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COMPOUNDS, COMPOSITIONS AND METHODS FOR THE ENDOCYTIC PRESENTATION OF
IMMUNOSUPPRESSIVE FACTORS

Field of the Invention

The present invention generally relates to compounds, compasitions and methods for the effective
endocytic presentation of immunosuppressive factors. - More particularly, the present invention is directed to
compounds, methods and compositions comprising immunosuppressive factors that are useful for the treatment of
various disorders including, but not limited to, autoimmune disorders. In preferred embodiments the
immunosuppressive factors may be T cell receptor antagonists or agonists. Other embodiments of the invention

provide for the induction of tolerance in neonates or infants.

Background of the Invention

Vertebrates possess the ability to mount an immune response as a defense apainst pathogens from the
environment as well as against aberrant cells, such as tumor cells, which develop internally. The immune response
is the result of complex interactions between a variety of cells and factors, but generally comprises two main facets.
One is a cellular component, in which specialized cells directly attack an offending agent (bearing an antigen) while
the other is a humoral component, in which antibody molecules bind specifically to the antigen and aid in its
elimination. Acting in concert, the individual elements are quite effective in fimiting the initial onslaught of invading
pathogens and eliminating them from the host.

The primary cells involved in providing an immune response are lymphocytes which generally comprise two
principal classes. The first of these, designated B cells or B lymphocytes, are typically generated in bone marrow
and are, among other duties, responsible for producing and secreting antibodies. B cell antibody products tend to
react directly with foreign antigens and neutralize them or activate other components of the immune systems which
then eliminate them. In particular, opsonizing antibodies bind to extracellular foreign agents thereby rendering them
susceptible to phagocytosis and subsequent intracellular killing. On the other hand T cells or T lymphocytes, which
generally develop or mature in the thymus, are responsible for mediating the cellular immune response. These cells
do not recognize whole antigens but, instead, respond to short peptide fragments thereof bound to specialized
proteins which appear on the surface of the surface of a target cell. More particularly, it appears that proteins
produced within the cell, or taken up by the cell from the extracellular milieu, are continually degraded to peptides
by normal metabolic pathways. The resulting short fragments associate with intracellular major histocompatibility
complex (MHC) molecules and the MHC-peptide complexes are transported to the surface of the cell for recognition
by T cells. Thus, the cellular immune system is constantly monitoring a full spectrum of proteins produced or
ingested by the cells and is posed to eliminate any cells presenting foreign antigens or tumor antigens; i.e. virus
infected cells or cancer cells.

The general structure of immunoglobulin G (IgG), the most common of mammalian antibodies, is shown

schematically in Figure 1. As illustrated, IgG is a tetrameric protein complex comprising two identical heavy (H)
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chains and two identical immunoglobulin light (L) chains. These chains are joined together by disulfide bonds to form
the Y-shaped antibody complex. In solution however, the molecule takes on a more globular shape and readily bind
to foreign antigens present in biological fluids.

Amino acid sequence analysis of immunoglobulins has led to the definition of specific regions with various
functional activities within the chains. Each light chain and each heavy chain has a variable region (V, and V,
respectively) defined within the first 110 amino terminal residues. Three dimensional pairing of the V, and V,, regions
constitute the antigen-recognition portion or “antigen combining site” ("ACS") of imnmunoglobulin molecule. Because
of the tetrameric nature of immunoglobulins, there are two identical antigen combining sites per molecule. The
variable domains of these chains are highly heterogeneous in sequence and provide the diversity for antigen combining
sites to be highly specific for a large variety of antigenic structures. The heterogeneity of the variable domains is
not evenly distributed throughout the variable regions, but is located in three segments, called complementarity
determining regions ("CDRs") designated CDR 1, CDR 2 and CDR 3. For further information regarding these
structures see Watson et al., 1987, Molecular Biology of the Gene, Fourth Edition, Benjamin/Cummings Publishing
Co., Inc., Menlo Park, CA incorporated herein by reference. '

Each of the heavy chains also includes a constant region defining a particular isotype and assigns the
immunoglobulin to one of the immunoglobulin classes and subclasses. The constant region contains units called
domains (i.e. C,,, Cy,, etc.) which do not vary significantly among antibodies of a single class. The constant region
does not participate in antigen binding, but can be associated with a number of biological activities known as
“effector functions”, such as binding to Fc receptors on cell surfaces of antigen presenting cells (APC's) as well
as binding to complement proteins. Antigen presenting cells such as dendritic cells and macrophages are, among
other features, generally distinguished by the presence of an Fc receptor. Consequently, if an antibody is bound to
a pathogen, it can then link to a phagocyte via the Fc portion. This allows the pathogen to be ingested and
destrayed by the phagocyte, a process known as opsonization. Moreover, as will be discussed in more detail below,

various pathogenic antigens may be processed and displayed by the APC to further stimulate an immune response.

Unlike the heavy chains, the light chains have a single constant domain (C,). A light chain pairs with a
heavy chain through a disulfide bond which attaches heavy constant region C,, to C,. In addition, the heavy chains
have a hinge region separating constant regions C,, and C,, from the remainder of the molecule. It is this hinge
region that is largely responsible for the flexibility of the tetramer. The two heavy chains of the molecule pair
together through disulfide bonds at the junction between the hinge region and C,,.

In order to provide such an extensive repertoire, immunoglobulin genes have evolved so as permit the
production of vast numbers of different immunoglobulin proteins from a finite number of genes i.e. inherent
polymorphism. Due to inherent polymorphism, mammals are able to produce antibodies to a seemingly infinite variety
of antigens. For a review of immunoglobulin genetics and protein structure see Lewin, "Genes IIl", John Wiley and
Sons, N.Y. (1987) and Benjamini and Leskowitz, 1988, Immunology, Alan R. Liss, Inc., New York which is

incorporated herein by reference.
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In the past few years antibodies have become extremely important in diagnostic and therapeutic applications
due to their diversity and specificity. Increasingly, molecular biology techniques have been used to expand the variety
and availability of antibodies for scientific applications. For instance, a single antibody producing B cell can be
immortalized by fusion with a tumor cell and éxpanded to provide an in vitro source of antibodies of a single
specificity known as a “monoclonal antibody” (mAb). Such an immortal B cell line is termed a "hybridoma."

Until recently, the source of most mAb has been murine (mouse) hybridomas cultured in vitro. That is, a
mouse was typically injected with a selected antigen or immunogen. Subsequently, the animal was sacrificed and
cells removed from its spleen were fused with immortal myeloma cells. Although they have been used extensively
in diagnostic procedures, murine mAb have not proven to be well suited for therapeutic applications in most rﬁammals
including humans. In part, this is due to the fact that murine antibodies are recognized as foreign by other
mammalian species and elicit an immune response which may itself cause illness or undesirable side effects.

To overcome at least some of the problems of immune responses generated by foreign mAb and the fack
of suitable human mAb, genetic engineering has been used to construct humanized chimeric immunoglobulin molecules
which contain the antigen binding complementarity determining regions of the murine antibodies but in which the |
remainder of the molecule is composed of human antibody sequences which are not recognized as foreign. Such
antibodies have been used to treat tumors as the mouse variable rggion recognizes the tumor antigen and the
humanized portion of the molecule is able to mediate an immune response without being rapidly eliminated by the
body. See, for example, Jones et al., Nature, 321:522-525 {1986) which is incorporated herein by reference.

Other uses of such antibodies are detailed in co-pending U.S.S.N. 08/363,276 and PCT Publication No. WO
94/14847 which are also incorporated herein by reference. In these cases epitopes of foreign antigens such as virél
or bacterial epitopes are grafted onto the hypervariable region of an immunoglobulin to induce a response. That is,
the engineered antibodies are used as a vaccine to provoke an immune response and confer long term immunogenic
memory thereby allowing the subject to fight off subsequent infections.

These and more traditional vaccines are effective in that they stimulate both prongs of the immune system.
Despite the intricacies associated with the humoral component of the immune response, it would not, in and of itself,
be capable of effectively protecting an animal from the myriad pathogenic assaults to which it is subject each day.
Rather, it is only the presence of a highly evolved cellular response that allows higher organisms to survive and
proliferate.

As indicated above, T lymphocytes or T cells, which arise from precursors in the bone marrow, are central
players in the immune response against invading viruses and other microbes. The progenitor stem cells migrate to
the thymus where, as so-called thymocytes, they become specialized. In particular, they begin to display the receptor
molecules that later enable mature T cells to detect infection. To be beneficial, T cells must be able to attach
through their receptors to microbial antigens (protein markers signaling an invader's presence). At the same time,
they should be blind to substances made by the body as self-reactive T cells can destroy normal tissues. Typically,

only those thymocytes that make useful receptors will mature fully and enter the bloodstream to patrol the body.




10

15

20

25

30

35

WO 98/30706 4 - PCT/US98/00520

Others that would be ineffectual or would attack the body’s own tissue are, in healthy individuals, eliminated through
apoptosis prior to leaving the thymus.

Mature T cells that finally enter the circulation, either as cytolytic T lymphocytes or T helper cells, remain
at rest unless they encounter antigens that their receptors can recognize. Upon encountering the specific antigens
for which the lymphocytes have affinity, they proliferate and perform effector functions, the result of which is
elimination of the foreign antigens.

T cells have been classified into several subpopulations based on the different tasks they perform. These
subpopulations include helper T cells (T,), which are required for promoting or enhancing T and B cell responses;
cytotoxic (or cytolytic) T lymphocytes (CTL), which directly kill their target cells by cell lysis; and suppressor T cells
(Ts) which down-regulate the immune response. In each case the T cells recognize antigens, but only when presented
on the surface of a cell by a specialized protein complex attached to the surface of antigen presenting cells. More
particularly, T cells use a specific receptor, termed the T cell antigen receptor (TCR), which is a transmembrane
protein complex capable of recognizing an antigen in association with the group of proteins collectively termed the
major histocompatibility complex (MHC). Thousands of identical TCR’s are expressed on each cell. The TCR is
related, both in function and structure, to the surface antibody (non-secreted) which B cells use as their antigen
receptors. Further, different subpopulations of T cells also express a variety of cell surface proteins, some of which
are termed "marker proteins” because they are characteristic of particular subpopulations. For example, most T, cells
express the cell surface CD4 protein, whereas most CTL and T cells express the cell surface CD8 protein. These
surface proteins are important in the initiation and maintenance of immune responses which depend on the recognition
of, and interactions between, particular proteins or protein complexes on the surface of APCs.

For some time it has been known that the major histocompatibility complex or MHC actually comprises a
series of glycosylated proteins comprising distinct quaternary structures. Generally, the structures are of two types:
class | MHC which displays peptides from proteins made inside the cell (such as proteins produced subsequent to
viral replication), and class || MHC, which generally displays peptides from proteins that have entered the cell from
the outside (soluble antigens such as bacterial toxins). Recognition of various antigens is assured by inherited
polymorphism which continuously provides a diverse pool of MHC molecules capable of binding any microbial peptides
that may arise. Essentially, all nucleated cells produce and express class | MHC which may exhibit naturally
occurring peptides, tumor associated peptides or peptides produced by a viral invader. Conversely, only a few
specialized lymphoid cells, those generally known as antigen presenting cells, produce and express class 1l MHC
proteins. Regardless of the cell type, both classes of MHC carry peptides to the cell surface and present them to
resting T lymphocytes. Ordinarily T, cells recognize class Il MHC-antigen complexes while CTL's tend to recognize
class | MHC-antigen complexes.

When a resting T cell bearing the appropriate TCR encounters the APC displaying the peptide on its surface,
the TCR binds to the peptide-MHC complex. More particularly, hundreds of TCR's bind to numerous peptide-MHC
complexes. When enough TCRs are contacted, the cumulative effect activates the T cell. Receptors on T cells that

are responsible for the specific recognition of, and response to, the MHC-antigen complex are composed of a complex
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of several integral plasma membrane proteins. As with the MHC complex previously discussed, a diverse pool of
TCR’s is assured by inherent polymorphism leading to somatic rearrangement. It should be emphasized that, while
the pool of TCR's may be diverse, each individual T cell only expresses a single specific TCR. However, each T
cell typically exhibits thousands of copies of this receptor, specific for only one peptide, on the surface of each cell.
In addition, several other types of membrane associated proteins are involved with T cell binding and activation.
Activation of the T cell entails the generation of a series of chemical signals (primarily cytokines) that result
in the cell taking direct action or stimulating other cells of the immune system to act. In the case of class | MHC-
antigen activation, CTL's proliferate and act to destroy infected cells presenting the same antigen. Killing an
infected cell deprives a virus of life support and makes it accessible to antibodies, which finally eliminate it. In
contrast, activation of T, cells by class Il MHC-antigen complexes does not destroy the antigen presenting cell (which
is part of the host’s defense system) but rather stimulates the T, cell to proliferate and generate signals (again
primarily cytokines) that affect various cells. Among other consequences, the signaling leads to B cell stimulation,
macrophage activation, CTL differentiation and promotion of inflammation. This concerted response is relatively
specific and is directed to foreign elements bearing the peptide presented by the class Il MHC system. '
When operating properly the immune response is surprisingly effective at eliminating microscopic pathogens
and, to a lesser extent, neoplastic cells. In general, the complicated mechanisms for self-recognition are very efficient
and allow a strong response to be directed exclusively at foreign antigens. Unfortunately, the immune system
occasionally malfunctions and turns against the cells of the host thereby provoking an autoimmune response.
Typically, autoimmunity is held to occur when the antigen receptors on immune cells recognize specific antigens on
healthy cells and cause the cells bearing those particular substances to die. In many cases, autoimmune reactions
are self-limited in that they disappear when the antigens that set them off are cleared away. However, in some
instances the autoreactive lymphocytes survive longer than they should and continue to induce apoptosis or otherwise
eliminate normal cells. Some evidence in animals and humans indicates that extended survival of autoreactive cells

is implicated in at least two chronic autoimmune disorders, systemic lupus erythematosus and rheumatoid arthritis.

Other mechanisms of action are also thought to contribute to the development of various autoimmune
disorders. For example, over the last few years it has become clear that the avidity of T cell-APC interactions
dictates thymic learning and tolerance to self antigens. Accordingly, high avidity interactions lead to elimination of
the T cell whereas low avidity interactions allow for maturation and exit from the thymus. Although this mechanism
is effective in purging the immune system of autoreactivity, T cell precursors endowed with self reactivity could still
be generated and migrate to the periphery if the autoantigen is sequestered and does not achieve effective levels
of thymic presentation, is subjected to thymic crypticity, or is poorly presented. Moreover, superantigens capable
of reacting with particular T cell receptors and events that could stimulate antigen mimicry, epitope spreading or
peripheral loosening in peptide crypticity may trigger activation of those self-reactive T cells and cause antigen
exposure. In any case, continuous supply of autoantigen and abundant generation of T cell receptor ligands (peptide-

MHC complexes) are a likely mechanism of T cell aggressivity. Examples of such a spontaneous break in self-
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tolerance include multiple sclerosis (MS), rheumatoid arthritis (possibly more than one mechanism) and type | diabetes
all of which are thought to be T cell mediated autoimmune diseases.

Regardless of which mechanism is responsible for the corruption of the immune system, the results can be
devastating to the individual. For example, multiple sclerosis is a chronic, inflammatory disorder that affects
approximately 250,000 individuals in the United States. The inflammatory process occurs primarily within the white
matter of the central nervous system and is mediated by T cells, B cells and macrophages which are responsible for
the demyelination of the axons. Although the clinical course can be quite variable, the most common form is
manifested by relapsing neurological deficits including paralysis, sensory deficits and visual problems.

Once immune cells have spread to the white matter of the central nervous system, the immune response
is targeted to several different antigens on myelin. For example, there is a critical antibody response directed to
myelin that activates the complement cascade with membrane attack complexes appearing in the spinal fluid.
Further, T cells are targeted to certain key portions of various myelin antigens such as those presented on myelin
basic protein (MBP) and proteolipid protein (PLP). The T cells in turn produce cytokines which then influence
macrophages to attack the myelin and phagocytose large chunks of the myelin sheath. The concerted attack leads
to areas of demyelination impairing salatory conduction along the axon and producing and the pathophysiologic defect.
Multiple immune responses to several corﬁponents of a supramolecular structure, like the myelin sheath in multiple
sclerosis or the pyruvate dehydrogenase complex in primary biliary cirrhosis, are common in individuals with
autoimmune diseases involving discrete organs.

Treatments for autoimmune diseases have met with varying levels of success. For example, it is often
possible to correct organ-specific autoimmune disease through metabolic control. Where function is lost and cannot
be restored, mechanical substitutes or tissue grafts may be appropriate. However, no effective treatments exist for
several of the most disabling disorders including MS. While a number of compounds, including corticosterioids and
modified beta interferon, can reduce some symptoms of MS, they have proven to have serious side effects or
otherwise been shown to be less than desirable for long term use. Other avenﬁes of treatment have shown promise
but have yet to be shown effective.

In this respect, one promising treatment for MS is described in WO 96/16086, incorporated herein by
reference, which discloses the use of peptide analogs of myelin basic protein (MBP). Compositions comprising these
analogs are reportedly able to ameliorate symptoms of MS without excessive side effects. Moreover, use of peptide
analogs to myelin constitutive proteins were also shown to be effective in treating the symptoms of experimental
allergic encephalomyelitis (EAE), an organ specific immune disorder often used in mice as a model for MS.
Specifically, reversal of EAE was achieved with a peptide analog derived from proteolipid (PLP) peptide (Kuchroo et
al., J. Immunol. 153:3326-3336, 1994, incorporated herein by reference). It was shown that when the major TCR
contacting residues within the naturally occurring PLP peptide were mutated, the resulting peptide analog bound MHC
as well as the natural peptide yet does not activate PLP specific T cells. Instead the PLP analog inhibits i vitro

activation of the T cells.
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While peptide analogs represent an attractive approach to modulate the effector functions of aggressive T
celis and ameliorate autoimmune diseases, several problems kmit their effectiveness. For instance, only a few MHC-
peptide complexes are available on the surface of a typical APC meaning a single complex may be required to serially
trigger about 200 TCRs to activate the T cell =~ Where the autoantigen is continuously available for normal
processing and presentation by the MHC system, it appears that very few surface MHC complsxes would be available
to bind the peptide analog. Further, as free peptides typically have very short half-ives, they are not readily
incorporated and processed by the MHC-antigen presenting system, fittle will be naturally expressed on the APC.
Due to the inefficient presentation, direct inhibition of the thousands of TCR's on each T cefl Ekely require.
prohibitively high intracellular levels of free peptide. The tumover of celi surface MHC molecules also contributes
to the short stay of complexes formed at the extracellular miieu (ie. MHC class Il molecules have been in the cell
surface for some time before binding the extracellular peptide) whila complexes formed in the endocytic compartment
will reside for a normal period of time because they have just been transiocated to the cefl surface. Finally, as
previously alluded to, administration of such synthetic epitopes or snalogs is extremely problsmatic in view of the
short half-life of peptides in the mammalian body. Between the short half-Eves of the MHC complexes and the -
administered peptides, effective exposure is too brief to permit the induction of a satisfactory immune response
further necessitating higher doses.

Accordingly, it is a preferred general object of the present invention to provide methods and associated compositions for
effectively modifying the immune system of a vertebrate to treat an immune disorder.

It is another preferred object of the present invention to provide methods and compositions for the effective
presentation of T cell receptor antagonists or agonists to modulate the cellular immune response in a subject in need thereof.

It is yet a further preferred object of the present invention to provide methods and compositions for the treatment and
amelioration of various immune disorders.

Itis yet another preferred object of the present invention to provide methods and compositions for the induction of T

* cell tolerance in neonates or infants.

It is still another preferred object of the present invention to provide for the relief of pathological symptoms associated

with autoimmune disorders including multiple sclerosis.

<&
¥

Summary of the Invention

These and other objectives may be accomplished by the methods and associated compounds and compositions
of the present invention which, in a broad aspect, provides tor an Fc receptor mediated, endocytic defivery system.
in selscted embodiments the invention provides {or the effective presentation of immunosuppressive factors which,
in preferred embodiments may comprise T cell receptor entagonists or agonists. More particularly, the present
invention provides methods, compounds and compasitions to present immunosuppressive factors for the selective

modification of an immune response in a vertebrate. In particularly preferred embodiments, the invention provides
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immune response mounted against a specific antigen. As will be appreciated by those skilled in the art, the disclosed
methods and compositions may be used to treat any physiological disorder related to the immune response of a
vertebrate. For example, this ability to suppress selected components of the immune system may allow, among other
things, for the treatment of autoimmune diseases, facilitation of tissue or organ transplants and the mitigation of
symptoms produced by allergens. Moreover, the present invention further provides for the induction of tolerance in
neonates and infants with regard to autoantigens.

In preferred aspects of the invention, the endocytic presentation of the selected immunosuppressive factor
is facilitated through the use of an immunomodulating agent that is able to bind to the Fc receptor (FcR) of antigen
presenting cells. Typically, the immunomodulating agent will comprise at least one immunosuppressive factor
associated with at least one ligand capable of binding to a Fc receptor. Upon binding to the antigen presenting cell
(APC) the immunomodulating agent will be internalized and processed by the APC's natural endocytic pathway.
Preferably, the internalized immunosuppressive factor, which can be a T cell receptor antagonist or agonist, will then
be associated with the newly synthesized endogenous MHC class Il structures and presented at the surface of the
APC. Those skilled in the art will appreciate that the immunosuppressive factors, while complexing with T cell
receptors when bound to MHC class Il structures, will not promote activation of the T cell. It will further be
appreciated that hundreds of TCR's on each T cell must be triggered in order to activate the cell. Accordingly,
efficient presentation of an appropriate TCR antagonist or agonist can prevent a previously primed T cell (i.e. one
sensitized to a particular autoantigen) from activating and triggering an immune response despite competitive
prese}ltation of the naturally occurring autoantigen.

In a broad sense, the immunomoduléting agents of the present invention may comprise any ligand (FcR
ligand) that is capable of binding to, and being internalized by, the Fc receptor of an antigen presenting cell. That
is, the FcR ligand may be any protein, protein fragment, peptide or molecule that effectively binds to a Fc receptor
on the surface of any antigen presenting cell. Preferably, the FcR ligand will comprise or mimic at least some portion
of a constant region of an immunoglobulin molecule and will not provoke an antigenic response in the subject. In
selected aspects of the invention, the FcR ligand will comprise part or all of a constant region from an IgG molecule.
Particularly preferred embodiments will employ FcR ligands comprising the entire constant region of a selected
immunoglobulin molecule from the species to be treated. Of course, it will also be appreciated that binding to the
Fc receptor may also be effected by ligands that comprise small fragments of a single constant region domains or
non amino acid based molecular entities. In any case, the FcR ligand may be derived using modern pharmaceutical
techniques such as directed evolution, combinatorial chemistry or rational drug design.

As previously alluded to, the compounds of the present invention further comprise an immunosuppressive
factor associated with the FcR ligand to provide an immunomodulating agent. For the purposes of the instant
invention the immunosuppressive factor can be any molecular entity that is capable of being processed by an APC
and presented in association with class Il MHC molecules on the cell surface. In particularly preferred embodiments
the immunosuppressive factor comprises all or part of a T cell antagonist. For the purposes of this disclosure the

term "antagonist” shall, in accordance with its normal meaning, comprise any substance that interferes with the
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physiological action of another by combining with, and blocking, its receptor. More particularly, TCR antagonists
are molecular entities that, in combination with class Il MHC molecules, are capable of non-reactively associating
with a T cell receptor and preventing that receptor from binding to its normal activating antigen ligand (i.e. an MHC-
peptide agonist). Preferably, the TCR antagonist comprises a peptide or protein fragment that is an analog of the
normal activating antigen agonist. In particularly preferred embodiments the TCR antagonist is an analog of a T cell
epitope.

In other preferred embodiments the immunosuppressive factor may comprise a T cell agonist that forms a
MHC complex which does not activate the primed TCR upon binding. For the purposes of the present disclosure,
the term “agonist” shall be used in accordance with its commonly accepted biochemical meaning. In this regard it
will be appreciated that, while the T cell agonist may be any molecule that provides the desired immunogenic result,
the selected agonist will preferably comprise a peptide or protein fragment. Moreover, those skilled in the art will
appreciate that immunomodulating agents comprising one or more T cell receptor agonists may be combined with
immunomodulating agents comprising one or more T cell receptor antagonists to provide pharmaceutical formulations
that may be used to selectively attenuate a patient’s immune response.

In the disclosed compounds and associated methods, the FcR ligand is associated with the
immunosuppressive factor to form an immunomodulating agent so that both are internalized by the APC at
substantially the same time. This association may be in the form of two or more molecules bound to each other
as with an antibody-antigen complex or, in preferred embodiments, may comprise the formation of a single chimeric
molecule incorporating both the immunosuppressive factor (i.e. a TCR antagonist or agonist) and FcR ligand. For
example, a selected TCR antagonist could be chemically linked to an FcR ligand region produced by proteolytic
techniques (i.e. an Fc fragment). Other embodiments may comprise a normal immunoglobulin comprising an FcR ligand
sterically bound to an antagonistic or agonistic peptide. Particularly preferred embodiments of the invention comprise
chimeric immunoglobulins produced through genetic engineering techniques. In these compounds the FcR ligand (and
usually the majority of the molecule) comprises one or more immunoglobulin constant regions while one or more of
the variable regions is engineered to express a desired peptide TCR antagonist or TCR agonist. Those skilled in the
art will appreciate that any combination of the aforementioned immunemodulating agents may be associated to form
compositions of the present invention as can similar inmunomodulating agents comprising different inmunosuppressive
factors. Moreover, as previously alluded to, mixtures or “cocktails" of various immunomodulating agents are
specifically contemplated as falling within the scope of the present invention.

The disclosed compositions may be formulated using conventional pharmaceutical techniques and carriers
and may be administered through the usual routes. However, the use of FcR mediated uptake of the
immunomodulating agent avoids many of the problems associated with prior art compositions. More specifically, the
methods of the present invention overcome many of the limitations associated with the administration of free peptide
éntagonists as disclosed in the prior art. Accordingly, efficient endocytic presentation of an immunosuppressive
factor such as a TCR antagonist can generate significant levels of MHC-antagonist ligands to oppose abundant MHC-

autoantigenic complexes that are generated in spontaneous immune disorders involving the continuous presentation
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of an autoreactive antigen. As such, the invention may be used to treat any immune disorder that responds to the
presentation of immunosuppressive factors. This is particularly true of T cell mediated autoimmune disorders
including, for example, multiple sclerosis, lpis, rheumatoid arthritis, scleroderma, insulin-dependent diabstes and
ulcerative colitis. In a fike manner, the present invention can be used to seiectively downregulate the immune system
5 with respect to continuously presented agonists such as allergens. Further, the compounds and associated
compositions of the present invention may be used to selectively suppress various components of the immune system

to reduce the likelihood of tissue or organ rejection following transplant.
In addition, it has been surprisingly found that the compounds, compositions, and mathods of the present
invention may be used to induce tolerance to various autoantigens in neonates and infants. More particularly, the
10 present invention further provides compositions and mathods for conferring resistance in neanate or infant mammals
to the mduction of an autoimmune disease during adult life. In accordance with the teachings herein this neonatal
tolerance is characterized by a lymph node deviation and unusual gamma interferon-maediated spienic anergy upon
challenge with the appropriate autoantigen. Further, in preferred embodiments the present invention may provide for

the induction of the desired neonatal tolerance without the use of adjuvants (such as incomplete Freund's adjuvant).

L |

According to one preferred embodiment of the invention there is provided an immunomodulating agent, when used for
. the endocytic presentation of an immunosuppressive factor on the surface of an antigen presenting cell of a vertebrate, comprising
. at least one Fc receptor ligand and at least one immunosuppressive factor wherein said immunosuppressive factor is selected from

the group consisting of a T cell receptor antagonist which reduces T cell activation, a T cell receptor agonist which reduces T cell

20  mediated inflammatory reactions, and combinations thereof.

A According to another embodiment of the invention there is provided an immunomodulating agent comprising an
::;::: antibody-antigen complex, wherein said antibody comprises an Fc receptor ligand and said antigen is selected from the group
::'::: consisting of a T cell receptor antagonist, a T cell receptor agonist, or combinations thereof.

;::::; According to another embodiment of the invention there is provided a method for treating an immune disorder

$° 2 25 comprising:
administering to a patient a therapeutically effective amount of a pharmaceutical composition comprising an
immunomodulating agent in combination with a physiologically acceptable carrier or diluent, when said immunomodulating agent
is used for the endocytic presentation of an immunosuppressive factor on the surface of an antigen presenting cell of a vertebrate,
wherein said immunomodulating agent comprises at least one Fc receptor ligand and at least one immunosuppressive factor
30 wherein said immunosuppressive factor is selected from the group consisting of a T cell receptor antagonist which reduces T cell
activation, a T cell receptor agonist which reduces T cell mediated inflammatory reactions, and combinations thereof.

According to another embodiment of the invention there is provided a method for producing an immunomodulating
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agent that is to be used for the endocytic presentation of an immunosuppressive factor on the surface of an antigen presenting cell
of a vertebrate comprising the steps of:
transforming or transfecting suitable host cells with a recombinant polynucleotide molecule comprising a nucleotide
sequence which encodes a polypeptide comprising at least one Fc receptor ligand and at least one immunosuppressive factor
5 wherein said immunosuppressive factor is selected from the group consisting of a T cell receptor antagonist which reduces T cell
activation, a T cell receptor agonist which reduces T cell mediated inflammatory reactions, and combinations thereof;
culturing the transformed or transfected host cells under conditions in which said cells express the recombinant
polynucleotide molecule to produce said polypeptide wherein the polypeptide comprises at least a part of an immunomodulating
agent; and
10 recovering said immunomodulating agent.
est . According to another embodiment of the invention there is provided a recombinant polynucleotide molecule encoding a
fusion polypeptide wherein said polynucleotide molecule comprises at least one nucleotide sequence encoding an Fc receptor ligand
. and at least one nucleotide sequence encoding an immunosuppressive factor, when said polypeptide is used for the endocytic
;" . presentation of an immunosuppressive factor on the surface of an antigen presenting cell of a vertebrate, wherein said
el 15 immunosuppressive factor is selected from the group consisting of a T cell receptor antagonist which reduces T cell activation, a T

cell receptor agonist which reduces T cell mediated inflammatory reactions, and combinations thereof.

R According to another embodiment of the invention there is provided a method for the effective /n witro endocytic
:: ;::: presentation of an immunosuppressive factor on the surface of an antigen presénting cell of a vertebrate, comprising the steps of:
::'::: providing a medium comprising a plurality of antigen presenting cells expressing Fc receptors; and

:::::: 20 combining said medium with a inmunomodulating agent containing composition wherein the composition comprises a
f::::; compatible carrier having therein an immunomodulating agent having at least one Fc receptor ligand and at least one

immunosuppressive factor, when used for the endocytic presentation of an immunosuppressive factor on the surface of an antigen
presenting cell of a vertebrate, wherein said immunosuppressive factor is selected from the group consisting of a T cell receptor
antagonist which reduces T cell activation, a T cell receptor agonist which reduces T cell mediated inflammatory reactions, and

25 combinations thereof.
Other objects, features and advantages of the present invention will be apparent to those skilled in the art from a
consideration of the following detailed description of preferred exemplary embodiments thereof taken in conjunction with the

figures which will first be described briefly.

30 Brief Description of the Drawings

Figs. A and 1B are schematic representations of chimeric immunoglobulin G (1gG) molecules illustrating the general

features thereof and the inclusion of foreign peptides within the CDR 3 loop of the heavy chain variable region wherein Fig. IA (1g-
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PLP1) shows the insertion of a naturally occurring peptide PLP! (agonist) derived from proteolipid protein while Fig. 1B (Ig-PLP-
LR) illustrates an immunomodulating agent comprising the inclusion of a peptide analog (antagonist) to PLPI termed PLP-LR;

Figs. 2A and 2B are graphical representations illustrating the capture of chimeric antibodies Ig-PLP| and Ig-PLP-LR,
which correspond to those shown in Figs. |A and IB respectively, using antibodies directed to the corresponding free peptides
wherein Fig. 2A shows capture levels by antibodies directed to PLPI and Fig. 2B shows capture levels by antibodies directed to PLP-
LR with Ig-W, a wild type antibody, acting as a negative control;

Figs. 3A and 3B are graphs illustrating the presentation of Ig-PLPI and Ig-PLP-LR (as well as positive and negative
controls) to PLPI-specific T cell hybridomas 4E3 (Fig. 3A) and 586 (Fig. 3B) to determine the relative T cell activation potentials
of the chimeric immunoglobulins as measured by IL-2 production;

Fig. 4 is a graphical representation illustrating the relative effectiveness of presenting PLPI using the chimeric
antibodies of the present invention (Ig-PLP1) versus the free peptide PLPI or the native proteolipid protein (PLP) as measured by

levels of IL-2 production following incubation with splenic SJL antigen presenting cells and PLPI specific 4E3 T cell hybridoma;
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Figs. 5A, 5B and 5C are graphical comparisons showing lg-PLP-LR antagonism of PLP1 (5A), lg-PLP1 (5B)
and PLP (5C) mediated T cell activation as measured by IL-2 production by T cell hybridoma 4E3 in the presence
of SJL splenic APCs that were previously incubated with the respective agonist and various levels of Ig-PLP-LR or
controls;

Fig. 6 is a graph showing the relative antagonism of Ig-PLP2, Ig-PLP-LR and lg-W as measured by the
prodﬁction of IL-2 by T cell hybridoma HT-2 in the presence of SJL splenic APCs that were previously incubated with
native proteolipid protein in combination one of the aforementioned immunoglobulins;

Figs. 7A and 7B are graphs demonstrating the /n vivo presentation of PLP1 following inoculation with Ig-
PLP1 as measured by *H-thymidine incorporation by cells from the lymph node (7A) or the spleen (7B) wherein the
illustrated values represent the ability of cells harvested from individual mice to generate a T cell response as
measured by *H-thymidine incorporation when exposed to agonist PLP1 or the control peptide PLP2:

Figs. 8A and 8B are graphical representations showing the ability of Ig-PLP-LR to reduce the immune
response to PLP1 peptide when co-administered with lg-PLP1 as measured in murine cells from the lymph node (8A)
aor the spleen (8B) wherein the illustrated values represent the ability of cells harvested from individual mice to
generate a T cell response as measured by *H-thymidine incorporation when expased to PLP1;

Figs. 9A and 9B are graphs demonstrating that mice inoculated with a mixture of Ig-PLP-LR and Ig-PLP1
develop a more vigorous immune response to the peptide analog PLP-LR than peptide PLP1 as measured in cells from
the lymph node (9A) or the spleen (3B) wherein the illustrated values represent the ability of cells harvested from
individual subjects to generate a T cell response as reflected by H-thymidine incorporation when exposed to either
PLP1 peptide or the peptide analog PLP-LR.

Figs. 10A-10D are graphical representations of lymph node proliferative responses to immunization with Ig-
PLP chimeras with mice individually tested in triplicate wells for each stimulator and where the indicated cpms
represent the mean + SD after deduction of background cpms;

Fig. 11 is a graphical representation of lymph node T cell proliferative response to co-immunization with
Ig-PLP1 and Ig-PLPLR with stimulators comprising PPD, 5 pgiml; PLP 1, PLP-LR, and PLP2 at 15 yg/mi;

Fig. 12 is a graphical representation of splenic proliferative T cells responses of mice immunized with 1g-W,
Ig-PLP1, IG-PLP-LR and combinations thereof when stimulated with PLP1 (filled bars) and PLP-LR (hatched bars) in
triplicate wells;

Figs. 13A-13C are graphical representations of IL-2 (13A), INFy (13B), and IL-4 (13C) production by splenic
cells of mice immunized with Ig-W, Ig-PLP1, Ig-PLP-LR and combinations thereof;

Figs. 14A-14D graphically illustrate proliferation of antigen experienced T cells from mice immunized with
Ig-PLP1 (a and b) or Ig-PLP-LR (c and d) in CFA upon stimulation in vitro with PLP| peptides, PLP-LR peptides and
mixtures thereof;

Figs. 15A and 15B are graphical representations of IL-2 production by antigen experienced T cells immunized
with Ig-PLP1 (15A) and Ig-PLP-LR (15B) upon in vitro stimulation with PLP1 peptide, PLP-LR peptide or mixtures

thereof;
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Figs. 16A and 168 graphically illustrate that neonatal mice injected with Ig-PLP1 and Ig-W resist induction
of EAE with clinically derived curves shown for all mice (16A) and for surviving mice (16B);

Figs. 17A and 178 graphically show /n vivo presentation of Ig-PLP1 by neonatal thymic (17A) and splenic
(17B) antigen presenting cells following injection with Ig-PLP1 or Ig-W within 24 hours of birth;

Figs. 18A and 18B graphically illustrate lymph (18A) and splenic (18B) proliferative T cell response in mice
injected with lg-PLP1 or Ig-W shortly after birth upon stimulation with free PLP1, PLP2 or a negative control peptide
corresponding the encephalitogenic sequence 178-191 of PLP;

Figs. 19A-19C graphically represent lymph node T cell deviation as measured by production of IL-2 (19A),
IL-4 (19B), and INFy (19C) in mice treated with Ig-PLP1 shortly after birth and stimulated with free PLP1 or PLP2;

Figs. 20A-20C graphically represent splenic T cell deviation as measured by production of IL-2 (20A), IL-4
(20B), and INFy (20C) in mice treated with Ig-PLP1 shortly after birth and stimulated with free PLP1 or PLP2;
and

Fig. 21 graphically illustrates cytokine mediated restoration of splenic T cell proliferation in mice injected
with Ig-PLP1 shortly after birth, immunized with free PLP1 at seven weeks and stimulated with free PLP1 with the
cells grown in control media (NIL) media with IL-12 and media with INFy with the indicated cpms for each mouse

representing the mean + SD of triplicate wells.

Detailed Description of the Preferred Embodiment

While the present invention may be embodied in many different forms, disclosed herein are specific
illustrative embodiments thereof that exemplify the principles of the invention. It should be emphasized that the
present invention is not limited to the specific embodiments illustrated.

As previously alluded to, the present invention provides compounds, compositions and methods for selectively
modifying the immune response of a vertebrate using an Fc receptor mediated endocytic delivery system. Essentially,
any immunomodulating agent that can exploit this form of cellular uptake to downregulate the immune system is held
to constitute part of the present invention. Among other forms, the immunomodulating agents of the invention may
comprise single polypeptides, antigen-antibody complexes, chimeric antibodies or non-peptide based immunoactive
compounds. In preferred embodiments the immunomodulating compounds disclosed herein will comprise at least one
FcR ligand and at least one immunosuppressive factor that is capable of downregulating an immune response upon
endocytic presentation. Particularly preferred embodiments of the invention comprise an immunomodulating agent
wherein the immunosuppressive factor is a T cell receptor antagonist or agonist that is capable of binding with a
receptor on the surface of a primed T cell but not capable of generating an immunogenic response. In such
embodiments, the presented immunosuppressive factor will effectively compete with selected naturally occurring
autoantigens thereby preventing the activation of the corresponding primed T cells and reducing the response

generated. This selective suppression of the immune system may, among other indications, be used to treat
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symptoms associated with immune disorders, including T cell mediated autoimmune disorders, allergies and tissue
rejection in transplant operations. '

Accordingly, in one embodiment the present invention comprises an immunomodulating agent for the
endocytic presentation of an immunosuppressive factor on the surface of an antigen presenting cell of a vertebrate
comprising at least one Fc receptor ligand and at least one immunosuppressive factor. Preferred embodiments
comprise a Fe receptor ligand corresponding to at least a part of an immunoglobulin constant region domain while
the immunosuppressive factor corresponds to at least one T cell receptor antagonist. Other preferred embodiments
incorporate an immunosuppressive factor comprising a T cell receptor agonist. In particularly preferred embodiments
the immunomodulating agent comprises a recombinant polypeptide or a chimeric antibody.

By exploiting FcR mediated uptake of the selected immunomodulating agent the present invention very
cleverly uses the body’s own metabolic pathways to downregulate harmful immune responses. More specifically,
the present invention uses the fact that T cells only recognize and respond to foreign antigens only when attached
to the surface of other cells. Selection of the appropriate immunomodulating agent or agents in accordance with
the teachings herein provides for the efficient uptake of the administered compound. Following FcR mediated uptake,
the natural endocytic pathway of antigen presenting cells provides for the effective presentation of the selected
immunosuppressive factor complexed with the MHC class Il molecules.

As described above, the two requisite properties that allow a cell to function as an antigen presenting cell
for class Il MHC-restricted helper T cell lymphocytes are the ability to process endocytosed antigens and the
expression of class Il MHC gene products. Most cells appear to be able to endocytose and process protein antigens.
Accordingly, the determining factor appears to be the expression of class Il MHC molecules. In this respect, the best
defined antigen presenting cells for helper T lymphocytes comprise mononuclear phagocytes, B lymphocytes, dendritic
cells, Langerhans cells of the skin and, in some mammals, endothelial cells. Of course it will be appreciated that
different cells may be concentrated in different areas and may be involved in different stages of the T cell mediated
immune response. In any case, the term “antigen presenting cell” or "APC" as used herein shall be held to mean
any cell capable of inducing a T cell mediated immune response through the processing and surface presentation of
an MHC class Il-antigen complex. As such, the selected FcR ligand may interact with any of a number of different
Fc receptors found on a variety of cell types to promote endocytosis of the immunomodulating agent. By way of
example only, selected human Fc receptors that may be employed include the FcyRI, FcyRIIA, FeyRIB, FcyRNUIA or
FeyRIIIB subfamilies.

More generally, in accordance with the present invention those skilled in the art will appreciate that any
ligand capable of binding to an FCR complex and initiating endocytosis is compatible with the present invention and
may be incorporated in the disclosed immunomodulating agents. Accordingly, FcR ligands may comprise, but are not
limited to, peptides, proteins, protein derivatives or small molecular entities that may or may not incorporate amino
acids. For example, small molecules derived using modern biochemical techniques such as combinatorial chemistry

or rational drug design may be employed as long as they provide for the requisite APC uptake.
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While it must be emphasized that any type of compatible molecule may be used, the FcR ligands of the
present invention will preferably comprise one or more peptides. More preferably, the FcR ligand will comprise at
least a part of a domain of a constant region of an immunoglobulin. In particularly preferred embodiments the FcR
ligand will comprise one or more domains derived from a constant region of an immunoglobulin molecule. Those
skilled in the art will appreciate that various immunoglobulin isotypes and allotypes may be employed as desired.
For example, compatible FcR ligands may be selected from amino acid sequences corresponding to those found in
the constant regions of 1gG, IgE, IgA or IgM. Among other factors, selection of a particular isotype for use as a
FcR ligand may be predicated on biochemical properties such as binding coefficients or low immunoreactivity in the
species to be treated. Similarly, the selection of a single domain, fragment thereof or multiple domains may be
determined based on biochemical factors or, ultimately, presentation efficiency.

Yet, efficient presentation via the endocytic pathway is typically not enough to selectively downregulate
the immune response with regard to a particular antigen. Accordingly, immunomodulating agents of the present
invention further comprise an immunosuppressive factor. In accordance with the scope of the present invention the
immunosuppressive factor may be any compound that, when endocytically processed and presented on the surface
of an APC in conjunction with a MHC class Il complex, will downregulate the immune system. As such,
immunosuppressive factors may comprise small molecules, peptides, protein fragments, or protein derivatives. In
preferred embodiments the immunosuppressive factor acts as an antagonist when presented on the surface of the
APC in that it interferes with the binding of a similarly presented agonist to a selected receptor. In particularly
preferred embodiments the immunosuppressive factor comprises a T cell receptor antagonist that will associate with
a T cell receptor without activating an immune response. Further, other embodiments of the invention comprise
immunomodulating agents incorporating T cell receptor agonists that reduce the immune response to the subject
autoantigen.

While any functionally compatible molecule may be used as an immunosuppressive factor in accordance with
the present invention, those skilled in the art will appreciate that protein fragments or peptides are particularly
suitable for use in the disclosed compounds and methods. Such molecules are readily processed by the normal
endocytic pathways and are easily presented in concert with the MHC class Il molecules on the surface of the
antigen presenting cell. Moreover, as the majority of agonist compounds evoking an unwanted immune response are
typically protein fragments, T cell receptors are usually most responsive to similar fragments whether they are
agonists or antagonists. In particularly preferred embodiments, the immunaosuppressive factor will be an analog of
a selected peptide or protein fragment that is immunoreactive with a chosen T cell receptor.

"Peptide analogs"” or “analogs,” as used herein, contain at least one different amino acid in the respective
corresponding sequences between the analog and the native protein fragment or peptide. Unless otherwise indicated
a named amino acid refers to the L-form. An L-amino acid from the native peptide may be altered to any other one
of the 20 L-amino acids commonly found in proteins, any one of the corresponding D-amino acids, rare amino acids,
such as 4-hydroxyprofine, and hydroxylysine, or a non-protein amino acid, such as B-alanine and homoserine. Also

included with the scope of the present invention are amino acids which have been altered by chemical means such
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as methylation (e.g., a-methyivaline), amidation of the C-terminal amino acid by an alkylamine such as ethylamine,
ethanolamine, and ethylene diamine, and acylation or methylation of an amino acid side chain function (e.g., acylation
of the epsilon amino group of lysine).

Methods for selecting efficient peptide antagonists for treating multiple sclerosis (MS) are provided in PCT
Publication No.: WO 96/16086 which has previously been incorporated into the instant application by reference. The
disclosed methods may be used in concert with the present invention to provide effective immunosuppressive factors
for incorporation in the disclosed immunomodulating agents. For example, using assays detailed below candidate
peptide analogs may be screened for their ability to treat MS by an assay measuring competitive binding to MHC,
T cell proliferation assays or an assay assessing induction of experimental encephalomyelitis (EAE). Those analogs
that inhibit binding of the native autoreactive peptides, do not stimulate proliferation of native peptide reactive cell
lines and inhibit the development of EAE (an experimental model for MS) by known autoantigens are useful for
therapeutics. Those skilled in the art will appreciate that similar types of assays may be used to screen
immunosuppressive factors for other native peptides (i.e. continuously presented autoantigens) and other immune
disorders. In particularly preferred embodiments the selected immunosuppressive factors comprise analogs of T cell
epitopes.

More generally, immunosuppressive factors may be derived for a number of diseases having a variety of
immunoreactive agents without undue experimentation. For example, peptide analog antagonists or agonists may be
generated for T cell epitopes on both proteolipid protein or myelin basic protein to treat multiple sclerosis. Similarly,
T cell receptor antagonists or agonists may be derived from T cell epitopes of the pyruvate dehydrogenase complex
to treat primary biliary cirrhosis. In both cases the derived immunosuppressive factors will be incorporated in a
immunomodulating agent as described herein and administered to a patient in need thereof. Effective presentation
of the immunosuppressive factor will selectively reduce stimulation of the autoreactive T cells by native peptide
thereby relieving the symptoms of the subject immune disorder.

The selected immunosuppressive factor and FcR ligand, together comprising an immunomodulating agent,
may be effectively administered in any on¢ of a number of forms. More particularly, as described above, the
immunomodulating agents of the present invention may combine any form of the respective elements that are
functionally effective in selectively suppressing the immune response. For example, the inmunomodulating agent may
comprise a recombinant polypeptide or protein produced using modern molecular biology technigues. In such cases
the FcR ligand may comprise a fragment of a single immunoglobulin region constant domain or, preferably, the entire
constant region. In other embodiments the immunomodulating agent may comprise a sterically bound antibody-antigen
complex wherein the antigen compﬁses a T cell receptor antagonist or agonist. Other preferred embodiments feature
an immunomodulating agent comprising a chimeric antibody wherein an immunosuppressive factor is expressed on
the Fab fragment. In still other embodiments the immunomodulating agent may comprise two covalently linked
molecules which comprise a effective FcR ligand and immunosuppressive factor respectively.

Particularly preferred embodiments of the instant invention will employ recombinant nucleotide constructs

to code for immunomodulating agents comprising a single fusion polypeptide. Those skilled in the art will appreciate
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that standard genetic engineering technology can provide fusion proteins or chimeras that will comprise at least one
FcR ligand and at least one immunosuppressive factor. As used herein the terms "chimera” or “"chimeric” will be
used in their broadest sense to encompass any polynucleotide or polypeptide comprising sequence fragment§ from
more than one source. For example, a genetically engineered polypeptide incorporating a peptide TCR antagonist and
a single Fc domain from an IgG molecule could properly be termed a chimeric or fusion protein. Similarly, a chimeric
antibody may comprise a recombinant heavy chains engineered to incorporate a heterologous peptide
immunosuppressive factor and a wild type light chains. For the purposes of the present invention, it is not necessary
that the disparate regions be derived from different species. Thatis, a chimeric antibody may comprise human light
and heavy chains and an engineered human TCR antagonist expressed in a CDR. Conversely, chimeric
immunomodulating agents may comprise FcR ligands and immunosuppressive factors derived trom different species
such a human and mouse. As such, one aspect of the present invention comprises recombinant
polynucleotide molecule encoding a polypeptide wherein said polynucleotide molecule comprises at least one nucleotide
sequence corresponding to a Fc receptor ligand and at least one nucleotide sequence corresponding to an
immunosuppressive factor. Preferably the immunosuppressive factor will correspond to a T cell receptor antagonist
or agonist and the Fc receptor ligand corresponds to at least one constant region domain of an immunoglobulin. In
a particularly preferred embodiment the polynucleotide molecule encodes a nucleotide sequence corresponding to an
immunoglobulin heavy chain wherein a complementarity determining region has been at least partially deleted and
replaced with a nucleotide sequence corresponding to a T cell receptor antagonist or agonist. Compositions
comprising mixtures of immunosuppressive factors may also be used effectively in accordance with the teachings
herein.

In any case, DNA constructs comprising the desired immunomodulating agents may be expressed in either
prokaryotic or eukaryotic cells using techniques well known in the art. See, for example, Maniatis, et al., Molecular
Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory, New York, 1982 which is incorporated herein by
reference. In preferred embodiments the engineered plasmid will be transfected into immortal cell lines which secrete
the desired product. As known in the art, such engineered organisms can be modified to produce relatively high
levels of the selected immunomodulating agent. Alternatively, the engineered molecules may be expressed in
prokaryotic cells such as E. coli. Whatever production source is employed, products may be separated and
subsequently formulated into deliverable compositions using common biochemical procedures such as fractionation,
chromatography or other purification methodology and conventional formulation techniques.

Accordingly, another aspect of the invention comprises a method for producing an immunomodulating agent
for the endocytic presentation of an immunosuppressive factor on the surface of an antigen presenting cell of a
vertebrate comprising the steps of:

a. transforming or transfecting suitable host cells with a recombinant polynucleotide molecule
comprising a nucleotide sequence which encodes a polypeptide comprising at least one Fc receptor ligand and at least

one immunosuppressive factor;
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b. culturing the transformed or transfected host cells under conditions in which said cells express

the recombinant polynucleotide molecule to produce said polypeptide wherein the polypeptide comprises at least a

part of an immunomodulating agent; and

C. recovering said immunomodulating agent.

Similarly, another aspect of the invention comprises transfected or transformed cells comprising a
recombinant polynucleotide molecule encoding a polypeptide wherein the polypeptide comprises at least one Fc
receptor ligand and at least one immunosuppressive factor.

In both of the preceding aspects, the immunosuppressive factor is preferably a T cell receptor antagonist
or agonist and the Fc receptor ligand preferably comprises at least part of an immunoglobulin constant region domain.
More preferably, the immunomodulating agent comprises a poly peptide or chimeric antibody wherein at least one
complementarity determining region (CDR) has been replaced with a T cell receptor antagonist or agonist.

It will further be appreciated that the chimeric antibodies, polypeptides and other constructs of the present
invention may be administered either alone, or as pharmaceutical composition. Briefly, pharmaceutical compositions
of the present invention may comprise one or more of the immunomodulating agents described herein, in combination
with one or more pharmaceutically of physiologically acceptable carriers, diluents or excipients. Such composition
may comprise buffers such as neutral buffered saline, phosphate buffered saline and the like, carbohydrates such
as glucose, mannose, sucrose or dextrans, mannitol, proteins, polypeptides or amino acids such as glycine,
antioxidants, chelating agents such as EDTA or glutathione, adjuvants (e.g. aluminum hydroxide) and preservatives.
In addition, pharmaceutical compositions of the present invention may also contain one or more additional active
ingredients, such as, for example, cytokines like B-interferon.

In this respect a further aspect of the present invention comprise pharmaceutical compositions for the
endocytic presentation of an immu'nosuppressive factor on the surface of an antigen presenting cell of a vertebrate
comprising at least one immunomodulating agent and a pharmaceutically acceptable carrier, said at least one
immunomodulating agent comprising at least one Fc receptor ligand and at least one immunosuppressive factor.
Similarly, the invention comprises methods for the preparation of a pharmaceutical composition to treat an immune
disorder comprising combining at least one immunomodulating agent with a physiologically acceptable carrier or diluent
wherein said immunomodulating agent comprises at least one Fc receptor ligand and at least one immunosuppressive
factor. In both of these aspects the immunosuppressive factor may comprise a T cell receptor antagonist or agonist
and the Fc receptor ligand may comprise at least part of a immunuglohulin constant region domain. Preferably, the
immunomodulating agent will be in the form of a recombinant polypeptide or a chimeric antibody.

As indicated above, immunomodulating agents comprising chimeric antibodies are a particularly preferred
aspect of the invention. Such antibodies may be formed by substituting a immunosuppressive factor, typically a
peptide TCR antagonist, for at least part of one or more of the complementarity determining regions (CDR). As will
be described more fully in the Examples below, the nucleotide sequence coding for the heavy chain may be engineered
to replace all or part of at least one COR with a peptide analog of all or part of an autoantigen. Upon expression

by the proper cell line, the recombinant heavy chains can complex with wild type light chains to form an
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immunoreactive tetramer displaying two immunosuppressive factors. Those skilled in the art will appreciate that the
immunoglobulin molecules may be selected from the species to be treated so as to minimize the generation of a
harmful immune response (i.e. a human anti-mouse response). As the constant region of the selected immunoglobulin
is essentially unmodified, this form of immunomodulating agent is readily endocytosed allowing for effective
presentation of the associated immunosuppressive factor.

In other forms, the immunomodulating agents of the present invention may comprise an antigen-antibody
complex wherein the antigen is an immunosuppressive factor. It will be appreciated that modern immunological
techniques may be used to generate and purify the desired antibodies which are preferably monocional. By way of
example only, a selected peptide antagonist or agonist (i.e. an analog of a peptide autoantigen) may be injected into
a mouse to provide immunoreactive cells which may then be harvested and immortalized using standard methods.
If desired, the murine monoclonal may be "humanized” using conventional recombinant procedures leaving a small
murine variable region expressed on an otherwise human immunoglobulin that will not provoke a harmful immune
response in a patient. In any case, the monoclonal antibody is complexed with the immunosuppressive factor to form
the desired immunomodulating agent which may then be formulated and administered as described above. With the
intact constant region forming the FcR ligand, phagocytation should be relatively rapid and presentation of the
attached immunosuppressive factor efficient.

Aithough embodiments may comprise the Fc receptor ligands corresponding to the entire constant region,
it must be emphasized that the present invention does not require that the administered immunomodulating agent
comprise an intact immunoglobulin constant region. Rather, any FcR ligand that can bind to the FcR and undergo
endocytosis may be used in conjunction with the selected immunosuppressive factor. Specifically, single domains
of constant regions or fragments thereof may be combined with peptide antagonists to form monomeric polypeptides
(having a single amino acid chain) that can suppress the immune system in accordance with the teachings herein.
Such fusion proteins may be constructed which, having the minimum effective FcR ligand and/or inmunosuppressive
factor, may be much more stable thereby facilitating delivery and possibly increasing bioavailability. Moreover, these
engineered proteins may be able to be administered over a period of time without provoking an immune response as
is seen when administering whole antibodies of heterologous species. As such, relatively small chimeric polypeptides
may prove to be effective immunomodulating agents.

Similarly, non-peptide based molecular entities may prove to be efficient FcR ligands, immunosuppressive
factors or, in combination, immunomodulating agents. Those skilled in the art will appreciate that molecular entities
(peptide based or non-peptide based) that function effectively in a selscted role (i.e. FcR ligand) may be provided
using current procedures such as combinatorial chemistry, directed evolution 6( rational drug design. For example,
it may be possible to use rational drug design to fashion a small non-peptide molecular entity that effectively binds

to a previously elucidated Fc receptar. The derived FcR ligand may then be covalently linked (or otherwise reversibly

~ associated) with an immunosuppressive factor such as a peptide antagonist to provide an immunomodulating agent

that exhibits particular stability or other desirable traits.
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Whatever form of immunomodulating agent selected the compositions of the pfesent invention may be
formulated to provide desired stability and facilitate the selected form of administration. For example, the
compositions may be administered using all the conventional routes including, but not limited to, oral, vaginal, aural,
nasal, pulmonary, intravenous, intracranial, intraperitoneal, subcutaneous, or intramuscular administration. Within

* 5 other embodiments of the invention, the compositions described herein may be administered as part of a sustained
release implant. Within yet other embodiments, compositions of the present invention may be formulated as a
lyophilizate or spray dried formulation, utilizing appropriate excipients which provide stability as a lyophilizate, and
subsequent to rehydration.

The present invention is useful for the treatment of any vertebrate comprising an immune system subject

10 to down regulation. The invention is particularly useful in those vertebrates such as mammals that possess cellular
immune responses. In preferred embodiments the vertebrate to be treated will be in a neonatal or infant state.

In this respect, a further aspect of the invention comprises a method for treating an immune disorder
comprising administering to a patient a therapeutically effective amount of a pharmaceutical composition comprising
an immunomodulating agent in combination with a physiologically acceptable carrier or diluent wherein said

15 immunomodulating agent comprises at least one Fc receptor ligand and at least one immunosuppressive factor. For
this aspect, the immunosuppressive factor may comprise a T cell receptor antagonist and the Fc receptor ligand may
comprise at least part of a immunoglobulin constant region domain. As previously alluded to, the immunomodulating
agent will preferably be in the form of a recombinant polypeptide or a chimeric antibody. The methods may be used
treat immune disorders comprising autoimmune disorders, allergic responses and transplant rejection and are

20 particularly useful in treating autoimmune disorders selected from the group consisting of multiple sclerosis, lupis,
rheumatoid arthritis, scleroderma, insulin-dependent diabetes and ulcerative calitis.

As discussed above, the compositions, compounds and methods of the present invention are particularly
useful for inducing tolerance in neonatal or infant mammals thereby preventing or reducing future autoimmunity. The
term "infant" as used herein, refers to a human or non-human mammal during the period of life following birth

25 wherein the immune system has not yet fully matured. in humans, this period extends from birth to the age of about
nine months while in mice, this period extends from birth to about four weeks of age. The terms "newborn" and
“"neonate” refer to a subset of infant mammals which have essentially just been born. Other characteristics
associated with "infants” according to the present invention include an immune response which has (i) susceptibility
to high zone tolerance (deletion/anergy of T cell precursors, increased tendency for apoptosis); (i) a Th, biased helper

30 response (phenotypical particularities of neonatal T cells; decreased CD4OL expression on neonatal T cells); (iii)

\ reduced magnitude of the cellular response (reduced number of functional T cells; reduced antigen-presenting cell

function); and (iv) reduced magnitude and restricted type of humoral response (predominance of IgM™=", 1gD'™, B cells,

- reduced cooperation between Th and B cells). In specific nonlimiting embodiments of the invention the disclosed

immunmodulating agents may be administered to an infant mammél wherein maternal antibodies remain present in
35 detectable amounts. In a related embodiment, the pregnant mother may be inoculated with the disclosed

compositions so as to produce the desired T cell tolerance in the fetus. In any case the induced T cell tolerance
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may confer resistance to the later development of an autosimmune disease associated With the administered
immunomodulating agent.

Regardless as to whether the subject is an infant or full grown, the pharmaceutical compositions of the
present invention may be administered in a manner appropriate to the disease to be treated (or prevented). The
quantity and frequency of administration will be determined by such factors as the condition of the patient, and the
type and severity of the patients disease. Within particularly preferred embodiments of the invention, the
pharmaceutical compositions described herein may be administered at a dosage ranging from 1ug to 50 mglkg,
although appropriate dosages may be determined by clinical trials. Those skilled in the art will appreciate that
patients may be monitored for therapeutic effectiveness by MRI or signs of clinical exacerbation.

Following administration, it is believed that the immunomodulating agent binds to one or more Fc receptors
present on the surface of at least one type of antigen presenting cell. Those skilled in the art will appreciate that
selection of the FcR ligand will, at least to some extent, determine which class of Fc receptor is used to internalize
the immunomodulating agent. That is, a FcR ligand corresponding to an IgG constant region will be bound by a
different class of Fc receptor than a FcR ligand corresponding to an IgE constant region. Moreover, as different
classes of Fc receptors are expressed on different types of antigen presenting cells it is possible to present the
immunosuppressive factor on selected APCs. For example, an FcR ligand corresponding to an IgG constant region
is likely to be endocytosed by a macrophage or neutrophil and presented accordingly. This is of interest in that
certain APCs are more efficient at presenting various types of antigens which, in turn, may influence which T cells
are activated.

In any case, the entire inmunomodulating agent is subjected to receptor mediated endocytosis by the APC
and usually becomes localized in clathrin-coated vesicles. After internalization, the immunomodulating agent is
processed for eventual presentation at the surface of the APC. Processing generally entails vesicle transport of the
immunomodulating agent to the lysosome, an organelle comprising an acidic pH and selected enzymes including
proteases. Here the immunomodulating agent is digested to provide a free immunosuppressive factor which, for the
purposes of the instant invention, may be in the form of a peptide. In such cases average peptide lengths may be,
for example, on the order of 5 to 30 amino acids. Following digestion, at least some of the immunomodulating agent
fragments, including the immunosuppressive factor fragment, are associated with MHC class |l molecules in exocytic
vesicles. The MHC class 1l-immunosuppressive factor complex is then transported to the surface of the APC and
presented to helper T cells.

As pointed out above, preferred embodiments of the invention use a TCR antagonist as the
immunosuppressive factor presented in concert with the class Il MHC molecules. Accordingly, such antagonists (which
may be peptide analogs) will be used for the purposes of the following discussion. However, it must be emphasized
that the present invention may be used for the receptor mediated endocytic presentation of any immunosuppressive
factor that downregulates an immune response. As such, T cell receptor agonists which provide the desired reduction

in immunogenic response may be used as immunosuppressive factors and are in the purview of the present invention.
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Accordingly, by way of example only, a T cell may have previously been sensitized to an autologous peptide
agonist corresponding to a fragment of myelin basic protein. In multiple sclerosis this autoagonist is continuously
presented thereby activating an immune response directed to constituents of the myelin sheath. More particularly,
the sensitized individual T cells express thousands of receptors which selectively bind to the presented autoagonist
and signal the cell. When enough of the receptors are bound, the sensitized T cell acts to mount a response i.e.
secrete interleukin. In the cases where a TCR antagonist is presented in concert with MHC class Il molecules the
T cell will recognize the presented complex but will not be activated.

Thus, in accordance with the present invention, efficient endocytic presentation of an immunosuppressive
factor (i.e. an antagonist) inhibits agonist-TCR binding through competition for the receptors. That is, the presented
TCR antagonist binds effectively to the TCR of a sensitized T cell thereby precluding binding of a presented
autoantigen or fragment thereof. Yet, unlike an autoantigen-TCR complex, the inmunosuppressive factor-TCR complex
does not signal the T cell to mount a response. Thus, the binding of the immunosuppressive factor (non-reactive
agonist or antagonist) can prevent a T cell from binding enough autoantigen to reach the threshold activation level
that induces the cell to act. Hence, a harmful immune response to the continuously presented autoantigen comprising
a natural agonist is averted.

Presentation of the following non-limiting Examples will serve to further illustrate the principles of the
present invention. In this regard, a list of abbreviations and corresponding definition used throughout the following
discussion and the Examples is provided:

MBP: myelin basic protein, has been implicated in the etiology of muitiple sclerosis;

PLP: proteolipid protein, has been implicated in the etiology of multiple sclerosis;

PLP1: a peptide fragment of PLP comprising aa residues 138-151;

PLP-LR: a peptide analog of PLP1, does not activate PLP1 pulsed cells;

PLP2: a peptide fragment of PLP comprising aa residues 176-191;

1g-W: an ig construct (used herein as a control) comprising the heavy chain variable region of the anti-arsonate
antibody 91A3, linked to a Balb/cy2b constant region, and the parental 91A3 kappa light chain;

Ig-PLP1: the same construct as Ig-W except that the heavy chain CDR3 was replaced with aa residues 133-151
of PLP;

1g-PLP-LR: the same construct as Ig-W except that the heavy chain CDR3 was replaced with a peptide analog of
aa residues 139-151 of PLP;

Ig-HA: (used as a control herein) the same construct as Ig-W except that the heavy chain CDR3 was replaced with
aa residues 110-120 of influenza virus HA;
PPD: purified protein derivative, whole Mycobacterium tubercuolosis extract used as a control activator.

For obvious practical and moral reasons, initial work in huméns to determine the efficacy of experimental
compositions or methods with regard to many diseases is infeasible. Thus, during early development of any drug
it is standard procedure to employ appropriate animal madels for reasons of safety and expense. The success af

implementing laboratory animal models is predicated on the understanding that immunodominant epitopes are
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frequently active in different host species. Thus, an immunogenic determinant in one species, for example a rodent
or pig, will generally be immunoreactive in a different species such as in humans. Only after the appropriate animal
models are sufficiently developed will clinical trials in humans be carried out to further demonstrate the safatf and
efficacy of a vaccine in man. Accordingly, for purposes of explanation only and not for purposes of limitation, the
present invention will be primarily demonsfrated in the exemplary context of mice as the mammalian host. Those
skilled in the art will appreciate that the present invention may be practiced with other mammalian hosts including
humans and domesticated animals. |

In this respect, experimental encephalomyelitis (EAE), which is used as an animal model for MS, can be
induced in susceptible strains of mice with myelin autoantigens such as PLP and myelin basic protein (MBP). The
encephalitogenic activity of these proteins correlates with the presence of peptides which induce in vivo class Il
restricted encephalitogenic T cells and consequently EAE. The peptide corresponding to aa residues 139-151 of PLP
(PLP1) is encephalitogenic in H-2s SJL mice, and T cell lines specific for PLP1 transfer EAE into naive animals.
Although the target antigen(s) in human MS is still debatable, the frequency of T cells specific for myelin proteins
are higher in MS patients than in normal subjects. Silencing those myelin-reactive T cells may be a logical approach

to reverse MS. As such, this model will be used to demonstrate the advantages of the present invention.

Example |
Preparation of Peptides

For the purposes of this application the amino acids are referred to by their standard three-letter or one-
letter code. Unless otherwise specified, the L-form of the amino acid is intended. When the 1-letter code is used,
a capital letter denotes the L-form and a small letter denotes the D-form. The one letter code is as follows: A,
alanine; C, cysteine; D, aspartic acid; E, glutamic acid; F, phenylalanine; G, glycine; H, histidine; |, isoleucine; K,
lysine; L, leucine; M, methionine; N, asparagine; P, proline; Q, glutamine; R, arginine; S, serine; T, threonine; V, valine;
W, tryptophan; and Y, tyrosine.

All peptides used in the following examples were produced by Research Genetic, Inc. (Huntsville, Alabama)
using solid state methodology and purified on HPLC columns to >90% purity using conventional methods. PLP1
peptide (HSLGKWLGHPNKF: SEQ. ID No. 1) encompasses an encephalitogenic sequence corresponding to aa residues
139-151 of naturally occurring proteolipid protein. PLP-LR (HSLGKLLGRPNKF:SEQ. ID No. 2) is an analog of PLP1
in which Trp144 and His147 were replaced with Leu and Arg (underlined), respectively. PLP1 and PLP-LR bind well
to I-AS class Il molecules (i.e. an MHC class Il structure produced by a specific strain of mice). PLP2 peptide
(NTWTTCQSIAFPSK:SEQ. ID No. 3) encompasses an encephalitogenic sequence corresponding to aa residues 178-191
of PLP. This peptide also binds to I-A® class Il molecules and induces EAE in SJL mice. HA peptide (sequence not
shown) corresponds to aa residues 110-120 of the hemagglutinin of the Influenza virus. HA binds to I-E° class Il
molecules and is used here as control peptide.
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Example 1|

Production of Murine Chimeric Immunoglobulins Comprising Exogenous Peptides

Two immunoglobulin-peptide chimeras, designated Ig-PLP1 and Ig-PLP-LR and shown schematically in Figure
1, were constructed to express peptides PLP1 and PLP-LR as described in Example 1. In both cases, the heavy chain
CDR 3 loop was deleted and replaced with nucleotide sequences coding for the selected peptide. Conventional DNA
sequencing analysis indicated insertion of peptide nucleotide sequences in the correct reading frame.

The genes used to construct these chimeras include the gene coding for the BALBK IgG,b constant region
as described by Gillian et al., Cell. 33:717,1983, the gene coding for the 91A3 heavy chain variable region as
described by Ruthban et al., J. Mol. Bio., 202:383-398, 1988, and the gene coding for the entire 91A3 kappa light
chain as described by Gary et al., Proc. Natl. Acad. Sci, 84:1085-1089, 1987, all of which are incorporated herein
by reference. The procedures for deletion of the heavy chain CDR3 region and replacement with nucleotide
sequences coding for PLP1 and PLP-LR are similar to those described by Zaghouani et al. J./mmuno/, 148: 3604-
3609, 1992 and incorporated herein by reference, for the generation of Ig-NP a chimera carrying a CTL epitope
corresponding to aa residues 147-161 of the nucleoprotein of PR8 influenza A virus. The same reference reports
that the CDR3 of the 91A3 IgG is compatible for peptide expression, and that both class { and class Il-restricted
epitopes have been efficiently processed and presented to T cells when grafted in place of the naturally occurring
segment.

Briefly, The 91A3V, gene was subcloned into the EcoR! site of pUC19 plasmid and used as template DNA
in PCR mutagenesis reactions to generate 31A3V, fragments carrying PLP1 (91A3V,-PLP1) and PLP-LR (91A3V,,-PLP-
LR) sequences in place of CDR3. Nucleotide sequencing analysis indicated that full PLP1 and PLP-LR sequences were
inserted in the correct reading frame (not shown). The 91A3V,-PLP1 and 91A3V,PLP-LR fragments were then
subcloned into the EcoRl site of pSV2-gpt-Cy2b in front of the exons coding for the constant region of a Balb/cy2b
which generated pSV2-gpt-81A3V,-PLP1-Cy2b and pSV2-gpt-91A3V,.PLP1-LR-Cy2b plasmids, respectively. These
plasmids were then separately cotransfected into the non-lg producing SP2/0 B myeloma cells with an expression
vector carrying the parental 91A3 light chain, pSV2-neo-91A3L. Transfectants producing lg chimeras were selected
in the presence of geneticin and mycophenolic acid. Transfectants were cloned by limiting dilution and final clones
secr;ated 1 to 4 pgimL of Ig-PLP1 or Ig-PLP-LR (collectively, the Ig-PLP chimeras). The selected cell lines, designated
Ig-PLP1-9B11 and Ig-PLP-LR-21A10, are maintained in permanent storage in the inventor's laboratory.

Chimeric and wild-type antibodies were also used as controls. For example Ig-HA, an IgG molecule carrying
in place of the D segment the HA110-120 T helper epitope from the HA of influenza virus that differs from ig-PLP1
and Ig-PLP-LR only by the peptide inserted within CDR3. 1g-W is the product of unmodified (wild-type) 91A3V,, gene,
Balbjcy2b constant region and 91A3 kappa light chain. Therefore it differs from Ig-PLP1 and Ig-PLP-LR in the CDR3
region which comprises the parental D segment. Finally, Ig-PLP2, is a chimeric antibody that carries within the heavy
chain CDR3 loop aa residues 178-191 of PLP. Conventional cloning, sequencing, and purification procedures were

used to generate the appropriate cell lines and are similar to those described by Zaghouani et al. (previously cited)
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and those previously used to generate Ig-HA, Zaghouaniet al., Science. 259:224-227, 1993 also incorporated herein
by reference.

Large scale cultures of transfectants were carried out in DMEM media containing 10% iron enriched calf
serum (Intergen, New York). Ig-PLP chimeras were purified from culture supernatant on columns made of rat-anti-
mouse kappa chain mAb and coupled to CNBr activated Sepharose 4B (Pharmacia). Rat-anti-mouse kappa chain mAb
(RAM 187.1 or ATCC denotation, HB-58) and mouse anti-rat kappa light chain mAb (MAR 18.5 or ATCC denotation,
TIB 216) were obtained from the ATCC. These hybridomas were grown to large scale and purified from culture
supernatant on each other. The rat antimouse kappa mAb was used to prepare the columns on which the Ig-PLP
chimeras were purified from culture supernatant. To avoid cross contamination separate columns were used to purify
the individual chimeras.

Example lll
Purification _of Proteolipid Protein
Native proteolipid protein or PLP was purified from rat brain according to the previously descriﬁed procedure

of Lees et al., in Preparation of Proteolipids, Research Methods in Neurochemistry, N. Marks and R. Rodnight, editors.

Plunemum Press, New York, 1978 which is incorporated herein by reference.

Briefly, brain tissue was homogenized in 2/1 v/v chloroform/methanol, and the soluble crude lipid extract
was separated by filtration through a scintered glass funnel. PLP was then precipitated with acetone and the pellet
was redissolved in a mixture of chloroform/methanol/acetic acid and passed through an LH-20-100 sephadex column
(Sigma) to remove residual lipids. Removal of chloroform from the elutes and conversion of PLP into its apoprotein
form were carried out simultaneously through gradual addition of water under a gentle stream of nitrogen.

Subsequently, extensive dialysis against water was performed to remove residual acetic acid and methanol.

Example IV
Production of Rabbit Anti-Peptide Antibodies

PLP1 and PLP-LR peptides prepared in Example'l were coupled to KLH and BSA as described in Zaghouani
et al., Proc. Natl. Acad. Sci USA. 88:5645-5649, 1991 and incorporated herein by reference. New Zealand white
rabbits were purchased from Myrtle’s Rabbitry (Thompson Station, TN). The rabbits were immunized with 1 mg
peptide-KLH conjugates in complete Freund's adjuvant (CFA) and challenged monthly with 1 mg conjugate in
incomplete Freund's adjuvant (IFA) until a high antibody titer was reached. The peptide-BSA conjugates were

coupled to sepharose and used to purify anti-peptide antibodies from the rabbit anti-serum.
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Example V
Characterization of Rabbit Anti-Peptide Antibodies

Capture radioimmnoassays (RIA) were used to assess expression of PLP1 and PLP-LR peptides on an Ig6
molecule using 1g-PLP1 and Ig-PLP-LR made as described in Example (I

Microtiter 96-well plates were coated with the rabbit anti-peptide antibodies made in Example IV (5 zg/mL)
overnight at 4°C and blocked with 2% BSA in PBS for 1 hour at room temperature. The plates were then washed
3 times with PBS, and graded amounts of Ig-PLP1 and ig-PLP-LR were added and incubated for 2 hours at room
temperature. After 3 washes with PBS, the captured Ig-PLP1 and 1g-PLP-LR were detected by incubating the plates
with 100 x 10° cpm '*I-labeled rat anti-mouse kappa mAb for 2 hours at 37°C. The plates were then washed 5
times with PBS and counted using an LKB gamma counter. Shown are the mean + SD of triplicates obtained with
27 pgimL of chimeras.

As shown in Figure 2, the rabbit antibodies directed to synthetic PLP1 and PLP-LR peptides recognized the
chimeric antibodies Ig-PLP1 and Ig-PLP-LR produced in Example Il. More specifically, when Ig-PLP1 and Ig-PLP-LR
were incubated on plates coated with rabbit anti-PLP1 they were capturedin significant quantity and bound labeled
rat anti-mouse kappa chain mAb (Fig. 2A). Similarly, both 1g-PLP1 and Ig-PLP-LR were captured by rabbit anti-PLP-LR
(Fig. 2B). Conversely, Ig-W, the wild type 91A3 murine antibody without an exogenous peptide and an IgM control
antibodies (not shown), did not show significant binding to the rabbit antibodies. Ig-PLP1 bound to both anti-PLP1
and anti-PLP-LR better than did Ig-PLP-LR, indicating that structural differences affected accessibility of the peptides
to the rabbit antibodies. Further, the results shown in Figure 2 indicate that peptide expression on the chimeras did
not alter heavy and light chain pairing because the rabbit antibodies bind to the PLP peptide on the heavy chain and

the labeled rat anti-mouse kappa binds on the light chain.

Example VI
Antigen Specific T Cell_Line Proliferation Assays

PLP1-specific T cell hybridomas 5B6 and 4E3 and the IL-2 dependent HT-2 T helper cells were obtained
from The Eunice Kennedy Shriver Center, Waltham, MA. The 5B6 and 4E3 T cells recognize the peptide PLP1 in
association with I-A° class Il MHC and produces IL-2 when incubated with it as reported by Kuchroo et al., J.
Immunol. 153:3326-3336, 1994 which is incorporated herein by reference. Conversely, Kuchroo et al. report that
when stimulated with PLP1 and then with PLP-LR both 5B6 and 4E3 cells no longer produce IL-2. Similarly,
stimulation of T cell hybridomas with PLP1 in the presence of PLP-LR apparently inhibits IL-2 production.

Using substantially the same technique as Kuchroo et al., activation of the T céll hybridomas for various
agonists was performed as follows. Irradiated (3,000 rads) splenocytes from SJL mice were used as antigen
presenting cells (APCs) for this Example. The irradiated splenocytes were incubated in 96-well round bottom plates
(5 x 10° cells/well/50 w1) with graded concentrations of antigens (100 uijwell). After one hour, T cell hybridomas,
i.e. 5B6 or 4E3 (5 X 10° cells/well50 u) were added and the culture was continued overnight. Activation (or

proliferation) of the T cells was assessed by measuring production of IL-2 in the culture supernatant. This was done
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by *H-thymidine incorporation using the IL-2 dependent HT-2 cells. That is, when IL-2 is present (i.e. secreted by
activated T cells) the HT-2 cells proliferate, incorporating labeled thymidine from the surrounding media.

The culture media used to carry out these assays was DMEM supplemented with 10% FBS, 0.05 mM 2
mercaptoethenol, 2 mM glutamine, 1 mM sodium puryvate and 50 ug/mL gentamycin sulfate. Briefly, culture
supernatants (100 uljwell) were incubated with HT-2 cells (1x 10° cellsiwell/100 i) in 96-well flat bottom plates
for 24 hours. Subsequently 1 uCi *H-thymidine was added per well and the culture was continued for an additional
12-14 hours. The cells were then harvested on glass fiber filters and the non incorporated *H-thymidine was washed
away. Incorporated thymidine was then counted using the trace 36 program and an Inotech 8 counter. It will be
appreciated that those wells containing higher levels of IL-2 (secreted by the activated T cell hybridoma lines) will
induce higher levels of HT-2 cell proliferation and register increased levels of *H-thymidine incorporation.

The results of the aforementioned assay using two different T cell lines are shown in Figure 3. Specifically,
T cell hybridomas 4E3 (Fig. 3A) and 5B6 (Fig. 3B) produced substantial levels of IL-2 following stimulation by APCs
previously incubated with Ig-PLP1, PLP1 and native PLP. The negative controls Ig-W, Ig-HA, and PLP2 peptide did
not induce the production of IL-2 by the T cells. Similarly, both Ig-PLP-LR and PLP-LR peptide did not stimulate 5B6
and 4E3 to produce significant levels of IL-2. These last results are not unexpected because the PLP-LR peptide
is known to negate rather than stimulate IL-2 production. The concentration of antigen was 0.1 M for Ig-PLP1,
lg-PLP-LR, Ig-HA, and Ig-W; 1 M for PLP1, and PLP2 peptides; and 1.7 uM for PLP. Each value represents the
mean + SD of triplicate wells.

These results indicate that Ig-PLP1 was presented to the T cell hybridomas in a manner conducive to
activation. Steric hindrance appears to preclude the simultaneous direct binding of the whole antibody to the MHC
structure and TCR. As T cells will not react to soluble proteins, it appears that the PLP1 peptide was released from
the Ig by endocytic processing and bound MHC class Ii I-AS molecules. Accordingly, the regions flanking the PLP1
peptide do not appear to interfere with the endocytic processing of Ig-PLP1 or the binding of the PLP1 peptide to
the MHC class I structure. ’

Example VI
Presentation of PLP1 Peptide to T Cells Via lg-PLP1

In spontaneous immune disorders, exposure and continuous endocytic presentation of an autoantigen may
generate significant levels of MHC-autoantigen complexés. Currently many immune diseases lack an effective i vitro
mode! for replicating this continuous presentation affording a serious impediment to the development of effective
treatments. Due to relatively inefficient internalization mechanisms or the previously discussed limitations relating
to free peptides, relatively high levels of natural antigené are required to provide the desired stimulation. Accordingly,
one aspect of the present invention is to provide an i vitro model for the continuous endocytic presentation of
agonist ligands.

More particularly, the present invention provides methods for the effective in vitrb endocytic presentation
of a T cell antagonist comprising the steps of:

a. providing a medium comprising a plurality of antigen presenting cells expressing Fc receptors; and
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b. combining said medium with a immunomodulating agent containing composition wherein the
composition comprises an immunomodulating agent having at least one Fc receptor ligand and at least one
immunosuppressive factor and a compatible carrier.

Preferably the immunosuppressive factor will be at least one T cell receptor antagonist and the Fc receptor

5 ligand will be at least part of a immunoglobulin constant region domain. Further, in preferred aspects of the invention
the immunomodulating agent will comprise a recombinant polypeptide or a chimeric antibody.

In this respect, Ig-PLP1 (or any immunoglobulin associated agonist) may be used for the purpose of
establishing a peptide delivery system that could efficiently operate through the endocytic pathway and generate high
levels of agonist ligands such that it provides an i vitro system to investigate the immune system. In particular,

10 the disclosed system may be used to investigate antagonism in a situation similar to the /n vivo presentation of
autoantigens.

To demonstrate that immunoglobulin associated agonists may be used to mimic continuous endocytic
presentation of antigens, T cell activation assays were performed with free PLP1 peptide, native PLP, and Ig-PLP1.
The results of the assays are shown in Fig. 4.

15 Specifically, different concentrations of the three antigens (i.e. agonists) were incubated with irradiated
SJLK splenocytes which were subsequently associated with 4E3 T cell hybridomas. IL-2 production was measured
by *H-thymidine incorporation using the IL-2 dependent HT-2 cells as described in Example VI. Each point represents
the mean of triplicates. The standard deviation did not exceed 10% of the mean value.

Fig. 4 shows that, although the maximum activation levels varied among the three different agonists, the

20 levels required to stimulate the T cells were much lower for Ig-PLP1 than for either free PLP1 or native PLP. That
is, it took substantially less 1g-PLP1 to stimulate the cell line than either the native PLP or the free peptide (on thé
order of 1/100). Specifically, stimulation to half the maximum level required less IQ-PLPI (0.005 uM) than PLP (0.5
MM) or PLP1 peptide (0.6 #M). These results indicate that the PLP1 T cell epitope is better presented by Ig-PLP1
than by native PLP or by synthetic PLP1 peptide. Although the plateau of IL-2 production was higher when the T

25 cell activator is free PLP1 synthetic peptide it requires substantially higher agonist levels that may be difficult to
obtain /n vivo over an extended period.

While not limiting the present invention in any way, it appears that the efficacy of Ig-PLP1 in peptide

delivery is related to FcR mediated internalization and access to newly synthesized MHC molecules. More

particularly, native PLP appears to internalize rather ineffectively by simple fluid phase pinocytosis while free PLP1
1 30 peptide appears to simply bind to empty MHC class Il molecules at the cell surface. The ineffectual presentation
of these forms of the autoantigen is clearly illustrated by Fig. 4 which unambiguously shows that Ig-PLP1 is more
efficient in presenting PLP1 peptide in combination with MHC class Il molecules than either the free peptide or the

native protein.
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Example VIl
_Inhibition of T Cell Activation /n vitro

Antagonism of PLP1, PLP, and Ig-PLP1 T cell activation by Ig-PLP-LR was detected using a prepulsed
proliferation assay.

Irradiated (3,000 rads) SJL splenocytes (used as APCs) were incubated in 96-well round bottom plates (5
x 10° cells/well/50 w1) with the selected agonist (1 M PLP1 peptide, 0.05 uM Ig-PLP1 or 7 uM PLP) and various
concentrations of antagonist (100 pliwell) for 1 hour. Subsequently, 4E3 T cell hybridomas (5 X 10* cells/well/50
M) were added and the culture was continued overnight. IL-2 production in the supernatant, determined as in
Example VI using HT-2 cells, was used as measure of T cell activation. The results of this assay are shown in
Figure 5.

More particularly, Figures 5A, 5B and 5C show antagonism of free PLP1 peptide (5A), Ig-PLP1 chimeric
immunoglobulin (5B) and native PLP (5C) respectively. The antagonists were Ig-PLP-LR (squares) and PLP-LR (circles)
with controls of Ig-W (diamonds) and PLP2 (triangles).

Cpm values obtained when the APCs were incubated with the agonist but no antagonist was used as
control thymidine incorporation. This value was 7,503 +.1,302 for Ig-PLP1; 31,089 + 3,860 for PLP1 peptide; and
8,268 + 915 for PLP. The cpm value obtained when the APCs were incubated with no agonist or antagonist was
used as background (BG). This value was 1,560 + 323 for Ig-PLP1; 2,574 + 290 for PLP1 peptide; and 2,127
+ 177 for PLP. The percent control thymidine incorporation was calculated as follows: [(cpm obtained in the
presence of test antagonist) - (BG)] / [(cpm control thymidine incorporation value) - (BG)l. Each point represents the
mean of triplicates.

As previously discussed, the potency of Ig-PLP1 chimeras in peptide loading onte MHC class Il molecules
may resemble /7 vivo autoimmune circumstances where a continuous supply of antigen often allows for abundant
generation of self peptides which can trigger T cell aggressively. Figure 5A (PLP1 agonist) shows that when T cells
were incubated with APCs in the presence of both PLP1 and Ig-PLP-LR, a substantial decrease in IL-2 production
occurred as the concentration of Ig-PLP-LR increased. A similar decline in IL-2 production was evident when the
synthetic PLP-LR peptide was used during T cell activation with PLP1 peptide. Conversely, antagonistic effects were
not observed with the control Ig-W immunoglobulin and the PLP2 peptide. Inhibition of IL-2 production to half the
maximum level (60% control thymidine incorporation) required only 0.4 /M Ig-PLP-LR versus 9 #M PLP-LR peptide
indicating a much more efficient presentation of, and T cell antagonism by, lg-PLP-LR.

Further evidence that the chimeric immunoglobulin is more efficient than the free peptide in T cell
antagonism is shown in Figs. 5B and 5C. Specifically, Fig. 5B shows that Ig-PLP-LR inhibited T cell activation
mediated by Ig-PLP1 while free PLP-LR, like the negative control PLP2 peptide, did not show any significant
antagonism. Significantly, Fig. 5B also shows that Ig-W, the wild type 91A3 immunoglobulin without any exogenous
peptide exhibits partial inhibitory activity in ig-PLP1 mediated T cell activation. It is believed that this may be the
result of competition for binding to the FcR on the APCs because both Ig-PLP1 and Ig-W share identical IgG2b

constant regions. A maximum of 50% inhibition in IL-2 production was seen when the activation of T cells by Ig-
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PLP1 was carried out in the presence of Ig-W. Thus, Ig-W would compete with Ig-PLP1 for FcR binding and
internalization thereby diminishing the activation of T cells. That is, as the concentration of Ig-W increases, less Ig-
PLP1 will bind to FcR and be internalize by the APCs resulting in a diminished presentation and corresponding IL-2
production. It is important to note that this Ig-W mediated reduction in response is not the result of antagonistic
effects but rather simply a result of competition for FcR binding. That is, the presented lg-W epitopes are not TCR
antagonists for PLP1 and do not interact with the PLP1 specific TCRs.

In contrast to Fig. 5B, Fig. 5C shows that Ig-PLP-LR, but not Ig-W, significantly reduces the activation of
T cells by native PLP. As lg-W is likely internalized in a different manner than native PLP, (Fc receptor versus simple

fluid phase pinocytosis) there should not be any direct competition for uptake and processing and hence no inhibition.

For the sake of convenience the results shown in Figure 5 are summarized in Table 1 immediately below.
When APCs were incubated with PLP1 peptide in the presence of Ig-PLP-LR there was no activation of the PLP1-
specific T cell hybridomas (Figure 5a). Moreover, when the activation of T cells by native PLP and Ig-PLP1 was
carried out in the presence of various concentrations of Ig-PLP-LR, IL-2 production (i.e. T-cell activation) declined as
Ig-PLP-LR increased. However, free PLP-LR peptide failed to inhibit T cell activation mediated by native PLP or Ig-
PLP1. These two lines of evidence indicate that the principal mechanism for Ig-PLP-LR mediated inactivation of T
cells was likely to be endocytic presentation and TCR antagonism rather than direct blockage of MHC class Il
molecules on the cell surface.

In the table below a plus sign indicates inhibition of IL-2 production and therefore antagonism, while a minus

sign indicates little or no inhibition of IL-2 production and therefore little or no antagonism.

Table 1.
ig-PLP-LR and PLP-LR Mediated T Cell Antagonism.

Stimulator (Agonist)

Antagonist PLP1 PLP Ig-PLP1
PLP-LR +
Ig-PLP-LR _ + + +

The results of the foregoing example indicate that the FcR mediated uptake and subsequent processing of

a peptide antagonist are compatible with efficient presentation by the antigen presenting cell. This is extremely
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unexpected in view of the prior art where the delivery of free peptide analogs was assumed to provide efficient

antagonism through direct competition for MHC or TCR binding sites.

Example IX
Characterization of Mechanism for Antagonism by Ig-PLP-LR

Using an assay similar to the one performed in Example VIll, it was demonstrated that competition for direct
binding to the Fc receptor is not, in and of itself, a likely mechanism for Ig-PLP-LR mediated antagonism.

SJL splenic APCs were incubated with native PLP (6.8 /M) in the presence of 2 M Ig-PLP2, Ig-PLP-LR,
or Ig-W and assayed for IL-2 production by H-thymidine incorporation using HT-2 cells as described in the previous
Examples. Ig-PlPZ was prepared as in Example Il using the sequence detailed in Example I. The % control thymidine
incorporation was calculated as in Example VIIl. Results of the assay are shown in Fig. 6 wherein each column
represents the mean + SD of triplicates.

As with the results shown in Fig. 5B, the present Example supports the position that both efficient
presentation on the MHC class |l structure and an effective peptide analog provide the most significant results. That
is, even though the Ig-PLP2 chimeric antibody is taken up and processed, efficient presentation of the PLP2 peptide
by I-A% will not preclude activation of the T-cells as it is not an analog of the native PLP agonist. Accordingly,
simple competition binding to MHC class Il molecules on the antigen presenting cells is not likely to produce the

desire antagonism.

Example X
‘ In_vivo Induction of a T Cell Response to PLP1

By this Example it was demonstrated that, in addition to generating a T cell response /n vitro (Example Vi),
the chimeric antiﬁodies of the present invention could be used to generate a cellular response /7 vivo. Specifically,
the following Example demonstrates the /in vivo priming of PLP1 specific T cells by Ig-PLP1.

Six to eight week old SJL mice (H-2°) were purchased from Harlan Sprague Dawley (Frederick, MD) and
maintained in an animal facility for the duration of experiments.

The mice were immunized subcutaneously in the foot pads and at the base of the limbs and tail with 50
ug of 1g-PLP1 emulsified in a 200 I mixture of 1:1 viv PBS/CFA. Ten days later the mice were sacrificed by
cervical dislocation, the spleens and lymph nodes (axillary, inguinal, popliteal, and sacral) were removed, single cell
suspension were prepared, and the T cell responses were analyzed. The results shown in Figure 7 are those obtained
with 4 x 10° lymph node cells/well (7A) and 10 x 10° spleen cells/well (7B). The activators PLP1 and PLP2 were
used at 15 ug/mL and PPD was used at 5 ugimL.

As with the previous Examples, T cell activation was monitored using a proliferation assay comprising *H-
thymidine incorporation. Here, lymph node and spleen cells were incubated for three days in 96-well round bottom
plates, along with 100 ul of a single selected activator, at 4 and 10 x 10° cells/100 uijwell, respectively.

Subsequently, 1 uCi *H-thymidine was added per well, and the culture was continued for an additional 12-14 hours.
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The cells were then harvested on glass fiber filters, and incorporated *H-thymidine was counted using the trace 96
program and an Inotech B counter. A control media with no stimulator was included for each mouse and used as
background.

Each value shown in Figure 7 was calculated as described in Example Vili
and represents the mean + SD of triplicates after deduction of background cpms obtained with no activator in the
media. Similar results were obtained when mice were immunized with 150 g of Ig-PLP per mouse (not shown).

Figures 7A and 78 clearly show that, when Ig-PLP1 was injected subcutaneously in the foot pads and at
the base of the limbs and tail, a strong specific T cell response to the PLP1 peptide was induced. While there was
some variation as to the strength of the reaction among the individual mice, the lymph node and spleen cells of each
produced a significant response upon challenge with the PLP1 peptide. Interestingly there is a significant PLP1
specific response detected in the spleen, an organ that mostly filters and responds to systemic antigens. One
possibility that can be put forth to explain these results is that lg-PLP1, because of it's long half life, was able to
circulate and reach both the lymphatic and blood circulation and consequently be presented at both systemic and
lymphatic sites. This is potentially very beneficial when implementing therapeutic regimens for autoimmune disorders.
It was also interesting that some mice show proliferation when the cells are stimulated with PLP2 peptide /i vitro.
Possibly, the fact that this peptide is presented by I-AS like PLP1 allows low affinity cells to hind and generate a
response. In any case the results are consistent with those provided by the earlier Examples where it was shown

that Ig-PLP1 was efficient in presenting the peptide to T cells in witro.

Example XI
In_vivo Inhibition of a T Cell Response to PLP1

As seen in the previous Example, Ig-PLP1 is capable of priming T cells in vivo and generates a potent
immune response when exposed to the agonist PLP1 peptide. This Example demonstrates that the administration
of a peptide antagonist in the form of a chimeric antibody immunomodulating agent can substantially reduce the
immune response generated by the endocytic presentation of an agonist ligand. Specifically, this Example
demonstrates that co-administration of Ig-PLP-LR with lg-PLP1 significantly reduces the immune response to PLP1
peptide.

Mice were co-immunized with mixtures of either 50 ug Ig-PLP1 and 150 g Ig-PLP-LR or 50 g Ig-PLP1
combined with 150 ug Ig-W. In particular, individual mice from three groups (4 mice per group) were injected sc.
as in Example X with a 200 w1 mixture (PBS/CFA, 1:1 vlv) containing one of the following mixtures: 50 g Ig-PLP1
and 150 wg Ig-PLP-LR; 50 g Ig-PLP1 and 150 ug Ig-W; or Ig-PLP1 and 100 g PLP-LR peptide. Splenic and lymph
node T cell responses were analyzeq at day 10 post immunization using the protocol set forth in Example X. The
lymph node cells were assayed at 4 x 10° cells/well and the spleen cells at 10 x 10° cells/well. The agonist ligand
was PLP1 at 15 ug/mL. Results for the lymph node and spleen cells, shown in Figs. 8A and 8B respectively and
summarized in Table 2 below, represent the mean + SD of triplicates after deduction of background cpm obtained

with no agonist in the media.
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Figures BA and 8B show that, although lg-PLP1 was efficiently presented and induced a strong in vive T
cell response (Example X), it was possible to antagonize such a response by including Ig-PLP-LR in the mixture
administered to mice. Indeed, when Ig-PLP1 was co-administered to mice with |g-PLP-LR, the subseguent immune
response to free PLP1 peptide was markedly reduced as shown on the right half of Figs. 8A and 8B. It appears
that the low PLP1 response for both the spleen and lymph node tissue was a result of PLP-LR antagonism, since |
the co-administration with Ig-PLP1 of the wild type antibody, Ig-W, did not significantly reduce the T cell response.
These results strongly indicate that it is the efficient i» vivo presentation of PLP-LR through the FcR binding and
endocytic processing of Ig-PLP-LR that is responsible for the reduced cellular response.

Moreover, as seen in Table 2 immediately below, when free PLP-LR peptide was co-administered with lg-
PLP1 there was no indication that the PLP1 response was reduced. The numbers provided in the table represent
the percentage values of PLP1 specific proliferation relative to PPD specific proliferation and were derived as follows:
(mean cpm of triplicates obtained with PLP1 stimulation - mean cpm triplicate BG) /(mean cpm of triplicates obtained

with PPD - mean cpm triplicate BG) x 100

Table 2
Ig-PLP-LR But Not Free PLP-LR Peptide Mediates T Cell Antagonism In Vitro

lg-PLP1 co-administered with:
Mouse Ig-W Ig-PLP-IR PLP-LR peptide

PLP1/PPD (%)

1 100 28 81
2 95 a0 91
3 78 37 93
a 79 25 100

The results above clearly show that co-administration of the free antagonist peptide or the control Ig-W
lacking an antagonist peptide have little effect on the generated immune response. The lack of antagonist effect
by free PLP-LR peptide was not due to a net lower amount of injected peptide because the mice were given
approximately 34 fold more PLP-LR in the free peptide farm than in the Ig-PLPLR form (on the basis of a MW of
150,000 D, the 150 wg of Ig-PLP-LR given to the mice correspond to 1 nmole of Ig that contains 2 nmoles of PLP-
LR peptide, while with a MW of 1,468 Daltons the 100 g of free PLP-LR peptide corresponds to 68 nmoles of
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peptide). The failure of PLP-LR peptide to inhibit Ig-PLP1 mediated T cell activation coupled with the potency of Ig-
PLP-LR in antagonizing Ig-PLP1 T cell stimulation supports the belief that 1g-PLP-LR mediated /7 vivo antagonism is

likely related to efficient presentation.

Example Xl
Induction of a T Cell Response to an Endocytically Presented Antagonist

Previous Examples have shown that administration of chimeric antibodies comprising a agonist ligand can
prime immune cells /n vivo. It was also shown that administration of a chimeric antibody comprising an antagonist
can reduce a subsequent response to challenge by an agonist ligand. This Example demonstrates that efficient
presentation of an antagonist can prime immune cells /7 vivo and mount a strong response that could effect the
reaction of the T cells to an agonist peptide. Specifically, mice co-injected with Ig-PLP1 and Ig-PLP-LR develop a
relatively high proliferative response to PLP-LR and practically no response to PLP1 peptide.

Lymph node and spleen cells were obtained in the same manner as set forth in Example X following co-
administration of Ig-PLP1 and Ig-PLP-LR. Proliferative responses in individual mice were also measured using the
methods set out in the previous Example following in vitro stimulation with either free PLP1 peptide or PLP-LR
peptide at 15 ugimL. The results of the assays using lymph node and spleen cells are detailed in Figures 9A and
9B respectively.

As can be seen from Figure 9, both spleen and lymph nodes developed responses to the antagonist PLP-LR
but not to the PLP agonist PLP1. Knowing that Ig-PLP-LR induced PLP-LR specific T cells when it was co-
administered with Ig-PLP1, it can be speculated that these PLP-LR-specific T cells downregulate PLP1 specific T cells.
Conversely, although there was induction of PLP-LR-specific response when free PLP-LR peptide was administered
with 1g-PLP1 (not shown), there was no evident reduction in the proliferative response to PLP1. Accordingly, the
data set forth in the instant example demonstrates that the use of chimeric antibodies comprising an antagonist are
much more effective for modulating the immune response to an antigen agonist than the free peptide antagonist.

More particularly, in view of the foregoing examples it appears that TCR engagement with PLP-LR-I-A®
complexes (i.e. MHC-PLP-LR complexes) on the surface of APCs antagonizes T cells rather than stimulates them.
Accordingly, antagonism by Ig-PLP-LR may occur because efficient presentation of Ig-PLP-LR in endocytic vacuoles
ensures significant levels of PLP-LR--A° complexes (antagonist complexes) are generated. The amount of complexes
on the cell surface is proportional to the amount of Ig-PLP-LR offered to the APCs. When PLP1 stimulation is carried
out in the presence of Ig-PLP-LR, both PLP-LR-I-A® and PLP1-I-A° are present on the surface of a given APC where
an increase in the concentration of Ig-PLP-LR leads to higher number of PLP-LR-I-AS complexes. It will be appreciated
that approximately 3500 TCR have to be engaged in order for a T cell to be activated and that a given complex of
MHC class ll-peptide complex serially engages approximately 200 TCRs. As such, it appears that a T cell is
antagonized when TCR engagement with PLP-LR--A° complexes override engagement with the agonist PLP1-I-AS.
Overall, because of efficient loading of PLP-LR by Ig-PLP-LR, T cell antagonism is achieved by a higher frequency
of serial triggering of TCR by PLP-LR-I-A° complexes. That is, the efficient uptake and processing of Ig-PLP-LR simply
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means that too many of the surface MHC complexes present the PLP-LR antagonist to allow the remaining surface
complexes presenting the PLP1 agonist ligand to engage the number of TCRs to activate the T cell. Therefore, the
T cells will not be activated as long as the antagonist is presented at a rate that ensures the activation

concentration of MHC class l-agonist complexes is not reached on the APC.

Example Xill
Lymph Node Proliferative Responses to Immunization With lg-PLP_Chimeras

Proliferative responses were measured in mice immunized with individual Ig-PLP chimeras or varying
mixtures of Ig-PLP1 and Ig-PLP-LR. It was observed that Ig-PLP-LR given alone to mice induced T cells which, like
those induced by Ig-PLP1, cross-reacted with both PLP1 and PLP-LR peptides. Surprisingly, however, despite the
cross-reactivity of the responses, when the chimeras were administered together they displayed a dose dependent
antagonism on one another resulting in down-regulation of both T cell responses. Finally, antigen specific T cells
induced either by IG-PLP 1 or by IG-PLP-LR were refractory to down-regulation by peptide mixtures and proliferated
significantly when they were in vitro stimulated simultaneously with both PLP1 and PLP-LR. These findings indicate
that both agonist and antagonist peptides exert adverse reactions on one another and reveal an anti-parallel
antagonism and a stringent control of TCR triggering at the level of naive T cells.

Materials were obtained and mice immunized as described above. Proliferative responses were measured
by thymadine incorporation as set forth in Example V! above. Lymph node and spleen cells were obtained in the
same manner as set forth in Example X following co-administration of Ig-PLP1 and Ig-PLP-LR. Mice were injected
with 50 ug 1g-PLPI (10A), 50 g Ig-PLP-LR (IOB), 100 ug PLP1(10C) or 100 g PLP-LR (10D) in CFA, and 10 days
later the lymph node cells were in vitro stimulated with the indicated free peptides. The stimulators PLP1, PLP-LR
and PLP2 were used at the defined optimal concentration of 15 ug/ml.

The data illustrated in figs 10A-100 indicate that Ig-PLP1, like PLP1 peptide, induced a specific T cell
response to PLP1 peptide. Similarly, Ig-PLP-LR, like PLP-LR peptide, induced a specific T cell response to PLP-LR
peptide. Neither the |g chimera nor the free peptides induced T cells that significantly reacted with the negative
control PLP2, a peptide that is also presented by I-A°® class |l molecules. Surprisingly, however, the response induced
by Ig-PLP1 cross-reacted with PLP-LR peptide, while the response induced by Ig-PLP-LR cross-reacted with PLP1.

The responses induced with free PLP1 or free PLP-LR were not cross-reactive.

Example XIV

Lymph Node T cell Proliferative Response to
Co-Immunization With lg-PLP1 and Ig-PLP-LR

Mice were injected with the indicated chimeras and 10 days later the lymph nodes cells were in vitro
stimulated with free peptides, and assayed for proliferation by [°H]thymidine incorporation as detailed above. The

results are shown in Fig. 11.
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The number preceding the Ig chimera label indicates the .zg amount injected per mouse. The stimulators
were PPD, 5 wgiml; PLP 1, PLP-LR, and PLP2 at 15 ugiml. Cells incubated without stimulator were used as
background (BG). The mice were tested individually and triplicate wells were assayed for each stimulator. To
standardize the results and eliminate intrinsic individual variability we expressed the results as relative proliferation
estimated as follows: (mean test peptide cpm - mean BG cpm)/(mean PPD cpm - mean BG cpm). The indicated
relative proliferation represents the mean + SD of 5 mice tested individually. The mean cpms + SD obtained with
PPD stimulation for the different groups of mice were as follows: 50 1g-PLP1:16,413 + 1330; 50ug Ig-PLP-LR:
11,224 + 3481; 50ug lg-W: 11,513 + 1,572; 50ug Ig-PLP1 + 50ug Ig-PLP-LR: 16,817 + 2,869; 50ug lg-PLP1
+ 150ug Ig-PLP-LR: 16,156 + 2006; 50ug Ig-PLP1 + 150ug Ig-W: 11,699 + 1,142; 50ug Ig-PLP-LR + 150ug
Ig-W: 13,435 + 1,650; 50ug lg-PLP1 + 50ug Ig-PLP2: 10,056 + 1,407; and S0ug Ig-PLP-LR + 50ug Ig-PLP2:
10,877 + 563. Filled and hatched bars indicate proliferation to PLP1 and PLP-LR respectively. The proliferation
to PLP2 peptide was at background levels except where Ig-PLP2 was used in the immunization mixture.

As can be seen in Figure 11, lymph node T cells from a group of mice that were immunized with Ig-PLP1
proliferated equally well to PLP1 and to PLP-LR whereas Ig-W control caused little reaction. Surprisingly, the PLP-LR
response was at background levels. Accordingly, although the responses to the Ig chimeras share cross-reactivity
between PLPL and PLP-LR peptides, the mixture yielded down regulation rather than additive responses. In fact, the
data suggest an anti-parallel down regulation among Ig-PLP1 (agonist) and Ig-PLP-LR (antagonist). This down-
regulation appeared to be dose dependent because mice that were injected with a mixture of 50 g Ig-PLP1 and 150
A9 lg-PLP-LR failed to respond to PLPI and mounted responses to PLP-LR that were reduced to levels observed with
mice injected with Ig-PLP1 alone.

One possible explanation for the observed opposite down regulation between IG-PLPI and Ig-PLP-LR is that
clonal expansion requires an optimal serial triggering with an homogeneous peptide (i.e. all or most of the receptors
on a single naive T cell must engage one type of peptide in order to expand). Simultaneous stimulation of naive t
cells with peptides encompassing subtle differences at the TCR contact residues, which may be occurring during

immunizations involving mixtures of 1g-PLP1 and Ig-PLP-LR, fails to cause T cell expansion and in vitro proliferation.

Example XV

Splenic Proliferative T Cell Responses of Mice

Co-Immunized with lg-PLP1 and 1G-PLP-LR
As shown in Figure 12, spleen cells from the mice described in Example XIV were stimulated with PLP1

(filled bars) and PLP-LR ( hatched bars.) in triplicate wells and proliferation was measured as above. The results

were standardized as above using PPD cpms obtained with lymph node T cells because the proliferation of spleen

35

cells upon stimulation with PPD was minimal. The indicated relative proliferation represents the meant + SD of 5

individually tested mice.
Splenic T cells from these mice failed to respond to PLP-LR stimulation. However, when an additional group of

mice was immunized with 1g-PLP-LR, both lymph node and splenic cells proliferated to PLP1 as well as to PLP-LR
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peptide. In the spleen, although the proliferative responses were much lower than in the lymph nodes, additive
responses were still not observed. Rather, an opposite down-regulatory effect between Ig-PLP1 and Ig-PLP-LR was
observed. Although co-injection of Ig-W with either Ig-PLP1 or Ig-PLP-LR did not affect either response, co-injection
of Ig-PLP2 with Ig-PLP1 increased reactivity to PLP-LR among the T cells induced by Ig-PLP1.

Example XVI

IL-2 Production by Splenic Cells of Mice

Co-Immunized With Ig-PLP1 and Ig-PLP-LR
To further investigate the opposing down regulation among Ig-PLP1 and Ig-PLP-LR, splenic antigen induced

cytokine responses were measured in animals immunized with either a single or both Ig-chimeras. As shown in Fig.
13, spleen cells (1 X 10° per well) from the mice described in Example XIV were stimulated with PLP1 (filled bars)
and PLP-LR (hatched bars) for 24 hours. Production of IL-2 (13A), INFy (13B), and IL-4 (13C) were measured as
set forth below.

Cells were incubated in 96 well round-bottom plates at 10 x 10° cells/100zl/well with 100ul of stimulator,
as above, for 24 hours. Cytokine production was measured by ELISA according to Pharmingen’s instructions using
1001 culture supenatant. Capture antibodies were rat anti-mouse IL-2, JES6-IAI2;rat anti-mouse IL-4, 11B11;rat anti-
mouse IFNy, R4-6A2; and rat anti-mouse IL10, JES5-2A5. Biotinylated anti-cytokine antibodies were rat anti-mouse
IL-2, JESB-5H4; rat ant imouse IL-4, BVDG6-24G2; rat anti-mouse IFNy, XMG 12; and rat anti-mouse IL- 10, JESS-
16E3) The 0D405 was measured on a Spec 340 counter (Molecular Devices) using SOH MAX PRO version 1.2.0
software. Graded amounts of recombinant mouse IL-2, IL-4, INFy, and IL-10 were included in all experiments in order
to construct standard curves. The concentration of cytokines in culture supernatants was estimated by extrapolation
from the linear portion of the standard curve. Cells incubated without stimulator were used as background (BG).
Each mouse was individually tested in triplicate wells for each stimulator and the indicated cpms represent the mean
+ SD after deduction of BG cpms. Production of IL-10 was also measured, but the results were at background
levels (not shown).

Upon in vitro stimulation with PLP1 peptide, T cells from Ig-PLP1 immunized mice produced IL-2, INFy, and
small amounts of IL-4. However, stimulation of the same cells with PLP-LR yielded minimal IL-2 and undetectable
INFy or IL-4. Spleen cells from Ig-PLP-LR immunized mice generated IL-2 but no IFNy or IL-4 upon stimulation with
PLP1 peptide. Moreover, PLP-LR peptide stimulation produced only a minimal IL-2 response. In mice immunized with

' equal amounts of Ig-PLP1 and Ig-PLP-LR all cytokine production was reduced to minimal or background levels upon
stimulation with either peptide. Co-immunization of Ig-W with either chimera had no measurable effect on cytokine
production pattern. When the animals were given a 3:1 ratio of Ig-PLP-LR: Ig-PLP1, although the splenic proliferative
responses and (L-2 production were at background levels, significant amounts of IL-4 and INFy were evident upon
stimulation with PLP-LR peptide. Consequently, the excess of Ig-PLP-LR may lead to a mixed but PLP-LR dominant

TCR triggering that induces cells able to produce cytokine but which exhibit no proliferative response. These data
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indicated that Ig-PLP1 and Ig-PLP-LR exerted adverse reactions on one another leading to down-regulation of both

T cell responses.

Example XVII

Proliferation_of Antigen Experienced T Cells Upon

Stimulation _In Vitro With Mixtures of PLPI and PLP-LR Peptides

To investigate whether Ig-PLP1 and Ig-PLP-LR could display adverse reactions on each other at the level
of antigen experienced cross-reactive T cells, mice were immunized with Ig-PLP1 or Ig-PLP-LR alone and assessed

for proliferative T cell responses upon /i vitro stimulation with varying mixtures of free PLPI and PLP-LR peptides.

More particularly Mice (4 per group) were immunized with 50 Ig-PLP1 (14A and 14B) or 50 Ig-PLP-LR
(14C and 14D) in CFA, and 10 days later the lymph node (14A and 14C) and spleen (14B and 14D) cells were
stimulated with the indicated peptides and assayed for [*H]thymidine incorporation as above. The number preceding
the peptide label indicates the 1gimi amount used for in vitro stimulation. The specific proliferation was estimated
by deducting the mean BG (obtained by incubating cells without stimulator) cpm from the test sample cpm. The
indicated cpms represent the mean + SD of 4 individually tested mice. ND, not determined.

As can be seen in Figs. 14A-140, both lymph node and spleen cells from mice immunized with Ig-PLPI or
Ig-PLP-LR proliferated equally as well to stimulation with a single peptide as to a mixture of PLPL and PLP-LR. The

proliferative response to the mixture,in most cases, was even higher than the response to a single peptide stimulation.

Example XVIiI

IL-2 Production by Antigen Experienced T Cells
Upon In Vitro Stimulation With PLP1/PLP-LR Peptide Mixtures

To further investigate whether Ig-PLP1 and Ig-PLP-LR could display adverse reactions on each other at the
level of antigen experienced cross-reactive T cells, mice were immunized with 1g-PLP1 or Ig-PLP-LR alone and
assessed for cytokine responses upon /n vitro stimulation with varying mixtures of free PLPI and PLP-LR peptides.
The results are shown in Figs. 15A and 15B.

Spleen cells from Ig-PLP1 (15A) and Ig-PLP-LR (15B) immunized mice were stimulated with the indicated
peptides and tested for IL-2 production by ELISA as in Example XVI. The spleen cells used in these experiments were
from the mice described in Example XVIl. The number preceding the name of the peptide represents the ugimi amount
used for stimulation. The indicated usg/mi IL-2 values represent the mean d: SD of 4 individually tested mice.

As indicated by Example XVII, IL-2 production was not decreased upon stimulation of spleen cells with

~ varying mixtures of PLP1 and PLP-LR. To the contrary, in most cases of stimulation with peptide mixture IL-2

production was higher than in stimulation with a single peptide. Again these findings indicate that both agonist and
antagonist peptides exert adverse reactions on one another and reveal an anti-parallel antagonism and a stringent

control of TCR triggering at the level of naive T cells.




WO 98/30706 28 '~ PCT/US98/00520

In addition to the use of immunomodulating agents comprising T cell receptor antagonists and agonists for
attenuation of adult immune responses, the same compositions may advantageously be used for the induction of

tolerance in neonates and infants as demonstrated in the following Examples.
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Example XIX

ISJLIJ Mice Injected with ig-PLP1 at Birth

Resist Induction of EAE During Adult Life
To demonstrate the advantages of inoculating neonates or infants with the compositions of the present

invention, newborn mice were administered immunomodulating agents as described herein and exposed to agents for
the inducement of an autoimmune condition.

More specifically, neonatal mice (10 mice per group) were injected with 100 wg of affinity chromatography
purified 1g-PLP1 or Ig-W within 24 hours of birth and were induced for EAE with free PLP1 peptide at 7 weeks of
age. Mice were scored daily for clinical signs as follows: 0, no clinical signs; 1, loss of tail tone; 2 , hind limb
weakness; 3, hind limb paralysis; 4, forelimb paralysis; and 5, moribund or death. Panel A shows the mean clinical
score of all mice and panel B shows the mean score of the surviving animals only. EAE was induced by
subcutaneous injection in the foot pads and at the base of the limbs and tail with a 200 i IFA/PBS (1vol/1vol)
solution containing 100 g free PLP1 peptide and 200 wg M. tuberculosis H37Ra. Six hours later 5 x 10°
inactivated B. pertussis were given intravenously. After 48 hours another 5 x 10° inactivated B. pertussis were
given to the mice. '

As may be seen in Figs 16A and 16B adult mice recipient of Ig-PLP1 in saline at birth resisted the induction
of EAE by free PLP1 peptide. Indeed, the clinical scores were much less severe in those mice than in animals
recipient of Ig-W, the parental wild type Ig without any PLP peptide. In addition, contrary to those mice which
received Ig-W, mice injected with Ig-PLP1 showed no relapses (figure 16B).

Example XX
In_Vivo Presentation of lg-PLP1 by Neonatal
Thymic and Splenic Antigen Presenting Cells

In order to confirm the clinical results observed in Example XX, cytokine responses were measured in
neonatal mice. The data obtained is shown in Fig. 17.

Specifically, neonates (5 mice per group) were injected with 100 g Ig-PLP1 or Ig-W within 24 hours of
birth. Two days later the mice were sacrificed, and pooled thymic (17A) and splenic (17B) cells were irradiated and
used as APCs for stimulation of the PLP1-specific T cell hybridoma 4E3 as described above. [L-2 production in the
supernatant which was used as a measure of T cell activation was determined using the IL-2 dependent HT-2 cell
line as described by V.K. Kuchroo et al. J. /mmunol. 153, 3326 (1994) incorporated herein by reference. The
indicated cpms represent the mean + SD of triplicates.

The administered Ig-PLP1 was efficiently presented by neonatal APCs. Both thymic (17A) and splenic (17B)
APCs from neonate recipients of 1G-PLP1 activated a T cell hybridoma specific for PLP1 peptide without addition

of erogenous antigen. APCs from neonate recipients of Ig-W were unable to activate the T cell hybridoma.
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Example XXI

Reduced Splenic Proliferative T cell
Response in Mice Recipient of 1g-PLP1 at Birth
To further confirm the results observed in the previous two Examples, proliferative responses were measured

in mice inoculated with an immunomodulating agent at birth. The results are shown in Figs. 18A and 18B.

Neonates were injected intraperitoneal (i.p.)within 24 hours of birth with 100 g Ig-PLPI or Ig-W in saline.
When the mice reached 7 weeks of age they were immunized with 100 ug free PLP1 peptide in 200 11 CFA/PBS
{1volllvol) s.c. in the foot pads and at the base of the limbs and tail. Ten days later the mice were sacrificed, and
(18A) the lymph node { 0.4 x 10° celisiwell) and (18B) the splenic (1 X 10° cells/well) cells were in vitro stimulated
for four days with 15 wgiml free PLP1 or PLP2, a negative control peptide corresponding the encephalitogenic
sequence 178-191 of PLP (13). One uCilwell of{*H]thymidine was added during the last 14.5 hours of stimulation,
and proliferation was measured using an Inotech S-counter and the trace 96 Inotech program. The indicated cpms
represent the mean + SD of triplicate wells for individually tested mice. The mean cpm + SD of lymph node
proliferative response of all mice recipient of Ig-PLP1 and lg-W was 34,812 + 7,508 and 37,026 + 10,133,
respectively. The mean splenic proliferative response was 3,300 + 3,400 for the Ig-PLP1 recipient group and
14,892 + 4,769 for the Ig-W recipient group.

Mice recipient of Ig-PLP1 at the day of birth, like those injected with Ig-W, developed equivalent adult lymph
node T cell proliferative responses to PLP1 when they were immunized with free PLPI peptide in CFA (18A).
However, the splenic proliferative response was markedly reduced in the mice recipient of Ig-PLP1 (18B) thus
indicating the inducement of tolerance. Neither group of mice showed a significant proliferative response to PLP2,

a negative control peptide presented by I-A° class Il molecules like PLP1.

Example XXII
Lymph Node T Cell Deviation in Mice Treated With lg-PLP1 at Birth

To further demonstrate the induction of tolerance in infants or neonates, cytokine responses were measured
in were measured in mice inoculated with an immunomodulating agent at birth. The results are shown in Figs. 19A-
19C.

in particular, lymph node cells (4 x 10° celis/well) from the mice described in Example XXI were stimulated
in vitro with free PLP1 or PLP2 (15 ugiml) for 24 hours, and the production of IL-2 (194), IL-4 (19B), and INFy
(19C) was measured by ELISPOT as described in Example XVI using Pharmingen anti-cytokine antibody pairs. The
indicated values (spot forming units) represent the mean + SD of 8 individually tested mice.

The results show cytokine production patterns were affected by the inoculation of the neonatal mice.
Lymph node cells from mice recipient of Ig-W at birth produced, upon stimulation with PLP1, IL-2 but not INFy or
IL-4. In contrast, cells from mice recipient of Ig-PLP1 were deviated and instead produced IL-4. No cytokine

production was observed upon stimulation with PLP2 peptide.
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Example XXII
Reduced INFy Production by Splenic T Cells From

Mice Injected With ig-PLP1 at the Day of Birth
To confirm the results obtained in Example XXII, spleen cells from the same mice were assayed for cytokine

responses. The results are shown in Figs. 20A and 20B.

More specifically, splenic cells (1 X 10° cells/well) from the mice were stimulated i vitro with free PLP1
or PLP2 {15 pgimi) for 24 hours, and the production of iL-2 (20A), 1L-4 (20B), and INFy (20C) in the supernatant
was measured by ELISA using pairs of anti-cytokine antibodies from Pharmingen according to the manufacture’s
instructions (Example XVI). The indicated amounts of cytokine represent the mean + SD of 8 individually tested
mice.

In the spleen, while cells from mice innnoculate with Ig-W produced IL-2 and INFy. Conversely, cells from
mice injected with Ig-PLP1 produced IL-2 but failed to produce detectable levels of INFy. The negative control, PLP2

peptide, failed to induce cytokine production.

Example XXIV

Cytokine Mediated Restoration of Splenic T Cell
Proliferation in_Mice Injected With Ig-PLP1_at Birth

To demonstrate that proliferative responses may be retstored, cells from inoculated neonatal mice were
exposed to exogonous INFy. The results are shown in Fig. 21.

In particular, a group of neonates injected i.p. with 100 ug of Ig-PLP1 at birth were immunized with 100
g PLP1 peptide in CFA, as in Example XXI, and /n vitro stimulation of splenic cells (1 x 10° celisiwell) with free
PLP1 peptide (15 ug/ml) was carried out as described in Example XXI but in the presence of 100 units INFy or IL-
12. The indicated cpms for each mouse represent the mean + SD of triplicate wells. '

Surprisingly, addition of erogenous INFy to splenic cells from the mice recipient of Ig-PLP1 at birth restored
the proliferative response. IL-12, an inducer of INFy (14), also restored the splenic proliferative response.

Overall, mice injected at birth with Ig-PLP1 develop a lymph node T cell deviation and an unusual INFy-
mediated splenic anergy. Interestingly, when these mice were induced for EAE with free PLP1 peptide they developed
a mild monophasic disease without relapses. Since Igs have long half-lives, an lg based immunomodulating agent
may endure for an extended period of time resulting in a continuous and slow release of the immunosuppressive
factor, as may occur in the usual neonatal tolerization procedures using incomplete Freund's adjuvant with a
conventional antigen. Consequently, delivery on Igs may allow one to circumvent the use of adjuvant to induce
neonatal tolerance. Further, internalization of an immunosuppressive factor via FcR and the subsequent processing
in the endocytic pathway grants access to newly synthesized MHC class Il molecules, generating significant amounts
of MHC-immunosuppressive factor complexes. These favorable parameters (i.e. FcR-mediated APCs activation, slow

peptide release, and efficient peptide presentation), may contribute to the induction of lymph node deviation and

B
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splenic anergy. As with administration of the disclosed compositions to adults, the adjuvant free tolerization strategy
may be used to silence autoreactive T cells and prevent autoimmunity.

Those skilled in the art will further appreciate that the pressnt invention may be embodied in other specific
forms without departing from the spirit or central attributes thersof. In that the foregoing description of the present
invention discloses only exemplary embodiments thereof, it is to be understood that other variations are contemplated
as bemg within the scope of the present invention. Accordingly, the present invention is not mited to the particular
embodiments which have been described in detail herein. Rather, reference should be made to the appended clairﬁs
as indicative of the scope and centent of the invention.

Throughout this specification and the claims which follow, unless the context requires otherwise, the word “comprise”,
and variations such as "comprises” and "comprising", will be understood to imply the inclusion of a stated integer or step or group
of integers or steps but not the exclusion of any other integer or step or group of integers or steps.

The reference to any prior art in this specification is not, and should not be taken as, an acknowledgment or any form of

suggestion that that prior art forms part of the common general knowledge in Australia.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

I An immunomodulating agent, when used for the endocytic presentation of an immunosuppressive factor on
the surface of an antigen presenting cell of a vertebrate, comprising at least one Fc receptor ligand and at least one
immunosuppressive factor wherein said immunosuppressive factor is selected from the group consisting of a T cell
receptor antagonist which reduces T cell activation, a T cell receptor agonist which reduces T cell mediated

inflammatory reactions, and combinations thereof.

2, The immunomodulating agent of claim | wherein said immunosuppressive factor comprises a peptide

antagonist or a peptide agonist.

3. The immunomodulating agent of claim 2 wherein said peptide antagonist is an analog of a peptide agonist

capable of activating a T cell response to proteolipid protein.

4. The immunomodulating agent of claim | wherein said at least one Fc receptor ligand comprises at least

part of a domain of a constant region of an immunoglobulin molecule.

5. The immunomodulating agent of claim | wherein said Fc receptor ligand and said T cell receptor

antagonist or said T cell receptor agonist comprise polypeptides.

6. An immunomodulating agent comprising an antibody-antigen complex, wherein said antibody comprises
an Fc receptor ligand and said antigen is selected from the group consisting of a T cell receptor antagonist, a T cell
receptor agonist, or combinations thereof.

1. The immunomodulating agent of claim | wherein the Fc receptor ligand comprises a chimeric antibody.

8. The immunomodulating agent of claim 7 wherein said T cell receptor antagonist or said T cell receptor

agonist is inserted within at least one complementarity determining region.

A pharmaceutical composition for the endocytic presentation of an immunosuppressive factor on the

A R
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surface of an antigen presenting cell of a vertebrate comprising a compound as set forth in any one of claims | - 8.

10. Use of an immunomodulating agent as set forth in any one of claims | - 8 for the preparation of a

pharmaceutical composition to treat an immune disorder in a patient in need thereof.

1. The use of claim 10 wherein said immune disorder comprises a disorder selected from the group consisting

of autoimmune disorders, allergic responses and transplant rejection.

12. The use of claim || wherein said immune disorder comprises an autoimmune disorder selected from the
10  group consisting of multiple sclerosis, lupus, rheumatoid arthritis, scleroderma, insulin-dependent diabetes and

A ulcerative colitis.
3. The use of claim |1 wherein said patient is an infant or neonate.

15 A Use of an immunomodulating agent as set forth in any one of claims | - 8 for the preparation of a

LT pharmaceutical composition for the induction of T cell tolerance in a patient in need thereof.

I5. The use of claim 14 wherein said T cell tolerance is associated with an autoimmune disorder selected from
Sl the group consisting of multiple sclerosis, lupus, rheumatoid arthritis, scleroderma, insulin-dependent diabetes and

A 20 ulcerative colitis.
16. The use of claim 15 wherein said patient is an infant or neonate.

7. A method for treating an immune disorder comprising:

25 administering to a patient a therapeutically effective amount of a pharmaceutical composition comprising
an immunomodulating agent in combination with a physiologically acceptable carrier or diluent, when said
immunomodulating agent is used for the endocytic presentation of an immunosuppressive factor on the surface of an
antigen presenting cell of a vertebrate, wherein said immunomodulating agent comprises at least one Fc receptor
ligand and at least one immunosuppressive factor wherein said immunosuppressive factor is selected from the group

consisting of a T cell receptor antagonist which reduces T cell activation, a T cell receptor agonist which reduces T
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cell mediated inflammatory reactions, and combinations thereof.

8. The method of claim 17 wherein said immunosuppressive factor is an analog of a peptide agonist capable

of activating a T cell response to proteolipid protein.

19. The method of claim |7 wherein said immunosuppressive factor is an analog of a peptide agonist capable

of activating a T cell response to myelin basic protein.

20. The method of claim 17 wherein said Fc receptor ligand comprises at least part of one domain of a constant

region of an immunoglobulin molecule.

2| The mefhod of claim 20 wherein the immunoglobulin molecule is human 1gG molecule.

0. The method of claim 17 wherein said immunomodulating agent comprises a polypeptide.

n. The method of claim 22 wherein said immunomodulating agent comprises a chimeric antibody.

2. The method of claim 17 wherein said immune disorder comprises a disorder selected from the group

consisting of autoimmune disorders, allergic responses and transplant rejection.

25. The method of claim 24 wherein said immune disorder comprises an autoimmune disorder selected from
the group consisting of multiple sclerosis, lupus, rheumatoid arthritis, scleroderma, insulin-dependent diabetes and

ulcerative colitis.

26. A method for producing an immunomodulating agent that is to be used for the endocytic presentation of
an immunosuppressive factor on the surface of an antigen presenting cell of a vertebrate comprising the steps of:
transforming or transfecting suitable host cells with a recombinant polynucleotide molecule comprising a
nucleotide sequence which encodes a polypeptide comprising at least one Fc receptor ligand and at least one
immunosuppressive factor wherein said immunosuppressive factor is selected from the group consisting of a T cell

receptor antagonist which reduces T cell activation, a T cell receptor agonist which reduces T cell mediated
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inflammatory reactions, and combinations thereof;

culturing the transformed or transfected host cells under conditions in which said cells express the
recombinant polynucleotide molecule to produce said polypeptide wherein the polypeptide comprises at least a part
of an immunomodulating agent; and

5 recovering said immunomodulating agent.

21. The method of claim 26 wherein said immunosuppressive factor is an analog of a peptide agonist capable

of activating a T cell response to myelin basic protein.

stee 10 28. The method of claim 26 wherein said Fc receptor ligand comprises at least a part of one domain of a
ELH constant region of an immunoglobulin molecule.
oL 29. The method of claim 26 wherein said Fc receptor ligand comprises a chimeric body.
el 15 30. The method of claim 29 wherein said chimeric antibody comprises a heavy chain wherein at least one
IR complementarity determining region has been replaced with a T cell receptor antagonist or a T cell receptor agonist.
S 3l A recombinant polynucleotide molecule encoding a fusion polypeptide wherein said polynucleotide
L molecule comprises at least one nucleotide sequence encoding an Fc receptor ligand and at least one nucleotide
E 20  sequence encoding an immunosuppressive factor, when said polypeptide is used for the endocytic presentation of an

immunosuppressive factor on the surface of an antigen presenting cell of a vertebrate, wherein said
immunosuppressive factor is selected from the group consisting of a T cell receptor antagonist which reduces T cell
activation, a T cell receptor agonist which reduces T cell mediated inflammatory reactions, and combinations

thereof.

25

32 The polynucleotide molecule of claim 3| wherein said polynucleotide encoding an Fc receptor ligand
comprises a polynucleotide encoding at least part of one domain of a constant region of an immunoglobulin

molecule.

33. The polynucleotide molecule of claim 32 wherein the immunoglobulin molecule is a human IgG molecule.

e i w e S S s e e ST, T R SO P P v e e




10

15

20

25

30

POPER\MKR\SPECI\58214-98-spc.doc-29/08/01

34. The polynucleotide molecule of claim 31 wherein a polynucleotide encoding at least a portion of a
complementarity determining region of an immunoglobulin has been at least partially deleted and replaced with a

nucleotide sequence corresponding to a T cell receptor antagonist or a T cell receptor agonist.

35. Transfected or transformed cells comprising a recombinant polynucleotide molecule according to any one

of claims 31 to 34.

36. A method for the effective / vitroendocytic presentation of an immunosuppressive factor on the surface of
an antigen presenting cell of a vertebrate, comprising the steps of:

providing a medium comprising a plurality of antigen presenting cells expressing Fc receptors; and

combining said medium with a immunomodulating agent containing composition wherein the composition
comprises a compatible carrier having therein an immunomodulating agent having at least one Fc receptor ligand
and at least one immunosuppressive factor, when used for the endocytic presentation of an immunosuppressive
factor on the surface of an antigen presenting cell of a vertebrate, wherein said immunosuppressive factor is selected
from the group consisting of a T cell receptor antagonist which reduces T cell activation, a T cell receptor agonist

which reduces T cell mediated inflammatory reactions, and combinations thereof.

31. The method of claim 36 wherein said Fc receptor ligand comprises at least part of one domain of 2

constant region of an immunoglobulin molecule.

38. The method of claim 36 wherein said immunomodulating agent comprises a polypeptide.
39. An immunomodulatory agent substantially as herein described with reference to the accompanying
drawings.

DATED this 29™ day of August 2001
The University of Tennessee Research Corporation

by DAVIES COLLISON CAVE
Patent Attorneys for the Applicants
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