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Method, system and an article of manufacture for clustering 
and thereby identifying prede?ned antigens reactive With 
undetermined immunoglobulins of sera derived from patient 
subjects in need of diagnosis of disease or monitoring of 
treatment. 
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IDENTIFYING ANTIGEN CLUSTERS FOR 
MONITORING A GLOBAL STATE OF AN IMMUNE 

SYSTEM 

FIELD AND BACKGROUND OF THE 
INVENTION 

[0001] The present invention relates to a method, system 
and an article of manufacture for clustering and thereby 
identifying prede?ned binding moieties of one type Which 
are reactive With undetermined binding moieties of a second 
type. More particularly, the present invention relates to a 
method, system and an article of manufacture for clustering 
and thereby identifying prede?ned antigens reactive With 
undetermined immunoglobulins of sera derived from patient 
subjects in need of diagnosis of disease or monitoring of 
treatment. 

[0002] Autoimmune diseases are caused by an attack of a 
patient’s oWn immune system against otherWise healthy self 
components of the body. 

[0003] Autoimmune diseases include, for example, type 1 
diabetes, Behcet’s disease, multiple sclerosis, rheumatoid 
arthritis, idiopathic thrombocytopenic purpura and various 
diseases affecting every organ and almost every cell type in 
the body. These diseases tend to run a relapsing or chronic 
course, and in many cases affect young individuals in the 
prime of life. The various autoimmune diseases are often 
dif?cult to diagnose early in their course because the clinical 
picture can, at times, be obscure at onset. It is even more 
dif?cult to identify incipient disease in persons at risk. 
Diagnosis and early diagnosis prior to accumulation of 
irreversible damage, is becoming more critical because 
speci?c immune therapies are noW being implemented. To 
this end, see for example, US. Pat. Nos. 5,114,844; 5,671, 
848; 5,578,303; 5,780,034 and EP 0417271 With respect to 
IDDM, and Cop-1 in MS (US. Pat. Nos. 3,849,550; 5,800, 
808; 6,048,898; and 6,054,430, Which is incorporated herein 
by reference. The earlier immune treatments are instituted, 
the more effective they can be. 

[0004] Traditionally, immunologic diagnosis has been 
based on an attempt to correlate each disease With a speci?c 
immune reactivity, such as an antibody or a T-cell response 
to a single antigen speci?c for the disease entity. This 
approach has been largely unsuccessful for three main 
reasons: First, a speci?c antigen or antigens have not been 
identi?ed for the disease, as is the case in, for example, 
Behcet’s disease, rheumatoid arthritis Second, immunity 
to multiple self-antigens, and not to a single self-antigen, is 
manifest in various patients suffering from a single disease. 
For example, a doZen different antigens are associated With 
type 1 diabetes Third, a signi?cant number of healthy 
individuals may manifest antibodies or T-cell reactivities to 
self-antigens targeted in autoimmune diseases, such as insu 
lin, DNA, myelin basic protein, thyroglobulin and others. 
Hence, there is a real danger of making a false diagnosis 
based on the determination of a single immune reactivity. 
Novel approaches, therefore, are needed to support the 
diagnoses of speci?c autoimmune diseases in a Way that 
Would justify speci?c therapeutic interventions. 

[0005] Chronic diseases that are not thought to be autoim 
mune are also in need of neW diagnostic methods. Many 
chronic conditions, such as AlZheimer’s disease of the brain, 
various dystrophies of the muscles, psoriasis of the skin, and 
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others, involve in?ammation, and one needs convenient 
tools to help categoriZe different types of in?ammation. 
These conditions include degenerative and metabolic dis 
eases. In?amation is also a key factor in transplantation 
reactions, in healing and in tissue regeneration. The chal 
lenge is not only to diagnose the disease, but also to 
distinguish individuals Who Would bene?t from a particular 
treatment from those individuals Who Would not. 

[0006] Infectious diseases, too, require better diagnostic 
discrimination betWeen persons Who Will be susceptible to a 
particular treatment and persons Who Will not respond 
thereto. Certain infections can trigger autoimmune 
responses, and it is important to be able to diagnose persons 
Who are destined to develop autoimmune diseases. 

[0007] The immunotherapy of cancer is another situation 
in Which it Would be advantageous to classify persons With 
different types of immune reactivities to self-antigens; many, 
if not most tumor-associated antigens are self-antigens. 
Thus, it could be important in the design of therapeutic 
tumor vaccines to knoW What kind of autoimmune reactivity 
is found in the patient. 

[0008] The immune system regulates in?amation and the 
state of the immune system re?ects the state of the body in 
many different conditions. Thus, it is evident that assays for 
monitoring the state of the immune system are needed. 
Various immunologic therapies are noW being used. There is 
a critical need to develop markers that Will enable the 
physician to monitor the response of the immune system to 
various treatments designed to arrest chronic in?ammation 
and autoimmune diseases, vaccinate against infectious 
agents, or effect the immunotherapy of cancer. 

[0009] Immune diagnosis and immune monitoring require 
Ways to ascertain the state of an individual’s immune 
system, and to record the dynamic evolution of changes 
induced by the various therapeutic interventions. Tools for 
diagnosis and monitoring are likely to require the integration 
of large amounts of information for the folloWing reasons: 

[0010] First, the human immune system is enormously 
complex and its long-term behavior is not easily explained 
by any particular genes or clones of cells in isolation. For 
example, it is noW knoWn that many autoimmune diseases 
involve collectives of self-antigens and collective cross 
regulation. Indeed, effective tumor immunotherapy may 
require controlled autoimmunity, and assays for the global 
state of autoimmunity are therefore essential. 

[0011] Second, immune system behavior depends on the 
state of multiple regulatory mechanisms, and not merely on 
the recognition of one or another antigen. 

[0012] Third, individual persons, because of their genetic 
make-up and their varying immune histories are likely to 
require individualiZed therapies. The type, amount and 
schedule of immune regulation or vaccination must be 
tailored to the needs of the individual. 

[0013] Thus, the complexity of the immune system is such 
that one must develop bio-informatic methods that Will 
alloW a physician to monitor conveniently the global state of 
the patient’s immune system in health, disease and thera 
peutic intervention. Such a novel approach is described 
herein. 



US 2004/0014069 A1 

[0014] In the past, attempts have been made to detect the 
changes that the immune system undergoes in pathological 
conditions, With the hope that understanding such changes 
Would lead to a better diagnosis and treatment of patients 
suffering from autoimmune disorders. In the simplest 
approach, these efforts have concentrated on the detection of 
speci?c antibodies directed to single antigens thought to be 
relevant to the particular disease Many factors have 
rendered these attempts unsuccessful. Among them are the 
loW prevalence of the studied antibody reactivities in the 
patient population, associated With large individual varia 
tions that can be observed among patients suffering from the 
same disease Furthermore, natural auto-antibodies 
directed against the test antigens are often detected in the 
sera of healthy individuals (5), complicating the use of these 
discrete antigen-antibody methods for diagnostic purposes. 

[0015] Other studies have focused on poly-reactive anti 
bodies each able to recogniZe a number of different self 
antigens. These poly-reactive antibodies, hoWever, have 
been found both in healthy persons and in patients under 
going autoimmune or tumor-associated processes (6, 7). 
Therefore, several attempts Were made to analyZe ?uctua 
tions in the levels of auto-reactive antibodies, and changes 
in the repertoire of recogniZed antigens. These assays Were 
mainly based on Western-blotting techniques directed to 
simultaneously folloW antibody reactivities to several auto 
antigens. 

[0016] The Immunoblotting and Densitometric Subtrac 
tion Method Was developed as a technique for immunob 
lotting analysis of the reactions of natural autoantibodies in 
Whole sera of patients By densitometric subtraction, 
natural autoantibodies present in healthy individuals Were 
differentiated from disease-associated autoantibodies. This 
method is, hoWever, limited to a feW antigens and it does not 
solve the problem of variation among different experiments 
Which is inherent to blot techniques. 

[0017] Another method developed to detect antibody rep 
ertoires is the Multiple Spot Immunoassay, Which assays the 
reactivities toWards 42 different antigens coated onto nitro 
cellulose, in a Western blot procedure The antibody 
staining in this system is analyZed, and the amount of 
antibody to the antigens can be semi-quanti?ed, using IgG 
standards. This method alloWs rapid screening of auto 
antibodies but does not solve the problem of auto-antibodies 
found in healthy persons. Moreover, it does not solve the 
intrinsic variation associated With the Western blot tech 
mque. 

[0018] Currently, the principle technique in use for assay 
ing antibody patterns is the Panama Blot System. This too is 
a Western-blot system, and it is based on the blotting of 
unde?ned tissue eXtracts. The Panama Blot employs double 
staining of nitrocellulose membranes to reveal both antibody 
reactivities and the migration position of the blotted proteins 
in the membrane (10, 11). This double staining alloWs the 
standardiZation of the results obtained for each patient. 
HoWever, since the antigens used in the method are compleX 
miXtures eXtracted from different tissues, they are not at all 
identi?ed. Thus, this approach, even While facing the central 
problem of test variation, does not provide accurate infor 
mation about the speci?c antigens recogniZed; it merely 
reveals patterns of reactivities, Whose targets are totally 
unknoWn. The blots tend to vary from test to test, according 
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to the ill-de?ned tissue extraction and the varying separation 
of the proteins. Indeed, several different antigens are 
undoubtedly present in each band. 

[0019] As an alternative approach, some groups have 
studied natural auto-antibody reactivity toWards panels of 
selected auto-antigens by means of enZyme immunoassay 
analysis. HoWever, in order to get meaningful results in 
these studies, it Was necessary to purify various antibody 
isotypes (12, 13). This puri?cation step by itself, hoWever, 
invalidates any possible physiological interpretation of the 
results because the analyZed sample does not re?ect the in 
vivo situation, Where different antibody isotypes are miXed 
and regulate each other (14). Therefore results obtained by 
this technique are deeply modi?ed by the observer, ruling 
out any possible application in the management of patient 
treatment. 

[0020] There is thus a Widely recogniZed need for, and it 
Would be highly advantageous to have, objective means With 
Which one can diagnose autoimmune diseases and other 
diseases characteriZed by an inherent or induced impaired 
immune system, devoid of the above limitations. 

SUMMARY OF THE INVENTION 

[0021] According to one aspect of the present invention 
there is provided a method of classifying into a prede?ned 
?rst situation of at least tWo distinct situations, a binding 
pattern of a plurality of undetermined ?rst binding moieties, 
the plurality of undetermined ?rst binding moieties being 
derived from a ?rst group of objects being associated With 
the prede?ned ?rst situation and from at least one second 
group of objects being associated With a situation other than 
the ?rst situation of the at least tWo distinct situations, to a 
prede?ned set of a plurality of potential second binding 
moieties, the method comprising the steps of (a) assaying the 
plurality of undetermined ?rst binding moieties of the ?rst 
group of objects for binding to each of the plurality of 
potential second binding moieties; (b) assaying the plurality 
of undetermined ?rst binding moieties of the at least one 
second group of objects for binding to each of the plurality 
of potential second binding moieties; and (c) clustering at 
least some of the plurality of potential second binding 
moieties into clusters of second binding moieties Which bind 
?rst binding moieties of the undetermined ?rst binding 
moieties from the ?rst group of objects, thereby classifying 
into the prede?ned ?rst situation the binding pattern of the 
plurality of undetermined ?rst binding moieties of the 
objects being associated With the prede?ned ?rst situation to 
the prede?ned set of the plurality of potential second binding 
moieties. 

[0022] According to this aspect of the present invention 
there is also provided a system for classifying into a pre 
de?ned ?rst situation of at least tWo distinct situations, a 
binding pattern of a plurality of undetermined ?rst binding 
moieties, the plurality of undetermined ?rst binding moieties 
being derived from a ?rst group of objects being associated 
With the prede?ned ?rst situation and from at least one 
second group of objects being associated With a situation 
other than the ?rst situation of the at least tWo distinct 
situations, to a prede?ned set of a plurality of potential 
second binding moieties, the system comprising a data 
acquisition device and a computation device communicating 
thereWith, the data acquisition device and the computation 



US 2004/0014069 A1 

device being designed, constructed and con?gured for (a) 
assaying the plurality of undetermined ?rst binding moieties 
of the ?rst group of objects for binding to each of the 
plurality of potential second binding moieties; (b) assaying 
the plurality of undetermined ?rst binding moieties of the at 
least one second group of objects for binding to each of the 
plurality of potential second binding moieties; and (c) clus 
tering at least some of the plurality of potential second 
binding moieties into clusters of second binding moieties 
Which bind ?rst binding moieties of the undetermined ?rst 
binding moieties from the ?rst group of objects, thereby 
classifying into the prede?ned ?rst situation the binding 
pattern of the plurality of undetermined ?rst binding moi 
eties of the obj ects being associated With the prede?ned ?rst 
situation to the prede?ned set of the plurality of potential 
second binding moieties. 

[0023] According to another aspect of the present inven 
tion there is provided a method of classifying a speci?c 
object into a situation of at least tWo distinct situations, the 
method comprising the steps of (a) classifying binding 
patterns of a plurality of undetermined ?rst binding moi 
eties, the plurality of undetermined ?rst binding moieties 
being derived from a ?rst group of objects being associated 
With a prede?ned ?rst situation of the at least tWo distinct 
situations, and from at least one second group of objects 
being associated With a situation other than the ?rst situation 
of the at least tWo distinct situations, to a prede?ned set of 
a plurality of potential second binding moieties by clustering 
at least some of the plurality of potential second binding 
moieties into a cluster of second binding moieties Which 
bind ?rst binding moieties of the undetermined ?rst binding 
moieties from the ?rst group of objects; and (b) using the 
cluster for determining Whether the speci?c object is clas 
si?able into the situation of the at least tWo distinct situa 
tions. 

[0024] According to this aspect of the present invention 
there is also provided a system for classifying a speci?c 
object into a situation of at least tWo distinct situations, the 
system comprising a data acquisition device and a compu 
tation device communicating thereWith, the data acquisition 
device and the computation device being designed, con 
structed and con?gured for (a) classifying binding patterns 
of a plurality of undetermined ?rst binding moieties, the 
plurality of undetermined ?rst binding moieties being 
derived from a ?rst group of objects being associated With 
a prede?ned ?rst situation of the at least tWo distinct 
situations, and from at least one second group of objects 
being associated With a situation other than the ?rst situation 
of the at least tWo distinct situations, to a prede?ned set of 
a plurality of potential second binding moieties by clustering 
at least some of the plurality of potential second binding 
moieties into a cluster of second binding moieties Which 
bind ?rst binding moieties of the undetermined ?rst binding 
moieties from the ?rst group of objects; and (b) using the 
cluster for determining Whether the speci?c object is clas 
si?able into the situation of the at least tWo distinct situa 
tions. 

[0025] According to further features in preferred embodi 
ments of the invention described beloW, the step of cluster 
ing at least some of the plurality of potential second binding 
moieties into clusters of second binding moieties Which bind 
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?rst binding moieties of the undetermined ?rst binding 
moieties from the ?rst group of objects is effected by a 
supervised classi?er. 

[0026] According to still further features in the described 
preferred embodiments the supervised classi?er is a neural 
netWork algorithm. 

[0027] According to still further features in the described 
preferred embodiments the step of clustering at least some of 
the plurality of potential second binding moieties into clus 
ters of second binding moieties Which bind ?rst binding 
moieties of the undetermined ?rst binding moieties from the 
?rst group of objects is effected by a unsupervised classi?er. 

[0028] According to still further features in the described 
preferred embodiments the unsupervised classi?er is a 
coupled tWo Way clustering algorithm. 

[0029] According to still further features in the described 
preferred embodiments, the method further comprising the 
step of scanning the second binding moieties Which bind 
?rst binding moieties of the undetermined ?rst binding 
moieties from the ?rst group of objects and selecting for a 
subset of the second binding moieties resulting in an optimal 
sensitivity. 

[0030] According to still further features in the described 
preferred embodiments, the method further comprising the 
step of scanning the second binding moieties Which bind 
?rst binding moieties of the undetermined ?rst binding 
moieties from the ?rst group of objects and selecting for a 
subset of the second binding moieties resulting in an optimal 
speci?city. 

[0031] According to still further features in the described 
preferred embodiments, the method further comprising the 
step of scanning the second binding moieties Which bind 
?rst binding moieties of the undetermined ?rst binding 
moieties from the ?rst group of objects and selecting for a 
subset of the second binding moieties resulting in an optimal 
speci?city and an optimal sensitivity. 

[0032] According to still further features in the described 
preferred embodiments, the ?rst binding moieties are immu 
noglobulins, Whereas the second binding moieties are anti 
gens. 

[0033] According to still further features in the described 
preferred embodiments, the ?rst situation is a human dis 
ease. 

[0034] According to still further features in the described 
preferred embodiments, the ?rst binding moieties and the 
second binding moieties are each independently selected 
from the group consisting of nucleic acids, proteins, carbo 
hydrates and fatty acids. 

[0035] According to yet another aspect of the present 
invention, there is provided a method of clustering a subset 
of antigens of a plurality of antigens, the subset of antigens 
being reactive With a plurality of antibodies being derived 
from a plurality of patients having an impaired immune 
system and suffering from a disease, the method comprising 
the steps of (a) assaying binding of the plurality of antibod 
ies being derived from the plurality of patients With the 
plurality of antigens; (b) assaying binding of a plurality of 
antibodies being derived from a plurality of individuals free 
of the disease With the plurality of antigens; and (c) clus 
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tering the subset of antigens being reactive With the plurality 
of antibodies being derived from the plurality of patients 
having the impaired immune system and suffering from the 
disease. 

[0036] According to this aspect of the present invention, 
there is also provided a system for clustering a subset of 
antigens of a plurality of antigens, the subset of antigens 
being reactive With a plurality of antibodies being derived 
from a plurality of patients having an impaired immune 
system and suffering from a disease, the system comprising 
a data acquisition device and a computation device commu 
nicating thereWith, the data acquisition device and the com 
putation device being designed, constructed and con?gured 
for (a) assaying binding of the plurality of antibodies being 
derived from the plurality of patients With the plurality of 
antigens; (b) assaying binding of a plurality of antibodies 
being derived from a plurality of individuals free of the 
disease With the plurality of antigens; and (c) clustering the 
subset of antigens being reactive With the plurality of 
antibodies being derived from the plurality of patients 
having the impaired immune system and suffering from the 
disease. 

[0037] According to still another aspect of the present 
invention, there is provided a method of diagnosing a 
disease of a subject, the method comprising the steps of (a) 
clustering a subset of antigens of a plurality of antigens, the 
subset of antigens being reactive With a plurality of anti 
bodies being derived from a plurality of patients having an 
impaired immune system and suffering from the disease by 
(i) assaying binding of the plurality of antibodies being 
derived from the plurality of patients With the plurality of 
antigens; (ii) assaying binding of a plurality of antibodies 
being derived from a plurality of individuals free of the 
disease With the plurality of antigens; and (iii) clustering the 
subset of antigens being reactive With the plurality of 
antibodies being derived from the plurality of patients 
having the impaired immune system and suffering from the 
disease; and (b) associating or deassociating serum of the 
subject With a cluster resulting from step (a)(iii). 

[0038] According to this aspect of the present invention, 
there is also provided a system for diagnosing a disease of 
a subject, the system comprising a data acquisition device 
and a computation device communicating thereWith, the 
data acquisition device and the computation device being 
designed, constructed and con?gured for (a) clustering a 
subset of antigens of a plurality of antigens, the subset of 
antigens being reactive With a plurality of antibodies being 
derived from a plurality of patients having an impaired 
immune system and suffering from the disease by assay 
ing binding of the plurality of antibodies being derived from 
the plurality of patients With the plurality of antigens; (ii) 
assaying binding of a plurality of antibodies being derived 
from a plurality of individuals free of the disease With the 
plurality of antigens; and (iii) clustering the subset of 
antigens being reactive With the plurality of antibodies being 
derived from the plurality of patients having the impaired 
immune system and suffering from the disease; and (b) 
associating or deassociating serum of the subject With a 
cluster resulting from step (a)(iii). 

[0039] According to yet an additional aspect of the present 
invention there is provided an article of manufacture com 
prising a surface and antigens being arranged on the surface, 
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each in an independent addressable location, the antigens 
including a plurality of subsets of antigens, each of the 
plurality of subsets of antigens being selected by a method 
of clustering a subset of antigens of a plurality of antigens, 
the subset of antigens being reactive With a plurality of 
antibodies being derived from a plurality of patients having 
an impaired immune system and suffering from a speci?c 
disease, the method being effected by (a) assaying binding 
of the plurality of antibodies being derived from the plurality 
of patients With the plurality of antigens; (b) assaying 
binding of a plurality of antibodies being derived from a 
plurality of individuals free of the disease With the plurality 
of antigens; and (c) clustering the subset of antigens being 
reactive With the plurality of antibodies being derived from 
the plurality of patients having the impaired immune system 
and suffering from the disease. 

[0040] According to further features in preferred embodi 
ments of the invention described beloW, the step of cluster 
ing is effected so as to include in the subset of antigens those 
antigens for Which the patients and individuals best decom 
pose into clusters according to a knoWn clinical diagnosis of 
the patients and individuals. 

[0041] According to still further features in the described 
preferred embodiments, the step of clustering is effected by 
a supervised classi?er. 

[0042] According to still further features in the described 
preferred embodiments, the supervised classi?er is a neural 
netWork algorithm. 

[0043] According to still further features in the described 
preferred embodiments, the step of clustering is effected by 
a unsupervised classi?er. 

[0044] According to still further features in the described 
preferred embodiments, the unsupervised classi?er is a 
coupled tWo Way clustering algorithm. 

[0045] According to still further features in the described 
preferred embodiments, the step of clustering is effected so 
as to result in optimal sensitivity. 

[0046] According to still further features in the described 
preferred embodiments, the step of clustering is effected so 
as to result in optimal speci?city. 

[0047] According to still further features in the described 
preferred embodiments, the step of clustering is effected so 
as to result in optimal speci?city and optimal sensitivity. 

[0048] According to still further features in the described 
preferred embodiments, the step of clustering is effected by 
(i) clustering the antibodies and the antigens and identifying 
all stable antibody and antigen clusters; (ii) scanning the 
antigen clusters, While using reactivity levels of antigens of 
each antigens cluster as a feature set representing ?rst object 
sets containing either all of the antibodies or any of the 
stable antibody clusters; (iii) scanning the antibody clusters, 
While using reactivity levels of antibodies of each antibody 
cluster as a feature set representing second object sets 
containing either all of the antigens or any of the stable 
antigen clusters; (iv) tracking all antibody and antigen stable 
clusters thus generated; (v) repeating steps (i)-(iv) until no 
neW antibody and antigen stable clusters being generated, 
thereby obtaining ?nal stable antigens and antibody clusters 
and pointers identifying hoW all of the stable antibody and 
antigen clusters have been generated. 
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[0049] According to still further features in the described 
preferred embodiments the disease is selected from the 
group consisting of a autoimmune disease, a cancer, an 
immune de?ciency disease, a degenerative disease, a meta 
bolic disease, an infectious disease, a genetic disease, a 
mental disorder, an organ transplantation, an injury or an 
intoxication, or any condition involving cytokines or in?a 
mation. 

[0050] According to still further features in the described 
preferred embodiments, the autoimmune disease is selected 
from the group consisting of ankylosing spondylitis, uveitis, 
Goodpasture’s syndrome, multiple sclerosis, Grave’s dis 
ease, myasthenia gravis, systemic lupus erythematosus, sys 
temic sclerosis, mixed connective tissue disease, dermatitis 
herpetiformis, celiac disease, ulcerative colitis, Crohn’s dis 
ease, chronic active hepatitis, endometriosis, ulcerative coli 
tis, insulin-dependent diabetes mellitus, psoriasis, pemphin 
gus vulgaris, Hashimoto’s thyroiditis, rheumatoid arthritis, 
idiopathic thrombocytopenic purpura, Sjogren’s syndrome, 
uveroretinitis, autoimmune hemolytic anemia, vitiligo, pri 
mary biliary cirrhosis, in?ammatory boWel disease, 
Bechet’s disease, auricular chondritis, tympanosclerosis, 
autoimmune salpingitis, otosclerosis, secretory otitis media, 
necrotiZing otitis media, autoimmune sensorineural hearing 
loss, Meniere’s disease and cochlear vasculitis. 

[0051] The present invention successfully addresses the 
shortcomings of the presently knoWn con?gurations by 
opening neW horiZons in the ability to monitor changes in 
the immune system in cases of pathologies such as autoim 
mune diseases and immune de?ciencies and as a response to 

treatment, such as a radiotherapy and/or chemotherapy treat 
ment or immune depressant therapy or speci?c immune 
modulation. 

[0052] Implementation of the methods and systems of the 
present invention involves performing or completing 
selected tasks or steps manually, automatically, or a combi 
nation thereof. Moreover, according to actual instrumenta 
tion and equipment of preferred embodiments of the meth 
ods and systems of the present invention, several selected 
steps could be implemented by hardWare or by softWare on 
any operating system of any ?rmWare or a combination 
thereof. For example, as hardWare, selected steps of the 
invention could be implemented as an electronic chip or a 
circuit. As softWare, selected steps of the invention could be 
implemented as a plurality of softWare instructions being 
executed by a computer using any suitable operating system. 
In any case, selected steps of the methods of the invention 
could be described as being performed by a data processor, 
such as a computing platform (computation device) for 
executing a plurality of instructions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0053] The invention is herein described, by Way of 
example only, With reference to the accompanying draWings. 
With speci?c reference noW to the draWings in detail, it is 
stressed that the particulars shoWn are by Way of example 
and for purposes of illustrative discussion of the preferred 
embodiments of the present invention only, and are pre 
sented in the cause of providing What is believed to be the 
most useful and readily understood description of the prin 
ciples and conceptual aspects of the invention. In this regard, 
no attempt is made to shoW structural details of the invention 
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in more detail than is necessary for a fundamental under 
standing of the invention, the description taken With the 
draWings making apparent to those skilled in the art hoW the 
several forms of the invention may be embodied in practice. 

[0054] 
[0055] FIG. 1 is a dendrogram of antigens, created by 
clustering all antigens using the full set of subjects. Each 
junction represents the breaking of a cluster into tWo smaller 
clusters. TWo Clusters Which are used for analysis of speci?c 
subject populations are labeled by the corresponding cluster 
number. The individual antigens of each of these clusters are 
colored as folloWs: cluster 66-White; cluster 47-gray. 

[0056] FIG. 2 is a dendrogram created by clustering all 
subjects, using the full set of antigens. Each leaf represents 
a subject. Diabetes subjects are colored black, and healthy 
ones—White. 

In the draWings: 

[0057] FIG. 3 is a subjects’ dendrogram obtained by 
clustering the subjects, using the antigens of cluster 66. Leaf 
colors Were assigned as in FIG. 2. 

[0058] FIG. 4 is a subjects’ dendrogram obtained by 
clustering the subjects, using the antigens of cluster 26. Leaf 
colors Were assigned as in FIG. 2. Antigen cluster 5 contains 
2 antigen tests: GM Insulin and GM Aldolase. 

[0059] FIG. 5 is a dendrogram created by clustering the 
subjects, using cluster 5. Leaf colors—as in FIG. 2. The 
cluster that contains predominantly healthy subjects is 
marked by N. 

[0060] FIG. 6 is a dendrogram created by clustering the 
subjects over antigen cluster 47. Leaf colors—as in FIG. 2. 

[0061] FIG. 7 is a dendrogram created by clustering the 
subjects over antigen cluster 47. Leaf colors—as in FIG. 2. 

[0062] FIG. 8 is a dendrogram created by clustering the 
subjects over antigen cluster 19, Without including the 5 
samples corresponding to YL. 

[0063] FIG. 9 is a dendrogram created by clustering the 
subjects over antigen cluster 19, including the 5 samples 
corresponding to YL. The cluster that contains the D1 and 
D2 groups is labelled. 

[0064] FIG. 10 is a dendogram created by clustering the 
Bechet Disease samples and the healthy serum samples 
using antigen cluster 13. 

[0065] FIG. 11 is a dendogram created by clustering the 
Bechet Disease samples and the healthy serum samples 
using antigen cluster 9. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0066] The present invention is of a method, system and 
an article of manufacture Which can be used for clustering 
and thereby identifying prede?ned binding moieties of a one 
type reactive With undetermined binding moieties of a 
second type. Particularly, the present invention can be used 
for clustering and thereby identifying prede?ned antigens 
reactive With undetermined immunoglobulins of antibodies 
derived from patient subjects With an impaired immune 
system. 
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[0067] As used herein in the speci?cation and in the 
claims section that follows, the phrase “impaired immune 
system” refers to an immune system characterized by an 
abnormal activity, either over activity as a result of, for 
example, an autoimmune disease, infection or in?ammation, 
or under activity as a result of, for example, an immune 
de?ciency disease, chemotherapy, radiotherapy or the use of 
immune depressants. The abnormal activity of the impaired 
immune system can also be the result of, or re?ect, cancer, 
degenerative disease, metabolic disease, reaction to trans 
plantation, trauma, mental disorder, intoxication, or genetic 
disease. 

[0068] It should also be understood that patterns of anti 
body reactivities are not limited to those present in serum 
antibodies, but antibodies may also be measured in Whole 
blood or blood plasma, or in other body ?uids such as saliva, 
intestinal secretions or urine, or in any other compartment in 
Which antibodies are found. 

[0069] It should also be understood that antibody patterns 
for the present purpose may be detected using peptide 
libraries or organic synthetic compounds, as Well as con 
ventional antigens, as have been outlined here. An antigen is 
de?ned as any molecule that can be bound by the antigen 
combining site of an antibody or T-cell receptor molecule; 
therefore, various classes or types of molecular species can 
be used to detect antibody patterns, provided that the mol 
ecules can interact With speci?c antibodies. 

[0070] Before explaining at least one embodiment of the 
invention in detail, it is to be understood that the invention 
is not limited in its application to the details of construction 
and the arrangement of the components set forth in the 
folloWing description or illustrated in the draWings or exem 
pli?ed by the examples. The invention is capable of other 
embodiments or of being practiced or carried out in various 
Ways. Also, it is to be understood that the phraseology and 
terminology employed herein is for the purpose of descrip 
tion and should not be regarded as limiting. 

[0071] Thus, according to one aspect of the present inven 
tion there is provided a method of classifying into a pre 
de?ned ?rst situation (such as a human disease, e.g., an 
autoimmune disease) of at least tWo distinct situations (such 
as an autoimmune disease, healthy, and another autoimmune 
disease) a binding pattern of a plurality of undetermined ?rst 
binding moieties (such as serum immunoglobulins) to a 
prede?ned set of a plurality of potential second binding 
moieties (such as a predetermined set or sets of antigens. The 
plurality of undetermined ?rst binding moieties according to 
this aspect of the invention are derived from a ?rst group of 
objects (e.g., patients) Which are associated With the pre 
de?ned ?rst situation (e.g., the autoimmune disease) and 
from at least one second group of objects (e.g., healthy 
individuals) Which are associated With a situation other than 
the ?rst situation (e.g., are free of the autoimmune disease). 

[0072] The method according to this aspect of the present 
invention is effected by implementing the folloWing method 
steps, in Which, in a ?rst step the plurality of undetermined 
?rst binding moieties of the ?rst group of objects are assayed 
for binding to each of the plurality of potential second 
binding moieties. In a second step, Which can precede, 
proceed or be simultaneous to the ?rst step, the plurality of 
undetermined ?rst binding moieties of the at least one 
second group of objects are assayed for binding to each of 
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the plurality of potential second binding moieties. Finally, at 
least some of the plurality of potential second binding 
moieties are clustered into clusters of second binding moi 
eties Which bind ?rst binding moieties of the undetermined 
?rst binding moieties from the ?rst group of objects. 
Thereby, achieving the above classi?cation, or, in other 
Words, classifying into the prede?ned ?rst situation the 
binding pattern of the plurality of undetermined ?rst binding 
moieties of the objects being associated With the prede?ned 
?rst situation to the prede?ned set of the plurality of poten 
tial second binding moieties. 

[0073] According to this aspect of the present invention 
there is also provided a system for classifying into a pre 
de?ned ?rst situation of at least tWo distinct situations, a 
binding pattern of a plurality of undetermined ?rst binding 
moieties, to a prede?ned set of a plurality of potential second 
binding moieties. FIG. 10 provides a schematic represen 
tation of a system in accordance With the teachings of the 
present invention, Which is referred to hereinbeloW as sys 
tem 20. System 20 includes a data acquisition device 22 and 
a computation device 24 communicating thereWith. Depend 
ing on the strategy selected for monitoring binding, device 
22 may, for example, be an electro-optical device capable of 
collecting optical data from an analyZed sample 25, such as, 
but not limited to a CCD, and may therefore be coupled to 
an optical magni?cation mechanism such as a microscope 
26 or, in the alternative, device 22 may be a radioactive 
monitor having, either spatial resolution or matrix scanning 
capabilities. Besides communicating With device 22, com 
putation device 24 preferably also communicates With a 
display device 28 Which may serve for presentation of either 
raW data collected by data acquisition device 22 or the 
results of the analysis thereof. In any case, the data acqui 
sition device and the computation device are designed, 
constructed and con?gured to serve for (a) assaying the 
plurality of undetermined ?rst binding moieties of the ?rst 
group of objects for binding to each of the plurality of 
potential second binding moieties; (b) assaying the plurality 
of undetermined ?rst binding moieties of the at least one 
second group of objects for binding to each of the plurality 
of potential second binding moieties; and (c) clustering at 
least some of the plurality of potential second binding 
moieties into clusters of second binding moieties Which bind 
?rst binding moieties of the undetermined ?rst binding 
moieties from the ?rst group of objects, thereby classifying 
into the prede?ned ?rst situation the binding pattern of the 
plurality of undetermined ?rst binding moieties of the 
objects Which are associated With the prede?ned ?rst situ 
ation to the prede?ned set of the plurality of potential second 
binding moieties. 
[0074] According to another aspect of the present inven 
tion there is provided a method of classifying a speci?c 
object into a situation of at least tWo distinct situations. The 
method according to this aspect of the present invention is 
effected by implementing the folloWing method steps, in 
Which, in a ?rst step, binding patterns of a plurality of 
undetermined ?rst binding moieties, the plurality of unde 
termined ?rst binding moieties are derived from a ?rst group 
of objects Which are associated With a prede?ned ?rst 
situation of at least tWo distinct situations, and from at least 
one second group of objects Which are associated With a 
situation other than the ?rst situation of the at least tWo 
distinct situations, are classi?ed into a prede?ned set of a 
plurality of potential second binding moieties by clustering 
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at least some of the plurality of potential second binding 
moieties into a cluster of second binding moieties Which 
bind ?rst binding moieties of the undetermined ?rst binding 
moieties from the ?rst group of objects. Then, the cluster is 
used for determining Whether the speci?c object is classi? 
able into the situation of the at least tWo distinct situations. 

[0075] According to this aspect of the present invention 
there is also provided a system for classifying a speci?c 
object into a situation of at least tWo distinct situations. The 
system includes a data acquisition device and a computation 
device communicating thereWith essentially as described 
above. The data acquisition device and the computation 
device are designed, constructed and con?gured for (a) 
classifying binding patterns of a plurality of undetermined 
?rst binding moieties, the plurality of undetermined ?rst 
binding moieties are derived from a ?rst group of objects 
Which are associated With a prede?ned ?rst situation of at 
least tWo distinct situations, and from at least one second 
group of objects Which are associated With a situation other 
than the ?rst situation of the at least tWo distinct situations, 
into a prede?ned set of a plurality of potential second 
binding moieties by clustering at least some of the plurality 
of potential second binding moieties into a cluster of second 
binding moieties Which bind ?rst binding moieties of the 
undetermined ?rst binding moieties from the ?rst group of 
objects; and (b) using the cluster for determining Whether 
the speci?c object is classi?able into the situation of the at 
least tWo distinct situations. 

[0076] According to a preferred embodiment of the 
described aspects of the invention, clustering at least some 
of the plurality of potential second binding moieties into 
clusters of second binding moieties Which bind ?rst binding 
moieties of the undetermined ?rst binding moieties from the 
?rst group of objects is effected by a supervised classi?er, 
such as a neural netWork algorithm, or, preferably, by a 
unsupervised classi?er, as is further exempli?ed in the 
Examples section that folloWs With respect to antibodies 
present in sera or other body ?uids or secretions of autoim 
mune disease patients and knoWn antigens. As is further 
elaborated, exempli?ed and reasoned in the examples sec 
tion beloW, the unsupervised classi?er is, according to a 
presently preferred embodiment of the invention, a coupled 
tWo Way clustering algorithm. 

[0077] According to another preferred embodiment of the 
present invention, the described methods further include a 
step of scanning the second binding moieties Which bind 
?rst binding moieties of the undetermined ?rst binding 
moieties from the ?rst group of objects and selecting for a 
subset of the second binding moieties resulting in an optimal 
sensitivity and/or optimal speci?city. 
[0078] The ?rst and second binding moieties can be of any 
biological or chemical type Which are capable of stable and 
monitorable interaction such moieties include, but are not 
limited to, nucleic acids (e.g., DNA or RNA), proteins (e.g., 
antigens and antibodies), carbohydrates, fatty acids, pep 
tides, peptide libraries, organic compounds or tissue 
extracts. Mixed moieties may also ?nd uses, e.g., glycopro 
teins or acylated proteins. Such binding moieties can be 
derived from commercial sources, biological sources or may 
be synthesiZed, produced in or purchased from specialiZed 
laboratories. 

[0079] The situations according to the present invention 
may include, for example, medical situations of human 
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beings or animals, different subtraction libraries, different 
display libraries, and the like. A human disease can be for 
example an autoimmune disease, a cancer and an immune 
de?ciency disease (Which may, for example, be due to viral 
infection or treatment With immune depressants). The 
autoimmune disease can be, for example, ankylosing 
spondylitis, uveitis, Goodpasture’s syndrome, multiple scle 
rosis, Grave’s disease, myasthenia gravis, systemic lupus 
erythematosus, systemic sclerosis, mixed connective tissue 
disease, dermatitis herpetiformis, celiac disease, ulcerative 
colitis, Crohn’s disease, chronic active hepatitis, 
endometriosis, ulcerative colitis, insulin-dependent diabetes 
mellitus, psoriasis, pemphingus vulgaris, Hashimoto’s thy 
roiditis, rheumatoid arthritis, idiopathic thrombocytopenic 
purpura, Sjogren’s syndrome, uveroretinitis, autoimmune 
hemolytic anemia, vitiligo, primary biliary cirrhosis, in?am 
matory boWel disease, Bechet’s disease, auricular chondri 
tis, tympanosclerosis, autoimmune salpingitis, otosclerosis, 
secretory otitis media, necrotiZing otitis media, autoimmune 
sensorineural hearing loss, Meniere’s disease and cochlear 
vasculitis. HoWever, the invention described herein could 
also be applied to conditions like, a degenerative disease, a 
metabolic disease, an infectious disease, a genetic disease, a 
mental disorder, an organ transplantation, an injury or an 
intoxication, or any condition involving cytokines or in?a 
mation. 

[0080] According to yet another aspect of the present 
invention there is provided a method of clustering a subset 
of antigens of a plurality of antigens, the subset of antigens 
are reactive With a plurality of antibodies derived from a 
plurality of patients having an impaired immune system and 
suffering from a disease. The method according to this 
aspect of the present invention is effected by implementing 
the folloWing method steps, in Which, in a ?rst step, binding 
of the plurality of antibodies derived from the plurality of 
patients With the plurality of antigens is assayed. In a second 
step of the method according to this aspect of the present 
invention, binding of a plurality of antibodies being derived 
from a plurality of individuals free of the disease With the 
plurality of antigens is assayed. Finally, the subset of anti 
gens Which are reactive With the plurality of antibodies 
derived from the plurality of patients having the impaired 
immune system and suffering from the disease are clustered 
into a cluster. 

[0081] According to this aspect of the present invention, 
there is also provided a system for clustering a subset of 
antigens of a plurality of antigens. The system includes a 
data acquisition device and a computation device commu 
nicating thereWith. The data acquisition device and the 
computation device are designed, constructed and con?g 
ured for (a) assaying binding of the plurality of antibodies 
being derived from the plurality of patients With the plurality 
of antigens; (b) assaying binding of a plurality of antibodies 
being derived from a plurality of individuals free of the 
disease With the plurality of antigens; and (c) clustering the 
subset of antigens being reactive With the plurality of 
antibodies derived from the plurality of patients having the 
impaired immune system and suffering from the disease. 

[0082] According to still another aspect of the present 
invention, there is provided a method of diagnosing a 
disease of a subject. The method according to this aspect of 
the present invention is effected by implementing the fol 
loWing method steps, in Which, in a ?rst step, a subset of 
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antigens of a plurality of antigens are clustered, the subset of 
antigens are reactive With a plurality of antibodies derived 
from a plurality of patients having an impaired immune 
system and suffering from the disease by assaying bind 
ing of the plurality of antibodies derived from the plurality 
of patients With the plurality of antigens; (ii) assaying 
binding of a plurality of antibodies derived from a plurality 
of individuals free of the disease With the plurality of 
antigens; and (iii) clustering the subset of antigens Which are 
reactive With the plurality of antibodies derived from the 
plurality of patients having the impaired immune system and 
suffering from the disease. Then, serum of the subject is 
associated or disassociated With a cluster resulting from step 

(a)(iii). 
[0083] According to this aspect of the present invention, 
there is also provided a system for diagnosing a disease of 
a subject. The system includes a data acquisition device and 
a computation device communicating thereWith. The data 
acquisition device and the computation device are designed, 
constructed and con?gured for (a) clustering a subset of 
antigens of a plurality of antigens, the subset of antigens are 
reactive With a plurality of antibodies derived from a plu 
rality of patients having an impaired immune system and 
suffering from the disease by assaying binding of the 
plurality of antibodies derived from the plurality of patients 
With the plurality of antigens; (ii) assaying binding of a 
plurality of antibodies derived from a plurality of individuals 
free of the disease With the plurality of antigens; and (iii) 
clustering the subset of antigens Which are reactive With the 
plurality of antibodies derived from the plurality of patients 
having the impaired immune system and suffering from the 
disease; and (b) associating or deassociating serum of the 
subject With a cluster resulting from step (a)(iii). 

[0084] According to an additional aspect of the present 
invention, there is provided an article of manufacture com 
prising a surface and antigens being arranged on the surface, 
each in an independent addressable location, the antigens 
including a subset of antigens being selected by a method of 
clustering the subset of antigens of a plurality of antigens, 
the subset of antigens being reactive With a plurality of 
antibodies being derived from a plurality of patients having 
an impaired immune system and suffering from a disease, 
the method being effected by (a) assaying binding of the 
plurality of antibodies derived from the plurality of patients 
With the plurality of antigens; (b) assaying binding of a 
plurality of antibodies derived from a plurality of individuals 
free of the disease With the plurality of antigens; and (c) 
clustering the subset of antigens being reactive With the 
plurality of antibodies derived from the plurality of patients 
having the impaired immune system and suffering from the 
disease. 

[0085] According to yet an additional aspect of the present 
invention, there is provided an article of manufacture com 
prising a surface and antigens being arranged on the surface, 
each in an independent addressable location, the antigens 
including a plurality of subsets of antigens, each of the 
plurality of subsets of antigens being selected by a method 
of clustering a subset of antigens of a plurality of antigens, 
the subset of antigens being reactive With a plurality of 
antibodies derived from a plurality of patients having an 
impaired immune system and suffering from a speci?c 
disease, the method being effected by (a) assaying binding 
of the plurality of antibodies derived from the plurality of 
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patients With the plurality of antigens; (b) assaying binding 
of a plurality of antibodies derived from a plurality of 
individuals free of the disease With the plurality of antigens; 
and (c) clustering the subset of antigens being reactive With 
the plurality of antibodies derived from the plurality of 
patients having the impaired immune system and suffering 
from the disease. 

[0086] According to a preferred embodiment of the inven 
tion, the step of clustering the subset of antigens being 
reactive With the plurality of antibodies derived from the 
plurality of patients having the impaired immune system and 
suffering from the disease is effected so as to include in the 
subset of antigens those antigens for Which the patients and 
individuals best decompose into clusters according to a 
knoWn clinical diagnosis of the patients and individuals. 
Preferably, the step of clustering is effected by an unsuper 
vised classi?er, such as a coupled tWo Way clustering 
algorithm. The step of clustering is preferably effected so as 
to result in optimal sensitivity and/or optimal speci?city. 

[0087] Still preferably, the step of clustering the subset of 
antigens being reactive With the plurality of antibodies 
derived from the plurality of patients having the impaired 
immune system and suffering from the disease is effected by 
(i) clustering the antibodies and the antigens and identifying 
all stable antibody and antigen clusters; (ii) scanning the 
antigen clusters, While using reactivity levels of antigens of 
each antigens cluster as a feature set representing ?rst object 
sets containing either all of the antibodies or any of the 
stable antibody clusters; (iii) scanning the antibody clusters, 
While using reactivity levels of antibodies of each antibody 
cluster as a feature set representing second object sets 
containing either all of the antigens or any of the stable 
antigen clusters; (iv) tracking all antibody and antigen stable 
clusters thus generated; (v) repeating steps (i)-(iv) until no 
neW antibody and antigen stable clusters being generated, 
thereby obtaining ?nal stable antigens and antibody clusters 
and pointers identifying hoW all of the stable antibody and 
antigen clusters have been generated. 

[0088] Additional objects, advantages, and novel features 
of the present invention Will become apparent to one ordi 
narily skilled in the art upon examination of the folloWing 
examples, Which are not intended to be limiting. Addition 
ally, each of the various embodiments and aspects of the 
present invention as delineated hereinabove and as claimed 
in the claims section beloW ?nds experimental support in the 
folloWing examples. 

EXAMPLES 

[0089] Reference is noW made to the folloWing examples, 
Which together With the above descriptions, illustrate the 
invention in a non-limiting fashion. 

[0090] Generally, the nomenclature used herein and the 
laboratory procedures utiliZed in the present invention 
include immunological techniques. Such techniques are 
thoroughly explained in the literature. See, for example, 
“Current Protocols in Immunology” Volumes I-III Coligan J. 
E., ed. (1994); Stites et al. (eds), “Basic and Clinical 
Immunology” (8th Edition), Appleton & Lange, NorWalk, 
Conn. (1994); Mishell and Shiigi (eds), “Selected Methods 
in Cellular Immunology”, W. H. Freeman and Co., NeW 
York (1980); available immunoassays are extensively 
described in the patent and scienti?c literature, see, for 


























