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(57) ABSTRACT 

The invention relates to a method for diagnosing a kidney 
disease state. The method comprises the steps of administer 
ing to a patient a composition comprising a conjugate or 
complex of the general formula V-L-D Where the group V 
comprises a vitamin receptor binding ligand that binds to 
kidney proximal tubule cells and the group D comprises a 
diagnostic marker, and diagnosing the kidney disease state. 
The invention also relates to a method for treating a kidney 
disease state. The method comprises the steps of administer 
ing to a patient suffering from the disease state an effective 
amount of a composition comprising a conjugate or complex 
of the general formula V-L-D Where the group V comprises a 
vitamin receptor binding ligand that binds to kidney proximal 
tubule cells and the group D comprises an antigen, a cyto 
toxin, or a cell groWth inhibitor, and eliminating the disease 
state. 
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METHODS AND COMPOSITIONS FOR 
TREATING AND DIAGNOSING KIDNEY 

DISEASE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority to US. Provisional 
Patent Application Ser. No. 60/901,778, ?led on Feb. 16, 
2007, the entire disclosure of Which is hereby incorporated by 
reference. 

FIELD OF THE INVENTION 

[0002] This invention relates to methods and compositions 
for treating and diagnosing kidney disease states. More par 
ticularly, ligands that bind to receptors overexpressed on 
proximal tubule cells are complexed With a diagnostic marker 
for use in diagnosis or to an antigen, a cytotoxin, or a cell 
groWth inhibitor for use in the treatment of kidney disease 
states. 

BACKGROUND 

[0003] Diseases affecting kidney function are prevalent. 
For example, polycystic kidney disease (PKD) is a prevalent 
inherited disease. Adult PKD is an autosomal dominant dis 
order affecting approximately 600,000 people in the United 
States and 12.5 million World-Wide. Infants can also present 
With autosomal recessive PKD Which is rapidly developing 
and Which can lead to renal insu?iciency in the neonate. PKD 
and other kidney disease states (e.g., Dent’s disease and neph 
rocytinosis) affect and manifest abnormal groWth of kidney 
proximal tubule cells. PKD results in the proliferation of 
kidney epithelial cells and the formation of PKD renal cysts. 
The kidneys can become enlarged and symptoms including 
pain, bleeding, and kidney stones can occur. Associated prob 
lems include liver cysts, abdominal aneurysm, intracranial 
aneurysm, and renal insu?iciency. It has been suggested that 
cellular processes associated With signal transduction, tran 
scriptional regulation, and cell-cycle control are involved in 
cyst formation in PKD. 
[0004] The folate receptor is a 38 KD GPI-anchored protein 
that binds the vitamin folic acid With high a?inity (<1 nM). 
FolloWing receptor binding, rapid endocytosis delivers a sub 
stantial fraction of the vitamins into the cell, Where they are 
unloaded in an endosomal compartment at loW pH. Impor 
tantly, covalent conjugation of small molecules, proteins, and 
even liposomes to folic acid does not block the vitamin’s 
ability to bind the folate receptor, and therefore, folate-drug 
conjugates can readily be delivered to and can enter cells by 
receptor-mediated endocytosis. Because most cells use an 
unrelated reduced folate carrier to acquire the necessary folic 
acid, expression of the folate receptor is restricted to a feW cell 
types, and normal tissues typically express loW or nondetect 
able levels of the folate receptor. Folate receptors are overex 
pressed in proximal tubule cells. 
[0005] The invention is based on the manifestation of 
abnormal proliferation of kidney proximal tubule cells in 
PKD and other kidney disease states that exhibit abnormal 
proximal tubule cell proliferation. These kidney disease 
states can be treated With ligands that bind to receptors over 
expressed on proximal tubule cells Wherein the ligands are 
complexed With an antigen, a cytotoxin, or a cell groWth 
inhibitor for use in the treatment of the kidney disease states. 
These kidney disease states, including PKD, can also be 
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diagnosed by using ligands that bind to receptors overex 
pressed on proximal tubule cells Wherein the ligands are 
complexed With a diagnostic marker. 

SUMMARY 

[0006] In one embodiment, a method for diagnosing a kid 
ney disease state is provided. The method comprises the steps 
of administering to a patient a composition comprising a 
conjugate or complex of the general formula V-L-D, Where 
the group V comprises a vitamin receptor binding ligand that 
binds to kidney cells and the group D comprises a diagnostic 
marker, and diagnosing the kidney disease state. 
[0007] In another embodiment, V comprises a folate recep 
tor binding ligand or V comprises a folate receptor binding 
antibody or antibody fragment. In yet another embodiment, 
the marker can comprise a metal chelating moiety, or a ?uo 
rescent chromophore. In another illustrative embodiment, the 
disease state is selected from the group consisting of poly 
cystic kidney disease, Dent’s disease, nephrocytinosis, and 
Heymann nephritis. 
[0008] In another embodiment, a method for treating a kid 
ney disease state is provided. The method comprises the steps 
of administering to a patient suffering from the disease state 
an effective amount of a composition comprising a conjugate 
or complex of the general formula V-L-D Where the group V 
comprises a vitamin receptor binding ligand that binds to 
kidney cells and the group D comprises an antigen, a cyto 
toxin, or a cell groWth inhibitor, and eliminating the disease 
state. 

[0009] In another embodiment, V comprises a folate recep 
tor binding ligand or an antibody or antibody fragment that 
binds to the folate receptor. In another illustrative aspect, 
group D comprises an antigen, a cytotoxin, or a cell groWth 
inhibitor. In yet another embodiment, the cell groWth inhibi 
tor is selected from the group consisting of epidermal groWth 
factor receptor kinase inhibitors, inhibitors of the mTOR 
pathWay, DNA alkylators, microtubule inhibitors, cell cycle 
inhibitors, and protein synthesis inhibitors. In another 
embodiment, the disease state is selected from the group 
consisting of polycystic kidney disease, Dent’s disease, neph 
rocytinosis, and Heymann nephritis. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 shoWs IHC analysis of folate receptor expres 
sion in polycystic kidney disease tissues using a monoclonal 
antibody directed to the folate receptor for staining. The 
upper left panel shoWs normal human kidney tissue and the 
remainder of the panels shoW staining of cysts in polycystic 
kidney disease tissues using the anti-folate receptor mono 
clonal antibody. 
[0011] FIG. 2 shoWs IHC analysis of folate receptor expres 
sion in polycystic kidney disease tissues using a polyclonal 
antibody directed to the folate receptor for staining. The 
upper left panel shoWs normal mouse kidney tissue and the 
remainder of the panels shoW staining of cysts in polycystic 
kidney disease tissues using the anti-folate receptor poly 
clonal antibody. 
[0012] FIG. 3 shoWs the structure of EC0371, a folate 
rapamycin conjugate. 
[0013] FIG. 4 shoWs an af?nity assay comparing the rela 
tive af?nities of folic acid (circles; 1.0) and EC0371 (tri 
angles; 0.5) for the folate receptor. 
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[0014] FIG. 5 shows the effect of rapamycin and EC0371 
on the viability of KB cells at various free rapamycin and 
conjugated rapamycin (EC0371) concentrations. The left 
most panels shoW untreated cells. The panels in the second 
column from the left shoW control cells treated With DMSO 
(diluent). The panels in the third column from the left shoW 
cells treated With 2, 10, or 50 nM rapamycin. The panels in the 
rightmost column shoW cells treated With 2, 10, or 50 nM 
EC0371 . Neither rapamycin nor EC0371 is cytotoxic after 24 
hours of treatment. 
[0015] FIG. 6 shoWs the effects of rapamycin and EC0371 
on P-S6 immunostaining in KB cells after 16 hours of incu 
bation With rapamycin or EC0371. P-S6 is a phosphorylation 
target of m-TOR and the antibody used is phospho-speci?c. 
The leftmost panels shoW untreated cells. The panels in the 
middle column shoW cells treated With 2, 10, or 50 nM rapa 
mycin. The panels in the rightmost column shoW cells treated 
With 2, 10, or 50 nM EC0371. Rapamycin and EC0371 inhibit 
P-S6 immunostaining (i.e., phosphorylation of P-S6 through 
the mTOR pathWay). 
[0016] FIG. 7 shoWs an immunoblot using a phospho-spe 
ci?c antibody. The left panel shoWs phosphorylation of ribo 
somal S6 and S-6 kinase (T389) in untreated cells and cells 
treated With DMSO (diluent). The right panel shoWs that 
rapamycin (2, l0, and 50 nM) and EC0371 (folate-rapamyin; 
2, l0, and 50 nM) abolish or greatly reduce phosphorylation 
of ribosomal S6 and S-6 kinase (T389) Which are phospho 
rylation targets in the m-TOR pathWay. 
[0017] FIG. 8 shoWs the therapeutic effect of EC0371 on 
the in vivo development of polycystic kidney disease in the 
bpk-mutant mouse model. The leftmost kidney is from a 
Wildtype mouse. The middle kidney is from a bpk mutant 
mouse not treated With EC0371 . The rightmost kidney is from 
a bpk mutant mouse treated With EC0371 shoWing that 
EC0371 greatly reduces kidney siZe. 
[0018] FIG. 9 shoWs the effect on one-kidney Weight of 
EC0371 treatment in multiple bpk mutant mice (rightmost 
group of symbols). EC037l-treated bpk mice exhibit a sig 
ni?cant decrease in one-kidney Weight as a percentage of total 
body Weight relative to untreated bpk mice. 
[0019] FIG. 10 shoWs the effect on tWo-kidney Weight of 
EC0371 treatment in multiple bpk mutant mice (rightmost 
group of symbols). EC037l-treated bpk mice exhibit a sig 
ni?cant decrease in tWo-kidney Weight as a percentage of 
total body Weight relative to untreated bpk mice. 

DETAILED DESCRIPTION 

[0020] Methods are provided for treating and diagnosing 
kidney disease states. Exemplary disease states include PKD, 
Dent’s disease, nephrocytinosis, Heymann nephritis, and 
other diseases manifested by abnormal proliferation of proxi 
mal tubule cells of the kidney. PKD’s can include, but are not 
limited to, autosomal dominant (adult) polycystic kidney dis 
ease and autosomal recessive (childhood) polycystic kidney 
disease. These disease states are characterized by abnormal 
proliferation of kidney proximal tubule cells. Such disease 
states can be diagnosed by contacting kidney proximal tubule 
cells With a composition comprising a conjugate of the gen 
eral formula V-L-D Wherein the group V comprises a ligand 
that binds to the kidney proximal tubule cells, and the group 
D comprises a diagnostic marker, and diagnosing the disease 
state. Such disease states can be treated by contacting kidney 
proximal tubule cells With a composition comprising a con 
jugate of the general formula V-L-D Wherein the group V 
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comprises a ligand that binds to the kidney proximal tubule 
cells, and the group D comprises an antigen, a cytotoxin, or a 
cell groWth inhibitor, and eliminating the disease state. 
[0021] As used herein, the terms “eliminated” and “elimi 
nating” in reference to the disease state, mean reducing the 
symptoms or eliminating the symptoms of the disease state or 
preventing the progression or the reoccurrence of disease. 

[0022] As used herein, the term “elimination” of the proxi 
mal tubule cell population causing the disease state that 
expresses the ligand receptor means that this cell population 
is killed or is completely or partially removed or inactivated 
Which reduces the pathogenic characteristics of the disease 
state being treated. 
[0023] The kidney disease states characterized by abnor 
mal proliferation of proximal tubule cells can be treated in 
accordance With the methods disclosed herein by administer 
ing an effective amount of a composition V-L-D Wherein V 
comprises a ligand that binds to proximal tubule cells and 
Wherein the group D comprises an antigen, a cytotoxin, or a 
cell groWth inhibitor. Such targeting conjugates, When admin 
istered to a patient suffering from a kidney disease state 
manifested by abnormal proximal tubule cell proliferation, 
Work to concentrate and associate the conjugated cytotoxin, 
antigen, or cell groWth inhibitor With the population of proxi 
mal tubule cells to kill the cells or alter cell function. The 
conjugate is typically administered parenterally, but can be 
delivered by any suitable method of administration (e.g., 
orally), as a composition comprising the conjugate and a 
pharmaceutically acceptable carrier therefor. Conjugate 
administration is typically continued until symptoms of the 
disease state are reduced or eliminated, or administration is 
continued after this time to prevent progression or reappear 
ance of the disease. 

[0024] For diagnosis the typical method of administration 
of the conjugates is parenteral administration, but any suit 
able method can be used. In this embodiment, kidney disease 
states can be diagnosed by administering parenterally to a 
patient a composition comprising a conjugate or complex of 
the general formula V-L-D Where the group V comprises a 
ligand that binds to proximal tubule cells and the group D 
comprises a diagnostic marker, and diagnosing the disease 
state. 

[0025] In one embodiment, for example, the diagnostic 
marker (e.g., a reporter molecule) can comprise a radiola 
beled compound such as a chelating moiety and an element 
that is a radionuclide, for example a metal cation that is a 
radionuclide. In another embodiment, the radionuclide is 
selected from the group consisting of technetium, gallium, 
indium, and a positron emitting radionuclide (PET imaging 
agent). In another embodiment, the diagnostic marker can 
comprise a ?uorescent chromophore such as, for example, 
?uorescein, rhodamine, Texas Red, phycoerythrin, Oregon 
Green, AlexaFluor 488 (Molecular Probes, Eugene, Oreg.), 
Cy3, Cy5, Cy7, and the like. Imaging agents are described in 
US. Pat. No. 7,128,893 and in US. Patent Publ. No. 
20070009434, each incorporated herein by reference. 
[0026] Diagnosis typically occurs before treatment. HoW 
ever, in the diagnostic methods described herein, the term 
“diagnosis” can also mean monitoring of the disease state 
before, during, or after treatment to determine the progression 
of the disease state. The monitoring can occur before, during, 
or after treatment, or combinations thereof, to determine the 
e?icacy of therapy, or to predict future episodes of disease. 
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The diagnostic method can be any suitable method known in 
the art, including imaging methods, such as intravital imag 
mg. 
[0027] The method disclosed herein can be used for both 
human clinical medicine and veterinary applications. Thus, 
the patient or animal af?icted With the kidney disease state 
and in need of diagnosis or therapy can be a human, or in the 
case of veterinary applications, can be a laboratory, agricul 
tural, domestic or Wild animal. In embodiments Where the 
conjugates are administered to the patient or animal, the con 
jugates can be administered parenterally to the animal or 
patient suffering from the kidney disease state, for example, 
intradermally, subcutaneously, intramuscularly, intraperito 
neally, or intravenously. Alternatively, the conjugates can be 
administered to the animal or patient by other medically 
useful procedures and effective doses can be administered in 
standard or prolonged release dosage forms, such as a sloW 
pump. The therapeutic method described herein can be used 
alone or in combination With other therapeutic methods rec 
ogniZed for the treatment of kidney disease states. 
[0028] In the ligand conjugates of the general formulaV-L 
D, the group V is a ligand that binds to proximal tubule cells 
When the conjugates are used to diagnose or treat kidney 
disease states. Any of a Wide number of binding ligands can 
be employed. Acceptable ligands include, for example, folate 
receptor binding ligands, and analogs thereof, and antibodies 
or antibody fragments capable of recognizing and binding to 
surface moieties expressed on proximal tubule cells, in par 
ticular When these cells proliferate abnormally. In one 
embodiment, the binding ligand is folic acid, a folic acid 
analog, or another folate receptor binding molecule. In 
another embodiment the binding ligand is a speci?c mono 
clonal or polyclonal antibody or an Fab or an scFv (i.e., a 
single chain variable region) fragment of an antibody capable 
of binding to receptors overexpressed on proximal tubule 
cells, for example, When these cells proliferate abnormally. 
[0029] In one embodiment, the binding ligand can be folic 
acid, a folic acid analog, or another folate receptor-binding 
molecule. Analogs of folate that can be used include folinic 
acid, pteropolyglutamic acid, and folate receptor-binding pte 
ridines such as tetrahydropterins, dihydrofolates, tetrahydro 
folates, and their deaZa and dideaZa analogs. The terms 
“deaZa” and “dideaZa” analogs refers to the art recogniZed 
analogs having a carbon atom substituted for one or tWo 
nitrogen atoms in the naturally occurring folic acid structure. 
For example, the deaZa analogs include the 1-deaZa, 3-deaZa, 
5-deaZa, 8-deaZa, and 10-deaZa analogs. The dideaZa analogs 
include, for example, 1,5 dideaZa, 5,10-dideaZa, 8,10 
dideaZa, and 5,8-dideaZa analogs. The foregoing folic acid 
analogs are conventionally termed “folates,” re?ecting their 
capacity to bind to folate receptors. Other folate receptor 
binding analogs include aminopterin, amethopterin (methotr 
exate), NlO-methylfolate, 2-deamino-hydroxyfolate, deaZa 
analogs such as 1-deaZamethopterin or 3-deaZamethopterin, 
and 3',5'-dichloro-4-amino-4-deoxy-N1O-methylpteroyl 
glutamic acid (dichloromethotrexate). 
[0030] In another embodiment, other vitamins can be used 
as the binding ligand. The vitamins that can be used in accor 
dance With the methods described herein include niacin, pan 
tothenic acid, folic acid, ribo?avin, thiamine, biotin, vitamin 
B 1 2, vitamins A, D, E and K, other related vitamin molecules, 
analogs and derivatives thereof, and combinations thereof. 
[003 1] In other embodiments, the binding ligand can be any 
ligand that binds to a receptor expressed or overexpressed on 
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proximal tubule cells, in particular When they proliferate 
abnormally (e.g., EGF, KGF, or leptin). In another embodi 
ment, the binding ligand can be any ligand that binds to a 
receptor expressed or overexpressed on proximal tubule cells 
proliferating abnormally and involved in a kidney disease 
state. 

[0032] The targeted conjugates used for diagnosing or 
treating disease states mediated by proximal tubule cells pro 
liferating abnormally have the formula V-L-D, WhereinV is a 
ligand capable of binding to the proximal tubule cells, and the 
group D comprises a diagnostic marker or an antigen (such as 
an immuno gen), cytotoxin, or a cell groWth inhibitor. In such 
conjugates Wherein the group V is folic acid, a folic acid 
analog, or another folic acid receptor binding ligand, these 
conjugates are described in detail in Us. Pat. No. 5,688,488, 
the speci?cation of Which is incorporated herein by reference. 
That patent, as Well as related U.S. Pat. Nos. 5,416,016 and 
5,108,921, and related U.S. patent application Ser. No. 
10/765,336, each incorporated herein by reference, describe 
methods and examples for preparing conjugates useful in 
accordance With the methods described herein. The present 
targeted diagnostic and therapeutic agents can be prepared 
and used folloWing general protocols described in those ear 
lier patents and patent applications, and by the protocols 
described herein. 

[0033] In accordance With another embodiment, there is 
provided a method of treating kidney disease states by admin 
istering to a patient suffering from such disease state an 
effective amount of a composition comprising a conjugate of 
the general formula V-L-D WhereinV is as de?ned above and 
the group D comprises a cytotoxin, an antigen (i.e., a com 
pound administered to a patient for the purpose of eliciting an 
immune response in vivo), or a cell groWth inhibitor. The 
group V can be any of the ligands described above. Exem 
plary of cytotoxic moieties useful for forming conjugates for 
use in accordance With the methods described herein include 
art-recogniZed chemotherapeutic agents such as antimetabo 
lites, methotrexate, busulfan, carboplatin, chlorambucil, cis 
platin and other platinum compounds, plant alkaloids, 
hydroxyurea, teniposide, and bleomycin, MEK kinase inhibi 
tors, MAP kinase pathWay inhibitors, PI-3 -kinase inhibitors, 
NFKB pathWay inhibitors, pro-apoptotic agents, apoptosis 
inducing agents, proteins such as pokeWeed, saporin, momor 
din, and gelonin, didemnin B, verrucarin A, geldanamycin, 
toxins, and the like. Such cytotoxic compounds can be 
directly conjugated to the targeting ligand, for example, folate 
or another folate receptor-binding ligand, or they can be for 
mulated in liposomes or other small particles Which them 
selves can be targeted to proximal tubule cells by pendent 
targeting ligands V non-covalently or covalently linked to one 
or more liposome components. 

[0034] In another embodiment, the group D comprises a 
cell groWth inhibitor, and the inhibitor can be covalently 
linked to the targeting ligandV, for example, a folate receptor 
binding ligand or a proximal tubule cell-binding antibody or 
antibody fragment (i.e., an antibody to a receptor overex 
pressed on proximal tubule cells that are proliferating abnor 
mally). The ligand can be linked directly, or the ligand can be 
encapsulated in a liposome Which is itself targeted to the 
proximal tubule cells by pendent targeting ligands V 
covalently or non-covalently linked to one or more liposome 
components. Cell groWth inhibitors can be selected from the 
group consisting of epidermal groWth factor receptor kinase 
inhibitors and other kinase inhibitors (e.g. rapamycin and 
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other inhibitors of the mTOR pathway, r-roscovitine and 
other cyclin-dependent kinase inhibitors), DNA alkylators 
(e.g., nitrogen mustards (e.g., cyclophosphamide), ethylene 
amines, alkyl sulfonates, nitrosoureas, and triaZene deriva 
tives), microtubule inhibitors (e.g., tamoxiphen, paclitaxel, 
docetaxel (and other taxols), vincristine, vinblastine, colce 
mid, and colchicine), cell cycle inhibitors (e.g., cytosine ara 
binoside, purine analogs, and pyrimidine analogs), and pro 
tein synthesis inhibitors (e.g., proteosome inhibitors). In one 
embodiment, rapamycin (RAPAMUNE®, Wyeth Pharma 
ceuticals, Inc., Madison, N1.) is the cell groWth inhibitor. 
Rapamycin is described in Shillingford, et al., PNAS 103: 
5466-5471 (2006), incorporated herein by reference. In 
another embodiment, more than one of these drugs can be 
conjugated to a ligand, such as folate, to form, for example, a 
dual-drug conjugate. 
[0035] In another embodiment, conjugates V-L-D Where D 
is an antigen or a cell groWth inhibitor can be administered in 
combination With a cytotoxic compound. The cytotoxic com 
pounds listed above are among the compounds suitable for 
this purpose. 

[0036] In one embodiment, conjugates are described 
herein, and such conjugates may be used in the treatment 
methods described herein. Illustratively, the conjugates have 
the general formula 

Where V is a folate receptor binding ligand, L is an optional 
linker, and D is a cell-groWth inhibitor, an antigen, or a cyto 
toxin. 

[0037] In one embodiment, the folate receptor binding 
ligand is folate or an analog of folate, or alternatively a deriva 
tive of either folate or an analog thereof. As used herein, the 
term “folate” or “folates” may refer to folate itself, or such 
analogs and derivatives of folate. HoWever, it is to be under 
stood that other folate receptor binding ligands in addition to 
folates are contemplated herein. Illustratively, such folate 
receptor binding ligands include any compound capable or 
speci?c or selective binding to folate receptors, especially 
those receptors present on the surface of cells. 

[0038] In another embodiment, the optional linker is 
absent, and the conjugate is formed by directly attaching the 
folate receptor binding ligand to the cell-groWth inhibitor, a 
cytotoxin, or an antigen. In another embodiment, the optional 
linker is present and is a divalent chemical fragment compris 
ing a chain of carbon, nitrogen, oxygen, silicon, sulfur, and 
phosphorus. It is to be understood that the foregoing atoms 
may be arranged in any chemically meaningful Way. In one 
variation, peroxide bonds, i.e. 4OiOi do not form part of 
the linker. Generally, the linker is formed from the foregoing 
atoms by arranging those atoms to form functional groups, 
including but not limited to, alkylene, cycloalkylene, arylene, 
ether, amino, hydroxylamino, oximino, hydraZine, hydra 
Zono, thio, disul?de, carbonyl, carboxyl, carbamoyl, thiocar 
bonyl, thiocarboxyl, thiocarbamoyl, xanthyl, silyl, phosphi 
nyl, phosphonyl, phosphate, and like groups that may be 
linked together to construct the linker. It is appreciated that 
each of these fragments may also be independently substi 
tuted. 

[0039] In another embodiment, the drug is a cell-groWth 
inhibitor. Illustrative of such cell-groWth inhibitors are epi 
dermal groWth factor (EGF) receptor kinase inhibitors. Fur 
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ther illustrative of such cell-groWth inhibitor are DNA alky 
lators, microtubule inhibitors, cell cycle inhibitors, and 
protein synthesis inhibitors. 
[0040] In another illustrative embodiment, such cell groWth 
inhibitors are compounds that inhibit the mammalian target 
of rapamycin, also referred to as mTOR. mTOR is a serine/ 
threonine protein kinase that has been reported to regulate cell 
groWth, cell proliferation, cell motility, cell survival, protein 
synthesis, and transcription (see generally, Beevers et al. 
“Curcumin inhibits the mammalian target of rapamycin-me 
diated signaling pathWays in cancer cells,” International 
Journal of Cancer, 119(4):757-64 (2006); Hay & Sonenberg 
N “Upstream and doWnstream of mTOR,” Genes & Devel 
apmenl, 18(16): 1926-45 (2004)). mTOR has been shoWn to 
function as the catalytic subunit of tWo distinct molecular 
complexes in cells. mTOR Complex 1 (mTORCl) is com 
posed of mTOR, regulatory associated protein of mTOR 
(Raptor), and mammalian LST8/G-protein ?-subunit like 
protein (mLST8/G[3L). This complex possesses the classic 
features of mTOR by functioning as a nutrient/energy/redox 
sensor and controlling protein synthesis. mTOR Complex 2 
(mTORC2) is composed of mTOR, rapamycin-insensitive 
companion of mTOR (Rictor), GBL, and mammalian stress 
activated protein kinase interacting protein 1 (mSIN1). 
mTORC2 has been shoWn to function as an important regu 
lator of the cytoskeleton through its stimulation of F-actin 
stress ?bers, paxillin, RhoA, Rac 1, Cdc42, and protein kinase 
C a (PKCot). In addition, mTORC2 has also been reported to 
be a “PDK2.” 

[0041] Illustrative of such mTOR inhibitors is rapamycin, 
and analogs and derivatives of rapamycin, such as are 
described in Us. Pat. Nos. 7,153,957 (Regioselective syn 
thesis of CCI-779), 7,122,361 (Compositions employing a 
novel human kinase), 7,105,328 (Methods for screening for 
compounds that modulate pd-1 signaling), 7,074,804 (CCI 
779 Isomer C), 7,060,797 (Composition and method for treat 
ing lupus nephritis), 7,060,709 (Method of treating hepatic 
?brosis), 7,029,674 (Methods for doWnmodulating immune 
cells using an antibody to PD-l), 7,019,014 (Process for 
producing anticancer agent LL-D45042), 6,958,153 (Skin 
penetration enhancing components), 6,821,731 (Expression 
analysis of FKBP nucleic acids and polypeptides useful in the 
diagnosis of prostate cancer), 6,713,607 (Effector proteins of 
Rapamycin), 6,680,330 (Rapamycin dialdehydes), 6,677,357 
(Rapamycin 29-enols), 6,670,355 (Method of treating cardio 
vascular disease), 6,617,333 (Antineoplastic combinations), 
6,541,612 (Monoclonal antibodies obtained using rapamycin 
position 27 conjugates as an immunogen), 6,511,986 
(Method of treating estrogen receptor positive carcinoma), 
6,440,991 (Ethers of 7-desmethylrapamycin), 6,432,973 
(Water soluble rapamycin esters), 6,399,626 (Hydroxyesters 
of 7-desmethylrapamycin), and 6,399,625 (1-oxorapamy 
cins), each incorporated herein by reference. 
[0042] In another illustrative embodiment, the linker 
includes an amino acid or a peptide from 2 to about 20 amino 
acids in length. As used herein, it is to be understood that 
amino acids are illustratively selected from the naturally 
occurring amino acids, or stereoisomers thereof. In addition, 
amino acids may be non-naturally occurring, and have for 
example the general formula: 

Where R is hydrogen, alkyl, acyl, or a suitable nitrogen pro 
tecting group, R' and R" are hydrogen or a substituent, each of 
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Which is independently selected in each occurrence, and q is 
an integer such as l, 2, 3, 4, or 5. Illustratively, R' and/or R" 
independently correspond to, but are not limited to, hydrogen 
or the side chains present on naturally occurring amino acids, 
such as methyl, benZyl, hydroxymethyl, thiomethyl, car 
boxyl, carboxylmethyl, guanidinopropyl, and the like, and 
derivatives and protected derivatives thereof. The above 
described formula includes all stereoisomeric variations. It is 
further appreciated that Water solubiliZing amino acids may 
be included in the linker to facilitate uptake and transport of 
the conjugates described herein. For example, the amino 
acids may be selected from asparagine, aspartic acid, cys 
teine, glutamic acid, lysine, glutamine, arginine, serine, orni 
thine, threonine, and the like. 
[0043] In another illustrative embodiment, the bivalent 
linker (L) comprises one or more spacer linkers, heteroatom 
linkers, and releasable (i.e., cleavable) linkers, and combina 
tions thereof, in any order. The term “releasable linker” as 
used herein generally refers to a linker that includes at least 
one bond that can be broken under physiological conditions 
(e.g., a pH-labile, acid-labile, oxidatively-labile, enZyme-la 
bile bond, and the like). It is appreciated that such physiologi 
cal conditions resulting in bond breaking include standard 
chemical hydrolysis reactions that occur, for example, at 
physiological pH, or as a result of compartmentaliZation into 
a cellular organelle such as an endosome having a loWer pH 
than cytosolic pH. 
[0044] It is also understood that a cleavable bond can con 
nect tWo adjacent atoms Within the releasable linker and/or 
connect other linkers or V and/or D, as described herein, at 
either or both ends of the releasable linker. In the case Where 
a cleavable bond connects tWo adjacent atoms Within the 
releasable linker, folloWing breakage of the bond, the releas 
able linker is broken into tWo or more fragments. Alterna 
tively, in the case Where a cleavable bond is betWeen the 
releasable linker and another moiety, such as an heteroatom 
linker, a spacer linker, another releasable linker, the drug, or 
analog or derivative thereof, or the vitamin, or analog or 
derivative thereof, folloWing breakage of the bond, the releas 
able linker is separated from the other moiety. 
[0045] The lability of the cleavable bond can be adjusted 
by, for example, substitutional changes at or near the cleav 
able bond, such as including alpha branching adjacent to a 
cleavable disul?de bond, increasing the hydrophobicity of 
substituents on silicon in a moiety having silicon-oxygen 
bond that may be hydrolyZed, homologating alkoxy groups 
that form part of a ketal or acetal that may be hydrolyZed, and 
the like. 

[0046] In one embodiment, the present invention provides a 
vitamin receptor binding drug delivery conjugate. The drug 
delivery conjugate consists of a vitamin receptor binding 
moiety, bivalent linker (L), and a drug. The vitamin receptor 
binding moiety is a vitamin, or an analog or a derivative 
thereof, capable of binding to vitamin receptors, and the drug 
(antigen, cytotoxin, or cell groWth inhibitor) includes analogs 
or derivatives thereof exhibiting drug activity. The vitamin, or 
the analog or the derivative thereof, is covalently attached to 
the bivalent linker (L), and the drug, or the analog or the 
derivative thereof, is also covalently attached to the bivalent 
linker (L). The bivalent linker (L) comprises one or more 
spacer linkers, releasable linkers, and heteroatom linkers, and 
combinations thereof, in any order. For example, the heteroa 
tom linker can be nitrogen, and the releasable linker and the 
heteroatom linker can be taken together to form a divalent 
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radical comprising alkyleneaZiridin-l -yl, alkylenecarbony 
laZiridin-l -yl, carbonylalkylaZiridin- l -yl, alkylenesulfoxy 
laZiridin-l -yl, sulfoxylalkylaZiridin- l -yl, sulfonylalkylaZiri 
din-l -yl, or alkylenesulfonylaZiridin-l -yl, Wherein each of 
the releasable linkers is optionally substituted With a substitu 
ent X2, as de?ned beloW. Alternatively, the heteroatom linkers 
can be nitrogen, oxygen, sulfur, and the formulae 
i(NHRlNHR2)i, iSOi, i(SO2)i, and iN(R3)Oi, 
Wherein R1, R2, and R3 are each independently selected from 
hydrogen, alkyl, aryl, arylalkyl, substituted aryl, substituted 
arylalkyl, heteroaryl, substituted heteroaryl, and alkoxyalkyl. 
In another embodiment, the heteroatom linker can be oxygen, 
the spacer linker can be l-alkylenesuccinimid-3-yl, option 
ally substituted With a substituent X1, as de?ned beloW, and 
the releasable linkers can be methylene, l-alkoxyalkylene, 
l -alkoxycycloalkylene, l-alkoxyalkylenecarbonyl, 
l-alkoxycycloalkylenecarbonyl, Wherein each of the releas 
able linkers is optionally substituted With a substituent X2, as 
de?ned beloW, and Wherein the spacer linker and the releas 
able linker are each bonded to the heteroatom linker to form 
a succinimid- l -ylalkyl acetal or ketal. 

[0047] The spacer linkers can be carbonyl, thionocarbonyl, 
alkylene, cycloalkylene, alkylenecycloalkyl, alkylenecarbo 
nyl, cycloalkylenecarbonyl, carbonylalkylcarbonyl, l-alky 
lenesuccinimid-3 -yl, l-(carbonylalkyl) succinimid-3-yl, 
alkylenesulfoxyl, sulfonylalkyl, alkylenesulfoxylalkyl, alky 
lenesulfonylalkyl, carbonyltetrahydro-2H-pyranyl, carbon 
yltetrahydrofuranyl, l-(carbonyltetrahydro-ZH-pyranyl)suc 
cinimid-3-yl, and l-(carbonyltetrahydrofuranyl)succinimid 
3-yl, Wherein each of the spacer linkers is optionally 
substituted With a substituent X1, as de?ned beloW. In this 
embodiment, the heteroatom linker can be nitrogen, and the 
spacer linkers can be alkylenecarbonyl, cycloalkylenecarbo 
nyl, carbonylalkylcarbonyl, l-(carbonylalkyl)succinimid-3 
yl, Wherein each of the spacer linkers is optionally substituted 
With a substituent X1, as de?ned beloW, and the spacer linker 
is bonded to the nitrogen to form an amide. Alternatively, the 
heteroatom linker can be sulfur, and the spacer linkers can be 
alkylene and cycloalkylene, Wherein each of the spacer link 
ers is optionally substituted With carboxy, and the spacer 
linker is bonded to the sulfur to form a thiol. In another 
embodiment, the heteroatom linker can be sulfur, and the 
spacer linkers can be l-alkylenesuccinimid-3-yl and l-(car 
bonylalkyl)succinimid-3-yl, and the spacer linker is bonded 
to the sulfur to form a succinimid-3-ylthiol. 

[0048] In an alternative to the above-described embodi 
ments, the heteroatom linker can be nitrogen, and the releas 
able linker and the heteroatom linker can be taken together to 
form a divalent radical comprising alkyleneaZiridin- l -yl, car 
bonylalkylaZiridin-l-yl, sulfoxylalkylaZiridin-l-yl, or sulfo 
nylalkylaZiridin-l-yl, Wherein each of the releasable linkers 
is optionally substituted With a substituent X2, as de?ned 
beloW. In this alternative embodiment, the spacer linkers can 
be carbonyl, thionocarbonyl, alkylenecarbonyl, cycloalkyle 
necarbonyl, carbonylalkylcarbonyl, l-(carbonylalkyl)suc 
cinimid-3-yl, Wherein each of the spacer linkers is optionally 
substituted With a substituent X1, as de?ned beloW, and 
Wherein the spacer linker is bonded to the releasable linker to 
form an aZiridine amide. 

[0049] The substituents X1 can be alkyl, alkoxy, alkoxy 
alkyl, hydroxy, hydroxyalkyl, amino, aminoalkyl, alkylami 
noalkyl, dialkylaminoalkyl, halo, haloalkyl, sulfhydrylalkyl, 
alkylthioalkyl, aryl, substituted aryl, arylalkyl, substituted 
arylalkyl, heteroaryl, substituted heteroaryl, carboxy, car 
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boxyalkyl, alkyl carboxylate, alkyl alkanoate, guanidi 
noalkyl, R4-carbonyl, R5 -carbonylalkyl, R6-acylamino, and 
R7 -acylaminoalkyl, wherein R4 and R5 are each indepen 
dently selected from amino acids, amino acid derivatives, and 
peptides, and Wherein R6 and R7 are each independently 
selected from amino acids, amino acid derivatives, and pep 
tides. In this embodiment the heteroatom linker can be nitro 
gen, and the sub stituent X1 and the heteroatom linker can be 
taken together With the spacer linker to Which they are bound 
to form an heterocycle. 
[0050] The releasable linkers can be methylene, l-alkoxy 
alkylene, l-alkoxycycloalkylene, l-alkoxyalkylenecarbonyl, 
l-alkoxycycloalkylenecarbonyl, carbonylarylcarbonyl, car 
bonyl(carboxyaryl)carbonyl, carbonyl(biscarboxyaryl)car 
bonyl, haloalkylenecarbonyl, alkylene(dialkylsilyl), alkylene 
(alkylarylsilyl), alkylene(diarylsilyl), (dialkylsilyl)aryl, 
(alkylarylsilyl)aryl, (diarylsilyl)aryl, oxycarbonyloxy, oxy 
carbonyloxyalkyl, sulfonyloxy, oxysulfonylalkyl, iminoalky 
lidenyl, carbonylalkylideniminyl, iminocycloalkylidenyl, 
carbonylcycloalkylideniminyl, alkylenethio, alkylene 
arylthio, and carbonylalkylthio, Wherein each of the releas 
able linkers is optionally substituted With a substituent X2, as 
de?ned beloW. 
[0051] In the preceding embodiment, the heteroatom linker 
can be oxygen, and the releasable linkers can be methylene, 
l -alkoxyalkylene, l-alkoxycycloalkylene, l-alkoxyalkylen 
ecarbonyl, and l-alkoxycycloalkylenecarbonyl, Wherein 
each of the releasable linkers is optionally substituted With a 
substituent X2, as de?ned beloW, and the releasable linker is 
bonded to the oxygen to form an acetal or ketal . Alternatively, 
the heteroatom linker can be oxygen, and the releasable linker 
can be methylene, Wherein the methylene is substituted With 
an optionally-substituted aryl, and the releasable linker is 
bonded to the oxygen to form an acetal or ketal. Further, the 
heteroatom linker can be oxygen, and the releasable linker 
can be sulfonylalkyl, and the releasable linker is bonded to the 
oxygen to form an alkylsulfonate. 
[0052] In another embodiment of the above releasable 
linker embodiment, the heteroatom linker can be nitrogen, 
and the releasable linkers can be iminoalkylidenyl, carbony 
lalkylideniminyl, iminocycloalkylidenyl, and carbonylcy 
cloalkylideniminyl, Wherein each of the releasable linkers is 
optionally substituted With a sub stituent X2, as de?ned beloW, 
and the releasable linker is bonded to the nitrogen to form an 
hydraZone. In an alternate con?guration, the hydraZone may 
be acylated With a carboxylic acid derivative, an orthoformate 
derivative, or a carbamoyl derivative to form various acylhy 
draZone releasable linkers. 
[0053] Alternatively, the heteroatom linker can be oxygen, 
and the releasable linkers can be alkylene(dialkylsilyl), alky 
lene(alkylarylsilyl), alkylene(diarylsilyl), (dialkylsilyl)aryl, 
(alkylarylsilyl)aryl, and (diarylsilyl)aryl, Wherein each of the 
releasable linkers is optionally substituted With a substituent 
X2, as de?ned beloW, and the releasable linker is bonded to the 
oxygen to form a silanol. 

[0054] In the above releasable linker embodiment, the drug 
can include a nitrogen atom, the heteroatom linker can be 
nitrogen, and the releasable linkers can be carbonylarylcar 
bonyl, carbonyl(carboxyaryl)carbonyl, carbonyl(biscar 
boxyaryl)carbonyl, and the releasable linker can be bonded to 
the heteroatom nitrogen to form an amide, and also bonded to 
the drug nitrogen to form an amide. 
[0055] In the above releasable linker embodiment, the drug 
can include an oxygen atom, the heteroatom linker can be 
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nitrogen, and the releasable linkers can be carbonylarylcar 
bonyl, carbonyl(carboxyaryl)carbonyl, carbonyl(biscar 
boxyaryl)carbonyl, and the releasable linker can be bonded to 
the heteroatom linker nitrogen to form an amide, and also 
bonded to the drug oxygen to form an ester. 

[0056] The substituents X2 can be alkyl, alkoxy, alkoxy 
alkyl, hydroxy, hydroxyalkyl, amino, aminoalkyl, alkylami 
noalkyl, dialkylaminoalkyl, halo, haloalkyl, sulfhydrylalkyl, 
alkylthioalkyl, aryl, substituted aryl, arylalkyl, substituted 
arylalkyl, heteroaryl, substituted heteroaryl, carboxy, car 
boxyalkyl, alkyl carboxylate, alkyl alkanoate, guanidi 
noalkyl, R4-carbonyl, Rs-carbonylalkyl, R6-acylamino, and 
R7-acylaminoalkyl, Wherein R4 and R5 are each indepen 
dently selected from amino acids, amino acid derivatives, and 
peptides, and Wherein R6 and R7 are each independently 
selected from amino acids, amino acid derivatives, and pep 
tides. In this embodiment the heteroatom linker can be nitro 
gen, and the sub stituent X2 and the heteroatom linker can be 
taken together With the releasable linker to Which they are 
bound to form an heterocycle. 

[0057] The heterocycles can be pyrrolidines, piperidines, 
oxaZolidines, isoxaZolidines, thiaZolidines, isothiaZolidines, 
pyrrolidinones, piperidinones, oxaZolidinones, isoxaZolidi 
nones, thiaZolidinones, isothiaZolidinones, and succinimides. 
[0058] The drug can include a nitrogen atom, and the 
releasable linker can be haloalkylenecarbonyl, optionally 
substituted With a substituent X2, and the releasable linker is 
bonded to the drug nitrogen to form an amide. 

[0059] The drug can include an oxygen atom, and the 
releasable linker can be haloalkylenecarbonyl, optionally 
substituted With a substituent X2, and the releasable linker is 
bonded to the drug oxygen to form an ester. 

[0060] The drug can include a double-bonded nitrogen 
atom, and in this embodiment, the releasable linkers can be 
alkylenecarbonylamino and l-(alkylenecarbonylamino)suc 
cinimid-3-yl, and the releasable linker can be bonded to the 
drug nitrogen to form an hydraZone. 

[0061] The drug can include a sulfur atom, and in this 
embodiment, the releasable linkers can be alkylenethio and 
carbonylalkylthio, and the releasable linker can be bonded to 
the drug sulfur to form a disul?de. 

[0062] The term “aryl” as used herein refers to an aromatic 
mono or polycyclic ring of carbon atoms, such as phenyl, 
naphthyl, and the like. 
[0063] The term “heteroaryl” as used herein refers to an 
aromatic mono or polycyclic ring of carbon atoms and at least 
one heteroatom selected from nitrogen, oxygen, and sulfur, 
such as pyridinyl, pyrimidinyl, indolyl, benZoxaZolyl, and the 
like. 

[0064] The term “substituted aryl” or “substituted het 
eroaryl” as used herein refers to aryl or heteroaryl substituted 
With one or more substituents selected, such as halo, hydroxy, 
amino, alkyl or dialkylamino, alkoxy, alkylsulfonyl, cyano, 
nitro, and the like. 

[0065] In addition, the folloWing linkers are contemplated. 
It is understood that these linkers may be combined With each 
other and other space, heteroatom and releaseable linkers to 
prepare the conjugates described herein. Illustrative linkers, 
and combinations of spacer and heteroatom linkers include: 
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[0066] Illustrative folate receptor binding ligands include 
folic acid, folinic acid, pteropolyglutamic acid, and folate 
receptor-binding pteridines such as tetrahydropterins, dihy 
drofolates, tetrahydrofolates, and their deaZa and dideaZa 
analogs. The terms “deaZa” and “dideaZa” analogs refer to the 
art-recognized analogs having a carbon atom substituted for 
one or tWo nitrogen atoms in the naturally occurring folic acid 
structure, or analog or derivative thereof. For example, the 
deaZa analogs include the l-deaZa, 3-deaZa, 5-deaZa, 8-deaZa, 
and lO-deaZa analogs of folate. The dideaZa analogs include, 
for example, l,5-dideaZa, 5,l0-dideaZa, 8,10-dideaza, and 
5,8-dideaZa analogs of folate. Other folates useful as complex 
forming ligands for this invention are the folate receptor 
binding analogs aminopterin, amethopterin (methotrexate), 
NlO-methylfolate, 2-deamino-hydroxyfolate, deaZa analogs 
such as l -deaZamethopterin or 3-deaZamethopterin, and 3',5' 
dichloro-4-amino-4-deoxy-NlO-methylpteroylglutamic acid 
(dichloromethotrexate). The foregoing folic acid analogs 
and/or derivatives are conventionally termed “folate” or 
“folates,” re?ecting their ability to bind With folate-receptors, 
and such ligands When conjugated With exogenous molecules 
are effective to enhance transmembrane transport, such as via 
folate-mediated endocytosis as described herein. Other suit 
able ligands capable of binding to folate receptors to initiate 
receptor-mediated endocytotic transport of the complex 
include anti-idiotypic antibodies to the folate receptor. An 
exogenous molecule in complex With an anti-idiotypic anti 
body to a folate receptor is used to trigger transmembrane 
transport of the complex in accordance With the present 
invention. 
[0067] Generally, any manner of forming a conjugate 
betWeen the bivalent linker (L) and the folate receptor-bind 
ing ligand, or betWeen the bivalent linker (L) and the cell 
groWth inhibitor, antigen, or cytotoxin, or analog or derivative 
thereof, including any intervening heteroatom linkers, may be 
used. The conjugate may be formed by direct conjugation of 
any of these molecules, for example, through hydrogen, ionic, 
or covalent bonds. Covalent bonding can occur, for example, 
through the formation of amide, ester, disul?de, or imino 
bonds betWeen acid, aldehyde, hydroxy, amino, sulfhydryl, 
hydraZo, and like groups, such as those described herein. 
[0068] The spacer and/or releasable linker (i.e., cleavable 
linker) can be any biocompatible linker. The cleavable linker 
can be, for example, a linker susceptible to cleavage under the 
reducing or oxidiZing conditions present in or on cells, a 
pH-sensitive linker that may be an acid-labile or base-labile 
linker, or a linker that is cleavable by biochemical or meta 
bolic processes, such as an enZyme-labile linker. Generally, 
the spacer and/ or releasable linker comprises about 1 to about 
50 atoms in length, more typically about 2 to about 20 carbon 
atoms. It is appreciated that loWer molecular Weight linkers 
(i.e., those having an approximate molecular Weight of about 
30 to about 300) may be employed. Precursors to such linkers 
are selected to have suitably reactive groups at the points of 
attachment, such as nucleophilic or electrophilic functional 
groups, or both, optionally in a protected form With a readily 
cleavable protecting group to facilitate their use in synthesis 
of the intermediate species. 
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[0069] In another illustrative embodiment, the conjugate is 
a compound of the following formula: 

Wherein: 

[0071] R7 is hydrogen, alkyl of l -6 carbon atoms, alkenyl of 
2-7 carbon atoms, alkynyl of 2-7 carbon atoms, i(CRl2R13) 

R10, ‘C133, iF, or 4CO2RlO; 
[0072] R10 is hydrogen, alkyl of 1-6 carbon atoms, alkenyl 
of 2-7 carbon atoms, alkynyl of 2-7 carbon atoms, triphenyl 
methyl, benZyl, alkoxymethyl of 2-7 carbon atoms, chloroet 
hyl, or tetrahydropyranyl; R8 and R9 are taken together to 
form X; 
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[0073] X is 2-phenyl-l ,3,2-dioXaborinan-5-yl or 2-phenyl 
1,3,2-dioxaborinan-4-yl, Wherein the phenyl may be option 
ally substituted; 
[0074] R12 and R13 are each, independently, hydrogen, 
alkyl of l -6 carbon atoms, alkenyl of 2-7 carbon atoms, alky 
nyl of 2-7 carbon atoms, tri?uoromethyl, or iF; 
[0075] f:0-6; and 
[0076] L is as de?ned herein. 
[0077] In another illustrative embodiment, the conjugate is 
a compound of the folloWing formula: 

cont 0 
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wherein R in each instance is the same or different and is 
independently selected from the group consisting of alkyl of 
1-6 carbon atoms, phenyl and benZyl; and L is as de?ned 
herein. 
[0078] In another illustrative embodiment, the conjugate is 
a compound of the folloWing formula: 

Where L is as de?ned herein, and L is connected to the rapa 
mycin or analog or derivative thereof at either of (0*), and the 
other of (0*) is substituted With R, Wherein R is hydrogen or 

i(R“iWiRb)ni; 
[0079] W is a linking group; 
[0080] R“ is selected from the group consisting of carbonyl, 
*S(O)*, *$(O)2< *P(O)2*, *P(O)(CH3)*, 

[0081] Rb is a selected from the group consisting of carbo 
nyl, iNHi, iSi, 4CH2i, and -O-; and 
[0082] n:1-5. 
[0083] In another illustrative embodiment, the conjugate is 
a compound of the folloWing formula: 
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Where L is as de?ned herein, and L is connected to the rapa 
mycin or analog or derivative thereof at either of (0*), and the 
other of (0*) is substituted With R, Wherein R is hydrogen, 
thioalkyl of 1 -6 carbon atoms, arylalkyl of 7-10 carbon atoms, 
hydroxyalkyl of 1-6 carbon atoms, dihydroxyalkyl of 1-6 
carbon atoms, alkoxyalkyl of 2-12 carbon atoms, hydroxy 
alkoxyalkyl of 2-12 carbon atoms, acyloxyalkyl of 3-12 car 
bon atoms, aminoalkyl of 1 -6 carbon atoms, alkylaminoalkyl 
of 1 -6 carbon atoms per alkyl group, dialkylaminoalkyl of 1 -6 
carbon atoms per alkyl group, alkoxycarbonylaminoalkyl of 
3-12 carbon atoms, acylaminoalkyl of 3-12 carbon atoms, 
alkenyl of 2-7 carbon atoms, arylsulfamidoalkyl having 1-6 
carbon atoms in the alkyl group, hydroxyalkylallyl of 4-9 
carbon atoms, dihydroxyalkylallyl of 4-9 carbon atoms, or 
dioxolanylallyl. 
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[0084] In another illustrative embodiment, the conjugate is 
a compound of the following formula: 

Where L is as de?ned herein, and L is connected to the rapa 
mycin or analog or derivative thereof at either of (0*), and the 
other of (0*) is substituted With R, Wherein R is hydrogen or 
iCO(CR3R4)b (CR5 R6)dCR7R8R9; Where 
[0085] R3 and R4 are each, independently, hydrogen, alkyl 
of 1-6 carbon atoms, alkenyl of 2-7 carbon atoms, alkynyl of 
2-7 carbon atoms, tri?uoromethyl, or F; R5 and R6 are each, 
independently, hydrogen, alkyl of l-6 carbon atoms, alkenyl 
of 2-7 carbon atoms, alkynyl of 2-7 carbon atoms, (CR3R4) 
fORlO, CF3, F, or COZRl 1; R7 is hydrogen, alkyl of l -6 carbon 
atoms, alkenyl of 2-7 carbon atoms, alkynyl of 2-7 carbon 
atoms, (CR3R4)/ORIO, CF3, F, or COZRU; 
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[0086] R8 and R9 are each, independently, hydrogen, alkyl 
of l -6 carbon atoms, alkenyl of 2-7 carbon atoms, alkynyl of 
2-7 carbon atoms, (CR3R4)tORlO, CF3, F, or CO2RU; 
[0087] R10 is hydrogen or COCH2SCH2CH2(OCH2CH2) 

[0088] R1 l is hydrogen, alkyl of l-6 carbon atoms, alkenyl 
of 2-7 carbon atoms, alkynyl of 2-7 carbon atoms, or pheny 
lalkyl of 7-10 carbon atoms; 

[0089] b:0-6; d:0-6; f:0-6; and n:5-450. 
[0090] In another illustrative embodiment, the conjugate is 
a compound of the folloWing formula: 

cozn 0 

m2 
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[0091] Where L is as de?ned herein, and L is connected to 
the rapamycin or analog or derivative thereof at either of (0*), 
and the other of (O*) is substituted With R, Wherein R is 
hydrogen or iCO (CR3R4)Z, (CR5 R6)dCR7R8R9; Where 
[0092] R3 and R4 are each, independently, hydrogen, alkyl 
of 1-6 carbon atoms, alkenyl of 2-7 carbon atoms, alkynyl of 
2-7 carbon atoms, tri?uoromethyl, or F; 
[0093] R5 and R6 are each, independently, hydrogen, alkyl 
of l-6 carbon atoms, alkenyl of 2-7 carbon atoms, alkynyl of 
2-7 carbon atoms, (CR3R4)/OH, CF3, F, or COZRU; 
[0094] R7 is hydrogen, alkyl of l -6 carbon atoms, alkenyl of 
2-7 carbon atoms, alkynyl of 2-7 carbon atoms, (CR3R4)fOH, 
CF3, F, or CO2RU; 
[0095] R8 and R9 are each, independently, hydrogen, alkyl 
of l-6 carbon atoms, alkenyl of 2-7 carbon atoms, alkynyl of 
2-7 carbon atoms, (CR3R4)/OH, CF3, F, or COZRU; 

Apr. 29, 2010 

[0096] R1 l is hydrogen, alkyl of l-6 carbon atoms, alkenyl 
of 2-7 carbon atoms, alkynyl of 2-7 carbon atoms, or pheny 
lalkyl of 7-10 carbon atoms; 
b:0-6; d:0-6; and f:0-6. 
[0097] In one aspect of each of the foregoing, L includes an 
amino acid or a peptide. In another aspect of each of the 
foregoing, L includes amino acids selected from cysteine, 
aspartic acid, glutamic acid, arginine, and lysine. It is to be 
understood that either enantiomer of such amino acids may be 
included in such illustrative linkers in each instance. In 
another aspect of each of the foregoing, L includes a releas 
able linker. In one variation, the releasable linker comprises a 
disul?de bond. In another variation, the releasable linker 
comprises a carbonate. 
[0098] In another illustrative embodiment, the conjugate is 
a compound of the folloWing formula: 

cozn o 

N N NH2 

Where L is as de?ned herein, and L is connected to the rapa 

mycin or analog or derivative thereof at either of (0*). In one 
aspect, L includes an amino acid or a peptide. In another 
aspect, L includes amino acids selected from cysteine, aspar 
tic acid, glutamic acid, arginine, and lysine. It is to be under 
stood that either enantiomer of such amino acids may be 
included in such illustrative linkers in each instance. In 
another aspect, L includes a releasable linker. In one varia 

tion, the releasable linker comprises a disul?de bond. In 
another variation, the releasable linker comprises a carbonate. 
































