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Description
FIELD OF THE INVENTION

[0001] This invention relates to a method of detecting a target autoantibody against certain nuclear autoantigens in a
sample using a small molecule fluorophore-labelled target autoantigen (SMFLTAA) that specifically binds to the target
autoantibody. The invention also relates to uses of: the SMFLTAA, compositions comprising the SMFLTAA and kits
comprising the SMFLTAA.

BACKGROUND
Autoimmune disorders

[0002] In normal healthy individuals, B lymphocytes which comprise part of the body’s humoral immune system help
provide protection against infection by producing antibodies. Antibodies are proteins that attack invasive microbes or
other "foreign" substances, removing these substances from the body and thus combating infection. Some foreign
substances are proteins that provoke an immune response; i.e., the production of antibodies, and are termed antigenic
proteins, also referred to herein as protein antigens. Antibodies produced by the immune system can be highly specific
in binding and removing the particular antigens which provoke their production. In those individuals with a normally
functioning immune system, a wide variety of antibodies are built up over time. These antibodies target and recognize
various antigens which challenge the body’s immune system, identifying particular antigens as either threatening or non-
threatening to the organism.

[0003] Normally, the immune system readily distinguishes two general categories, recognizing antigenic proteins as
either "selfor "not self." "Self antigens are typically recognized by the body’s immune system as non-threatening, although
this is not always the case. The body’s immune system typically attacks only those antigens which are recognized as
"not self."

[0004] Autoimmune disorders are diseases that result from the body’s production of an inappropriate immune response
directed against its own "self antigens. Such responses are frequently tissue directed or tissue specific. For example,
the immune system may cease to recognize one or more of the body’s normal proteins as "self, creating antibodies
termed autoantibodies, which target the body’s own cells, tissues, and/or organs. The inflammation and damage caused
by such attacks can lead to various autoimmune disorders.

[0005] The specific cause of autoimmune disease is unknown. Some evidence suggests that certain individuals have
an inherited predisposition to develop autoimmune disease. Alternatively, some autoimmune disease, (e.g., rheumatic
fever), appears to be triggered by bacterial or viral infection. The consequent immune response ’'produces antibodies
or T-cells which attack normal cells that display certain proteins that may structurally resemble (at least in part) the
structure of certain proteins of the infecting microorganism(s).

[0006] Autoimmune disorders are categorized into two general types. Systemic autoimmune diseases are those dis-
eases that cause damage to many organs. Localized, or tissue specific autoimmune diseases are those diseases which
directly damage only a single organ or tissue. The distinctions between these two categories of disease, however, are
not absolute. Frequently the deleterious effects of localized autoimmune disorders are not limited to the direct effects
observed in a single organ or tissue, and may extend indirectly to other body organs and systems.

[0007] Common types of autoimmune disease include Rheumatoid arthritis (RA) and Juvenile RA (JRA) (joints; less
commonly lung, skin), Type 1 Diabetes Mellitus (pancreas islets), Lupus [Systemic Lupus Erythematosus] (skin, joints,
kidneys, heart, brain, red blood cells, other), Hashimoto’s thyroiditis, Graves’ disease (thyroid), Scleroderma (skin,
intestine, less commonly lung), Celiac disease, Crohn’s disease, Ulcerative colitis (Gl tract), Sjogren’s syndrome (salivary
glands, tear glands, joints), Multiple sclerosis, Goodpasture’s syndrome (lungs, kidneys), Addison’s disease (adrenal),
Wegener’s granulomatosis (blood vessels, sinuses, lungs, kidneys), Primary biliary cirrhosis, Sclerosing cholangitis,
Autoimmune hepatitis (liver), Polymyalgia Rheumatica (large muscle groups), Temporal Arteritis / Giant Cell Arteritis
(arteries of the head and neck), and Guillain-Barre syndrome (nervous system).

Diagnosis of autoimmune disorder

[0008] The diagnosis of autoimmune disorders is generally carried out through a combination of clinical analysis of
symptoms (presentation), blood tests to measure autoantibodies, inflammation and organ function, and other procedures
including physical examination and/or X-rays.

[0009] Blood tests which measure autoantibodies are typically performed by detecting autoantibodies present in a
serum sample taken from a subject having or suspected of having an autoimmune disorder. Commonly employed blood
assays include Ouchterlony double immunodiffusion assays (DID) and counterimmunoelectrophoresis (CIE). These
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types of assays visualize precipitins (agglutinations) of autoantibody/antigen complexes formed by the binding of par-
ticular autoantibodies to their cognate antigens (Bunn & Kveder, 1993 Man. Biol. Mark. Dis. A3:1-12; Kluwer Academic).
DID assays, for example, may be carried out in agar plates, with autoantigens placed in a central well symmetrically
surrounded by peripheral wells. The peripheral wells are then loaded with test samples which contain antibodies that
are diagnostic for a particular autoimmune disorder. The sample and test antigens are allowed to diffuse through the
agarose, where agglutination of autoantibodies in the sample with a cognate autoantigen leads to the formation of an
antibody/antigen complex. Extensive crosslinking of autoantibodies and autoantigens will occur in the agarose gel at a
location where autoantibodies in the test sample and autoantigens from the peripheral wells reach equivalent concen-
trations due to diffusion. Such cross-linked complexes are termed precipitins. Precipitin formation is then visualized
optically by direct light scattering of the autoantibody/test antigen complex.

[0010] Due to the specificity of binding of a given autoantibody for its cognate antigen, DID assays allow for positive
detection of autoantibodies present in the sample being tested. Known DID assays, however, are non-quantitative and
can suffer from arelative lack of sensitivity. In addition, relatively high numbers of autoantibodies in a sample are generally
required for precipitin visualization. For these reasons, known DID assays may produce false negative results in some
circumstances. Confirmation of a negative resultreturned from a DID assay, in view of clinical presentation of autoimmune
disorder related symptoms requires additional tests be performed. This can result in additional expense, time lost before
the initiation of any treatment regimen and general inconvenience to the subject.

[0011] Alternatively, autoantibodies present in a sample may be detected using a common biochemical technique
called an enzyme-linked immunosorbent assay (ELISA), or enzyme immunoassay (EIA) (Charles P.J. et al. 1993 Man.
Biol. Mark. Dis. A5:1-23; Kluwer Academic). (Peene et al. 2001, Ann Rheum Dis 60: 1131-1136). In general terms,
antibodies in a sample may be detected by ELISA as follows:

An amount of a known antigen which binds specifically to a particular antibody is affixed to a surface, for example,
the bottom of a microtitre plate well. A sample containing an unknown amount of the antibody to be detected is then
placed into the well, allowing binding of the antigen to the antibody. The bound antibody is then detected using an
anti-hlgG enzyme conjugate (anti-human immunoglobulin G).

[0012] Alternatively, a substrate for an enzyme bound to the antibody may be added to microtitre plate well, where
activity of the enzyme converts this substrate to some type of detectable signal. The antibody may be covalently linked
to an enzyme, or may be itself detected by use of an enzyme linked secondary antibody. Visualization of the detectable
signal depends on the enzymatic substrate employed. Some ELISAs utilize chromogenic substrates, whereas other,
more sensitive assays employ fluorogenic substrates. In the case of fluorescence ELISA, fluorescence detection of the
antigen/antibody complexes allows the amount of antigen in the sample to be inferred by measuring the magnitude of
the fluorescence.

[0013] An ELISA can also be used to detect autoantibodies in a blood sample obtained from a subject. Methods
employing ELISA can detect very low concentrations of autoantibodies in a sample. However, ELISA methods of detection
are prone to false positives due to the extreme sensitivity of the assay.

[0014] Consequently, there is a need for alternative methods of detecting autoantibodies in a sample suspected of
containing autoantibodies that can provide a clinician with a more robust diagnostic tool available as a single test. A
single test could provide the clinician greater confidence in his or her diagnosis without incurring the additional subject
expense of further confirmatory testing, may be performed quickly and easily, and will also reduce the inconvenience
to a subject of requiring further testing, potentially allowing an earlier initiation of the appropriate treatment regime.
[0015] Itis an object of the present invention therefore, to at least go some way towards addressing the deficiencies
of the prior art tests as outlined above by providing improved methods and/or compositions and/or kits that can be used
to detect autoantibodies, and/or to at least provide the public with a useful choice.

[0016] The invention has been tested in relation to a number of different autoantigens, as seen in the description
below, with particular reference to the Examples and Figure 13.

[0017] Relevant prior art is discussed on page 49 of the description.

SUMMARY OF THE INVENTION

[0018] The present invention provides a method of detecting a target autoantibody against Jo-1 antigen, Ro60 SSA
antigen, La SSB antigen, Sm antigen, Sm/RNP complex antigen or Scl-70 antigen in a sample, the method comprising:

i. contacting the sample with a small molecule fluorophore-labelled target autoantigen (SMFLTAA) that specifically
binds to said target autoantibody, and
ii. detecting the presence of the target autoantibody bound to the SMFLTAA by fluorescence detection,
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wherein the SMFLTAA is a nuclear autoantigen selected from the group consisting of Jo-1 antigen, (Ro60) SSA antigen,
(La) SSB antigen, Sm antigen, Sm/RNP complex antigen and Scl-70 antigen, wherein the fluorophore component of
the SMFLTAA is less than 5 kD.

[0019] Preferably the SMFLTAA

is, or is derived from an autoantigen that is specifically associated with a particular autoimmune disorder or disease.
[0020] That autoimmune disorder may be selected from the group consisting of mixed connective tissue disease,
systemic lupus erythematosus (SLE), Sjogren’s syndrome, scleroderma, polymyositis, systemic sclerosis, dermatomy-
ositis, rheumatoid arthritis and neonatal lupus syndrome.

[0021] In one embodiment the said SMFLTAA is a fluorescently labelled target autoantigen isolated from a mammal.
Preferably the mammal is a human, monkey, cow, sheep, pig, rat, or mouse. Preferably the mammal is a human, a
sheep or a cow. More preferably the mammal is a cow.

[0022] In one embodiment the said SMFLTAA is prepared from a target

autoantigen that has

been isolated from a first species of mammal, whereas the target autoantibody that is specifically bound by the SMFLTAA
of the invention is present in a sample obtained from a different species of mammal.

[0023] Preferably the said SMFLTAA is prepared from a target autoantigen

that has been

isolated from a cow or a sheep. More preferably the target autoantigen has been prepared

from a cow. Preferably the prepared said SMFLTAA is used to detect a target autoantibody present in a sample obtained
from a human.

[0024] In one embodiment the said SMFLTAA is prepared from a target

autoantigen thereof that has

been recombinantly expressed from a polynucleotide sequence encoding the target autoantigen

[0025] Preferably the polynucleotide sequence is comprised in an expression vector.

[0026] In another aspect, the invention provides a composition comprising a

SMFLTAA, according to the invention and a carrier or diluent.

[0027] In another aspect the invention provides kits for use in the methods of the invention, the kit comprising

a) a SMFLTAA
according to the invention;

b) an immunoassay device configured to allow the SMFLTA A of the invention to contact a sample under conditions
which allow the SMFLTAA to bind to a target autoantibody.

c) instructions for detecting the SMFLTA A bound to the target autoantibody.

[0028] The instructions direct the fluorescence detection of the SMFLTAA.

[0029] The immunoassay device is an immunoprecipitation device.

[0030] Contacting the target autoantibody with the SMFLTAA is carried out under conditions that allow immunopre-
cipitation of the SMFLTAA with its target autoantibody.

[0031] Preferably the kit comprises a carrier or diluent for the said SMFLTAA The SMFLTAA may be dissolved in the
carrier or diluent or the carrier or diluent may be present separately for later preparation of an SMFLTAA composition.
Preferably the separate SMFLTAA is lyophilized.

[0032] The kitis for use in a method of detecting a target autoantibody comprising contacting a blood-derived sample
obtained from a subject who has or is suspected of having an autoimmune disease or disorder with an SMFLTAA
according to the invention and detecting the presence of the SMFLTAA bound to the target autoantibody by fluorescence
detection.

[0033] Preferably the blood-derived sample is a serum or plasma sample.

[0034] In one embodiment the subject displays a clinical phenotype which is indicative or suggestive of a particular
autoimmune disorder as described herein.

[0035] In one embodiment the kit is for use in a method of the invention by screening of clinical samples obtained from
subjects as described herein, wherein the method is performed concurrently with suitable controls either lacking target
autoantibodies or containing known concentrations of control autoantibodies.

[0036] In one embodiment the contacting of the sample with the said SMFLTAA is carried by double immunodiffusion
(DID) assay or counter-immunoelectrophoresis (CIE) assay.

[0037] The contacting is carried out using an immunoprecipitation device. Preferably the immunoprecipitation device
is a micro-immunodiffusion device or a counterimmunoelectrophoresis device. Preferably the counterimmunoelectro-
phoresis device is a micro-counterimmunoelectrophoresis device.
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[0038] Preferably the DID assay is an asymmetric DID (ADID) assay. Preferably the CIE assay is a micro-CIE assay.
[0039] A method of diagnosing an autoimmune disease or disorder in a subject by detecting a target autoantibody in
a sample obtained from the subject, comprises:

a) contacting the sample with an SMFLTAA of the invention , and
b) detecting the presence of the target autoantibody bound to the SMFLTAA by fluorescence detection.

[0040] The contacting in a) is carried out under conditions that allow immunoprecipitation of the SMFLTAA with the
target autoantibody.

[0041] The detecting in b) is fluorescence detection of the SMFLTAA. in the immunoprecipitate.

[0042] Inone embodimentthe conditions that allow immunoprecipitation of the SMFLTAA, with the target autoantibody
are sufficient to allow diffusion of the target autoantibody and the SMFLTAA, through a gel, preferably an agarose gel,
to reach equivalent concentrations at a particular location where the immunoprecipitate is formed.

[0043] Preferably the agarose gel is about 0.3% to about 1.5% agarose, more preferably the agarose gel is about
0.5% to 1.2% agarose. Most preferably the agarose gel is 0.8% to 1.0% agarose.

[0044] Inone embodimentthe target autoantibody is detected according to a method of the invention in a blood-derived
sample obtained from a subject at a dilution of from about 1:1 to about 1:256 (serum: diluent).

[0045] Preferably the blood derived sample is a serum sample. More preferably the dilution is from about 1:8 to about
1:128, or, is from about 1:16 to about 1:128, or is from about 1:32 to about 1:128, or is from about 1:64 to about 1:128.
Most preferably the dilution is about 1:128.

[0046] Further aspects of the invention are set out in the accompanying claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0047] Preferred embodiments of invention will now be described with reference to the figures in the accompanying
drawings by way of example only. ltis to be understood that the invention is not limited thereto. Throughout the remainder
of the description SSA as used herein refers to purified (Ro60) SSA antigen.

Figure 1: Fluorescent labelling of (Ro60) SSA antigen

Comparison of labelled and unlabelled SSA antigen visualized as follows; A) after SDS electrophoresis by Coomas-
sie-blue staining; B) after SDS electrophoresis by blue light-transillumination with amber filter; C) after SDS elec-
trophoresis and electrotransfer by immunoblotting using human autoantibodies specific for SSA.

Figure 2: Binding of labelled vs. unlabelled SSA antigen as assessed by ELISA

A graph showing the binding ability of small molecule fluorescence-labelled (AlexaFluor 488) and unlabelled SSA
antigen to bind the subject autoantibodies as determined by ELISA. Antigen coating concentration: ¢ = 1.0 ug/ml;
® = 0.5 ug/ml; x = 0.25 ug/ml.

Figure 3: Detection of anti-SSA antibodies by double immunodiffusion (DID).

Fluorescence visualization of anti-SSA antibodies in serum obtained from a subject (wells 1-6) by double immun-
odiffusion assay. The concentration of serum decreases from wells 1 to 6. The concentration of small molecule
fluorescence-labelled SSA used to detect the anti-SSA antibodies (central well) increases from left to right.

Figure 4: Comparison of anti-SSA detection methods using double immunodiffusion

Anti-SSAin serum obtained from a subjectis detected using small molecule fluorescence-labelled SSA and visualized
by fluorescence detection or white light epi-illumination against a black background. A) blue light trans-illumination
with amber filter; B) white light epi-illumination against a black background.

Figure 5: Semi-quantitative evaluation of fluorescent double immunodiffusion
Densitometric image-scanning of the precipitin band formed by anti-SSA/small molecule fluorescence-labelled SSA
binding.

Figure 6: Detection of anti-SSA antibodies: comparison of double immunodiffusion and ELISA

A graphical depiction of anti-SSA/small molecule fluorescence-labelled SSA binding determined by direct ELISA
and by double immunodiffusion. Plotting of the double immunodiffusion score and ELISA absorbance illustrates a
good correlation (r2 = 0.7107) between the two methods of SSA autoantibody measurement.
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Figure 7: Detection specificity of different anti-extractable nuclear autoantigens (ENA)

Double immunodiffusion assays of the invention showing fluorescence detection of six different autoantibodies in
serum samples obtained from a subject using small molecule fluorescence-labelled autoantigens according to the
invention. Autoantibodies: well 1, anti-SSA and anti-SSB; well 2, healthy donor (no autoantibodies); well 3, anti-Jo-
1; well 4, anti-RNP/Sm; well 5, anti-Sm; well 6, anti-Scl-70. Small molecule fluorescence-labelled autoantigens: A)
SSA; B) SSB; C) Jo-1; D) RNP/Sm; E) Sm, and F) Scl-70.

Figure 8: Counter-immunoelectrophoretic detection of anti-ENA autoantibodies using small molecule fluo-
rescence-labelled autoantigens

Fluorescence detection of anti-ENA antibody/small molecule fluorescence-labelled autoantigen precipitins by coun-
ter-immunoelectrophoresis. Precipitin formation detected by blue light trans-illumination with amber filter shown for
one healthy donor (-ve) and three subject samples with autoantibodies specific for each autoantigen identified in
the left hand column.

Figure 9:
Experimental micro double-diffusion formats for detection of precipitating autoantibodies using fluorescently labelled
autoantigens: a) Micro double immunodiffusion format; b) micro counterimmunoelectrophoresis format.

Figure 10:

Method for preparation of agarose gels for use in CIE. Heated liquid agarose is applied to the recessed area of the
mold shown in (A). A support film (GelBond - Lonza, Maryland, USA) is layered over the agarose. Solidified agarose
adheres to the GelBond, which is peeled away from the mold, allowing the gel to be used.

Figure 11:

Time course for detection of autoantibodies by CIE. DIE gel showing the detection of anti-SSA autoantibodies in
patient serum over time. Electrophoresis was at 3 mA constant current. The gel is viewed at the indicated time
intervals using blue light trans-illumination with an amber filter.

Figure 12:

Detection of autoantibodies at different serum dilutions using CIE. Anti-SSA autoantibodies are detected from a
range of patient serum dilutions. Autoantibodies are detected at all dilutions tested. Electrophoresis was at 3mA
constant current. The gel was viewed t the indicated time intervals using blue light trans-illumination with an amber
filter.

Figure 13:

Detection of autoantibodies specific for six different nuclear antigens. CIE detection of anti-SSA, SSA/SB, Scl-70,
Jo-1, Sm and RNP autoantibodies is shown. Electrophoresis was at 3 mA constant current. The gels were viewed
after 60 minutes using blue light trans-illumination with an amber filter.

DETAILED DESCRIPTION OF THE INVENTION

[0048] In the description in this specification reference may be made to subject matter which may not be within the
scope of the claims of the current application. That subject matter should be readily identifiable by a person skilled in
the art and may assist in putting into practice the invention as defined in the claims of this application.

Definitions

[0049] Theterm"antigen"refers to any substance, including but not limited to a toxin, enzyme, or protein, that stimulates
an immune response in the body, especially the production of antibodies. A "target antigen" as used herein refers to an
antigen that contains at least one epitope that is specifically bound by a particular target antibody.

[0050] An "autoantigen" as used herein refers any endogenous body constituent that stimulates the production of
autoantibodies and an autoimmune reaction. An autoantigen is also termed a "self-antigen" as known and used in the
art. A "target autoantigen" refers to any endogenous body constituent that has stimulated the production of a particular
autoantibody and that contains at least one epitope to which that target autoantibody specifically binds.

[0051] As used herein a target antibody and target antigen, including target autoantibodies and target autoantigens,
need not be from the same species of organism. What is required is that the target antigen and target antibody selectively
and specifically bind to each other, wherein the target antigens contain at least one epitope to which the target antibodies
specifically bind. For example, a target antigen or target autoantigen according the invention may be obtained from a
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cow or mouse while the antibody target may be detected from a sample obtained from a human.

[0052] The terms "cognate antibody" and "cognate antigen" (including cognate autoantigen) as used herein refer to
target antibodies and target antigens that specifically and selectively bind each other. As used herein, cognate antibodies
and cognate antigens need not be from the same species of organism. What is required is that the cognate antigen or
cognate autoantigen specifically and selectively bind to their respective cognate antibodies and cognate autoantibodies,
wherein the cognate antibodies and cognate autoantibodies contain at least one epitope to which the cognate antigens
and cognate autoantigens specifically bind. For example, a cognate antigen or cognate autoantigen according the
invention may be obtained from a cow, a sheep or a mouse and used to detect, according to the invention, a cognate
antibody or cognate autoantibody present in a sample obtained from a human.

[0053] A "nuclear autoantigen" as used herein refers to an autoantigen that is at least partially localized in the nucleus
of eukaryotic cells.

[0054] An "extractable nuclear autoantigen" (ENA) refers to an autoantigen that can be extracted into a liquid phase,
typically using high salt concentration, from the nuclei of eukaryotic cells.

[0055] The term "antibody" (including target antibody and target autoantibody) refers to an immunoglobulin molecule
having a specific structure that interacts (binds) specifically with a molecule comprising the antigen used for synthesizing
the antibody or with an antigen closely related to it. As used herein, the term "antibody" broadly includes full length
antibodies and may also include certain antibody fragments thereof. Also included are monoclonal and polyclonal anti-
bodies, multivalent and monovalent antibodies, multispecific antibodies (for example bi-specific antibodies), chimeric
antibodies, human antibodies, humanized antibodies and antibodies that have been affinity matured.

[0056] A "target antigen" that binds "selectively or specifically” to a "target antibody" according to the invention is an
antigen that binds preferentially to the target antibody e.g. has less than 25%, or less than 10%, or less than 1% or less
than 0.1% cross-reactivity with a non-target antibody. Usually, a target antibody will have a binding affinity (dissociation
constant (Kd) value), for the antigen or epitope of no more than 10-6, or 10-7M, preferably less than about 10-8M, more
preferably less than about 10-°M, or 10-10, or 10-11 or 10-12M. Binding affinity may be assessed using surface plasma
resonance [see, for example US7531639 or US6818392, each of which is incorporated herein by reference].

[0057] Accordingly, a small molecule fluorescence-labelled target autoantigen (SMFLTAA) of or useful in the invention
is one thatbinds selectively or specifically to a "target autoantibody." An "antigen-binding fragment" or "antibody fragment"
(including a target antibody or target antigen binding fragment) refers a portion of the intact antibody that preferably
retains most or all, or minimally at least one of, the normal functions of that antibody fragment. An antibody fragment,
for example, may comprise an Fc region that retains all or most or some of the function of the corresponding Fc region
in the intact antibody. Examples of antibody fragments include Fab. Fab’, F(ab’), and Fv fragments, linear antibodies,
diabodies, single chain antibodies (ScFV) and multispecific antibodies.

[0058] A "monoclonal antibody" (including a target antibody or target autoantibody) means an antibody that is a highly
specific antibody directed against a single epitope on the target antigen. A monoclonal antibody may be obtained from
a population of homogenous or substantially homogenous antibodies wherein each monoclonal antibody is identical
and/or bind the same epitope, except for natural mutations which may occur in minor amounts.

[0059] An "isolated antibody" (including an isolated target antibody or isolated target autoantibody) is an identified
antibody which has been separated or recovered, or both, from a component of its natural environment. For example,
antibodies that are separated from proteins, including enzymes and hormones or any other body constituents, including
cell and tissue constituents. In one embodiment, the antibody is purified to at least 95%, or 96% or 97% or 98% or 99%
by weight of antibody. It is believed that suitable methods for determining the purity of an isolated antibody or autoantibody
are well known in the art and readily available to the person of skill. Ordinarily the antibody will be prepared by at least
one purification step.

[0060] A "functional fragment, functional variant or functional derivative" of an SMFLTAA according to the invention
is a labelled autoantigen that is made up of any subsequence of contiguous amino acid residues that is capable of
specifically and selectively binding a target autoantibody as described herein. The binding of the target autoantibody
results in the formation of an immunoprecipitate (precipitin). Typically such fragments have at least 10, preferably at
least 15, more preferably at least 20 amino acids.

[0061] A "blood-derived sample" means any sample derived from the blood of a subject to be screened. The sample
may be any sample known in the art in which the target autoantibody can be detected. Included are samples from any
subjects such as from normal healthy subjects with no clinical history of autoimmune disorders as described herein.
Blood derived samples include, for example, serum and plasma samples and other sample types, but are not limited
thereto.

[0062] Alevel "higher" or "lower" than a control, or a change or deviation from a control in one embodiment is statistically
significant. A higher level, lower level, deviation from, or change from a control level or mean control level can be
considered to exist if the level differs from the control level by 5% or more, by 10% or more, by 20% or more, or by 50%
or more compared to the control level. Statistically significant may alternatively be calculated as P<0.05. In a further
alternative, higher levels, lower levels, deviation, and changes can be determined by recourse to assay reference limits
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or reference intervals. These can be calculated from intuitive assessment or non-parametric methods. Overall, these
methods calculate the 0.025, and 0.975 fractiles as 0.025* (n+1) and 0.975 (n+1). Such methods are well known in the
art (Hunt et al., 1997 Clin. Endocrinol. 47:287-296; The Immunoassay Handbook. 3rd edition, ed. David Wild. Elsevier
Ltd, 2005).

[0063] The presence of atarget autoantibody thatis absentin a control, is also contemplated as a higher level, deviation
or change. Absence of a target autoantibody that is present in a control is also contemplated as a lower level, deviation
or change.

[0064] A "statistically significant amount" as used herein describes a mathematical measure of difference between
groups. The difference is said to be statistically significant if it is greater than what might be expected to happen by
chance alone.

[0065] The term "epitope" includes any protein determinant capable of specific binding to an immunoglobulin and/or
T cell receptor, that is a site on an antigen to which B and/or T cells respond. Epitopic determinants usually consist of
chemically active surface groupings of molecules such as amino acids or sugar side chains, and usually have specific
three dimensional structural characteristics, and .specific charge characteristics. An epitope typically includes 3, 5 or
usually 8-10 amino acids. The amino acids may be contiguous or non-contiguous amino acids juxtaposed by tertiary
folding.

[0066] As used herein a small molecule fluorophore labelled autoantigen (SMFLTAA) is one of the target autoantigens
as defined herein selected from the group consisting of Jo-1 antigen, Ro60 SSA antigen, La SSB antigen, Sm antigen,
Sm/RNP complex antigen and Scl-70 antigen that has been labelled with a small molecule flurophore where the small
molecule fluorophores is detectable by the fluorescence emission of the small molecule upon excitation of the small
molecule with the appropriate wavelength of light.

[0067] Within the context of a SMFLTAA according to the invention, the term "small molecule" refers to a compound
which has a molecular mass equal to or less than 5000 Daltons (5 kD), preferably less than 3 kD, still more preferably
less than 2 kD, and most preferably less than 1 kD. In some cases it is highly preferred that a small molecule have a
molecular mass equal to or less than 700 Da. A class of small molecule fluorophore labelled target antigens that are
particularly useful according the invention are FITC-labelled target antigen conjugates as commonly known and used
in the art. Additional useful fluorophores with similar spectral properties include those with an excitation wavelength of
494 nm and an emission wavelength of 518 nm, but not limited thereto.

[0068] Additional fluorophores that may be useful according to the invention include other fluorophores as commonly
known and used in the art, including but not limited to those listed in Table 1.

Table 1

Fluorophore Excitation [nm] | Emission [nm]
5-Hydroxytryptamine (HAT) | 370-415 520-540
Acridine yellow 470 550
Acridine orange 500 530
Alexa Fluor 488 494 519
Alexa Fluor 532 530 555
Alexa Fluor 546 554 570
BODIPY 500/510 508 515
BODIPY 530/550 534 554
Cascade Blue 375 410
Coumarin 384 470
CY2 489 506
CY3 548 562
CY5 650 670-700
Dansyl 340 520
DAPI 345 458
DPH 354 430
Erythrosin 529 554
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(continued)

Fluorophore Excitation [nm] | Emission [nm]
Ethidium Bromide 510 595
FITC 494 518
fluorescein 495 517
FURA-2 340/380 500/530
GFP 395/489 509
Hoechst 33258 365 480
Hoechst 33342 355 465
Laurdan 364 497
Lucifer yellow CH 428 535
Nile Red 485 525
Oregon Green 488 493 520
Oregon Green 500 503 522
Oregon Green 514 511 530
Prodan 361 498
Pyrene 341 376
Rhodamine 110 496 520
Rhodamine 123 505 534
Rhodamine 6G 525 555
Rhodamine B 540 625
SITS 336 438
SNARF 480 600/650
Stilbene SITS, SITA 365 460
Texas Red 589 615
TOTO-1 514 533
YOYO-1 491 509
YOYO-3 612 631

[0069] The term "specifically associated with a particular autoimmune disorder" when used in reference to an autoan-
tigen as described herein refers to an autoantigen that is known in the art to cause the production, by the body’s immune
system, of an autoantibody that specifically or selectively binds to at least one epitope of the autoantigen.

[0070] The term "specifically associated with a particular autoimmune disorder" when used in reference to an autoan-
tibody as described herein refers to an autoantibody that is known in the art to be produced by body’s immune system,
in response to an autoantigen as known in the art or described herein, that is specifically or selectively bound, at least
one epitope by the autoantibody.

[0071] An autoimmune disorder or disease is a disorder or disease that results from the body’s production of an
inappropriate immune response directed against its own "self antigens". Such responses may be cell or tissue directed
or cell or tissue specific. In particular, the immune system may cease to recognize one or more of the body’s normal
proteins as "self", creating autoantibodies as described herein or as known in the art, which target the body’s own cells,
tissues, and/or organs. Inflammation and/or damage that results from such attacks may be considered causative of
various autoimmune disorders.

[0072] Forexample, an autoimmune disorder may result from an immune response in a normal healthy individual who
produces antibodies or T-cells which attack normal cells or tissues displaying proteins normally produced in the body
by normal healthy individuals. Prior to this inappropriate immune response, such individuals do not display any clinical
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phenotype associated with or diagnostic for an autoimmune disease or disorder.

[0073] Autoimmune disorders may be categorized into systemic autoimmune diseases and localized autoimmune
diseases. Systemic diseases cause damage to many organs whereas localized diseases are those that directly damage
only a single organ or tissue. There are, however, no clear and absolute distinctions between these two types of au-
toimmune disease. It is common for the direct effects of localized autoimmune disease on a single organ or tissue, to
extend indirectly to other body organs and systems.

[0074] Asused herein,"autoimmune disease ordisorder"is a condition that occurs when the immune system mistakenly
attacks and destroys healthy body tissue. There are more than 80 different types of autoimmune disorders.

[0075] Theterm "autoimmune disorder" as used herein includes, butis not limited to the following diseases or disorders
including Acute Disseminated Encephalomyelitis (ADEM), Acute necrotizing hemorrhagic leukoencephalitis, Addison’s
disease, Agammaglobulinemia, Allergic asthma, Allergic rhinitis, Alopecia areata, Amyloidosis, Ankylosing spondylitis,
Anti-GBM/Anti-TBM nephritis, Antiphospholipid syndrome (APS), Autoimmune aplastic anemia, Autoimmune dysau-
tonomia, Autoimmune hepatitis, Autoimmune hyperlipidemia, Autoimmune immunodeficiency, Autoimmune inner ear
disease (AIED), Autoimmune myocarditis, Autoimmune pancreatitis, Autoimmune retinopathy, Autoimmune thrombo-
cytopenic purpura (ATP), Autoimmune thyroid disease, Axonal & neuronal neuropathies, Balo disease, Behcet's disease,
Bullous pemphigoid, Cardiomyopathy, Castleman disease, Celiac sprue (nontropical), Chagas disease, Chronic fatigue
syndrome, Chronic inflammatory demyelinating polyneuropathy (CIDP), Chronic recurrent multifocal ostomyelitis
(CRMO), Churg-Strauss syndrome, Cicatricial pemphigoid/benign mucosal pemphigoid, Crohn’s disease, Cogans syn-
drome, Cold agglutinin disease, Congenital heart block, Coxsackie myocarditis, CREST disease, Essential mixed cry-
oglobulinemia, Demyelinating neuropathies, Dermatomyositis, Devic’s disease (neuromyelitis optica), Discoid lupus,
Dressler’'s syndrome, Endometriosis, Eosinophilic fasciitis, Erythema nodosum, Experimental allergic encephalomyelitis,
Evans syndrome, Fibromyalgia, Fibrosing alveolitis, Giant cell arteritis (temporal arteritis), Glomerulonephritis, Good-
pasture’s syndrome, Graves’ disease, Guillain-Barre syndrome, Hashimoto’s disease, Hemolytic anemia, Henoch-
Schonlein purpura, Herpes gestationis, Hypogammaglobulineinia, Idiopathic thrombocytopenic purpura (ITP), IgA ne-
phropathy, Immunoregulatory lipoproteins, Inclusion body myositis, Insulin-dependent diabetes (typel), Interstitial cystitis,
Juvenile arthritis, Juvenile diabetes, Kawasaki syndrome, Lambert-Eaton syndrome, Leukocytoclastic vasculitis, Lichen
planus, Lichen sclerosus, Ligneous conjunctivitis, Linear IgA disease (LAD), Lupus (SLE), Lyme disease, Meniere’s
disease, Microscopic polyangiitis, Mixed connective tissue disease (MCTD), Mooren’s ulcer, Mucha-Habermann disease,
Multiple sclerosis, Myasthenia gravis, Myositis, Narcolepsy, Neuromyelitis optica (see Devic’s), Neutropenia, Ocular
cicatricial pemphigoid, Optic neuritis, Palindromic rheumatism, PANDAS (Pediatric Autoimmune Neuropsychiatric Dis-
orders Associated with Streptococcus), Paraneoplastic cerebellar degeneration, Paroxysmal nocturnal hemoglobinuria
(PNH), Parry Romberg syndrome, Parsonnage-Turner syndrome, Pars planitis (peripheral uveitis), Pemphigus, Periph-
eral neuropathy, Perivenous encephalomyelitis, Pernicious anemia, POEMS syndrome, Polyarteritis nodosa, Type |, Il,
& Il autoimmune polyglandular syndromes, Polymyalgia rheumatica, Polymyositis, Postmyocardial infarction syndrome,
Postpericardiotomy syndrome, Progesterone dermatitis, Primary biliary cirrhosis, Primary sclerosing cholangitis, Pso-
riasis, Psoriatic arthritis, Idiopathic pulmonary fibrosis, Pyoderma gangrenosum, Pure red cell aplasia, Raynauds phe-
nomenon, Reflex sympathetic dystrophy, Reiter's syndrome, Relapsing polychondritis, Restless legs syndrome, Retro-
peritoneal Fibrosis, Rheumatic fever, Rheumatoid arthritis, Sarcoidosis, Schmidt syndrome, Scleritis, Scleroderma,
Sjogren’s syndrome, Sperm & testicular autoimmunity, Stiff person syndrome, Subacute bacterial endocarditis (SBE),
Sympathetic ophthalmia, Takayasu’s arteritis, Temporal arteritis/Giant cell arteritis, Thrombocytopenic purpura (TTP),
Tolosa-Hunt syndrome, Transverse myelitis, Ulcerative colitis, Undifferentiated connective tissue disease (UCTD), Uvei-
tis, Vasculitis, Vesiculobullous dermatosis, Vitiligo, and Wegener’s granulomatosis. Preferably the autoimmune disorder
is at least one of, but is not limited to one of, the following common types of autoimmune disorders including Rheumatoid
arthritis (RA) and Juvenile RA (JRA) (joints; less commonly lung, skin), Type 1 Diabetes Mellitus (pancreas islets), Lupus
[Systemic Lupus Erythematosus] (skin, joints, kidneys, heart, brain, red blood cells, other), Hashimoto’s thyroiditis,
Graves’ disease (thyroid), Scleroderma (skin, intestine, less commonly lung), Celiac disease, Crohn’s disease, Ulcerative
colitis (Gl tract), Sjogren’s syndrome (salivary glands, tear glands, joints), Multiple sclerosis, Goodpasture’s syndrome
(lungs, kidneys), Addison’s disease (adrenal), Wegener’s granulomatosis (blood vessels, sinuses, lungs, kidneys), Pri-
mary biliary cirrhosis, Sclerosing cholangitis, Autoimmune hepatitis (liver), Polymyalgia Rheumatica (large muscle
groups), Temporal Arteritis / Giant Cell Arteritis (arteries of the head and neck), and Guillain-Barre syndrome (nervous
system).

[0076] As used herein a carrier or diluent of, or useful in the invention is any suitable carrier or diluent as known and
used in the art in which the SMFLTAA of the invention may be resuspended for use.

[0077] Ina particular embodiment the carrier or diluent may be a buffer that is suitable for use in a DID assay according
to methods of the invention as described in Bunn et al. 1993 Man. Biol. Mark. Dis. A3:1-12 (Kluwer Academic). The
buffer may be any suitable buffer as known and used in the art that has a reasonable ionic strength, for example, 0.1 to
1.0M NaCl, preferable 0.2 to 0.8M NaCl, preferably 0.3 to 0.6M NaCl, preferably 0.4M NaCl, but not limited thereto.
[0078] In one non-limiting embodiment, the carrier or diluent may be a buffer that comprises one or all of the following
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components in suitable amounts: a detergent (e.g., Tween 20), albumin, a preservative (e.g., sodium azide), an anti-
oxidant (e.g., dithiothreitol), optionally other salts (including chlorides of potassium, magnesium, ammonium etc...), and
optionally glycerol.

[0079] Gilycerol is also useful for the stabilisation of antigen components in a kit, for example. It is believed that the
formulation of an appropriate buffer, carrier or diluent is within the skill of those in the art.

[0080] The term "lyophilize" (including lyophilized, lyophilizes etc...) (also known as Freeze-drying or cryodesiccation)
as used herein refers to a dehydration process typically used to preserve a perishable material or make the material
more convenient for transport. Accordingly, a SMFLTAA according to the invention may be lyophilized to increase stability
and shelf life, for example by removing the water from the material and sealing the material in a vial, but not limited
thereto. The material may then be easily stored, shipped, and later reconstituted to its original form for use in a method
according to the invention.

[0081] "Immunoprecipitation" as used herein refers to the technique of precipitating an antibody out of solution using
an antigen that specifically or selectively binds to that particular antibody.

[0082] As an aside immunoprecipitation also refers to precipitating an antigen by reacting with specific antibody and
then adding a solid phase reagent (typically Protein A coupled to agarose beads) that will lead to sedimentation of the
antigen-antibody complex

[0083] In particular, an immunoprecipitation according to the invention is the precipitation of a target autoantibody,
due to the specific or selective binding of a target autoantigen, to the target autoantibody, in a cross-linked complex.
The formation of the cross-linked complex results at an interface formed by the diffusion of the target autoantibody and
the target autoantigen through a gel matrix, preferably an agarose gel matrix, due to the presence of equivalent con-
centration of the target autoantibody and target autoantigen.

The terms "immunoprecipitate" and "precipitin" are used interchangeably and mean the complex of cross-linked target
autoantibodies and target autoantigens that is formed as the result of an immunoprecipitation.

[0084] As used herein, an immunoprecipitation device refers to any device that is configured to allow cognate autoan-
tigens and their respective cognate autoantibodies as described herein to react under suitable conditions to form an
immunoprecipitate or precipitin.

[0085] A micro-immunodiffusion device as used herein refers to an immunoprecipitation device configured to allow
cognate autoantigens and their respective cognate autoantibodies as described herein to react under suitable conditions
to form an immunoprecipitate or precipitin. In one example, a micro-immunodiffusion device comprises a body, which
may be, but is not limited to a modified microscope slide having a primary well containing a gel diffusion medium through
which a target autoantibody and target autoantigen can diffuse to form animmunoprecipitate. Preferably the gel diffusion
medium is an agarose gel diffusion medium, but is not limited thereto. The primary well comprises a series of secondary
wells that are configured to accept test samples and SMFLTAAs of the invention. The configuration of the wells in
combination with the gel strength and buffer concentration of the gel diffusion medium allows diffusion of the test sample
and the SMFLTAAs through the gel diffusion medium to form a precipitin. Precipitin formation occurs at an interface
where the concentrations of the antibodies to be detected (including autoantibodies) and the SMFLTAAs according to
the invention are present at equivalent concentrations.

[0086] "Counter-immunoelectrophoresis" (CIE) refers to a laboratory technique that employs an electric current to
accelerate the migration of antibody and antigen through a buffered gel diffusion medium. Autoantigens in a buffered
gel diffusion medium having a controlled pH, are strongly negatively charged, whereas autoantibodies in the same
medium are less negatively charged. Preferably the gel diffusion medium is an agarose gel diffusion medium, but is not
limited thereto. Upon application of a suitable electric current, antigens will migrate rapidly across the electric field toward
the anode, whereas antibodies will migrate in the opposite or 'counter’ direction toward the cathode. Precipitin formation
will occur where antibodies and their cognate antigens combine to form a cross-linked complex.

[0087] Inone embodiment according to the invention, test serum samples obtained from subjects having or suspected
of having an autoimmune disorder, are placed in the anodal wells of a gel comprised in, or part of, a CIE assay device.
The CIE assay device is a type ofimmunoprecipitation device as described herein. The test samples are electrophoresed
at a suitable voltage for a specified period of time to allow autoantibodies present in the test samples to move into the
gel to reach a predetermined location. A SMFLTAA of the invention is placed in the cathodal wells of the gel and the gel
again electrophoresed at a suitable voltage for a specified period of time to allow the SMFLTAA to contact the autoan-
tibodies present in the test samples and form a precipitin as described herein.

[0088] For example, a suitable voltage may be 50V and a specified amount of time may range from about 5 to about
120 minutes, from about 10 to 120 minutes, and including, but not limited to, about 6, 7, 8, 9, 10, 15 20, 30, 40, 50, 60,
70, 80, 90, 100, or about 110 minutes. In some instances, a specified amount of time may exceed 120 minutes. The
choice of a suitable voltage and specified amount of time, that will allow the SMFLTAA according to, or used in the
methods of the invention, to contact any autoantibodies present in the test samples and form a precipitin, is believed to
be well within the skill of those in the art.

[0089] Following electrophoresis, precipitins bands are formed in the CIE assay device are visualized by blue light
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trans-illumination of the gel viewed through an amber filter. Trans-illumination may be performed as known in the art,
for example, using a microscope, or a gel documentation system or other type of gel reader, equipped with the appropriate
fluorescence filter sets.

[0090] In one non limiting embodiment, a CIE assay according to the invention may be performed using a microcoun-
terelectrophoresis (microCIE) format (Figs 9b and 10). A gel, for example an agarose gel of appropriate gel strength
and buffer concentration (shaded area) is cast into a rectangular recess in a suitable support material to yield a suitable
gel depth. Preferably the rectangular recess is a 37.5 x 50 mm rectangular recess and the gel depth is of 2mm, but the
recess and gel depth are not limited thereto. The suitable support material has been configured, for example, as a CIE
assay plate or other assay CIE device. The support material in which the recess has been formed, for example, during
the construction of the plate or device, or by subsequent machining, but not limited thereto, can be made of any suitable
support material including but not limited to various acrylic polymers, polystyrene(s), or methacrylate (s), and the like.
In one embodiment, the support material is configured as or from a clear acrylic sheet.

[0091] The gel is configured to contain sample wells that may, for example, be formed when the gel is cast. The wells
may also, for example, be excised from the cast gel and extracted using a metal tube attached to a suction device.
Serum samples obtained from a subject to be tested (i.e., containing a target autoantibody) are added to the column of
wells on the left, and a target autoantigen (including, for example, a SMFLTAA of the invention) is added to the column
of wells on the right. A suitable electrical current is applied through a cathode contacted with the left hand side of the
gel (beyond the subject sample wells) and an anode contacted with the righthand side of the gel (beyond the antigen wells).
[0092] For example, the subject samples placed in the anodal wells are electrophoresed at the suitable voltage for a
specified period of time to allow autoantibodies present in the test samples to move into the gel to reach a predetermined
location. A SMFLTAA of the invention placed in the cathodal wells of the gel is then electrophoresed at a suitable voltage
for a specified period of time to allow the SMFLTAA to contact the autoantibodies present in the test samples and form
a precipitin as described herein.

[0093] Several non-limiting embodiments of a CIE assay according to the invention are presented as Examples 7 and
8. According to the method shown in Example 8, detection of precipitating autoantibodies can be carried out in as little
as about 10 minutes.

[0094] "Double immunodiffusion (DID; also known as "Ouchterlony double immunodiffusion” or"agar gel
immunodiffusion" is a relatively simple method that can be used for the detection of extractable nuclear antigens (ENAs).
DID is performed using a gel diffusion medium that contains a series of wells. In one example of a DID assay according
to the invention, the wells are configured with a single central well surrounded by a series of peripheral wells. The
peripheral wells may be placed symmetrically around the central well. Alternatively the peripheral wells of different sizes
are placed around the central well.

[0095] In one non-limiting embodiment, the DID assay may be set up using a microDID format (fig. 9a). An appropriate
gel medium, for example an agarose gel of an appropriate gel strength and buffer concentration (shaded area) (but not
limited thereto) can be cast into a recess in a suitable support material to yield a suitable gel depth. In one example the
recess is circular, but is not limited thereto. The suitable support material has been configured as a DID assay plate or
other DID assay device. The support material in which the recess has been formed, for example, during the construction
of the plate or device, or by subsequent machining, but not limited thereto, can be made of any suitable support material
including but not limited to various acrylic polymers, polystyrene(s), or methacrylate (s), and the like. In one embodiment,
the support material is configured from or as a clear acrylic sheet.

[0096] In an example using a circular recess, the circular recess contained or formed within in the support material is
of any suitable diameter, for example, a 25 to 50mm diameter circular recess, preferably 25mm. The gel depth formed
by the gel cast in the circular recess is likewise of any suitable depth. What is important in this embodiment is that the
diameter of the circular recess and the depth of the gel are appropriate to allow for diffusing target antigens and target
antibodies (including target autoantigens and target autoantibodies) to come into contact and form a detectable precipitin
under the chosen reaction conditions. Suitable gel depths may be, for example from 0.5 to 5 mm, preferably 1 to 4 mm,
more preferably 1.5 to 3 mm, more preferably 2 mm.

[0097] Wells are cut in the gel formed in the circular recess, for example as shown in figure 9a. The excised gel is
removed from the wells using a metal tube attached to a suction device. Serum samples obtained from a subject to be
tested are added to the outer wells, and a target antigen, including but not limited to a SMFLTAA of the invention, is
added to the central well. The serum samples may be diluted or undiluted as known in the art or as described herein.
[0098] The antibodies to be detected from the test sample and the target antigens are then allowed to diffuse through
the gel diffusion medium for a suitable amount of time to form a precipitin. Precipitin formation occurs at an interface
where the concentrations of the antibodies to be detected and the target antigens are present at equivalent concentrations.
[0099] In one embodiment according to the invention, test serum samples obtained from subjects having or suspected
of having an autoimmune disorder, are placed in the peripheral wells. A SMFLTAA of the invention is placed in the
central well. The test samples and SMFLTAA are allowed to diffuse through the buffered gel diffusion medium for a
suitable amount of time such that precipitins as described herein are formed. For example, a suitable amount of time
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may be 24 to 48 hours, but is not limited thereto.

[0100] In some instances, more than one peripheral well may be used, which leads to multiple possible outcomes
based on the reactivity and specificity of the autoantigens and autoantibodies selected. The zone of precipitin formation
may indicate a full identity (i.e. a continuous line), partial identity (i.e. a continuous line with a spur at one end), or a non-
identity (i.e. the two lines cross completely) of the selected antigen/antibody combination.

[0101] Without wishing to be bound by any theory, the applicant believes that precipitin formation takes place due to
the multivalent character of most autoantigens. Typically an antigen has several antigenic determinants which allow
binding of multiple antibodies. Typically, autoantibodies have at least two antigen binding sites. In some cases, e.g., the
case of IgM, there may be up to 10 antigen binding sites. Due to these multiple sites, large aggregates or cross-linked
complexes of antigens and antibodies may be formed,

[0102] An increase in the amount of antigen relative to a constant amount of antibody allows for essentially all of the
target antibodies in a given test sample to be bound by the antigen into the precipitin. Preferably, all of the target antibodies
in a given test sample are bound by the antigen into the precipitin. This is called the antibody-excess zone (i.e. prozone
phenomenon). For examples, as the concentration of a given antigen increases due to diffusion through the gel diffusion
medium, the amount protein precipitated in the cross-linked complexes will increase. A ’'zone of
equivalence" or "equivalence point" will be formed once the ratio of antigen/antibody is optimal. Where the amount of
antigen diffusing through the gel diffusion medium exceeds the amount of antibody, the precipitin formation will decrease,
leading to an "antigen excess zone".

[0103] "Substantially the same binding characteristics" refers to an antibody or antigen that is a functional fragment,
functional variant or functional variant of an target antibody, autoantibody, antigen or autoantigen as described herein
that has essentially the same binding selectivity and sensitivity as another antibody, autoantibody, antigen or autoantigen
to which the first antibody, antigen, autoantibody or autoantigen is compared. Typically such a molecule that has sub-
stantially the same binding characteristics will share sufficiently similar three dimensional polypeptide structure to retain
essentially the same binding selectivity and sensitivity as the molecule to which it is compared. Preferably, essentially
the same binding selectivity or sensitivity is the same binding selectivity or sensitivity.

[0104] The term "biological sample" is used interchangeably herein with the term "test sample" and refers to any
sample obtained from a subject to be screened. Preferably the subject to be screened has or is suspected of having an
autoimmune disorder. The test sample may be any sample known in the art in which a target antibody or target autoan-
tibody of interest may be detected. Included are any body fluids such as plasma, blood, saliva, interstitial fluid, serum,
urine, synovial, cerebrospinal, lymph, seminal, amniotic, pericardial fluid and ascites. Included are samples from any
subjects such as those subjects displaying a clinical phenotype suggestive of or indicative of an autoimmune disease
or disorder, but not limited thereto. Also included are control samples that may be from normal healthy subjects with no
clinical history of autoimmune disease or disorder or that may be artificial samples containing a known amount of a
target antibody or target autoantibody that is known to be non-reactive (e.g., non-binding) with a target antigen or target
autoantigen that is labelled to yield the SMFLTAAs of the invention.

[0105] Test samples that may be used in the methods according to the invention can be obtained from any source.
For example, in one embodiment, the test samples are obtained from an animal, preferably a bird or a mammal, more
preferably a mammal. Preferably the mammal includes human and non-human mammals such as cats, dogs, horses,
pigs, cows, sheep, deer, mice, rats, primates (including gorillas, rhesus monkeys and chimpanzees), possums and other
domestic farm or zoo animals, but not limited thereto. Preferably, the mammal is a cow or a sheep. Preferably the
mammal is a human.

[0106] The term "comprising" as used in this specification and claims means "consisting at least in part of"; that is to
say when interpreting statements in this specification and claims which include "comprising", the features prefaced by
this term in each statement all need to be present but other features can also be present. Related terms such as
"comprise" and "comprised" are to be interpreted in similar manner.

[0107] Theterm "polypeptide", as used herein, encompasses amino acid chains of any length of a specified polypeptide
sequence or any combination thereof, wherein the amino acid residues are linked by covalent peptide bonds. The term
may refer to a polypeptide thatis a purified natural product, or that has been produced partially or wholly using recombinant
or synthetic techniques. The term may refer to an aggregate of a polypeptide such as a dimer or other multimer, a fusion
polypeptide, a polypeptide fragment, a polypeptide variant, or derivative thereof.

[0108] A "fragment" of a polypeptide is a subsequence of the polypeptide that performs a function that is required for
the biological activity or binding and/or provides three dimensional structure of the polypeptide. The term may refer to
a polypeptide, an aggregate of a polypeptide such as a dimer or other multimer, a fusion polypeptide, a polypeptide
fragment, a polypeptide variant, or derivative thereof capable of performing the required peptide function.

[0109] Asused herein, the term "variant" refers to a target antibody, target antibody, target antigen or target autoantigen
amino acid sequence which is different from a specifically identified sequence, wherein one or more amino acid residues
is deleted, substituted, or added. Variants may be naturally occurring allelic variants, or non-naturally occurring variants.
Variants may be from the same or from other species and may encompass homologues, paralogues and orthologues.
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In certain embodiments, variants of the target antibodies, target autoantibodies, target antigens or target autoantigens
useful in the invention have biological activities that are the same or substantially similar to those of the parent target
antibodies, target autoantibodies, target antigens or target autoantigens. The term "variant" with reference to target
antibodies, target autoantibodies, target antigens or target autoantigens encompasses all forms of target antibodies,
target autoantibodies, target antigens or target autoantigens as defined herein.

[0110] The term "variant" with reference to target antibodies, target autoantibodies, target antigens or target autoan-
tigens also encompasses naturally occurring, recombinantly and synthetically produced target antibodies, target antigens,
target autoantigens or polypeptides. Variant target antibody, target autoantibody, target antigen or target autoantigen
sequences preferably exhibit at least 50%, 60%, 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%,
82%, 83%, 84%, 85%), 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, and preferably at
least 99% identity to a target antibody, target autoantibody, target antigen or target autoantigen sequence useful in the
present invention. Identity is found over a comparison window of at least 5 amino acid positions, preferably at least 7
amino acid positions, preferably at least 10 amino acid positions, preferably at least 15 amino acid positions, preferably
at least 20 amino acid positions and most preferably over the entire length of a target antibody, target autoantibody,
target antigen, or target autoantigen used in the invention.

[0111] Target antibody, target autoantibody, target antigen or target autoantigen variants also encompass those which
exhibit a similarity to one or more of the specifically identified target antibodies, target antigens, target autoantigens or
polypeptide sequences that is likely to preserve the functional equivalence of those sequences and which could not
reasonably be expected to have occurred by random chance.

[0112] Polypeptide sequence identity and similarity can be determined in the following manner. The subject polypeptide
sequence is compared to a candidate polypeptide sequence using BLASTP (from the BLAST suite of programs, version
2.2.14 [May 2006]) in bl2seq, which is publicly available from NCBI (ftp://ftp.ncbi.nih.gov/blast/). The default parameters
of bl2seq are utilized except that filtering of low complexity regions should be turned off.

[0113] The similarity of polypeptide sequences may be examined using the following UNFIX command line parameters:

bl2seq -i peptideseq1 -j peptideseq2 -F F -p blastp

[0114] The parameter -F F turns off filtering of low complexity sections. The parameter -p selects the appropriate
algorithm for the pair of sequences. This program finds regions of similarity between the sequences and for each such
region reports an "E value" which is the expected number of times one could expect to see such a match by chance in
a database of a fixed -reference size containing random sequences. For small E values, much less than one, this is
approximately the probability of such a random match.

[0115] Variant polypeptide sequences preferably exhibit an E value of less than 1 x 10 more preferably less than 1 x
10 -6, more preferably less than 1 x 10 -9, more preferably less than 1 x 10 -12, more preferably less than 1 x 10 -5, more
preferably less than 1 x 10 -18 and most preferably less than 1 x 10 21 when compared with any one of the specifically
identified sequences.

[0116] Polypeptide sequence identity may also be calculated over the entire length of the overlap between a candidate
and subject polypeptide sequences using global sequence alignment programs. EMBOSS-needle (available at ht-
tp:/www.ebi.ac.uk/emboss/align/) and GAP (Huang, X. (1994) On Global Sequence Alignment. Computer Applications
inthe Biosciences 10, 227-235.) as discussed above are also suitable global sequence alignment programs for calculating
polypeptide sequence identity.

[0117] Use of BLASTP as described above is preferred for use in the determination of polypeptide variants according
to the present invention.

[0118] A variant target antibody, target autoantibody, target antigen, or target autoantigen includes target antibodies,
target autoantibodies, target antigens or target autoantigens wherein the amino acid sequence differs from the sequence
of a non-variant target antibody, target autoantibody, target antigen, or target autoantigen by one or more conservative
amino acid substitutions, deletions, additions or insertions which do not affect the biological activity of the target antibody,
target autoantibody, target antigen, or target autoantigen. Conservative substitutions typically include the substitution
of one amino acid for another with similar characteristics, e.g., substitutions within the following groups: valine, glycine;
glycine, alanine; valine, isoleucine, leucine; aspartic acid, glutamic acid; asparagines, glutamine; serine, threonine;
lysine, arginine; and phenylalanine, tyrosine. Examples of conservative and semi-conservative substitutions can be
taken from Table 2 below.

Table 2

Original Residue | Exemplary Substitutions Preferred Substitution

Ala (A) val; leu; ile; pro val
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(continued)

Original Residue | Exemplary Substitutions Preferred Substitution
Arg (R) lys; gIn; asn lys

Asn (N) gln; his; lys; arg gln

Asp (D) glu glu

Cys (C) ser ser

GIn (Q) asn; his his

Glu (E) asp asp

Gly (G) pro; ala ala

His (H) asn; gln; lys; arg arg

lle (1) leu; val; met; ala; phe; norleucine | leu

Leu (L) norleucine; ile; val; met; ala; phe | phe; val
Lys (K) arg; gln; asn arg

Met (M) leu; phe; ile leu

Phe (F) leu; val; ile; ala; tyr val

Pro (P) ala ala

Ser (S) Thr; gly gly

Thr (T) ser; ala; pro ser; ala
Trp (W) tyr; phe tyr

Tyr (Y) trp; phe; thr; ser phe
Val (V) ile; leu; met; phe; ala; norleucine | leu

[0119] Naturally occurring residues are divided into groups based on common side-chain properties:
(1) hydrophobic: norleucine, met, ala, val, leu, ile;
(2) neutral hydrophilic: cys, ser, thr;
(3) acidic: asp, glu;
(4) basic: asn, gln, his, lys, arg:
(5) residues that influence chain orientation: gly, pro; and
(6) aromatic: trp, tyr, phe.

[0120] Non-conservative substitutions will entail exchanging a member of one of these classes for a member of another
class.

[0121] Substitutions, deletions, additions or insertions may be made by mutagenesis methods known in the art. A
skilled worker will be aware of methods for making phenotypically silent amino acid substitutions. See for example Bowie
et al., 1990, Science 247, 1306.

[0122] "Subject" as used herein is preferably an animal. Preferably the animal is a mammal. Preferably the mammal
includes human and non-human mammals such as cats, dogs, horses, pigs, cows, sheep, deer, mice, rats, primates
(including gorillas, rhesus monkeys and chimpanzees), possums and other domestic farm or zoo animals, but not limited
thereto. Preferably, the mammal is human.

[0123] The term "clinical phenotype" as used herein refers to the complete observable characteristics of a subject
having or suspected of having a particular disease or disorder, for example, an autoimmune disorder. These character-
istics include all anatomic, physiologic, biochemical, and behavioural traits, as determined by the interaction of genetic
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makeup and environmental factors. Generally speaking symptoms of an autoimmune disease vary widely and depend
on the specific disease. A group of symptoms that can occur with autoimmune diseases may include dizziness, fatigue,
and general ill-feeling and/or low grade fever.

[0124] An "enzyme linked immunosorbent assay (ELISA)", also known as an enzyme-linked immunoassay; EIA as
used herein takes its regular meaning as known and used in the art. In general terms, an ELISA is an assay that relies
on an enzymatic conversion reaction and is used to detect the presence of specific substances including, but not limited
to enzymes, viruses, antibodies, and bacteria.

[0125] It is intended that reference to a range of numbers disclosed herein (for example 1 to 10) also incorporates
reference to all related numbers within that range (for example, 1, 1.1, 2, 3, 3.9, 4, 5, 6, 6.5, 7, 8, 9 and 10) and also
any range of rational numbers within that range (for example 2 to 8, 1.5 to 5.5 and 3.1 to 4.7) and, therefore, all sub-
ranges of all ranges expressly disclosed herein are expressly disclosed. These are only examples of what is specifically
intended and all possible combinations of numerical values between the lowest value and the highest value enumerated
are to be considered to be expressly stated in this application in a similar manner.

Small molecule fluorescence-labelled target antigens and autoantigens

[0126] The work as detailed herein gives rise to numerous aspects of the invention relating to the detection of said
target autoantibodies providing, for example, compositions comprising small molecule fluorescence labelled target au-
toantigen (SMFLTAAs) which may be used in the methods of the invention as described herein. Also included are kits
which employ said SMFLTAAs for use in these methods.

[0127] The target said autoantigens that are fluorescently labelled as SMFLTAAs according to the invention and that
are subsequently used in the methods of the invention as detailed herein are preferably isolated. They may be isolated
or purified from natural sources using a variety of techniques that are well known in the art (e.g. Deutscher, 1990, Ed,
Methods in Enzymology, Vol. 182, Guide to Protein Purification,). Technologies include HPLC, ion-exchange chroma-
tography, and immunochromatography but are not limited thereto.

[0128] In one embodiment, target autoantigens, including functional fragments, functional variants and functional
derivatives thereof, may be prepared by any standard means as commonly known and used in the art.

[0129] For example, the target autoantigens or functional fragments, functional variants and functional derivatives
thereof may be isolated from natural sources, including but not limited to animals. Preferably the animals are birds or
mammals. Preferably the mammal includes human and non-human mammals such as cats, dogs, horses, pigs, cows,
sheep, deer, mice, rats, primates (including gorillas, rhesus monkeys and chimpanzees), possums and other domestic
farm or zoo animals, but not limited thereto. Preferably, the mammal is a cow or a sheep. Preferably the mammal is a
human.

[0130] Alternatively the target autoantigens may be expressed recombinantly in suitable host cells and separated from
the cells using standard techniques of molecular biology as known and used in the art Sambrook et al., (supra).
[0131] For example, host cells comprising expression cassettes and vectors comprising polynucleotides encoding a
target autoantigen, or functional fragment, functional variant or functional derivative thereof to be labelled as a SMFLTAA
according to the invention are useful in methods for recombinant production of polypeptides. Methods for producing
recombinant proteins are well known in the art and are described generally in Sambrook et al., (supra), and Ausubel el
al., Current Protocols in Molecular Biology, Greene Publishing, 1987. Methods for transforming selected host cells with
the vectors are also known, for example, the calcium chloride treatment described by Cohen, SN; PNAS 69, 21 10, 1972.
[0132] Methods of producing recombinant polypeptide commonly involve the culture of host cells in an appropriate
medium in conditions suitable for or conducive to, expression and selection of a polypeptide of interest. Cells with a
selectable marker may additionally be grown on medium appropriate for selection of host cells expressing a polypeptide
of interest. Transformed host cells expressing a polypeptide of interest are selected and cultured under conditions
suitable for expression of the polypeptide. The expressed recombinant polypeptide, may be separated and purified from
the culture medium using methods well known in the art including ammonium sulfate precipitation, ion exchange chro-
matography, gel filtration, affinity chromatography, electrophoresis and the like (e.g. Deutscher, Ed, 1990, Methods in
Enzymology, Vol 182, Guide to Protein Purification). Host cells may also be useful in methods for production of a product
generated by an expressed polypeptide of interest.

[0133] For example, various host cells can be used for recombinant production of a target autoantigen, or functional
fragment, functional variant or functional derivative thereof, to be labelled as a SMFLTAA according to the invention,
from an expression cassette or vector. Such host cells may be derived from prokaryotic or eukaryotic sources, for
example yeast, bacteria, fungi, insect (e.g. baculovirus), animal, mammalian or plant organisms. In one embodiment
the host cells are isolated host cells. Prokaryotes most commonly employed as host cells are strains of E coli. Other
prokaryotic hosts include Pseudomonas, Bacillus, Serratia, Klebsiella, Streptomyces, Listeria, Saccharomyces, Salmo-
nella and Mycobacteria but are not limited thereto.

[0134] Eukaryotic cells for expression of recombinant protein include but are not limited to Vero cells, HeLa, CHO
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(Chinese Hamster ovary cells), 293, BHK cells, MDCK cells, and COS cells as well as prostate cancer cell lines such
as PrEC, LNCaP, Du 145 and RWPE-2. These cells are available from ATCC, Virginia, USA.

[0135] In one embodiment, a method of making a target autoantigen, or functional fragment, functional variant or
functional derivative thereof, to be labelled as a SMFLTAA according to the invention comprises the steps of transforming
a host cell with an expression cassette or vector that comprises a polynucleotide sequence encoding the target autoan-
tigen, or functional fragment, functional variant or functional derivative thereof, culturing the host cell under conditions
whereby the target autoantigen, or functional fragment, functional variant or functional derivative thereof is expressed
and subsequently isolating the expressed target autoantigen, or functional fragment, functional variant or functional
derivative thereof.

[0136] Generally speaking, a number of target autoantigens, or functional fragments, functional variants or functional
derivatives thereof that may be suitably labelled to form the SMFLTAA according to the invention or that may be used
in the compositions or methods of the invention may be obtained from commercial suppliers including: AROTEC Diag-
nostics Limited (Lower Hutt, New Zealand; www.arodia.com). Immunovision, Inc. (Springdale, AR, USA www.immuno-
vision.com); The Antigen Site (San Diego, CA, USA www.antigensite.com).

Preparation of labelled target antigens and target autoantigens

[0137] The target autoantigen of or useful in accordance with the invention comprises at least a functional fragment,
functional derivative or functional variant of a target autoantigen of interest that has been chemically labelled with a small
molecule fluorophore. A chemically labelled small molecule fluorescent target autoantigen retains substantially all, pref-
erably all, the selectivity and sensitivity of binding of the un-labelled target autoantigen for its target or cognate autoan-
tibody.

[0138] In one embodiment, the SMFLTAA according to the invention is labelled with any suitable small molecule
fluorophore selected on the basis of its spectral properties, which are preferably similar to fluorescein isothiocyanate
(FITC). This means that the small molecule fluorophore can be detected using the same equipment as that used to
detect FITC.

[0139] FITC is commonly used in the detection of autoantibodies by immunofluorescence microscopy. This compound
has an excitation maximum at wavelength 495 nm and an emission maximum at wavelength 517 nm, and is usually
detected using an appropriate excitation filter / barrier filter combination. Many such small molecule fluorophores are
available and will be known to the person of skill in the art (e.g., Miller L. W. (ed.) Probes and Tags to Study Biomolecular
Function: for Proteins, RNA, and Membranes, 2008. pp 193; Haugland R.P.(ed.): The Handbook. A Guide to Fluorescent
Probes and Labelling Technologies 10th ed., 2005 (Invitrogen Corp.)

[0140] Forexample, the small molecule fluorophore may be an FITC derivative, including but not limited to, AlexaFluor
488 or DyLight 488, that has been tailored for various chemical and biological applications where greater photostability,
higher fluorescence intensity, and/or different attachment groups are needed. Additional examples of fluorophores which
may be suitable for use in producing a SMFLTAA of or useful in the invention may be found listed in Table 1.

[0141] In one non-limiting embodiment, fluorophores can be covalently attached to target autoantigens through a
process referred to as conjugation. In conjugation, the fluorophore is covalently attached through reaction with an
accessible amino acid side chain group of the target antigen. Typically a reactive derivative of the fluorophore is presented
to the target antigen. A number of different fluorophore derivatives that react with various reactive groups on target
autoantigens are known in the art and may be used according to the invention. For example fluorophore derivatives that
react with target antigen amine groups can include isothiocyanates, succinimidyl esters, sulfosuccinimidyl esters,
tetrafluorophenyl esters, carbonyl azides and sulfonyl chlorides; fluorophore derivatives that react with target antigen
thiol groups can include iodoacetamides, maleimides, alkyl hydrides and arylating agents; and fluorophore derivatives
that react with target antigen alcohol groups that have been oxidized with periodate to yield aldehydes can include
hydrazine, hydroxytamine or amine derivatives.

[0142] Inaddition, to be a suitable substitute small molecule fluorophore, covalent modification of the target autoantigen
must not significantly alter the selectivity and specificity of the target autoantigen for its target antibody.

Detection of target antibodies

[0143] The applicants have determined that SMFLTAAs can be used effectively for sensitive and selective detection
of target antibodies in an immunodiffusion type of assay.

[0144] The applicant has found that fluorescent labeling of target autoantigens, using small molecules as described
herein, has no significant effect on the binding characteristics of the labelled antigens for their cognate antibodies. This
observationis at odds with established views of antigen/antibody binding characteristics. Generally, the art ofimmunology,
particularly immunodetection, considers that even minor changes in antigen or antibody structure can have significant
effects on binding characteristics.
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[0145] The generally accepted view in this art is that covalent modification of amino acids that are important for
determining the three dimensional structure of antibodies and antigens can lead to loss or reduction of antibody/antigen
reactivity (i.e., selectivity and specificity). This loss or reduction is particularly evident when such covalent modification
is within regions of antigenic determination (i.e., epitopes and epitope binding regions).

[0146] In direct contradiction of this, the applicant has shown that the attachment of a small molecule fluorophore to
an antigen, particularly an autoantigen, constitutes a covalent modification that does not result in the loss or reduction
of antibody/antigen reactivity. Without wishing to be bound by any theory, the applicant believes that this is because
amino acids that are important for autoantigen epitopes are not modified, or if they are that this modification is sufficiently
tolerated such that no significant reduction of reactivity with cognate autoantibodies is observed.

[0147] The applicant has shown for the first time that small molecule fluorescence-labelled autoantigens can be used
to specifically detect autoantibodies in a sample suspected of containing autoantibodies with a selectivity and sensitivity
of detection that minimizes both false positive and/or false negative results when compared to autoantibody detection
using standard immunoprecipitation assay formats, including standard DID, counter-immunoelectrophoresis and ELISA.
[0148] The applicant has further shown that SMFLTAAs according to the invention can be used in diffusion type
immunoassays to fluorescently detect and semi-quantify autoantibodies in a sample containing or suspected of containing
autoantibodies. Preferably the diffusion type immunoassay is a double immunodiffusion assay or counter-immunoelec-
trophoresis assay as described herein. Preferably the double immunodiffusion assay or counter-immunoelectrophoresis
is carried out in an immunoprecipitation device. More preferably the immunodiffusion device is a micro-immunodiffusion
device according to the invention.

[0149] The detection of autoantibodies according to the applicant’s methods can be performed with greater sensitivity
than can be achieved with standard DID immunoprecipitation assays as currently employed in the art. For example, the
applicant has shown that the sensitivity of detection may be increased by up to ten fold using their methods (Figure 4).
[0150] Detection of autoantibodies according the invention can also be carried out with fewer false positive results as
compared to ELISA. Without wishing to be bound by any theory, the applicant believes that this is because ELISA is a
particularly sensitive technique. ELISA is therefore known to return weakly positive results, termed "borderline" or "grey
area" low positive results. Frequently, such results are not consistent with clinical presentation and are subsequently
determined to be "false" positive results

[0151] Accordingly, the SMFLTAAs used in the methods according to the invention can provide a more accurate
diagnosis of numerous autoimmune diseases in a subject, while avoiding the problems associated with the need for
further confirmatory testing of the subject, including the expense of further testing and the general inconvenience.
[0152] Inone embodiment, the concentration of an autoantibody may be determined semi-quantitatively from a sample
using a SMFLTAA and the applicant’'s methods according to the invention. Such a determination is made by measuring
the fluorescence intensity of the SMFLTAA bound in a precipitin according to the methods of the invention.

[0153] The term, "semi-quantitatively" as used herein refers to a quantification that yields an approximation of the
quantity or amount of a substance; between a qualitative and a quantitative result.

[0154] Fluorescent autoantigen complexes, e.g. precipitins formed according to the invention can be detected in using
a range of equipment configurations. Suitable equipment that can be used to detect and measure the fluorescence
intensity of a SMFLTAA bound in a precipitin according to the invention includes, but is not limited to a Gel Doc XR
System (BioRad, CA) with retrofitted with a Safelmager™ blue-light transilluminator (Invitrogen, CA) with an amber
emission screen; a Nikon Eclipse 80i immunofluorescence microscope with a B-2e/C filter set, a Fujifilm FLA-5100 laser
scanner with a 532 emission filter set. As will be appreciated, any suitable imaging system may be used or may be
adapted for use, with the methods according to the invention, including numerous other systems that are well known to
the person of skill in the art and commonly available in research laboratories.

[0155] The practitioner of the invention as described herein thereby avoids the additional costs and/or inconvenience
associated with a requirement for obtaining specialized equipment in order to practice the invention, beyond what would
commonly be present in a standard clinical or research laboratory as known in the art.

[0156] Image analysis, including semi-quantification of fluorescence intensity may be carried out using any appropriate
imaging software, including but not limited to QuantityOne software (BioRad, CA), ImageQuant™ software (GE Health-
care, NJ), and/or NIS Elements software (Nikon, NY).

[0157] Use of the applicant's SMFLTAA in methods according to the invention is also advantageous in being much
simpler to perform (DID) or much faster to perform (CIE), or both, than ELISA methods. In addition, DID and CIE methods
according to the invention are much faster than current methods, do not require staining and are more sensitive than
conventional DID or CIE.

[0158] Based on their surprising findings, the applicants provide numerous aspects of an invention relating to an
improved method of detecting antibodies, particularly autoantibodies, in a sample obtained from a subject having or
suspected of having an autoimmune disease or disorder.

[0159] This invention may also be said broadly to consist in the parts, elements and features referred to or indicated
in the specification of the application, individual or collectively, and any or all combinations of any two or more said parts,
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elements or features, and where specific integers are mentioned herein which have known equivalents in the art to which
this invention relates, such known equivalents are deemed to be incorporated herein as if individually set forth.
[0160] The invention will now be illustrated in a non-limiting way by reference to the following examples.

EXAMPLES AND REFERENCE EXAMPLES

[0161] Double immunodiffusion (DID) and counter-immunoelectrophoresis (CIE) detailed in the following examples
was performed according to Bunn & Kveder 1993. DID was performed for 24 hours on 0.8% agarose gels with 2.5 mm
sample wells that were 3.0 mm apart. CIE was performed on 1.0% agarose gels with sample wells that were 5.0 mm apart.

EXAMPLE 1: Small molecule fluorescence-labelling of a target antigen

[0162] The following example uses commercially available, purified Ro60 SSA antigen (also referred to herein as
"SSA") available from AROTEC Diagnostics Limited (Lower Hutt, New Zealand; www.arodia.com).

[0163] Purified SSA was dialysed into 0.1M carbonate buffer, pH 9.0; 0.4 M NaCl and then reacted with fluorophore
AlexaFluor 488 carboxylic acid, succinimidyl ester according to the manufacturer’s instructions (The Handbook. A Guide
to Fluorescent Probes and Labelling Technologies. MTZ Spence (ed) 2005 by Invitrogen Corp.). This fluorophore was
selected based on spectral properties that are similar to those of fluorescein isothiocyanate (FITC). This fluorophore
has an excitation maximum at wavelength 495 nm and an emission maximum at 517 nm. AlexaFluor 488 can therefore
be detected using readily available laboratory techniques and devices, including, for example, epi-fluorescence micro-
scopy and/or fluorescence plate readers, designed and equipped to detect FITC fluorescence. Un-reacted fluorophore
was separated from labelled antigen by gel filtration. Sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-
PAGE) was performed according to Laemmli (Nature 220 (1970) 680). The separation gel contained 13.5% acrylamide.
After electrophoresis, proteins were detected by Coomassie blue staining, or were immunoblotted by transferring to
nitrocellulose membrane and then probed using subject serum and anti-lgG alkaline phosphatase conjugate according
to Towbin et al. (Proc. Natl. Acad. Sci. USA 76 (1979) 4350).

[0164] The separation of AlexaFluor 488-labelled and unlabelled SSA antigen (1.0 ng of each) by SDS-PAGE was
visualized by the Coomassie-blue staining (Fig. 1A). Prior to staining with Coomassie Blue, images of fluorescent-SSA
were obtained using blue light trans-illumination with an amber screen filter and captured using a GelDoc system (BioRad,
CA) (Fig. 1 B). In all cases images of fluorescent complexes were analysed in inverse form.

[0165] A replicate gel was transferred to nitrocellulose and probed with a 1:300 dilution of subject serum containing
anti-SSA antibodies overnight at room temperature. The blot was blocked for 1 hour with buffer containing 1% bovine
serum albumin, washed and then probed with alkaline phosphatase conjugated anti-human IgG for hour. The blot was
washed again and then developed using NBT/BCIP alkaline phosphate substrate (Fig. 1C).

[0166] As discussed previously, the attachment of a fluorophore to an autoantigen constitutes a covalent modification
that could conceivably result in the modification of amino acids that are important for autoantigen epitopes and thereby
reduce reactivity with subject autoantibodies. Accordingly, this example shows that fluorescent labelling under the con-
ditions described does not result in a discernable change to the molecular weight of SSA antigen (assessed by SDS-
PAGE).

[0167] Without wishing to be bound by any theory, the applicant believes that this result suggests that only a very
limited number of amino acids are modified by the labelling process (Fig. 1A). As would be expected, these results
clearly show that fluorescently labelled SSA antigen is readily detected using blue-light trans-illumination, whereas the
unlabelled SSA antigen is not (Fig. 1B). Immunoblotting using a subject serum containing anti-SSA antibodies confirms
that fluorescent labelling does not substantially alter or reduce the reactivity of SSA to subject autoantibodies (Fig. 1C).

EXAMPLE 2: Determination of the binding characteristics of SMFLTA or SMFLTAA by ELISA.

[0168] Enzyme-linked immunosorbent assay (ELISA) was performed according to Charles & Maini 1993 Man. Biol.
Mark. Dis. (Kluwer Academic) using Nunc MaxiSorb plates and anti-lgG horse radish peroxidase conjugate. AlexaFluor
488-labelled and unlabelled SSA were coated onto ELISA plates (Nunc Thermo, Fisher, NY) at 0.25, 0.5 and 1p.g/ml
(100 pl per well) overnight at 4°C. Plates were washed and blocked for 4 hrs at room temperature prior to the addition
of 7 serum samples diluted 1:100 (1 healthy donor and 6 subject serum samples containing anti-SSA antibodies) for 1
hour. ELISA plates were washed and incubated with horse radish-conjugated anti-human I1gG at 1:30,000 dilution (Jack-
son Immunoresearch, PA) for 1 hour. Plates were washed and developed using TMB (3,3,5,5'-tetramethylbenzidine)
substrate for 10 min and the reaction stopped using H,SO, and the absorbance read at 450 nm.

[0169] ELISA was used to further evaluate the reactivity of fluorescently labelled SSA antigen relative to unlabelled
SSA (Fig. 2). No discernable change in reactivity with subject autoantibodies was found when labelled and unlabelled
SSA were coated onto ELISA plates at three different concentrations. This result suggests that attachment of the fluor-

19



10

15

20

25

30

35

40

45

50

55

EP 2 478 364 B1
ophore to SSA antigen does not result in modification or reduction of target autoantigen access to target autoepitopes.

EXAMPLE 3: Comparison of autoantibody detection using DID and fluorescence detection of SMFLTAA in pre-
cipitins as compared to epi-illumination.

[0170] The utility of fluorescent labelled SSA to detect precipitating autoantibodies was investigated using DID. A
patient serum containing anti-SSA antibodies was left undiluted or diluted 4-, 16-, 32-, 64- and 128-fold and then 5 pl
were added to wells 1-6 respectively of four DID plates (Fig. 3). 5l of AlexaFluor 488-labelled SSA at a concentration
of 6.25, 12.5, 25, and 50 p.g/ml were added to the central well (Fig. 3). The DID plates were sealed, incubated at room
temperature in the dark for 24 hours and AlexaFluor 488-SSA precipitin complexes were then detected using blue light
trans-illumination with amber filter.

[0171] Immunoprecipitation complexes (i.e., white precipitin bands) were also evaluated by non-fluorescent detection
(epi-illumination with white light against a black background) using a Molecular Dynamics Personal Densitometer Sl and
ImageQuant™ software (GE Healthcare). Results are shown for undiluted or 4-, 16-, 32-, 64- and 128-fold diluted subject
serum (wells 1-6 respectively) using 5 wl of 50 wg/ml AlexaFluor 488-labelled SSA in the central well (Fig. 4A-blue light
trans-illumination with amber filter; Fig. 4B-white light epi-illumination against a black background).

[0172] The results of the DID assay show the differences in the reactivity of different amounts of labelled SSA antigen
with different dilutions of a subject serum containing autoantibodies to SSA. A clear precipitin reaction was detectable
with serum dilutions as high as 1:128.

[0173] Theimproved sensitivity of the DID procedure when using fluorescent labelled SSA followed by blue light trans-
illumination is clearly shown in Figure 4. Using small molecule fluorescence-labelled SSA, precipitin bands can be clearly
seen at serum dilutions as high as 1:128. This is compared to the traditional method for detecting precipitin bands formed
in DID assays using white light epi-illumination against a black background. In such traditional methods, precipitin bands
were only detected from subject serum dilutions as low as 1:16.

EXAMPLE 4: Semi-quttntitative evaluation of fluorescent DID

[0174] The precipitin bands formed by small molecule fluorescence-labelled SSA bound to its cognate antibody in
subject sera were semi-quantitatively evaluated by scanning fluorescent DID images using the BioRad Quantity One
(BioRad, CA) software (Fig. 5). Semi-quantitative evaluation by densitometric image-scanning was followed by pixel-
counting of the precipitin band. Scans for subject sera that are 0, negative; 1, low-positive; 2, mid-positive; 3, high-
positive for SSA autoantibodies are shown in Fig. 5.

EXAMPLE 5: Detection of anti-SSA antibodies: comparison of DID and ELISA methods

[0175] The level of anti-SSA antibodies was measured in 48 serum samples (including two healthy donors) by direct
ELISA, using unlabelled SSA for coating (1:100 dilution, each sample measured in duplicate) as described for Figure
2, and by DID using AlexaFluor 488-labelled SSA. The DID plates were sealed, incubated at room temperature in the
dark for 24 hrs and fluorescent precipitin bands were detected using blue light trans-illumination. The digital images
obtained were quantified using Quantity One software (BioRad, CA) and scored as described in Example 4. The DID
score and ELISA absorbance were plotted to observe a good correlation (r2 = 0.7107) between the two methods of SSA
autoantibody measurement (Fig. 6).

[0176] A large number of subject sera were evaluated using this procedure and compared with results obtained using
the ELISA procedure. The results show that there is generally a broad correlation between the two methods. In particular,
detection of anti-SSA in sera giving higher ELISA results generally also gave the strongest precipitin bands analyzed
after DID assay. However, the fluorescent DID method did not detect precipitating antibodies in some sera that gave
lower ELISA results suggesting either (1) these sera were incorrectly assessed by ELISA to be positive for SSA antibodies,
or (2) DID has lower sensitivity than ELISA for the detection of SSA antibodies.

EXAMPLE 6: Detection of 6 different anti-ENA antibodies using fluorescent DID

[0177] Undiluted serum samples (5ul) were pipetted in the same outer well (1-6) of 6 DID plates (Fig. 7). The serum
samples contained autoantibodies of the following specificities: well 1, anti-SSA and anti-SSB; well 2, healthy donor (no
autoantibodies); well 3, anti-Jo-1; well 4, anti-RNP/Sm; well 5, anti-Sm; well 6, anti-Scl-70 (Fig. 7). AlexaFluor 488-
labelled autoantigens (5ul at 25 wg/ml) were added to the central well of the DID plates as follows: A, SSA; B, SSB; C,
Jo-1; D, RNP/Sm; E, Sm, and F, Scl-70 (Fig. 7). The DID plates were sealed, incubated at room temperature in the dark
for 24 hours and fluorescent precipitin bands were detected using blue light trans-illumination with amber filter.

[0178] The results show that SMFLTAAs according to the invention may be used to detect a range of autoantigens
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following the methods of the invention, while retaining their selectivity and sensitivity for their cognate autoantibodies.
In particular, these results show that a range of SMFLTAAs (i.e., SSA, SSB, RNP/Sm, Sm, Jo-1 and Scl-70) according
to the invention may be used in a DID assay to selectively and specifically detect their respective cognate autoantibodies
in subject samples.

EXAMPLE 7: Detection of 6 different anti-ENA specificities using fluorescent CIE

[0179] Counter-immunoelectrophoresis (CIE) is considered to be more rapid and sensitive than DID for the detection
of precipitating autoantibodies.

[0180] Counter-immunoelectrophoresis was performed using a 1.0% agarose gel with Tris-Tricine buffer (pH 8.6).
10l of undiluted serum samples (1 healthy donor and 3 containing autoantibodies for each antigen tested) were added
to wells atthe anodal side of the gel and electrophoresed at 50V for 30 mins. (Fig. 8). AlexaFluor 488-labelled autoantigens
(5pl of 25.g/ml) were then added to the cathodal wells, which were separated by 5 mm from the serum samples (Fig.
8). The gels were electrophoresed for a further 90 mins (120 mins for Jo-1) at 50V and fluorescent precipitin bands were
detected using blue light trans-illumination. Results for one healthy donor (-ve) and three subject samples with autoan-
tibodies specific for each autoantigen are shown.

[0181] The results from CIE detection of SMFLTAAs according to the invention show that the labelled autoantigens
can be used to effectively detect subject autoantibodies specific for SSA, SSB, RNP/Sm, Sm, Jo-1 or Scl-70 using this
procedure.

EXAMPLE 8: Detection of antibodies by counterimmunoelectrophoresis (CIE)
Preparation of agarose gels for CIE

[0182] Heated liquid agarose was applied to the recessed area of a mold (A) and then GelBond (Lonza Rockland,
Inc.) was layered on top (Figure 10). Once the agarose had solidified it adhered to the GelBond after the GelBond was
peeled away (B). Sample wells were formed by upstanding protrusions at the centre of the mold recess. Serum samples
were applied to the larger anodal wells (3x4 mm, 1 mm deep) while AlexaFluor 488 labelled autoantigens were applied
to the smaller cathodal wells (3x2 mm, 1 mm deep). Wells were separated by 5 mm.

Time course for detection of autoantibodies by CIE

[0183] A negative control (buffer), a negative serum, and a patient serum containing anti-SSA autoantibodies were
added to the anodal wells of a CIE gel (Figure 11). AlexaFluor 488 labelled SSA antigen was then added to the cathodal
well opposite each sample and electrophoresis was carried out at 3 mA constant current for up to 90 minutes. At different
time intervals the gel was viewed using blue light trans-illumination with an amber filter. At 9-12 minutes a clear precipitin
band can be seen with the positive sample containing SSA autoantibodies but not with the negative control or with the
negative serum sample.

[0184] Theresults of this time course assay clearly show that the fluorescence detection of autoantibodies from serum
samples using a CIE assay according to the invention is achieved in as few as 9 minutes. The time required to detect
autoantibodies in a patient sample is therefore significantly reduced as compared to DID assays or certain other CIE
protocols. Rapid detection of autoantibodies using this CIE formathas numerous advantages for clinical settings, including
the potential for use in real time detection and diagnosis of autoimmune disease i.e., patient samples may be taken and
analyzed within a single clinical visit.

Detection of autoantibodies at different serum dilutions using CIE

[0185] A negative control serum and a patient serum containing anti-SSA autoantibodies at different dilutions ranging
from undiluted to 1:50 were added to the anodal wells of a CIE gel (Figure 12). AlexaFluor 488 labelled SSA antigen
was then added to the cathodal well opposite each sample and electrophoresis was carried out at 3 mA constant current.
At different time intervals the gel was viewed using blue light trans-illumination with an amber filter. Clear precipitin bands
can be seen with the positive sample containing SSA autoantibodies even when diluted 50-fold, but not with the negative
control.

Detection of autoantibodies specific for six different nuclear antigens by counterimmunoelectrophoresis (CIE)

[0186] Patient sera containing autoantibodies with the following specificities (top to bottom-SSA, SSA/SB, Scl-70, Jo-
1, Sm and RNP): were added to the anodal wells of a six different CIE gels (Figure 13). AlexaFluor 488 labelled autoan-
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tigens (left to right) SSA, SSB, Scl-70, Jo-1, RNP/Sm, and Sm were then added to the cathodal wells of each gel.
Electrophoresis was carried out at 3 mA constant current for 60 minutes. Using blue light trans-illumination with an amber
filter, precipitin bands specific for each autoantibody specificity can be seen when the corresponding labelled autoantigen
is applied to the opposing cathodal well.

[0187] Based on the above results showing the detection of six different autoantibodies specific for 6 different fluo-
rescently labelled autoantigens, the skilled worker will recognize that the immunodetection methods according to the
invention, particularly DID or CIE, may be employed with a wide range of different labelled antigens (and autoantigens)
to detect their cognate antibodies.

[0188] The above examples illustrate practice of the invention. It will be appreciated by those skilled in the art that
numerous variations and modifications may be made without departing from the spirit and scope of the invention.
[0189] References cited within this application, including patents, published applications and other publications, are
hereby incorporated by reference.

[0190] The practice of the present invention will employ, unless otherwise indicated, conventional techniques of mo-
lecular biology and the like, which are within the skill of the art. Such techniques are explained fully in the literature. See
e.g., Molecular Cloning: A Laboratory Manual, (J. Sambrook et al., Cold Spring Harbor Laboratory, Cold Spring Harbor,
N.Y., 1989); Current Protocols in Molecular Biology (F. Ausubel et al., eds., 1987 updated); Essential Molecular Biology
(T.Browned., IRL Press 1991); Gene Expression Technology (Goeddel ed., Academic Press 1991); Methods for Cloning
and Analysis of Eukaryotic Genes (A. Bothwell et al. eds., Bartlett Publ. 1990); Gene Transfer and Expression (M.
Kriegler, Stockton Press 1990); Recombinant DNA Methodology Il (R. Wu et al. eds., Academic Press 1995); PCR: A
Practical Approach (M. McPherson et al., IRL Press at Oxford University Press 1991); Oligonucleotide Synthesis (M.
Gait ed., 1984); Cell Culture for Biochemists (R. Adams ed., Elsevier Science Publishers 1990); Gene Transfer Vectors
for Mammalian Cells (J. Miller & M. Calos eds., 1987); Mammalian Cell Biotechnology (M. Butler ed., 1991); Animal Cell
Culture (J. Pollard et al. eds., Humana Press 1990); Culture of Animal Cells, 2nd Ed. (R. Freshney et al. eds., Alan R.
Liss 1987); Flow Cytometry and Sorting (M. Melamed et al. eds., Wiley-Liss 1990); the series Methods in Enzymology
(Academic Press, Inc.); Wirth M. and Hauser H. (1993); Immunochemistry in Practice, 3rd edition, A. Johnstone & R.
Thorpe, Blackwell Science, Cambridge, MA, 1996; Techniques in Immunocytochemistry, (G. Bullock & P. Petrusz eds.,
Academic Press 1982, 1983, 1985, 1989); Handbook of Experimental Immunology, (D. Weir & C. Blackwell, eds.);
Current Protocols in Immunology (J. Coligan et al. eds. 1991); Immunoassay (E. P. Diamandis & T.K. Christopoulos,
eds., Academic. Press, Inc., 1996); Goding (1986) Monoclonal Antibodies: Principles and Practice (2d ed) Academic
Press, New York; Ed Harlow and David Lane, Antibodies A laboratory Manual, Cold Spring Harbor Laboratory, Cold
Spring Harbor, New York, 1988; Antibody Engineering, 2nd edition (C. Borrebaeck, ed., Oxford University Press, 1995);
and the series Annual Review of Immunology; the series Advances in Immunology.

[0191] The skilled person will appreciate that the invention as set forth and described herein is not limited solely to
the aspects, embodiments, and examples as described, but also encompasses within the scope of the invention, those
variations and modifications of the invention as would be obvious to the person of skill in the art (including the person
of ordinary skill in the art) in view of the disclosures provided herein and the common general knowledge.

[0192] In this specification where reference has been made to patent specifications, other external documents, or
other sources of information, this is generally for the purpose of providing a context for discussing the features of the
invention. Unless specifically stated otherwise, reference to such external documents is not to be construed as an
admission that such documents, or such sources of information, in any jurisdiction, are prior art, or form part of the
common general knowledge in the art.

References:
[0193]
Laemmli UK 1970 Nature 227: pp.680-685
Towbin et al. 1979 Proc. Natl. Acad. Sci. USA 76: pp. 4350-4354
Charles PJ & Maini RN 1993 Man. Biol. Mark. Dis. A5:1-23 (Kluwer Academic)
Bowie et al., 1990, Science 247, 1306
Bunn C & Kveder T 1993 Man. Biol. Mark. Dis. A3:1-12 (Kluwer Academic)

Deutscher 1990, Ed, Methods in Enzymology, Vol. 182, Guide to Protein Purification.
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Kavanaugh et al. 2000 Arch. Pathol. Lab. Med. 124: pp. 71-81
Peene et al. 2001 Ann Rhem Dis 60: pp 1131-1136

WO 92/06105 A1 Trigen Inc discloses a method to detect anti-64 kd pancreatic beta cell antigen autoantibodies
using labelled beta cell autoantigen under conditions which allow immuno-precipitation. That label may be a fluor-
ochrome.

Suzuki Y et al: "Immunoassay with Fluorescein-labelled Antigens - Device of a Method and its Clinical Application"
JAPANESE JOURNAL OF EXPERIMENTAL MEDICINE, vol 49, no. 3, 1979, pages 179-185 discloses small mol-
ecule fluorophore-labelled (fluorescein) bovine serum albumin (BSA) and fluorescein-labelled calf thymus (type 1)
DNA and use of these antigens in the detection of specific antibodies, including using immuno-precipitation tech-
niques. One application is in the detection of antibodies from patients with SLE disease.

WO 00/17649 A1 Diachemix Corporation discloses small molecule fluorophore-labelled (carboxyfluorescein) pep-
tides derived from the gp45 envelope protein of Equine Infectious Anaemia Virus (EIAV) and their use to detect
target antibodies in a serum sample.

Schultz N. M. et al. "Rapid Immunoassays using Capilliary Electrophoresis with Fluorescence Detection" ANALYT-
ICAL CHEMISTRY, vol 65, no 21, 1993, pages 3161-3165 discloses small molecule fluorophore-labelled (fluores-
cein) insulin and the use of this in the detection of specific anti-insulin antibodies.

Maeda H. "Assay of an Antitumour Protein, Neocarzinostatin and its Antibody by Fluorescence Polarization" CLIN-
ICAL CHEMISTRY, vol 24,n0 12,1978, pages 2139-2144 discloses small molecule fluorophore-labelled (fluorescein)
Neocarzinostatin and the use of this labelled antigen in the detection of specific anti-Neocarzinostatin antibodies in
patient serum.

Claims

A method of detecting a target autoantibody against the nuclear autoantigens Jo-1 antigen, (Ro60) SSA antigen,
(La) SSB antigen, Sm antigen, Sm/RNP complex antigen or Scl-70 antigen in a sample, the method comprising:

i. contacting the sample with a small molecule fluorophore-labelled target autoantigen (SMFLTAA) that specif-
ically binds to said target autoantibody, and
ii. detecting the presence of the target autoantibody bound to the SMFLTAA by fluorescence detection,

wherein the SMFLTAA is a nuclear autoantigen selected from the group consisting of Jo-1 antigen, (Ro60) SSA
antigen, (La) SSB antigen, Sm antigen, Sm/RNP complex antigen and Scl-70 antigen, wherein the fluorophore
component of the SMFLTAA is less than 5 kD.

A method according to claim 1 wherein the sample is a clinical sample obtained from a subject, wherein the method
is performed concurrently with controls lacking the said target autoantibodies or containing known concentrations
of control autoantibodies, wherein the sample is a blood, plasma or serum sample.

A method according to claim 1 or claim 2 wherein the detecting step b) is fluorescence detection of the SMFLTAA
in an immunoprecipitate.

A method according to any of claims 1 to 3, wherein the contacting step a) is performed using an immunodiffusion
device, a micro-immunodiffusion device, a counterimmunoelectrophoresis (CIE) device or a micro- counterimmu-
noelectrophoresis device.

Use in a method of any one of claims 1 to 4 of an SMFLTAA according to claim 1, wherein the target autoantigen
is isolated from a mammal selected from the group consisting of a human, non-human primate, cow, sheep, pig,

rat, mouse or dog.

Use according to claim 5, wherein target autoantigen has been isolated from a first species of mammal and specifically
and selectively binds to a target autoantibody present in a sample obtained from a different species of mammal.
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Use according to claim 6, wherein the target autoantigen has been isolated from a cow or a sheep and is used to
detect a target autoantibody present in a sample obtained from a human.

Use according to any one of claims 5-7 of a SMFLTAA, wherein the target autoantigen has been recombinantly
expressed from a polynucleotide sequence encoding the target autoantigen.

Use in a method of any of claims 1 to 4 of a composition comprising a SMFLTAA selected from the group consisting
of Jo-1 antigen, (Ro60) SSA antigen, (La) SSB antigen, Sm antigen, Sm/RNP complex antigen and Scl-70 antigen,
and a carrier or diluent.

Use in a method of any of claims 1 to 4 of a kit comprising

i. a SMFLTAA selected from the group consisting of Jo-1 antigen, (Ro60) SSA antigen, (La) SSB antigen, Sm
antigen, Sm/RNP complex antigen and Scl-70 antigen;

ii. an immunoprecipitation device selected from the group consisting of an immunodiffusion device, a micro-
immunodiffusion device, a counterimmunoelectrophoresis device and a micro-counterimmunoelectrophoresis
device, and

iii. instructions for detecting the SMFLTAA bound to the target autoantibody.

Use in a method to diagnose in a subject an automimmune disease or disorder selected from mixed connective
tissue disease, systemic lupus erythematosus (SLE), Sjogren’s syndrome, scleroderma, polymyositis, systemic
sclerosis, dermatomyositis, rheumatoid arthritis and neonatal lupus syndrome, of

i. an SMFLTAA selected from the group consisting of Jo-1 antigen, (Ro60) SSA antigen, (La) SSB antigen, Sm
antigen, Sm/RNP complex antigen and Scl-70 antigen;

ii. a composition comprising the aforementioned SMFLTAA and a carrier or diluent; or

ii. a kit comprising (a) the aforementioned SMFLTAA, (b) an immunoprecipitation device selected from the
group consisting of an immunodiffusion device, a micro-immunodiffusion device, a counterimmunoelectrophore-
sis device and a micro-counterimmunoelectrophoresis device, and (c) instructions for detecting the SMFLTAA
bound to the target autoantibody, by;

a. contacting a sample obtained from the subject with the said SMFLTAA, and

b. detecting the presence of the target autoantibody bound to the SMFLTAA by fluorescence detection.

Use of a SMFLTAA selected from the group consisting of Jo-1 antigen, (Ro60) SSA antigen, (La) SSB antigen, Sm
antigen, Sm/RNP complex antigen and Scl-70 antigen, or a composition comprising the aforementioned SMFLTAA
and a carrier or diluent in the manufacture of an agent for diagnosing in a subject an autoimmune disease or disorder
selected from mixed connective tissue disease, systemic lupus erythematosus (SLE), Sjogren’s syndrome, sclero-
derma, polymyositis, systemic sclerosis, dermatomyositis, rheumatoid arthritis and neonatal lupus syndrome, the
method comprising;

i. contacting the sample with the said SMFLTAA, and
ii. detecting the presence of the target autoantibody by fluorescence detection of the SMFLTAA.

A method according to any of claims 1 to 4 or a use according to claim 12, wherein the contacting step a) is carried
out by double immunodiffusion (DID) assay or counterimmunoelectrophoresis (CIE) assay, and wherein the con-
tacting in a) is performed using an immunodiffusion device, a micro-immunodiffusion device, a counterimmunoe-
lectrophoresis (CIE) device and a micro- counterimmunoelectrophoresis device.

A method or use according to claim 13 wherein the DID assay is an asymmetric DID (ADID) assay or wherein the
CIE assay is a micro-CIE assay and wherein the target autoantibody is detected in a serum sample obtained from
a subject at a dilution of 1:1 to 1:256 or at a dilution from 1:8 to 1:128, or from 1:16 to 1:128, or from 1:32 to 1:128,
or from 1:64 to 1:128, or at 1:128. (serum: diluent).

Patentanspriiche

1.

Verfahren zum Detektieren eines Target-Autoantikérpers gegen die nuklearen Autoantigene Jo-1-Antigen, (Ro60)
SSA-Antigen, (La) SSB-Antigen, Sm-Antigen, Sm/RNP-Komplex-Antigen oder Scl-70-Antigen in einer Probe, wobei
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das Verfahren Folgendes beinhaltet:

i. Inkontaktbringen der Probe mit einem Kleinmolekl-Fluorophor-markierten Target-Autoantigen (SMFLTAA),
das sich spezifisch an den genannten Target-Autoantikérper bindet, und

ii. Detektieren der Anwesenheit des an das SMFLTAA gebundenen Target-Autoantikdrpers durch Fluoreszenz-
detektion,

wobei das SMFLTAA ein nukleares Autoantigen ist, das ausgewahltist aus der Gruppe bestehend aus Jo-1-Antigen,
(Ro60) SSA-Antigen, (La) SSB-Antigen, Sm-Antigen, Sm/RNP-Komplex-Antigen und Scl-70-Antigen, wobei die
Fluorphorkomponente des SMFLTAA kleiner als 5 kD ist.

2. Verfahren nach Anspruch 1, wobei die Probe eine von einem Subjekt gewonnene klinische Probe ist, wobei das
Verfahren gleichzeitig mit Kontrollen durchgeflihrt wird, denen die genannten Target-Autoantikérper fehlen oder die
bekannte Konzentrationen von Kontroll-Autoantikérpern enthalten, wobei die Probe eine Blut-, Plasma- oder Se-
rumprobe ist.

3. Verfahren nach Anspruch 1 oder Anspruch 2, wobei der Detektionsschritt b) Fluoreszenzdetektion des SMFLTAA
in einem Immunprazipitat ist.

4. Verfahren nach einem der Anspriiche 1 bis 3, wobei der Inkontaktbringungsschritt a) mit einer Inmundiffusionsein-
richtung, einer Mikro-Immundiffusionseinrichtung, einer Gegenstrom-Immunelektrophorese-(CIE)-Einrichtung oder
einer Mikro-Gegenstrom-Immunelektrophorese-Einrichtung durchgefiihrt wird.

5. Verwendung, in einem Verfahren nach einem der Anspriiche 1 bis 4, eines SMFLTAA nach Anspruch 1, wobei das
Target-Autoantigen von einem Saugetier isoliert ist, ausgewahlt aus der Gruppe bestehend aus einem/r Menschen,
nicht-humanen Primat, Kuh, Schafe, Schwein, Ratte, Maus oder Hund.

6. Verwendung nach Anspruch 5, wobei Target-Autoantigen von einer ersten Saugetierspezies isoliert wurde und sich
spezifisch und selektiv an einen Target-Autoantikérper bindet, der in einer von einer anderen Saugetierspezies
gewonnenen Probe vorhanden ist.

7. Verwendung nach Anspruch 6, wobei das Target-Autoantigen von einer Kuh oder einem Schaf isoliert wurde und
zum Detektieren eines in einer von einem Menschen gewonnenen Probe vorhandenen Target-Autoantikdrpers
benutzt wird.

8. Verwendung nach einem der Anspriiche 5-7 eines SMFLTAA, wobei das Target-Autoantigen rekombinant von einer
das Target-Autoantigen codierenden Polynukleotidsequenz exprimiert wurde.

9. Verwendung, in einem Verfahren nach einem der Anspriiche 1 bis 4, einer Zusammensetzung, die ein SMFLTAA,
ausgewahlt aus der Gruppe bestehend aus Jo-1-Antigen, (Ro60) SSA-Antigen, (La) SSB-Antigen, Sm-Antigen,
Sm/RNP-Komplex-Antigen und Scl-70-Antigen und einen Trager oder ein Verdinnungsmittel umfasst.

10. Verwendung, in einem Verfahren nach einem der Anspriiche 1 bis 4, eines Kit, der Folgendes umfasst:

i. ein SMFLTAA, ausgewahlt aus der Gruppe bestehend aus einem Jo-1-Antigen, (Ro60) SSA-Antigen, (La)
SSB-Antigen, Sm-Antigen, Sm/RNP-Komplex-Antigen und Scl-70-Antigen;

ii. eine Immunprazipitationseinrichtung, ausgewahlt aus der Gruppe bestehend aus einer Inmundiffusionsein-
richtung, einer Mikro-lImmundiffusionseinrichtung, einer Gegenstrom-Immunelektrophorese-Einrichtung und ei-
ner Mikro-Gegenstrom-Immunelektrophorese-Einrichtung, und

iii. Anweisungen zum Detektieren des an den Target-Autoantikérper gebundenen SMFLTAA.

11. Verwendung, in einem Verfahren zum Diagnostizieren einer Autoimmunkrankheit oder -stérung in einem Subjekt,
ausgewahlt aus Sharp-Syndrom, systemischem Lupus erythematosus (SLE), Sjdgren-Syndrom, Sklerodermie, Po-
lymyositis, systemischer Sklerose, Dermatomyositis, rheumatoider Arthritis und neonatalem Lupus-Syndrom,

i. eines SMFLTAA, ausgewahlt aus der Gruppe bestehend aus Jo-1-Antigen, (Ro60) SSA-Antigen, (La) SSB-

Antigen, Sm-Antigen, Sm/RNP-Komplex-Antigen und Scl-70-Antigen;
ii. einer Zusammensetzung, die das oben erwahnte SMFLTAA und einen Trager oder ein Verdinnungsmittel
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umfasst; oder

iii. eines Kit, umfassend (a) das oben erwdhnte SMFLTAA, (b) eine Immunprazipitationseinrichtung, ausgewahlt
aus der Gruppe bestehend aus einer Immundiffusionseinrichtung, einer Mikro-Immundiffusionseinrichtung, ei-
ner Gegenstrom-Immunelektrophorese-Einrichtung und einer Mikro-Gegenstrom-Immunelektrophorese-Ein-
richtung, und (c) Anweisungen zum Detektieren des an den Target-Antikdrper gebundenen SMFLTAA, durch:

a. Inkontaktbringen einer von dem Subjekt gewonnenen Probe mit dem genannten SMFLTAA, und
b. Detektieren der Anwesenheit des an das SMFLTAA gebundenen Target-Autoantikdrpers durch Fluo-
reszenzdetektion.

12. Verwendung eines SMFLTAA, ausgewahlt aus der Gruppe bestehend aus Jo-1-Antigen, (Ro60) SSA-Antigen, (La)
SSB-Antigen, Sm-Antigen, Sm/RNP-Komplex-Antigen und Scl-70-Antigen, oder einer Zusammensetzung, die das
oben erwadhnte SMFLTAA und einen Trager oder ein Verdiinnungsmittel umfasst, bei der Herstellung eines Mittels
zum Diagnostizieren einer Autoimmunkrankheit oder -stérung in einem Subjekt, ausgewahlt aus Sharp-Syndrom,
systemischem Lupus erythematosus (SLE), Sjogren-Syndrom, Sklerodermie, Polymyositis, systemischer Sklerose,
Dermatomyositis, rheumatoider Arthritis und neonatalem Lupus-Syndrom, wobei das Verfahren Folgendes bein-
haltet:

i. Inkontaktbringen der Probe mit dem genannten SMFLTAA, und
ii. Detektieren der Anwesenheit des Target-Autoantikérpers durch Fluoreszenzdetektion des SMFLTAA.

13. Verfahren nach einem der Anspriiche 1 bis 4 oder Verwendung nach Anspruch 12, wobei der Inkontaktbringungs-
schritt a) durch Doppel-Immundiffusions-(DID)-Assay oder Gegenstrom-Immunelektrophorese-(CIE)-Assay durch-
geflihrt wird, und wobei das Inkontaktbringen in a) mit einer Immundiffusionseinrichtung, einer Mikro-Immundiffu-
sionseinrichtung, einer Gegenstrom-Immunelektrophorese-(CIE)-Einrichtung und einer Mikro-Gegenstrom-Immu-
nelektrophorese-Einrichtung durchgefihrt wird.

14. Verfahren oder Verwendung nach Anspruch 13, wobei das DID-Assay ein asymmetrisches DID-(ADID)-Assay ist
oder wobei das CIE-Assay ein Mikro-CIE-Assay ist und wobei der Target-Autoantikdrper in einer Serumprobe
detektiert wird, gewonnen von einem Subjekt mit einer Verdiinnung von 1:1 bis 1:256 oder mit einer Verdiinnung
von 1:8 bis 1:128 oder von 1:16 bis 1:128 oder von 1:32 bis 1:128 oder von 1:64 bis 1:128 oder von 1:128.

Revendications

1. Méthode de détection d’'un autoanticorps cible dirigé contre les autoantigénes nucléaires que sont I'antigene Jo-1,
I'antigéne SSa (Ro 60), I'antigéne SSb (La), I'antigéne Sm, le complexe antigénique Sm/RNP ou I'antigéne Scl-70
dans un échantillon, la méthode comprenant :

i. la mise en contact de I'échantillon avec une petite molécule autoantigénique cible marquée par un fluorophore
(SMFLTAA, pour small molecule fluorophore-labelled target autoantigen) qui se lie spécifiquement au dit auto-
anticorps cible et

ii. la détection de la présence de I'autoanticorps cible lié a la SMFLTAA par détection en fluorescence,

ou la SMFLTAA est un autoantigene nucléaire sélectionné dans le groupe consistant en I'antigéne Jo-1, I'antigéne
SSa (Ro 60), I'antigéne SSb (La), 'antigéne Sm, le complexe antigénique Sm/RNP et I'antigéne Scl-70 et ou le
composant fluorophore de la SMFLTAA est de moins de 5 kD.

2. Meéthode selon la revendication 1 ou I'’échantillon est un échantillon clinique obtenu chez un sujet, la méthode étant

effectuée en utilisant concurremment des témoins qui ne présentent pas lesdits autoanticorps cibles ou qui con-
tiennent des autoanticorps témoins a des concentrations connues, ou I'’échantillon est un échantillon de sang, de
plasma ou de sérum.

3. Meéthode selon la revendication 1 ou la revendication 2, ou I'étape de détection b) est une détection en fluorescence

de la SMFLTAA dans un immunoprécipité.

4. Meéthode selon I'une quelconque des revendications 1 a 3, ou I'étape de mise en contact a) est effectuée en utilisant

un dispositif d'immunodiffusion, un dispositif de micro-immunodiffusion, un dispositif de contre-immunoélectropho-
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rese (CIE) ou un dispositif de micro-contre-immunoélectrophorése.

Utilisation, dans une méthode selon 'une quelconque des revendications 1 a 4, d'une SMFLTAA selon la revendi-
cation 1, ou 'autoantigéne cible est isolé chez un mammifére sélectionné dans le groupe consistant en un humain,
un primate non-humain, une vache, un mouton, un porc, un rat, une souris ou un chien.

Utilisation selon la revendication 5, ou I'autoantigéne cible a été isolé chez une premiere espéce mammiféere et se
lie spécifiquement et sélectivement a un autoanticorps cible présent dans un échantillon obtenu chez une espéce
mammiféere différente.

Utilisation selon la revendication 6, ou I'autoantigéne cible a été isolé chez une vache ou un mouton et est utilisé
pour détecter un autoanticorps cible présent dans un échantillon obtenu chez un humain.

Utilisation, selon 'une quelconque des revendications 5-7, d’'une SMFLTAA, ou I'autoantigéne cible a été exprimé
de maniere recombinante a partir d’'une séquence polynucléotidique qui code pour I'autoantigéne cible.

Utilisation, dans une méthode selon I'une quelconque des revendications 1 a 4, d'une composition comprenant une
SMFLTAA sélectionnée dans le groupe consistant en I'antigéne Jo-1, 'antigéne SSa (Ro 60), 'antigéne SSb (La),
I'antigéne Sm, le complexe antigénique Sm/RNP et I'antigéne Scl-70 et un véhicule ou un diluant.

Utilisation, dans une méthode selon 'une quelconque des revendications 1 a 4, d’un kit comprenant

i. une SMFLTAA sélectionnée dans le groupe consistant en I'antigéne Jo-1, 'antigéne SSa (Ro 60), 'antigene
SSb (La), 'antigéne Sm, le complexe antigénique Sm/RNP et I'antigéne Scl-70 ;

ii. un dispositif d'immunoprécipitation sélectionné dans le groupe consistant en un dispositif d'immunodiffusion,
un dispositif de micro-immunodiffusion, un dispositif de contre-immunoélectrophorése ou un dispositif de micro-
contre-immunoélectrophorése et

iii. des instructions pour la détection de la SMFLTAA liée a I'autoanticorps cible.

Utilisation, dans une méthode de diagnostic chez un sujet d’'une maladie ou d’'une affection autoimmune sélectionnée
parmi la maladie mixte du tissu conjonctif, le lupus érythémateux aigu disséminé (LEAD), le syndrome de Sjdgren,
la sclérodermie, la polymyosite, la sclérodermie systémique, la dermatomyosite, la polyarthrite rhumatoide et le
lupus néonatal,

i. d’'une SMFLTAA sélectionnée dans le groupe consistant en I'antigéne Jo-1, 'antigene SSa (Ro 60), 'antigene
SSb (La), 'antigéne Sm, le complexe antigénique Sm/RNP et I'antigéne Scl-70 ;

ii. d’'une composition comprenant la SMFLTAA susmentionnée et un véhicule ou un diluant ; ou

ii. d’un kit comprenant (a) la SMFLTAA susmentionnée, (b) un dispositif d’'immunoprécipitation sélectionné
dans le groupe consistant en un dispositif d'immunodiffusion, un dispositif de micro-immunodiffusion, un dis-
positif de contre-immunoélectrophorése ou un dispositif de micro-contre-immunoélectrophorese et (c) des ins-
tructions pour la détection de la SMFLTAA liée a l'autoanticorps cible ; par

a. mise en contact d’'un échantillon obtenu chez le sujet avec ladite SMFLTAA et

b. détection de la présence de I'autoanticorps cible lié¢ a la SMFLTAA par détection en fluorescence.

Utilisation d’'une SMFLTAA sélectionnée dans le groupe consistant en I'antigéne Jo-1, I'antigene SSa (Ro 60),
I'antigéne SSb (La), I'antigéne Sm, le complexe antigénique Sm/RNP et I'antigéne Scl-70 ou d’une composition
comprenant la SMFLTAA susmentionnée et un véhicule ou un diluant dans la fabrication d’'un agent permettant de
diagnostiquer chez un sujet une maladie ou une affection autoimmune sélectionnée parmi la maladie mixte du tissu
conjonctif, le lupus érythémateux aigu disséminé (LEAD), le syndrome de Sjoégren, la sclérodermie, la polymyosite,
la sclérodermie systémique, la dermatomyosite, la polyarthrite rhumatoide et le lupus néonatal, la méthode
comprenant :

i. la mise en contact de I'échantillon avec ladite SMFLTAA et
ii. la détection de la présence de I'autoanticorps cible par détection en fluorescence de la SMFLTAA.

Méthode selon I'une quelconque des revendications 1 a 4 ou utilisation selon la revendication 12, ou I'étape de

mise en contact a) est effectuée par un test de double immunodiffusion (DID) ou de contre-immunoélectrophorese
(CIE) et ou la mise en contact de I'étape a) est effectuée en utilisant un dispositif d'immunodiffusion, un dispositif
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de micro-immunodiffusion, un dispositif de contre-immunoélectrophorése (CIE) ou un dispositif de micro-contre-
immunoélectrophorése.

Méthode ou utilisation selon la revendication 13, ou le test de DID est un test de DID asymétrique (ADID) ou ou le
test de CIE est un test de micro-CIE et ou I'autoanticorps cible est détecté dans un échantillon de sérum obtenu
chez un sujet apres dilution allant de 1:1 a 1:256 ou aprés dilution allant de 1:8 a 1:128 ou de 1:16 a 1:128 ou de
1:32 2 1:128 ou de 1:64 a 1:128 ou a 1:128 (sérum:diluant).
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