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(21) AP p1 N O _ 11/823 186 an effective amount of a composition comprising a conjugate 

' " ’ or complex of the general formula 
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Related U 5 Application Data Where the group Ab comprises a ligand capable ofbinding to 
l ' activated macrophages, and When the conjugate is being used 

(62) Division of application No. 10/ 138,275, ?led on May for treatment of the disease state, the group X comprises an 
2, 2002. immunogen, a cytotoxin, or a compound capable of altering 

_ _ _ _ macrophage function, and When the conjugate is being used 
(60) grglgsllonal apphcanon NO‘ 60/288’208’ ?led on May for monitoring/diagnosing the disease state, X comprises an 

’ ' imaging agent. The method is useful for treating a patient 
_ _ _ _ suffering from a disease selected from the group consisting of 

Pubhcatlon Classl?catlon rheumatoid arthritis, ulcerative colitis, Crohn’s disease, 
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A61K 9/127 (2006.01) organ transplant rejection, pulmonary ?brosis, sarcoidosis, 
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TREATMENT AND DIAGNOSIS OF 
MACROPHAGE MEDIATED DISEASE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority under 35 U.S.C § 
1 19(e) to US. Provisional Application Ser. No. r 60/288,208, 
?led on May 2, 2001. 

FIELD OF THE INVENTION 

[0002] This invention relates to methods for treating and 
monitoring disease states mediated by activated macroph 
ages. More particularly, ligands that bind to activated mac 
rophages are complexed With an imaging agent, or an immu 
nogen, a cytotoxin or an agent for altering macrophage 
function for administration to a diseased host for diagnosis 
and/ or treatment of macrophage mediated disease. 

BACKGROUND AND SUMMARY OF THE 
INVENTION 

[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 progression of dis 
ease. Exemplary of diseases caused or Worsened by the host’s 
oWn immune response are autoimmune diseases such as mul 

tiple sclerosis, lupus erythematosus, psoriasis, pulmonary 
?brosis, and rheumatoid arthritis and diseases in Which the 
immune response contributes to pathogenesis such as athero 
sclerosis, in?ammatory diseases, osteomyelitis, ulcerative 
colitis, Crohn’s disease, and graft versus host disease often 
resulting in organ transplant rejection. 
[0004] Macrophages are generally the ?rst cells to encoun 
ter foreign pathogens, and accordingly, they play an impor 
tant role in the immune response. HoWever, activated mac 
rophages can contribute to the pathophysiology of disease in 
some instances. Activated macrophages nonspeci?cally 
engulf and kill foreign pathogens Within the macrophage by 
hydrolytic and oxidative attack resulting in degradation of the 
pathogen. Peptides from degraded proteins are displayed on 
the macrophage cell surface Where they can be recogniZed by 
T cells, and they can directly interact With antibodies on the B 
cell surface, resulting in T and B cell activation and further 
stimulation of the immune response. 
[0005] Rheumatoid arthritis (RA) is a systemic disease 
characterized by chronic in?ammatory synovitis, usually 
involving peripheral joints. The synovial in?ammation 
causes cartilage deterioration and bone erosion With conse 
quent destruction of joint integrity. Rheumatoid factors, 
Which are autoantibodies reactive With the Fc region of IgG, 
are found in more than tWo-thirds of patients With RA indi 
cating that RA has an autoimmune component. 
[0006] RA is seen throughout the World in as much as 2% of 
the population, With 80% of RA patients developing the dis 
ease betWeen the ages of 35 and 50. The clinical manifesta 
tions of RA include pain, sWelling, and tenderness in the 
joints resulting in limitation of motion, Weakness, fatigue, 
and Weight loss. RA is a systemic disease and, consequently, 
has extra-articular manifestations, especially in patients With 
high titers of rheumatoid factors. These symptoms include 
rheumatoid nodules With an inner Zone of necrotic material, a 
mid-Zone of macrophages, and an outer Zone of granulated 
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tissue, muscle atrophy, osteoporosis, pulmonary ?brosis, and 
rheumatoid vasculitis Which may result in cutaneous ulcer 
ation, digital gangrene, or neurovascular disease. 
[0007] Rheumatoid synovitis, characteristic of RA, results 
in an increase in the number of synovial lining cells, hyper 
plasia and hypertrophy of the synovial lining cells, microvas 
cular injury, edema, and in?ltration of cells such as T cells, 
macrophages, and dendritic cells. The rheumatoid synovium 
is characterized by the presence of secreted products of 
immune cells such as factors secreted by T lymphocytes 
including IL-2, IFN-F), IL-6, IL-l0, GM-CSF and TGFO. and 
[3 and factors secreted by activated macrophages including 
IL-l, IL-6, IL-8, IL-l0, GM-CSF, macrophage CSF, and 
TGFB. The production of these cytokines appears to account 
for much of the pathology of RA including in?ammation of 
the synovium, synovial cell proliferation, cartilage and bone 
deterioration, and systemic symptoms of the disease. 
[0008] RA may be treated using various therapies including 
physical therapy, rest, and splinting. Therapeutic agents are 
also used for the treatment of RA including aspirin and non 
steroidal anti-in?ammatory drugs to control local in?amma 
tion. HoWever, these agents have a minimal effect on the 
progression of the disease and are associated With toxic side 
effects. Disease-modifying anti-rheumatic drugs, such as 
ot-penicillamine and sulfasalaZine, are also used to treat RA, 
but the bene?t from these drugs is delayed for Weeks or 
months and these drugs have toxic side effects. Immunosup 
pressive and cytotoxic drugs suppress symptoms of RA in 
some patients, but are associated With toxicity. Intra-articular 
glucocorticoids have also been used, but provide only tran 
sient relief. Accordingly, there is a need for the development 
of neW therapies With reduced toxicity that are e?icacious for 
the treatment of RA and other diseases caused or Worsened by 
activated macrophages. 
[0009] The folate receptor (FR) is a 38 KDa GPI-anchored 
protein that binds the vitamin folic acid With high a?inity (<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 liposomes to folic acid 
does not alter the vitamin’s ability to bind the folate receptor, 
and therefore, folate-drug conjugates can readily enter cells 
by receptor-mediated endocytosis. 
[0010] Because most cells use an unrelated reduced folate 
carrier (RFC) to acquire the necessary folic acid, expression 
of the folate receptor is restricted to a feW cell types. With the 
exception of kidney and placenta, normal tissues express loW 
or nondetectable levels of FR. HoWever, many malignant 
tissues, including ovarian, breast, bronchial, and brain can 
cers express signi?cantly elevated levels of the receptor. In 
fact, it is estimated that 95% of all ovarian carcinomas over 
express the folate receptor. It has recently been reported that 
FRB, the nonepithelial isoform of the folate receptor, is 
expressed on activated (but not resting) synovial macroph 
ages. Thus, Applicants have attempted to utiliZe folate-linked 
compounds potentially capable of altering the function of 
activated macrophages, to treat macrophage-mediated dis 
ease states. For example, Applicants have found that folate 
linked immunogens can be used to redirect the host immune 
response in arthritic animals to activated macrophages at the 
site of in?ammation to deplete macrophages and reduce 
arthritic in?ammation. 

[0011] Scintigraphic imaging agents are a million times 
more sensitive than magnetic resonance imaging (MRI) con 
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trast agents, and their selectivity can be enhanced by their 
targeting to lesion-speci?c cell markers. Indeed, the radioiso 
tope 99'"Tc has been delivered to arthritic tissues using non 
speci?c IgG, anti-CD4 antibodies, CD1 lb/CDl4-glycoli 
popeptide ligands, and E-selectin binding peptides. 
Preclinical studies With such radioimaging agents have 
clearly emphasized the value of imaging arthritic tissues in 
vivo, however, the selectively of the current imaging agents is 
not yet optimal, and none of the present compounds is tar 
geted exclusively to activated macrophages. In vieW of the 
emergence of folate receptor activity during macrophage acti 
vation, Applicants have undertaken to determine Whether a 
folate-targeted 99"'Tc imaging agent might be used to image 
arthritic lesions in vivo. 

[0012] To determine Whether expression of this high a?im 
ity FR might be exploited to selectively target drugs to acti 
vated macrophages at sites of in?ammation, folic acid has 
been conjugated to a 99'"Tc chelator, and its distribution 
evaluated in both normal and diseased tissues of rats With 
adjuvant-induced arthritis. The folate-linked 99'"Tc chelate 
complex, termed EC20, Was indeed found to concentrate in 
the arthritic extremities of diseased rats, but not in the joints of 
healthy rats. The intensity of the gamma scinti graphic images 
of affected tissues Was found to be greatly reduced in the 
presence of excess competing folic acid. Furthermore, liver 
and spleen of arthritic animals also shoWed enhanced uptake 
of EC20 and increased levels of FR, con?rming that systemic 
activation of macrophages accompanies adjuvant-induced 
arthritis. Depletion of macrophages from arthritic animals 
reduced tissue FR content and concomitantly abolished 
uptake of EC20. Furthermore, Kupffer cells isolated from rats 
With adjuvant-induced arthritis exhibited a signi?cantly 
higher binding capacity for folate conjugates than Kupffer 
cells from healthy rats. Thus, Applicants have found that 
EC20 is useful for assaying the participation of activated 
macrophages in in?ammatory pathologies such as rheuma 
toid arthritis. 

[0013] The present invention is directed to a method for 
treating and monitoring disease states mediated by activated 
macrophages. In accordance With one embodiment of the 
present invention, disease states mediated by activated mac 
rophages are treated by redirecting host immune responses to 
activated macrophages or by altering the function of activated 
macrophages or by direct killing of activated macrophages. In 
one aspect of the invention, to promote killing of activated 
macrophages, ligands that bind speci?cally to activated mac 
rophages are conjugated With an immunogen to redirect host 
immune responses to the activated macrophage population, 
or they are conjugated to a cytotoxin for direct killing of 
macrophages. Ligands that can be used in the conjugates of 
the present invention include those that bind to receptors 
expressed speci?cally on activated macrophages, such as the 
folate receptor, or ligands such as monoclonal antibodies 
directed to cell surface markers speci?cally expressed on 
activated macrophages. In another aspect of the invention 
ligands that bind speci?cally to activated macrophages are 
conjugated With an imaging agent; the conjugate is adminis 
tered to a patient for diagnosing and monitoring the progres 
sion of diseases mediated by activated macrophages. 
[0014] In one embodiment, a method of treating or moni 
toring/ diagnosing a disease state mediated by activated mac 
rophages is provided. The method comprises the step of 
administering to a patient suffering from a macrophage medi 
ated disease state an effective amount of a composition com 
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prising a conjugate or complex of the general formula Ab-X, 
Where the group Ab comprises a ligand capable of binding to 
activated macrophages, and When the conjugate is being used 
for treatment of the disease state, the group X comprises an 
immunogen, a cytotoxin, or a compound capable of altering 
macrophage function, and When the conjugate is being used 
for monitoring/diagnosing the disease state, X comprises an 
imaging agent. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 shoWs folate-targeted imaging of arthritic 
rats (Whole body scintigraphic images). 
[0016] FIG. 2 shoWs folate-targeted imaging of arthritic 
rats (assessment of liver, spleen and kidney by scintigraphy). 
[0017] FIG. 3 shoWs effects of macrophage depletion 
(black bars represent arthritic rats, light gray bars represent 
healthy rats, and dark gray bars represent arthritic rats 
depleted of macrophages by clodronate treatment). 
[0018] FIG. 4 shoWs folate receptor-mediated uptake of 
EC20 in arthritic tissues (light gray bars represent biodistri 
bution of EC20 in the presence of a 500-fold excess of free 
folic acid, black bars represent biodistribution of EC20 in the 
absence of a 500-fold excess of free folic acid, dark gray bars 
represent the biodistribution of the same complex lacking a 
folate moiety (EC28)). 
[0019] FIG. 5 shoWs folate receptor expression in various 
tissues of arthritic rats (blackbars represent arthritic rats, light 
gray bars represent healthy rats, and dark gray bars represent 
arthritic rats depleted of macrophages by clodronate treat 
ment). 
[0020] FIG. 6 shoWs expression of a functional folate 
receptor on liver macrophages of arthritic rats. 
[0021] FIG. 7 shoWs increased uptake of a folate-targeted 
imaging agent in a patient With an in?amed joint. 
[0022] FIG. 8 shoWs a chemical structure representing the 
folate-linked chelator EC20. 
[0023] FIG. 9 demonstrates immunotherapy mediated pro 
tection against adjuvant-induced arthritis (diamonds repre 
sent folate-FITC (left foot), squares represent PBS (left foot), 
triangles represent folate-FITC (right foot), and X’s represent 
PBS (right foot)). 
[0024] FIG. 10 demonstrates immunotherapy mediated 
protection against adjuvant-induced arthritis (light gray dia 
monds represent administration of folate-FITC, dark gray 
squares represent administration of methotrexate, dark gray 
triangles represent administration of saline, and black lines 
represent animals Without arthritis). The bottom four lines 
represent the uninj ected paW. 
[0025] FIG. 11 demonstrates immunotherapy mediated 
protection against adjuvant-induced arthritis in the right (un 
injected) paW (light gray diamonds represent administration 
of folate-FITC at 3000 nmoles/kg, light gray squares repre 
sent administration of folate-FITC at 600 nmoles/kg, light 
gray triangles represent administration of folate-FITC at 120 
nmoles/kg, light gray X’s represent administration of meth 
otrexate, dark gray circles represent administration in 3 doses 
(as in Example 14), light gray circles represent administration 
of saline, and black squares represent animals Without arthri 
tis). 
[0026] FIG. 12 demonstrates immunotherapy mediated 
protection against adjuvant-induced arthritis (black 
diamondsIFF, gray triangles:FF+loW, vertical hash 
marks:FF+high, gray squaresIearly MTX, gray X’s:late 
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MTX, thick black linesIarthritis, gray circles:no arthritis, 
black circles:FF+mid, horizontal hash marks:late FFMTX). 
[0027] FIG. 13 demonstrates immunotherapy mediated 
protection against adjuvant-induced arthritis (black dia 
monds represent animals With no arthritis, dark gray squares 
represent animals With arthritis, light gray triangles represent 
administration of folate-FITC, light gray circles represent 
administration of methotrexate, and light gray diamonds rep 
resent administration of the combination of folate-FITC and 

methotrexate). 
[0028] FIG. 14 demonstrates immunotherapy mediated 
protection against adjuvant-induced arthritis (black 
diamonds:FF10, gray squares:FF2, gray triangIesIFF, gray 
X’s :IL10, black X’s:IL2, open circlesIPBS). 

DETAILED DESCRIPTION OF THE INVENTION 

[0029] Methods are provided in accordance With the 
present invention for either treating or monitoring/ diagnosing 
a disease state mediated by activated macrophages. Exem 
plary of diseases knoWn to be mediated by activated macroph 
ages include rheumatoid arthritis, ulcerative colitis, Crohn’s 
disease, psoriasis, osteomyelitis, multiple sclerosis, athero 
sclerosis, pulmonary ?brosis, sarcoidosis, systemic sclerosis, 
organ transplant rejection (GVHD) and chronic in?amma 
tions. Such disease states can be monitored by ?rst adminis 
tering to a patient suffering from such disease state an effec 
tive amount of a composition comprising a conjugate of the 
general formula Ab-X Wherein the group Ab comprises a 
ligand capable of binding to activated macrophages, and the 
group X comprises an imaging agent and thereafter scanning 
the patient With an imaging device capable of detecting the 
imaging agent. Macrophage mediated disease states can be 
treated in accordance With this invention by administering an 
effective amount of a composition of the above formula 
Wherein Ab comprises a ligand capable of binding to an acti 
vated macrophage and Wherein the group X comprises an 
immunogen, a cytotoxin, or a cytokine capable of altering 
macrophage function. Such macrophage targeting conju 
gates, When administered to a patient suffering from an acti 
vated macrophage mediated disease state, Work to concen 
trate and associate the conjugated cytotoxin, immunogen, or 
cytokine With the population of activated macrophages to kill 
the activated macrophages or alter macrophage function. 
Elimination or deactivation of the activated macrophage 
population Works to stop or reduce the activated macrophage 
mediated pathogenesis characteristic of the disease state 
being treated. The conjugate is typically administered 
parenterally 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. 

[0030] In one embodiment of the invention activated mac 
rophage mediated disease states are monitored or diagnosed 
in a patient by administering a conjugate Ab-X Wherein Ab 
comprises a ligand capable of binding to activated macroph 
ages and X comprises an imaging agent and thereafter scan 
ning the patient With an imaging device capable of detecting 
localiZed concentration of the imaging agent. The imaging or 
diagnostic conjugates are, similar to those therapeutic conju 
gates outlined above, typically administered as a diagnostic 
composition comprising a conjugate and a pharmaceutically 
acceptable carrier. The composition is typically formulated 
for parenteral administration and is administered to the 
patient in an amount effective to enable imaging of the locale 
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of activated macrophage populations. The nature of the imag 
ing agent component of the conjugate is dictated by the imag 
ing methodology. Thus, for example, the imaging agent can 
comprise a chelating moiety and a metal cation, for example, 
a radionuclide or a nuclear resonance imaging contrast agent, 
such as gadolinium. Typically the activated macrophage tar 
geted imaging agent is administered to a patient, and folloW 
ing a period of time to alloW delivery and concentration of the 
imaging agent in the activated macrophage cell populations, 
the patient is subjected to the imaging procedure and imaging 
is enabled by the targeted imaging agent. 
[0031] The method of the present invention can be used for 
both human clinical medicine and veterinary applications. 
Thus, the host animals afflicted with the activated macroph 
age mediated disease state can be humans, or in the case of 
veterinary applications, they can be laboratory, agricultural, 
domestic or Wild animals. The conjugates administered in 
accordance With the methods of this invention are preferably 
administered parenterally to the animal or patient suffering 
from the disease state, for example, intradermally, subcuta 
neously, intramuscularly, intraperitoneally, or intravenously. 
Alternatively, the conjugates can be administered to the ani 
mal or patient by other medically useful procedures and effec 
tive doses can be administered in standard or prolonged 
release dosage forms, such as a sloW pump. The therapeutic 
method of the present invention may be used alone or in 
combination With other therapeutic methods recogniZed for 
the treatment of macrophage mediated disease states. 

[0032] In the ligand conjugates of the general formulaAb-X 
in accordance With the present invention, the group Ab is a 
ligand capable of binding to activated macrophages. Any of a 
Wide number of macrophage binding moieties can be 
employed. Acceptable ligands include particularly folate 
receptor binding ligands and antibodies or antibody frag 
ments capable of recogniZing and speci?cally binding to sur 
face moieties uniquely or preferentially expressed or pre 
sented in/ on activated macrophages. In one embodiment the 
activated macrophage binding ligand is folic acid, a folic acid 
analog or other folate receptor binding molecules. Activated 
macrophages express a 38 LD GPI-anchored folate receptor 
that binds folate and folate-derivatiZed compounds With sub 
nanomolar a?inity (i.e., <1 nM). In another embodiment the 
activated macrophage binding ligand is a speci?c monoclonal 
or polyclonal antibody or Fab or scFv (i.e., a single chain 
variable region) fragments of antibodies capable of speci?c 
binding to activated macrophages. 
[0033] The activated macrophage targeted conjugates used 
for diagnosing and monitoring disease states mediated by 
activated macrophages in accordance With this invention are 
formed to target and, thus, to concentrate an imaging agent at 
the site of activated macrophage populations in the diseased 
patient. In such conjugates of the formula Ab-X, Ab is a ligand 
capable of binding to activated macrophages and the group X 
comprises an imaging agent. In one embodiment the imaging 
agent comprises a chelating agent and a metal cation, typi 
cally either a radionuclide or a nuclear magnetic resonance 
imaging enhancer or contrast agent, such as gadolinium. Such 
conjugates Wherein the group Ab is folic acid, a folic acid 
analog, or another folic acid receptor binding ligand are 
described in detail in US. Pat. No. 5,688,488, the speci?ca 
tion of Which is incorporated herein by reference. That patent, 
as Well as related US. Pat. Nos. 5,416,016 and 5,108,921, 
each incorporated herein by reference, describe methods and 
examples for preparing chelate conjugates useful in accor 
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dance With the present invention. The present macrophage 
targeted imaging agents can be prepared and used following 
general protocols described in those earlier patents. The 
present diagnostic method, hoWever, is based in part on the 
discovery that folate targeted conjugates can be used to con 
centrate conjugated imaging entities in and at activated mac 
rophage populations enabling monitoring and diagnosis of 
disease states characterized by concentration of activated 
macrophages at the site of disease. 

[0034] In accordance With one embodiment of the present 
invention there is provided a method of treating disease states 
mediated by activated macrophages by administering to a 
patient suffering from such disease state an effective amount 
of a composition comprising a conjugate of the general for 
mula Ab-X Wherein Ab is as de?ned above and the group X 
comprises a cytotoxin, an immunogen, or a compound 
capable of altering macrophage function. Exemplary of cyto 
toxic moieties useful for forming conjugates for use in accor 
dance With the present method include clodronate, anthrax, 
Pseudomonas exotoxin, typically modi?ed so that these cyto 
toxic moieties do not bind to normal cells, and other toxins or 
cytotoxic agents including art-recognized chemotherapeutic 
agents such as adrenocorticoids, alkylating agents, antiandro 
gens, antiestrogens, androgens, estrogens, antimetabolites 
such as cytosine arabinoside, purine analogs, pyrimidine ana 
logs, and methotrexate, busulfan, carboplatin, chlorambucil, 
cisplatin and other platinum compounds, tamoxiphen, taxol, 
cyclophosphamide, plant alkaloids, prednisone, hydrox 
yurea, teniposide, and bleomycin, nitrogen mustards, nitro 
sureas, vincristine, vinblastine, in?ammatory and proin?am 
matory agents, and the like. Such toxins or cytotoxic 
components can be directly conjugated to the activated mac 
rophage binding moiety, for example, folate or other folate 
receptor binding ligands, or they can be formulated in lipo 
somes Which themselves are targeted as conjugates of mac 
rophage binding entities typically by covalent linkages to 
component phospholipids. Similarly, When the group X com 
prises a compound capable of altering a macrophage func 
tion, for example, a cytokine such as IL-lO or IL-1 1, the 
cytokine can be covalently linked to the targeting moiety Ab, 
for example, a folate receptor binding ligand or an antibody or 
antibody fragment directly, or the macrophage function alter 
ing cytokine can be encapsulated in a liposome Which is itself 
targeted to activated macrophages by pendent macrophage 
targeting entities Ab covalently linked to one or more phos 
pholipid liposome components. 
[0035] In another embodiment the ligand-immunogen con 
jugates can be administered in combination With a cytotoxic 
compound. The compounds listed in the preceding paragraph 
are among the compounds suitable for this purpose. 

[0036] In another method of treatment embodiment of the 
present invention the group X in the activated macrophage 
targeted conjugate Ab-X, comprises an immunogen, the 
ligand-immunogen conjugates being effective to “label” the 
population of activated macrophages 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-immuno 
gen conjugates in the method of treatment in accordance With 
this invention Works to enhance an immune response-medi 
ated elimination of the activated macrophage population. 
Such can be effected through an endogenous immune 
response or by a passive immune response effected by co 
administered antibodies. The endogenous immune response 
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may include a humoral response, a cell-mediated immune 
response, and any other immune response endogenous to the 
host animal, including complement-mediated cell lysis, anti 
body-dependent cell-mediated cytotoxicity (ADCC), anti 
body 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 antigen/hapten. It is 
also contemplated that the endogenous immune response Will 
employ the secretion of cytokines that regulate such pro 
cesses as the multiplication and migration of immune cells. 
The endogenous immune response may include the partici 
pation 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. 
[0037] In another embodiment, the ligand-immunogen 
conjugate can be internalized and the immunogen can be 
degraded and presented on the macrophage cell surface for 
recognition by immune cells to elicit an immune response 
directed against macrophages presenting the degraded immu 
nogen. 

[0038] The humoral response may 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 immu 
nity to a-galactosyl groups. Alternatively, a passive immunity 
may be established 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-immu 
nogen conjugate Wherein the passively administered antibod 
ies are directed to the immunogen, Would provide the advan 
tage of a standard set of reagents to be used in cases Where a 
patient’s preexisting antibody titer to other 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 adminis 
tration of antibodies at a time prior to, at the same time as, or 
at a time folloWing administration of the ligand-immunogen 
conjugate. It is contemplated that the preexisting antibodies, 
induced antibodies, or passively administered antibodies Will 
be redirected to the activated macrophages by preferential 
binding of the ligand-immunogen conjugates to the activated 
macrophage cell populations, and such pathogenic cells are 
killed by complement-mediated lysis, ADCC, antibody-de 
pendent phagocytosis, or antibody clustering of receptors. 
The cytotoxic process may also involve other types of 
immune responses, such as cell-mediated immunity, as Well 
as secondary responses that arise When the attracted antigen 
presenting cells phagocytose the activated macrophages and 
present antigens of such cells to the immune system for elimi 
nation of other activated macrophages presenting such anti 
gens. 

[0039] Acceptable immunogens for use in preparing the 
conjugates used in the method of treatment of the present 
invention are immunogens that are capable of eliciting anti 
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body production in a host animal or that have previously 
elicited antibody production in a host animal, resulting in a 
preexisting immunity, or that constitute part of the innate 
immune system. Alternatively, antibodies directed against the 
immuno gen may be administered to the ho st animal to estab 
lish 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 activated 
macrophages in the host animal for elimination of such cells. 
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. It 
is also contemplated that MHC I restricted peptides could be 
linked to the ligand for use in redirecting cellular immunity to 
macrophages and eliciting T cell killing of macrophages. 
[0040] The macrophage binding ligands and immunogens, 
cytotoxic agents, cytokines or imaging agents, as the case 
may be in forming conjugates for use in accordance With the 
present invention, may be conjugated by using any art-recog 
niZed method for form 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 covalent 
bonding of the ligand to the targeted entity through the for 
mation of amide, ester or imino bonds betWeen acid, alde 
hyde, hydroxy, amino, or hydraZo groups on the respective 
components of the complex. Alternatively, as mentioned 
above, the ligand complex can be one comprising a liposome 
Wherein the targeted entity (that is, the imaging agent, or the 
immunogen, cytotoxic agent or macrophage function altering 
agent) is contained Within a liposome Which is itself 
covalently linked to the activated macrophage binding ligand. 
[0041] 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 conjugated 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 orboth the a and 
y carboxylic acid entities. 
[0042] The conjugates used in accordance With this inven 
tion of the formula Ab-X are used in one aspect of this inven 
tion to formulate therapeutic or diagnostic compositions 
comprising effective amounts of the conjugate and an accept 
able carrier therefor. Typically such compositions are formu 
lated for parenteral use. The amount of the conjugate effective 
for use in accordance With the invention 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 possibil 
ity of co-usage of other therapeutic or diagnostic agents. The 
effective amount to be administered to a patient is typically 
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based on body surface area, patient Weight and physician 
assessment of patient condition. An effective amount can 
range from about to 1 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. 
[0043] When used for monitoring or diagnosis, imaging 
procedures are typically carried out about 1 to about 6 hours 
post administration of the activated macrophage targeted 
imaging agent. 
[0044] 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 for the 
purpose of de?ning this invention such an intermittent or 
staggered daily regimen is considered to be equivalent to 
every day treatment and Within the scope of this invention. In 
one embodiment of the invention the patient is treated With 
multiple injections of the ligand conjugate Wherein the tar 
geted entity is an immuno gen or a cytotoxic agent to eliminate 
the population of pathogenic activated macrophages. In one 
embodiment, the patient is treated, for example, injected mul 
tiple times With the ligand conjugate at, for example, at 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. Altema 
tively, the ligand conjugates may be administered prophylac 
tically to prevent the occurrence of disease in patients knoWn 
to be disposed to development of activated macrophage medi 
ated disease states. In one embodiment of the invention more 
than one type of ligand conjugate can be used, for example, 
the host animal may be pre-immuniZed With ?uorescein 
isothiocyanate and dinitrophenyl and subsequently treated 
With ?uorescein isothiocyanate and dinitrophenyl linked to 
the same or different activated macrophage targeting ligands 
in a co-dosing protocol. 
[0045] The ligand conjugates are administered in accor 
dance With this invention parenterally and most typically by 
intraperitoneal injections, subcutaneous injections, intramus 
cular injections, intravenous injections or intrathecal injec 
tions. 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, 
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 of the invention, the 
ligand conjugates can be formulated as one of any of a num 
ber 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. 

EXAMPLE 1 

Materials 

[0046] EC20 (a folate-linked chelator 99"'Tc), EC28 (the 
same 99"'Tc chelate complex Without folate), and folate-?uo 
rescein isothiocyanate (folate-FITC) Were gifts from 












