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1571 ABSTRACT

The present invention relates t0 a method and associated
agents for the inhibition and treatment of protein aging in
animals by stimulating the bodies of the animals to increase
their recognition and affinity for advanced glycosylation end
products. Specifically, the method contemplates the admin-
istration of certain agents such as advanced glycosylation
endproducts, such endproducts as are bound to the camer,
monokines that stimulate phagocytic cells to increase their
activity toward advanced glycosylation endproducts, and
mixtures of these materials either alone, or in conjunction
with other co-stimulatory agents. Numerous diagnostic and
therapeutic applications are defined, and pharmaceutical
compositions are also contemplated.

26 Claims, 10 Drawing Sheets
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METHOD AND AGENTS FOR REMOVING
ADVANCED GLYCOSYLATION
ENDPRODUCTS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

This invention was made with partial assistance from
grants from the National Institutes of Heath and the
Brookdale Foundation.

CROSS REFERENCE TO RELATED
APPLICATIONS

The present application 15 a reissue of U.S. Pat. No.
4,900,747, filed Sep. 3, 1987 as application Ser. No. 91,534;
which is a Continuation-In-Part of application Ser. No.
907,747, filed Sept. 12, 1986, by the inventors herein now
abandoned, which 1s, Iin turn, a Continuation-In-Part of
application Ser. No. 798,032, filed Nov. 14, 1985, by
Anthony Cerami, Peter Ulrich, and Michael Brownlee, now
U.S. Pat. No. 4,758,583 which is, in turn, a Continuation-
In-Part of application Ser. No. 590,820, now U.S. Pat. No.
4,665,192 filed Mar. 19, 1984 by Anthony Cerami alone.
Priority under 35 U.S.C. §120 is claimed as to all of the
above earlier filed applications and the disclosures thereof
are incorporated herein by reference.

RELATED PUBLICATIONS

The Applicants are co-authors of the following articles
directed to the subject matter of the present invention:
“FUNCTION OF MACROPHAGE RECEPTOR FOR
NONENZYMATICALLY GLYCOSYLATED PROTEINS
IS MODULATED BY INSULIN LEVELS”, Vlassara,
Brownlee and Cerami, DIABETES (1986), Vol. 35 Supp.1,
Page 13a; “ACCUMULATION OF DIABETIC RAT
PERIPHERAL NERVE MYELIN BY MACROPHAGES
INCREASES WITH THE PRESENCE OF ADVANCED
GLYCOSYLATION ENDPRODUCTS”, Vlassara, H.,
Brownlee, M., and Cerami, A. J. EXP. MED. (1984), Vol.
160, pp. 197-207;, “RECOGNITION AND UPTAKE OF
HUMAN DIABETIC PERIPHERAL NERVE MYELIN BY
MACROPHAGES”, Vlassara, H., Brownlee, M., and
Cerami, A. DIABETES (19835), Vol. 34, No. 6, pp. 553-557,;
“HIGH-AFFINITY-RECEPTOR-MEDIATED UPTAKE
AND DEGRADATION OF GLUCOSE-MODIFIED PRO-
TEINS: A POTENTIAL MECHANISM FOR THE
REMOVAL OF SENESCENT MACROMOLECULES”,
Vlassara H., Brownlee, M., and Cerami, A., PROC. NATL.
ACAD. SCIL U.S.A. (Sept. 1985), Vol. 82, pp. 5588-5592;
“NOVEL MACROPHAGE RECEPTOR FOR GLUCOSE-
MODIFIED PROTEINS IS DISTINCT FROM PREVI-
QUSLY DESCRIBED SCAVENGER RECEPTORS”, Vlas-
sara, H., Brownlee, M., and Cerami, A. JOUR. EXP. MED.
(1986) (in press) “ROLE OF NONENZYMATIC GLYCO-
SYLATION IN ATHEROGENESIS”, Cerami, A., Vlassara,
H., and Brownlee, M., Journal of Cellular Biochemistry
(1986), Vol. 30, pp. 111-120. All of the foregoing publica-

tions are incorporated herein by reference.

BACKGROUND OF THE INVENTION

The present invention relates generally to the in vivo
rcaction of animal proteins with glucose, and particularly to
the nonenzymatic glycosylation of proteins, and to methods
for their in vivo inhibition.
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The reaction between glucose and proteins has been
known for some time, and in its earliest manifestation, was
identified in the appearance of brown pigments during the
cooking of food. This phenomenon was identified by Mail-
lard in 1912, who observed that glucose and other reducing
sugars react with amino acids to form adducts that undergo
a series of dehydrations and rearrangements to form stable

brown pigments. Maillard L. C. (1912) C. R. Acad. Sc1., Vol.
154, pp. 66—68.

This phenomenon was found in recent years to have its
parallel in vivo. Accordingly, the nonenzymatic reaction
between glucose and the free ammo groups on proteins to
form a stable amino 1-deoxy ketosyl adduct, known as the

Amadori product, has been shown to occur with hemoglo-
bin, wherein a rearrangement of the Amadori product
formed at the amino terminal of the beta chain of hemoglo-
bin by reaction with glucose, forms the adduct known as
hemoglobin A,c. This initial reaction of the Matllard
sequence was also found to occur with a variety of other
body proteins, such as lens crystallins, collagen and nerve
proteins. See Bunn, H, F,, Haney, D. N., Gabbay, K. H. and
Gallop, P. H.,, (1975) Blochem. Biophys. Res. Comm., Vol.
67, pp. 103-109; Koenig, R. J., Blobstein, S. H. and Ceram,
A., (1977) J. Biol. Chem., Vol. 252, pp. 2992-299"7; Mon-
nier, V. M. and Cerami, A., (1983) MAILLARD REAC-
TION IN FOOD AND NUTRITION, ed. Waller, G. A,
American Chemical Society, Vol. 215, pp. 431448; and
Monnier, V. M. and Cerami, A., (1982) Clinics in Endocn-
nology and Metabolism, Vol. 11, pp. 431-4352.

Moreover, brown pigments with spectral and fluorescent
properties similar to those of late-stage Maillard products
have also been observed in vivo in association with s¢veral
long-lived proteins, such as lens proteins and collagen from
aged individuals. An age-related linear increase in pigment
was observed in human dura collagen between the ages of 20
and 90 years. See Monnier, V. M. and Cerami, A., (1981)
SCIENCE, Vol. 211, pp. 491-493; Monnier, V. M. and
Cerami, A., (1983) BIOCHEM. BIOPHYS. ACTA., Vol.
760, pp. 97-103; and Monnier, V. M., Kohn, R. R. and
Cerami, A., “Accelerated Age-related Browning of Human
Collagen in Diabetes Mellitus™, (1984) PROC. NAT. ACAD.
SCIL., Vol. 81, pp. 583-587. Interestingly, the aging of
collagen can be mimicked in vitro by the cross-linking
induced by glucose; and the capture of other proteins in the
formation of adducts by collagen, also noted, is theorized to
occur by a cross-linking reaction, and 1s believed to account
for the observed accumulation of albumin and antibodies 1n
kidney basement membrane and cholesterol-beaning low
density lipoprotein in the arterial wall, See, Brownlee, M.,
Pongor, S. and Cerami, A., (1983) J. EXP. MED., Vol. 138,
np. 1739-1744; and Kohn, R. R., Cerami, A. and Monnier,
V. M., (1984) DIABETES, Vol. 33, No. I, pp. 57-59.
Cerami, A., Viassara, H., and Brownlee, M., (1985)
METABOLISM, Vol. 34, pp. 3744

In parent application Ser. No. 590,820 and in Pongor, S.
M. et al, Supra., both incorporated herein by reference, a
fluorescent chromophore was isolated and identified which
was found to be present in certain browned polypeptides
such as bovine serum albumin and poly-L-lysine, and was
assigned a structure 2-(2-furoyl)-4(5)-2-furanyl)- 1 H-imida-
zole (hereinafter “FFI”). The compound was found to exist
in a tautomeric state and has incorporated in its structure two
peptide-derived amine nitrogens. The incorporation of these
amine nitrogens and two glucose residues in the compound
suggested that its peptide-bound precursor may be itmpli-
cated in the in vivo cross-linking of protcins by glucose
which is observed in the late stage of the Maillard process.
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See, Chang, J. C. E, Ulnch, P. D, Bucala, R., and Cerami,
A., (1985) J. Biol. Chem., Vol. 260, pp. 7970-7974. This
chromophore made possible the identification of the
advanced glycosylation endproducts and assisted additional
investigations seeking to clarify the protein aging process
and 1f possible, to identify the specific chemistry involved to
assist to develop methods and agents for its inhibition. Such
method and agents were initially investigated and have been
disclosed in copending application Ser. No. 798,032, the
disclosure of which is incorporated herein by reference.

Further work since the development of the inhibitors in
the last mentioned copending Application resulted in the
identification of what appears to be an endogenous means
for the in vivo elimination or removal of advanced glyco-
sylation endproducts. This has been set forth in most recent
application Ser. No. 907,747, Further development of this
concept is now presented herein, and it is accordingly to this
purpose that the present Application is directed.

SUMMARY OF THE INVENTION

In accordance with the present invention, a method and
associated agenis are disclosed for the inhibition and treat-
ment of protein aging in animals by stimulating the bodies
of such animals to increase their recognition of and affinity
for advanced glycosylation endproducts. In particular,
phagocytic cells such as monocytes and macrophages are
treated with an agent capable of causing the phagocytic cells
10 increase their activity of recognizing and removing mac-
romolecules such as target proteins,

The agents of the present invention comprise one or more
stimulator compounds in turm, comprising a natural or
synthetic advanced glycosylation endproduct alone or bound
t0 a carner, said carrier including a material selected from
carbohydrates, proteins, synthetic polypeptides, lipids, bio-
compatible natural and synthetic resins, antigens, and mix-
tures thereof. The stimulator compounds could include other
advanced glycosylation endproducts that may be prepared
from the reaction between sugars and other macromolecules,
and monokines which stimulate phagocytic cells to increase
their activity toward advanced glycosylation endproducts.

Accordingly, the stimulator compound may comprise the
compound FFI bound to a protein such as albumin. Alter-
nately, the stimulator compound may comprise a syntheti-
cally derived advanced glycosylation endproduct which is
prepared, for example, by the reaction of glucose or glucose-
6-phosphate with albumin. This reaction product can be used
alone or with a carrier in the same fashion as the FFIl-
albumin complex.

A monokine that functions as a stimulator compound
comprises the protein known as Tumor Necrosis Factor
(TNF) and 1its variant discovered and isolated by one of the
inventors herein and named “cachectin’™. The material may
be administered alone or in conjunction with other stimu-
iator compounds.

In addition, the stimulator compounds of the present
invention may be administered in conjunction with matenals
identified hereinafter as ‘“‘co-stimulatory agents™. The coad-
ministration of the stimulator compound with the co-stimu-
latory agents has been found to potentiate the activity of the
former. Suitable co-stimulatory agents include monokines
such as Interleukin-1 (IL-1) and gamma-interferon.

A further altemative embodiment of the method of the
present invention and one which may be practiced indepen-
dently or conjointly with the above recited method, is the ex
vivo treatment of the phagocytic cells to expose them to the
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stimulator compounds. For example, a patient may be given
an cxtracorporeal blood treatment in which blood is diverted
out of the body from the arterial and venous system and is
directed through a device which contains stimulator com-
pounds and/or co-stimulatory agents which are suitably
positioned to come in contact with the phagocytic celis
within the blood. The stimulator compounds and/or co-
stimulatory agents may bc immobilized or may be allowed
to enter the flow of the body fluid.

In the instance where the method comprises the in vivo
administration of the stimulator compound and/or stimula-
tory agents, such administration may be accomplished by
known techniques, including oral techniques and parenteral
techniques such as intradermal, subcutaneous, intravenous,
or 1ntraperitonal injection, catheterization or other conven-
tional means. The stimulator compounds or mixtures of
them may be prepared in suitable pharmaceutical composi-
tions for such administration.

In a further aspect of the present invention, phagocytic
cells may be stimulated to increase their ability to recognize
and remove target macromolecules by adjustment of the
insulin level in the body fluid. In particular, artificial reduc-
tion of insulin levels may be achieved by dietary manipu-
lation and/or by the use of pancreatic beta-cell suppression,
conducted alone or in combination with the administration
of the agents discussed above. Thus, the additional method
exerts a positive effect on the activity of the phagocytic cells
and promotes the increased uptake and elimination of
advanced glycosylation endproducts in accordance with the
present invention.

In addition, the present invention relates to various thera-
peutic methods, for the treatment of the adverse sequelac of
the build-up of advanced glycosylation endproducts in the
body. In particular, pathologies such as age related or
diabetes related hardening of the arteries, skin wrinkling,
artenal blockage and diabetic retinal and renal damage are
all the result of the excessive build-up or trapping that occurs
as the presence of advanced glycosylation endproducts
increases. Accordingly, a therapeutic method in accordance
with the present invention generally seeking to avert such
pathologies contemplates the administration of the agents of
the present invention either directly or in suitable pharma-
ceutical compositions to stimulate the phagocytic cells to
remove advanced glycosylation endproducts from the body
with greater speed and efficiency, and to thereby avert the
onset of the pathologies recited herein. Specific administra-
tive protocols may vary and would be determined upon the
specific instruction of qualified medical or veterinary prac-
titioners.

The present invention method has particular application
as the Maillard process acutely affects several of the sig-
nificant protein masses in the body, among them collagen,
elastin, lens proteins, and the kidney glomerular basement
membranes. These proteins deteriorate both with age (hence
the application of the term *‘protein aging”) and as the result
of prolonged exposure to blood sugar and AGE formation.
Consequently, the enhanced ability to remove glycosylation
endproducts from the animal’s system carries the promise of
favorably treating the significant adverse effects of numer-
ous pathologies including diabetes and of course, improving
the quality and perhaps duration of animal life,

A further therapeutic application of the present invention
lies in the area of immunology. In particular, advanced
glycosylation endproducts generally, and FF1 in particular,
may be coupled to antigens, and phagocyctic cells may then
be exposed to this coupled complex to promote the uptake
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and digestion of this coupled complex by such cells. The
phagocytic cells would then present the digested complex to
the immune system of the animal of origin to elicit the
development of antibodies to the particular antigen. In this
manner, antigens that might not otherwise elicit an 1mmu-
nologically significant response could be made more 1mmu-
nologically reactive to develop effective deifenses to the
antigen. The foregoing method could be practiced in vivo or
ex vivo, as, for example, the coupled complex including the
advanced glycosylation endproduct or FFI could either be
introduced into the body of the animal, or phagocytic cells
could be isolated from the animal in extracorporeal fashion
and thereby contacted with the coupled complex, after
which the phagocytic cells with their increased receptors
could be reintroduced into the animal’s body to appropri-
ately stimulate the immune system to develop antibodies.

A variant to the foregoing protocol contemplates the
stimulation of the phagocytic cells to take direct action
against the antigen. In this procedure, an antibody specific to
the target antigen is labeled with or coupled to an advanced
glycosylation endproduct such as FFI, and the labeled/
coupled material is then introduced in vivo to promote the
arousal of the activity of the phagocytes toward the material.
The labeled/coupled material would bind to the target anti-
gen and the resulting complex would be attacked by the
phagocytes that recognize the AGE or FF1. Attack would
occur cither directly or by the secretion of a monokine such
as cachectin to cause the necrosis of the antigen. The
phagocytes could be preliminary activated by 1n vivo or ex
vivo means as described earlier. This protocol, like the one
described above, possesses particular utility as a possible
treatment for Acquired Immune Deficiency Syndrome
(AIDS) and other tumorous or viral infections.

In addition, the present invention contemplates certain
diagnostic applications, including the development of an
assay system for screening of potential drugs effective 1o act
as agents to stimulate the activity of particular phagocytic
cells against advanced glycosylation endproducts. In one
instance, a prospective test drug could be administered to a
macrophage sample to determine its stimulatory effect, with
control samples receiving, respectively, a known stimulator
compound such as those listed above, and no stimulation
whatsoever. Further, a particular phagocytic cell sample
could be investigated to determine the agents from among
those known that are most effective in stimulating such
cellular activity, if such stimulation is possible, by the
inoculation of a series of identical sample colonies with
various of the known agents recited above, with such agents
being appropriately labeled by a radioactive indicator or
otherwise, to chart the activity or progress 1n stimulation, by
the uptake of such agents by the particular cellular colony.
In such manner, the colony exhibiting the greatest uptake
and disposal of labeled advanced glycosylation endproducts
would identify the corresponding agent that is most effective
in this stimulatory capacity.

By the above diagnostic techniques, cellular colonies
capable of stimulation could be determined, and in the
instance where such capability is in evidence, the colonies
could be further examined to determine whether any dis-
crimination in particular agent capable of achieving such
stimulation 1s in evidence.

Additional diagnostic applications relate to the study of a
varicty of parameters attending the recognition and removal
of advanced glycosylation endproducts by phagocytic cells
and the significance of this phenomenon in relation 1o the
functioning of the animal’s system. In a first embodiment,
phagocytic cells such as macrophages may be removed from
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the animal’s body and activated ex vivo by exposure to

advanced glycosylation endproducts. These activated
phagocytic cells may then be radiolabeled as with Techni-
cium and thereafter reintroduced to the animal and allowed
to circulate through the animal’s system, while being radio-
imaged to note the final location of the cells. In this manner,
the location of concentrations of advanced glycosylation
endproducts in the animal’s body could be identified. This
technique is particularly useful in identifying undesirable
concentrations of advanced glycosylation endproducts, such
as atheromatous plaques. In such manner, the location of the
systemic malfunction could be identified.

Also, the condition of the system for the removal of
advanced glycosylation endproducts from the body could be
measured by the preparation of radiolabeled advanced gly-
cosylation endproducts and the administration of these
radiolabeled materials to the body to determine the time
required for their recognition, uptake and elimination. Such
measurement could then be compared against standard mea-
surements determined by testing normal systems under the
same parameters, The foregoing test could, for example, be
performed as a test for diabetes, or other disorders that
would adversely effect the operability of the AGE removal
system of the body. Alternately, this method may likewise be
practiced in extracorporeal fashion by removing phagocytic
cells from the body and testing them for their efficiency and
rate of opecration ex-vivo with radiolabeled advanced gly-
cosylation endproducts.

A further diagnostic technique could measure the pres-
ence of pathology as a function of the state of activation of
the phagocytic cells in the body of the animal under inves-
tigation. Thus, macrophage cells could be exposed to par-
ticular radiolabeled advanced glycosylation endproducts
known to be found in connection with certain pathologies,
and the state of stimulation of the phagocytic cells could
then be observed, by comparison against suitably developed
norms, to determine whether the phagocytic cells are 1n a
state of stimulation, and if so, as 10 the probable source of
such stimulation. Thus, the presence of particular AGEs 1n
the body reflect correspondingly particular pathologies, and
the observation of the phagocytic cells and the determination
of their sensitivity and increased stimulation with respect to
particular advanced glycosylation endproducts would sug-
gest the existence of a particular pathology.

Accordingly, it is a principal object of the present inven-
tion to provide a method for improved sequestration and
removal of advanced glycosylation endproducts from ani-
mal systems.

It 1s a further object of the present invention to provide a
method as aforesaid which is characterized by the stimula-
tion of phagocytic cells to increase their affinity and capa-
bility for the binding, uptake and degradation of advanced
glycosylation endproducts.

It is a yet further object of the present invention to provide
agents capable of stimulating phagocytic cells to bind, take
up and degrade advanced endproducts in the method as
aforesaid.

It is a still further object of the present invention to
provide therapeutic methods for treating the adverse conse-
quences of protein aging.

Other objects and advantages will become apparent to
those skilled in the art from a consideration of the ensuing
description which proceeds with reference to the following
illustrative drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a graph depicting the relative binding and uptake
of red blood cells modified with various agents, including
one of the agents of the present invention.

FIG. 2 is a graph illustrating the competitive inhibition in
red blood cell binding caused by the introduction into a
sample of an agent in accordance with the present invention.

FIG. 3 illustrates the binding and uptake by monocytes of
red blood cells that have been modified by reaction with a
vaniety of sugars.

FIG. 4 is a line graph illustrating the half-life of red blood
cells that have been labeled and modified by association

with an agent in accordance with the present invention, as
compared with a control,

FIG. 5 is a bar graph illustrating the comparative uptake
and degradation of advanced glycosylation endproducts by
mouse macrophages exposed to various stimulator com-
pounds.

FIG. 6 1s a bar graph illustrating data similar to that set
forth 1n FIG. 5, with respect to one day old human mono-
cyles.

FIG. 7 is a bar graph illustrating similar comparative
expeniments conducted with human monocytes wherein the
co-stimulatory agent gamma interferon was also added and
tested.

FIG. 8 is a graph illustrating the effect of insulin on the
binding capabilities of mouse macrophage cells, wherein a
normal sample and an alloxan induced diabetic macrophage
sample were compared.

FIG. 9 is a graph similar to FIG. 8, illustrating a com-
parison between a normal or control sample of human
macrophages with those of hypo- and hyperinsulinacmic
diabetic macrophages as to the binding capabilily of each of
the samples.

FIG. 10 1s a graph similar to FIG. 9, making a comparison
between the same macrophage samples as to their ability to
degrade advanced glycosylation endproducts.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

In accordance with the present invention, a composition
and associated methods have been developed for enhancing
the removal of advanced glycosylation endproducts in ani-
mals, to treat protein aging and thereby inhibit the adverse
effects thereof. Specifically, phagocytic cells such as mono-
cytes and macrophage cells are exposed to one or more
agenis or stimulator compounds which enhance the ability of
such phagocytic cells to recognize, bind and degrade
advanced glycosylation endproducts.

The present invention is predicated upon the observation
that monocytes and macrophage cells have the ability 10
recognize, remove and degrade macromolecules that have
undergone glucose-mediated damage and thus have under-
gone advanced glycosylation endproduct formation. In par-
ticular, it has been determined that monocytes and macroph-
ages have a specific surface receptor for the glucose-altered
macromolecules that allows the cells to perform their rec-
ognition, removal and degrading functions with respect
therelo.

Previous work with respect to glucose-mediated changes
in proteins has determined that glucose recacts with such
macromolecules and leads to changes in their properties
which interfere with their normal function. Glucose is
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known 1o react specifically with the amino groups of pro-
teins without the aid of enzymes to cause them to become
crosslinked or to covalently bind to and thereby trap other
proteins.

In particular, glucose may initially react with an amino
group on a protemn and thereby form what is known as a
reversible Schiff base adduct. The adduct then rearranges to
form a more stable, but still reversible Amadori product. The
Amadori product, which is an initially glycosylated protein
may then undergo further reactions, which in one instance,
include the reaction with a second glycosylated amino group
of a protein, whereby a crosslink is formed. The result of this
reaction 1s the conversion of the two glucose moieties and
their amino groups into a compound identified previously by
one of the inventors herein and referred to earlier as FFI.
This compound is part of a complex family of advanced
glycosylation endproducts that exhibit yellow and fluores-
cent appearance. The presence of this compound has been
confirmed by the in vitro reaction of glucose and protein,
whereby the resulting mass is observed to become yellow to
brown in color. These advanced glycosylation endproducts
form simply from the reaction of sugars with proteins and
other macromolecules, including DNA.

The Amadon product can also react with a second glu-
cose, and the resulting doubly glycosylated derivative can
then react directly with the amino group of a non-glycosy-
lated protein to form an advanced glycosylation endproduct
(AGE) and to thereby link the proteins together. This phe-
nomenon has been termed, “trapping” and has been dem-
onstrated in vitro by the reaction of collagen, a normally
insoluble, structural protein, and low-density lipoprotein,
which is a circulating, soluble protein, as well as collagen
with albumin and IgG. See Brownlee, M., et al., DIABE-
TES, Vol. 34, pp. 938-941 (1985); Brownlee, M., Pongor,
S., and Cerami A., J. EXP. MED.,, Vol. 158, pp. 1739-1744
(1983).

Glucose mediated crosslinking and trapping of proteins is
a normal process in the body which over time leads to
pathology in many tissues and organs. Internal crosslinking
of proteins or crosslinking of two adjacent proteins may
change the mechanical properties of structural proteins.
Changes in the immunologic, enzymatic, physical and other
proteins as a result of crosslinking and trapping are aiso
known. For example, it has been observed that the abnor-
mally high levels of glucose in the blood of diabetics leads
to an abnormal increase in the formation of crosslinks and
trapped proteins, and it is postulated that this may be
responsible for the increased morbidity and mortality of the
disease.

Trapping leads to an abnormal build up of proteins in
abnormal locations which can lead to pathology. Examples
of the pathology that can be caused by glucose-mediated
crosslinking and trapping includes the attachment of lipo-
protein and other plasma proteins to the walls of coronary
arteries, and its consequent build up of proteins and choles-
terol to cause arterial blockage and heart attacks. Similarly,
crosslinking of collagen in the arlerial wall can change the
mechanical properties of the arterial wall by stiffening its
structure and thereby causing circulatory probiems. Thick-
ening of basement membranes of smaller blood vessels in
the body and in the kidney resulting from trapping and
crosslinking leads to peripheral vascular disease and thick-
ening of the kidney basement membrane with subsequent
loss of kidney function (Nephropathy). In addition, thick-
ening of vessel walls 1n the brain leads to reduced blood flow
and can contribute to the onset of senility.

Crosslinking of collagen and other macromolecules in the
skin may lcad to wrinkling and other changes, as well as
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charges in the diabetic eye and particularly damage to the
lens and to the vessels of the retina, which latter event leads
to a loss of visual acuity and ultimately, to blindness. Finally,
glucose 15 known to react with DNA, and experiments have
shown that AGE-DNA can be mutagenic in bacteria.

As noted earlier, phagocytic cells are capable of recog-
nizing and removing abnormal macromolecules by means of
receptors on their surfaces which recognize specific chemi-
cal structures and bind to them. Once the abnormal macro-
molecule ts recognized in this way, the phagocytic cell may
internalize the macromolecule or particle containing the
abnormal macromolecule and may then degrade it. In some
instances, the phagocytic cell may in addition secrete
enzymes and other factors to help degrade the molecule or
particle extracellularly if it cannot be internalized. After the
damaged protein is removed, new growth of normal tissue
can ensue, and normal function of the affected area may
resume.

Phagocytic cells in the body comprise numerous types of
white blood cells. One type of white blood cell, the mono-
cyte, 1s produced in the bone marrow, and circulates briefly
in the blood and thereafter enters the tissues where it
becomes a macrophage. Exposure of the phagocytic cell
either as a monocyte or a macrophage, to certain molecules
can regulalte the appearance on the surface of the cell of
receptors for these moiecules.

Thus, the present invention is predicated on the discovery
that the phagocytic cells including monocytes and macroph-
ages can be modified by exposure to certain agents or
stimulator compounds that potentiate the capability of these
cells with respect to their recognition and affinity for, and
capability 1o degrade advanced glycosylated endproducts. In
particular, the exposure of these cells to certain stimulator
compounds has been found to increase the number of
receptors developed on these cells and to thereby increased
the capacity and efficiency of these cells with respect to the
recognition and degradation of advanced glycosylation end-
products.

Accordingly the method of the present invention gener-
ally comprises exposing the animal body to certain agents or
stimulator compounds, which cause the body, and its phago-
cytic cells 1n particular to become activated and to increase
its recognition and removal of target macromolecules that
have undergone advanced glycosylation.

Suitable stimulator compounds useful in the present
invention comprise materials including advanced glycosy-
lation endproducts either naturally or synthetically formed
which may be employed alone or bound to a carrier.

Suitable stimuiator compounds include the compound FFl
bound to a carrier protein such as the protein albumin. The
stimulator compound may also comprise a synthetically
derived advanced glycosylation endproduct which is pre-
pared, for example, by the reaction of a protein or other
macromolecule with a sugar such as glucose, glucose-6-
phosphate, or others. This reaction product could be used
alone or could be combined with a carrier in the same
fashion as the FFI-albumin complex.

The carrier may be selected from the group consisting of
carbohydrates, proteins, synthetic polypeptides, lipids, bio-
compatible natural and synthetic resins, antigens and mix-
tures thereof.

As used herein, the term “antigen” includes various
invasive stimuli that may comprise or cause the onsct of
pathology or other organic disability, such as protein and
lipid fragments, bacteria, viruses and/or other organisms of
similar origin and effect.
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Stimulator compounds also include other monokines
which stimulate phagocytic cells to increase their activities
toward advanced glycosylation endproducts.

A particular monokine that functions as a stimulator
compound comprises the protein known as Tumor Necrosis
Factor (TNF) and its variant discovered and isolated by one
of the inventors herein and named “cachectin’™. This matenal
may b¢ administered alone or in conjunction with other
stimulator compounds.

In addition, the stimulator compounds of the present
invention may be administered in conjunction with materials
identified hereinafter as *‘co-stimulatory agents”. The coad-
ministration of the stimulator compound with the co-stimu-
latory agents has been found to potentate the activity of the
former. Suitable co-stimulatory agents include monokines
such as Interleukin-1 (IL-1) and gamma-interferon.

With regard to the preparation of the stimulator compound
comprising FFI coupled to a carrier molecule such as
albumin, the synthetic compound FFI-hexanoic acid may be
used in its preparation. Thus, a water-soluble carbodiimide
is used to attach the acid moiety of the FFi-hexanoic acid to
an amino group on the protein. The conjugate, after purifi-
cation, 15 used in vitro to stimulate macrophages. After
incubation for 4 to 24 hours, it can be shown that such
macrophages will more actively bind, intemalize, and
degrade AGE-albumin.

Accordingly, the present invention includes various thera-
peutic methods secking to treat the adverse effects of the
buildup of advanced glycosylation endproducts in animals.
Such conditions as age- or diabetes-related hardening of the
artenes, skin wrinkling, arterial blockage and diabetic retinal
and renal damage all result from the excessive buildup or
trapping that occurs as advanced glycosylation endproducts
increase in quantity. Accordingly, a therapeutic method
seeking to avert pathologies caused at least in part by the
accumulation of advanced glycosylation endproducts in the
body comprises the administration of the agents of the
present invention either directly or in sunitable pharmaceu-
tical compositions to stimulate the body the increasc its
activity toward the recognition and removal of such
advanced pglycosylation endproducts. In particular, the
agents are administered to stimulate the phagocytic cells in
the body to increase their activity toward the recognition and
removal of advanced glycosylation endproducts so that such
removal occurs with greater speed and efficiency. Specific
adminstrative protocols would vary and would be deter-
mined upon the instruction of qualified medical or veterinary
practitioners.

Accordingly, the present invention also includes suitable
pharmaceutical compositions for use in the therapeutic
methods of the invention, comprising the agents of the
present invention prepared in a suitable pharmaceutically
acceptable carner. Such carriers are known and may vary in
compaosition and/or concentration depending upon the man-
ner of administration, i.e. oral, parenteral, etc.

The present invention will be better undersiood from a
consideration of the following illustrative examples and
data, that confirm the activities of the phagocytic cells and
their relationship to the stimulator compounds discovered in
accordance herewith.

EXAMPLE ]

In the investigation which follows, the existence in vivo
of the clearance system of advanced glycosylation endprod-
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ucts was confirmed and studied, and the principles of the
present invention were established.

MATERIALS AND METHODS

RBC preparation: Human Blood (2.0 ml) from normal,
healthy adult volunteers was collected in heparinized tubes.
Following removal of plasma and buffy coat, the RBC’s
were washed four times with 10 vol of Ca** and Mg** free
phosphate-buitered saline (PBS), pH 7.4 and were resus-
pended in Dulbecco’s modified Eagle medium.

Opsonized RBC preparation: 0.1 ml of a 15% RBC
suspension from a D+ donor was added to 0.5 ml of a
high-titer anti-D serum and was incubated at 37° C. for 30
minutes. Following incubation, cells were washed three
times with PBS (GIBCO) and were resuspended in 3 ml of
Dulbecco’s modified Eagle medium.

FFI-RBC preparation: The specific advanced glycosyla-
tion endproduct (AGE) [2-(2-furoyl)-4(5)-(2-furanyl)-1H-
imidazole}-hexanoic acid (FFI-HA) was prepared as
described previously (Pongor et al., PNAS (1984) Vol. 81,
pp. 2684-2688). In brief, furylglyoxal hydrate (10 mmol) in
3:1 dioxane/water was treated with 6-amino hexanoic acid
(15 mmol) and triethylamine (15 mmol) and stirred at 25° C.
for 1 hour. After the addition of concentrated aqueous
ammonia, the mixture was diluted with 5% NaH,PO, and
extracted with CH,CI,, washed with brine and filtered
through activated carbon and MgSO,. The crude product
was purified by medium pressure chromatography on silica
gel yielding FFI-HA as straw-colored flakes (m.p.
105°-106° C.). Freshly washed normal RBC’s were resus-
pended in PBS, with and without 10 mM water soluble
1-cyclohexyl-3-[ 2-(4-morpholinyl)-ethyl}-carbodiimide
(CMC) (Vlassara, ¢t al., (1985), Vol. 82, pp. 5588-5592), to
which FFI-HA was added at different concentrations
(10-100 uM). The mixtures were incubated under continu-
ous mixing for 1 hour at room temperature. Parallel mixtures
containing RBC’s alone in PBS or KB(’s and carbodiimide
(10 mM) were treated identically as controls. After 3 washes
the cells were resuspended in 1 mM glycine in PBS and left
10 incubaie for 30 minutes. Following three washings with
PBS the cells were suspended in RPMI prior to phagocytosis
assay, at an 100 excess ratio to monocyies.

Glycosylated-RBC preparation: In order to produce non-
enzymatically glycosylated erythrocytes, glucose, glucose-
6-phosphate, xylose and arabinose were added to freshly
isolated normal human red cells suspended in Dulbecco’s
modified Eagle medium at 100 mM concentrations and
incubated for 48 hours at room temperature. RBC suspen-
sions without sugars added were used as control cells.

Following the incubation, the cells were washed three times
with PBS and were suspended in RPMI.

AGE-BSA was prepared by incubating bovine serum
albumin (BSA) in 50 mM glucose at 37° C. for 6 weeks, in
the presence of protease inhibitors (PMSF 1.5 mM, EDTA
0.5 mM) and antibiotics (penicillin 100 U/ml, gentamicin 40

mg/ml) (See, Vlassara et al., Supra.)

Human monocyie preparation: The buily coat from 100
ml fresh human blood was diluted two-fold with saline 1
mM EDTA, pH 7.4, and mononuclear cells were separated
from other elements of the blood by centrifugation on
Ficoll-Paque gradients as described before (Gimehg-Mey-
ling et al. (1950), J. IMMUN. METHODS, Vol. 33, p. 1).
The mononuclear cells were washed three times in cold
RPMI 1640 (GIBCO) to remove platelets, and the cells were
suspended in RPMI made 10% in normal human scrum. To
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obtain suspensions of monocyies for use in these experi-
ments, the Percoll purification method described previously
was used (Gimelig-Meyling supra.). Percoll was brought 1o
isotonicity by the addition of 0.1 vol, of 10-X concentrated
PBS. One ml of normal human serum, 14.7 ml PBS, and 22
ml! isotonic Percoll was mixed in stenile 50-ml centrifuge
tubes and centrifuged for 25 minutes at 18,000 rpm at 5° C.
in Sorvall SS-34 rotor. Five ml of the mononuclear suspen-
sion were layered on the resulting gradients and the tubes
were centrifuged at 1,500 g for 25 minutes at 5° C. in a
swinging bucket rotor. The resulting bands were detected by
light scattering and band I, corresponding t0 monocytes was
transferred and cultured in screw cap Teflon jars (Savillex,
Minnetonka, Minn.), at 10%/ml in RPMI with 12.5% human
serum at 37° C. in 5% CQO, for 5-7 days. Cell viability was
assessed by trypan blue exclusion (Gibco Lab.) and plating
efficiency of phagocytes on a tissue-culture piastic surface
was mecasured by a hemocytometer before and after attach-
ment. When ready for use, aliquots of 10° monocytes were
plaied in sterile petri dishes containing precleaned round
coverslips and incubated for 2 hours at 37° C. in 5% CQ,.

Phagocytosis assay: Before the addition of RBC’s the
monocyte cultures were washed twice with RPMI 1640. The
various red cell suspensions were added to each well at a 100
fold excess to the monocytes and were allowed to incubate
at 37° C. and 5% CO, for up to 2 hours. At that point the
coverslips were removed from the wells, washed three times
with RPMI to remove nonadherent matenal, placed into
clean wells and fixed with 1.25% glutaraldehyde in PBS for
30 minutes. To differentiate surface-attached from ingested
erythrocytes, a hypotonic solution (PBS diluted 1:4 in H,O)
was added to selected wells for 10 seconds, followed by the
addition of fixative. To read the assay, duplicate coverslips
were counted using 40X phase microscopy, At least 300
monocytes from three or more randomly selected fields were
counied per well. The data were expressed as the number of
positive monocytes {monocytes with erythrocytes attached
or ingested) per 100 monocytes (percent binding). Ingestion
index was also determined as the number of ingested or
adhered red cells per positive monocyte (Bianco et al. (1976)
J. EXP. MED,, Vol. 144, p. 1531).

FFI-RBC '~ life assay: Balb/c inbred mice were bled by
cardiac puncture yielding approximately 2.0 ml of blood.
Red cells were washed with large volumes of divalent
cation-free PBS and coupled with FFI-HA as described
above in the presence of 10 mM CMC. In addition, RBC’s
incubated in CMC alone or PBS alone were used as controls.
Subsequently all cell suspensions were labeled with °'Cr by
adding 0.2 mCi Na,[*'Cr]O, to 2 ml of 50% packed RBC in
RPM 1-1640 medium for 1 hour at 37° C. The labeled cells
were washed at least four times to remove unbound 1sotope.
Twelve Balb/c mice were then injected intravenously with
200 ul RBC suspension. Each sample was administered in
three Balb/c mice. At appropriate time intervals the mice
were bled (0.2 ml) and radioactivity levels were measured
by counting.

RESULTS

Maximum binding of red cells was observed on Day-7 of
monocyte incubation 1n vitro. Maximum binding and
endocytosis of FFI-RBC was complecte within 30—45 min-
utes while opsonized cells were maximally bound within 15
minules. At the end of one hour incubation of FFI-coupled
RBC’s with cultured human monocytes, per cenl phagocy-
tosis and phagocytic index were estimated. As shown in
FIG. 1, % erythrophagocytosis of FFl-modified red cells
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(55%) and IgG-coated red cells (70%) were significantly
higher than that of control PBS-treated cells (4%). Similarly
the phagocytic index of FFI-treated RBC’s was significantly
clevated (3,4) as compared to normal controls (1,2).

In order to establish the specificity of the interaction of 3

FFI-RBC’s with the human monocytes, competition experi-
menis were carried out in which binding and ingestion of red
cells was observed in the absence and presence of AGE-
BSA, prepared as described in Methods (Vlassara et al.,
supra.). As shown in FIG. 2, the addition of AGE-BSA at
concentrations of 500 pg/mi inhibited the FFI-RBC binding
by more than 70% of the control. In contrast, AGE-BSA did
not 1nhibit opsonized PBS-treated red cells, even at maximal
concentrations (1 mg/ml). These data suggested that FFI-
modified red cells were recognized and bound specifically
by the monocyte AGE-binding site.

Advanced glycosylation endproduct (AGE) formation
was then induced on red cell surfaces by 48 hour in
Duibecco’s modified Eagle medium containing different
sugars, such as glucose, glucose-6-phosphate, xylose and
arabinose, at 100 mM concentrations, at room temperature.
At the end of this period, the media demonstrated no
evidence of cell lysis, and red cells themselves appeared
microscopically indistinguishable from the controls. As
demonstrated by RIA (the method of Chang et al., (1985) J.
BIOL. CHEM., Vol. 260, pp. 7970-7974), all cells incubated
in sugar underwent formation of a significant amount of
advanced glycosylation endproducts on their cell membrane,
as compared to the controls. At this point RBC’s from all
groups were subjected to normal human monocyte phago-
cytosis assay. As indicated in FIG. 3, glucose-incubated
RBC’s showed a 15% binding and ingestion and G6P-
treated RBC’s at 26%, as compared to 6% binding and
ingestion of control PBS-RBC’s. Much level of binding
were noied with red cells preincubated with xylose and
arabinose (7.5% each).

In order to determine whether autologous red blood cells
modified by an AGE such as FFI-HA can be recognized by
macrophages in vivo and be removed from the circulation
faster than the non-modified cells, presumably by the same
AGE-receptor present on hepatic and splenic macrophages,
Balb/c inbred mouse red cells were treated either with
FFI-HA, as descnibed in Methods or PBS alone for one hour
at room temperature. As an addititonal control, mouse cells
were treated with carbodiimide alone (10 mM). Following,
>'Chromium-labeling all three groups of cells were rein-
jected intravenously into syngenetic mice and erythrocyte
radtoactivity was monitored for 20 days. An approximately
9% of initial radioactivity recovered from all groups within
the 1 hour of the injection was recovered in the serum
fraction, presumably due to traumatic hemolysis caused by
the ex vivo handling since it was reduced to 0.4% within the
first 24 hours. As shown in FIG, 4, the half-life of FFI-
treated red cells was reduced to 7 days, as compared to the
control untreated cell half-life of approximately 20 days.
Similarly, cells treated with carbodiimide alone had nearly
normal 1n vivo course,

DISCUSSION

The above tests extend previous observations on the
recognition of advanced glycosylation endproducts (AGE)
by a specific monocyte/macrophage receptor, and present
evidence that such adducts once attached chemically or
formed 1n vitro on the surface of intact human cells can
induce cell binding and ingestion by normal human mono-
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cytes. It i1s demonstrated that the presence of AGE on the cell
surface in significant amounts over the unmodified cells
leads to their shortened survival in vivo, presumably due to
the more rapid removal of these AGE-cells by the splenic
and hepatic phagocytic cells. The mechanism of recognition
and removal of such modified cells appears to be mediated
via the specific macrophage AGE-receptor, as shown by the
competitive inhibition only of AGE-red cell binding in the
presence of large excess of AGE-BSA (Vlassara et al,,
supra. ).

With age, nonenzymatically glycosylated proteins nor-
mally undergo further modifications and rearrangements
leading to the formation of increasing amounts of AGE’s, as
was shown in normal human dura collagen (Monnier et al.
(1984) PNAS, Vol 81, pp. 383-3587). One specific endprod-
uct, FFI, has been identified in vivo on normal human serum
albumin and globin (Pongor et al., (1984) PNAS, Vol. 81, p.
2684). The AGE-receptor recognition increases with the
amount of AGE, and can therefore preferentially recognize
a time dependent signal for the removal of senescent mac-
romolecules (Viassara et al. supra.).

Nonenzymatic glycosylation of erythrocyte membrane
proteins has been shown previously (Miller et al., (1980) J.
CLIN INVEST. Vol. 65, pp. 896-901) to occur primarnly at
the lysine residues of all the major protein bands without
distinction and i1s enhanced in diabetes, while it is decreased
in hemolytic anemia. These findings have suggested that the
modificalion of membrane proteins, other than by blood
glucose, depends not only on glucose concentration, but also
on erythrocyte age. The foregoing expenments demonstrate
that AGE is present on normal intact red blood cells, which
may be responsible in part for daily removal of erhythro-
cytes from the circulation by the monocyte/macrophage
AGE-receptor. Further, AGE accumulation can be acceler-
ated by exposure to high glucose levels, which in turn leads
to increased monocyte AGE-receptor binding and ingestion
of glucose-modified red cells, and this may play a role in the
moderately shortened erythrocyte survival in diabetics
(Peterson, C. M, et al., (1977) ANN. INT. MED., Vol. 86,
pp. 425-429).

The difference in erythrocyte binding between glucose
and glucose-6-phosphate—treated cells 1s probably due 1o
the higher amount of AGE formed, owing to the presence of
a higher percentage of more reactive open ring structures in
the incubation mixture in the case of glucose-6-phosphate.
Suprisingly, even through xylose and L-arabinose both can
react faster with protein amino groups than glucose, as
shown by the amount of AGE formed, they did not induce
binding and uptake above the normal control cells. This
phenomenon warrants further investigation, however i1 is
probably due to formation of glycosylation products which
are not recognized by the AGE or any other monocyle
receptor.

EXAMPLE II

The following series of experiments were performed to
measure the ability of agents to stimulate phagocytic cells to
stimulate uptake and degradation of endproducts (AGEs).

Accordingly, a number of AGEs were prepared using the
same procedure as disclosed in Example I, above. Thus,
FFI-HA was prepared as described and quaniities were
bound to both human and bovine albumin. A water soluble
carboiimide was used to attach the acid moicty of the
FFI-HA to an amino group on the protein. After preparation,
the conjugate was purified and then used in vitro 10 stimulate
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microphages, by incubation for from 4 to 24 hours. The
AGE:s that were to be observed for uptake and degradation
were approprialely radiolabeled so that they could be traced.
Therealter, the stimulated macrophages were tested by expo-
sure to the radiolabeled AGEs following exposure to various

agents to measure the effect that these agents had on the
ability of the macrophages to take up and degrade the
labeled AGEs. The above procedures and the studies that
follow conform to the protocol employed by Vlassara et al.,
supra.

Thus, FIG. 6, Part 1, shows the uptake of AGE-BSA by
human monocytes after stimulation with certain agents in
the absence of gamma-interferon. The FFI-human albumin
at 0.1 and 0.2 mg/ml had a stimulatory effect on the uptake
system (bars E and F, respectively) as compared to the
control (bar A). FF1-bovine albumin is also stimulatory (bars
E', F, and G'). Gamma-interferon alone (bar C), or
lipopolysaccharide alone (bar B) or Interleukin-1 alone (bar
W) have no stimulatory eflfect.

FIG. 6, Part II, shows the degradation of AGE-BSA by
human monocytes in the presence of these agents, in the
absence of gamma-interferon. The FFI-BSA preparations
are slightly stimulatory (bar Y). In FIG. 7, Part 1, the effect
of stimulation on the uptake of AGE-BSA by the same
agents in the presence of 10 micrograms/ml of human
gamma-interferon i1s shown. As can be seen, gamma-inter-
feron greatly potentiates (up to 8-fold) the stimulation by
0.01, 0.02, and 0.05 mg/ml of FFI-BSA (bars N, O, and P).
Degradation s also enhanced in the presence of these agents
plus gamma-interferon (F1G. 7, bar V).

It has also been demonstrated that monocyte or macroph-
age cells can also be stimulated by AGE-carrier molecules
which result in cells with enhanced ability 10 bind, internal-
1z¢ and degrade other AGE-molecules. AGE-camer mol-
ecules are made, for example, from the reaction of glucose
or glucose-6-phosphate with albumin. After purification of
the reaction product, the AGE-albumin uptake of AGE-
macromolecules demonstrated as in (A) above. AGE-BSA
(prepared from the incubation of glucose-6-phosphate with
albumin for 6-8 weeks) at 0.1 mg/ml has a stimulatory effect
on AGE-BSA uptake by human monocyles (FIG. 6, bar AA),
and shows a slight stimulation at higher concentrations (bars
BB and CC). FIG. 7, bar S, shows that in the presence of
gamma-interferon, 0.5 mg/ml of AGE-BSA made from
glucose-6-phosphate, greatly stimulates uptake of AGE-
BSA by macrophages. The lower concentrations show a
slight stimulatory effect (bars Q and R).

Degradation of AGE-BSA by human monocytes 1s also
stimulated by AGE-BSA in the presence of gamma-inter-
feron (FIG. 7, bar X). Without interferon, stimulation is
slight (FIG. 6, bar 7).

Mouse pentoneal macrophages show increased uptake of
AGE-BSA when stimulated with AGE-BSA prepared from
glucose-6-phosphate (FI1G. 5, bar GG). Degradation is also
increased (FIG. §, bar MN).

As discussed earlier, phagocytic cells such as macroph-
ages may be stimulated to become activated and remove
AGE-macromolecules after treating the macrophages with a
monokine such as with cachectin (synonym=tumor necrosis
factor). The structure and properties of cachectin have been
previously elucidated by one of the inventors herein. It has
been determined that cachectin as a concentration of 20 ng
per milliliter of culture fluid stimulates macrophages to
express the AGE-receptor and to increase binding, uptake
and degradation of AGE-macromolecules. Preincubation of
mous¢ macrophages for 24 hours with 20 ng/ml of cachec-
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tn/TNF (without gamma-interferon) followed by incubation
with AGE-BSA results in a 4-fold increase in AGE-BSA
(made from glucoe reacted with albumin uptake (FIG. §, bar

FF). Degradation 1s also increased by 50% of the control
(bar MM).

Similarly, preincubation of 1-day old human monocytes
for 24 to 48 hours with cachectin without gamma-interferon

leads to almost doubling of uptake and degradation of
AGE-BSA (FIG. 6, bar D). Degradation is also increased

(bar 1).

The above examples of agents which stimulate macroph-
ages 1o increase the ability to internalize and degrade AGEs
should not be restrictive. Other agents include additional
synthetic specific AGEs linked to carrier molecules, other
AGEs made from the reaction of sugars with macromol-
ecules, and other monokines which stimulate macrophages
to increase their activity toward AGE:s.

The method also includes the coadministration of these
agents and one or more co-stimultatory agent such as
Interleukin-1 and gamma interferon to achieve an even
greater stimulation of the body’s AGE removal system.

In a further embodiment of the present invention, mac-
rophages could be treated ex vivo with these agents and
returned to the body. For example, an extracorporeal blood
treatment may be performed in which indwelling lines are
placed in a patient’s arternial and venous system, and blood
is taken from the body, passed through a device and then
returned to the patient. The device is contemplated to
contain agents which by contact with or exposure (0 mono-
cytes/macrophages will stimulate them 1o increase the activ-
ity of the AGE removal system. Further, the agents may
either be immobilized or may be capable of entering the
blood flow. Such an extracorporeal process may be per-
formed alone or jointly with the administration to the patient
of other agents o enhance the process, such as the gamma-
interferon described above.

An additional aspect of the present invention herein
relates to the observation of the effects of insulin on the
macrophage AGE clearance system. It has been found that
animals with lower than normal levels of insulin in the blood
have an enhanced macrophage AGE clearance system. This
has been demonstrated in both experimental animals in
which insulin-producing pancreas cells are destroyed by
injection of the animal with alloxan, or in genectically
diabetic amimals which have low insulin levels. In both
groups, blood glucose levels are higher than normal. As
shown in FIG. 8, animals with experimentally-induced dia-
betes (using alloxan) and resultant low serum 1nsulin levels
(2516 pU/ml) had a two-fold greater activity of binding of
AGE-BSA to macrophages as compared with normal ani-
mals (serum insulin of 74128 ull/ml), In FIG. 9, it is
apparent that C57BL/Ksl, db/db mice, with genetically low
insulin levels (8242 ulU/ml) have a greater degree of AGE-
BSA binding to macrophages than control mice.,

In contrast, animals with high levels of insulin in the
blood, such as genetic hyperinsulinaemic animals (C37BL6,
db/db serum insulin>300 uU/ml, FIG. 9), have a reduction
of about 50% of the activity of binding of AGE-BSA (o
macrophages compared to normal animals. This suppression
of the removal system would have a negative eflect since
clearance of AGE-macromolecules would be decreased.
Degradation of AGE (FI1G. 10) shows the same relationship
to insulin levels.

[t i1s important to note that both the hypoinsulinaemic and
hypennsulinaemic animals had equally abnormal elevations
of glucose 1n the blood.
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The effect of insulin on other macrophage receptors 1s
known, however, that is the first report of the role of 1nsulin
in regulating the AGE recepior. Because insulin regulates
the glucose level in the blood, and glucose 1s responsible for
the production of AGEs which are removed by macroph-
ages, this novel finding suggests an actual correlation
between these three phenomena.

An additional observation derived from the present inven-
tion, and one which proposes a possible mechanism for the
effects of the present method 1s that macrophages, on
stimulation with FFI-carrier proteins or AGE-proteins, will
secrete cachectin into the surrounding fluid. Macrophages
are known to produce cachectin in response to certain
stimuli, but this is the first report of the monokine being
produced in response to FF1 and AGE-proteins. Since these
moieties exist in the body, production of cachectin may
occur during recognition, internalization, or degradation of
AGEs, Since cachectin is known 1o increase the removal
system, this observation suggests that cachectin may be
involved in an amplification phenomenon to signal other
macrophages to increase activity of the removal system. The
secretion of cachectin by cells exposed to AGEs may also
bring about other effects on cells.

Accordingly, one of the therapeutic methods of the
present invention comprises providing cachectin or a deriva-
tive of cachectin in amounts sufficient to stimulate the
removal system. The exact quantities of cachectin to be
administered may vary, and the amounts employed in the
experiments with cachectin set forth herein are representa-
tive. Naturally, specific amounts would be determined by the
attending physical or velerinarian administering the treat-
ment.

A further therapeutic application of the present invention
lies 1n the area of immunology. In particular, the recognition
and degradation of advanced glycosylation endproducits,
such as FFI by phagocytic cells facilitates the introduction to
those cells of certain antigens against which 1t is desired to
raise an immunity. Accordingly, the advanced glycosylation
endproduct or FFI could be coupled to an antigen in much
the same fashion as disclosed herein for the coupling to any
other carmer. Thereafter, the particular phagocytic ceils that
it is desired to stimulate could be exposed to the coupled
complex whereupon the cells would recognize and degrade
the latter, and would concomitantly develop specific recep-
tors therefor. These activated phagocytes could then be
introduced to the immune system of the animal and would
promote the development by the immune systern of anti-
bodies to the 1nitial antigen.

The above method may be practiced ex vivo or in vivo. If
ex vivo, the method would include the initial removal of the
phagocytes from the body and their exposure to the coupled
complex to develop their sensitivity to the particular antigen.
Thereafter a sample of cells of the amimal that 1s known to
be responsible for raising antibodies and that would have
been similarly isolated and removed from the animal, or
cells from other sources that may perform the same function,
would be exposed to the activated phagocytes for a period of
time suflicient to enable antibodies to be raised to the antigen
of interest. The antibodies could be administered to animals
to avert or alleviate the adverse effects of any pathology that
might be caused by the invasion of the antigen.

Allernately the ex vivo activated phagocytes could be
uttlized as a vaccine to inoculate animals against the antigen
and to thereby promote the 1n vivo development of antibod-

1es thereto.

An in vivo protocol contempiates the preparation of the
coupled complex between the AGE/FFI and the antigen and
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the administration of this coupled complex directly to the
animal to promote the in vivo activation of phagocytes and
the subsequent development of antibodies by the animal’s
immune system.

A further allernative contemplates the formation of a
mixture rather than a coupled complex between the AGE/
FFI and the antigen. This mixture could be utilized in place
of the coupled complex in the above protocols.

A particular implementation of the ex vivo embodiment of
the immunological protocol could include the immobiliza-
tion of either the coupled complex or the phagocytic cells
during all or part of the practice of the particular method.
Thus, for example, either the cells or the coupled complex
could be immobilized and the unbound matenal then circu-
lated therepast to achieve activation. If it is desired to
administer the bound material to the animal, it could be
released from the substrate after activation by known tech-
nigues.

A further therapeutic protocol i1s suggested by the fore-
going immunological protocols, which is based upon the
binding, labeling or other combination of the AGE/FFI in
this instance to a particular antigen as defined herein. Thus,
the AGE/FFI could be combined with an antibody specific to
the particular antigen, and the resulting associated mixture
or combined material then placed in contact with the phago-
cytic cells of the animal/human host to stimulate such cells
to recognize and attack the antigen. In such instance, the
manner by which contact between the combined material
and the phagocytes occurs may vary.

Thereafter, a quantity of the combined material may be
introduced in vivo to bind with the target antigen. The
stimulaied phagocytes would then be introduced or stimu-
lation of the phagocytes would take place concurrently upon
the in vivo iniroduction of the combined matenal, where-
upon the phagocytes would attack and destroy/degrade the
complex formed by the combined matenal and the target
antigen, either directly or by means of the secretion of the
monokine cachectin/TNF. Regardless of the exact mecha-
nism of final action, the phagocytes would act specifically
against the target antigen because of their recognition of the
particular AGE/FFI now associated therewith by means of
the antibody.

The foregoing therapeutic method may vary as to dosage,
manner of administration and periodicity, depending upon
thee particular host and the attending pathological condition,
and is subject to adjustment by the trained physician or
veterinarian. This therapy offers a potentially eflective
avenue of treatment for patients suffering from Acquired
Immune Deficiency Syndrome (AIDS) in view of the inabil-
ity of conventional therapies to alleviate the condition.

All of the above immunological and therapeutic protocols
could include the coadministration of one or more of the
co-stimulatory agents in the manner set forth earhier herein
to potentiate where possible the efficacy of such protocols.
The present invention accordingly extends to such variations
in 1ts practice.

As mentioned earlier, the present invention contemplates
numerous diagnostic applications. In a first application, an
assay system may be developed for screening potential
drugs effective to act as agents to stimulate the activity of
specific phagocytes against advanced glycosylation end-
products. Accordingly, a prospective test drug could be
administered to a macrophage sample (o determine its
stimulatory effect and the macrophage samplc after incuba-
tion with the test drug could be incubated with a fluid or
tissue sample having a quantity of appropnately labeled
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advanced glycosylation endproducts present therein, so that
comparative uptake and degradation studies could then be
made. In this assay, plural macrophage colonies could be
mitially incubated with various of the known agents, so that
comparative testing of the prospective drug could take place
with greater specificity.

An alternate diagnostic protocol contemplates the inves-
tigation of particular phagocytes to determine which of the
known agents are most effective in stimulating cellular
activity against advanced glycosylation endproducts. Thus,
in similar fashion to the protocol described above, plural
comparable quantities of a particular phagocytic cell colony
could be isolated and incubated with several different known
agents, and thereafter incubated with identical correspond-
ing samples containing appropriately labeled advanced gly-
cosylation endproducts, so that a comparison of the extent of
activation of the phagocytic cells could then be made, and

the agent most effective in stimulating the cellular colony
thereby i1dentified. In such manner, the colony exhibiting the
greatest uptake and disposal of labeled advanced glycosy-
lation endproducts would correspondingly identify the agent
that 15 most effective.

A turther diagnostic utility is predicated upon the study of
the various parameters that attend the recognition and
removal of advanced glycosylation endproducts and their
significance in relation to the operation of animal body
systems. In a first embodiment, phagocytic cells such as
monocytes and macrophages are removed from the animal’s
body and are activated ex vivo by exposure to the agents of
the present invention. This may be accomplished by an
extracorporeal shut as has been described earlier on herein.
After such activation, the phagocytic cells, instead of being
returned 1immediately to the body, are appropriately radio-
labeled, as with Technicium, and are then returned to the
body, whereupon the animal may undergo radioimaging to
note the course of travel of the phagocytes and to thereby
determine the location of the concentrations of advanced
glycosylation endproducts in the body. In this manner,
undesirable concentrations of advanced glycosylation end-
products, such as atheromatous plagues could be discovered,
and the clinical significance of these concentrations accord-
ingly assessed. This procedure would provide additional
vital information in atlempting to assess the pathological
state of the animal or patient.

A further diagnostic application likewise seeking to pro-
vide vital information regarding pathological status contem-
plates the preparation of radiolabeled agents and their incu-
bation or contact with phagocytes from a particular animal,
and the subsequent measurement of the elapsed time before
the labeled agents are recognized and degraded. Such time
measurements could be compared against standard measure-
ments determined by testing cells taken from normal ani-
mals or patients that were tested under the same protocol.
This data could then identify the existence of pathologies
such as diabetes, or the others mentioned earlier herein, or
other disorders that may adversely affect the operability of
the AGE removal system of the body. This diagnostic
procedure can be performed in vivo by administering the
labeled agents to the animal or patient, or alternatively, could
be conducted ex vivo by the isolation of phagocytic cells of
the amimal or patient outstde the body and the incubation of
these cells with the labeled agents.

An additional diagnostic technigue contemplates a further
qualitative analysis of the animal’s body. In this procedure
particular pathologies may be identified by a method
wherein the activity of the phagocyctic cells of the animal
could be measured and compared against the activities found

10

15

20

25

30

35

45

S0

33

60

63

20

with normal cells. In such instance, for example, radiola-
beled agents could be introduced to the body, or phagocytic
cellular colonies from the body could be isolated and
incubated with the radiolabeled agents, and the level of
activity of the phagocytic cells could then be measured with
greater specificity as to particular advanced glycosylation
endproducts. This 1s possible because of the specific nature
of the cellular receptors that develop on the phagocytic cells
as to particular advanced glycosylation endproducts. Thus,
the macrophage or monocytes having greatest involvement
with the removal of advanced glycosylation endproducts
that would otherwise develop atheromatous plaques, could
be 1solated and tested for their activity, and if their activity
appears to be abnormally increased, the development of
such plaques may be indicated. Similar testing protocols
could be employed 10 determine the existence of diabetic
aging and the like.

Thus, the specific advanced glycosylation endproducts
associated with particular conditions would elicit responses
from the phagocytes that would suggest any abnormal
accumulation of these advanced glycosylation endproducts
in the body system. The presence of particular AGEs in the
body reflect correspondingly particular pathologies, and the
foregoing observation of the phagocyies and the determina-
tion of their sensitivity and increased stimulation with
respect to particular advanced glycosylation endproducts
would suggest the existence of a particular pathology.

This invention may be embodied in other forms or carried
out in other ways without departing from the spririt or
essential characteristics thereof. The present disclosure is
therefore to be considered as in all respects illustrative and
not restrictive, the scope of the invention being indicated by
the appended Claims, and all changes which come within the
meaning and range of the equivalency are intended to be
embraced therein.

What is claimed is:

1. A method for averting the adverse sequelac of the
accumulation of advanced glycosylation endproducts in the
body of an animal, comprising introducing into said body an
effective amount of an agent capable of causing said body to
Increase its activity of recognizing and removing macromol-
ecules that have undergone advanced glycosylation selected
from the group consisting of an advanced glycosylation
endproduct, an advanced glycosylation endproduct bound to
a carrier, [the fluorescent chromophore 2-(2-furoyl)-4(5)-(2-
furanyl)- 1H-imidazole bound to a carrier] a monokine that
stimulates the phagocytic cells in said body to increase said
recognizing and removing activity toward said macromol-
ecules, and mixtures thereof.

2. The method of claim 1 comprising introducing an agent
capable of causing said body to increase its activity or
recognizing and removing macromolecules that have under-
gone advanced glycosylation in combination with a co-
stimulatory agent which potentiates the activity of said
agent.

3. The method of claim 2 wherein said advanced glyco-
sylation endproduct comprises the reaction product of a
proteinaceous macromolecuie and a sugar.

4. The method of claim 2 wherein said advanced glyco-
sylation endproduct is selected from the group consisting of
the reaction product of albumin and glucose, the reaction
product of albumin and glucose-6-phosphate, the fluorescent
chromophore  2-(2-furoyl)-4(5)-(2-furanyl)- 1 H-imidazole
bound to a carrier. and mixtures thereof.

5. The method of claim 2 wherein said carrier is selected
from the group consisiing of carbohydrates, proteins, lipids,
synthetic polypeptides, biocompatible natural and synthetic
resins, antigens, and mixtures thereof.
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6. The method of claim 2 wherein said monokine com-
prises the polypeptide identified as tumor necrosis factor.

7. The method of claim 2 whercin said co-stimulatory
agent 18 selected from the group consisting of Interleukin-1
and gamma-interferon. |

8. The method of claim 1 wherein said agent is admin-
istered by parenteral means.

9. The method of claim 8 wherein said parenteral means
comprises injection.

10. The method of claim 8 wherein said parenteral means
comprises catheterization.

11. The method of claim 2 wherein said agent is admin-
1stered by oral means.

12. The method of claim 2 wherein said agent is prepared
as a pharmaceutical composition, with a pharmaceutically
acceptable carrier.

13. The method of claim 1 wherein said agent is admin-
1stered both parenterally and extracorporeally to the body
fluid of said animal body.

14. The method of claim 1 wherein said body contains a
quantity of insulin, and said method includes the treatment
of said body to lower the available active insulin level
thereof.

15. A method for averting the adverse sequelae of the
accumulation of advanced glycosylation endproducts in the
body of an animal, comprising:

1solating a quantity of phagocytic cells from said animal;

treating the phagocytic cells so isolated with an agent
capable of causing said phagocytic cells to increase
their activity of recognizing and removing macromol-
ecules that have undergone advanced glycosylation
selected from the group consisting of an advanced
glycosylation endproduct, an advanced glycosylation
endproduct bound to a carrier, [the fluorescent chro-
mophore  2-(2-furoyl)4(5)-(2-furanyl)-1 H-imidazole
bound to a carrier] a monokine that stimulates the body
lo increase said recognizing and removing activity
toward said macromolecules, and mixtures thereof; and
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introducing said activated phagocytic cells into said ani-

mal’s body.

16. The method of claim 15 wherein said agent capabic of
causing said body to increase its activity of recognizing and
removing macromolecules that have undergone advanced
glycosylation 1s in combination with a co-stimulatory agent
which potentiates the activity of said agent.

17. The method of claim 16 wherein said advanced
glycosylation endproduct comprises the reaction product of
a proteinaceous macromolecule and a sugar.

18. The method of claim 16 wherein said advanced
glycosylation endproduct 1s selected from the group con-
sisting of the reaction product of albumin and glucose, the
reaction product of albumin and glucose-6-phosphate, the
fluorescent chromophore 2-(2-furoyl)-4(5)-(2-furanyl)-1H-
imidazole bound to a carrier and mixtures thereof.

19. The method of claim 16 wherein said carrier is
selected from the group consisting of carbohydrates, pro-
teins, lipids, synthetic polypeptides, biocompatible natural
and synthetic resins, anfigens, and mixtures thereof.

20. The method of claim 16 wherein said monokine
comprises the polypeptide 1dentified as tumor necrosis fac-
Lor.

21. The method of claim 16 wherein said co-stimuiatory
agent 15 selected from the group consisting of Interleukin-1
and gamma-interferon.

22, The method of claim 15 wherein said treated cells are
introduced to said body by parenteral means.

23. The method of claim 22 wherein said parenteral
means comprises injection. |

24. The method of claim 22 wherein said parenteral
means comprises cathetenization.

25. The method of claim 18 including the parenteral
administration of said agent to said body.

26. The method of claim 15 wherein said body contains a
quantity of insulin, and said method includes the treatment
of said body to lower the available active insulin level

thereof.
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