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METHOD OF IDENTIFYING ABNORMAL
IMMUNE REACTIONS

[0001] This invention relates to methods for diagnosis of
immunologically-mediated conditions, such as allergic con-
ditions, autoimmune diseases, and immunological defi-
ciency, and of assessing immunological reactivity associated
with conditions such as viral infections, cancer, AIDS, tissue
transplantation and the like. In one preferred embodiment,
the invention relates particularly to the diagnosis of atopic
asthma.

BACKGROUND OF THE INVENTION

[0002] All references, including any patents or patent
applications, cited in this specification are hereby incorpo-
rated by reference. No admission is made that any reference
constitutes prior art. The discussion of the references states
what their authors assert, and the applicants reserve the right
to challenge the accuracy and pertinency of the cited docu-
ments. It will be clearly understood that, although a number
of prior art publications are referred to herein, this reference
does not constitute an admission that any of these documents
forms part of the common general knowledge in the art, in
Australia or in any other country.

[0003] Transcription factors are proteins which function in
the transcriptional regulation of genes (Murphy et al., 2000).
Of particular interest in immunology and inflammation are
transcription factors involved in the upregulation or down-
regulation of genes encoding biological response modifiers
(BRM) such as cytokines, especially those produced by
T-lymphocytes.

[0004] Skin prick test and IgE reactivity in response to test
antigens are frequently used in the diagnosis of allergy and
asthma. It is known that the different patterns of skin prick
test and IgE reactivity observed in allergic and non-allergic
individuals are due to variations in underlying patterns of
stimulus-specific T-lymphocyte cytokine gene expression
(Romagnani, 1991), but the inherent complexities in these
patterns complicate interpretation of the results of in vitro
tests involving stimulus-induced cytokine mRNA or cytok-
ine protein (Borish and Rosenwasser, 1997).

[0005] Recent research from a number of laboratories has
demonstrated that during differentiation of T-lymphocytes
following stimulation with agents such as specific antigens
or polyclonal mitogens, the genes encoding certain tran-
scription factors, such as GATA-3, t-bet, NFAT, NFK«B,
ROG, STAT4, STAT6, IRF-1, and c-maf are themselves
transcribed early in the differentiation process, and subse-
quently exert specific effects upon transcription of cytokine
genes in T-lymphocytes (see for example Zheng and Flavell,
1997; Ho and Glimcher, 1998; Zhang et al., 1997; Murphy
et al., 2000; Miaw et al., 2000).

[0006] Current methods available for monitoring this acti-
vation/differentiation process in lymphocytes rely upon
measurement of either intracellular or secreted BRM as
protein, or via detection of specific mRNA molecules encod-
ing the BRM. These methods are complicated and unsatis-
factory. The different genes encoding various BRM are
transcribed at very different rates, sometimes not until
several rounds of cell division have occurred after lympho-
cyte activation (see for example Bird et al., 1998) Moreover,
the patterns of BRM gene expression are frequently very
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heterogeneous, and do not necessarily provide accurate
information concerning the functional phenotype of the cells
being tested. Consequently there is a need in the art for
simpler, more accurate and more rapid methods of assessing
patterns of BRM expression.

[0007] We have now surprisingly found that stimulation of
peripheral blood mononuclear cells (PBMC) from atopic
subjects with a specific allergen results in increased expres-
sion of mRNA encoding a transcription factor, while in
contrast, PBMCs from non-atopic subjects showed a
decrease in expression. We therefore envisage measurement
of patterns of stimulus-induced transcription factor expres-
sion to provide a more informative method of discriminating
between the stimulus-induced responses of PBMC from
patients and those of control subjects than is currently
available. Thus the invention contemplates monitoring
events which occur much earlier during stimulus-induced
activation/differentiation, notably transcription of genes
encoding individual transcription factors, than is possible to
monitor by in vitro measurement of stimulus-induced cytok-
ine mRNA or cytokine protein.

SUMMARY OF THE INVENTION

[0008] We have demonstrated that when human PBMC
are stimulated in vitro with a specific allergen such as House
Dust Mite (HDM), the expression of mRNA encoding the
transcription factor known as GATA-3 is increased in atopic
subjects who are positive responders to HDM as measured
by skin prick test reactivity and the presence of serum
HDM-specific IgE antibody. In contrast, the expression of
this mRNA is decreased in non-atopic subjects who are SPT
negative/IgE negative; a similar propensity for GATA-3
expression in some atopics was observed when their PBMC
were cultured with a polyclonal mitogen.

[0009] Accordingly, the invention generally provides a
method of immunodiagnosis, comprising the step of mea-
suring stimulus-induced and resting levels of expression of
one or more transcription factors in a population of leuko-
cytes. The stimulus may for example be an antigen.

[0010] 1In afirst aspect, the invention provides a method of
assessing an immunological reaction in a test subject sus-
pected to be manifesting an abnormal immunological reac-
tion, comprising the steps of

[0011] (a) substantially isolating leukocytes from a bio-
logical sample taken from a test subject and from a control
subject;

[0012] (b) stimulating said leukocytes by exposure to a
stimulus;

[0013] (c) measuring the level of expression of a tran-
scription factor in said leukocytes; and

[0014] (d) comparing the levels of expression in stimu-
lated leukocytes in the test subjects and in the control
subjects and comparing the levels of expression to unstimu-
lated leukocytes taken from these subjects,

[0015] wherein significantly different expression in the
test subject than in the control subject is indicative of an
abnormal immunological reaction.

[0016] Itwill be appreciated that the test subject may show
either higher or lower expression than the control, and both
are indicative of abnormal immunological reaction.
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[0017] The stimulus may be any agent which is capable of
inducing expression of a transcription factor which modu-
lates expression of a cytokine, including but not limited to
specific allergens, heterologous or self antigens, mitogens
such as concanavalin A or phytohaemagglutinin, and hor-
mones such as progesterone, oestrogen or oestradiol. The
leukocytes to be tested may be from any biological sample,
but are most conveniently PBMC or unfractionated periph-
eral blood leukocytes or specific subfractions thereof. It will
be clearly understood that the use of leukocytes from
lymphoid organs or other tissues, including tumours, is also
within the scope of the invention.

[0018] The transcription factor may be any transcription
factor which is elicited in response to a stimulus which acts
on the immune system, is transcribed early in the differen-
tiation process, and subsequently exerts specific effects upon
transcription of cytokine genes in T-lymphocytes. Such
transcription factors include, but are not limited to GATA-3,
t-bet, NFAT, NFKkB, ROG, STAT4, STAT6, IRF-1, and
c-maf.

[0019] Measurement of transcription factor expression
may be effected by any convenient method, such as:

[0020] (i) detection and quantitation of specific mRNA
encoding the transcription factor, by polymerase chain reac-
tion (PCR) or reverse transcriptase-PCR(RT-PCR), real-time
PCR, or via specific DNA arrays utilising microchip tech-
nology or by slot blot hybridisation;

[0021] (ii) measurement of the transcription factor protein
by methods such as ELISA, proteomic arrays, intracellular
staining as detected by flow cytometry, or by Western blot.

[0022] The person skilled in the art will be aware of
suitable methods.

[0023] Changes in the physiochemical state of transcrip-
tion factor, including post-translational modifications such
as phosphorylation which are involved in activation and
signal transduction may also be measured. Suitable methods
for doing so are known in the art.

[0024] In preferred embodiments, the method of the
invention may be used:

[0025] (1) as a diagnostic adjunct in detection of immu-
nologically-mediated conditions such as allergy, autoimmu-
nity, graft rejection or immunodeficiency;

[0026] (ii)) as a diagnostic adjunct in assessment of
immune reactivity to antigens associated with conditions
such as cancer, viral infection, AIDS, or tissue transplanta-
tion;

[0027] (iii) to assist in monitoring response of patients to
treatments such as immunotherapy or immunosuppression;

[0028] (iv) for mass screening for diseases such as tuber-
culosis, theumatoid arthritis, or type 1 diabetes;

[0029] (v) for assessment of potential disease susceptibil-
ity e.g. detection of subjects at high risk of autoimmunity,
atopy, or asthma;

[0030] (iv) routine assessment of immune competence, by
testing transcription factor expression following polyclonal
stimulation.
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[0031] For the purposes of this specification it will be
clearly understood that the word “comprising” means
“including but not limited to”, and that the word “com-
prises” has a corresponding meaning.

BRIEF DESCRIPTION OF THE FIGURES

[0032] FIG. 1 compares the expression of mRNA encod-
ing the transcription factor GATA-3 in PBMC from atopic
subjects (HDM IgE positive) and non-atopic subjects (HDM
IgE negative) following culture in the presence of HDM
allergen or of a polyclonal stimulant, monoclonal antibody
directed against CD3.

[0033] FIG. 2 compares the expression of gata-3 and
c-maf in PBMC from a second panel of atopics and non-
atopic subjects following culture in the presence of HDM.

DETAILED DESCRIPTION OF THE
INVENTION

[0034] The practice of the present invention employs,
unless otherwise indicated, conventional molecular biology,
cellular biology, and recombinant DNA techniques within
the skill of the art. Such techniques are well known to the
skilled worker, and are explained fully in the literature. See,
e.g., Sambrook and Russell “Molecular Cloning: A Labora-
tory Manual” (2001); Cloning: A Practical Approach,” Vol-
umes I and II (D. N. Glover, ed., 1985); “Oligonucleotide
Synthesis” (M. J. Gait, ed., 1984); “Nucleic Acid Hybridi-
sation” (B. D. Hames & S. J. Higgins, eds., 1985); “Anti-
bodies: A Laboratory Manual” (Harlow & Lane, eds., 1988);
“Transcription and Translation” (B. D. Hames & S. J.
Higgins, eds., 1984); “Animal Cell Culture” (R. I. Freshney,
ed., 1986); “Immobilised Cells and Enzymes” (IRL Press,
1986); B. Perbal, “A Practical Guide to Molecular Cloning”
(1984), and Sambrook, et al., “Molecular Cloning: a Labo-
ratory Manual” (1989). Ausubel, F. et al., 1989-1999, “Cur-
rent Protocols in Molecular Biology” (Green Publishing,
New York).

[0035] Before the present methods are described, it is
understood that this invention is not limited to the particular
materials and methods described, as these may vary. It is
also to be understood that the terminology used herein is for
the purpose of describing particular embodiments only, and
is not intended to limit the scope of the present invention
which will be limited only by the appended claims. It must
be noted that as used herein and in the appended claims, the
singular forms “a,”“an,” and “the” include plural reference
unless the context clearly dictates otherwise. Thus, for
example, a reference to “a transcription factor” includes a
plurality of such factors, and a reference to “a primer” is a
reference to one or more primers and equivalents thereof
known to those skilled in the art, and so forth. Unless defined
otherwise, all technical and scientific terms used herein have
the same meanings as commonly understood by one of
ordinary skill in the art to which this invention belongs.
Although any materials and methods similar or equivalent to
those described herein can be used to practice or test the
present invention, the preferred materials and methods are
now described.

[0036] All publications mentioned herein are cited for the
purpose of describing and disclosing the cell lines, proto-
cols, reagents and vectors which are reported in the publi-
cations and which might be used in connection with the
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invention. Nothing herein is to be construed as an admission
that the invention is not entitled to antedate such disclosure
by virtue of prior invention.

[0037] In describing the present invention, the following
terminology is used in accordance with the definitions set
out below.

ABBREVIATIONS USED

BSA Bovine serum albumin

DMSO Dimethyl sulfoxide

DNA Deoxyribonucleic acid

EDTA Ethylenediaminetetraacetic acid

FAN Amine-reactive succinimidyl ester of
carboxyfluorescein

Flu Fluorescein

IL Interleukin

LC-640 Lightcycler ® Red 640

LED Light emitting diode

PCR Polymerase chain reaction

RAST Radioallergosorbent test

RNA Ribonucleic acid

RT-PCR Reverse-transcriptase polymerase chain reaction

Taq Thermophilus acuaticus

T, Melting temperature

DEFINITIONS

[0038] “Transcription factor” or “transcription factor pro-
tein” refers to a polypeptide or protein encoded by a tran-
scription factor polynucleotide sequence; a polypeptide that
is the translated amino acid sequence of a polynucleotide
sequence; fragments thereof having greater than about 5
amino acid residues and comprising an immune epitope or
other biologically active site of a transcription factor protein.

[0039] The terms “nucleic acid” and “polynucleic acid”
refer herein to deoxyribonucleic acid and ribonucleic acid in
all their forms, ie., single and double-stranded DNA,
¢DNA, mRNA, and the like. As used herein, the term
“encode” in its various grammatical forms includes nucle-
otides and/or amino acids that correspond to other nucle-
otides or amino acids in the transcriptional and/or transla-
tional sense.

[0040] As such, “cytokine transcription factor nucleic
acid” is RNA or DNA that encodes a transcription factor.
“Isolated” cytokine transcription factor nucleic acid is
cytokine transcription factor nucleic acid that is separated
from (or otherwise substantially free from), contaminant
nucleic acid encoding other polypeptides. The isolated
cytokine transcription factor nucleic acid can be labelled for
diagnostic and probe purposes, using a label as described
further herein in the discussion of diagnostic assays and
nucleic acid hybridization methods.

[0041] For example, isolated cytokine transcription factor
DNA, or a fragment thereof comprising at least about 15
nucleotides, can be used as a hybridization probe to detect
amplified cytokine transcription factor cDNA resulting from
increased mRINA expression, such as may result from stimu-
lation of PMBC with specific allergens. In one embodiment
of the invention, total RNA in a biological sample from a
subject (that is, a human or other mammal) can be assayed
for the presence of cytokine transcription factor mRNA,
wherein the increase in the amount of cytokine transcription
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factor mRNA is a result of stimulus-induced activation/
differentiation of transcription factors.

[0042] One purpose of the present invention is to identify
changes in the level of transcription factor nucleic acid
expression after exposure to allergens. There are many
techniques for detecting nucleic acid expression that can be
employed. Cytokine transcription factor expression may be
measured in a biological sample directly, for example, by
conventional Southern blotting to quantitate DNA, or North-
ern blotting to quantitate mRNA, using an appropriately
labelled oligonucleotide hybridization probe, based on the
known sequences of cytokine transcription factor. Identifi-
cation of cytokine transcription factor mRNA within a
mixture of various mRNAs, is conveniently accomplished
by the use of reverse transcriptase-polymerase chain reac-
tion and an oligonucleotide hybridization probe that is
labelled with a detectable moiety. Various labels may be
employed, most commonly radioisotopes, particularly >P.
However, other techniques may also be employed, such as
using biotin-modified nucleotides for introduction into a
polynucleotide. The biotin then serves as the site for binding
to avidin or antibodies, which may be labelled with a wide
variety of labels, such as radioisotopes, fluorophores, chro-
mophores, or the like. Keller, et al., DNA Probes, pp.149-
213 (Stockton Press, 1989). Alternatively, antibodies may be
employed that can recognise specific duplexes, including
DNA duplexes, RNA duplexes, and DNA-RNA hybrid
duplexes or DNA-protein duplexes. The antibodies in turn
may be labelled and the assay may be carried out where the
duplex is bound to a surface, so that upon the formation of
duplex on the surface, the presence of antibody bound to the
duplex can be detected.

[0043] Cytokine transcription gene expression may also
be based on the functional or antigenic characteristics of the
expressed protein, eg. immunoassays and the like.

[0044] In one preferred embodiment, a biological sample
is taken from a test subject who is suspected of, of who is
susceptible to an abnormal immunological response. Such
an individual will likely to be atopic in that they are
constitutionally or hereditarily likely to develop immediate
hypersensitivity to allergens that provoke no immune reac-
tions in normal subjects. Biological samples may include a
sample of tissue or fluid isolated from an individual, includ-
ing but not limited to bone marrow, plasma, serum, spinal
fluid, lymph fluid, the external sections of the skin, respi-
ratory, intestinal, and genitourinary tracts, tears, saliva, milk,
blood; both whole blood and anticoagulated whole blood,
blood cells, tumours, organs, and also includes samples of in
vivo cell culture constituents. However, it is preferable that
the biological sample is blood, lymph fluid, or a blood
component. Most preferably the biological sample is leuko-
cytes isolated from peripheral blood. Also included in the
term are derivatives and fractions of such cells and fluids.

[0045] The leukocytes in the biological sample may be
substantially isolated ie separated from (or otherwise sub-
stantially free from), other contaminant cells. The biological
sample is then exposed to an agent which is capable of
inducing expression of a transcription factor which modu-
lates expression of a cytokine, including but not limited to
specific allergens, heterologous or self antigens, mitogens
such as concanavalin A or phytohaemagglutinin, and hor-
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mones such as progesterone, oestrogen or oestradiol. This
step constitutes the stimulation phase of the described
method.

[0046] Following exposure to the agent expression levels
of cytokine transcription factors are determined or mea-
sured.

[0047] In one preferred method, mRNA in a biological
sample is reverse transcribed to generate a cDNA strand.
The cDNA may be amplified by conventional techniques,
such as polymerase chain reaction, to provide sufficient
amounts for analysis.

[0048] Amplification may also be used to determine
whether a specific sequence is present, by using a primer that
will specifically bind to the desired sequence, where the
presence of an amplification product is indicative that a
specific binding complex was formed. Alternatively, the
mRNA sample is fractionated by electrophoresis, eg. capil-
lary or gel electrophoresis, transferred to a suitable support,
eg. nitrocellulose and then probed with a fragment of the
transcription factor sequence. Other techniques may also
find use, including oligonucleotide ligation assays, binding
to solid-state arrays, etc. Detection of mRNA having the
subject sequence is indicative gene expression of the tran-
scription factor in the sample.

[0049] “Polymerase chain reaction,” or “PCR,” as used
herein generally refers to a method for amplification of a
desired nucleotide sequence in vitro, as described in U.S.
Pat. No. 4,683,195. In general, the PCR method involves
repeated cycles of primer extension synthesis, using two
oligonucleotide primers capable of hybridizing preferen-
tially to a template nucleic acid. Typically, the primers used
in the PCR method will be complementary to nucleotide
sequences within the template at both ends of or flanking the
nucleotide sequence to be amplified, although primers
complementary to the nucleotide sequence to be amplified
also may be used. See Wang, et al., in PCR Protocols,
pp.70-75 (Academic Press, 1990); Ochman, et al., in PCR
Protocols, pp. 219-227; Triglia, et al., Nuc. Acids Res.
16:8186 (1988).

[0050] “Oligonucleotides” are short-length, single- or
double-stranded polydeoxynucleotides that are chemically
synthesized by known methods (involving, for example,
triester, phosphoramidite, or phosphonate chemistry), such
as described by Engels, et al., Agrnew. Chem. Int. Ed. Engl.
28:716-734 (1989). They are then purified, for example, by
polyacrylamide gel electrophoresis.

[0051] As used herein, the term “PCR reagents™ refers to
the chemicals, apart from the target nucleic acid sequence,
needed to perform the PCR process. These chemicals gen-
erally consist of five classes of components: (i) an aqueous
buffer, (ii) a water soluble magnesium salt, (iii) at least four
deoxyribonucleotide triphosphates (dNTPs), (iv) oligo-
nucleotide primers (normally two primers for each target
sequence, the sequences defining the 5' ends of the two
complementary strands of the double-stranded target
sequence), and (v) a polynucleotide polymerase, preferably
a DNA polymerase, more preferably a thermostable DNA
polymerase, ie a DNA polymerase which can tolerate tem-
peratures between 90° C. and 100° C. for a total time of at
least 10 minutes without losing more than about half its
activity.
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[0052] The four conventional ANTPs are thymidine triph-
osphate (dTTP), deoxyadenosine triphosphate (dATP),
deoxycitidine triphosphate (dCTP), and deoxyguanosine
triphosphate (AGTP). These conventional triphosphates may
be supplemented or replaced by dNTPs containing base
analogues which Watson-Crick base pair like the conven-
tional four bases, eg deoxyuridine triphosphate (dUTP).

[0053] A detectable label may be included in an amplifi-
cation reaction. Suitable labels include fluorochromes, eg.
fluorescein isothiocyanate (FITC), rhodamine, Texas Red,
phycoerythrin, allophycocyanin, 6-carboxyfluorexcein
(6-FAM), 2',7'-dimethoxy-4',5'-dichloro-6-carboxyfluores-
cein (JOE), 6-carboxy-X-rhodamine(ROX), 6-carboxy-2',4',
7',4,7-hexachlorofluorescein (HEX), 5-carboxyfluorescein
(5-FAM) or N,N,N'N'-tetramethyl-6-carboxyrhodamine
(TAMRA), radioactive labels, eg. 32P, 35S, 3H; as well as
others. The label may be a two stage system, where the
amplified DNA is conjugated to biotin, haptens, or the like
having a high affinity binding partner, eg. avidin, specific
antibodies, etc., where the binding partner is conjugated to
a detectable label. The label may be conjugated to one or
both of the primers. Alternatively, the pool of nucleotides
used in the amplification is labelled, so as to incorporate the
label into the amplification product.

[0054] Accordingly, in one preferred embodiment, once
the cytokine transcription factor mRNA has been reverse
transcribed and amplified by PCR, it is detected by various
means including oligonucleotide probes. Oligonucleotide
probes of the invention are DNA molecules that are suffi-
ciently complementary to regions of contiguous nucleic acid
residues within the cytokine transcription factor nucleic acid
to hybridise thereto, preferably under high stringency con-
ditions. Exemplary probes include oligomers that are at least
about 15 nucleic acid residues long and that are selected
from any 15 or more contiguous residues of DNA of the
present invention. Preferably, oligomeric probes used in the
practice of the present invention are at least about 20 nucleic
acid residues long. The present invention also contemplates
oligomeric probes that are 150 nucleic acid residues long or
longer. Those of ordinary skill in the art realise that nucleic
hybridisation conditions for achieving the hybridisation of a
probe of a particular length to polynucleotides of the present
invention can readily be determined. Such manipulations to
achieve optimal hybridisation conditions for probes of vary-
ing lengths are well known in the art. See, e.g., Sambrook et
al., Molecular Cloning: A Laboratory Manual, Second Edi-
tion, Cold Spring Harbor (1989), incorporated herein by
reference.

[0055] Preferably, oligomeric probes of the present inven-
tion are labelled to render them readily detectable. Detect-
able labels may be any species or moiety that may be
detected either visually or with the aid of an instrument.
Commonly used detectable labels are radioactive labels such
as, for example, **P, **C, **° I, ®H, and *S. Examples of
fluorescer-quencher pairs may be selected from xanthene
dyes, including fluoresceins, and rhodamine dyes. Many
suitable forms of these compounds are widely available
commercially with substituents on their phenyl moieties
which can be used as the site for bonding or as the bonding
functionality for attachment to an oligonucleotide. Another
group of fluorescent compounds are the naphthylamines,
having an amino group in the alpha or beta position.
Included among such naphthylamino compounds are 1-dim-



US 2004/0063149 Al

ethylaminonaphthyl-5-sulfonate,  1-anilino-8-naphthalene
sulfonate and 2-p-touidinyl-6-naphthalene sulfonate. Other
dyes include 3-phenyl-7-isocyanatocoumarin, acridines,
such as 9-isothiocyanatoacridine acridine orange; N-(p-(2-
benzoaxazolyl)phenyl)maleimide; benzoxadiazoles, stil-
benes, pyrenes, and the like. Most preferably, the fluorescent
compounds are selected from the group consisting of VIC,
carboxy fluorescein (FAM), Lightcycler® 640 and Cy5.

[0056] Biotin-labelled nucleotides can be incorporated
into DNA or RNA by such techniques as nick translation,
chemical and enzymatic means, and the like. The biotiny-
lated probes are detected after hybridisation, using indicat-
ing means such as avidin/streptavidin, fluorescent labelling
agents, enzymes, colloidal gold conjugates, and the like.
Nucleic acids may also be labelled with other fluorescent
compounds, with immunodetectable fluorescent derivatives,
with biotin analogues, and the like. Nucleic acids may also
be labelled by means of attachment to a protein. Nucleic
acids cross-linked to radioactive or fluorescent histone
single-stranded binding protein may also be used. Those of
ordinary skill in the art will recognise that there are other
suitable methods for detecting oligomeric probes and other
suitable detectable labels that are available for use in the
practice of the present invention. Moreover, fluorescent
residues can be incorporated into oligonucleotides during
chemical synthesis.

[0057] Two DNA sequences are “substantially similar
when at least about 85%, preferably at least about 90%, and
most preferably at least about 95%, of the nucleotides match
over the defined length of the DNA sequences. Sequences
that are substantially similar can be identified for example in
a Southern hybridisation experiment performed under strin-
gent conditions as defined for that particular system. Defin-
ing appropriate hybridisation conditions is within the skill of
the art. See e.g., Maniatis et al., DNA Cloning, vols. I and
II. Nucleic Acid Hybridisation. However, briefly, “stringent
conditions” for hybridisation or annealing of nucleic acid
molecules are those that (1) employ low ionic strength and
high temperature for washing, for example, 0.015M NaCl/
0.0015M sodium citrate/0.1% sodium dodecyl sulfate (SDS)
at 50° C., or (2) employ during hybridisation a denaturing
agent such as formamide, for example, 50% (vol/vol) for-
mamide with 0.1% bovine serum albumin/0.1% Ficoll/0.1%
polyvinylpyrrolidone/50 mM sodium phosphate buffer at pH
6.5 with 750 mM NaCl, 75 mM sodium citrate at 42° C.
Another example is use of 50% formamide, 5xSSC (0.75M
NaCl, 0.075M sodium citrate), 50 mM sodium phosphate
(pH 6.8), 0.1% sodium pyrophosphate, 5x Denhardt’s solu-
tion, sonicated salmon sperm DNA (50 ug/mL), 0.1% SDS,
and 10% dextran sulfate at 42° C., with washes at 42° C. in
0.2xSSC and 0.1% SDS.

[0058] In a particularly preferred embodiment the present
invention utilises a combined PCR and hybridisation prob-
ing system so as to make the most of the closed tube or
homogenous assay systems such as the use of FRET probes
as disclosed in US patents (U.S. Pat. Nos. 6,140,054;
6,174,670), the entirety of which are also incorporated
herein by reference. In one of its simplest configurations, the
FRET or “fluorescent resonance energy transfer” approach
employs two oligonucleotides which bind to adjacent sites
on the same strand of the nucleic acid being amplified. One
oligonucleotide is labelled with a donor fluorophore which
absorbs light at a first wavelength and emits light in
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response, and the second is labelled with an acceptor fluo-
rophore which is capable of fluorescence in response to the
emitted light of the first donor (but not substantially by the
light source exciting the first donor, and whose emission can
be distinguished from that of the first fluorophore). In this
configuration, the second or acceptor fluorophore shows a
substantial increase in fluorescence when it is in close
proximity to the first or donor fluorophore, such as occurs
when the two oligonucleotides come in close proximity
when they hybridise to adjacent sites on the nucleic acid
being amplified (for example in the annealing phase of PCR)
forming a fluorogenic complex. As more of the nucleic acid
being amplified accumulates, so more of the fluorogenic
complex can be formed and there is an increase in the
fluorescence from the acceptor probe, and this can be
measured. Hence the method allows detection of the amount
of product as it is being formed. In another simple embodi-
ment, and as applies to use of FRET probes in PCR based
assays, one of the labelled oligonucleotides may also be a
PCR primer used for PCR. In this configuration, the labelled
PCR primer is part of the DNA strand to which the second
labelled oligonucleotide hybridises, as described by Neoh et
al (J Clin Path 1999;52:766-769.), von Ahsen et al (Clin
Chem 2000;46:156-161), the entirety of which are encom-
passed by reference.

[0059] It will be appreciated by those of skill in the art that
amplification and detection of amplification with hybridisa-
tion probes can be conducted in two separate phases—for
example by carrying out PCR amplification first, and then
adding hybridisation probes under such conditions as to
measure the amount of nucleic acid which has been ampli-
fied. However, a preferred embodiment of the present inven-
tion utilises a combined PCR and hybridisation probing
system so as to make the most of the closed tube or
homogenous assay systems and is carried out on a Roche
Lightcycler® or other similarly specified or appropriately
configured instrument.

[0060] Such systems would also be adaptable to the detec-
tion methods described here. Those skilled in the art will
appreciate that such probes can be used for allele discrimi-
nation if appropriately designed for the detection of point-
mutations, in addition to deletion and insertions. Alterna-
tively or in addition, the unlabelled PCR primers may be
designed for allele discrimination by methods well known to
those skilled in the art (Ausubel 1989-1999).

[0061] Itwill also be appreciated by those skilled in the art
that detection of amplification in homogenous and/or closed
tubes can be carried out using numerous means in the art, for
example using TagMan® hybridisation probes in the PCR
reaction and measurement of fluorescence specific for the
target nucleic acids once sufficient amplification has taken
place. However, because of the nature and speed of the
Roche Lighteycler®, the preferred method is by using
real-time PCR and melting curve analysis on the Roche
Lightcycler® using fluorescent labelled hybridisation oligo-
nucleotides.

[0062] Although those skilled in the art will be aware that
other similar quantitative “real-time” and homogenous
nucleic acid amplification/detection systems exist such as
those based on the TagMan approach (U.S. Pat. Nos 5,538,
848 and 5,691,146), fluorescence polarisation assays (eg
Gibson et al., Clin Chem, 1997; 43: 1336-1341), and the
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Invader assay (eg Agarwal P et al., Diagn Mol Pathol 2000
Sep; 9(3): 158-164; Ryan D et al, Mol Diagn 1999 Jun; 4(2):
135-144). Such systems would also be adaptable to use the
invention described, enabling real-time monitoring of
nucleic acid amplification.

[0063] In one embodiment of the present invention an
initial procedure involves the manufacture of the oligonucle-
otide matrices or microchips. The microchips contain a
selection of immobilized synthetic oligomers, said oligo-
mers synthesized so as to contain complementary sequences
for desired portions of transcription factor DNA. The oli-
gomers are then hybridized with cloned or polymerase chain
reaction (PCR) amplified transcription factor nucleic acids,
said hybridization occurring under stringent conditions, out-
lined infra. The high stringency conditions insure that only
perfect or near perfect matches between the sequence
embedded in the microchip and the target sequence will
occur during hybridization.

[0064] After each initial hybridization, the chip is washed
to remove most mismatched fragments. The reaction mix-
ture is then denatured to remove the bound DNA fragments,
which are subsequently labeled with a fluorescent marker. A
second round of hybridization with the labeled DNA frag-
ments is then carried out on sequence microchips containing
a different set of immobilized oligonucleotides. These frag-
ments first may be cleaved into smaller lengths. The differ-
ent set of immobilized nucleotides may contain oligonucle-
otides needed for whole sequencing, partial sequencing,
sequencing comparison, or sequence identification. Ulti-
mately, the fluorescence from this second hybridization step
can be detected by an epifluorescence microscope coupled to
a CCD camera. (See U.S. Pat. No. 5,851,772 incorporated
herein by reference).

[0065] Gene expression, alternatively, may be measured
by immunological methods, such as immunohistochemical
staining of tissue sections and assay of cell culture or body
fluids, to quantitate directly the expression of the gene
product, cytokine transcription factor. With immunohis-
tochemical staining techniques, a cell sample is prepared,
typically by dehydration and fixation, followed by reaction
with labelled antibodies specific for the gene product
coupled, where the labels are usually visually detectable,
such as enzymatic labels, fluorescent labels, luminescent
labels, and the like. A particularly sensitive staining tech-
nique suitable for use in the present invention is described by
Hsu, et al., Am. J. Clin. Path., 75:734-738 (1980). Antibod-
ies useful for immunohistochemical staining and/or assay of
sample fluids may be either monoclonal or polyclonal.
Conveniently, the antibodies may be prepared against a
synthetic peptide based on known DNA sequences of cytok-
ines such as GATA-3, t-bet, NFAT, NFKxB, ROG, STAT4,
STAT®6, IRF-1, and c-maf.

[0066] For example, the cytokine transcription factor pep-
tide may be used as an immunogen to generate anti-cytokine
transcription factor antibodies. Such antibodies, which spe-
cifically bind to cytokine transcription factor, are useful as
standards in assays for cytokine transcription factor, such as
by labelling purified cytokine transcription factor for use as
a standard in a radioimmunoassay, enzyme-linked immu-
noassay, or competitive-type receptor binding assays
radioreceptor assay, as well as in affinity purification tech-
niques. Ordinarily, the anti-cytokine transcription factor
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antibody will bind cytokine transcription factor with an
affinity of at least about 10° L/mole, and preferably at least
about 107 L/mole.

[0067] Polyclonal antibodies directed toward cytokine
transcription factor generally are raised in animals by mul-
tiple subcutaneous or intraperitoneal injections of cytokine
transcription factor and an adjuvant. It may be useful to
conjugate cytokine transcription factor or a peptide fragment
thereof to a carrier protein that is immunogenic in the
species to be immunised, such as keyhole limpet haemocya-
nin, serum albumin, bovine thyroglobulin, or soybean
trypsin inhibitor, using a bifunctional or derivatizing agent,
for example, maleimidobenzoyl sulfosuccinimide ester
(conjugation through cysteine residues), N-hydroxysuccin-
imide (conjugation through lysine residues), glutaraldehyde,
succinic anhydride, SOCL,, or RIN=C=NR, where R and
R* are different alkyl groups.

[0068] Animals are immunised with such cytokine tran-
scription factor-carrier protein conjugates combining 1 mg
or 1 ug of conjugate (for rabbits or mice, respectively) with
3 volumes of Freund’s complete adjuvant and injecting the
solution intradermally at multiple sites. One month later the
animals are boosted with ¥th to Yioth the original amount of
conjugate in Freund’s complete adjuvant by subcutaneous
injection at multiple sites. 7 to 14 days later animals are bled
and the serum is assayed for anti-cytokine transcription
factor antibody titre. Animals are boosted until the antibody
titre plateaus. Preferably, the animal is boosted by injection
with a conjugate of the same cytokine transcription factor
with a different carrier protein and/or through a different
cross-linking agent. Conjugates of cytokine transcription
factor and a suitable carrier protein also can be made in
recombinant cell culture as fusion proteins. Also, aggregat-
ing agents such as alum are used to enhance the immune
response.

[0069] Monoclonal antibodies directed toward cytokine
transcription factor are produced using any method which
provides for the production of antibody molecules by con-
tinuous cell lines in culture. The modifier “monoclonal”
indicates the character of the antibody as being obtained
from a substantially homogeneous population of antibodies,
and is not to be construed as requiring production of the
antibody by any particular method. Examples of suitable
methods for preparing monoclonal antibodies include the
original hybridoma method of Kohler, et al., Nature
256:495-497 (1975), and the human B-cell hybridoma
method, Kozbor, J. Immunol. 133:3001 (1984); Brodeur, et
al., Monoclonal Antibody Production Techniques and Appli-
cations, pp.51-63 (Marcel Dekker, Inc., New York, 1987).

[0070] For diagnostic applications, anti-cytokine tran-
scription factor antibodies typically will be labelled with a
detectable moiety. The detectable moiety can be any one
which is capable of producing, either directly or indirectly,
a detectable signal. For example, the detectable moiety may
be a radioisotope, such as °H, **C, 3?P, *°S, or '*’I, a
fluorescent or chemiluminescent compound, such as fluo-
rescein isothiocyanate, thodamine, or luciferin; radioactive
isotopic labels, such as, eg., 1251 32p 14C, or 3H, or an
enzyme, such as alkaline phosphatase, beta-galactosidase or
horseradish peroxidase.

[0071] Any method known in the art for separately con-
Jugating the antibody to the detectable moiety may be
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employed, including those methods described by David, et
al., Biochemistry 13:1014-1021 (1974); Pain, et al., J. Immu-
nol. Meth. 40:219-231 (1981); and Bayer, et al., Meth. Enz.
184:138-163 (1990).

[0072] The anti-cytokine transcription factor antibodies
may be employed in any known assay method, such as
competitive binding assays, direct and indirect sandwich
assays, and immunoprecipitation assays. Zola, Monoclonal
Antibodies: A Manual of Techniques, pp.147-158 (CRC
Press, Inc., 1987). The anti-cytokine transcription factor
antibodies may also be used in Western blots performed on
protein gels or protein spots on filters, using a detection
system specific for the transcription factor as desired, con-
veniently using a labelling method using conventional tech-
niques.

[0073] Competitive binding assays rely on the ability of a
labelled standard (eg., cytokine transcription factor or an
immunologically reactive portion thereof) to compete with
the test sample analyte (cytokine transcription factor) for
binding with a limited amount of antibody. The amount of
cytokine transcription factor in the test sample is inversely
proportional to the amount of standard that becomes bound
to the antibodies. To facilitate determining the amount of
standard that becomes bound, the antibodies generally are
solubilised before or after the competition, so that the
standard and analyte that are bound to the antibodies may
conveniently be separated from the standard and analyte
which remain unbound.

[0074] Sandwich assays involve the use of two antibodies,
each capable of binding to a different immunogenic portion,
or epitope, of the protein to be detected. In a sandwich assay,
the test sample analyte is bound by a first antibody which is
immobilised on a solid support, and thereafter a second
antibody binds to the analyte, thus forming an insoluble
three part complex. David, et al., U.S. Pat. No. 4,376,110.
The second antibody may itself be labelled with a detectable
moiety (direct sandwich assays) or may be measured using
an anti-immunoglobulin antibody that is labelled with a
detectable moiety (indirect sandwich assay). For example,
one type of sandwich assay is an ELISA assay, in which case
the detectable moiety is an enzyme.

[0075] The invention will now be further described by
way of reference only to the following non-limiting
examples. It should be understood, however, that the
examples following are illustrative only, and should not be
taken in any way as a restriction on the generality of the
invention described above. In particular, while the invention
is described in detail in relation to the detection of GATA-3
from HDM exposed PMBC, it will be clearly understood
that the findings herein are not limited to these specific
allergens or cytokines.

EXAMPLE 1

Specific Expression of GATA-3 mRNA in
Response to Allergen

[0076] Bloodsamples were obtained from five atopic adult
volunteers, who were selected on the basis of positive serum
IgE responses to House Dust Mite (HDM), together with
samples from five non-atopic controls who were tested for
the presence of HDM-specific IgE in serum and were all
negative. The presence of IgE to HDM was defined by the
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RAST (CAP) system (Pharmacia, Australia), and the posi-
tive volunteers in this study displayed RAST (CAP) scores
=2. The allergy status of the test and control subjects is
summarised in Table 1.

TABLE 1

Allergy status of test subiects

Subject EAST SPT

HDM IgE Positive

RG 3 8
BH 4 ND
SP 3 9.5
TP 6 ND
MD 3 ND
HDM IgE negative
CM 0 0
AC 0 0
KC 0 0
™ 0 4.5
AA 0 0

[0077] Freshly isolated peripheral blood mononuclear
cells (PBMC) were resuspended at 1x10° cells/ml and 1 ml
of the cell suspension was cultured for 24 hours at 37° C.,
5% CO, in round bottom tubes in serum-free medium
AIM-V (Life Technologies, Mulgrave, Australia) supple-
mented with 4x10™ 2-mercaptoethanol, with or without the
addition of 10 ug/ml of whole extract of HDM (Der-
matophagoides pteronyssinus, CSL Limited, Parkville, Aus-
tralia), or with the polyclonal mitogen soluble monoclonal
anti-CD3 antibody (1:100 culture supernatant from OKT3
cell line, ATCC, USA) in combinatin with 20 U/ml recom-
binant human IL-2. After culture, the cells were centrifuged,
the supernatants were collected and stored at -20° C. for
future analysis of cytokine content, and the cell pellet was
used immediately for total RNA extraction.

[0078] Messenger RNA encoding the transcription factors
GATA-3 and c-Maf was assayed by reverse transcriptase
PCR (RT-PCR). Messenger RNA encoding beta-actin was
assayed as a control for non-specific protein synthesis.

[0079] PCR products were generated and detected gener-
ally as previously described (Macaubas et al., 1999; Yabu-
hara et al., 1997). The GATA-3 primer sequences employed,
which generated a 454 bp product, were

5' GAC GAG AAA GAG TGC CTC AAG 3'and

5' TCC AGA GTG TGG TTG TGG TG 3'.

[0080] The C-Maf primers, which generated a 479 bp
product, were:

5' ACC TTC CAC AAT CAA GCC 3'and

5' GTA ACC CAT TCT GGT ATC TIT G 3'.

[0081] The annealing temperature for both GATA-3 and
c-Maf primers was 57° C., and the samples were amplified
for 30 cycles.

[0082] The PCR products were detected by slot-blot,
employing biotinylated probes for B-actin, GATA-3 and
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c-Maf which were synthetised by PCR, as described previ-
ously (Macaubas et al.,, 1999; Yabuhara et al., 1997), using
the same primers as above. The results, shown in FIG. 1, are
expressed as the ratio of transcription factor mRNA to
beta-actin mRNA for each subject. It is evident that in each
of the atopic subjects this ratio increased in response to
HDM or to anti-CD3 antibody, whereas in the control
subjects the ratio decreased in response to HDM; the
response of these subjects to anti-CD3 antibody was vari-
able, with two of the five showing a decrease, one no change,
and two showing an increase. FIG. 2 contrasts HDM-
induced production of GATA-3 and c-maf in HDM-stimu-
lated pbmc from HDM-sensitive atopics and non atopics. It
is evident that the reciprocal patterns of GATA-3 expression
which distinguish atopics and non atopics are to a significant
extent mirrored in respective patterns of c-maf expression.

[0083] Thus we have demonstrated that when human
PBMC are stimulated in vitro with a specific allergen, House
Dust Mite allergen (HDM), the expression of mRNA encod-
ing the transcription factor known as GATA-3 is increased in
atopic subjects who are positive responders to HDM as
measured by skin prick test reactivity and the presence of
serum IgE antibody specific for HDM, and a similar pattern
is seen with c-maf. In contrast, the expression of this mRNA
is decreased in non-atopic subjects who are skin prick test
negative/IgE negative. A similar increase in GATA-3 mRNA
expression was observed in some atopic subjects when their
PBMC were cultured with a polyclonal mitogen.

EXAMPLE 2

Specific Immunodiagnostic Methods

[0084] (i) PBMC from patients complaining of allergy
symptoms are cultured overnight in separate aliquots with
individual allergens to determine response status by mea-
suring allergen-induced changes in levels of mRINA specific
for different transcription factors, in cell lysates;

[0085] (ii)) PBMC from cancer patients undergoing
tumour-specific immunotherapy are cultured with tumour
antigen, and the resulting pattern of transcription factor
expression determined to monitor underlying changes in
host anti-tumour immune responses;

[0086] (iii)) PMBC from recipients of kidney transplant are
cultured with kidney antigen, and the resulting pattern of
transcription factor expression determined in order to iden-
tify the covert onset of graft rejection.

EXAMPLE 3

Confirmation by Real-Time PCR

[0087] After we have completed the analyses of the
samples using the standard RT-PCR/slot blot procedure,
PCR analysis by the real-time method (TagMan) was used to
confirm the results obtained from Example 1. The cDNA
generated from subjects samples and polarised cell lines as
described in Example 1 were used.

[0088] 18SrRNA, GATA-3 and IL-12RB2 DNA standards
were generated by PCR amplification of ¢cDNA obtained
from PHA stimulated (24 h) PBMCs, using the same primers
as for the real time reaction. PCR products were cloned into
the vector pCR 2.1 using the original TA Cloning kit
(Invitrogen, Carlsbad, Calif.), and E. coli competent cells
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(Invitrogen) were transformed with such vectors. The
sequence identity of each DNA insert was confirmed by
cycle sequencing. Serial 10-fold dilutions from each purified
plasmid preparations were used as standards. f-actin stan-
dard was used as a serial 1:2 dilution of PHA stimulated
cDNA. The linear range of the PCR for 18S rRNA, GATA-3
and IL-12RB2 was from 1 copy to 10 copies of plasmid, and
for the f-actin, from neat to 1:128 dilution. For B-actin
reactions the correlation coefficients were 0.98 and 0.99. For
GATA-3 it was between 0.93 and 0.98. For IL-12 RB2 was
0.81 and for 18S rRNA, 0.98 PCR reaction and quantitation
PCR premixes were prepared using Platinum™ Quantitative
PCR Super Mix-UDG (Life Technologies), MgCL2 at 5.5
mM (final concentration), and optimised concentration of
primers and probe (Table 1). 18S rRNA was used as a
commercially available premix at 1:20 final dilution
(Applied Biosystems). Standard TagMan conditions were
used, except 2 minutes instead of 10 min for Taq polymerase
activation.

[0089] For cach assay the baseline was determined manu-
ally, and the threshold cycle (Ct) for each well was compared
to the standard curve of the standards serial dilutions. The
ratio between the relative amount of target genes and house-
keeping (18S rRNA for cell lines and f-actin for subject
samples) was calculated and the resulting figures expressed
as “Tagman units”.

[0090] GATA-3 RT-PCR primers and dual-labelled fluo-
rogenic probe were designed using the program Primer
Express (Applied Biosystems). The primer pair was
designed to span an exon/intron boundary, and amplification
of RNA samples not reversed transcribed was not observed.
Amplification of these samples for 18S rRNA (which ampli-
fies genomic DNA) showed amplification, demonstrating
the presence of contaminating genomic DNA. Primers and
probes for 18S rRNA were purchased directly from Applied
Biosystems and used as per manufacture’s instructions.
Analyses of RNA samples not transcribed showed that the
Ct values for these sample were approximately 10 cycles
lower than levels detected in transcribed samples.

[0091] p-actin was also designed across exon/intron
boundaries. IL-12RB2 primers and probe seguences were
kindly provided by Dr M. Jenmaln. Analyses of RNA
samples not transcribed showed that Ct values for these
samples were around 8 cycles lower than transcribed
samples. Probes were synthetised by Applied Biosystems
(Table 1).

[0092] Analyses of cDNAs from 5 of the HDM-IgE posi-
tive and 4 of the HDM-IgE negative subjects from Example
1 by real time PCR showed a similar pattern to the results
obtained with slot blot, ie, increased expression of GATA-3
after HDM stimulation in the HDM-IgE positive group and
decrease in the HDM-IgE negative group (Table 2). It is not
feasible to make direct correlations between values obtained
through the slot blot experiment and the ones using real time
PCR, due to the more extensive linear range of the TagMan
method. Nevertheless, the trend observed with the two
methods are very similar. It is noteworthy that the “outlier”
HDML-IgE positive subject who showed down regulation to
HDM in the slot blot (positive subject 5 in Table 2) gave
qualitatively similar results using the TagMan. Replicate
samples (cultured one year apart) from one subject (1/1a)
also gave very similar results.
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TABLE 2
HDM-specific GATA-3 mRNA levels using slot blot and real
time PCR (TagMan). The results are expressed as GATA-3/p-
actin ratio.
Slot blot TagMan
HDM-IgE  subject  control HDM  HDM(d) control HDM HDM(d)
Negative 1 1.05 0.47 -0.58 105.74 2.01 -103.73
la nt nt 103.44 21.01 -82.43
2 0.26 0 -0.26 22.21 0 -22.21
3 0.87 0.06 -0.81 37.04 0 -37.04
4 0.51 0.53 0.02 26.25 27.67 -1.42
Positive 1 0 0.57 0.57 0 31.29 31.29
2 0.46 0.82 0.35 0 368.8 368.8
3 0.06 1.08 1.02 0 80.73 80.73
4 0.29 0.62 0.33 21.33  591.58 570.25
5 0.47 0.05 -0.42 17.19 0 17.19
(d)delta (the difference between GATA-3 stimulated and unstimulated levels); nt: not tested

[0093] It will be apparent to the person skilled in the art
that while the invention has been described in some detail
for the purposes of clarity and understanding, various modi-
fications and alterations to the embodiments and methods
described herein may be made without departing from the
scope of the inventive concept disclosed in this specifica-
tion.

[0094] References cited herein are listed on the following
pages, and are incorporated herein by this reference.
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The claims defining the invention are as follows:

1. A method of assessing an immunological reaction in a
test subject suspected to be manifesting an abnormal immu-
nological reaction, comprising the steps of

substantially isolating leukocytes from a biological
sample taken from a test subject and from a control
subject;

stimulating said leukocytes by exposure to a stimulus;

measuring the level of expression of a transcription factor
in said leukocytes; and

comparing the levels of expression in stimulated leuko-
cytes in the test subjects and in the control subjects and
comparing the levels of expression to unstimulated
leukocytes taken from these subjects,

wherein significantly different expression in the test sub-
ject than in the control subject is indicative of an
abnormal immunological reaction.

2. Amethod according to claim 1, wherein the test subject
shows higher expression than the control.

3. Amethod according to claim 1, wherein the test subject
shows lower expression than the control.

4. A method according to any one of claims 1 to 3,
wherein the stimulus is selected from the group consisting of
allergen, heterologous or self antigen, mitogen and hor-
mone.

5. A method according to claim 4, wherein said mitogen
is concanavalin A or phytohaemagglutinin.

6. A method according to claim 5, wherein said allergen
is House Dust Mite.
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7. A method according to any one of claims 1 to 6,
wherein said leukocytes are isolated from a biological
sample.

8. A method according to claim 7, wherein said biological
sample includes tissue or fluid isolated from bone marrow,
plasma, serum, spinal fluid, lymph fluid, the external sec-
tions of the skin, respiratory, intestinal, and genitourinary
tracts, tears, saliva, milk, blood; both whole blood and
anticoagulated whole blood, blood cells, tumours, organs, or
in vivo cell culture constituents.

9. A method according to claim 7 or 8, wherein said
biological sample is blood, lymph fluid or a blood compo-
nent.

10. A method according to any one of claims 7 to 9,
wherein said biological sample is peripheral blood.

11. A method according to any one of claims 1 to 10,
wherein said leukocytes are PBMC or unfractioned periph-
eral blood leukocytes or subfractions thereof.

12. A method according to any one of claims 1 to 11,
wherein said transcription factor is GATA-3, t-bet, NFAT,
NFKkB, ROG, STAT4, STATG6, IRF-1, or c-maf.

13. A method according to any one of claims 1 to 12,
wherein transcription factor expression is effected by detec-
tion and quantitation of specific mRNA encoding the tran-
scription factor, by polymerase chain reaction (PCR), or via
specific DNA arrays utilising microchip technology.

14. A method according to any one of claims 1 to 12,
wherein expression of transcription factor is effected by
measurement of the transcription factor protein by ELISA,
proteomic arrays, or intracellular staining as detected by
flow cytometry.
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15. A method according to any one of claims 1 to 14, for
the detection of immunologically-mediated conditions.

16. A method according to claim 14, wherein said immu-
nologically-mediated condition is allergy, autoimmunity,
graft rejection or immunodeficiency.

17. A method according to any one of claims 1 to 14, for
the assessment of immune reactivity to antigens.

18. A method according to claim 17, wherein said anti-
gens are associated with cancer, viral infection, AIDS or
tissue transplantation.

19. A method according to any one of claims 1 to 14, for
monitoring response of patients to immunotherapy or immu-
nosuppression.

20. A method according to any one of claims 1 to 14, for
the screening of diseases.

21. Amethod according to claim 20, wherein said diseases
are tuberculosis, rheumatoid arthritis or type 1 diabetes.

22. A method according to any one of claims 1 to 14, for
the assessment of potential disease susceptibility in a sub-
ject.

23. A method according to claim 22, wherein said subject
is at high risk of autoimmunity, atopy or asthma.

24. A method according to any one of claims 1 to 14, for
the routine assessment of immune competence following
polyclonal stimulation.

25. Amethod according to claim 1, substantially as herein
described with reference to the Examples.
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Figure 7


https://share-analytics.zhihuiya.com/view/882212d7-d22c-471d-a61d-96343428ae0e
https://worldwide.espacenet.com/patent/search/family/003824837/publication/US2004063149A1?q=US2004063149A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220040063149%22.PGNR.&OS=DN/20040063149&RS=DN/20040063149

