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(57) ABSTRACT 

The invention relates to a method of treating or diagnosing 
a disease state mediated by monocytes. The method utilizes 
a composition comprising a conjugate or complex of the 
general formula 

Ab-X 

Wherein the group Ab comprises a ligand that binds to 
monocytes, and When the conjugate is being used for treat 
ment of the disease state, the group X comprises an immu 
nogen, a cytotoxin, or a compound capable of altering 
monocyte function, and When the conjugate is being used for 
diagnosing the disease state, the group X comprises an 
imaging agent. 



Patent Application Publication Jan. 11, 2007 Sheet 1 0f 6 US 2007/0009434 A1 

Relative 
Oéll 

Number 

Control (No Dye) 

Competition 

Folate-Fluorescein 

m2 = 

Fol'ate FITC 

FOIaIeFFITO Conjugate Binding Competedwith-FollcAcld 
‘ v. 

453% a? 90.7% 2.0% 

A B 

0.0% 0.0%,; 

" ', ' ""{0 unnivas u w vuni'uoq 

Folate-FITO 

Fig. 2 







Patent Application Publication Jan. 11, 2007 Sheet 4 0f 6 US 2007/0009434 A1 

100 

COI'TU'DI 

Competition 

F olate-Phycoewthrin 

m2 103 104 
Folate-Phyooemthlin 

Fig. 7 

50.00% 
*A'rthritlc 
- Healthy 

A Other 50.00% - 

40.00% - 

Monocyte 
Population 
FR Posltive 30-09% - 

20.0056 - 

10mm - 

D 

0.00% 

Fig. 8 



70“. 

Patent Application Publication Jan. 11, 2007 Sheet 5 0f 6 US 2007/0009434 A1 

- - foht-?metlasonsolmokmw 

*wm-ummm momomgnm a . --'° 6000 

Paw volume 
(cubic mm) w, 

my mmrmm mwmn 

Fig. 9 



Patent Application Publication Jan. 11, 2007 Sheet 6 0f 6 US 2007/0009434 A1 

Human Monocyte Folate Receptor Expression Level Over the Course of Arthritis Treatment 

2000% 0 Initial FR Expression Level 
I 2nd Visit 
A 3rd VlSil 

18.00% 0 4th \?sit 
I —O— 510 \?sii 

O 
16.00% 

+ 14.00% 
I 
LL 

3 Q 
*;_ 12.00% Q 
U 

E 
E 10 00% 
an I 
C 

E O 
E 8.00% 

23 Q 
‘a 0.00% i 

A O 
4.00% l 

A 
2.00% Q I g 

I I 
O A 

0.00% x \ \ ' ‘ ‘ ' 

o 1 2 3 4 5 6 7 a 

Patient Number 

Fig. 10 



US 2007/0009434 A1 

IMAGING AND THERAPEUTIC METHOD USING 
MONOCYTES 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority under 35 U.S.C. 
§ll9(e) to US. Provisional Application Ser. No. 60/696, 
740, ?led on Jul. 5, 2005, and to US. Provisional Applica 
tion Ser. No. 60/801,636, ?led on May 18, 2006, each 
incorporated by reference herein in its entirety. 

FIELD OF THE INVENTION 

[0002] This invention relates to methods for treating and 
diagnosing disease states mediated by monocytes. More 
particularly, ligands that bind to monocytes are complexed 
With an imaging agent for use in diagnosis or to an immu 
nogen, a cytotoxin, or an agent for altering monocyte 
function for use in the treatment of monocyte-mediated 
disease. 

BACKGROUND 

[0003] The mammalian immune system provides a means 
for the recognition and elimination of foreign pathogens. 
While the immune system normally provides a line of 
defense against foreign pathogens, there are many instances 
Where the immune response itself is involved in the pro 
gression of disease. Exemplary of diseases caused or Wors 
erred by the host’s oWn immune response are autoimmune 
diseases and other diseases in Which the immune response 
contributes to pathogenesis. For example, macrophages are 
generally the ?rst cells to encounter foreign pathogens, and 
accordingly, they play an important role in the immune 
response, but activated macrophages can also contribute to 
the pathophysiology of disease in some instances. 

[0004] The folate receptor is a 38 KD GPI-anchored 
protein that binds the vitamin folic acid With high affinity 
(<1 nM). Following receptor binding, rapid endocytosis 
delivers the vitamin into the cell, Where it is unloaded in an 
endosomal compartment at loW pH. Importantly, covalent 
conjugation of small molecules, proteins, and even lipo 
somes to folic acid does not block the vitamin’s ability to 
bind the folate receptor, and therefore, folate-drug conju 
gates can readily be delivered to and can enter cells by 
receptor-mediated endocytosis. 
[0005] 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. With the 
exception of kidney, choroid plexus, and placenta, normal 
tissues express loW or nondetectable levels of the folate 
receptor. HoWever, many malignant tissues, including ova 
rian, breast, bronchial, and brain cancers express signi? 
cantly elevated levels of the receptor. In fact, it is estimated 
that 95% of all ovarian carcinomas overexpress the folate 
receptor. It has been reported that the folate receptor [3, the 
nonepithelial isoforrn of the folate receptor, is expressed on 
activated (but not resting) synovial macrophages. Thus, 
folate receptors are expressed on a subset of macrophages 
(i.e., activated macrophages). 

SUMMARY 

[0006] It is unknown, hoWever, Whether folate receptors 
are expressed on monocytes, the precursor cells for mac 
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rophages. Thus, Applicants have undertaken to determine 
Whether folate receptors are expressed on monocytes and 
Whether monocyte targeting, using a ligand such as folate, to 
deliver cytotoxic or other inhibitory compounds to mono 
cytes, is useful therapeutically. Applicants have also under 
taken to determine Whether an imaging agent linked to a 
ligand capable of binding to monocytes may be useful for 
diagnosing in?ammatory pathologies. 
[0007] A method is provided for treating and diagnosing 
disease states mediated by monocytes. In one embodiment, 
the monocytes are activated monocytes. In one embodiment, 
disease states mediated by monocytes are treated by deliv 
ering an immunogen to the monocytes, by linking the 
immunogen to a ligand that binds to monocytes, to redirect 
host immune responses to monocytes. In another embodi 
ment, monocytes can be inactivated or killed by other 
methods such as by the delivery to monocytes of cytotoxins 
or other compounds capable of altering monocyte function. 

[0008] In the embodiment Where an immunogen is deliv 
ered to monocytes to inactivate or kill monocytes, ligands 
that bind to monocytes are conjugated With an immunogen 
to redirect host immune responses to the monocytes, or the 
ligand is conjugated to a cytotoxin for killing of monocytes. 
Ligands that can be used in the conjugates of the present 
invention include those that bind to receptors expressed on 
monocytes (e.g., activated monocytes), such as the folate 
receptor, or ligands such as monoclonal antibodies directed 
to cell surface markers expressed on monocytes or other 
ligands that bind to activated monocytes. In another embodi 
ment, ligands that bind to monocytes are conjugated to an 
imaging agent and the conjugate is used to diagnose diseases 
mediated by monocytes. 

[0009] In another embodiment, a method is provided for 
diagnosing a disease state mediated by monocytes. The 
method comprises the steps of isolating monocytes from a 
patient suffering from a monocyte-mediated disease state, 
contacting the monocytes With a composition comprising a 
conjugate or complex of the general formula 

Ab-X 
[0010] Where the group Ab comprises a ligand that binds to 
monocytes and the group X comprises an imaging agent, and 
quantifying the percentage of monocytes that expresses a 
receptor for the ligand. In another embodiment, Ab com 
prises a folate receptor binding ligand. In yet another 
embodiment, Ab comprises a monocyte-binding antibody or 
antibody fragment or other ligands that bind to activated 
monocytes. In another embodiment, the imaging agent com 
prises a metal chelating moiety that binds an element that is 
a radionuclide. In still another embodiment, the imaging 
agent comprises a chromophore selected from the group 
consisting of ?uorescein, Oregon Green, rhodamine, phy 
coerythrin, Texas Red, and AlexaFluor 488. 

[0011] In another embodiment, a method is provided for 
diagnosing a disease state mediated by monocytes. The 
method comprises the steps of administering parenterally to 
a patient a composition comprising a conjugate or complex 
of the general formula 

Ab-X 
Where the group Ab comprises a ligand that binds to mono 
cytes and the group X comprises an imaging agent, and 
quantifying the percentage of monocytes that expresses a 
receptor for the ligand. 
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[0012] In another embodiment, a method is provided for 
treating a disease state mediated by monocytes. The method 
comprises the steps of administering to a patient suffering 
from a monocyte-mediated disease state an effective amount 

of a composition comprising a conjugate or complex of the 
general formula 

COOH 

m2 
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Where the group Ab comprises a ligand that binds to mono 
cytes and the group X comprises an immunogen, a cyto 
toxin, or a compound capable of altering monocyte function, 
and eliminating the monocyte-mediated disease state. 

[0013] In yet another embodiment, a compound for diag 
nosing or treating a disease state mediated by monocytes is 
provided. The compound is selected from the folloWing 
group of compounds: 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 shows folate-?uorescein binding to human 
monocytes isolated from peripheral blood and left untreated 
or preincubated With a 100-fold excess of unlabeled folic 
acid to compete With folate-?uorescein for binding. 

[0015] FIG. 2 shoWs folate-?uorescein (folate-FITC e.g. 
folate-?uorescein isothiocyanate) binding, quanti?ed by 
How cytometry, to CD11b+ human monocytes (panel A) and 
to CD11b+ human monocytes preincubated With an excess 
of unlabeled folic acid (panel B) to compete With folate 
FITC for binding. 

[0016] FIG. 3 shoWs ?oW cytometry analysis, using 
CD11b (A), CD14 (B), CD16 (C), CD69 (D), and HLA-DR 
(E) antibodies, of CD markers that are co-expressed With the 
folate receptor on human monocytes. 

[0017] FIG. 4 shoWs binding of 3H-folic acid to White 
blood cells from humans, dogs, rabbits, rats, mice, or to KB 
cells. The cells Were either preincubated With a 100-fold 
excess of unlabeled folic acid (cross-hatched bars labeled 
With an “xs”) or not preincubated With excess unlabeled 
folic acid (solid bars). 

[0018] FIG. 5 shoWs folate-FITC binding, analyZed by 
How cytometry, to peripheral blood monocytes from dogs 
(panels A and C) and horses (panels B and D) and compe 
tition of binding by unlabeled folic acid. 

[0019] FIG. 6 shoWs folate-FITC (A-C) or folate-Alex 
aFluor 488 (D-F) binding, analyZed by How cytometry, to 
peripheral blood monocytes from dogs and competition of 
binding by unlabeled folic acid. 

[0020] FIG. 7 shoWs folate-phycoerythrin binding, ana 
lyZed by How cytometry, to human peripheral blood mono 
cytes and competition by unlabeled folic acid. 

[0021] FIG. 8 shoWs the percentage of human peripheral 
blood monocytes that are folate receptor positive in healthy 
humans (squares) and in patients With rheumatoid arthritis 
(diamonds), osteoarthritis (upper group of triangles), and 
?bromyalgia (three triangles at loWest percentages). 

[0022] FIG. 9 shoWs paW volume over time in rats after 
arthritis induction. The rats Were treated With folate-?u 
methasone (50 nmoles/kg/day; squares) or folate-in 
domethacin (100 (triangles) or 250 (diamonds) nmoles/kg/ 
day) or Were untreated (circles). 

[0023] FIG. 10 shoWs the percentage of human peripheral 
blood monocytes that are folate receptor positive in patients 
With rheumatoid arthritis over the course of therapy. 

DETAILED DESCRIPTION 

[0024] Methods are provided for treating and diagnosing 
disease states mediated (e.g., caused or augmented) by 
monocytes. Exemplary disease states include ?bromyalgia, 
rheumatoid arthritis, osteoarthritis, ulcerative colitis, 
Crohn’s disease, psoriasis, osteomyelitis, multiple sclerosis, 
atherosclerosis, pulmonary ?brosis, sarcoidosis, systemic 
sclerosis, organ transplant rejection (GVHD), lupus erythe 
matosus, Sjogren’s syndrome, glomerulonephritis, in?am 
mations of the skin (e.g., psoriasis), and chronic in?anu 
nations. Such disease states can be diagnosed by isolating 
monocytes (e.g., Whole blood or peripheral blood mono 
cytes) from a patient suffering from such disease state, 
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contacting the monocytes With a composition comprising a 
conjugate of the general formula Ab-X Wherein the group Ab 
comprises a ligand that binds to monocytes, and the group 
X comprises an imaging agent, and quantifying the percent 
age of monocytes expressing a receptor for the ligand. 

[0025] Such disease states can also be diagnosed by 
administering parenterally to a patient a composition com 
prising a conjugate or complex of the general formula Ab-X 
Where the group Ab comprises a ligand that binds to mono 
cytes and the group X comprises an imaging agent, and 
quantifying the percentage of monocytes that expresses a 
receptor for the ligand. 

[0026] Monocyte-mediated disease states can be treated in 
accordance With the methods disclosed herein by adminis 
tering an effective amount of a composition Ab-X Wherein 
Ab comprises a ligand that binds to monocytes and Wherein 
the group X comprises an immunogen, a cytotoxin, or a 
compound capable of altering monocyte function. Such 
monocyte targeting conjugates, When administered to a 
patient suffering from a monocyte-mediated disease state, 
Work to concentrate and associate the conjugated cytotoxin, 
immunogen, or compound capable of altering monocyte 
function With the population of monocytes to kill the mono 
cytes or alter monocyte function. The conjugate is typically 
administered parenterally, but can be delivered by any 
suitable method of administration (e.g., orally), as a com 
position comprising the conjugate and a pharmaceutically 
acceptable carrier therefor. Conjugate administration is typi 
cally continued until symptoms of the disease state are 
reduced or eliminated, or administration is continued after 
this time to prevent progression or reappearance of the 
disease. 

[0027] 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. 

[0028] As used herein, the terms “elimination” and “deac 
tivation” of the monocyte population that expresses the 
ligand receptor mean that this monocyte population is killed 
or is completely or partially inactivated Which reduces the 
monocyte-mediated pathogenesis characteristic of the dis 
ease state being treated. 

[0029] As used herein, “mediated by” in reference to 
diseases mediated by monocytes means caused by or aug 
mented by. For example, monocytes can directly cause 
disease or monocytes can augment disease states such as by 
stimulating other immune cells to secrete factors that medi 
ate disease states, such as by stimulating T-cells to secrete 
TNF-ot. Illustratively, monocytes themselves may also har 
bor infections and cause disease and infected monocytes 
may cause other immune cells to secrete factors that cause 
disease such as TNF-ot secretion by T-cells. 

[0030] In one embodiment, monocyte-mediated disease 
states are diagnosed in a patient by isolating monocytes from 
the patient, contacting the monocytes With a conjugate Ab-X 
Wherein Ab comprises a ligand that binds to monocytes and 
X comprises an imaging agent, and quantifying the percent 
age of monocytes expressing the receptor for the ligand. In 
another embodiment, the imaging or diagnostic conjugates 
can be administered to the patient as a diagnostic composi 
tion comprising a conjugate and a pharmaceutically accept 
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able carrier and thereafter monocytes can be collected from 
the patient to quantify the percentage of monocytes express 
ing the receptor for the ligand Ab. In this embodiment, the 
composition is typically formulated for parenteral adminis 
tration and is administered to the patient in an amount 
effective to enable imaging of monocytes. In another 
embodiment, disease states can also be diagnosed by admin 
istering parenterally to a patient a composition comprising a 
conjugate or complex of the general formula Ab-X Where the 
group Ab comprises a ligand that binds to monocytes and the 
group X comprises an imaging agent, and quantifying the 
percentage of monocytes that expresses a receptor for the 
ligand. 

[0031] In one embodiment, for example, the imaging 
agent (e. g., a reporter molecule) can comprise a radiolabeled 
compound such as a chelating moiety and an element that is 
a radionuclide, for example a metal cation that is a radio 
nuclide. 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 imaging agent can comprise a 
chromophore such as, for example, ?uorescein, rhodamine, 
Texas Red, phycoerythrin, Oregon Green, AlexaFluor 488 
(Molecular Probes, Eugene, Oreg.), Cy3, Cy5, Cy7, and the 
like. 

[0032] 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 progres 
sion of the disease state. The monitoring can occur before, 
during, or after treatment, or combinations thereof, to deter 
mine the e?icacy of therapy, or to predict future episodes of 
disease. The imaging can be performed by any suitable 
imaging method knoWn in the art, such as intravital imaging. 

[0033] The method disclosed herein can be used for both 
human clinical medicine and veterinary applications. Thus, 
the host animal al?icted With the monocyte-mediated dis 
ease state and in need of diagnosis or therapy can be a 
human, or in the case of veterinary applications, can be a 
laboratory, agricultural, domestic or Wild animal. In embodi 
ments Where the conjugates are administered to the patient 
or animal, the conjugates can be administered parenterally to 
the animal or patient suffering from the disease state, for 
example, intradermally, subcutaneously, intramuscularly, 
intraperitoneally, or intravenously. Alternatively, the conju 
gates 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 recogniZed for the treatment of in?am 
matory disease states. 

[0034] In the ligand conjugates of the general formula 
Ab-X, the group Ab is a ligand that binds to monocytes (e. g., 
activated monocytes) When the conjugates are used to diag 
nose or treat disease states. Any of a Wide number of 
monocyte-binding ligands can be employed. Acceptable 
ligands include particularly folate receptor binding ligands, 
and analogs thereof, and antibodies or antibody fragments 
capable of recognizing and binding to surface moieties 
expressed or presented on monocytes. In one embodiment, 
the monocyte-binding ligand is folic acid, a folic acid analog 
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or another folate receptor binding molecule. In another 
embodiment the monocyte-binding ligand is a speci?c 
monoclonal or polyclonal antibody or an Fab or an scFv 
(i.e., a single chain variable region) fragment of an antibody 
capable of binding to monocytes. 

[0035] In one embodiment, the monocyte-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 pteridines such as tetrahydropterins, dihy 
drofolates, tetrahydrofolates, 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 (methotrexate), NlO-methylfolate, 2-deamino 
hydroxyfolate, deaZa analogs such as 1-deaZamethopterin or 
3-deaZamethopterin, and 3',5'-dichloro-4-amino-4-deoxy 
Nlo-methylpteroylglutamic acid (dichloromethotrexate). 

[0036] In another embodiment, other vitamins can be used 
as the monocyte-binding ligand. The vitamins that can be 
used in accordance With the methods described herein 
include niacin, pantothenic acid, folic acid, ribo?avin, thia 
mine, biotin, vitamin Blz, vitamins A, D, E and K, other 
related vitamin molecules, analogs and derivatives thereof, 
and combinations thereof. 

[0037] In other embodiments, the monocyte-binding 
ligand can be any ligand that binds to a receptor expressed 
or overexpressed on activated monocytes including CD40-, 
CD16-, CD14-, CD11b-, and CD62-binding ligands, 5-hy 
droxytryptamine, macropahge in?ammatory protein l-(X, 
MIP-2, receptor activator of nuclear factor kB ligand antago 
nists, monocyte chemotactic protein 1-binding ligands, 
chemokine receptor 5-binding ligands, RANTES-binding 
ligands, chemokine receptor-binding ligands, and the like. 

[0038] The monocyte (e.g., activated monocytes) targeted 
conjugates used for diagnosing or treating disease states 
mediated by monocytes have the formula Ab-X, Wherein Ab 
is a ligand capable of binding to monocytes, and the group 
X comprises an imaging agent or an immunogen, cytotoxin, 
or a compound capable of altering monocyte function. In 
such conjugates Wherein the group Ab is folic acid, a folic 
acid analog, or another folic acid receptor binding ligand, 
these conjugates are described in detail in U.S. 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 Applica 
tion Publication No. 2005/0002942 A1, each incorporated 
herein by reference, describe methods and examples for 
preparing conjugates useful in accordance With the methods 
described herein. The present monocyte-targeted imaging 
and therapeutic agents can be prepared and used folloWing 
general protocols described in those earlier patents and 
patent applications, and by the protocols described herein. 

[0039] In accordance With another embodiment, there is 
provided a method of treating disease states mediated by 
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monocytes by administering to a patient suffering from such 
disease state an effective amount of a composition compris 
ing a conjugate of the general formula Ab-X Wherein Ab is 
as de?ned above and the group X comprises a cytotoxin, an 
immunogen, or a compound capable of altering monocyte 
function. In these embodiments, the monocytes can be 
activated monocytes and the group Ab can be any of the 
ligands described above. Exemplary of cytotoxic moieties 
useful for forming conjugates for use in accordance With the 
methods described herein are clodronate, anthrax, 
Pseudomonas exotoxin, typically modi?ed so that these 
cytotoxic moieties do not bind to normal cells, and other 
toxins or cytotoxic agents including art-recognized chemo 
therapeutic agents such as adrenocorticoids, alkylating 
agents, antiandrogens, antiestrogens, androgens, estrogens, 
antimetabolites such as cytosine arabinoside, purine ana 
logs, pyrimidine analogs, and methotrexate, busulfan, car 
boplatin, chlorambucil, cisplatin and other platinum com 
pounds, tamoxiphen, taxol, cyclophosphamide, plant 
alkaloids, prednisone, hydroxyurea, teniposide, and bleomy 
cin, nitrogen mustards, nitrosureas, vincristine, vinblastine, 
MEK kinase inhibitors, MAP kinase pathWay inhibitors, 
Pl-3-kinase inhibitors, mitochondrial perturbants, NFKB 
pathWay inhibitors, proteosome inhibitors, pro-apoptotic 
agents, glucocorticoids, such as prednisolone, ?umethasone, 
dexamethasone, and betamethasone, indomethacin, 
diclofenac, proteins such as pokeWeed, saporin, momordin, 
and gelonin, non-steroidal anti-in?ammatory drugs 
(NSAIDs), protein synthesis inhibitors, didemnin B, verru 
carin A, geldanamycin, and the like. Such toxins or cytotoxic 
compounds can be directly conjugated to the monocyte 
binding ligand, for example, folate or another folate recep 
tor-binding ligand, or they can be formulated in liposomes or 
other small particles Which themselves are targeted as con 
jugates of the monocyte-binding ligand typically by covalent 
linkages to component phospholipids. 

[0040] Similarly, When the group X comprises a com 
pound capable of altering a monocyte function, for example, 
a cytokine such as lL-lO or lL-ll, the compound can be 
covalently linked to the targeting ligand Ab, for example, a 
folate receptor-binding ligand or a monocyte-binding anti 
body or antibody fragment directly, or the monocyte func 
tion altering compound can be encapsulated in a liposome 
Which is itself targeted to monocytes by pendent monocyte 
targeting ligands Ab covalently linked to one or more lipo 
some components. 

[0041] In another embodiment, conjugates Ab-X Where X 
is an immunogen or a compound capable of altering mono 
cyte function, can be administered in combination With a 
cytotoxic compound. The cytotoxic compounds listed above 
are among the compounds suitable for this purpose. 

[0042] In another method of treatment embodiment, the 
group X in the monocyte targeted conjugate Ab-X, com 
prises an immunogen, the ligand-immunogen conjugates 
being effective to “label” the population of monocytes 
responsible for disease pathogenesis in the patient suffering 
from the disease for speci?c elimination by an endogenous 
immune response or by co-administered antibodies. The use 
of ligand-immunogen conjugates in the method of treatment 
described herein Works to enhance an immune response 
mediated elimination of the monocyte population that 
expresses the ligand receptor. Such elimination can be 
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e?fected through an endogenous immune response or by a 
passive immune response effected by co-administered anti 
bodies. 

[0043] The methods of treatment involving the use of 
ligand-immunogen conjugates are described in US. Patent 
Application Publication Nos. US. 2001/0031252 A1 and 
US. 2002/0192157 A1, and PCT Publication No. WO 
2004/ 100983, each incorporated herein by reference. 

[0044] The endogenous immune response can include a 
humoral response, a cell-mediated immune response, and 
any other immune response endogenous to the host animal, 
including complement-mediated cell lysis, antibody-depen 
dent cell-mediated cytotoxicity (ADCC), antibody 
opsoniZation leading to phagocytosis, clustering of receptors 
upon antibody binding resulting in signaling of apoptosis, 
antiproliferation, or differentiation, and direct immune cell 
recognition of the delivered immunogen (e.g., an antigen or 
a hapten). It is also contemplated that the endogenous 
immune response may employ the secretion of cytokines 
that regulate such processes as the multiplication and migra 
tion of immune cells. The endogenous immune response 
may include the participation of such immune cell types as 
B cells, T cells, including helper and cytotoxic T cells, 
macrophages, natural killer cells, neutrophils, LAK cells, 
and the like. 

[0045] The humoral response can be a response induced 
by such processes as normally scheduled vaccination, or 
active immunization With a natural antigen or an unnatural 
antigen or hapten, e.g., ?uorescein isothiocyanate (FITC), 
With the unnatural antigen inducing a novel immunity. 
Active immunization involves multiple injections of the 
unnatural antigen or hapten scheduled outside of a normal 
vaccination regimen to induce the novel immunity. The 
humoral response may also result from an innate immunity 
Where the host animal has a natural preexisting immunity, 
such as an immunity to ot-galactosyl groups. 

[0046] Alternatively, a passive immunity may be estab 
lished by administering antibodies to the host animal such as 
natural antibodies collected from serum or monoclonal 
antibodies that may or may not be genetically engineered 
antibodies, including humaniZed antibodies. The utiliZation 
of a particular amount of an antibody reagent to develop a 
passive immunity, and the use of a ligand-immunogen 
conjugate Wherein the passively administered antibodies are 
directed to the immunogen, Would provide the advantage of 
a standard set of reagents to be used in cases Where a 
patient’s preexisting antibody titer to potential antigens is 
not therapeutically useful. The passively administered anti 
bodies may be “co-administered” With the ligand-immuno 
gen conjugate, and co-administration is de?ned as admin 
istration of antibodies at a time prior to, at the same time as, 
or at a time folloWing administration of the ligand-immu 
nogen conjugate. 

[0047] The preexisting antibodies, induced antibodies, or 
passively administered antibodies Will be redirected to the 
monocytes by preferential binding of the ligand-immunogen 
conjugates to the monocyte cell populations, and such 
pathogenic cells are killed by complement-mediated lysis, 
ADCC, antibody-dependent phagocytosis, or antibody clus 
tering of receptors. The cytotoxic process may also involve 
other types of immune responses, such as cell-mediated 
immunity. 
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[0048] Acceptable immunogens for use in preparing the 
conjugates used in the method of treatment described herein 
are immunogens that are capable of eliciting antibody pro 
duction in a host animal or that have previously elicited 

antibody production in a host animal, resulting in a preex 
isting immunity, or that constitute part of the innate immune 
system. Alternatively, antibodies directed against the immu 
nogen may be administered to the host animal to establish a 
passive immunity. Suitable immunogens for use in the 
invention include antigens or antigenic peptides against 
Which a preexisting immunity has developed via normally 
scheduled vaccinations or prior natural exposure to such 

agents such as polio virus, tetanus, typhus, rubella, measles, 
mumps, pertussis, tuberculosis and in?uenza antigens, and 
ot-galactosyl groups. In such cases, the ligand-immunogen 
conjugates Will be used to redirect a previously acquired 
humoral or cellular immunity to a population of monocytes 
in the host animal for elimination of the monocytes. 

[0049] Other suitable immunogens include antigens or 
antigenic peptides to Which the host animal has developed a 
novel immunity through immunization against an unnatural 
antigen or hapten, for example, ?uorescein isothiocyanate 
(FITC) or dinitrophenyl, and antigens against Which an 
innate immunity exists, for example, super antigens and 
muramyl dipeptide. 

[0050] The monocyte-binding ligands and immunogens, 
cytotoxic agents, compounds capable of altering monocyte 
function, or imaging agents, as the case may be in forming 
conjugates for use in accordance With the methods described 
herein can be conjugated by using any art-recognized 
method for forming a complex. This can include covalent, 
ionic, or hydrogen bonding of the ligand to the immunogen, 
either directly or indirectly via a linking group such as a 
divalent linker. The conjugate is typically formed by cova 
lent bonding of the ligand to the targeted entity through the 
formation of amide, ester or imino bonds betWeen acid, 
aldehyde, hydroxy, amino, or hydraZo groups on the respec 
tive components of the complex or, for example, by the 
formation of disul?de bonds. Methods of linking monocyte 
binding ligands to immunogens, cytotoxic agents, com 
pounds capable of altering monocyte function, or imaging 
agents are described in Us. Patent Application Publication 
No. 2005/0002942 A1 and PCT Publication No. WO 2006/ 
012527, each incorporated herein by reference. 

[0051] Alternatively, as mentioned above, the ligand com 
plex can be one comprising a liposome Wherein the targeted 
entity (that is, the imaging agent, or the immunogen, cyto 
toxic agent or monocyte function-altering agent) is con 
tained Within a liposome Which is itself covalently linked to 
the monocyte-binding ligand. Other nanoparticles, dendrim 
ers, derivatiZable polymers or copolymers that can be linked 
to therapeutic or imaging agents useful in the treatment and 
diagnosis of monocyte-mediated diseases can also be used in 
targeted conjugates. 

[0052] In one embodiment of the invention the ligand is 
folic acid, an analog of folic acid, or any other folate 
receptor binding molecule, and the folate ligand is conju 
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gated to the targeted entity by a procedure that utiliZes 
tri?uoroacetic anhydride to prepare y-esters of folic acid via 
a pteroyl aZide intermediate. This procedure results in the 
synthesis of a folate ligand, conjugated to the targeted entity 
only through the y-carboxy group of the glutamic acid 
groups of folate. Alternatively, folic acid analogs can be 
coupled through the ot-carboxy moiety of the glutamic acid 
group or both the 0t and y carboxylic acid entities. 

[0053] The therapeutic methods described herein can be 
used to sloW the progress of disease completely or partially. 
Alternatively, the therapeutic methods described herein can 
eliminate or prevent reoccurrence of the disease state. 

[0054] The conjugates used in accordance With the meth 
ods described herein of the formula Ab-X are used in one 
aspect to formulate therapeutic or diagnostic compositions, 
for administration to a patient, Wherein the compositions 
comprise effective amounts of the conjugate and an accept 
able carrier therefor. Typically such compositions are for 
mulated for parenteral use. The amount of the conjugate 
effective for use in accordance With the methods described 
herein depends on many parameters, including the nature of 
the disease being treated or diagnosed, the molecular Weight 
of the conjugate, its route of administration and its tissue 
distribution, and the possibility of co-usage of other thera 
peutic or diagnostic agents. The effective amount to be 
administered to a patient is typically based on body surface 
area, patient Weight and physician assessment of patient 
condition. An effective amount can range from about to l 

ng/kg to about 1 mg/kg, more typically from about 1 ug/kg 
to about 500 ug/kg, and most typically from about 1 ug/kg 
to about 100 ug/kg. 

[0055] Any effective regimen for administering the ligand 
conjugates can be used. For example, the ligand conjugates 
can be administered as single doses, or they can be divided 
and administered as a multiple-dose daily regimen. Further, 
a staggered regimen, for example, one to three days per 
Week can be used as an alternative to daily treatment, and 
such an intermittent or staggered daily regimen is considered 
to be equivalent to every day treatment and Within the scope 
of this disclosure. In one embodiment, the patient is treated 
With multiple injections of the ligand conjugate Wherein the 
targeted entity is an immunogen or a cytotoxic agent or a 
compound capable of altering monocyte function to elimi 
nate the population of pathogenic monocytes. In one 
embodiment, the patient is treated, for example, injected 
multiple times With the ligand conjugate at, for example, 
12-72 hour intervals or at 48-72 hour intervals. Additional 

injections of the ligand conjugate can be administered to the 
patient at intervals of days or months after the initial 
injections, and the additional injections prevent recurrence 
of disease. Alternatively, the ligand conjugates may be 
administered prophylactically to prevent the occurrence of 
disease in patients knoWn to be disposed to development of 
monocyte-mediated disease states. In one embodiment, 
more than one type of ligand conjugate can be used, for 
example, the host animal may be pre-immuniZed With ?uo 
rescein isothiocyanate and dinitrophenyl and subsequently 
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treated With ?uorescein isothiocyanate and dinitrophenyl 
linked to the same or different monocyte targeting ligands in 
a co-dosing protocol. 

[0056] The ligand conjugates are administered in one 
aspect parenterally and most typically by intraperitoneal 
injections, subcutaneous injections, intramuscular injec 
tions, intravenous injections, intradermal injections, or 
intrathecal injections. The ligand conjugates can also be 
delivered to a patient using an osmotic pump. Examples of 
parenteral dosage forms include aqueous solutions of the 
conjugate, for example, a solution in isotonic saline, 5% 
glucose or other Well-knoWn pharmaceutically acceptable 
liquid carriers such as alcohols, glycols, esters and amides. 
The parenteral compositions for use in accordance With this 
invention can be in the form of a reconstitutable lyophiliZate 
comprising the one or more doses of the ligand conjugate. In 
another aspect, the ligand conjugates can be formulated as 
one of any of a number of prolonged release dosage forms 
knoWn in the art such as, for example, the biodegradable 
carbohydrate matrices described in US. Pat. Nos. 4,713, 
249; 5,266,333; and 5,417,982, the disclosures of Which are 
incorporated herein by reference. The ligand conjugates can 
also be administered topically such as in an ointment or a 

lotion, for example, for treatment of in?ammations of the 
skin. 

[0057] In any of the embodiments discussed above, the 
monocytes can be activated monocytes or other monocyte 
populations that cause disease states. The folloWing 
examples are illustrative embodiments only and are not 
intended to be limiting. 

coon 
HS 0 

m2 

EXAMPLE 1 

Materials 

[0058] Fmoc-protected amino acid derivatives, trityl-pro 
tected cysteine 2-chlorotrityl resin (H-Cys(Trt)-2-ClTrt resin 
#04-12-2811), Fmoc-lysine(4-methyltrityl) Wang resin, 
2-(1H-benZotriaxol-1 -yl)-1, 1,3,3 -tetramethyluronium 
hexa?uorophosphage (HBTU) and N-hydroxybenZotriaZole 
Were purchased from Novabiochem (La Jolla, Calif.). N10 
tri?uoroacetylpteroic acid Was purchased from Sigma, St. 
Louis, Mo. All anti-mouse and anti-human antibodies Were 
purchased from Caltag Laboratories, Burlingame, Calif. 
Folate-R-Phycoerytherin, Folate-Alexa Fluor 488, Folate 
Texas Red, and Folate-Fluorescein and Folate-cysteine Were 
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synthesiZed as described. Tritium (3H)-labeled folic acid 
Was obtained from American Radiolabeled Chemicals (St. 
Louis, Mo.). 

EXAMPLE 2 

Synthesis of Folate-Cysteine 

[0059] Standard Fmoc peptide chemistry Was used to 
synthesiZe folate-cysteine With the cysteine attached to the 
y-COOH of folic acid. The sequence Cys-Glu-Pteroic acid 
(Folate-Cys) Was constructed by Fmoc chemistry With 
HBTU and N-hydroxybenZotriaZole as the activating agents 
along With diisopropyethylamine as the base and 20% 
piperidine in dimethylformamide (DMF) for deprotection of 
the Fmoc groups. An ot-t-Boc-protected N-ot-Fmoc-L 
glutamic acid Was linked to a trityl-protected Cys linked to 
a 2-Chlorotrityl resin. Nlo-tri?uoroacetylpteroic acid Was 
then attached to the y-COOH of Glu. The Folate-Cys Was 
cleaved from the resin using a 92.5% tri?uoroacetic acid 
2.5% Water-2.5% triisopropylsilane-2.5% ethanedithio solu 
tion. Diethyl ether Was used to precipitate the product, and 
the precipitant Was collected by centrifugation. The product 
Was Washed tWice With diethyl ether and dried under 
vacuum overnight. To remove the Nlo-tri?uoracetyl protect 
ing group, the product Was dissolved in a 10% ammonium 
hydroxide solution and stirred for 30 min at room tempera 
ture. The solution Was kept under a stream of nitrogen the 
entire time in order to prevent the cysteine from forming 
disul?des. After 30 minutes, hydrochloric acid Was added to 
the solution until the compound precipitated. The product 
Was collected by centrifugation and lyophiliZed. The product 
Was analyZed and con?rmed by mass spectroscopic analysis 
(MW 544, M+ 545). 

COOH 

Cys——g—Glu-Pteroic Acid 
MW 544.54 

EXAMPLE 3 

Synthesis of Folate-Cys-AlexaFluor 488 

[0060] AlexaFluor 488 CS-maleimide (Molecular Probes, 
Eugene, Oreg.) Was dissolved in dimethyl sulfoxide 
(DMSO) (0.5 mg in 50 pl DMSO). A 1.5 molar equivalent 
(0.57 mg) of Folate-Cys Was added to the solution and 
mixed for 4 hours at room temperature. Folate-Cys-Alex 
aFluor 488 (Folate-AlexaFluor) Was puri?ed by reverse 
phase HPLC on a C18 column at a How rate of 1 ml/min. The 
mobile phase, consisting of 10 mM NH4HCO3 buffer, pH 7.0 
(eluent A) and acetonitrile (eluent B), Was maintained at a 
99:1 A:B ratio for the ?rst minute and then changed to 1:99 
AB in a linear gradient over the next 29 minutes. Folate 
Cys-AlexaFluor 488 eluted at 20 minutes. The product Was 
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con?rmed by mass spectroscopy and the biologic activity 
Was con?rmed by ?uorescence measurement of its binding 
to cell surface folate receptors on folate receptor positive 
M109 cells in culture. 
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Alexa Fluor 488—Cys——y—Glu-Pteroic Acid 
MW 1242.21 

EXAMPLE 4 

Synthesis of Folate-Cys-Texas Red 

[0061] Texas Red CZ-maleimide (Molecular Probes, 
Eugene, Oreg.) Was dissolved in dimethyl sulfoxide 

COOH 
O 

N 

O *QN / NH H | 

ISM/NH \ A H N 

Cys-Texas Red eluted as tWo isomer peaks at 44.5 and 45.8 

minutes. The product Was con?rmed by mass spectroscopy 

and the biologic activity Was con?rmed by ?uorescence 
measurement of its binding to cell surface folate receptors 
on folate receptor positive M109 cells in culture. 

N Nn2 

coon 

Texas Red—Cys——y—Glu-Pteroic Acid 
MW 1273.37 

(DMSO) (1 mg in 200 pl DMSO). A 1.4 molar equivalent (1 
mg) of Folate-Cys Was added to the solution and mixed for 
4 hours at room temperature. Folate-Cys-Texas Red (Folate 
Texas Red) Was puri?ed by reverse-phase HPLC on a C18 
column at a How rate of 1 ml/min. The mobile phase, 

consisting of 10 mM NH4HCO3 bulTer, pH 7.0 (eluent A) 
and acetonitrile (eluent B), Was maintained at a 99:1 A:B 
ratio for the ?rst ?ve minutes and then changed to 70:30 AB 
in a linear gradient over the next 30 minutes folloWed by a 
1:99 A:B linear gradient over the last 15 minutes. Folate 

EXAMPLE 5 

Synthesis of Folate-Oregon Green 514 

[0062] Standard Fmoc peptide chemistry Was used to 
synthesiZe a folate peptide linked to Oregon Green (Molecu 
lar Probes, Eugene, Oreg.) attached to the y-COOH of folic 
acid. The sequence Lys-Glu-Pteroic acid (Folate-Cys) Was 
constructed by Fmoc chemistry With HBTU and N-hydroxy 
benZotriaZole as the activating agents along With diisopro 
pyethylamine as the base and 20% piperidine in dimethyl 
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formamide (DMF) for deprotection of the Fmoc groups. An 
ot-t-Boc-protected N-ot-Fmoc-L-glutamic acid followed by a 
N1O-tri?uoroacetylpteroic acid Was linked to a Fmoc-pro 
tected lysine Wang resin containing a 4-methyltrityl protect 
ing group on the e-amine. The methoxytrityl protecting 
group on the e-amine of lysine Was removed With 1% 
tri?uoroacetic acid in dichloromethane to alloW attachment 
of Oregon Green (Folate-Oregon Green). A 1.5 molar 
equivalent of Oregon Green carboxylic acid, succinimidyl 
ester Was reacted overnight With the peptide and then 
Washed thoroughly from the peptide resin beads. The Folate 
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Oregon Green Was then cleaved from the resin With a 95% 
tri?uoroacetic acid-2.5% Water-2.5% triisopropylsilane 
solution. Diethyl ether Was used to precipitate the product, 
and the precipitant Was collected by centrifugation. The 
product Was Washed tWice With diethyl ether and dried under 
vacuum overnight. To remove the Nlo-tri?uoracetyl protect 
ing group, the product Was dissolved in a 10% ammonium 
hydroxide solution and stirred for 30 min at room tempera 
ture. The product Was precipitated With combined isopro 
panol and ether, and the precipitant Was collected by cen 
trifugation. 

NH 

0 

o 
N 

H l 
HO N NH \ A 

H N N NH2 

0 COOH 

EXAMPLE 6 

Synthesis of Folate-R-Phycoerythrin 
[0063] Folate-phycoerythrin Was synthesiZed by folloW 
ing a procedure published by Kennedy M. D. et al. in 
Pharmaceutical Research, Vol. 20(5); 2003. Brie?y, a 
10-fold excess of folate-cysteine Was added to a solution of 

R-phycoerythrin pyridyldisul?de (Sigma, St. Louis, Mo.) in 
phosphate bu?cered saline (PBS), pH 7.4. The solution Was 
alloWed to react overnight at 40 C. and the labeled protein 

(Mr ~260 kDa) Was puri?ed by gel ?ltration chromatogra 
phy using a G-15 desalting column. The folate labeling Was 
con?rmed by ?uorescence microscopy of M109 cells incu 
bated With folate-phycoerythrin in the presence and absence 
of 100-fold excess of folic acid. After a 1-h incubation and 

3 cells Washes With PBS, the treated cells Were intensely 
?uorescent, While the sample in the presence of excess folic 
acid shoWed little cellular ?uorescence. 
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EXAMPLE 7 

Synthesis of Folate-Fluorescein 

[0064] Folate-FITC Was synthesized as described by 
Kennedy, M. D. et al. in Pharmaceutical Research, Vol. 
20(5); 2003. 

0 COOH 

O N 
H 

N 
HN \ N I H 
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HZN N N 

EXAMPLE 8 

Synthesis of Folate-D-R-D-D-CiPrednisolone 

[0065] Standard Fmoc peptide chemistry Was used to 
synthesiZe folate-aspartate-arginine-aspartate-aspartate-cys 
teine (Folate-Asp-Arg-Asp-Asp-Cys, Folate-D-R-D-D-C) 
With the amino acid spacer attached to the y-COOH of folic 
acid. The sequence Cys-Asp-Asp-Arg-Asp-Glu-Pteroic acid 
(Folate-Asp-Arg-Asp-Asp-Cys) Was constructed by Fmoc 
chemistry With HBTU and N-hydroXybenZotriaZole as the 
activating agents along With diisopropyethylamine as the 
base and 20% piperidine in dimethylformamide (DMF) for 
deprotection of the Fmoc groups. Fmoc-D-Asp(OtBu)-OH 
Was linked to a trityl-protected Cys linked to a 2-Chlorotrityl 
resin. A second Fmoc-D-Asp(OtBu)-OH folloWed by Fmoc 
Arg(Pbi)-OH, Fmoc-D-Asp(OtBu)-OH and Fmoc-Glu 
OtBu Were added successively to the resin. NlO-tri?uoro 
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Folate-EDA-FITC 
MW 888.90 

acetylpteroic acid Was then attached to the y-COOH of Glu. 
The Folate-Asp-Arg-Asp-Asp-Cys Was cleaved from the 
resin using a 92.5% tri?uoroacetic acid-2.5% Water-2.5% 
triisopropylsilane-2.5% ethanedithio solution. Diethyl ether 
Was used to precipitate the product, and the precipitant Was 
collected by centrifugation. The product Was Washed tWice 
With diethyl ether and dried under vacuum overnight. To 
remove the Nlo-tri?uoracetyl protecting group, the product 
Was dissolved in a 10% ammonium hydroxide solution and 
stirred for 30 min at room temperature. The solution Was 

kept under a stream of nitrogen the entire time in order to 
prevent the cysteine from forming disul?des. After 30 min 
utes, hydrochloric acid Was added to the solution until the 
compound precipitated. The product Was collected by cen 
trifugation and lyophiliZed. The product Was analyZed and 
con?rmed by mass spectroscopic analysis (MW 1046). 
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-continued 
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N N NH2 

Prednisolone-Cys-Asp-Asp-Arg-Asp-y-Glu-Pteroic Acid 
MW 1507.5 

EXAMPLE 9 

Synthesis of Folate-lndomethacin 

[0066] 

OYU 01 
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g N N NH 
COOH 

lndomethacin-Cys-Asp-Asp-Arg-Asp-y-Glu-Pteroic Acid 
MW 1462 

[0067] 2-(2-Pyridyldithio)ethanol Was synthesized by dis 
solving 1.5 equivalents of Aldrithiol (Sigma, St. Louis, Mo.) 
With 6 equivalents of 4-dimethylaminopyridine (DMAP) in 
dichloromethane (DCM). The solution Was purged With 
nitrogen and 1 equivalent of mercaptoethanol Was added 
dropWise to the Aldrithiol solution over the course of 15 
minutes. The reaction proceeded at room temperature for 30 
minutes at Which time no odor of mercaptoethanol 
remained. The reaction Was diluted 100-fold With DCM and 
5 g of activated carbon Was added per gram of Aldrithiol. 
The reaction mixture Was ?ltered and the solvent removed. 
The mixture Was resuspended in 70:30 (Petroleum ether 
:Ethylacetate (EtOAc)) and puri?ed by ?ash chromatogra 
phy on a 60 A silica gel column. The product Was monitored 
by thin layer chromatography and collected. 

[0068] Folate-indomethacin Was synthesiZed folloWing a 
modi?ed method published by Kalgutkar et al. in the Jour 
nal of Med. Chem. 2000, 43; 2860-2870 Where the anti 

in?ammatory (indomethacin) Was linked through an ester 
bond With the 2-(2-Pyridyldithio)ethanol. Brie?y, 1 equiva 
lent of indomethacin Was dissolved in DCM along With 0.08 
equivalents DMAP, 1.1 equivalents 2-(2-Pyridyldithio) etha 
nol and 1.1 equivalents 1,3-dicyclohexyl-carbodiimide. The 
reaction proceeded at room temperature for 5 hours. The 
reaction Was puri?ed by chromatography on silica gel 
(EtOAczhexanes, 20:80). One equivalent of the puri?ed 
compound Was dissolved in DMSO and to it Were added 1.5 
equivalents of the folate-Asp-Arg-Asp-Asp-Cys peptide. 
The resulting solution Was reacted for 3 hours at room 
temperature folloWed by puri?cation using a HPLC reverse 
phase C18 column at a How rate of 1 ml/min. The mobile 

phase, consisting of 10 mM NH4HCO3 bulTer, pH 7.0 (eluent 
A) and acetonitrile (eluent B), Was maintained at a 99:1 A:B 
ratio for the ?rst ?ve minutes and then changed to 70:30 AB 
in a linear gradient over the next 30 minutes. The recovered 
?nal product Was con?rmed by mass spectrometry. 


















