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TISSUE TARGETING

CLAIM OF PRIORITY

[0001] This application claims priority to U.S. Application Serial No. 61/325,146, filed
April 16, 2010. The disclosure of the prior application is considered part of (and is incorporated

by reference herein) the disclosure of this application.

BACKGROUND OF THE INVENTION

[0002] Many anti-cancer agents attack cancer cells and normal cells alike. Therapeutic
approaches to selectively target cancer tissues while minimizing toxic effects against normal

tissues are therefore an important pursuit.

SUMMARY OF THE INVENTION

[0003] The invention is based, at least in part, on the discovery that a low molecular
weight heparin described herein (e.g., a LMWH lacking substantial anticoagulant activity, e.g.,
M402) conjugated to a heterologous agent exhibited selective accumulation at the site of a
primary tumor when administered to an experimental animal. Accordingly, the invention
features, inter alia, methods to deliver and target an agent, e.g., a therapeutic or imaging agent,
to a tumor site in a subject. Also included are related methods to deliver and target an agent,

e.g., a therapeutic or imaging agent, to a site of inflammation, fibrosis or infection in a subject.

[0004] A “conjugate” as used herein, is a composition comprising a LMWH described
herein linked to a heterologous active agent, such that the linkage remains substantially intact in
the body of a subject after administration at least until the conjugate is targeted to a specified site
(such as a tumor site). The LMWH and heterologous agent may be linked (e.g., covalently
coupled) directly or via a linker or spacer. The linkage may be stable or cleavable (e.g., asin a

prodrug) after targeting to the tumor site.

[0005] A “linker” or “spacer as used herein, may be any molecule that would be

recognized and understood by a skilled artisan. These molecules may include moieties that are
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homo-bifunctional or hetero-bifunctional. In general, homo-bifunctional moieties include
identical reactive groups while hetero-bifunctional moieties include non-indentical reactive
groups. These reactive groups can be chosen from any commonly accepted functional groups
that are associated with linking or cross-linking biologically relevant molecules (e.g., hydrazides,
N-hydrosuccinimides or dimethyl suberimidates). Molecules used as a linker and/or spacer may
include a number of classes or compounds including polymers (e.g., a PEG polymer,
polyacrylamide and other biologically compatible polymers), dyes and other compounds known

to be useful in the linking and cross-linking of biologically relevant molecules (e.g., LMWHs).

[0006] “Targeting” of an agent to a tissue site with a conjugate described herein means
that the agent is delivered to the site at a rate, and/or in an amount, and/or for a time greater than

the agent would be delivered to the site if it were not conjugated as described herein.

[0007] As used herein, the term "subject” is intended to denote a human or non-human
mammal, including, but not limited to, companion animals and experimental animals, such as a

dog, cat, horse, cow, pig, sheep, goat, rabbit, guinea pig, primate, rat and mouse.

DESCRIPTION OF THE FIGURES

[0008] Figure 1 shows the distribution of fluo-M402 (upper panels) and free dye (lower

panels) in tumor-bearing mice.

[0009] Figure 2 is a graph showing a time course of the level of fluorescent signal in the

primary tumor in mice injected with fluo-M402 or free dye.

[00010] Figure 3 is a graph showing the accumulation of titrated M402 at the tumor site

in tumor-bearing mice following a single sc dose of “H-M402,

[00011] Figure 4 shows the distribution of fluo-M402 in tumor-bearing mice and non-

tumor bearing mice 24 hr after a single daily sc dose of fluo-M402 for 6 consecutive days.

[00012] Figure 5 represents graphs showing the accumulation of fluo-M402 in a number
of different tissues (e.g., tumor, liver, spleen) 24h after the last of 7 daily injections of fluo-M402

for 7 consecutive days.
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[00013] Figure 6 represents graphs showing a time course of the level of fluorescent
signal in the primary tumor, salivary glands and liver in mice treated with a single daily injection

of fluo-M402 for 7 consecutive days.

DETAILED DESCRIPTION

[00014] Biodistribution studies indicated that M402 accumulates and persists in a tumor
site, showing that M402 can be used to target a heterologous agent to a tumor site. Such
targeting is useful, e.g., for one or more of: to preferentially deliver the agent to a target tumor
site; to increase the half life of the agent compared to a non-targeted agent; to provide a slower
release of the agent into the bloodstream compared to a non-targeted agent; to decrease the
effective dose of the agent compared to a non-targeted agent; to lower a subject’s resistance to

the agent compared to a non-targeted agent.

Targeting moiety

[00015] A LMWH described herein can be used to target a heterologous agent (e.g., a
therapeutic or imaging agent) to a tumor site. Such a LMWH can have one or more of the
following features: anti-Xa activity less than 50 IU/mg, 20 IU/mg, 10 IU/mg, 5 IU/mg or less;
glycol split uronic acid residues (e.g., less than 50%, 40%, 30%, 20% glycol split uronic acid
residues); no more than 3 glycol split uronic acid residues (Ug) per polysaccharide chain; greater
than 40% U,sHys 6s disaccharide residues; degree of desulfation less than 40%; one or more
polysaccharide chains have a 4,5-unsaturation of a non-reducing end uronic acid residue; one or
more polysaccharide chains have a 2,5-anhydromannitol residue at the reducing end; weight
average molecular weight of between 3,500 and 8,000 Da, e.g., between 4,000 and 8,000 Da; and

a molecular weight distribution described herein.

[00016] Examples of targeting agents described herein include polysaccharide

preparations that include chains that include the following:
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[UW'HX,y,Z] m”~ [UG'HX,y,Z] n

wherein U indicates a uronic acid residue and H indicates a hexosamine residue, wherein
m and n are integers such that m = 6-18, and n = 1-4, w = -20S or —20H, x = -NS or -NAc, y =
—30S or -30H, z =-60S or —-60OH,

00

and Ug = HO OH

wherein the symbol ~ indicates that the units marked m and n are distributed along the

polysaccharide chain and are not necessarily in sequence.

[00017] For example, the following polysaccharide chain is encompassed by this

embodiment:
[UG'HX,y,Z] - [UW'HX,y,Z] - [UG'HX,y,Z] - [UW'HX,y,Z] - [UW'HX,y,Z] - [UW'HX,y,Z]

[00018] In addition, each of w, X, y, and z can be the same or different for each occurrence

of [Uw-Hx y..], and each of x, y, and z can be the same or different for each occurrence of [Ug-

HX’Y’Z]. Each occurrence of U can independently be an iduronic acid (I) or a glucuronic acid (G).

[00019] The polysaccharide preparation can have anti-Xa activity and anti-Ila activity
each less than 50 IU/mg (e.g., anti-Xa activity less than about 40 IU/mg, 30 1U/mg, 20 IU/mg, 15
IU/mg, 10 IU/mg, 5 IU/mg, 4 IU/mg, 3 IU/mg, 2 IU/mg or 1 IU/mg; or from about O to 50
IU/mg, about 0 to 40 IU/mg, about 0 to 30 IU/mg, about 0 to 25 IU/mg, about 0 to 20 IU/mg,
about 0 to 10 IU/mg, about 0 to 5 IU/mg, about 5 to 10 IU/mg, about 5 to 15 IU/mg, or about 5
to 20 IU/mg; and anti-1la activity less than about 40 IU/mg, 30 IU/mg, 20 IU/mg, 15 IU/mg,

10 1IU/mg, 5 IU/mg, 4 IU/mg, 3 1U/mg, 2 IU/mg or 1 IU/mg; or from about O to 50 IU/mg, about
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0 to 40 IU/mg, about 0 to 30 IU/mg, about 0 to 25 IU/mg, about 0 to 20 IU/mg, about 0 to 10
IU/mg, about 0 to 5 IU/mg, about 5 to 10 IU/mg, about 5 to 15 IU/mg, or about 5 to 20 IU/mg);

and

[UW'HX,y,Z] m- [UG'HX,y,Z] n~ [UW'HX,y,Z] o~ [UG'HX,y,Z]p' [UW'HX,y,Z] q

wherein U indicates a uronic acid residue and H indicates a hexosamine residue, wherein
m-q are integers such that: m = 0-10, n=0- 3, 0 = 0-10, p =0-3, ¢ = 0-10, w =-20S or -20H, x
=-NS or —-NAc, y =-30S or —30H, z = -60S or -60H,

00

and Ug = HO OH :

wherein w, x, y, and z are each the same or different on each unit marked m, n, o, p, or q.
In some embodiments, the sum of n + p is less than or equal to 4 (e.g., less than or equal to 3, 2,
1, or 0). In some embodiments, the sum of nand pis 4, 3,2 or 1. In some embodiments, the
sum of m, o and q is between 4 and 18, e.g., 4-8, 4-9, 4-10, 4-11, 4-12, 4-13, 4-14, 4-15, 4-16 or
4-17. In some embodiments, the preparation has a weight average chain molecular weight
between 3,500 and 7,000 Da, e.g., 4,300 and 7000 Da, 4,500 and 7,000 Da, 4,700 and 7,000 Da
and 5,000 and 7,000 Da.

[00020] In addition, each of w, X, y, and z can be the same or different for each occurrence

of [Uy-Hy y .1, and each of x, y, and z can be the same or different for each occurrence of [Ug-

HX’Y’Z]. Each occurrence of U can independently be an iduronic acid (I) or a glucuronic acid (G).

[00021] The polysaccharide preparation can have anti-Xa activity and anti-Ila activity
each less than 50 IU/mg (e.g., anti-Xa activity less than about 40 IU/mg, 30 1U/mg, 20 IU/mg, 15
IU/mg, 10 IU/mg, 5 IU/mg, 4 IU/mg, 3 IU/mg, 2 IU/mg or 1 IU/mg; or from about O to 50
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IU/mg, about 0 to 40 IU/mg, about 0 to 30 IU/mg, about 0 to 25 IU/mg, about 0 to 20 IU/mg,
about 0 to 10 IU/mg, about 0 to 5 IU/mg, about 5 to 10 IU/mg, about 5 to 15 IU/mg, or about 5
to 20 IU/mg; and anti-1la activity less than about 40 IU/mg, 30 IU/mg, 20 IU/mg, 15 IU/mg,

10 1IU/mg, 5 IU/mg, 4 IU/mg, 3 1U/mg, 2 IU/mg or 1 IU/mg; or from about O to 50 IU/mg, about
0 to 40 IU/mg, about 0 to 30 IU/mg, about 0 to 25 IU/mg, about 0 to 20 IU/mg, about 0 to 10
IU/mg, about 0 to 5 IU/mg, about 5 to 10 IU/mg, about 5 to 15 IU/mg, or about 5 to 20 1U/mg).

[00022] Anti-Ila Activity: Anti-1la activity is calculated in International Units of anti- Ila

activity per milligram using statistical methods for parallel line assays. The anti-Ila activity

levels described herein are measured using the following principle.

Polysaccharide (PS) + ATIII— [PS o ATIII]
J1E]
PS o ATIII—[PS o ATIII o I1a] + Ila (Excess)

ITa (Excess) + Substrate — Peptide + pNA (measured spectrophotometrically)

[00023] Anti-factor Ila activity is determined by the sample potentiating effect on
antithrombin (ATIII) in the inhibition of thrombin. Thrombin excess can be indirectly
spectrophotometrically measured. The anti-factor Ila activity can be measured, e.g., on a
Diagnostica Stago analyzer or on an ACL Futura3 Coagulation system, with reagents from
Chromogenix (S-2238 substrate, Thrombin (53 nkat/vial), and Antithrombin), or on any
equivalent system. Analyzer response is calibrated using the 2nd International Standard for Low

Molecular Weight Heparin.

[00024] Anti-Xa Activity: Anti-Xa activity of a preparation is calculated in International

Units of anti-factor Xa activity per milligram using statistical methods for parallel line assays.
The anti-factor Xa activity of preparations described herein is measured using the following

principle:

PS + ATII — [PS ¢ ATIII]
FXa
PS o ATIII — [PS o ATIII ® FXa] + FXa(Excess)
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IXa (Excess) + Substrate — Peptide + pNA (measured spectrophotometrically)

[00025] The anti-factor Xa activity is determined by the sample potentiating effect on
antithrombin (ATIII) in the inhibition of activated Factor Xa (FXa). Factor Xa excess can be
indirectly spectrophotometrically measured. Anti-factor Xa activity can be measured, e.g., on a
Diagnostica Stago analyzer with the Stachrom® Heparin Test kit, on an ACL Futura3
Coagulation system with the Coatest® Heparin Kit from Chromogenix, or on any equivalent
system. Analyzer response can be calibrated using the NIBSC International Standard for Low

Molecular Weight Heparin.

[00026] Molecular Weight and Chain Length: When weight average molecular weight of a

preparation is determined, a weight average molecular weight of about 3500 to 8000 Da, about
3500 to 6300 Da, preferably about 4000 to 6000 Da, about 4200 to 5900, or about 4300 to 5800
Da, indicates that a significant number of chains in the polysaccharide preparation are of
sufficient chain length. “Weight average molecular weight” as used herein refers to the weight
average in daltons of chains of uronic acid/hexosamine disaccharide repeats. The presence of
non-uronic acid and/or non-hexosamine building blocks are not included in determining the
weight average molecular weight. Thus, the molecular weight of non-uronic acid and non-
hexosamine building blocks within a chain or chains in the preparation should not be included in
determining the weight average molecular weight. The weight average molecular weight (M) is
calculated from the following equation: My, = > (cim;)/ Y ci. The variable ¢; is the concentration
of the polymer in slice i and m; is the molecular weight of the polymer in slice i. The
summations are taken over a chromatographic peak, which contains many slices of data. A slice
of data can be pictured as a vertical line on a plot of chromatographic peak versus time. The
elution peak can therefore be divided into many slices. The weight average molecular weight
calculation is average dependant on the summation of all slices of the concentration and
molecular weight. The weight average molar weight can be measured, e.g., using the Wyatt
Astra software or any appropriate software. The weight average molecular weights described
herein are determined by high liquid chromatography with two columns in series, for example a

TSK G3000 SWXL. and a G2000 SWXL, coupled with a multi angle light scattering (MALS)
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detector and a refractometric detector in series. The eluent used is a 0.2 M sodium sulfate, pH

5.0, and a flow rate of 0.5 ml./min.

[00027] A determination of whether a polysaccharide preparation includes chains of
sufficient chain length can be made, for example, by determining the average chain length of the
chains in the preparation and/or by determining the weight average molecular weight of chains
within the preparation. When average chain length is determined, an average chain length of
about 5 to 22, e.g., about 7 to 18, typically about 7 to 14 or 8 to 13 disaccharide repeats, indicates

that a significant number of chains in the preparation are of sufficient chain length.

[00028] “Average chain length” as used herein refers to the average chain length of uronic
acid/hexosamine disaccharide repeats that occur within a chain. The presence of non-uronic acid
and/or non-hexosamine building blocks (e.g., attached PEG moieties) are not included in
determining the average chain length. Average chain length is determined by dividing the
number average molecular weight (Mn) by the number average molecular weight for a

disaccharide (500 Da).

[00029] Glycol Split Uronic Acids: A polysaccharide preparation described herein can

include an opening of the glycoside ring, conventionally called reduction-oxidation (RO)
derivatives. In these preparations, one or more glycoside rings having vicinyl diols that are
opened, e.g., at the bond between C2 and C3, by means of an oxidation action, followed by a
reduction. The compounds referred to herein will also be called “Glycol Split” derivatives. In a
further embodiment of the invention described herein, the glycol split residues lend themselves
to the subsequent functionalization. Therefore, the compounds may also bear equal or different
groups, in place of the primary hydroxy groups deriving from glycol split, for example, aldehyde
groups, methoxy groups, or oligosaccharide or peptide groups, ranging from a single saccharide

or amino acid to more than one unit of length, e.g., 2 or 3 units.

[00030] In some embodiments, fewer than 50% of the uronic acid residues are glycol split
uronic acid residues (e.g., less than 40%, 30%, 25%, or 20% of the uronic acid residues are

glycol split uronic acid residues).
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[00031] Reducing End Structures: In some instances, at least about 50% of the chains in a

polysaccharide preparation described herein have a modified reducing end structure such as a
2,5-anhydromannose residue or a 2,5-anhydromannose that has been reduced to form an alcohol.
In some embodiments, at least about 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95% of the
chains in the preparation have a modified reducing end structure, such that the reducing end

includes a 2,5-anhydromannose residue or a 2,5-anhydromannose that has been reduced to form

an alcohol.

[00032] Polydispersity: The polydispersity of polysaccharide preparations provided herein
is about 2 or less, e.g., 1.7 or less, e.g., about 1.7 or 1.6 to 1.2, about 1.4-1.5, and numbers in
between.

[00033] The term “polydisperse” or “polydispersity” refers to the weight average

molecular weight of a composition (Mw) divided by the number average molecular weight (Mn).
The number average molecular weight (Mn) is calculated from the following equation: Mn =
>.ci/(Q ci/mi). The variable ci is the concentration of the polysaccharide in slice i and Mi is the
molecular weight of the polysaccharide in slice i. The summations are taken over a
chromatographic peak, which contains many slices of data. A slice of data can be pictured as a
vertical line on a plot of chromatographic peak versus time. The elution peak can therefore be
divided into many slices. The number average molecular weight is a calculation dependent on
the molecular weight and concentration at each slice of data. Methods of determining weight
average molecular weight are described above, and were used to determine polydispersity as

well.

Methods of Making Polysaccharide Preparations Used as Targeting Agents Described Herein

[00034] One method includes providing a precursor heparin preparation having an average
molecular weight of greater than 7000 Da or a chain length of greater than 7 to 18 disaccharides,
and processing the precursor heparin preparation (e.g., by enzymatic or chemical
depolymerization, e.g., by nitrous acid depolymerization) to obtain a polysaccharide preparation
having anaverage molecular weight of about 3000 to 7000 Da or an average chain length of
about 7 to 18 disaccharides. For example, the precursor heparin preparation can be

unfractionated heparin.



WO 2011/130697 PCT/US2011/032771
10

[00035] The precursor heparin preparation can be processed by a method comprising
depolymerization (e.g., by nitrous acid treatment, hydrolysis, or enzymatic depolymerization)
followed by a glycol split reaction. Nitrous acid depolymerization can be accomplished, e.g., by
treating the precursor heparin preparation (e.g., UFH) with nitrous acid (e.g., about 0.02 to 0.04
M nitrous acid) at a pH of about 2 to 4 for a specified period of time (e.g., about 1 to 5 hours) at
a temperature of about 10 to 30 °C. The glycol split reaction involves periodate oxidation using
periodate (e.g., about 0.05 M to 0.2 M sodium periodate) for about 10 to 20 hours at a
temperature of about 0 to 10 °C. In some embodiments, residual impurities such as salts or
diethylene glycol (DEG) can be subsequently removed by a chromatographic method, e.g. gel
filtration chromatography. Optionally, the oxidized preparation is then reduced by treatment
with a reducing agent (e.g., about 0.5 to 2.0% (w/v) sodium borohydride) for about 0.5 to 3 hours
at a pH of about 6.0 to 7.0 and a temperature of about 0 to 10 °C.

[00036] A precursor heparin preparation can be processed using enzymatic digestion,
chemical digestion or combinations thereof. Examples of chemical digestion include oxidative
depolymerization, e.g., with H,O, or Cu* and H,0,, deaminative cleavage, e.g., with isoamyl
nitrite or nitrous acid, f-eliminative cleavage, e.g., with benzyl ester, and/or by alkaline
treatment. Enzymatic digestion can include the use of one or more heparin degrading enzymes.
For example, the heparin degrading enzyme(s) can be, e.g., one or more heparinase, heparin
lyase, heparin sulfate glycoaminoglycan (HSGAG) lyase, a lyase described as a
glycoaminoglycan (GAG) lyase that can also degrade heparin. Preferably, the enzyme cleaves at

one or more glycosidic linkages of unsulfated uronic acids.

Anti-tumor agents

[00037] The conjugates and methods described herein include use of an agent, e.g., an
anti-tumor agent, which can be targeted to a tumor site in a subject. The methods and

compositions are not limiting with regard to such agents that may be used.

[00038] In one embodiment, the agent is an imaging agent, e.g., a magnetic agent (e.g..,
for MRI), a fluorescent agent, a biologically active enzyme label, a radioisotope (e.g., a
radioactive ion), a luminescent label, or a chromophore. A radioisotope can be an a-, -, or y-

emitter, or an p- and y-emitter. Radioisotopes useful as therapeutic agents include yttrium (*°Y),
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177

lutetium ("' 'Lu), actinium (225Ac), praseodymium, astatine (2“At), rhenium (186Re), bismuth

(212Bi or 213Bi), and rhodium (188Rh). Radioisotopes useful as labels, e.g., for use in diagnostics,

131 125 111

include iodine ("I or In), technetium (99mTC), phosphorus (3 *P), carbon

(.sup.14C), and tritium (CH),

D), indium (

[00039] In some embodiments, the agent is a therapeutic agent, e.g., a radioisotope (e.g., a
radioisoptope described above), a cytotoxic agent, a tyrosine kinase inhibitor, a proteasome
inhibitor, a protease inhibitor, an anti-angiogenic agent, an anti-metastatic agent, a steroid, a
biologic immunomodulator, a monoclonal antibody, an antibody fragment, an aptamer, an
siRNA, an antisense molecule, a fusion protein, a cytokine or chemokine, a cytokine or
chemokine receptor, a bronchodialator, a statin, an anti-inflammatory agent, a microtubule
inhibitor, a topoisomerase inhibitor, an antimetabolite, a protein synthesis and degradation
inhibitor, a mitotic inhibitor, an alkylating agent, a platinating agent, an inhibitors of nucleic acid
synthesis, a histone deacetylase and DNA methyltransferase inhibitor, a nitrogen mustard, a
nitrosourea, an ethylenimine, an alkyl sulfonate, a triazene, a folate analog, a nucleoside analog,
a ribnucleotide reductase inhibitor, a vinca alkaloid, a taxane, an epothilone, an intercalating
agent, a signal transduction inhibitor, an apoptosis inducer, a cytokine, a chemokine, and a

vaccine.

[00040] In one embodiment, the agent may be selected from small organic molecules,
proteins, peptides, nucleic acids (e.g., gene therapy), antibodies, amino acids, lipids,

polysaccharides, cell growth factors, and enzymes.

[00041] In one embodiment, the agent is cisplatin, cyclophosphamide, dacarbazine,
methotrexate, fluorouracil, gemcitabine, capecitabine, hydroxyurea, topotecan, irinotecan,
azacytidine, vorinostat, ixabepilone, bortezomib, a taxane (paclitaxel, docetaxel), cytochalasin B,
gramicidin D, ethidium bromide, emetine, mitomycin, etoposide, tenoposide, vincristine,
vinblastine, vinorelbine, colchicin, anthracyclines (doxorubicin and epirubicin) daunorubicin,
dihydroxy anthracin dione, mitoxantrone, mithramycin, actinomycin D, adriamycin, 1-
dehydrotestosterone, glucocorticoid, procaine, tetracaine, lidocaine, propranolol, puromycin,

ricin, and maytansinoids, Gefitinib, Erlotinib, Lapatinib, Sorafenib, Sunitinib, Imatinib,
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Dasatinib, Nilotinib, temsirolimus, everolimus, rapamycin, Trastuzumab, Cetuximab,

Panitumumab, Bevacizumab, Rituximab, Tositumomab.

Chemical conjugation

[00042] Strategies are known for preparing small molecule-carbohydrate conjugates and
polypeptide-carbohydrate conjugates (e.g., wherein the carbohydrate is a heparin-derived

carbohydrate), directly or through a linker, e.g., as described in the following:

[00043] Wang et al. 2009. Pharmaceutical Research 785-793, describing conjugates of

heparin and a chemotherapeutic agent (e.g., a taxane), including a paclitaxel-heparin conjugate;

[00044] Lee et al. (2001) Circulation 104:3116-3120, describing production of LMWH-
Deoxycholic Acid (DOCA) by reacting activated DOCA with heparin in the cosolvent of

dimethylformamide and water;

[00045] Cho et al. 2008. Bioconjugate Chem. 19(7):1346—1351, describing bonding of

carboxyl groups of heparin with amine groups of aminated molecules;

[00046] Lee et al. 2008. Int J Cancer 124:2755-2765, describing conjugation of heparin to

heterologous agents via amide formation.

[00047] U.S. Patent No. 6,245,753 and U.S. Patent No. 6,656,922, describing heparin

conjugates with bile acids, sterols, alkanoic acids;

[00048] Chan et al. 1997. J Biol Chem, 272:22111-22117, describing heparin covalently

linked to antithrombin though aldose termini;

[00049] Thorpe et al. 1993. Cancer Res 53.3000-3007, describing preparation of heparin-

steroid conjugates.

[060050] Wang et al., 2009. Bioorganic and Medicinal Chemistry Letters 19:149-152,

describing heparin conjugates through designed ester bonds;
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[00051] US 2009/0149424, describing a composition wherein a bile acid is bonded to
heparin through the 3-carbon of the bile acid, with an optional spacer, and heparin covalently

bonded to a sulfonated moiety, such as a naphthalene trisulfonate residue;

[00052] Barzu et al. 1986. Biochem J 238:847-854, describing heparin conjugated to

o . 125
stoichiometric amounts of Na ~I;

[00053] Hatton et al. 1980. Analytical Biochemistry 106:417-426, describing methods to

tritiate heparin samples;

[00054] US Pat. 5,308,617, describing protein agents covalently conjugated via lysine
residues or amino-terminal amines to a heparin fragment having a terminal 2,5-anhydro-D-

mannose residue through the aldehyde group of such residue;

[00055] US Pat. 7,517,856, describing bioconjugates between a sulfated polysaccharide
and a bioactive polypeptide, wherein the bioactive polypeptide non-covalently associates with a

sulfate group of the sulfated polysaccharide;

[00056] US Pat. 7,417,021, describing conjugates of biopolymers such as heparins and a

therapeutic agent, joined by a disulfide bond, with and without spacers;

[00057] US Pat. 7,166,708, describing polysaccharide conjugates of an oxidation-sensitive

substance.

Formulation and Administration

[00058] The conjugates described herein can be formulated as pharmaceutical
compositions for medical imaging, diagnosis or treatment. Such compositions typically include
appropriate pharmaceutically acceptable carriers (such as buffering agents and adjuvants) and,
optionally, other therapeutic or diagnostic agents, using well known formulation protocols.
Administration of the pharmaceutical compositions can be accomplished using an appropriate
vehicle, e.g., injectable solutions. Administration can be, e.g., intravenously, subcutaneously,

intra-muscularly, intra-peritoneally, or orally. The precise amount of the conjugate used in the
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pharmaceutical composition can be determined based on the nature of the condition to be treated,

and the potency of the therapeutic agent used.

[00059] All references cited herein are incorporated herein by reference in their entirety.

EXAMPLES

Example 1: Conjugation of M402 with fluorescent dye and radioactive isotope

[00060] M402 conjugated to fluorescent dye was prepared by treating M402 with Hil.yte
Fluor™ 750 Hydrazide (AnaSpec, Fremont, CA) in the presence of a catalyst such as EDC at

room temperature. The final product was isolated by salt-methanol precipitation.

[00061] M402 was conjugated to “H by methods essentially as described by Hatton et al.
1980. Analytical Biochemistry 106:417-426.

Example 2: Targeting of M402-Fluo conjugate and M402-H conjugate to tumor site

[00062] This example shows that M402 can be used to target a heterologous agent (e.g.,

an imaging or therapeutic agent) to a tumor site.

[00063] M402 was labeled with a HilLyte Fluor™ 750 dye to enable visualization of the
biodistribution of M402. Normal or tumor-bearing mice were treated with a single dose of
fluorescent-labeled M402 or with free HilLyte Fluor™ 750 dye and monitored at different time
points by fluorescent imaging using an IVIS Lumina instrument. The distribution of fluorescent
M402 in non-tumor bearing mice was observed in the liver and bladder within 1 hour after
injection, consistent with rapid clearance of LMWH through the kidney and liver. However, in
tumor-bearing animals, M4(2-associated fluorescent signals were readily detectable in the area
of the first mammary fat pad, where the 4T1 cells were implanted, in addition to the bladder and
liver (Figure 1, upper panels). Importantly and surprisingly, fluorescent signal in the primary
tumor area persisted up to 192 hours (8 days) after a single injection (Figure 2). The distribution
was confirmed by ex vivo imaging of isolated tumor as well as by biodistribution studies
performed with “H-labeled M402. As shown in Figure 3, tritiated M402 accumulated at the

tumor site within 1 hour, and persisted though longer than 72 hours (circles). In contrast, in mice
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injected with free dye, the fluorescent signal accumulated mostly in the bladder within the first 4
hours, and was not detectable 24 hours after injection (Figure 1, lower panels). Histological
examination of the primary tumors indicated that M402 colocalized with fibrotic bands around

the tumor tissue as well as around individual tumor cells.

[00064] The accumulation of the fluorescent signal in the tumor area, including in fibrotic
bands, was interesting and unexpected. While not bound by theory, M402 may be targeting to
the extracellular matrix (ECM) in fibrotic bands in the tumor tissue, e.g., via M402-binding
growth factors found in such ECM and/or to areas rich in growth factors, cytokines or
chemokines that contain heparin-binding motifs. Accordingly, targeting to fibrotic and

inflammatory lesions, and to sites of infection, is also contemplated by the invention.

Example 3: Multiple Injections of Fluo-M402

[00065] This example shows a 25 day experiment of mice injected with a 7 day daily

Fluo-M402 regiment and the results of that experiment.

[00066] As described in Example 1, M402 was labeled with a HilLyte Fluor™ 750 dye to
enable visualization of the biodistribution of M402. Normal or tumor-bearing mice were treated
with a single daily dose of fluorescent-labeled M402 on days 5-11. The distribution of
fluorescent M402 in tumor-bearing non-tumor bearing mice was observed within 24 hours after
the daily injection on days 6-12. M402-associated fluorescent signals were readily detectable in
the area of the bladder, liver and first mammary fat pad (Figure 4). It was also found that
multiple doses of Fluo-M402 resulted in specific accumulation in different tissues such as the
primary tumor, the axial and brachial I.Ns, the liver, the spleen, the pancreas and the kidneys
(Figure 5). Fluorescent signal in the Axial and brachial L.Ns, liver, spleen, pancreas, kidneys and
primary tumor tissues show a more pronounced accumulation upon several injections when
compared to a single injection and when compared with injections of the dye alone. Lastly, it
was found that the fluorescent signal in the salivary glands, the liver and the primary tumor
persisted at least 2-3 weeks following the multiple injection treatment with Fluo-M402 (Figure

6). .
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CLAIMS
We claim:
1. A method of targeting a therapeutic or imaging agent to a tumor tissue of a patient, the

method comprising (a) identifying a patient with a tumor tissue, wherein the patient is in need of
administration of a therapeutic or imaging agent to treat or image the tumor; (b) providing a
conjugate of the therapeutic or imaging agent and a LMWH described herein; and (c)

administering the conjugate to the patient, to thereby target the agent to the tumor tissue.

2. The method of claim 1, wherein the agent is selected from a radioactive agent, a
fluorescent agent, a cytotoxic agent, a tyrosine kinase inhibitor, a proteasome inhibitor, a
protease inhibitor, an anti-angiogenic agent, an anti-metastatic agent, a steroid, a biologic
immunomodulator, a monoclonal antibody, an antibody fragment, an aptamer, an siRNA, an
antisense molecule, a fusion protein, a cytokine, a cytokine receptor, a bronchodialator, a statin,
an anti-inflammatory agent, a microtubule inhibitor, a topoisomerase inhibitor, an antimetabolite,
a protein synthesis and degradation inhibitor, a mitotic inhibitor, an alkylating agent, a
platinating agent, an inhibitors of nucleic acid synthesis, a histone deacetylase and DNA
methyltransferase inhibitor, a nitrogen mustard, a nitrosourea, an ethylenimine, an alkyl
sulfonate, a triazene, a folate analog, a nucleoside analog, a ribnucleotide reductase inhibitor, a
vinca alkaloid, a taxane, an epothilone, an intercalating agent, a signal transduction inhibitor, an

apoptosis inducer, a cytokine, a chemokine, and a vaccine.

3. The method of any preceding claim, wherein the agent is selected from the group
consisting of: cisplatin, cyclophosphamide, dacarbazine, methotrexate, fluorouracil, gemcitabine,
capecitabine, hydroxyurea, topotecan, irinotecan, azacytidine, vorinostat, ixabepilone,
bortezomib, taxanes (paclitaxel, docetaxel), cytochalasin B, gramicidin D, ethidium bromide,

emetine, mitomycin, etoposide, tenoposide, vincristine, vinblastine, vinorelbine, colchicin,
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anthracyclines (doxorubicin and epirubicin) daunorubicin, dihydroxy anthracin dione,
mitoxantrone, mithramycin, actinomycin D, adriamycin, 1-dehydrotestosterone, glucocorticoid,
procaine, tetracaine, lidocaine, propranolol, puromycin, ricin, and maytansinoids, Gefitinib,
Erlotinib, Lapatinib, Sorafenib, Sunitinib, Imatinib, Dasatinib, Nilotinib, temsirolimus,
everolimus, rapamycin, Trastuzumab, Cetuximab, Panitumumab, Bevacizumab, Rituximab, and

Tositumomab.

4. The method of any preceding claim, wherein the tumor is a solid tumor, e.g., a sarcoma

or carcinoma.

5. The method of any preceding claim, wherein the tumor is a carcinoma or sarcoma of the
head, neck, pharynx, thyroid, lung, breast, lymph, blood, gastrointestinal system (e.g., oral,
esophageal, stomach, liver, pancreas, small intestine, colon and rectum, anal canal), genitals and
genitourinary tract (e.g., renal, urothelial, bladder, ovarian, uterine, cervical, endometrial,
prostate, testicular), CNS (e.g., neural or glial cells, e.g., neorublastoma or glioma), or skin (e.g.,

melanoma).

6. The method of any preceding claim, wherein the tumor is a primary cancer site or a

metastasis site.

7. The method of any preceding claim, further comprising one or more of the following
steps: biopsing the tumor tissue, imaging the tumor tissue, and evaluating the effect of the

administration on the tumor tissue.

8. The method of any preceding claim, wherein the conjugate is administered intravenously,

subcutaneously, intra-muscularly, intra-peritoneally, or orally.

9. The method of any preceding claim, wherein the LMWH is selected from the group
consisting of:
(a) a LMWH having the following characteristics:

(1) a weight average chain molecular weight between 3,500 and 8,000 Da;
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(1) anti-Xa activity and anti-Ila activity each less than 50 IU/mg; and

(ii1) greater than 5% and less than 50% glycol split uronic acid residues;

(b) a LMWH having the following characteristics:
(1) a weight average chain molecular weight between 3,500 and 7,000 Da;
(1) anti-Xa activity and anti-Ila activity each less than 50 IU/mg;
(ii1) a polysaccharide chain having a glycol split uronic acid residue (Ug); and
(iv) polysaccharide chains each having no more than 3 glycol split uronic acid residues

(Ug);

(c) a LMWH having the following characteristics:
(1) a weight average chain molecular weight between 3,500 and 7,000 Da;
(1) anti-Xa activity and anti-Ila activity each less than 50 IU/mg; and
(ii1) polysaccharide chains having on average between (.2 and 3 glycol split uronic acid

residues (Ug) per polysaccharide chain;

(d) a LMWH having the following characteristics:
(1) a weight average chain molecular weight between 3,500 and 7,000 Da;
(1) anti-Xa activity and anti-Ila activity each less than 50 IU/mg; and

(ii1) polysaccharide chains having greater than 40% U,sHxs ¢s disaccharide residues;
(e) a LMWH having the following characteristics:

a polysaccharide preparation lacking substantial anticoagulant activity, wherein the

preparation consists essentially of polysaccharides that include Formula I:

[UW'HX,y,Z] m”~ [UG'HX,y,Z] n

wherein U indicates a uronic acid residue and H indicates a hexosamine residue;

wherein m and n are integers such that

m =4-16, and
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n=1-4;

w =-208 or -20H;
x =—-NS or -NAc;

y =-30S or -30H;
z = —60S or -60H;

00

and Ug = HO OH :

wherein the symbol ~ indicates that the units marked m and n are distributed along the
polysaccharide chain and are not necessarily in sequence, wherein w, X, y, and z are each the
same or different on each unit marked m, and wherein x, y, and z are each the same or different

on each unit marked n;

(H) a LMWH having the following characteristics:
lacks substantial anticoagulant activity, has antimetastatic activity and consists

essentially of polysaccharides that include Formula II:
[Uw-Hxyzlm-[Uc-HxyJo-[Uw-Hxy2lo-[Uc-Hx y 2 lp-[Uw-Hx y.21q
wherein U indicates a uronic acid residue and H indicates a hexosamine residue;
wherein m-q are integers such that:
m = 0-10;

n=0-3;
0=0-10;
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p=0-3;
q=0-10;

w =-208 or -20H;
x =—-NS or -NAc;

y =-30S or -30H;
z = —60S or -60H;

00

and Ug = HO OH :

wherein w, x, y, and z are each the same or different on each unit marked m, n, o, p, or q.

10. A method of treating a subject, the method comprising:
(a) identifying a subject who has a tumor, and
(b) administering to the subject a therapeutically effective amount of a pharmaceutical

composition comprising a conjugate of an anti-tumor agent and a LMWH described herein.

11. The method of claim 10, wherein the anti-tumor agent is selected from a radioactive
agent, a cytotoxic agent, a tyrosine kinase inhibitor, a proteasome inhibitor, a protease inhibitor,
an anti-angiogenic agent, an anti-metastatic agent, a steroid, a biologic immunomodulator, a
monoclonal antibody, an antibody fragment, an aptamer, an siRNA, an antisense molecule, a
fusion protein, a cytokine, a cytokine receptor, a bronchodialator, a statin, an anti-inflammatory

agent, a microtubule inhibitor, a topoisomerase inhibitor, an antimetabolite, a protein synthesis
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and degradation inhibitor, a mitotic inhibitor, an alkylating agent, a platinating agent, an
inhibitors of nucleic acid synthesis, a histone deacetylase and DNA methyltransferase inhibitor, a
nitrogen mustard, a nitrosourea, an ethylenimine, an alkyl sulfonate, a triazene, a folate analog, a
nucleoside analog, a ribnucleotide reductase inhibitor, a vinca alkaloid, a taxane, an epothilone,
an intercalating agent, a signal transduction inhibitor, an apoptosis inducer, a cytokine, a

chemokine, and a vaccine.

12. The method of claim 10, wherein the anti-tumor agent is selected from the group
consisting of: cisplatin, cyclophosphamide, dacarbazine, methotrexate, fluorouracil, gemcitabine,
capecitabine, hydroxyurea, topotecan, irinotecan, azacytidine, vorinostat, ixabepilone,
bortezomib, taxanes (paclitaxel, docetaxel), cytochalasin B, gramicidin D, ethidium bromide,
emetine, mitomycin, etoposide, tenoposide, vincristine, vinblastine, vinorelbine, colchicin,
anthracyclines (doxorubicin and epirubicin) daunorubicin, dihydroxy anthracin dione,
mitoxantrone, mithramycin, actinomycin D, adriamycin, 1-dehydrotestosterone, glucocorticoid,
procaine, tetracaine, lidocaine, propranolol, puromycin, ricin, and maytansinoids, Gefitinib,
Erlotinib, Lapatinib, Sorafenib, Sunitinib, Imatinib, Dasatinib, Nilotinib, temsirolimus,
everolimus, rapamycin, Trastuzumab, Cetuximab, Panitumumab, Bevacizumab, Rituximab, and

Tositumomab.

13. The method of claim 10, 11 or 12, wherein the tumor is a solid tumor, e.g., a sarcoma or
carcinoma (e.g., adenocarcinoma, squamous cell carcinoma, anaplastic or undifferentiated

carcinoma (including SCLC), and metastatic carcinoma).

14. The method of claim 10, 11, 12 or 13, wherein the tumor is a carcinoma of the head,
neck, pharynx, thyroid, lung, breast, lymph, gastrointestinal system (e.g., oral, esophageal,
stomach, liver, pancreas, small intestine, colon and rectum, anal canal), genitals and
genitourinary tract (e.g., renal, urothelial, bladder, ovarian, uterine, cervical, endometrial,
prostate, testicular), CNS (e.g., neural or glial cells, e.g., neorublastoma or glioma), or skin (e.g.,

melanoma).
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15. The method of claim 10, 11, 12, 13 or 14, further comprising one or more of the
following steps: biopsing the tumor tissue, imaging the tumor tissue, and evaluating the effect of

the administration on the tumor tissue.

16. The method of claim 10, 11, 12, 13, 14 or 15, wherein the conjugate is administered

intravenously.

17. The method of claim 10, 11, 12, 13, 14, 15 or 16, wherein the LMWH is selected from
the group consisting of:
a) a LMWH having the following characteristics:

(1) a weight average chain molecular weight between 3,500 and 8,000 Da;

(1) anti-Xa activity and anti-Ila activity each less than 50 IU/mg; and

(1i1) greater than 5% and less than 50% glycol split uronic acid residues;

(b) a LMWH having the following characteristics:
(1) a weight average chain molecular weight between 3,500 and 7,000 Da;
(1) anti-Xa activity and anti-Ila activity each less than 50 IU/mg;
(ii1) a polysaccharide chain having a glycol split uronic acid residue (Ug); and
(iv) polysaccharide chains each having no more than 3 glycol split uronic acid residues

Ue)s

(c) a LMWH having the following characteristics:
(1) a weight average chain molecular weight between 3,500 and 7,000 Da;
(1) anti-Xa activity and anti-Ila activity each less than 50 IU/mg; and
(ii1) polysaccharide chains having on average between (.2 and 3 glycol split uronic acid

residues (Ug) per polysaccharide chain;

(d) a LMWH having the following characteristics:
(1) a weight average chain molecular weight between 3,500 and 7,000 Da;
(1) anti-Xa activity and anti-Ila activity each less than 50 IU/mg; and

(ii1) polysaccharide chains having greater than 40% U,sHxs ¢s disaccharide residues;
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(e) a LMWH having the following characteristics:
a polysaccharide preparation lacking substantial anticoagulant activity, wherein the

preparation consists essentially of polysaccharides that include Formula I:

[UW'HX,y,Z] m~[UG'HX,y,Z]n
wherein U indicates a uronic acid residue and H indicates a hexosamine residue;

wherein m and n are integers such that
m =4-16, and
n=1-4;

w =-208 or -20H;
x =—-NS or -NAc;

y =-30S or -30H;
z = —60S or -60H;

00

and Ug = HO OH :

wherein the symbol ~ indicates that the units marked m and n are distributed along the
polysaccharide chain and are not necessarily in sequence, wherein w, X, y, and z are each the
same or different on each unit marked m, and wherein x, y, and z are each the same or different

on each unit marked n;

(H) a LMWH having the following characteristics:



WO 2011/130697 PCT/US2011/032771
24

lacks substantial anticoagulant activity, has antimetastatic activity and consists

essentially of polysaccharides that include Formula II:

[UW'HX,y,Z] m- [UG'HX,y,Z] n~ [UW'HX,y,Z] o~ [UG'HX,y,Z]p' [UW'HX,y,Z] q

wherein U indicates a uronic acid residue and H indicates a hexosamine residue;

wherein m-q are integers such that:

m = 0-10;
n=0-3;
0=0-10;
p=0-3;
q=0-10;

w =-208 or -20H;
x =—-NS or -NAc;

y =-30S or -30H;
z = —60S or -60H;

00

and Ug = HO OH :

wherein w, x, y, and z are each the same or different on each unit marked m, n, o, p, or q.

18. A pharmaceutical composition comprising a conjugate of a therapeutic or imaging agent

and a LMWH described herein.
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19. A method of targeting a therapeutic or imaging agent to a fibrotic tissue or inflammatory
lesion of a patient, the method comprising (a) identifying a patient with a fibrotic tissue or
inflammatory lesion, wherein the patient is in need of administration of a therapeutic or imaging
agent to treat or image the fibrotic tissue or inflammatory lesion; (b) providing a conjugate of the
therapeutic or imaging agent and a LMWH described herein; and (¢) administering the conjugate

to the patient, to thereby target the agent to the fibrotic tissue or inflammatory lesion.

20. The method of claim 19, wherein the agent is selected from a radioactive agent, a
fluorescent agent, an anti-inflammatory agent (CD4+ T cell inhibiting agent e.g. an anti-CD4
antibody (preferably a blocking or non-depleting antibody), an anti-CD8 antibody, a TNF
antagonist e.g. an anti-TNF antibody or TNF inhibitor e.g. soluble TNF receptor, or agents such
as NSAIDs), and an anti-fibrotic agent (e.g., cytokines such as interferon and hepatocyte growth

factor; anti-TGF-betal, and anti-TGF-beta2 and an anti-PDGF antibody).

21. The method of claim 19 or 20, wherein the patient has arthritis, lupus erythematosus,
Hashimotos thyroiditis, multiple sclerosis, diabetes, uveitis, dermatitis, psoriasis, urticaria,
nephrotic syndrome, glomerulonephritis, inflammatory bowel disease, ulcerative colitis, Crohn's
disease, sjogren's syndrome, allergies, asthma more specifically, allergic or intrinsic asthma,
acute asthmatic exacerbation, rhinitis, eczema, GVH, COPD, insulitis, bronchitis (particularly

chronic bronchitis) or diabetes (particularly Type 1 diabetes, or a fibrotic disease.

22. The method of claim 19 or 20 or 21, further comprising one or more of the following
steps: biopsing the fibrotic tissue or inflammatory lesion, imaging the fibrotic tissue or
inflammatory lesion, and evaluating the effect of the administration on the fibrotic tissue or

inflammatory lesion.

23. The method of claim 19 or 20 or 21 or 22, wherein the conjugate is administered

intravenously, subcutaneously, intra-muscularly, intra-peritoneally, or orally.
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The method of claim 19 or 20 or 21 or 22 or 23, wherein the LMWH is selected from the

group consisting of:

a)

(b)

(Ug);

(©)

a LMWH having the following characteristics:
(1) a weight average chain molecular weight between 3,500 and 8,000 Da;
(1) anti-Xa activity and anti-Ila activity each less than 50 IU/mg; and

(1i1) greater than 5% and less than 50% glycol split uronic acid residues;

a LMWH having the following characteristics:

(1) a weight average chain molecular weight between 3,500 and 7,000 Da;

(1) anti-Xa activity and anti-Ila activity each less than 50 IU/mg;

(ii1) a polysaccharide chain having a glycol split uronic acid residue (Ug); and

(iv) polysaccharide chains each having no more than 3 glycol split uronic acid residues

a LMWH having the following characteristics:
(1) a weight average chain molecular weight between 3,500 and 7,000 Da;
(1) anti-Xa activity and anti-Ila activity each less than 50 IU/mg; and

(ii1) polysaccharide chains having on average between (.2 and 3 glycol split uronic acid

residues (Ug) per polysaccharide chain;

(d)

(e)

a LMWH having the following characteristics:
(1) a weight average chain molecular weight between 3,500 and 7,000 Da;
(1) anti-Xa activity and anti-Ila activity each less than 50 IU/mg; and

(ii1) polysaccharide chains having greater than 40% U,sHxs ¢s disaccharide residues;

a LMWH having the following characteristics:

a polysaccharide preparation lacking substantial anticoagulant activity, wherein the

preparation consists essentially of polysaccharides that include Formula I:

[UW'HX,y,Z] m”~ [UG'HX,y,Z] n
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wherein U indicates a uronic acid residue and H indicates a hexosamine residue;

wherein m and n are integers such that
m =4-16, and
n=1-4;

w =-208 or -20H;
x =—-NS or -NAc;

y =-30S or -30H;
z = —60S or -60H;

00

and Ug = HO OH

wherein the symbol ~ indicates that the units marked m and n are distributed along the
polysaccharide chain and are not necessarily in sequence, wherein w, X, y, and z are each the
same or different on each unit marked m, and wherein x, y, and z are each the same or different

on each unit marked n;
(H) a LMWH having the following characteristics:

lacks substantial anticoagulant activity, has antimetastatic activity and consists

essentially of polysaccharides that include Formula II:

[UW'HX,y,Z] m- [UG'HX,y,Z] n~ [UW'HX,y,Z] o~ [UG'HX,y,Z]p' [UW'HX,y,Z] q

wherein U indicates a uronic acid residue and H indicates a hexosamine residue;
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wherein m-q are integers such that:
m = 0-10;

n=0-3;

0=0-10;

p=0-3;

q=0-10;

w =-208 or -20H;
x =—-NS or -NAc;
y =-30S or -30H;

z = —60S or -60H;

00

and Ug = HO OH :

wherein w, x, y, and z are each the same or different on each unit marked m, n, o, p, or q.
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FIGURE 1
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FIGURE 2
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FIGURE 3

Concentration Of *H-MONC 402 Equivalents
In Tumor Of 4T1 Tumor-Bearing Female Balb/c Mice
Following A Single Subcutaneous Dose Of *H-MONC 402 At 30 mg/kg
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