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TREATMENT OF AUTOIMMUNE DISEASE 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation-in-part of Ser. No. 
09/521,064, ?led on Mar. 8, 2000, which, in turn, claims 
bene?t of US. provisional application Serial No. 60/123, 
738, ?led on Mar. 10, 1999, both of which are hereby incor 
porated by reference. 

BACKGROUND OF THE INVENTION 

Early onset diabetes mellitus, or Type I diabetes, is a 
severe, childhood, autoimmune disease, characterized by 
insulin de?ciency that prevents normal regulation of blood 
glucose levels. Insulin is a peptide hormone produced by the 
[3 cells within the islets of Langerhans of the pancreas. Insu 
lin promotes glucose utilization, which is important for pro 
tein synthesis as well as for the formation and storage of 
neutral lipids. Glucose is also the primary source of energy 
for brain and muscle tissue. Type I diabetes is caused by an 
autoimmune reaction that results in complete destruction of 
the [3 cells of the pancreas, which eliminates insulin produc 
tion and eventually results in hyperglycemia and ketoacido 
SlS. 

Insulin injection therapy has been useful in preventing 
severe hyperglycemia and ketoacidosis, but fails to com 
pletely normalize blood glucose levels. Although insulin 
injection therapy has been quite successful, it does not pre 
vent the premature vascular deterioration that is the leading 
cause of morbidity among diabetics today. Diabetes-related 
vascular deterioration, which includes both microvascular 
deterioration and acceleration of atherosclerosis, can eventu 
ally cause renal failure, retinal deterioration, angina pectoris, 
myocardial infarction, peripheral neuropathy, and athero 
sclerosis. 

A promising treatment for diabetes, islet transplantation, 
has been in human clinical trials for over ten years. 
Unfortunately, the results where Type I diabetes is the under 
lying etiology are poor. There have been many successes 
with islet transplantation in animals, but only where the ani 
mals are diabetic due to chemical treatment, rather than 
natural disease. The only substantiated peer reviewed studies 
using non-barrier and non-toxic methods and showing suc 
cess with islet transplants in naturally diabetic mice use iso 
geneic (self) islets. The isogenic islets were transplanted into 
already diabetic NOD mice pre-treated with TNF-alpha 
(tumor necrosis factor-alpha); BCG (bacillus Calmette 
Guerin, an attenuated strain of mycobacterium bovis); and 
CPA (complete Freund’s adjuvant), which is an inducer of 
TNF-alpha (Rabinovitch et al., J. Immunol. (1997)159(12): 
62984303). This approach is not clinically applicable prima 
rily because syngeneic islets are not available. In the 
allograft setting of islet transplantation, the grafts are 
rejected presumably due to autoimmunity. Furthermore, dia 
betic host treatments such as body irradiation and bone mar 
row transplantation are too toxic in Type I diabetes patients, 
rendering the short-term alternative of insulin therapy more 
attractive. 

I previously developed a transplant method to introduce 
allogeneic and xenogeneic tissues into non 
immunosuppressed hosts, in which the cells are modi?ed 
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2 
such that the donor antigens are disguised from the host’s 
immune system (Faustman US. Pat. No. 5,283,058, hereby 
incorporated by reference). Generally, masked islets or 
transgenic islets with ablated class I are only partially pro 
tected from recurrent autoimmunity in spontaneous non 
obese diabetic (NOD) mice (Markmann et al., Transplanta 
tion (1992) 54(6): 108549). There exists the need for a 
treatment for diabetes and other autoimmune diseases that 
baits the autoimmune process. 

SUMMARY OF THE INVENTION 

The present invention provides a novel method for revers 
ing existing autoimmunity. 

Accordingly, the invention provides a method for increas 
ing or maintaining the number of functional cells of a prede 
termined type (e.g., islet cells) in a mammal, involving the 
steps of: (a) providing a sample of cells of the predetermined 
type, (b) treating the cells to modify the presentation of an 
antigen of the cells that is capable of causing an in vivo 
autoimmune cell-mediated rejection response, (0) introduc 
ing the treated cells into the mammal, and (d) prior to, after, 
or concurrently with step (c) treating the mammal to kill or 
inactivate autoimmune cells of the mammal. 

In preferred embodiments, step (b) involves eliminating, 
reducing, or masking the antigen, which is preferably is 
MHC class I. Such methods are known, and are described, 
e.g., in Faustman, US. Pat. No. 5,283,058. 

Preferably, step (d) involves administering to the mammal 
rumor necrosis factor-alpha (“TNF-alpha”), or a TNF-alpha 
inducing substance, (i.e., an agonist). As will be explained in 
more detail below, the TNF-alpha signaling pathway is an 
in?ammatory pathway that effectively brings about killing 
of the autoimmune cells that attack the desired cells. There 
are many methods for stimulating TNF-alpha production, 
including the following: vaccination with killed bacteria or 
toxoids, e.g., BCG, cholera toxoid, or diphtheria toxoid; 
induction of limited viral infections; administration of LPS, 
interleukin-1, or UV light; activation of TNF-alpha produc 
ing cells such as macrophages, B-lymphocytes and some 
subsets of T-lymphocytes; or administration of the chemot 
atic peptide fMET-Leu-Phe; CFA-pacellus toxoid, Mycoba 
terium bovis bacillus, TACE (a metalloproteinase that medi 
ates cellular TNF-alpha release), hydrozamates, p38 
mitogen activated protein (“MAP”) kinase, and viral anti 
gens that activate NFKB transcription factors that normally 
protect the cells from apoptosis (i.e., cell death). 

Killing of undesired autoimmune cells can also be accom 
plished by administering agents that act as agonists for the 
enzyme, TNF-alpha converting enzyme, that cleaves the 
TNF-alpha precursor to produce biologically active TNF 
alpha. 
Autoimmune cells can also be killed by administering 

agents that disrupt the pathways that normally protect 
autoimmune cells from cell death, including soluble forms 
of antigen receptors such as CD28 on autoreactive T cells, 
CD40 on B cells that are involved in protection of autoim 
mune cells, and CD95 (i.e., Fas) on T-lymphocytes. Other 
such agents include [p75NTF] p75TNF and lymphotoxin 
Beta receptor (LtbetaR). 
The methods of the invention in some respects run counter 

to current treatment regimens for autoimmune diseases. 
Many of the major approved therapies for such diseases 
involve the administration of anti-in?ammatory drugs that 
inhibit the production of TNF-alpha, including COX-2 
inhibitors, and TNF antagonists. My studies indicate that 
these conventional therapies are actually deleterious, in that 
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they bring about expansion of the population of harmful 
autoimmune cells in the patient, increasing the number and 
severity of lesions and autoreactive in?ltrates. In addition, 
many of these anti-autoimmune in?ammatory drug therapies 
cause severe re-bound disease after discontinuation. For 
example, treatment with anti-in?ammatory agents actually 
increases the number of lymphocyte in?ltrates in the pan 
creas of a diabetic. Once treatment is discontinued, these 
lymphocytes regain their normal function, resulting in a 
heightened autoimmune response. 

The methods of the invention can be used to treat any of 
the major HLA class II-linked autoimmune diseases charac 
terized by disruption in MHC class I peptide presentation 
and TNF-alpha sensitivity. These diseases include, for 
example, type I diabetes, rheumatoid arthritis, SLE, and 
multiple scelorosis. The method can be used in any mammal, 
e.g., human patients, who have early pre-symptomatic signs 
of disease, or who have established autoimmunity. 

The invention also provides a method for increasing or 
maintaining the number of a predetermined type e.g., islet 
cells, in a mammal by the steps of (a) treating the mammal 
with an agent that kills or inactivates autoimmune cells of 
the mammal; (b) periodically monitoring the cell death rate 
of the autoimmune cells; and (c) periodically adjusting the 
dosage of the agent based on the information obtained in 
monitoring step (b). 

In any of the methods of the invention in which TNF 
alpha is administered or stimulated, two agents can be used 
together for that purpose, e.g., TNF-alpha and IL-1 can be 
used in combination therapy, as can any other combinations 
of agents. 

In addition, the invention provides a method for diagnos 
ing an autoimmune disease or predisposition to such a dis 
ease in a mammal (e.g., a human patient). The method 
includes the steps of (a) providing peripheral cells from a 
mammal; (b) treating these cells with a TNF-alpha treatment 
regimen and; (c) detecting cell death in the peripheral cells, 
where an increase in cell death, when compared with control 
cells, is taken as an indication that the mammal has an 
autoimmune disease or predisposition to such disease. This 
diagnostic method can be used for any mammal, however, 
the preferred mammal is a human patient. Peripheral cells 
that can be used in this method are, for example, 
splenocytes, T lymphocytes, B lymphocytes, or cells of bone 
marrow origin and in step (b) of the method, these cells are 
preferably treated with TNF-alpha. 
By “functional cell,” is meant cells that carry out their 

normal in vivo activity. In certain preferred embodiments of 
the invention, it is preferred that the cells are capable of 
expressing endogenous self peptide in the context of MHC 
class I. 

By “predetermined type,” when used in reference to func 
tional cells, is meant that one may select a speci?c cell type. 
For example, one skilled in the art may decide to carry out 
the method of the present invention in order to increase or 
maintain the number of functional islet cells in the pancreas. 
In this example, the predetermined cell type is islet cells. 
By “class I and peptide” is meant MHC class I presenta 

tion of peptide (i.e., self peptide) on the cell surface. Cyto 
plasmic antigens are believed to be processed into peptides 
by cytoplasmic proteases and at least in part by the 
proteasome, a multicatalytic proteinase complex of which 
the me2 protein, discussed herein, is associated. The pro 
cess of MHC class I presentation is thought to include for 
mation of a complex between the newly synthesized MHC 
class I molecule, including a glycosylated heavy chain non 
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covalently associated with [32-microglobulin, and peptide 
within the rough endoplasmic reticulum of the cell. Thus, 
“class I and peptide” refers to the MHC class I/peptide com 
plex as it is presented on the cell surface for education of the 
immune system. 
By “killing” or “kills” is meant to cause cell death by 

apoptosis. Apoptosis can be mediated by any cell death path 
way. According to the present invention, cells that are sus 
ceptible to killing are defective in protection from apoptosis 
due to a defect in a cell death pathway. 

“Autoimmune cells,” as used herein, includes cells that are 
defective in protection from apoptosis. This defect in protec 
tion from apoptosis can be in the pathway linked to TNF 
induced apoptosis, or an apoptotic pathway unrelated to 
TNF. Autoimmune cells of the present invention include, for 
example, adult splenocytes, T lymphocytes, B lymphocytes, 
and cells of bone marrow origin, such as defective antigen 
presenting cells of a mammal. 
By “defective” or “defect” is meant a defect in protection 

from apoptosis. 
By “exposure” is meant exposure of a mammal to MHC 

class I and peptide (i.e., self peptide or endogenous peptide) 
by any means known in the art. In one preferred 
embodiment, exposure to MHC class I and peptide is carried 
out by administering to the mammal an MHC class I/peptide 
complex. In other preferred embodiments, exposure to MHC 
class I and peptide occurs by exposing the mammal to cells 
that express MHC class I and peptide. 
By “cells capable of expressing MHC class I and peptide” 

is meant, for example, cells that are class I+ or cells that are 
class I_/_ (e.g., cells having a mutation in the [32M gene) but 
that are reconstituted in vivo by a compensatory component 
(e.g., serum 62M). 
By “maintenance of normal blood glucose levels” is 

meant that a mammal is treated, for example, by insulin 
injection or by implantation of a euglycemic clamp in vivo, 
depending on the host being treated. 
By “lmp2 gene or an equivalent thereof,” is meant a cell 

that has a defect in prevention of apoptotic cell death, for 
example, a cell that has an ablation at a critical point in an 
apoptotic cell death pathway. In another aspect, “lmp2 gene 
or an equivalent thereof” means that a cell has a mutation in 
the lmp2 gene or a gene that carries out a function the same 
as or similar to the lmp2 gene (i.e., a gene encoding a protea 
some subunit). Alternatively, the phrase “lmp2 gene or an 
equivalent thereof” can be used to refer to a cell that has a 
mutation in a gene that encodes a regulator of the lmp2 gene 
or another component of the proteasome complex. For 
example, a human homolog of the murine lmp2 gene is an 
equivalent of the lmp2 gene according to the present inven 
tion. As but another example, a gene that carries out the same 
or similar function as the lmp2 gene, but that has a low 
amino acid sequence similarity, would also be considered as 
an equivalent of the lmp2 gene according to the present 
invention. 

“Combination therapy,” or “combined therapy,” as used 
herein, refers to the two-part treatment for increasing the 
number of functional cells of a predetermined type that 
includes both (1) ablation of autoimmune cells, and (2) 
re-education of the host immune system. 
By “TNF-alpha induction,” “TNF-alpha treatment 

regimen,” or “TNF-alpha” includes the administration of 
TNF-alpha, agents that induce TNF-alpha expression or 
activity, TNF-alpha agonists, agents that stimulate TNF 
alpha signaling, or agents that act on pathways that cause 
accelerated cell death of autoimmune cells, according to the 
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invention. Stimulation of TNF-alpha induction (e.g., by 
administration of CPA) is preferably carried out prior to, 
after, or during administration (via implantation or injection) 
of cells in vivo. 
By “effective,” is meant that the dose of TNF-alpha, or 

TNF-alpha inducing agent, administered, increases or main 
tains the number of functional cells of a predetermined type 
in an autoimmune individual, while minimizing the toxic 
effects of TNF-alpha administration. Typically, an effective 
dose is a reduced dose, compared to doses previously shown 
to be ineffective at treating autoimmune disease, particularly 
established autoimmune disease. 

The methods of the invention provide, for the ?rst time, 
effective reversal of naturally-occurring (as opposed to 
chemically induced) mediated diseases such as type I diabe 
tes. 

Other features and advantages of the invention will be 
apparent from the following description of the preferred 
embodiment thereof, and from the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows three graphs that depict blood glucose con 
centration at indicated times after transplantation (left 
panels) and six photographs showing the histology of the 
pancreas (middle panels) and graft site under the kidney 
capsule (right panels) of diabetic NOD female mice sub 
jected to transplantation with islets from various donor types 
and a single injection of CFA. Islet grafts were derived from 
young NOD mice (panel A), C57 mice (panel B), or [32M_/_ 
057 mice (panel C). 

FIG. 2 is a graph depicting the histological characteristics 
of the graft site and pancreas of individual NOD hosts sub 
jected to transplantation of islets from various types of 
donors in the absence or presence of TNF-alpha induction. 
Open squares indicate lack of visible islet structures and of 
visible lymphocytic accumulation; open squares with dots 
indicate massive lymphocytic accumulation obscuring islet 
remnants; shaded squares indicate viable islets without lym 
phocytes; shaded squares with dots indicate viable islet 
structures with only circumferential lymphocytic accumula 
tion; pane indicates pancreas. 

FIG. 3 shows ?ve graphs depicting blood glucose levels 
(left panels) and ?ve photographs showing the histology of 
the pancreas (right panels) of diabetic NOD female mice 
subjected to transplantation with islets from [32M C57 mice 
and a single injection of CFA. Arrows indicate the time of 
removal of the kidney containing the islet graft by nephrec 
tomy. 

FIG. 4 shows two graphs (panels A and B) and three pho 
tographs (panels C, D, and E) that demonstrate the effect of 
TNF-alpha induction and repeated exposure to C57 spleno 
cytes on islet regeneration and restoration of normoglycemia 
in diabetic NOD hosts. Panel A represents NOD females 
treated with daily injections of insulin alone (controls, n=5). 
Panel B represents NOD females treated with insulin (until 
normoglycemia was restored) plus a single injection of CFA 
and biweekly injections of 9><106 C57 splenocytes (n=9). 
Arrows represent time of death. Pancreatic histology of a 
control animal (panel C); an animal that remained hypergly 
cemic (panel D); and an animal in which normoglycemia 
was restored (panel E). 

FIG. 5 shows four graphs (left panel) that depict the effect 
of maintenance of normoglycemia during TNF-alpha induc 
tion and splenocyte treatment on islet regeneration in dia 
betic NOD mice. The graphs are accompanied by eight pho 
tographs that show the histology of the pancreas, speci?cally 
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6 
islets and associated lymphocytic in?ltrates (middle panels) 
and islet insulin content (right panels). Arrows represent 
time of removal of euglycemic clamp. Mice received a 
single injection of CFA only (panel A), CFA plus biweekly 
injections of splenocytes (9x106) from normal C57 mice 
(panel B), [32M_/_’ TAPl_/_ C57 mice (panel C), or MHC 
class II_/_ C57 mice (panel D). 

FIG. 6 shows six graphs depicting ?ow cytometric analy 
sis of the effect of islet regeneration on the percentage of 
CD3+ T cells among splenocytes of NOD mice. Percentage 
CD3+ cells is shown in the upper right corner of each graph. 
Panel A represents a 6- to 7-month-old female C57 mouse; 
panel B represents a diabetic NOD female treated with insu 
lin alone for 12 days; panels C through E represent diabetic 
NOD females implanted with a euglycemic clamp for —40 
days and treated with a single injection of CFA either alone 
(panel D) or together with biweekly injections of normal 
C57 splenocytes (panel C), MHC class II_/_ C57 splenocytes 
(panel E), or [32M_/_, TAPl_/_ C57 splenocytes (panel F). 

FIG. 7 shows the effects of TNF-alpha on the survival of 
spleen cells derived from untreated C57 (C57BL/6) and 
untreated or treated NOD mice. Spleen cells were incubated 
without or with TNF-alpha (20 ng/ml) for 24 hours after 
which apoptotic cells were detected by ?ow cytometry with 
?uorescein isothiocyanate-conjugated annexin V. The per 
centage of apoptotic cells is given in the top right-hand cor 
ner of each panel. 

FIG. 8 shows the blood sugar levels in adoptive transfer 
recipients of fresh untreated spleen cells (top) or in vitro 
TNF-alpha treated cells (bottom) from diabetic NOD mice 
transferred to young irradiated male NOD mice. In the top 
panel, mice were injected with 2><107 spleen cells pooled 
from three spontaneously diabetic NOD mice. In the bottom 
panel, recipient mice were also injected with spleen cells 
pooled from three,spontaneously diabetic NOD mice. Prior 
to injection, these splenocytes were treated with 10 ng/ml 
TNF-alpha in vitro and assayed for cell viability. 2><107 
viable spleen cells were then injected into recipient mice. 

DETAILED DESCRIPTION 

The present invention provides a method of increasing or 
maintaining the number of functional cells of a predeter 
mined type in a mammal by preventing cell death. In pre 
ferred embodiments, this method is used to treat an autoim 
mune disease where endogenous cell and/or tissue 
regeneration is desired. Such autoimmune diseases include, 
without limitation, diabetes [melitus] mellilus, multiple 
sclerosis, premature ovarian failure, [scleroderm] 
scleroderma, Sjogren’s disease, lupus, vilelego, alopecia 
(baldness), polyglandular failure, Grave’s disease, 
hypothyroidism, polymyosititis, [pempligus] pemphigus, 
[Chron’s] Crohn's disease, colititis, autoimmune hepatitis, 
hypopituitarism, myocardititis, Addison’s disease, autoim 
mune skin diseases, uveititis, pernicious anemia, 
hypoparathyroidism, and rheumatoid arthritis. One aspect of 
the invention provides a novel two -part therapeutic approach 
to ablate existing autoimmunity while re-educating the 
immune system via MHC class I and peptide. A key feature 
of the invention is the discovery that reexpression of endog 
enous antigens in the context of class I MHC is essential to 
terminate an ongoing autoimmune response. 
As mentioned above, Type I diabetes results from destruc 

tion of the cells of the Islet of Langerhans of the pancreas via 
a severe autoimmune process. The goal for treatment of Type 
I diabetic patients is to permanently halt the gaff autoim 
mune process so that pancreatic islets are preserved. 
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Alternatively, in cases where islet destruction from autoim 
munity is complete, the goal is to provide a method of 
replacing islet cells, or allowing them to regenerate. Thus, 
the invention provides a novel method for increasing or 
maintaining the number of functional cells of a predeter 
mined type for treatment of established cases of diabetes 
[melitus] mellilus, where existing autoimmunity is reversed. 

In adult onset diabetes, or Type II diabetes, the [3 islet cells 
of the pancreas are often defective in secretion of insulin. 
However, recent studies indicate that, in some patients, 
autoimmune destruction of [3 islet cells docs play an impor 
tant role in disease progression (Willis et al., Diabetes Res. 
Clin. Pract. (1998) 42(1):49*53). Thus, the present invention 
may also be used to treat Type II diabetes where an autoim 
mune component is present. 
Relating the Present Invention to Known Genetic and Func 
tional Information 

Genetic and functional studies have identi?ed mutations 
in the lmp2 gene in NOD diabetic mice, a murine model for 
human type I diabetes (Li et al., Proc. Natl. Acad. Sci., USA 
(1994) 91111128i32; Yan et al., J. Immunol. (1997) 
159:3068i80; Fu et al, Annals of the New York Academy of 
sciences (1998) 842:138i55; Hayashi et al., Molec. Cell. 
Biol. (1999) 19864659). me 2 is an essential subunit of 
the proteasome, a multi-subunit particle responsible for pro 
cessing a large number of intracellular proteins. The pro 
nounced proteasome defect in me2 results in defective pro 
duction and activation of the transcription factor NFKB 
through impaired proteolytic processing of NFKB to gener 
ate NFKB subunits p50 and p52 and impaired degradation of 
the NFKB inhibitory protein, IKB. NFKB plays an important 
role in immune and in?ammatory responses as well as in 
preventing apoptosis induced by tumor necrosis factor alpha 
(TNF-alpha). Autoreactive lymphoid cells expressing the 
lmp2 defect are selectively eliminated by treatment with 
TNF-alpha, or any TNF-alpha inducing agent, such as com 
plete Freund’s adjuvant (CPA), or an agent that acts on a 
pathway required for cell death protection, for example, any 
pathway converging on the defective apoptotic activation 
mechanism. This is well illustrated by faulty apoptosis pro 
tection in the NOD mouse which lacks formation of protec 
tive NFKB complexes. 

The lmp2 gene is genetically linked to the MHC locus 
(Hayashi et al., supra). Antigen presenting cells of NOD 
mice cease production of LMP2 protein at approximately 
5*6 weeks, a process that terminates the proper processing 
of endogenous peptides for display in the context of MHC 
class I on the cell surface. Surface display of endogenous 
peptide in the context of MHC class I molecules is essential 
for the selective elimination of T cells reactive to self anti 
gens (Faustman et al., Science (1991) 254:1756i6l ; Ashton 
Rickardt et al., Cell (1993) 73:104li9; Aldrich et al., Proc. 
Natl. Acad. Sci. USA (1994) 91(14):6525*8; Glas et al., J. 
Exp. Med. (1994) 179:66li72). Current theory suggests that 
interruption of endogenous peptide presentation via MHC 
class I prevents proper T cell education and is responsible for 
a diverse array of autoimmune diseases (Faustman et al., 
supra; Fu et al., J. Clin. Invest. (1993) 9112301i7). These 
data are also consistent with the clear sex-, tissue-, and age 
speci?c differences in the expression of this error which par 
allel the initiation and disease course of insulin-dependent 
(type I) diabetes. It is hypothesized that the trigger for the 
initiation of autotimmunity is the tissue-and developmental 
speci?c dysregulation of the proteasome (or MHC class I) in 
islet cells, as opposed to lymphocytes. As mentioned above, 
it is possible that this defect triggers a pathologic T cell 
response to islet cells via interruption of proper T cell educa 
tion (Hayashi et al., supra). 
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In a normal, non-diabetic, human or animal, peripheral 

tissues, including islets, consistently express endogenous 
antigens in the context of MHC class I (Hayashi et al., 
supra). Constitutive tissue-speci?c display of self peptide via 
MHC class I could maintain peripheral tolerance in the con 
text of properly selected lymphocytes (Vidal-Puig et al., 
Transplant (1994) 26:33 14*6; MarkiewicZ et al. Proceedings 
of the National Academy of Sciences of the United States of 
America (1998) 95(6):3065*70). In the absence of such 
tissue-speci?c display, poor negative selection of 
T-lymphocytes could lead to overexpansion of self-reactive 
lymphocytes, a prominent feature in human and murine dis 
ease models. 
As mentioned above, autoreactive lymphoid cells express 

ing the lmp2 defect are selectively eliminated, for example, 
by treatment with TNF-alpha, or any TNF-alpha inducing 
agent, such as complete Freund’s adjuvant (CFA). Although 
the speci?c gene defect has not been identi?ed in human 
autoimmune patients, it is known that human splenocytes in 
the human diabetic patient, like murine splenocytes in the 
NOD mouse, have defects in resistance to TNF-alpha 
induced apoptosis (Hayashi et al., supra). Speci?c cells in 
human autoimmune patients might express a genetic defect, 
similar to the proteasome defect in mice, that increases sus 
ceptibility to TNF-alpha induced apoptosis or an analogous 
apoptotic cell death pathway. Therefore, in patients express 
ing the genetic defect, only the autoimmune cells are killed. 
Permanently eliminating the autoreactive cells is a key fea 
ture of an effective treatment for an autoimmune disease. 

According to the present non-limiting theory, of the 
invention, multiple cell death pathways exist in a cell and 
any one or more of these cell death-related pathways may be 
defective, accentuating the sensitivity of these cells to cell 
death. For example, susceptibility to TNF-alpha induced 
apoptosis could occur via a failed cell death inhibition path 
way (e.g., by defective production and activation of the tran 
scription factor NFKB, as in the NOD mouse). Further, it is 
well known that there are two different TNF-alpha receptors. 
Defective signaling through either receptor could render 
autoimmune cells susceptible to TNF-alpha induced apopto 
sis. As but another example, defective cell signaling through 
surface receptors that stimulate pathways that interact with 
the cell death pathway, i.e., LPS, IL-l, TPA, UV light etc., 
could render autoimmune cells susceptible to apoptosis 
according to the theory of the present invention. Therefore, 
methods of the present invention that are bene?cial in the 
treatment of autoimmune disease are applicable to any 
autoimmune patient that has a defect in a cell death pathway. 
As mentioned above, current therapies for autoimmune 

disease are directed toward decreasing the in?ammatory 
reaction that is thought to be responsible for destruction of 
self. TNF-alpha is part of the in?ammatory response. Thus, 
according to the present theory, induction of an in?amma 
tory response, rather than inhibition of an in?ammatory 
response, is the preferred method of treating an autoimmune 
individual. This theory runs counter to existing dogma sur 
rounding autoimmune therapy today. 

It is possible that TNF-alpha is inducing a cytokine, 
toxoid, or other related molecule induced in the in?amma 
tory response that is the responsible for the bene?t of TNF 
alpha treatment. If so, induction of in?ammation via TNF 
alpha treatment is still in agreement with the theory of the 
invention. In a preferred embodiment, induction of in?am 
mation via TNF-alpha treatment induces mediators of 
autoimmune cell death. 
A Novel Assay for Monitoring Treatment 

It is well known that prolonged TNF-alpha treatment by 
itself is highly toxic. In light of the elucidation of the cell 
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death pathway described above, we hypothesized that the 
knowledge of this pathway could enable development of a 
sensitive in vitro assay that could be used to monitor the in 
vivo effect of a particular TNF-alpha treatment regimen (i.e., 
any treatment regimen that results in induction of TNF -alpha 
and in?ammation). More particularly, a monitoring system 
could be developed that combined the administration of 
TNF-alpha alone with an assay capable of measuring the 
effect of TNF-alpha treatment on apoptosis of autoimmune 
cells in a mammal diagnosed with an autoimmune disease. 
Such a monitoring system would make it possible to mea 
sure the effect of particular doses of TNF-alpha on the apop 
tosis of autoimmune cells concurrently with treatment of an 
autoimmune individual. Moreover, such a monitoring sys 
tem would enable optimization or adjustment of the dose of 
TNF-alpha (i.e., or TNF-alpha inducing agent) to maximize 
autoimmune cell death, while minimizing exposure of the 
mammal to toxic doses of TNF-alpha. 

Thus, the invention provides a method of increasing or 
maintaining the number of functional cells of a predeter 
mined type in a mammal that involves a) treating a mammal 
to kill or inactivate autoimmune cells of the mammal; b) 
periodically monitoring the cell death rate of the autoim 
mune cells (i.e., by assaying the cell death rate of autoim 
mune cells in the mammal, wherein an increase in cell death 
rate of auto reactive T-lymphocytes indicates an increase in 
the number of functional cells of the predetermined type 
(i.e., resistant to cell death)); and (c) periodically adjusting 
the dosage of the agent based on the information obtained in 
step (b). The autoimmune cells of the present invention 
include any cell defective in protection from apoptotic cell 
death by any stimulus, for example, TNF-alpha, CD40, 
CD40L, CD28, IL1, Fas, FasL, etc. 

The assay of step (b) allows one to identify novel formu 
lations of TNF-alpha, TNF-alpha inducing agents, TNF 
alpha agonists, or agents that act on the TNF-alpha signaling 
pathway effective in inducing apoptosis of T-lymphocytes or 
antigen presenting cells, that can be administered over a 
longer course of treatment than was possible prior to the 
present invention (e.g., preferably over a period of months, 
more preferably over a period of years, most preferably over 

a lifetime). 
In a related embodiment, the present monitoring system 

may be used to identify new doses, durations of treatment, 
and treatment regimens for TNF-inducing agents that were 
previously discounted as useful treatments because there 
was no way to monitor their effect. For example, in contrast 
to a preliminary report identifying BCG, a TNF-alpha induc 
ing agent, as a useful type I diabetes treatment (Shehadeh et 
al., Lancet, (1994) 343:706), researchers failed to identify a 
therapeutic dose of BCG because there was no way to moni 
tor the effect of BCG in vivo (Allen et al., Diabetes Care 
(1999) 2211703; Graves et al., Diabetes Care (1999) 
22: 1 694). 

The assay of step (b) may also be used to tailor TNF-alpha 
induction therapy to the needs of a particular individual. For 
example, as mentioned above, in one preferred embodiment, 
the assay of step (b) can be carried out every day or every 
other day in order to measure the effect of TNF-induction 
therapy and/or cell death inducing agents on autoimmune 
cell death rate so that adjustment to the administered dose, 
duration of treatment (i.e., the period of time over which the 
patient will receive the treatment), or treatment regimen (i.e., 
how many times the treatment will be administered to the 
patient) of TNF-alpha can be made to optimize the effect of 
TNF-alpha treatment and minimize the exposure of the 
patient to TNF-alpha or other cell death inducing agents. Of 
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course, the skilled artisan will appreciate that the assay can 
be performed at any time deemed necessary to assess the 
effect of a particular regimen of TNF-alpha induction 
therapy on a particular individual (i.e., during remission of 
disease or in a pre-autoimmune individual). 
The assay can be used to tailor a particular TNF-alpha 

induction regimen to any given autoimmune disease. For 
example, the in vitro monitoring of selective killing of 
autoimmune cells can be used to selectively grade the drug 
(i.e., adjust the dose administered to maximize the therapeu 
tic effect). The monitoring system described herein can be 
used to monitor in vivo trials of TNF-alpha treatment by 
continuously measuring the elimination of autoimmune 
cells, e.g., autoreactive T lymphocytes, with continuing sen 
sitivity. Of course, the skilled artisan will appreciate that the 
present monitoring system can be used to measure the effect 
of TNF-alpha on in vivo killing of autoimmune cells in cases 
where TNF-alpha-induction therapy is cited in conjunction 
with any other therapy, e. g., T cell re-education, as described 
herein. 

It is well known that TNF-alpha induction therapy has 
been shown to be ineffective in patients with established 
autoimmunity, e.g., established diabetes, but is effective in 
patients in a pre-autoimmune state, e.g., patients in a pre 
diabetic or pre-lupus state. In addition, it has been estab 
lished that TNF-alpha induction in adult NOD and NZB 
mice (a murine strain susceptible to lupus-like disease) 
decreases diabetic or lupus symptoms respectively. Accord 
ing to the invention, TNF-alpha therapy can be effective 
even in patients with established disease, by monitoring the 
elimination of autoimmune cells and optimizing the dose, 
duration of treatment, and/or re-treatment schedule accord 
ingly. Thus, the assay of step (b) may be used to identify an 
effective dose, duration of treatment, or treatment regimen 
of TNF-alpha (e.g., lower than doses previously shown to be 
ineffective in treatment of diabetes, particularly in the treat 
ment of established diabetes) that can be used as an effective 
treatment for autoimmune disease. 

In another preferred embodiment, the assay of step (b) is 
used to identify a dose, duration of treatment, or treatment 
regimen of TNF-alpha that can reduce or eliminate side 
effects associated with a particular autoimmune disease. A 
particular dose of TNF-alpha may be identi?ed that reduces 
or eliminates the symptoms associated with, for example, 
vascular collapse associated with diabetes, blindness or kid 
ney failure associated with Type 1 diabetes, or skin eruptions 
associated with lupus. It is well established that it is the side 
effects associated with the autoimmune reaction that are 
often responsible for mortality of autoimmune patients. 
Thus, in one preferred embodiment, the monitoring system 
of the present invention identi?es a treatment regimen for 
TNF-alpha that reduces the symptoms and/or complications 
of the autoimmune disease, such that the quality of life of the 
patient is improved and/or the life-span of the patient being 
treated is prolonged. In a related embodiment, the monitor 
ing system of the present invention identi?es a treatment 
regimen for TNF-alpha that prevents disease progression or 
even halts disease in a patient diagnosed with an autoim 
mune disease. 

Thus, in another aspect, the present invention provides a 
monitoring system for measuring the rate of cell death in an 
autoimmune mammal, including (a) a treatment regimen for 
killing or inactivating autoimmune cells in a mammal; and 
(b) an assay capable of measuring the effect of the treatment 
regimen on the cell death rate of autoimmune cells in the 
mammal, wherein an increase in cell death rate indicates an 
decrease in autoimmunity. 
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In Vitro Assay for Monitoring Cell Death 
The present invention provides a novel assay for monitor 

ing apoptosis of autoimmune cells in a mammal. In one 
preferred embodiment, the present invention provides an 
assay involving (a) isolating a blood sample from a mammal, 
preferably a human, and (b) testing the blood sample in vitro 
for killing of autoimmune cells compared to non 
autoimmune cells using techniques available in the art. As 
mentioned above, non-autoimmune cells are generally resis 
tant to TNF-alpha induced apoptosis. An increase in cell 
death in autoimmune cells compared to non-autoimmune 
cells indicates that the dose of TNF-alpha or other cell death 
inducing agent is su?icient to induce killing of the autoim 
mune cells or defective bone marrow origin cells. 
Combined TNF Induction Therapy 

The present invention also features a drug combination 
that includes two or more TNF-alpha inducing agents. One 
particularly preferred combined TNF-alpha treatment is the 
combination of TNF-alpha and IL1. This treatment strategy 
goes against the current dogma surrounding treatment of 
autoimmune disease. For example, at the TNF Second Inter 
national Meeting (A Validated Target with Multiple Thera 
peutic Potential, Feb. 24*25, 1999, Princeton, N.J., USA) it 
was disclosed that a combination of anti-TNF-alpha anti 
body and anti-ILl would be advantageous in the treatment of 
autoimmune disease. The treatment of the present invention 
discloses induction of in?ammation, which is the opposite of 
the treatment believed to be effective by those skilled in the 
art, that is, suppression of in?ammation. Of course, in the 
current treatment, in?ammation does not occur because the 
in?ammatory cells actually die prior to arriving at the target 
site or are killed at the target site. 
Of course, the present invention is not limited to a com 

bined TNF inducing therapy that includes only the combina 
tion of TNF-alpha and IL1, but includes any combination of 
TNF-alpha-including therapies, e.g., vaccination with BCG 
etc., viral infection, LPS, activation of cells that normally 
produce TNF-alpha (i.e., macrophages, B cells, and T cells), 
the chemotactic peptide ?VIet-Leu-Phe, bacterial and viral 
proteins that activate NFKB, agents that induce signaling 
pathways involved in adaptive immune responses (i.e., anti 
gen receptors on B and T cells, CD28 on T cells, CD40 on B 
cells), agents that stimulate speci?c autoreactive cell death 
receptors (i.e., TNF, Fas (CD95), CD40, [p75NF] p75TNF, 
and lymphotoxin Beta-receptor (LtbetaR), drugs that stimu 
late TNF-alpha converting enzyme (TACE) which cleaves 
the TNF-alpha precursor (i.e., to provide biological activity 
capable of stimulating enhanced production or enhanced 
cytokine life after secretion) etc. 
Identi?cation of In?ammation-inducing Agents 

In preferred embodiments, the present invention provides 
in?ammatory agents for the treatment of autoimmune dis 
ease that are counter to the anti-in?ammatories used to treat 
autoimmune diseases today. For example, current methods 
for treating autoimmune disease include TNF-alpha antago 
nists. Thus, the present invention provides TNF-alpha ago 
nists (i.e., chemicals, peptides, or antibodies) that act on a 
TNF-alpha receptor. Other preferred treatments could fall 
under the categories of drugs that act in opposite to anti 
TNF-alpha agonists, anti-TNF-alpha antibodies, TNFR2 
fusion proteins (Immunex), Embrel, anti-ILl therapies, 
TNF-alpha convertase inhibitors, p38 MAP kinase 
inhibitors, phoshodiesterase inhibitors, thalidomide analogs, 
and adenosine receptor agonists. 

In another preferred embodiment, the invention allows for 
the identi?cation of drugs that induce cell death or selec 
tively hamper the autoimmune cells by binding to cell sur 
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face receptors or interacting with intracellular proteins. For 
example, drugs that stimulate the IL-1 pathway or drugs that 
interact with converging pathways such as Fas, FasL, TACI, 
ATAR, RANK, DR5, DR4, DCR2, DCRl, DR3, etc. The 
drugs of the present invention can be characterized in that 
they only kill autoimmune cells having a selective defect in a 
cell death pathway which can be characterized by two dis 
tinct phenotypes, (l) defects in antigen presentation for T 
cell education and (2) susceptibility to apoptosis. 

It will be appreciated that the above-described assay for 
monitoring death of autoimmune cells can be used to iden 
tify novel TNF-alpha inducing agents and other in?amma 
tory agents useful in the present invention. In preferred 
embodiments, autoimmune cells (i.e., an autoimmune cell 
isolated from a mammal diagnosed with autoimmune 
disease) are exposed to a putative in?ammatory or TNF 
alpha inducing agent and assayed for increased cell death, an 
increase in cell death of autoimmune cells compared to non 
immune cells indicating identi?cation of a drug according to 
the present invention. Furthermore, autoimmune blood 
could be exposed to chemical libraries for preferred and 
selective cell death of yet unknown targets compared to non 
autoimmune cells. A wide variety of chemical libraries are 
available in the art and can be screened by use of the assay of 
the invention, which measures the rate of apoptosis of 
autoimmune cells. 

In a related aspect, the above-described assay for monitor 
ing death of autoimmune cells can be used to identify 
autoimmune cells having the two distinct phenotypes 
described above. In contrast to typical genetic approaches 
for identifying cells carrying genetic defects, sensitivity to 
cell death may serve as the initial identi?cation marker. 
Once cell-death sensitive cells are identi?ed, they can be 
assessed as to whether they also have the class I antigen 
presentation defect. Thus, the present invention provides a 
method of identifying autoimmune cells by (l) assaying the 
cells for a susceptibility to apoptosis and (2) assaying for 
defects in antigen presentation required for T cell education. 
A Novel Combination Therapy 
The data presented in Table l and described in detail in 

Example 1, below, demonstrate the remarkable success of 
combining two methods to induce long-term normoglyce 
mia with islet allograft transplantation in an already diabetic 
NOD host. The invention combines two therapies aimed at 
two separate targets of the immune system. The invention 
tests this concept by combining my prior transplantation 
technology with an autoimmune strategy to thwart the 
underlying disease, and for the ?rst time provides long-term 
normoglycemia in naturally diabetic hosts via transplanta 
tion with allogeneic islets. Thus, the invention, views the 
rejection problem as one involving two immune barriers, 
i.e., the graft rejection barrier and the recurrent autoimmu 
nity barrier. To address the graft rejection barrier, I used 
donor antigen modi?ed islets, and for the recurrent autoim 
mune barrier I used CFA, a strong inducer of TNF-alpha. 

TABLE 1 

Individual Survival 
days 

Days of 
Donor Host normo— 

Groups Strain Strain Treatment glycernia Mean 

1. C57BI/6 NOD-IDDM* i 2, 2, 3, 9, 23 7.8 
2. |32M’/’ NOD-IDDM i 5,9, 12, 12, 20. 

17, 18,71 




























