are utilized in the therapeutic treatment
of prostate cancer in man and other mammals to inhibit

metastasis of primary tumors,

Accordingly, the preferred embodiment the present
invention provides a novel therapy in which oral intake of a
non-cytotoxic natural complex carbohydrate rich in galactoside
residues, i.e., pH-modified citrus pectin (MCP), acts as a
potent inhibitor of spontaneous prostate carcinoma metastasis,

When treated in accordance with the present invention, 7
out of 16 tumor bearing rats were observed to be disease-free at
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¥h kg g of the rats in the control group had metastases.

The nnmber of tumor lung colonies in the remaining animals was
markedly reduced by oral intake of 1X (w/v) MCP as compared with
the control group (control, 9+4; 1% MCP, 1t1), with no effect on
the growth of the primary tumors. 1In vitro, MCP inhibited MLL
cell adhesion to rat endothelial cells in a time and dose
dependent manner as well as.their-colony'fcrmation in semi-solid
medium. The possible mechanism of action of MCP appears to
involve tumor cell surface carbohydrate-binding proteins.

. Thus, the present invention provides a method. for the
treatment of cancer by the oral administration of MCP, a
non-toxic drug with a unique mechanism of action that results in
the successful inhibition of tumor cell dissemination. 1In
addition, the present invention provides a composition for the
treatment of mammalian cancer comprising MCP in combination with
an oral pharmaceutical carrier.

Figure 1A is a chart which i1llustrates that the number of
rats vwhich suffered lung metastases was significantly reduced

compared to control in the 0.1% MCP and the 1.0% MCP.

Figure 1B is a chart which illustrates that the lungs of

a need
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the 1.0% MCP treated animals had significantly fewer metastatic

colonies than control groups.
Figure 1C is a photomicrogrﬁph of lungs of control rats.
Figure 1D is a photomicrograph of lungs of 1.0% MCP rats.

Figure 2 is a plot of cell surface staining and western

blot analysis (inset) for the expression of rat galectin-3 in

MLL cells.
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present, invention, out of "1 unor bearing rats were observed to be
di sease-free at

Figure 3C is a photomicrograph of fluorescent MLL cell
adhesion to RAEC cells in the absence of MCP.

- Figure 3D is a photomicrograph of fluorescent MLL cell
adhesion to RAEC cells in the presence of 0.1% w/v MCP.

- Figure 4A 1is a chart which 1llustrates the effect of MCP
on MLL colony formation in 0.5% agarose.

Figure 4B is a phase contrast photomicrograph of MLL cells
grown without MCP.

Figure 4C is a phase contrast photomicrograph of MLL cells
grown with 0.1% (w/v) MCP,

Figure 5 is a photomicrograph of human primary prostatié
adenocarcinoma tissue, illustrating the presence of Galectin-3.

Figure 6 is a graph 1llustrating the effects CP and MCP on
B16F1 adhesion to 1laminin in the presence of varying
concentrations of CP (0) or MCP (0). Vertical bars show mean +
standard deviation computed from the t distribution of the mean.

Figure 7A is a phase-contrast photomicrograph of B16F1
cells plated on laminin. The cells were cultured in DMEM alone.
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Figure 8 is a chart illustrating the effects of CP.and MCP
on asialofetuin-induced homotypic adgrégation in the presence of
20 ug/ml asialofetuin alone (A) or with added 0.5% CP (B) or
0.5% MCP (C). Vertical bars show mean standard deviation
computed from the t-distributiéon of the mean. '

Figure 9A is a phase-contrast photomicrograph of homotypic
aggregation of B16-F1 cells in the presence of 20 ug/ml
asialofetuin alone.

Figure 9B is a phase-contrast photomicrograph of ho'motypié
aggregation of Bl6-F2 cells in the presence of 0.5% CP and
asialofetuin. B

Figure 9C is a phase-con_tr_at photom:lcrogra_,ph of homotypic
" aggregation of Bl6-F2 cells in the presence of 0.5% MCP and
asialofetuin.

Figure 10 is a graph illustrating the binding of
galectin-3 to MCP coated wells, : '

Figure 11 is a graph 111ustra.ting the effects of CP and
MCP on the ability of B16F1 cells to form colonies in 0.5%
agarose (CP 0 MCP 0).



Figure 1A is %C{ai which illustrates that the nunmber of rats which
suffered | unﬁ e ases was significantly reduced conpared POIUEHOH? i n
the 0.1% MCP and the 1. 0% MCP. Figure 1B is a chart which
illustrates that the lungs of the 1.0% MCP treated ani nmal s had
significantly fewer netastatic col oni esshan control groups.

Figure 1C is a photom crograph of |ungs of control rats. Figure 1D
i s a photoni cr ogr aph prAtLEROBESTRTEF10% OICHE SPREFERRED EMBODIMENNS’ € 2 iS a pl ot
of cell surface staining and western blot analysis (inset) for the
expression of rat galectin-3 in ML cells. W) 96/ 01640

PCT/ US95/ 07547 ~4s used herein, the term "therapeutic®Streatment refers to

oral administration of a predetermined amount of modified citrus
pectin to a subject after the subject has been diagnosed as
having cancer which is effective for increased survival of the
subject,

As used herein, the term "cancer" refers to any neoplastic
disorder, including such cellular disorders as, for example,
renal cell cancer, Kaposi's sarcoma, chronic leukemia, breast
cancer, sarcoma, ovarian carcinoma, rectal cancer, throat
cancer, melanoma, colon cancer, bladder cancer, mastocytoma,
lung cancer, mammary adenocarcinoma, pharyngeal squamous cell
carcinoma, and gastrointestinal or stomach cancer. Preferably,
the cancer which is treated in the present invention is human
prostate cancer, most preferably adenocarcinoma of the human
prostate.

The abbreviations used herein are: CP, natural citrus
pectin; MCP, pH-modified CP; EHS, Englebreth-Holm Swarm; DMEM,
Dulbecco's modified Eagle's minimal essential medium; CMF-PBS,
Ca®*- and MG%*-free phosphate-buffered saline, pH 7.2; BSa,
bovine serum albumin.

Previously, the effect of citrus pectin (CP), a complex
polysaccharide rich in galactosyl fesidues, and its pH-modified
derivative {MCP) on the experimental metastasis of Bl6 melanoma
was analyzed as described in the article, Modulation of the Lung
Colonization of Bl6-F1 Melanoma Cells by Gitrus Pectin, Journal
of the National Cancer Institute, Vol. 84, No. 6, March 13,
1992, the entire disclosure of which is incorporated herein by
reference. It was found that co-injection of MCP with the
B16~F1 cells intravenously resulted in a marked inhibition of
their ability to colonize the lungs of the injected mice. pH
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The modified pectin utilized in the present invention is
prepared by partially depolymerizing citrus pectin, preferably
by pH modification.

As will be. imderstood . by '_th.ose ski}lled in the art,
unmodified pectin has a molecular weight :ange of between about
20,000-400,000. It is a polysaccha;ide 'sub;stance present in
cell walls of all plant tissues which functions as an
intercellular cementing material. One of the richest sources of.
pectin is lemon or orange rind which contains about 30% of this
polysaccharide. It occurs naturally as the partial methyl ester
of ,_(1_4) linked D-polygalacturonate _Sequenée'd interrupted with
(1_2)-L-rhamnose residues. The neutral sugars, D-galactose,
L-arabinose, D-xylose and L-fucose form siée chains on the
pectin molecule, Structure studies were made by D.A. Rees,
A.W. Wight, J. Chem. Soc. B, 1971, 1366. Secondai:y and tertiary
structure in solution and in gels is described in D.A. Rees,
E.J. Welsh, Angew. Chem. Int. Ed. 16, 214 (1977). A review and
bibliography is set forth by Towle, Christensen, in Industz‘i.al
Gums, R.L. Whistler, Ed. (Academic Press, New York, 2nd ed.,
1973) p. 429-461. One noteworthy book on pectins is by Z.I.
Kertesz, The Pectic Substances (Interscience, ﬁéw York, 1951).

Pectin occurs as a coarse or fine powder, yellowish-white
in color, practically odorless, ind with a muci'laginous taste.
It is almost completely soluble in 20 parts water, forming a
viscous solution containing negatively charged, very much
hydrated particles. It is acid to litmus and insoluble in
alcohol or in diluted alcohol, and in other organic solvents.
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depolymerization.

One preferred pectin for use as a starting material in the
preparation of pH modified citrus pectin for use in the present
invention can be obtained from Sigma Chemical Co. of St. Louis,
Miasouri. This material has a molecular mass of 70-100 kd, is
approximately 85% by weight galacturonic and 9.5% by weight
methoxyl groups and containing less than approximately 10% by
weight moisture. It is available as a powder. Citrus pectin is
also available from ICN Biomedicals as Pectin 102587 RT.

A 0.5% and more preferably, a 1.0%¥ w/v agueous solution
(all solution concentration herein are expressed as w/v unless
otherwise dindicated) of the c¢citrus pectin 1is prepared and
sterilized under UV radiation for about 48 hours. In order to
partially depolymerize the pectin, the pectin solution is
modified by increasing the pH to 10.0 with NaOH (3 N) for 30
minutes and then decreasing the pH to 3,0 with HC1 (3RK)
according to the method described by Alberscheim et al., in the
article, "A Method for Analysis of Sugars in Plant Cell Wall
. Polysaccharides by Gas Liquid Chromatography", Carbohydrate
Research, 5:340-346, 1967, the entire disclosure of which is
incorporated herein by reference. After about 10 to 24 hours,
the pH of the solution is equilibrated to about 6.3. The
solution is then washed with ethanol (70%) and dried with
acetone (100%). Thias results in pectin fragments having an
average molecular mass of about 10 kd as determined by viscosity
measurements at 25 C in a Ubbelohde No. 1 viscometer with
sodium-hexametalphosphate at 20 mM (pH 4.5), 0.2% EDTA and
{0.9%) NaCl according to the method of Christensen in the
article, “Methods of Grading Pectin in Relation to the Molecular
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Figure 8 is a chart illustrating the effects of CP and MCP on '
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Figure 11 gesesq, grﬁm pledstdlyl Nend h&ﬁkﬁ@&%&h%@%&% gk the ability

of B16Fl1 cells to formcolonies_in 0.5% agarose
present invention has a molecular mass of from about 1-15 kd and

most preferably about 10 kd and is preferably prepared in
accordance with the protocol set forsth above and is preferably
water soluble. The dried MCP fragments may then be rehydrated
with Ca?t and Mg?t-free phosphate-buffered saline (pH 7.2)
(CMF-PBS) to a final stock solution of 0.5% (w/v).

As stated, in the present invention, MCP is administered
orally and therefore the present invention provides a
composition which contains MCP and a digestible pharmaceutical
carrier. Suitable digestible pharmaceutical carriers include
gelatin capsules in which the MCP is encapsulated in dry form,
or tablets. in which MCP is admixed with hydroxyporoyl cellulose,
hydroxypropyl methylcellulose, magnesium stearate,
microcrystalline cellulose, propylene glycol, zinc stearate and
titanjum dioxide and the 1like. The composition may .be
formulated as a liquid using purified water, flavoring agents
and sucrose as a digestible carrier to make a pleasant tasting
composition when consumed by the subject.

The precise dose and dosage regimen is a function of
variables such as the subject's age, weight, medical history and
the like. The preferred dose and dosage regimen based on the
weight of the MCP component (i.e., disregaiding the digestible
carrier) effective in the treatment of cancer is a daily dose of
about 10 to about 1000 mg per kg of body weight of the subject.
The MCP is administered orally at. equal intervals i.e., from
about 10 to about 1000 mg/kg every 24 hours and/or 2.5 to 250
mg/Kg every 6 hours. This same dosage and dosage regimen is
preferred for wuse in the treatment of prostate - cancer in
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DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT
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or stomach cancer. Preferably,

and troint est. nal
cancer which is Pf%pg‘?'é‘g&ﬁﬁ ?W"ﬁf‘ggght I nvention is human prostate
cancer, nost preferably adenocarci noma of the human prost at e.
The abbrevi ations used herein are: CP, w citrus

The various aspects of the invention are further described
by the following examples, which are not intended to limit the
invention in afiy manner.

The Dumning (R3327) rat prostate adenocarcinoma model of
prostate cancer was developed by Dunning from a spontaneously
oceurring -adenocarcinoma found in a male rat as described by
W.F. Dunning; Natl Cancer Inst Momo 12, 351 (1963). Several
sublines have been developed from the primecry tumor which have
varying differentiation and metastatic properties as described
by J.T. Isaacs, W.D.W. Heston, R.M. Weissman, D.S. Coffey,
Cancer Res 38, 4353 (1978). The MAT-LyLu (MLL) subline is a
fast growing, poorly differentiated adenocarcinoma cell 1line
which upon injection of 1x10% MLL cells into the thigh of the
rat leads to animal death within approximately 25 days secondary
to overwhelming primary tumor burden as described bdy J.T.
Isaacs, W.B. Isaacs, W.F.J. Feitz, J. Scheres, The Prostate 9,
261 (1986); and K.J. Pienta, B.C, Murphy, W.B. Isaacs, J.T.
Isaaca, D.S. Coffey, The Prostate 20, 233 (1992), The primary
MLL tumor starts to metastasize approximately 12 days after
tumor cell inoculation and removal of the primary tumor by limb
amputation prior to this time results in animal cure. If
amputation 1s performed after day 12, most of the animals die of
lung and lymph node metastases within 40 days as described by
K.J. Pienta, B.C. Murphy, W.B. Isaacs, J.T. Isaacs, D.S. Coffey,
The Prostate 20, 233 (1992).
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“"“b"ecti n;, MCP, pH nodified CP; EHS, Engl ebr et h- Hol m Swar mm DVEM Dul becco’ s
nodi f meglodmage’ s m ni mal essential nmedi um CM-- PBS, PeTrdsosersdr [ err ]
-free phosphate-buffered saline, pH 7.2; BSa, bovi ne serum al bum n.
Previously, the effect of citrus pectin (CP), a conplex pol ysacchari de
rich in gal actosyl residues, and |ts pH-nodi fied derivative (MCP) on the
experinmental netastasis of 816 nmef4nona was anal yzed as described in the
~article, Mdulation of th on, of B16-F1, Mel anoma Cel |l s by
3 trus Pecti AB s PRegent Gvenhtiny, plitle AlE, BiTen RELTI LR SeUol - g4 No.
6 I\/archrilzﬂcing 832 ohhe eltdnie Hasiml,oafifectsf thbnmmswm:oufwrat ed herein
I ction of MCP wth the
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I'STTntravenous ‘ed i nhibition of their

ability to colonize the lungs of the inj ect ed mce. pH WO 96/ 01640
PCT/ US95/ 07544 . more f’&‘ﬁ@' fi£RistPke Ofthe Cpresed ifbbdrioR® u?ddescrl bed
nor e fully her ei naft er, results in the enerat I on smal | er
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primary tumors were approximately 1 cmd in size, o.oix, 0.1%, or
1.0% (w:v) MCP was added to the drinking water of the rats (N =
8 per group, experiments done twice) on a co:_lt'inuous basis. On
day 14, the rats were anesthetized and the primary tumors were
removed by amputating the hind 1limb. The addition of MCP to the
drinking water did not affect primary tumor growth at any
concentration (average tumor weight: control, | 4.240.26 gm;
0.01%, 4.710.7 gm; 0.1%, 4.33+0.37 gm; 1.0%, '-5._0;[;0.25 gn). Rats
were then followed to day 30 when all groups were sacrificed and
autopsied. Animals continuously ingested MCP in their drinking
water during this period. Control and treated animals gained
weight appropriately and there was no observable toxicity in the
MCP treated animals. The lungs were removed, rinsed in water
and fixed overnight in Bouin's Solution. The number of rats
vhich suffered lung metastases was significantly reduced
compared to control (15/16 rats with metastases) in the 0.1%
(P<0.03) MCP (7/14 rats with metastases) (p<0.001l) groups
(Figure 1lA) rats consumed 30+ 4 ml of water per day in all
groups. The number of MML tumor colonies were determined by
counting under a' dissection microscope. The lungs of the 1.0%
MCP treated animals had on average significantly fewer
metastatic coloniés-than control groups (9+4 in control compared
to 141 in treated group (p<0.05) (Figure 1B) (Mann-Whitney
Test). The effect of MCP appeared to be dependent on its
concentration in the drinking water.' Figures 1C .and 1D also
depic~ lungs from tumor bearing animals (C-contrel, D-1.0X MCP)
and highlights the effect of MCP on the reduction in number of
the developed surface MLL lung colonies. 1X¥ MCP also



Vi vo. nodi fied pectin utilized in the present invention is
prepared by “63??’%@?‘? y depol ynerizing citrus pectin, pref erablwmwmﬁﬁ"

nodi ficati on. As will be understood by those skilled in the art,
unnodi fi ed pectin has a nol ecul ar wei ght range of between about

20, 000-400,000. It is a polysacchari de-jgubstance present in cell walls
of all plant tissues which functions as an I ntercellular cenenting

material . OnaigiifiBentlyC bedicedottic ambér ofp@aindls witkngwaieivergrge rind
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on the pectin nolecUle.  StructUre _ studies were es,
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Chem Int. Ed. 16, 214 ;1977). A review and bi bl i ography is set forth by

Tow e, Christ ¥i&dmebmgefnq strial Gums, R L. Wistier, Ed. (Acadenic
Press, New York, 2nd ed. 1973) p. 429-461. One noteworthy book on
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vi scous solution “contalning negatively c arged, very
whether MLL cells express galectin-3 was investigated. MLL
cells, like many other cancer cells, express galectin-3 on their
cell surface as determined by quantitative fluorescence flow
cytometric analysis as shown in Figure 2 and by immunoblotting
of total cell extracted with mono-specific rabbit
anti-galectin-~-3 peptide antibodies as shown in Figure 2 (blot

inset).

Tumor-endothelial cell adhesion is thought to be a key
everit in the metastatic proceas, and therefore, the effect of
MCP on MLL-endothelial cell interaction was investigated. The
adhesion of Cr-labeled MLL cells to confluent monolayers of rat
aortic endothelial cells (RAEC) in the presence or absence of
MCP is demonstrated in Figure 3A., MCP was found to be a potent
inhibitor of MLL cell adhesion to the endothelial cells Figures
3A and 3B.

MLL and RAEC cells were grown in RPMI 1640 media
supplemented with 10X fetal bovine serum. RAEC were grown to
conflvence in tissue culture wells. 2.4 x 10% MLL cells were
incubated for 30 minutes with 5uCi Na51Cr04 at 37°C in 2 ml
serum free media with 0.5% bovine serum albumin. Following
extensive washing 10 MLL cells per well were then added to RAEC
monolayers in quadruplicate. As seen in Figure 3A, attachment



hydrated particles. It is acid to litmus and insoluble in al cohol
or in diwotéMdlédd cohol, and in other organic solvents. PCT/US95/07547

-9- It dissolves nore readily in water, if first noistened with al cohol,
glycerol or sugar syrup, or if first mxed with 3 or nore parts of.

sucr ose. It is stable wunder niJdly acidic conditions; nmore strongly

acidic or basic conditions cause depol ynerizati on. , One preferred
pectin fOreliSGess Bepi (410 B! ChbdlinckN bPC BrGRARE! I GR Obadidupodli fied
citrus pectin tor use In the present 1 nventioh can be obtal ne rom Sirgma
Cheni cal (ncentrations,9fsMCR/LoToAP| minpips #%:(4°Ci ¥ps heesegsel edbtar nass of
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0.1 NaOH for 30 minutes at 37° and the radioactivity was

determined in a beta-counter. Each point represents the man of

four wells and experiments were performed in duplicate. Bars

represent standard error. As seen in Figure 3B, time course for

the attachment of MLL cells to a confluent monolayer of RAEC in

the absence (—---) or presence of 0.03% .(w/v) of MCP was

determined. The presence of 0.03X MCP inhibited attachment of

MLL cells to RAEC. Fluorescence MLL cell adhesion to RAEC 10°

'MLL cells were incubated for.30 minutes in 0.1% FITC -folloﬁing

extensive washing t he cells were idded to RAEC monolayers.

Binding of MLL cells in the absence (Figure 3C) or presence

(Figure 3D) of 0.1% (_w/v).MCP (shown at x 160). It is apparent

that MLL cells adhered rapidly to the RAEC monolayer, while only

a limited degree of cell attachment was observed in the presence

of MCP. Pictorial demonstration of the effect of MCP on the

adhesion process is shown in Figure 3C and Figure 3D. MLL cells

were fluorescently iabe_-led in suspension with FITC, exposed to

confluent monolayers of rat endothelial cells in 0.5% bovine

serum albumin without (Figure 3C) or with 0.1X MCP (Figure 3D)

for 60 min. The cultures were washed to remove the non-adherent

cells and then photographed. In the non-treated cultures, the

fluorescent MLL cells adhere almoat wuniformly bound to the

endothelial monolayer (Figure 3C) while in the presence of 0.1%

MCP almost no fluorescent cells can be detected in association

with the RAEC monolayer in the microscopic field (Figure 3D).

The ability of cells to grow in semi-solid medium, i.e.,
anchorage-independence, may be used as a criterion for cell
transformation and inhibition of such a process by drugs or
antibodies is used to establish their efficacy. The gréwth of
cells in a semi-solid medium requires that they migrate, invade,
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al so available fromICN Bionedicals as Pectin 102587 RT. A 0.5% and
nore preferagbwsnrdd. 0% W v aqueous sol ution (all solution copegmksadrssm
herein are expressed as W v unl ess otherw se indicated) of the citrus
pectin is prepared and sterilized under UV radiation for about 48 hours. In
order to partially depolynerize the pectin, the pectin solution is nodified
by increasing the pHto 10.0 vm'th NaO—|'(]S5"N) for 30 mnutes and then

decreasing the according tq.the nethod descri bed by
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it has been demonstrated that anti-galectin-3 monoclional
antibodies can inhibit the growth of tumor cells in agarose.
Furthermore, tranafection of normal mouse fibroblasts with the
mouse galectin-3 c¢cDNA results in the acquisition of
axichorage-independent growth,

To determine the effect of MCP on MLL colony formation
0.5% agarose, MLL cells were detached from cultured monolayer
with 0.02% EDTA in calcium and magnesium free (CMF)--PBS and
suspended at 4 X 103 cells/ml in complete RPMI with or without
MCP in varying concentrations. The cells were incubated for 30
minutes at 37°C and them mixed 1:1 (vol/vol) with a solution of
1% agarose in RPMI 1:4 (vol/vol) preheated at 45°C. 2 ml
aliquots of the mixture were placed on top of a precast layer of
1% "agatose in 6 cm-diameter dishes. The cells were incubated
for 8 days at 37°C, then fixed, counted and photographed.
Figure 4A illustrates the number of formed colonies was
determined by a Dblinded observer using an inverted phase
microscope. The presence of 0.1X MCP significantly inhibited
thé number of MLL colonies present to control (p<0.01 by
Mann-wWhitney). Bars represent the mean and S.E. of triplicate
experiments. Phase contrast photomicrographs of MLL cells grown
without (Figure 4B) or with (Figure 4C) 0.1X (w/v) MCP x 160.
As depicted in Figure 4A, MCP inhibits MLL cell colony formation
in agarose in a dose dependent mamner. MCP inhibited both the
number of MLL colonies and their size (Figures 4B and 4C). The
inhibitory effect of MCP appears to be cytostatic rather than



-10- Weight (intrins TosTEy=—=m®fs, pectin)", Food Research )
19: 163- W8 9IA16454) | trﬁeiHlsiﬁ}f—'FiéMSdﬁS%iN sure of whi cHPCT/US95078Br por at ed
herein by reference: [|As_us RAGED,, ¢ rms " nmodi-&d ctin" and ;
"MCP" shall refer to depolynerized pectinj Thore prefesafgpy |t he nodified

pectin utilized in-the present inver t6i_on as a nol ecul ar nmasyg of from about
1-15 kd and nost preferably about 10 kd a preferabiq:p-v&: pared in

accordancecy%{&ikhesﬁwtﬁc%s e?%&hoﬁ%‘ée E{f .SWEH f%oéaﬁter

sol ubl e. The dried MCP fragments may then be rate rr] and
My[ err] - f ride %Gg’ﬁﬁi‘at@-nﬂbﬂfeﬁe&nsé’l“ﬁ% (Berar pot (WPBS) MER, Basinal stock
sol ution ca‘immﬁ%e(ﬁn/evas o the awﬂisyabed,otn&tbﬂno&ra:%qms kBV@eEhOn, MCP is
adm ni s-tere Wﬁral I ¥ (} therefo e é{ grrlg nt .invention: grovi des a
conposi ti &if Ant®ths MeE cluding. Bifrie PALMIAMReutTe2R3tarrier.
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adm xed wit d‘“grorﬁgﬁg%/ & %I"gééeﬁefr f}ggr (%%gp{r’opy &e 'ﬂin Iﬁgcpul ose,
magnesi umthe MLkt eeklgt &0 #h%r&twsv%ﬁ | zagddues |off aser, poopytimegl ycol , zinc
stearate gAqnt hﬁamimngﬂlm.demmd:&mcohtmm grbvthCRERQF(EjOon My  Dbe

formulated as a |li using purified water avor i ngﬁbagents and sucrose

as a di gediftB) Eh"(:aﬁ'erlll'eP“’E*Ef'c Eél%FtﬁF'é%rsaﬁﬁmf%ﬂs"[aniEo Rqt: ik@avIhen
consumed hyhetler IHE) RCE .inhibition of tumor cell lung colony formation

is vivo is mimicked by the inhibition of colony formation in

vitro', although such a correlation appears to exist (Figure 1
and Figure 4).

The results presented here provide a new, nontoxic, oral
method to prevent spontaneous prostate cancer metastﬁsis. In
preliminary experiments, we have fou:i_d that galectin-3 is
present in human prostate cancer pathologic t:luué spécimens as
well as the human prostate adenocarcinoma cell iine PC-3. For
immunohistochemistry, 5 um formalin fixed paraffin émbedded
primary prostatic a_dénocarcinom sections were deparaffinized,
rehydrated and microwaved (medium - high) for 10 minutes in 1 mM
sodium citrate buffer, After washing in PBS sections were
blocked in normal goat serum for 30 minutes , and then incubated
with the primary antibody rat anti-galectin-3-TIB-166 monoclonal
antibody. Sections were then washed within DPBS for 30 minutes
and then incubated with biotinylated anti-rat 1gG, washed, and
incubated with avidin-biotinylated horse radish peroxidase
followed by a peroxidase substrate 3'-3'-di_aminobexizidine. '
Sections were counterstained with 3% methjrl green and mounted
with gelatin-glycerin. The section demonstrated in Figure 5 is
froﬂ'a patient with invasive prostate cancer. | PC-3 cell extract
was Iimmunoblotted and analyzed for the presence of human
galectin-3 as described in the 1legend to Figure 2, The
expression of galectin-3 in specimens of human prostate v}as
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The precise dose and dosage reginen is a function of variables such as the
subj ect's ag’@%m&ght medi cal history and the | i ke. The pr ®CFUSSNOIITe
and dosage regimen based on the weight of the MNCP_compenent—(F+¢.,

di sregarding the digestible carrier) effecti %ghggtm&tm‘ﬁ of cancer
is a daily dose of about 10 to about 10 ngy er peefLAGHEDY, wei ght of the
subject. The MCP is adm nistered orally at eq €., from about

10 to about 1800 By €Y aﬁf‘s&%ﬂ&lﬁs@@l ¥t Elé (3.6858;1\Q?Lé§qe§¥ﬁ{-\5 6

hours. This sane sage an osage reginen is preferre use in the
treatment ofmonscdenad: antihodies. The galeonined/WrEca@inly expressed in

PCT/ US95/ 0754¢he prostate carcinoma cells with little -stiomal SEATHELES. adgncl udi ng
human prost ate cancer, to re

ce or .inhi ast asi.s t. is believed
that this safff ‘Bb%en%mfl Ajeldal reﬁﬁﬁ?’@#’% ?Fi%‘ef"‘f)ect |4ﬁéef’ﬁ 193¢
prevention ofstwAtsy wibh hthis anﬁ’ilb&ky Wik NEsdocdateds wihfle dntenseVimiBlear,

E;i(g]\/g:_sEtser ed cyt%%laszxiﬂc; Qx{é’ilcen pEQ&'}XL agéaii%iﬁgo.np%;&e%n ‘investigations

will determine the role of galectin-3 in normal and cancerous
prostate tissue as well as the ability of MCP in inhibit human
prostate metastasis in nude mice. MCP molecules appear to be
absorbed into the bdlood stream after oral administration and
compete with the natural ligand(s) recognition of tumor cell
surface galectins essential for the successful establishment of
secondary tumor cell colonies. Further work in underway to
characterize the active moieties of MCP as well as their serum
levels since little is known about the molecular features of the
pectins. It appears that the effect of MCP is in the -early
stages of metastasis, possibly inhibiting the formation of tumor
cell emboli as well as inhibiting the interaction of cancer
cells with the endothelium of target organ, rather than late
events such as metastatic cell growth since MCP has no effect on
MLL primary tumor growth or angiogenesis.

Since natural citrus pectin (CP) and pH-modified citrus
pectin (MCP) are highly branched and non-branched complex
polysaccharides, respectively, rich in galactoside residues,
capable of ©binding to the carbohydrate-binding domain of
galectin-3, we studied the effects of CP and MCP on cell-cell
and cell-matrix interactions mediated by
carbohydrate-recognition. MCP, but not CP, inhibited B16-Fl
melanoma cells adhesion to laminin and asialofetuin-induced
homotypic aggregation. Both MCP and CP inhibited
anchorage-independent growth of Bl6-F1 cells in semisolid
medium, ie., agarose, These results indicate that
carbohydrate-recognition by cell surface galectin~-3 may be
involved in cell-extracellular matrix interaction and play a
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The various aspects of the invention are .further described by the

f ol | owi ngW@96tfdes, whi tolimt the PODERIVIMT n any
nanner . The fﬂﬂ%§;§§§§é$ 5EA ||pr ost at e adenocar ci nona nodel of
prostate cancer was devgl ope i ng 1lrom a spont aneously occurring
adenocarcinoma found in a nale€ rat as gescrlbed by WHF. Dunning, Natl
Cancer Inst Mono 12, 351 (1963). Several subl i nes have been devel oped

fromthe pridiRrial 4khe dx‘M&thJlﬁXﬁdentV%E-Wﬁﬁ &4 f& rﬁé aéﬂeommaﬂ&gget astatic

properties as describ | saacs st on I ssman,
D.S. Cof f eysmbolizatien qiesm'fﬁ; cells3 (1978). The NAT LyLu (M.L) subline is a
fast growi ng, poorly differentiated adenocarcinoma cell |ine whi ch upon

i njection of 1x err] ML_c ntotheth%hof t he rat | eads to
ani mal death wi tMf*f appr OQPT‘érféF?/i days SRBTHYR . . to RFEEREALEni ng
pri mary tunulabwaida—lﬂsxdﬂwcrlhedhty Jhive |eeacs, 1Wﬁ1fl€(ascb‘a.ndWF J.

Fei t ) 8 P t B. C

vor pry, w oaECer 2o & Sufidratey of flaqunt’la alldar tme MG Do
(1992). Thellm ﬂﬂm#cspd ipga. twanehundany t@aﬂﬁmsiam zheiaapmicnsnmel y 12 days
af ter turmmeei&: hml 8k i iR ke emp\@h ma 36 d WRAY Mams?py limb

anput at I on pl’l or this, tinme_ resul ani mal cure

anput ati on FecepEl% &‘M‘&F?ef‘ 0%67"'5?1“’&05’(“1 oﬁﬂt‘ﬁ&"’hﬁl’ niPEPEFLEVEY. | ung and
| ynph node calleasim3csepyesbits 40vilie) Tange d¢shtidealed . e. K the MaMpea, B. C.

?%823” WBy, | 3820 %metse)  ASP2FRma 31 W Clir-31] MmOt b e o0
galactoside-binding lectins, the 35 KkDa fibroblast
carbohydrate-binding protein (CBP35), the IgE-bind.:lng protein .
(eBP), the 32 kDa macrophage non-integrin laminin-binding
protein (Mac-2), and the rat, mouse, and human forms of the 29
kDa galactoside-binding 1lectin (L-29). Molecular cloning
studies have reve.aled that the polypeptides are identical. The
galectin-3 contain two structural domains, an amino-terminal
domain containing a collagen-like sequence and globulaf
carboxy-terminal domain encompassing the galactoside-binding
site. VWhether all of the above-mentioned galactoside-ﬁidiﬁg
lectins share the same natural ligand(s) is not yet known.
Although galectin-3 has been considered to be an S-type lectin
that requires reducing conditions for its ca:bohydr__a_ﬁe—binding
activity, recent studies have produced evidence ¢to the
contrary. Several lines of analysis have demonstrated that.' the
galectins participate in cell-cell and cell-matrix 1ntéractipns
by recognizing and binding complementary glycoconjugates and
thereby play a crucial role in various normal and pathological
processes.

Galectin-3 is highly expressed by '_activated macrophages
and oncogenically transformed and metastatic cells., Elevated
expression of the polypeptide is asociated with an increased
capacity for anchorage-independent growth, homotypic
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-12- WQ /81640 present invention, soluble MCP, given or&cl'lwq’ﬂo'fsﬁé
drinking water on a chronic basis, affects the ability of the ML t unor
to establish spontaneous netastases. To nore fully illustrate the

present invention and referring to Figuge 1A of the drawi ngs, rats were
Injected with 1x10[err] ML cells in the hind linb on day 0. On day 4,

when the  pri aﬁmmm;smrem;gpgexirmﬁﬂ écoloﬁﬂimim]x, imﬁ:ﬂ']g:z&us@e&%%(
0.1% or 1.0% (w: v). MCP was added to_ the dri er..of thergts (N =
8 per group, e riﬁé}ﬁ?iﬂ e BRPYSES of"%% orﬁeg %\N@%@‘?" £ df 14,
the rats were eireulationzedndindenhsaces | mtqsttaahms \ferehavcermxmdhm:r .
anputating thexfidided | @acThﬁ&Qﬂé&hP“ mjeM-P OokNCee dnbAddld "Rl i d

not affect pri t unor concentration 57;1'9 t unor
wei ght:  cont eejionization 26 the 516f¥‘101m)et14e 78e¥angma (rellg, 4wisie3 M :
1.0% 5.00.25 gidreasd®t Jung wedoqoamlaiml I on@&l&x@ndavné’:o inbednell  PEgUPS
were sacrificed an ut%gme Ani mal s cg %‘l{ls|€ i ngest ed l\/CPlnthelr
drinking wat 6togatigny eri®b POStCRTPPRPIY, %t &8 aAPHHIYY &8 ned

wei ght appr opr prématy auadoﬁmte umemiehﬁermblmdmaimtysyl nwhibR MOPCP

overni ght | n- BEUTRRE® SHF Rl coLPmErtap ronstar aesd Yoiktareo Bt od” | ung

net astases was significantly reduced corrpared to control (15/16 rats

with nmetastases) i nLJ:ﬂﬁhQ,‘ %e major non-collagenous component of basement
menbranes, is an N-linked glycoprotein carrying
poly-N-acetyllactosamine sequences, and is implicated in cell
adhesion, migration, growth, differentiation, invasion and
metastasis. Galectins which bind with high affinity to
oligosaccharides containing poly-N-acetyllactosamine sequences
also bind to: the carbohydrate side chains of laminin in a
specific sugar-dependent manner.

In order to further study the functional properties of
galectin-3, we utilized CP and MCP, and examined whether they
would affect galectin-3 ~-related properties of Bl6-F1 murine
melanoma cells. We have found that: (a) MCP, but not CP,
inhibits cell adhesion to laminin; {(b) MPC 1inhibits
asialofetuin-induced homotypic aggregation, while CP enhances
it; and (c) beth CP and MCP inhibit anchorage-independent growth
in semi-solid medium.

CP and EHS laminin were purchased from Sigma, St. Louis,
Missouri. MCP was prepared from CP by pH modification according
to the above-described procedure of Albersheim et al.
Asialofetuin was prepared by mild acid hydrolysis of fetuin
(Spiro method; Grand Island Biological Co., Grand Island, New
York) in 0.05 M HZS)4 at 80°C for 1 h. Recombinant galectin-3
was extracted from bacteria cells by single-step purification



(P<0.03) MCP (7/14 rats wth netastases) (p<0.001) groups (Figure;'

1A) ratwoossisgped 30 4 nml of water per day in all gr orI/Usosmsanunber of
MWL tunor col onies were determ ned by counting under a dissection

m croscope. The lungs of the 1.0% MCP treated animals had on average
significantly fewer netastatic caolonies than control groups (94 in
control conpared to 11 |n treat 640 group (p<0.05) (Figure 1B)
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col or
were cultured :ln Dulbecco's modified Eagles' minimal essential

medium (DMEM) supplemented with 10X heat-inactivated fetal:
bovine serum, non-essential amino acids, 2MM glutamine, and
antibiotics. The cells were maintained at 37°C in a humidified
atmosphere of 7% CO, and 93X air.

Cell adhesion to laminin — Tissue culture wells of
96-well plates were precoated overnight at 4°C with EHS laminin
(2pg/well) in CA2*- and Mg2*-free phosphate-Suffered saline, pH
7.2 (CMF-PBS), and the remaining protein binding sites were
blocked for 2 h at room temperature with 1X bovine serum albumin
(BSA) in CMP-PBS. Cells were harvested with 0.02% EDTA in
CMF-PBS and suspended with serun-free DMEM. 5 x 10% cells were
added to each well in DMEM with or with CP or MCP of varying
concentrations. After incubation for 2 h 15 37°C, non-adherent
cells were washed off with CMF-PBS. Adherent cells were fixed
with methanol and photographgd. The relative number of adherent
cells was determined in accordance with the procedure of Olier
et al. Briefly, the cells were stained with_- methylene blue
followed by the addition of HCI-ethanol to release the dye. The
optical density (650 nm) was measured by a plate reader.

Asialofetuin-induced homotypic aggregation -~ Cells were
detached with 0.02% EDTA In CMF-PBS and suspended at 1 x 106
cell/ml in CMF-PBS with or without 20 ug/ml of asialofetuin and
0.5% CP or 0.5% MCP. Aliquots containing 0.5 ml of cell
suspension were placed in siliconized glass tubes and agitated
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Since it had been previously denonstrated that MCP coul d interfere with
cell -cell i weweattss®ons nedi ated by cell surface car bohydr at petrusesiorgs?
gal-ectin-3 nolecules, the question of whet her MLL cells express
gal ectin-3 was investigated. ML cells, like many other cancer cells,
express galectin-3 on their cell surface as determ ned by quantitative
fluorescence flow cytonetric anal ysi s"%45 shown in Fi gure 2 and by
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nonol ayers in qua I cate. seen in Figure 3A, attachnent
Recombinant galectin-3 serially diluted in CMF-PBS containing

0.5% BSA and 0.05% Tween-20 (solution A) in the presence or
absence of 50 mM lactose twas added and incubated for 120
minutes, after which the wells were drained and washed with
CMF-PBS containing 0.1X BSA and ©.05% Tween-20 (solution B),
Rat anti-galectin-3 in solution A was added and incubated for 60
minutes, followed by washing with solution B and incubation with
HRP-conjugated rabbit anti-rat 1gG _ 1gM in solution A for 30
minutes. After washing, relative amounts of bound enzyme
conjugated in each well were ascertained by addition of ABTS.
The extent of hydrolysis was measured at 405 nm.

Colony formation in semi~solid medium -~ Cells were
detached with 0.02% EDTA in CMF-PBS and suspended at 1 x 103
cell/ml in complete DMEM with or without CP or MCP of varying
concentrations. The cells were incubated for 30 min at 37°C and
then mixed 1:1 (vol/vol) with a solution of 1% agarose in
distilled watar-complete DMEM (l:4, vol/vol) preheated at 45°C.
2 ml aliquots of the mixture were placed on top of a precast
layer of 1% agarose in 6 cm-diameter dishes., The cells were
incubated for 14 days at 37°C, and the number of formed colonies
was determined using an inverted phase microscope after the
fixation by the addition of 2.6% glutaraldehyde in CMF-PBS.

It was previously shown that laminin can serve as a ligand
for soluble galectin-3 and the Bl6-Fl1 cells express galectin-3
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concentrations of MCP for %TsH ] C was -assessed. T cells
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nmonol ayer, while onl iTmted degree of cell 'attachment was observed in
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(Figure 3&3 100 mMt{daba it6tMEROWDD . gComp8Edtive binding assay utilizing

soluble recombinant galectin-3 falled to block cell adhesion to

laminin and the anti-Mac-2 monocional antibodies failed in this

regard as well (data not shown), suggesting that the inhibitory

effect of MCP cannot be attributed solely to ‘its interruption of

the intgraction between galectin-3 and N-acetyllactosaminyl side
chains on laminin since cells may utilize the integrins for
binding to the protein core of laminin. -Furthemo're, the
anti-Mac-2 monoclonal antibody is not directed against the
carbohydrate~-binding domain of galectin-3 but rather to its
N-terminal, thus, the exact mechanism by which MCP blocks
adhesion, in contrast to CP and lactose, remains unclear. The
inhibitory effect of MCP is not due to cytotoxicity, because MCP
(0.5%) did not affect either viability or in vitro' growth of the
cells,

A good correlation has been established between the
propensity of tumor cells to undergo homotypic aggregation in
vitro and their metastatic potential in vivo. Bl6 melanoma cell
clumps produce more lung colonies after i.v. injection than do
single cells. Moreover, anti-galectin-3 antibody has been shown
to inhibit asialofetuin-induced homotypic aggregation (14),
suggesting that the cell surface galectin-3 polypeptides bring
about the formation of homotypic aggregates following their
interaction with the side chains of glycoproteins. As shown in

- This Sheet Has Been Replaced
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for 60 mn. The cultures were washed to renove t he non-adherent cells and

t hen phot ogr apbegletehn t he non-treated cultures, the f | uor escegtrusdsiazs47
celts adhere alnmost wuniformy bound- to the endot hel i al nonol ayer

(Figure 3C) while in the presence of 0.1% MCP al nost no fluorescent cells
can be detected in association wth the RAEC nonol ayer in the m croscopic
field (Figure 3D). The ability?8t cells.to grow in seni- solid

medi um i.e., anchor age- i nde nce crl terion f cel |
t ransf or mat i on FABRF&en i SP‘P géj ggigf%‘%& 'd’?“ﬁ? gé‘ roapion | es is
used to establ mshoﬁylpecraﬁrfegsmy wiilke @Poehhamfed itel Im:sltnpnomny sind i d

di d 0164
o) nggfgggglgm%w&v R @lfics' h@9%ehavior %’Lg ehd éﬁe fie sugas

tumor foci in dnpfhitess ksai lgnteses suohnthatc it megkp she tinteseeyionodf in

Vivo metastasi gpel tellaguPhit Rhfedt@hsd moleé&mesied gelateddige 2Pidiahis Of
tunor tells to interact with carbohydrate residues of glycoproteins

via cell surPicasialgfetpin, resyliing e’cP td Fedurpd a‘b?"!"FW"c d‘lﬁﬁﬁﬁt&%‘ with
the gal actos @oﬁeﬂsdw,s of @gaemwabwl tdTEissume Dtidt aches Qtﬁﬂ-siural

L-anhydro- gal ag gr?f ter dtitcOoProvi:ranc c? crgrm:hy ra epg&ykepeae %vs CP to
serve as a cross-linker bridge between adjacent cells, leading
to the enhanced formation of homotypic aggregates. Taken
together, it may be suggested that MCP could prevent metastasis
by disrupting cell-cell and cell-matrix interactions that are
crucial for tumor cells to form metastatic lesions.

The aforementioned effects of MCP to inhibit B1l6-F1 cell
adhesion to laminin and homotypic aggregation may be due to its
interaction with galectin-3 on the cell surface, because CP has
been previously shown to bind Bl1l6-F1 cell surface in a
lactose-dependent manner. To address the binding of galectin-3
to MCP, we employed an enzyme-linked immunosorbent assay where
we found that recombinant galectin-3 bound immobilized MCP in a
dose-dependent manner and the binding was completely blocked by
lactose (Figure 9). These results allow us to attribute the
inhibitory effects of MCP on homotypic aggregation to its
binding to cell surface galectin-3 molecules. On the other
hand, we do not know how MCP, but not CP, impairs Bl6-Fl1 cell
adhesion to laminin. Since pH modification of CP, which is a
branched complex polysaccharide polymer, results in the
generation of non-branched carbohydrate chains of the same sugar
composition, it is likely that MCP binds more avidly to the cell
surface galectin-3 molecules than does CP. Taken together with
the fact that anti-integrin antibodies inhibit murine Blé6
melanoma cell attachment to laminin substrates, we presume that
MCP sterically inhibits 1laminin recognition by the integrin
class of laminin receptors, or that the interaction of cell



for cell proliferation in this sem-solid nmedium To this end it has beer
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growt h of tunor cells in agarose. Furthernore, transfection of normnal
nouse fibroblasts with the nouse gal ectin-3 cDNA results in the
acquisition of anchor age-i ndependent grow h. To determ ne the

effect of MCP on MLL colony formatt3Ar 0.5% agarose, ML cells were

_ detached -from cul tured nonol ayer with 0.02% EDTA in cal ci um and nagnesi um
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. ; : . _ :
I(Zrlgglrjcrae4i',5 ; 1%?\?’(##?%@"%3 Iigéé‘fé)tf y¥%rgfﬁﬁ%gg?% §€§1r g{‘giiﬁneg Iolgse
dependent trenafiemat e} beéauset thils@raperty  isnusindly oéxiidblitedblontyes and their
i'yfﬁsi't?%yﬁé?ﬁ%&?ﬁgﬁgd thibrigen®’ BRIfY.Y BEEAGUsE) MNORAPRRE,S 1O be

suggested that the ability -of tumor cells to interact with

glycoprotein carbohydrate residues via cell surface galectin-3

is related to their ability to interact with the galactose

residues of agarose {a polymer of D-galactose and

L-anhydrogalactose) and to the efficiency of colony formation in

this semi-solid medium. It has been also shown that

anti-galectin-3 monoclonal antibodies inhibit growth of tumor

cells in agarose and that there is an inverse relationship

between the expression of galectin-3 and the suppressioﬁ of the

transformed phenotype. Transfection of normal mbuse_ fibroblast

with the mouse galectin-3 c¢DNA results in the acquisii:ion of

anchorage-independent growth properties. To further ireri_fy the

possibility that cell surface galectin-3 play a key role fdr

cells to grow in semi-solid medium, we examined the effects of

CP and MCP on anchorage-independent ggowth_ of Bl6-F1 melanoma

cells. As shown in Figure 11, CP and MCP inhibited the growth

of B1l6~F1 cell colonies in the semi-solid matrix in a

dose-dependent manner. Similarly, lactose inhibited

anchorage-independent growth in a dose-dependent manner as well

(data not shown). The dose-dependent inhibitory effect of CP

and MCP was not restricted to B16-Fl1 melanoma cells. The growth

in soft agar of UV-2237-10-3 murine fibrosarcoma cells, HT1080

human fibrosarcoms cells, and A375C1.49 human melanoma cells was



LY

-16- cytotoxic, since it has no effect on the rate of ML cell

growt h wigwe/0aedot ured nonol ayers in vitro (data not showck/usesddse? has
simlar effects on the ability of other tunor cells to form col oni es
in soft agar, including B16-F nel anoma, UV-2237 fibrosarcoma, HT-1080
human fi brosarcoma, and A375 human nel anoma. It is not known whet her
the MCP bI ocks the bindi ng of the WPT cells to the gal act ose resi dues
of agar, et es i.t.h-.the Dbi ar b dr tai ni ng
growt h fact or(gs" equally 1 ﬁl\q‘ﬁg %el IInggfé;‘%g%lael tg? il‘r‘}ﬁ a??y, ‘{l is
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metastasis. In prelim nalr%uex erinments
n

galectin-3 is MCP), 88¢ urk®§ ﬂgf%ﬁvgcﬁghéer‘ﬁfggﬁ&?glgf’sﬁ&%e

speci mens as behave like an antagonist of an as-yet unrecognized
glycoconjugate growth factor which interacts with galectin-3, or
they sterically hinder the access of known growth factors to the
membrane receptors. However, the fact that in vitro
anchorage-dependent growth and tumorigenicity of Bl6-F1 cells in
syngenic mice were not impaired by MCP (0.5%) plausibly enables
us to rule out the aforementioned possibilities. Since the
ability of cells to grow in semi-solid medium is used as a
criterion for cell transformation, the acquisition of cell
surface galectin-3 might be an early step of the
post-transformed cascade.
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2. The method recited in claim 1, wherein said modified
pectin is pH modified citrus pectin.

3. The method recited in claim 2, wvherein said pH
modified citrus pectin has an apparent average molecular weight
of about 1 to about 15 Kd.

4, The method recited in claim 1, wherein ':sa_id cancer
is prostate cancer. '

5. The method recited in claim 1, wherein said cancer
is human prostate cancer.

6. The method recited in claim 1, wherein said modified
pectin is present in admixture with a pharmaceutically
acceptable digestible carrier.

7. The method recited in claim 1, wherein said
treatment of cancer is the inhibition of metastasis.

8. A composition for the therapeutic treatment of
cancer in mammals, comprising a mixture of a modified pectin and
a pharmaceutically acceptable digestible oral carrier.

9. The composition recited in claim 8, wherein said
modified pectin is pH modified citrus pectin
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exani ned by irmunohi stochem stry with T1B-166 anti-galectin-3 nonoclonal
anti bodi es. TMO 164t i n-3 was nainly expressed in the pros

cell$ with |itttestromat staimi- ng and variable Na

staining (Fi g -3 staining wi 9% E%Eiﬁﬁé?ﬁ

associated wt ﬂ m"“ﬁ” ﬂ cytopl az ni ng.
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Further investi erm ne th of galectin-3 in normal and
cancerous prostate fpssu t l4.1 hi

prostate netastasis |tr)1 nughé %guil\%gn Heleéeigg e:isn ﬁlgé%ﬁpgh réﬁ lo&rﬁ’ d |nto
the bl ood streakrdified oltans :pratin hasyepoapRarEnt m&peubmtsltthef néstomy al

| i gand(s) recog@béitol B tbUsBIutCHl ka. surface gal ectins essential for the
successful establishment of secondary tunor cell col onies. Furt her work
underway to characterize the active noieties of MCP as well as their

serum |evels since fift|ehé Smémaen ﬁlamuéd t e r&mhﬁcumr vherdidr esaiaf gaghe
pectins. 1t apg‘e%{ #h t he eft; of MCP | #n t he earl¥ st ages _of

net astasi's, pos té’ bindbiiaien or’ﬂaf?%’f’feﬁ Fftaee Bedprular, Befehts e |
as inhibi ti ng t k€ dhonerl@cKdon of cancer cells with the endothelium of
target organ, rather than late events such as netastatic cell growth since
MCP has no effect on MLL primary tunor growth or angi ogenesis.

Si nce natural ci trusl'f’Jectg’ibﬁ2 (composisdon regbtrdr iindckainr 4@, whereimsaMOPRH are
hi ghl'y branc hedm@dﬁiﬂ&%ﬂ%@i‘%‘é@i&%' & ap ng‘éh%aﬁEiB%MﬂP%eiﬁﬁs REChboR! V-
rich in gal actoside residues, capable of binding to

car bohydr at e- bi ﬁﬁ% domai n of gal ectin-3, we studied the effects of CP

and MCP on cell-cell and cell-matrix i nteractions medi at ed
by carbohydrate-recognit] t ,hot ite

mel anoma cel | s adhes?% ﬁ%tml\fpgﬁge sf’élcc}faé?u}’nw#‘ﬁﬁf@ed P%&?S’f&f?
aggregation. pe®dnhis VMSB: solyuhde. CP i nhi bited

14, The composition recited in claim 8, wherein said
modified pectin is water soluble.

15. A method of preventing cancer comprising orally
administering modified pectin to a mammal.
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anchor age-i ndependent growth of B16-F1 cells in semsolid nedium I e.
agar ose. TwWe3snissesul ts I ndi cate that carbohydrate- r&QQ@Hﬁtyﬁasby
cell- surface galectin-3 may be involved in cell-extracellular matrix
interaction and play a rol e rhewmhorage-lndependent growt h
as well as the in vivo enbolization of tunDr ceIIs Mor e
specifically, endogenous vertebrate gal actoside-binding |ectins
have been i dentified and characterized in a diversity of tissues and
cells. The lectins are divided into two abundant cl asses based on their
sizes, the nolecular masges @f whi.ch are ~14 kDa and ~30 kDa that have been
recently desi gnat ed as q@lecﬁmn 1 and galectln 3, respectively. Galectin-3

represents a w de range f nE#em%ﬂES“' e. ;/tthe nurine 34 kDa (ni-34) and
human 31 kDa (bL-31) tumpr-agsﬁcg@ged galacQ03|de binding lectins, t he
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car bobydr at e- bi ndi ng protein (CBP35), the IgE-binding protein (eBP), the 32
k Da mcrophaqﬁgn%\-i ntegrin | am nin-binding protein (Mac-2), and the rat,
mouse, and hulBr of the 29 kDa gal act osi de- bi ndi ng Ie@?’?”rﬁ"‘"'(q?‘?@)
Mol ecul ar cl oning studi es have reveal ed that the pol ypeptides are
identical. The galectin-3 contain two st2{8tural domains, an

am no-term nal domain containing a collagen-like sequence and

gl obul ar carboxy-term nal domain enconpassing the gal actoside-binding

site. Wether all of the above- rrenti oned gal act osi de-bi nding | ectins
share the sanme natural |igand(s] y ) tin-3 has
been considered to be an S-type Iectl n thay, mequir ditions
for its carbohydrate-binding acfivity, rec n& oduced
evidence to the contrary. Several lines bf dnal ysik have. jeqonptrat ed
that the galectins participate [n cell-celf artd cgll n’é?f“r“l"X Tt ef actions by .
recogni zing and bi ndi ng conpl enntary gl ycocon* ugpt esyand thereby play a
crucial role in various nornal and pat hoi & gi ca
Gal ectin-3 is highly expressgd ay activated nagr enically
transfornmed and netastatic Ggl |l p. El evaied exprgssio ypepti de
is associated with an -incregsefl capacit for i pendent
gr owt h, honot ypi ¢ WG-96[ 01640 4 i
PCT/ US95/ 07547 o
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-19- aggregation, and tunor cell lung col onization, which suggests

that galectin-3 pronotes tunor cell enbolization in the

circulation envgsuepances netastasis. We have previously ppﬁgggmygg
that intravenous injection of CP increases |ung col oni zati on of the
B16- Fl nurine nelanoma cells, while MCP  decreases |ung colonization.

Al though the increased |ung colonlzatlgggby CP is nost probably due to
its ability to pronote honotypi c aggregation, the nechani sm by which MCP
prevents the Iung col oni zat i on..Lemmi.ns Iess well | i shed.

Lam nin, the maj or non- collagéno . ' t menbr anes, IS
an N-Ilnked gl ycopr ot ei Q, yl | act osam ne
sequences, and is inplicated ation, growh,
differentiation, I nvasi on ns which bind

with high affinity to oli
pol y- N-acetyl | act osam ne* sequg
chains of lamininin a specij
to further study the functional
and MCP, and exani ned mhetherj;

car bohydrate side
r. | n order
an 3, we utilized CP

_found t hat : (a)
inin, (b)) MPC
while CP enhances
&Nt growt h in

properties of Bl6-Fl nurine
MCP, but not CP, inhibits =
inhibits asialofetuin-inducé*,
it; and (c) both CP and MCP i BHFE&

sem -solid nmedi um 3

COLONY  NUMBER
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CP and EHS | am nin were purchased from Sigma, St. Louis, M ssouri. MCP
was prepared by pH nodification according to

above-descri B‘Moﬁ’wbﬁcedure of Al bersheim et al. A5| aI ofmpﬁ’%@"
prepared by mld acid hydrolysis of fetuin (Spiro nethod; Gand Island

Bi ol ogical Co., Gand Island, New York) in 0.05 M H2S)4 at 80[err]C for 1
h. Reconbi nant gal ectin-3 was extracted8from bacteria cells by

single-step purification WO 96/ 01640
PCT/ US95/ 07547 - 20- t hr ough an

asialofetuin affinity colum as descrlbed el sewhere. Reconbi nant
galectin-3 eluted by Irg = v gyt dial yzed agai nst

CMF- PBS before use. Anti Entlbody was obt ai ned from
Dr. R Lotan, University Hor ser adi sh per oxi dase
(HRP) - conjugated rabbit
2' -azino-di (3-et hyl benzt
wer e purchased from Zyneg
muri ne nel anonma cells

m ni mal essenti al medi
f etal bovi ne serum nonfl

(ABTS) substrate kit
California. Bl6-F1
s nodified Eagl es’
th 10% heat -i nacti vat ed
2\MM gl ut am ne, and

Fig-438
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antibiotics. The cells were maintained at 37[err]Cin a humdified

at nosphere of 7% CJerr] and 93%air. Cel | adhemdpus9s03%47| ani ni n
-- Ti ssygy egfsdoure wells of 96-wel | plates were precoated overni ght
at 4[err]Cwth EHS | am nin (2[err]g/well) in CAlerr]- and My[err]-free
phosphat e-buffered saline, pH 7.2 (CVMFPBS), and the remaining protein

bi nding sites were bl ocked for 2 h 38 room tenperature with 1% bovi ne
serum al bum n (BSA) in CM-PBS. Cells were harvested with 0.02% EDTA in
CMF- PBS and suspended with serumfree DMEM 5 x 10[err] cells were added
to each well in DVEMywi-{h or with CP or MCP of varying concentrations.
After incubation for 2 h 15 37[err]C, non-adherent cells were washed off
wi th CVF-PBS. Adherent tells were fixed wi t h met hanol and phot ogr aphed.
The rel ative nunber of adhereni cells was determined in accordance wth

the procedure of Clier~ et Brielly, .t -¥s were stained with
nmet hyl ene bl ue fgl I OW y thexadditi off of HC -ethanol to rel ease the

dye. The optical@&densiity (650
Asi al of et ui n-i nduced honot ypi c aggr

was neasured by a plate reader.

) ation -- Cells were detached with
0. 02% EDTA I n CMF-#BS, and suspended 1 x 10[err] cell/m in CVF-PBS
with or without 20" eff]ig/ M of asial oketuin and 0.5% CP or 0.5% MCP.

Aliquots containing 0.55 m of cell suspensi on were placed in
siliconized glass tubes %ar}d agitated WW \
6.9&; ¥ e | T'“{!}i ¥ L g g 4 ¥ :: ; 6
CONCENTRATION(%) Fig-

soprveasret
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WO 96/ 01640 PCT/ US95/ 07547
-21- at 8 r 60 mnutes at 37[err]C. The aggregatio

t erm nat ed b&%%ﬂ?fgﬁ the cells with 1% fornal dehyde in CVMF- PB% s Z\ gﬁes
were used for counting the nunber of single cells, and t he resultlng
aggregati on was cal cul ated according to the foll ow ng equation: (1-Nt/Nc)
x 100, where Nt and Nc represent the nunber of single cells in the
presence of the tested conmpounds and t®& in the control buffer

(CMF-PBS), respectively. Gal ectin-3 binding to MCP--96-wel |

pl ates were coated with CMF-+#B5 contai ning 0.5% MCP and 1% BSA and dri ed
overni ght. Reconbi nant gal ectin-3 serially.di.luted i n CVF-PBS cont ai ni ng
0.5% BSA and 0. 05% Tween- 28 (sol ution A) in”t ﬁ"e’ ‘presence or absence of

50 MM | actose was added 7t};and ncubat ed ?or ~120 m nutes, after which
the wells were drained andm/vas{}hd with CIVF'-/P' s cont ai ning 0.1% BSA and
0.05% Tween-20 (sol ution Bf§ “Rat anti-gal (ﬂ 3 in solution A was added
and incubated for 60 nindges, follfje d by ¥4 < ng with solution B and

i ncubation with  HRP-conj Bat ed’ rab,b S anty~rat)1gG- 1gMin solution A
for 30 m nutes. After washing /‘_///Zatlve-i,-;_ja‘p’ounts of bound enzyne
conjugated in each well wej a§t:,. t-af-fet-by “gefdit o wﬁB‘FS. The extent
of hydrolysis was neasuredtpt 405 nm Col ony/ 4/ rmation in

sem -solid medium-- Cells#were 4 detached with 0. 02%EFA i n CVF- PBS and
suspended at 1 x 10[err] == :
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cell/m in conplete DMEMwi th or without CP or MCP of varying

concentrat i o 9ghiigaecel | s were incubated for 30 min at 37[err pErangsiorsihen
mxed 1:1 (vol/vol) with a solution of 1% agarose in distilled

wat er-conpl ete DVEM (1:4, vol/vol) preheated at 45[err]C 2 m aliquots
of the m xture were placed on top of a precast | ayer of 1% agarose in 6
cmdi aneter dishes. The cells were i ncubated for 14 days at 37[err]C, and
t he nunber of forned col onies was determ ned using an inverted phase
mcroscope after the fixation by the agdition of 2.6% glutaral dehyde in

CVF- PBS. It was previously shown that |lam nin can serve as a
| i gand for soluble galectin-3 and the B16-F1 cells express gal ectin-3
REPLACEMENT SHEET -22- nol ecul es on their

cell surface. These results together with the effects of CP and MCP on the
| ung col oni zation of i.v. injected B16-F1 cells pronpted us to initially
exam ne their effects on B16-F1 cell adhesion to lamnin in order to

eval uate
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the possible role of cell surface gal ectin-3 in such a process. As shown in
Figures 6 and 7A-C, MCP significantly inhibited cell adhesiBEIPFOFMnin in
a dose- deﬂ@ﬁﬂ@“ﬁ“ﬁanner whil e CP had no apparent effect on either cell

bi ndi ng or spreading onto | am nin. The sinple sugar inhibitor of galectin-3
| actose, did not inhibit cell adhesion to |am nin at concentrations as high
as 100 nmM (data not shown). Conpetitive binding assay utilizing soluble
reconbi nant galectin-3 failed to block cell adhesion to lamnin and the
anti-Mac-2 nonoclonal antibodies failed in this regard as well (data not
shown), suggesting that the inhibitoryggffect of MCP cannot be attributed
solely to its interruption of the interaction between gal ectin-3 and
N-acetyl | actosam nyl side chains on lamnin since cells may utilize the
integrins for binding to the protein core of |amnin. Furt her nore,
the anti-Mac-2 nonocl onal antibody is not directed against the

car bohydr at e- bi ndi ng domain of galectin-3 but rather to its N-term nal,

t hus, the exact mechani sm by which MCP bl ocks adhesion, in contrast to CP
and | actose, remains unclear. The inhibitory effect of MCP is not due to
cytotoxicity, because MCP (0.5% did not affect either viability or in
vitro growth of the cells. A good correl ati on has been established
bet ween the propensity of tunor cells to undergo honotypic aggregation in
vitro and their netastatic potential in vivo. B16 nel anoma cell clunps
produce nore lung colonies after i.v. injection than do single--cells.

Mor eover, anti-gal ectin- 3251t|body as been shown to inhibit
asi al of et ui n-i nduced honot ypi ¢ aggregati on, suggesting that}the cel
surface gal ectin-3 polgypeptij-des brifhg™about the formati on of {honotypic
aggregates follow ng %@eir nteractjon w t he side chains.#f
gl ycoproteins. As shogr i Qo 1.
B -So - ] \
=
9 a0}
o
o
20 |-
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WD 96/ 01640 | PCIAHISYSA-0F547 i
- 23- Figures 8 and 9A-0, MCP significantly reduced the|l fEMACESTENTT SHEET
honot ypi ¢ aggregates, while CP enhanced it. Mst probablyijthe 1897
non- branched MCP mi m cs the behavior of the specific sugafi Daté b G AL h
i.e., lactose, such that it masks the interjacti on of t hi = face

gal ectin-3 nol ecul es with gal actosi de resi dues of asialofetuin, resulting
in a reduced honotypi ¢ aggMETHOD FOR TREATMENTT OF |ICANCER BYSORMNncei vabl e to

assune that the structural W&i@%@ Ppe@nghed car bohydrate

polymer allows CP to serve as a cross-Iinker bridge between adjacent

cells, leading to thaischReRErRA widmEas Wilh ver@NB! bt agadeagat es.
Taken t oget her, Chpifagte.SRODER 674530 adwaie Cyltite National IhetaRitesi
by disrupting cell gEaldaland Ché|Gavetrinenti se cactainnsighbatinaties ineentdonl f or

tunor cells to formnetastatic | esi m af orenenti oned effects
of MCP to inhibit Bl16-F1 cell adh%g?lor?rt%nﬁ oy n%and honot ypi ¢

aggregation nmay be due to its interaction with galectin-3 on the cell
surface, because CP haghe PRREnPr eWeaYSdn rRovds tLnbidldy Bi6- kdinoed | esur f ace
in a | act ose- dependent manner. To address the binding of galectin-3

treating prostate cancer.
BACKGROUND OF THE INVENTION

The incidence of many forms of cancer 1s expected to
increase as the population ages. For example, prostate cancer
is the most commonly diagnosed cancer in United States men as
well as the seécond leading cause of male cancer deaths. It is
projected that in 1994 there will be 200,000 new cases of
prostate cancer diagnosed as well as 38,000 deaths from prostate
cancer and these-_numbers are expected to continue to rise as the
population ages. Approximately 50% of patients diagnosed with
prostate cancer have disease which has or will escape the
prostate. DProstate cancer metastasizes to the skeletal system
and patients typically die with overwhelming osseous metastatic
disease. As yet, there is no effective curative therapy and
very little palliative therapy for patients with metastatic

disease.

The process of tumor cell metastasis requires that cells
depart from the primary tumor, invade the basement membrane,
traverse through the bloodstream from tumor c¢ell emboli,
interact with the vascular endothelium of the target organ,
extravasate, and proliferate to form secondary tumor colonies as
described by E.C. Kobn, Anticancer Re., 13, 2553 (1993); and
‘L.A. Kiott'a, P.S. Steeg, W.G. Stettler-Stevenson, Cell 64, 327
(1991).

It 1is generally accepted that many stages of the
metastatic cascade involve cellular interactions mediated )Yy

ﬂ AMENDED - SHEET




to MCP, we enployed an enzyne-linked inmunosorbent assay where we found
t hat reconbi nant gal ectin-3 bound i nmobilized MCP in a
manner and the binding was conpl etely bl ocked by | ac
These results allow us to attribute the i nhi bitory efif ¢
honot ypi ¢ aggregation to its binding to cell surface

nol ecul es. On the ot her hand, we do not know how MCP, but not CP

i npairs B16-F1 cell adhesion to lam nin. Since pH nodification of CP,
which is a branched conpl ex polysaé%haride polymer, results in the

generation of ng e S a

conposition, P‘l[’ %ESP gsﬁﬂé&&d% ﬁqrrgérl% é&t’rcﬁtapg % HE%&gg?llof surface
gal ectin-3 m)FE‘LﬂuIcé§°“tiﬁaﬁ°ﬂoe%es€$“ﬁfb¥¥eﬁstQﬁféfﬂéﬁd Wt‘h Platte apdck- t hat
anti-integri nragyt i OdNAI |cunch: t THERY, | v :4HgB.42 REdHOMBreRdy wt taehnent to

lam nin subst rf‘{cﬁ%r)"e’ H5ErodlE tﬂé‘rem M ST SdeCRl ey ':QQét?n'extus 'P‘otm ni n

recognition by iI'nt eqgri ot |amnin receptors t he
i nteraction ofnkibiring cancemtﬁgﬂﬂseﬂﬁiﬁoﬂtili21n8 a n°n*cyt°t°Xic asent by

P_CT,;]U89|5/ OKI_54Zra1 laldministration did not exist. Thus, a Afked exi®tkf B6x€ a0al ectin-3
with pol y- N-acet ac m, ne .se ence on am act i_n concert
with integri ngh? 3P ¢ F’?ahdﬁ%mh&ﬁ rﬁk g‘qsﬁ ‘yt%f"bl °fty™ that the
i nteraction oﬁm«mbeMd¢h%mngalectln 1 havi ng the same sugar specificity as
gal ectin-3 m ght

.........................

SUMMARY OF INVERTIOR

In one aspect, the present invention provides a method of
treating cancer in mammals by the oral administration of
modified pectin, preferably water soluble pH modified citrus
pectin, as described herein to inhibit metastasis,

In another aspect, the present ixivem:ion provides a
composition for the treatment of cancer in mammals which
comprises a mixture of modified pectin, preferably pH modified
citrus pectin, and a pharmaceutically acceptable digestible
carrier for oral administration.

In still another aspect, the method and compositions of
the present invention are utilized in the therapeutic treatment
of prostate .cancer in man and other mammals to inhibit
metastasis of primary tumors.

4n

Accordingly, A the preferred embodiment the present
invention provides a novel therapy in which oral intake of a
non~cytotoxic natural complex carbohydrate rich in galactoside
residues, i..'e., pH-modified citrus pectin (MCP), acts as a

potent inhibitor of spontaneous prostate carcinoma metastasis.

When treated in accordance with the present, invention, 7

out of 16 tumor bearing rats were observed to be disease~free at

e e < e .
oras o vaan.
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affect "its processes to inpair Bl16-F1 cell adhesion to | amnin and
honot ypi ¢ aggregati on can be nost probably rul ed out since galectin-11is

a secreted protein. The ability of cells to growin sem-solid
medium 1i.e., "anchorage independence” is used as a cri terl Qn for gel |
transformati on, because this property is usually exhﬂ‘“f"t‘ ‘&ﬁ srYT

R e §uggest ed; t hat

ei.n car bohydrat g

t ransf or ned and tunorigenic cells. Previously it hds
the ability of tunor cells to interact with gl yco
residues via cell surface galectin-3 ig related t
interact with the gal actose resi dues of agar ose pol ymer of
D-gal actose  apd dxskambydspaakéai%sein &Flﬁei-o jherRbt| Qbﬁ@gﬂed)fwi@ﬂ' ony
formation in thl'ﬁ shown t hat

ot |- gal et | n- F1T0Rer SIEFERht PhATERS PAHPGIT 3f oleoroeantr® 8P o i n
agarose and t hatorehamets s ofin supverese del disi ovabhle undeat wddAlit heclgdlpr essi on

of galectin-3 mdimn§Upﬂﬁﬁ§sbmng y ! H@idict ro?i-nsﬁagwﬁ‘ioﬂ”ﬁ@&;s\’p@ause
Transfection of nornal  nouse |"ast h the nouse gal ectin-3 cDNA
results in the 4Patmerizadony anchor age- i ndependent growt h properties. To

further verify the possibility that cell surface galectin-3 play a key

role for cells to oA g%éﬁgrﬁe%"h%%% grng% qu %\%‘g ﬁfw %grfa eingcthct S of

CP and MCP on anchora t growt anona

shown in Fi gur ePTERAT ngilﬂﬂqdﬁﬁ#ﬁ@l eterushRecfin iR vsefin By Prasengel |
colonies in tHifenSRH cﬁ9|bledobm££d ¥rom I'Sigﬂa ché@ﬁﬁldeEBdesﬁ Lomoner

Simlarly, I Qse h| anchor n 130
dose- dependent a’%ritaﬁ%uerri'as vr\iel Baéet?a)‘thaasnat S {] %%141(10302% g\pl)%e#d nt
i nhi bitory effcamprefingpely H3% memﬂﬁe@trﬂﬁ@t eapdt §-BA 6b¥ 1vedghsinona

cell's. The growhdinexyln g¥0kps a@ar csﬁum&n%Zazssl&n%nnuﬁﬁﬂaﬁmajtbiﬁmcQ_r.m cells,
HT1080 human fi tg)ﬂosarcoma celj I f ﬁ @i’»?SCl. 49 uman, I anomg. (il S was
weight moisture. t Is available as a powder. xus pectin

also available from ICHR Blomedicals as Pectin 102587 RT.

A 0.5% and more preferably, a 1.0X w/v aqueous solution
(all solution concentration herein are expressed as w/v unless
otherwise indicated) of the citrus pectin 1is prepared and
sterilized uwnder UV radiation for about 48 hours. In order to
partially depolymerize the pectin, the pectin solution 1is
modified by increasing the pH to 10.0 with NaOH (3 N) for 30
minutes and then decreasing the pH to 3.0 with HCI (3N)
according to the method described by Alberscheim et al., in the
article, "A Method for Analysis of Sugars in Plant Cell Wall
Polysaccharides by 6©Gas Liquid Chromatography”, Carbohydrate
Research, 5:340-346, 1967, the entire disclosure of which is
incorporated herein by reference. After about 10 to 24 hours,
the pH of the solution is equilibrated to about 6.3. The
solution is then washed with ethanol (‘IO%?:l lan(}i er‘r‘é%ﬁng 1%%(3
acetone (100%). This results in/pectin fragments having an

average molecular mass of about 10 kd as detgmine_d by viscosity

measurements at 25 C in a Ubbelohde Ro. 1 viscometer with
sodium-hexametalphosphate at 20 mM (pH 4.5), 0.2X EDTA and
(0.9%2) NaCl according to the method of Christensen “in the
article, "Methods of Grading Pectin in Relation to the Molecular

FAMENQED’ SHEET




WD .96/ 01640 PCT/ US95/ 07547
- 25- al so equal ly inhibited. It is possible that the soluble CP and
MCP conplete with the gal actose resi dues of agarose for _
bi ndi ng, | eading to apparent growth inhibition by defr REPng - Qf
the m nimal support of the matrix required for cell [
al so may be argued that CP and MCP as well as the anfiHagal gCt

ant i bodi es possibly behave 1ike an antagoni st OF—=ap-_34§-
unr ecogni zed gl ycoconjugate grow h factgy which interacts with
gal ectin-3, or they sterically hinder the access of known growth factors
to the menbr arkeighitece@inorinsic Holsevetty tolfie pedtdod)”, (Hva8 Résearsti tro

anchor age- dependgniq L gyt hfv%g% "%'gee%ﬂ Y fbefilfizdl &l gl gsyngen C

m ce were not inpalred | ausi bly enabl es us to rule out the
af or enent i oned EFIBFPH"i é’§’ei“ Q’nc’éfflffé‘ce' alfis| 98§93 oheredr4 sthep W§FBRY i n
sen -sol id medi unloiffie8echeasin® afd | "BCHONshall CPéflert NS iegolPhdraBed t he
acqui sition of cgllyy, Sﬁﬁ@%"ref&%égf}'éﬂﬁmoﬂf@t'& peclfn utdT1zea®3h! Yne STEP

of t he post - ranst or ned Casc
present invention has a molecular mass of from about 1-15 kd and

most preferably about 10 kd and 3is preferably prepared in
accerdance with the protococl set forth ab.we and is preferably
water soluble., The dried MCP fragments may then be rehydrated
with Ca?* and Mg?*-free phosphate-buffered saline (pE 7.2)
(CMP-PBS) to a final stock solution of 0.5% (w/v).

As stated, in the present invention, MCP is administered
orally and therefore the present invention provides a
composition which contains MCP and a digestible pharmaceutical
carrier. Suitable digestible pharmaceutical carriers include
gelatin capsules in which the MCP is encapsulated if dry form,
or tablets in which MCP is admixed with m Eeyd cellulose,
hydroxypropyl methylcellulose, magnesium stearate,
microcrystalline cellulose, propyiene glycol, zinc stearate and
titanium dioxide and the 1like. The composition may be
formulated as a liquid using purified water, flavoring agents

and sucrose as a digestible carrier to make a pleasant tasting
composition when consumed by the subject.

The precise dose and dosage regimen is a function of
variables such as the subject’'s age, weight, medical history and
the' 1like. The preferred dose and dosage regimen based on the
weight of the MCP component (1.e., disregarding the digestible
carrier) effective In the treatment of cancer is a daily dose of
about 10 to about 1000 mg per kg of body weight of the subject,
The MCP 1s administered orally at equal intervais i.e., from
about 10 to about 1000 mg/kg every 24 hours and/or 2.5 to 250
mg/Kg every 6 hours. This same dosage and ddsage regimen is
preferred for use in the treatment of prostate cancer. in

[ AMENDED  sHEgT




at is clained is: 1. A method for the therapeutic treatnent of
cancer in mammals conprising orally adm nistering an effective anount of

nodi fied pectin to a mammal afflicted with cancer.

recitedin claiml1, wherein said nodified pectinis
pecti n. ‘ 3. The nethod recited in claim
nodi fied citrus pectin has an apparent average nol ec
to about 15 Kd.

~16~

2. The net hod
ied citrus

|i€wﬂv}§%%"5 HEBH b1

cytotoxic, since it has no effect on the rate of MLL cell growth
in cultured monolayers in vitro {(data not shown). MCP has
similar. ef:fects‘g-%»‘ the ability of other tumor cells to form
colonies in soft agar, including Bl6-F melanoma, UV-2237
fibrosarcoma, HT-1080 human fibrosarcoma, and A375 human
melanoma. It is not known whether the MCP blocks the binding of
the MLL cells to the galactose residues oi{ agar, or competes
with the binding of a carbohydrate-containing growth factor(s)
with the cell surface galectin-3. Similarly, it is not known
whether the MCP inhibition of tumor ceil lung colony formation
is vivo is mimicked by the inhibition of colony formation in
vitro, although such a correlation appears to exist (Figure 1
and Figure 4).

The results presented here provide a new, nontoxic, oral
method to prevent spontaneous prostate cancer netastasis. In
preliminary experiments, we have found that galectin-3 is
present in human prostate cancer pathologic tissue specimens as
well as the human prostate adenocarcinoma cell line PC-3. For
immunohistochemistry, 5 um formalin fixed paraffin embedded
primary prostatic adenocarcinoma sections were deparaffinized,
rehydrated and microwaved (medium - high) for 10 minutes in 1 mM
sodium citrate buffer. After washing in PBS sections were
blocked in normal goat serum for 30 minutes, and then incubated
with the primary antibody rat anti-galectin-3-TIB-166 monoclonal
antibody. Sections were then washed within DPBS for 30 minutes
and then incubated with blotinylated anti-rat IgE, washed, and
incubated with avidin-biotinylated horse radish peroxidase
followed by a peroxidase substrate 3'-3'-diaminobenzidine.
Sections were counterstained with 3% methyl green and mounted
with gelatin-glycerin. The section demonstrated in Figure 5 is
from a patient with invasive prostate cancer. PC-3 cell extract
was- immunoblotted and analyzed for the presence of human
galectin~3 as described in the legend to Pigure 2.~ The

expression of galectin-3 in specimens of human prostate was

ﬂ AMENDED  SHggy
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4. The nethod recited in claim1l, wherein said cancer is prostate cancer.
5. The nmethod recited in claim1l, wherein said cancer is human prostate
cancer. 6. The nmethod recited in claim1, F:.:;»‘.:;,t,‘ sai d nodified
pectin is present in admixture with a pharng ' '
digestible carrier. 7. The nethod recitg
wherein said treatnment of cancer is the inhibitio
8. A conposition for the therapeutic treatnenss =calllgr+-i-aj
conprising a mxture of a nodifi pectinyand a phar rraceutlcal y eptabl e
di gestible oral carrier. 9. The conposition recited in claimS8,
wherein said nocmined pecinmaneld spdthmsiitky esidi tTIPslffecdntii—galectin-3

nmonoclonal antibodies. The galectin-3 was mainly expressed in

the prostate carcinoma cells with little stromal staining and
variable normal epithelial staining (Figure 5). Galectin-3
staining with this antibody was associated with intense nuclear,
cytoplasmic, and cell surface staining. Further investigations
will determine the role of galectin-3 in normal and cancerous
prostate tissue as well as the ability of mci» in inhibit human
prostate metastasis in nude mice. MCP molecules appear to be
absorbed into the blood stream after oral administration and
compete with the natural 1ligand(s) recognition of tumor cell
surface galectins essential for the successful establishment of
secondary tumor cell colonies. Further work ﬁ' underway to
characterize the active moieties of MCP as well as their serum
levels since little is known about the molecular features of the
pectins. It appears that the effect of MCP is in the early
stages of metastasis, possibly inhibiting the formation of tumor
cell emboll as well as inhibiting the interaction of cancer
cells with the endothelium of target organ, rather than late
events such as metastatic cell growth since MCP has no effect on

MLL primary tumor growth or angiogenesis.

Since natural citrus pectin (CP) and pH-modified citrus
pectin (MCP) are highly branched and non-branched complex
polysaccharides, respectively, rich in galactoside residues,
capahle of ©binding to the carbohydrate-binding domain of
galectin-3, we studied the effects of CP and MCP on cell-cell
and cell-matrix interactions mediated by
carbohydrate-recognition. MCP, but mnot CP, inhibited B1l6-Fl
melanoma cells adhesion to laminin and asialofetuin~induced
homotypic: aggregation. Both MCP and Cp inhibited
anchorage-independent growth of Bl16~F1 cells in semisolid
medium, ie., agarose. These results indicate that
carbohydrate-recognition by cell surface galectin-3 -may be
involved in cell-extracellular matrix interaction and play a
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-27- 10. The conposition recited in claim9, wherein said pH

nodi fied citrus pectin has an apparent nol ecul ar weight of from about
1 kd -to about 15 Kd. 11. The et hod reC|ted in claim 3,
wherein said pH nodi fied citrus pectin has anF&ppa EHERt

mol ecul ar wei ght of about 10 Kd. LAQWE%% Tt fjon
recited in claim10, wherein said pH nodi fi ed mtrusgongvwg :
apparent nol ecul ar wei ght of about 10 Kd. SIS0 S Rt

nmethod recited in claiml, wherein said opglified PECTTIT TS wWat

sol ubl e. 14. The conposition recited in laim@8, wherein
said nodi f | sdlepadst ianchozagwtindependand| growth as well as 1the inAvipet hod

of preventing GARCEN1&PIP duibP e .2l 1Y

More specifically, endogenous vertebrate
galactoside-binding lectins have been identified and
characterized in a diversity of tissues and cells. The lectins
are divided into two abundant classes based on their sizes, the
molecular masses of which are ~14 kDa and ~30 XDa that have been
recently designated as galectin-1 and galectin-3, respectively.
Galectin-3 represents a wide range of molecules i.e., the murine
34 XDa (mL-34) and buman 31 Xkba (hL-31) tumor-associated
galactoside-binding lectins, the 35 kDa fibroblast
carbohydrate-binding protein (CBP35), the IgE-binding protein
(eBP), the 32 XxDa macropbage non-integrin laminin-binding
protein (Mac-2), and the rat, mouse, and human forms of the 29
kDa galactosi&e—binding lectin (1-29). Molecular cloning
studies have revealed that the polypeptides are identical. The
galectin~-3 contain two structural domains, an amino-terminal
domain containing a collagen-like sequence and globular
carboxy-terminal domain encompassing the galactoside—bip%{xng
site. VWhether all of the above-mentioned galactoside-
lectins share the same natural ligand(s) is not yet Xknown.
Although galectin-3 has been considered to be an S5-type lectin
that requires reducing conditions for 1its carbohydrate-binding
activity, recent studies have produced evidence to the
contrary. Several lines of analysis have demonstrated that the
galectins participate in cell-cell and cell-matrix interactions
by recognizing and binding complementary glycoconjugates and
thereby play a crucial role in various normal and pathological
processes.

Galectin-3 is highly expressed by activated macrophages
and oncogenically transformed and metastatic cells. Elevated
expression of the polypeptide is associated with an 4ncreased
capacity for anchorage~independent growth, homgtypic
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adm nistering nodified pectin to a manmal .
t herapeutic treatnent of cancer in mammal s conpri sing

-16. A nethod for the
orally

adm nistering to a manmmal afflicted with cancer a therapeutically effective
amount _of nodified 17. The met hod according to cIa|n116

wherein sai d nodified pectin conprises pH nodified

The met hod according to claim 16, wherein said nodif eﬂﬁﬁkﬁﬁﬁMﬁ%ﬁﬁﬁEEE

nodi fied citrus pectin.

.............................

-22—

molecules on their cell surface. These results together with
the effects of CP and MCP on the lung colonization of i.v.
injected B16-Fl1 cells prompted ns to initially examine their
effects on Bl6~F1 cell adhesion to laminin in order to evaluate
the possible role of cell surface galectin-3 in such a process.
As shown in Figures 6 and 7A-C, MCP significantly inhibited cell
adhesion to laminin in a dose-dependent manner, while CP had no
apparent effect on either cell binding or - spreading onto
laminin. The simple sugar inhibitor of galectin-3 lactose, did
not inhibit cell adhesion to laminin at concentrations as high
as 100 mM (data not shown). Competitive binding assay utilizing
soluble recombinant galectin-3 failed to block cell adhesion to
laminin and the anti-Mac-2 monoclonal antibodies failed in this
regard as well (data not shown), suggesting that the inhibitory
effect of MCP cannot be attributed solely to its interruption of
the interaction between galectin-3 and N-acetyllactosaminyl side
chains on laminin since cells may utilize the integrins for
binding to the protein core of laminin, Furthermore, the
anti~Mac-2 monoclonal antibody is not directed against the
carbohydrate-binding domain of galectin-3 Dbut rather to its
N-terminal, thus, the exact mechanism by which MCP blocks
adhesion, in contrast to CP and lactose, remains unclear. The
inhibitory effect of MCP is not due to cytotoxicity, because MCP
{0.5%) did not affect either viability or in vitro growth of the
cells,

A good correlation has been established between the
propensity of tumor cells to undergo homotypic aggregation in
vitro and thelr metastatic potential in vivo. Bl6 melanoma cell
clumps produce more lung colonies after i.v., injection than do
single-cells. Moreover, anti-galectin-3 antibody has been shown
to inhibit asialofetuin-~induced homotypic aggregation (14);
suggesting that the cell surface galectin-3 polypeptides bring
about the formation of homotypic aggregates following their
interaction with the side chains of glycoproteins. As shown in
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19.  The method according to claim18, wherein said nodified citrus pectin
conprise§"”5FrﬁﬁaT?Téd citrus pectin. 20. The nmet hod according to

claim17 [ “mm-{ nodi fied pectin has an apparent average
mol ecul 6”“”%!“% 1 to about 15 Kd. 21. The net hod
according~tc cltai h 20, Wherein said pH nodified citg et ras—an
apparent average nol ecul ar wei ght of about 10 Kd. REPLACEMENT SHEET®
according to claim 19, wherein said pH nodified cititus pﬁ&t iNﬁVh?ffBTan
apparent average nol ecul ar wei ght of abqg 1 to aboytDatg¥.Kd

The net hod according to claim?22, wherein said pH noOTTTed Crtrus—pe
has an apparent average nol ecul ar wei ghhpgf about 10 Kd. 24. The
met hod accor
cancer.
conprises human
claim 16, wherei
pharmaceutical ly

S O——hRaas—&n

R R P TP R

L.I\J

25. The net hod according to claim16, wherein said cancer
t0$§ adleimedaner . 26. The net hod according to
said nodified pectin is present in admxture with a

ce{)t abl e digestible carrier.
. A method for the therapeutic treatment of cancer in

comprising orally administering an effective amount of
modified\pectin to a mammal afflicted with cancer.
2. e method recited in claim 1, wherein said modifled
pectin is pH modified citrus pectin.
3. The
modified citrus peckin has an apparent average molecular weight

thod recited in claim 2, wherein said pH
of about 1 to about 13 Kd.

4, The method regited in claim 1, wherein said cancer

is prostate cancer.

5. The method recited\in claim ), wherein said cancer

is human prostate cancer,

6. The method recited in claim 1, wherein said modified
pectin is present in admixture ith a pharmaceutically

acceptable digestible carrier.

7. The nmethod recited in claim\ 1, wherein said
treatment of cancer is the inhibition of metastasis.

8. A composition for the therapeutic \ treatment of

cancer in mammals, comprising a mixture of a modified pectin and

a pharmaceutically acceptable digestible oral carrier.

. 9. The composition recited in claim 8, whereik said
. modified pectin is pH modified citrus pectin

o
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27.. The nmet hod accord| ng to claim16, wherein said treatnent of cancer
conpri ses tastasis. 28. The met hod according to
claim 16, fied pectin is water sol uble. 29. A
met hod of preventing cancer conprising orally adm ni 1-i-ng--mpdified pectl n
to a manmal . 30. The nmet hod according to Immﬁ&% W@ﬁ&ﬁh@r

cancer conprises prostate cancer.
according to claim?29, wherein said cancer conprise Ebuma@legyt

---------------------

cancer . —27- ;

10. The composition recited in claim 9, wherein said pH
modified citrus pectin has an apparent molecular weight of from
about 1 -to about 15 Kd.
11. method recited in claim 3, wherein said pH
' modified citrus

of about 10 Kd.

ectin has an apparent average molecular weight

12. The composition recited in claim 10, wherein said pH
modified citrus pectin has\an apparent molecular weight of about
10 Kd.

13. The method recited in’¢laim 1, wherein said modified
pectin is water soluble.

14, The composition recited in glaim 8, wherein said

modified pectin is water soluble.

15. A method of preventing cancer comprising orally
administering modified pectin to a mammal.

——16. A method for the therapeutic treatment of cancer in mammals comprising orally

administering to a mammal afflicted with cancer a-therapeutically effective amount of modified

pectin.
17. The method according to claim 16, wherein said modified pectin comprises pH
- modified pectin. -
18.  Thé method according to claim 16, wherein said modified pectin comprises

modified citrus pectin.
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32. - A nmet hod of preventing-cancer conprising orally adm nistering pectin

havi ng an
manmal .

adm ni stering*sub

a? k nol ecul ar wei ght of about 1 to about 15 kd to a
ﬂmﬂgﬂ”"’ﬁgﬂ Hﬂod of preventing cancer conprising orally
stan s denet hoxyl at ed pol ygal acturoni c acid

*

interrupted with rharmmose residues to a mammal . 34. A net hod
for treatnment of cancer in manmals conprising orally gdm-pi-Ster-Rg-ts :
manmal afflicted with cancer a therapeutically effectijvecrriROBPMENT Spﬁﬁtrﬁ)

havi ng an
35. The
partially
cl ai m 35,
average m
to claim
38. The
cell can
ovarian c
bl adder ¢

apparent average nol ecul ar wei ght of about {{l to @@LNOV_S, . I
met hod according to claim 34, wherein said geohien..conprl.ses...... J
depol yneri zed pectin. 362g. The netthed H
wherein said partially depolynmerfized pectin has an apparent

bl ecul ar wei ght of about 10 kd. 37. The net hod accordi ng

B4, whek%i n Bmimethed accadding td clah | 8ewvlicraalisgibmpdified sitrus/prctn comprises €.

nmet hod according to claim34, wherein said cancer conprises renal

CepH miédffiedicitauspactirona, chronic | eukem a, breast cancer, sarcomnm,

Ar ci noma, rectal cancer, throat cancer, nelanoma, colon cancer,

ancer, amRst ofhétridiiod dcdbxdlingd eRim 17, wherein said pH modified pectin has an

apparent average molecular weight of about 1 to about 15 Kd.

21. . The method according to claim 20, wherein said pH modified citrus pectin has an
apparent average molecular weight of about 10 Kd.

22.  The method according to claim 19, wherein said pH modified citrus pectin has an
apparent average molecular weight of about 1 to about 15 Kd.

23.  The method according to claim 22, wherein said pH modified citrus pectm has an
'_ apparent average molecular weight of about 10 Kd.

24.  The method according to claim 16, wherein said cancer comprises prostate cancer.

25. The method according to claim 16, wherein said cancer comprises human prostate
cancer.

26.  The method according to claim 16, wherein said modified pectin is present in
admixture with a pharmaceutically acceptable digestible carrier.

27.  The method according to claim 16, wherein said treatment of cancer comprises
inhibition of metastasis.

28.  The method according to claim 16, wherein said modified pectin is water soluble.

29. A'n.xethod of preventing cancer comprising orally administering modified pectin
to a mammal.

30.  The method according to claim 29, wherein said cancer comprises prostate cancer.

)
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manary adenoearcinome, pharyngeal squanous cell carcinoma,

gastroi ntestingl cancer, Stomach cancer, or prostate cancer.

- 30- aEﬂ Um according to claim 38, wherein said cancer
conprises bre , Wtoma, | ung cancer, or prostate cancer.

40. The net hod dccér df ngs | ai m 38, wherein said cancer conprises

mel anona. 41. The nmethod according to claim 38, wherein said
cancer conpri ses prostate cancer. 42. The =

claim 41, wherein said cancer conprises human prostate

43. A rret hod for treatnent of cancer in mammals conpr

admnistering to 29 N I
229 | Dateitiaerereeeinnns : t

BRPERCEMENT SHEET |
SIng

31.  The method according to claim 29, wherein said cancer comprises human prostate

- cancer.

32. A method of preventing cancer comprising orally administering pectin baving an

apparent average molecular weight of about 1 to about 15 kd to a mammal.

33. A method of preventing cancer comprising orally administering substantially
demethoxylated polygalacturonic acid interrupted with rhamnose residues to a mammal.
34. A method for treatment of cancer in mammals comprising orally administering to

a mammal afflicted with cancer a therapeuticaily effective amount of pectin having an apparent

average molecular weight of about 1 to about 15 kd.

35.  The method according to claim 34, wherein said pectin comprises partially
depolymerized pectin.

36.  The method according to claim 35, wherein said partiaily depolymerized pectin
bas an apparent average molecular weight of about 10 kd.

37.  The method according to claim 34, wherein said partially depolymerized pectin is

water soluble.

38.  The method according to claim 34, wherein said cancer comprises renal cell
cancer, Kaposi's sarcoma, chronic leukemia, breast cancer, sarcoma, ovarian carcinoma, rectal
cancer, throat cancer, melanoma, colon cancer, bladder cancer, mastocytoma, lung cancer,
mammary aderrdz;arcinoma, pharyngeal squamous cell carcinoma, gastrointestinal cancer,

stomach cancer, or prostate cancer.
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a mamal afflicted with cancer a therapeutically effective anount of pectin
which binds to tunor cell|l surface carbohydrate binding proteins.

44, A rret Um"e“llﬁmuﬁm of cancer in mammals conprising orally
adm ni sterl fflicted with cancer a therapeutically
effective anmount Of pecfl n capable of binding to the car bohydrate domai n

' &%an

of gal ectin-3. 45, A net hod for treatnent
conprising orally admnistering to a mammual afflict
therapeutically effective amount of a substantially t

pol ygal acturonic acid interrupted with rhamose resi ma QCNW %gfj
nmet hod according to claim27, wherein said dified .-........=..... .
nodi fied pectin. 47. The net hod according to clai m 46, wher ei n
said nodified pectin conprises nodified citrus pectin. 48. The
nmet hod acgordi ng39.0 Ccihe iethéd atoffind 10 clam® 3 Whiréih 84ld 6aricEtonpicds breaSO¥REdrS €S
pH nodi fiped citrus pectin.

- melanoma, lung cancer, or prostate cancer.

40.  The method according to claim 38, wherein said cancer comprises melanoma.
41.  The method according to claim 38, wherein said cancer comprises prostate cancer.
42. . The method according to claim 41, wherein said cancer comprises human prostate
cancer.
43. A method for treatment of cancer in mammals comprising orally administering to
a marnmal afflicted with cancer a therapeutically effective amount of pectin which binds to tumor
cell surface carbohydrate binding proteins.
. 44. A method for treatment of cancer in mammais comprising orally administering to
'_ a mammal afflicted with cancer a therapeutically effective amount of pectin capable of binding to
the carbohydrate domain of galectin-3.
45. A method for treatment of cancer in mammals comprising orally administering to
a mammal afflicted with cancer a therapeutically effective amount of a substantially
demethoxylated polygalacturomic acid nterrupted with thamnose residues.
46.  The method according to claim 27, wherein said modified pectin comprises pH. :
modified pectin.
47. The method according to claim 46, wherein said modified pectin comprises
modified citrus pectin.
- 48.  The method according to claim 47, wherein said modified citrus pectin comprises

pH modified citrus pectin.
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-31- . 49. The net hod according to claim46, wherein said pH
modi fi edpeetin has an__apparent average nol ecul ar wei ght of about | to
about 15 Kd. 5 The net hod according to claim49, wherein said

0.
pH rmdifimj! apparent average nol ecul ar wei ght of about 10
Kd. ,* ,jﬁﬂﬂmuﬂﬁtumh or treatnent of cancer in mamrals conpri sing
orally q_dm'nisteri'hg%o*amamml afflicted with cangeF=an . pecti n
havi ng an apparent average.nol ecul ar wei ght of aboul I
f
............... o

effective to inhibit netastasis. 52. A net
wi th cancer an anount of substantially denet hoxyl at ed~potrsryal.act.urdiic 'aci d

cancer in manmals conprising orally adm nistering to

interr u?t ed with rhamose residues effect™ve to inhibit netastasis.
49.  The method according to claim 46, wherein said pH modified pectin has an
- apparent average molecular weight of about 1 to about 15 Kd.
50.  The method according to claim 49, wherein said pH mo;diﬁed pectin has an
apparent average molecular weight of about 10 Kd.
- 51. . A method for treatment of cancer in mammals comprising orally administering to
a mammal afflicted with cancer an amount of pectin having an apparent average molecular
weight of about 1 to about 15 kd effective to inhibit metastasis.
52. A method for treatment of cancer in mammals comprising orally administering to
a mammal afflicted with cancer an amount of substantially demethoxylated polygalacturonic acid
" interrupted with thamnose residues effective to inhibit metastasis.
53. A method for treatment of cancer in mammals comprising orally administering to
a mammal affficted with cancer an amount'of pectin which binds to tumor cell surface
carbohydrate binding proteins effective to inhibit metastasis.
54. A method for treatment of cancer in mammals comprising orally administering to

a mammal éﬁlicted with cancer an amount of pectin which binds to tumor cell surface

carbohydrate binding proteins effective to inhibit metastasis.-—
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